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ABSTRACT

Tumor is a pathologic tissue including, in addition to cancer cells, a modified extracellular matrix, endothelial cells, blood and lymphatic vessels, immune and inflammatory cells as well as activated fibroblasts called cancer-associated fibroblasts (CAFs). Tumor microenvironment plays an important role in both tumor development and metastasis. However, the knowledge about individual components of the microenvironment is very limited. Podoplanin (PDPN), mucin-type transmembrane glycoprotein is expressed in tumor cells and CAFs, depending on the tumor type. Podoplanin induces platelet aggregation, which promotes metastasis. In vivo, its role in metastasis promotion has been demonstrated for breast cancer cells into lymph nodes. Here we show that it modulates the activity of the CCL21/CCR7 chemokine/receptor axis in a hypoxia-dependent manner. In the present model, breast cancer MDA-MB-231 cells express CCR7 surface receptor for CCL21 which is a potent chemoattractant able to bind to podoplanin. The role of CCL21/CCR7 axis in the adhesion of MDA-MB-231 breast cancer cells was reduced by hypoxia, as in the tumor environment. Cancer progression is strongly affected by the tumour stroma in which CAFs are characterized by distinct gene expression and properties from normal fibroblasts. They promote tumour growth, recruitment of endothelial progenitor cells and angiogenesis via secretion of stromal cell-derived factor-1. In breast cancer up to 80% of fibroblasts display the CAF phenotype. Here a podoplanin expressing model of CAFs made it possible to demonstrate the involvement of CCL21/CCR7 axis in the tumor cell-to-CAF recognition through podoplanin binding of CCL21. Podoplanin was induced by hypoxia and its overexpression undergoes reduction of adhesion, making it an anti-adhesion molecule in the tumor, in the absence of CCL21. Little is still known about podoplanin influence on cancer cells. In this view, microRNA, which control gene expression at post-transcriptional level are good candidates. MiR-21 is a key regulator of the oncogenic process, through its downstream target proteins among which the tumor suppressor phosphatase and tensin homologue deleted on chromosome ten, PTEN. We analysed the effect of miR-21, but also oncogenic and hypoxia dependent miRs: miR-210 and miR-29b, on podoplanin expression in fibroblasts in conditions mimicking the intra tumor microenvironment, i.e. in hypoxia. This points to crucial differences as compared to normoxia. Moreover we uncover the effect of podoplanin on angiogenesis by endothelial cells colocalizing with CAFs expressing podoplanin and expression of most prominent proangiogenic factors. Podoplanin on CAFs has a direct impact on pseudo-tube formation into aberrant vascular network. It also increased migration of fibroblasts and endothelial cells in normoxia but this effect is annihilated by hypoxia while it does not impact breast cancer cells motility.

STRESZCZENIE

Guz stanowi rodzaj patologicznej tkanki, zbudowanej z komórek rakowych, zmodyfikowanej macierzy zewnątrzkomórkowej, komórek śródbłonka, naczyń krwionośnych i limfatycznych, komórek odpornościowych, jak również aktywowanych fibroblastów zwanych fibroblastami towarzyszącymi nowotworom (ang. Cancer-associated fibroblasts, CAFs). Mikrośrodowisko guza odgrywa ważną rolę zarówno w rozwoju nowotworu jak i przerzutowaniu. Jednakże wiedza o poszczególnych składnikach mikrośrodowiska jest bardzo ograniczona. Podoplanina (PDPN) jest transbłonową glikoproteiną typu mucyny i ulega ekspresji w komórkach rakowych i CAFs, w zależności od rodzaju nowotworu. Podoplanina indukuje agregację płytekkrwi, co ułatwia tworzenie przerzutów. In vivo, wykazano jej rolę w promowaniu przerzutów komórek rakowych piersi do węzłów chłonnych. W niniejszej pracy przedstawiono, że podoplanina moduluje aktywność osi CCL21/chemokina CCR7/receptor, w sposób zależny od hipoksji. W przyjętym modelu,komórki raka sutka MDA-MB-231 wykazują ekspresję receptora powierzchniowego CCR7 dla CCL21, która jest silnym chemoatraktantem zdolnym do wiązania podoplaniny. Wpływ osi CCL21/CCR7 na adhezję komórek raka sutka MDA-MB-231 zmniejsza się w warunkach hipoksji, tak jak w środowisku guza. Rozwój raka jestzależny od podścieliska guza, w którym CAFs charakteryzują się zmienioną ekspresją genów i właściwościami odrębnymi od normalnych fibroblastów. Wspierają one rozwój nowotworu, rekrutacjękomórek progenitorowych śródbłonkai angiogenezę poprzez wydzielanie czynnika SDF-1 (ang. Stromal derived factor-1). W przypadku raka piersi do 80% fibroblastów wykazuje fenotyp CAF. W niniejszej pracy utworzenie modelu CAF z nadekspresją podoplaniny pozwoliło wykazać udział osi CCL21/CCR7 w rozpoznaniu komórki nowotworowej przez CAF poprzez wiązanie CCL21 dopodoplaniny.

Wzrost ekspresji podoplaniny osiągnięto w warunkach hipoksji, a jej nadekspresja prowadziła do redukcji adhezji, co czyni ją cząsteczką antyandhezyjną przy braku CCL21. Wciąż niewiele wiadomo o wpływie podoplaniny na komórki nowotworowe. Z tego punktu widzenia, dobrymi kandydatami do badania regulacji genów mających wpływ na proces nowotworzenia jak i na ekspresję podoplniny są mikroRNA, które regulują ekspresję genów na poziomie post-transkrypcyjnym. MiR-21 jest kluczowym regulatorem procesunowotworzenia i działa poprzez degradację docelowych mRNA białek takich jak PTEN (ang. Tumor suppressor phosphatase and tensin homologue deleted on chromosome ten). Analizowano wpływ miR-21, ale także miRNA zależne od hipoksji i onko-miRy: miR-210 i miR-29b, na ekspresję podoplaniny w fibroblastach w warunkach naśladującychmikrośrodowisko guza, czyli w hipoksji. Wyniki wykazały kluczowe różnice w porównaniu do normoksji. Ponadto wykazano wpływ podoplaniny na angiogenezę poprzez kolokalizację komórek endotelialnych z CAF ekspresjonującymi podoplaninę i ekspresję najważniejszych czynników proangiogennych. Podoplanina ekspresjonowana przez CAFma bezpośredni wpływ na tworzeniepatologicznej sieci naczyniowej oraz zwiększoną migrację fibroblastów i komórek śródbłonka w warunkach normoksji, czego nie obserwuje się w hipoksji. Podoplanina nie ma wpływu na ruchliwość komórek nowotworowych.

RÉSUMÉ

Le site tumoral est un tissus pathologique qui comprend, outre les cellules cancéreuses, une matrice extra cellulaire modifiée, des cellules endothéliales, vaisseaux sanguins et lymphatique et des cellules immunes et inflammatoires, ainsi que les fibroblastes activés appelés fibroblastes associés au cancer (CAFs). Le microenvironnement tumoral joue un rôle important au développement et la métastase des tumeurs. La connaissance des composants individuels du microenvironnement demeure très limitée. La podoplanine (PDPN), glycoprotéine transmembranaire de type mucine, est exprimée dans les cellules cancéreuses et les CAFs, selon le type tumoral. La podoplanine induit l'agrégation des plaquettes, promouvant les métastases.

In vivo, son rôle dans la promotion des métastases a été démontré dans le carcinome mammaire envahissant les ganglions lymphatiques. Nous démontrons ici qu'elle module l'activité de l'interaction chimiokine/récepteur de l'axe CCL21/CCR7 d'une manière dépendante de l'hypoxie. Dans le présent modèle, les cellules de carcinoma mammaire MDA-MB-231 expriment en surface CCR7, le récepteur de CCL21, un fort chimioattractant qui se lie à la podoplanine. Le rôle de CCL21/CCR7 dans l'adhésion des cellules de carcinome MDA-MB-231 est réduit par l'hypoxie qui mime le microenvironnement de la tumeur.

La progression cancéreuse est fortement contrôlée par le stroma tumoral où les CAFs se caractérisent par une expression génique et des propriétés particulières par rapport aux fibroblastes normaux. Ils promeuvent la croissance tumorale, le recrutement des précurseurs endothéliaux et l'angiogenèse par la sécrétion du facteur-1 dérivé des cellules stromales. Dans le cas du carcinome mammaire, 80% des fibroblastes ont un phénotype CAF. Ici un modèle de CAFs exprimant la podoplanine a permis de démontrer l'implication de l'axe CCL21/CCR7 dans la reconnaissance entre cellules tumorales et CAFs via la liaison de CCL21 par la podoplanine. Cette dernière est induite par l'hypoxie, sa surexpression entraîne un réduction de l'adhésion, faisant de la podoplanine une molécule anti-adhésive dans la tumeur, en l'absence de CCL21. L'influence de la podoplanine sur les cellules cancéreuses est mal connue. Les microARN qui contrôlent l'expression des gènes au niveaupost-transcriptionel sont ainsi des candidats de choix. Ainsi, MiR-21 est un régulateur oncogène fondamental, par son action sur les protéines cibles parmi lesquelles la PTEN, suppresseur de tumeur : « phosphatase and tensin homologue deleted on chromosome ten ». Nous avons analysé l'effet de miR-21, ainsi que de miR-210 and miR-29b qui sont des miRs oncogènes et dépendant de l'hypoxie, sur l'expression de la podoplanine dans les fibroblastes en conditions mimant le microenvironnement intratumoral. Ceci a mis en évidence les différences biologiques cruciales dues à l'hypoxie comparativement à la normoxie. Nous montrons en outre, l'effet de la podoplanine sur l'angiogenèse par les cellules endothéliales en colocalisation avec les CAFs exprimant la podoplanine et l'expression des facteurs proangiogéniques. La popoplanine exprimée par les CAFs a une action directe sur la formation des pseudotubes résultant en un réseau vasculaire chaotique. Elle accroît aussi la migration des fibroblastes et des cellules endothéliales en normoxie. Cet effet est annihilé par l'hypoxie, tandis qu'aucun effet n'est observé sur la motilité des cellules de carcinome mammaire.

INTRODUCTION

Invasive breast cancer, which represents a group of malignant epithelial tumors witha high tendency to metastasize to distant organs, is the most common carcinoma in women [START_REF] Sinna | A Brief Overview of the WHO Classification of Breast Tumors, 4th Edition, Focusing on Issues and Updates from the 3rd Edition[END_REF]. The geographicareas of high risk are the highly developed countries except Japan and China, where incidence rates are still low [START_REF] Sinna | A Brief Overview of the WHO Classification of Breast Tumors, 4th Edition, Focusing on Issues and Updates from the 3rd Edition[END_REF].

Tumor formation or carcinogenesis, including breast cancer, is a complex multifactorial process involving three main stages: initiation, promotion and progression [2]. At the stage of initiation, a normal cell acquiresnew non-standard features that provides it with a selective advantage over neighbouring cells. This is exemplified by the uncontrolled proliferation resulting in an imbalance between cell division and cell death, which favours the appearance of mutations in the promotion stage, thus cell transformation in the primary tumor. As a result of subsequent changes in the course of tumor progression, the cells become malignant as they invade adjacent tissue and form metastases by colonizing tissues distinct from the one where cells originated [2]. Metastasis cascade comprises sequential steps such as the local invasion, penetration into the lumen of the blood vessel (intravasation), circulationin the bloodstream, adhesion to endothelium of target organ vessels, migration of the cancer cells from vascular system (extravasation) to the target organ parenchyma, cellular phenotypic adaptations to microenvironment selection forcesand colonization of distant organs in the form of macrometastases [2].

TUMOR MICROENVIRONMENT

Stages of tumor formation

Early studies on carcinogenesis revealed that formation of tumor requires at least two signals, so called "initiator" represented usually by strong mutagen, and "tumor promoter" represented by agents that cause aberrant repair, fibrosis [3] and woundingwhich may serve as a highly effective promoting stimulus [4] [5][3].This was firstly evidenced by Berenblum who showed that benzo(a)pyrene applied with croton oil on mouse skin induces larger numbers of tumors than benzo(a)pyrene alone [6]. Nowadays carcinogenesis is recognized asa multi-step process which requires more than two hitsbut is classicallydivided into three main steps: initiation, promotion and progression [7].

Initiation, which is considered as a first step of carcinogens, is a sequence of irreversible changes in somatic cell caused by spontaneous mutation or exposure to carcinogen [7]. Activation of more than one oncogene, DNA sequence responsible for transformation, is required for neoplastic transformation.

However, a single point mutation may be sufficient to induce initiation as shown for Ha-ras proto-oncogene converted into a functional oncogene [7].

Promotion is the process where initiated cell undergo further proliferation.Neoplastic transformation requires repeated exposures to promoting stimuli and it depends on tumor microenvironment which acts as a source of factors e.g. phorbol esters, cytokines, lipid metabolites that may temporarily change the patterns of specific gene expression. These changes lead to separation of the intercellular communications and increases cellular growth potential [7].

Progression is a process during which tumor grows in size. Growth favours further mutations and creates heterogeneous populations [7].

History of tumor microenvironment

Tumors, includingbreastcancer, are not only composed of cancer cells but also stromal cells such as fibroblasts, immune cells, endothelial cells and the extracellular matrix proteins (ECM) [8][9] (Fig. 1). This particular composition is reminiscent of granuloma tissue formed during wound healing. Tumor is sometimes referred to as a "wound that never heals" [10]. The importance of the tumor microenvironment in cancer progression has been known for many years. Known "seed and soil" hypothesis, proposed by English surgeon Stephen Paget in 1889, describes the cancer cells as seeds [11], which need proper microenvironment to progress similarly as "seedsneedthe right conditions to germinate".Over the past 127 years, a lot of research has shown that the microenvironment,on the one hand, may promote tumor progression and, on the other hand, may have an inhibitory effect on tumor growth or even reverse the process of carcinogenesis through the normalization of microenvironment [6] [START_REF] Berenblum | An experimental study of the initiating state of carcinogenesis, and a reexamination of the somatic cell mutation theory of cancer[END_REF][13] [3]. For example, the skin microenvironment suppresses the initiated damages caused by chemical carcinogens, acting as a mutation suppressor and tumor suppressor [6] [START_REF] Berenblum | An experimental study of the initiating state of carcinogenesis, and a reexamination of the somatic cell mutation theory of cancer[END_REF].It is known that healthy reaction of controlling the tumor growth is broken when hypoxia and angiogenic switch occur.

Stages of cancer niche formation

Development of cancer from initiation to progression occurs in parallel to changes in tumor microenvironment and creation of tumor niche [START_REF] Mh | The evolution of the cancer niche during multistage carcinogenesis[END_REF](Fig. 2). First step of this process is a cancer niche setting, involving interactions between initiated cell and host cells that facilitate malignant behaviour and survival [START_REF] Mh | The evolution of the cancer niche during multistage carcinogenesis[END_REF]. The niche develops bythesecretion of cytokines and chemokines such as interleukin-6 (IL-6), interleukin-8 (IL-8), granulocyte-macrophage colony-stimulating factor (GM-CSF), induction of oncogene(s), inflammation caused by chemical promoters orby physiological conditions [START_REF] Mh | The evolution of the cancer niche during multistage carcinogenesis[END_REF](Fig. 2).

Niche expansion is characterized by therecruitment of immune cells, mesenchymal stem cells (MSC)

and fibroblasts what leads to reprogramming of the stroma [START_REF] Mh | The evolution of the cancer niche during multistage carcinogenesis[END_REF](Fig. 2).

Progression of cancer requires the maturation of cancer niche whichoccurs by theactivation or modification of the properties of cells in the niche. Mainly observed is the conversion of normal fibroblasts into cancer associated fibroblasts (CAFs),the angiogenic switch, the secretion of transforming growth factor β (TGF-β), stromal derived factor-1 (SDF-1) and exosomes [START_REF] Mh | The evolution of the cancer niche during multistage carcinogenesis[END_REF]. Exosomes are a key mean for thetransfer of regulatory/activating molecules between cells as for the potent regulators non-coding RNAs called microRNAs which play an important part in the activation of CAFs [START_REF] Mh | The evolution of the cancer niche during multistage carcinogenesis[END_REF](Fig. 2). 

FIBROBLASTS IN CANCER

Fibroblasts accompany cancer cells at all stages of cancer progression. Fibroblasts from tumour of patients with malignant melanoma, breast cancer, familial adenomatous polyposis, Wilms tumors or retinoblastoma are characterized by an abnormal phenotype and an increased proliferation rate together with a reducedserum requirementfor proliferation [START_REF] Kopelovich | Genetic predisposition to cancer in man: in vitro studies[END_REF].They secrete increased amounts of ECM components mainly collagen type I, tenascin C, extra domain A of fibronectin (EDA-fibronectin)and secreted protein acidic and rich in cysteine (SPARC)(Fig. 3). This phenomenon, among others facilitates angiogenesis [START_REF] Kalluri | Fibroblasts in cancer[END_REF].Fibroblasts produce high amounts of VEGF-A, which increases the microvascular permeability thus causes the diffusionof plasma proteins [START_REF] Kalluri | Fibroblasts in cancer[END_REF] [17]. Those proteins such as fibrins attract more fibroblasts, inflammatory and endothelial cells [START_REF] Kalluri | Fibroblasts in cancer[END_REF].

Markers of activated fibroblasts

During the development of ductal breast carcinomas, the basement membrane is degraded and the activated stroma which contains immune cells, myofibroblasts and newly formed capillaries comes in direct contact with tumor cells [START_REF] Senger | Tumor cells secrete a vascular permeability factor that promotes accumulation of ascites fluid[END_REF]. Activated fibroblasts in tumor stroma are called peri-tumoral fibroblasts, reactive stromal fibroblasts, myofibroblasts, cancer-associated fibroblasts (CAFs) or tumour-associated fibroblasts [START_REF] Mueller | Friends or foes -bipolar effects of the tumour stroma in cancer[END_REF] [START_REF] Barsky | Desmoplastic breast carcinoma as a source of human myofibroblasts[END_REF]. These fibroblasts are characterized as "activated" based on the expression of markers suchas α-SMA and fibroblast specific protein (FSP)(Fig. 3). Stromal fibroblasts of solid tumors overexpress platelet-derived growth factor (PDGF) receptors-β and fibroblast activation protein (FAP) [START_REF] Cirri | Cancer associated fibroblasts: the dark side of the coin[END_REF]. In breast carcinomas about 80% of stromal fibroblasts acquire anactivated phenotype [START_REF] Pula | Podoplanin expression by cancer-associated fibroblasts predicts poor outcome in invasive ductal breast carcinoma[END_REF]. 

Origins of activated fibroblasts (CAFs)

Fibroblasts are heterogeneous and CAFs may derive from different tissues [START_REF] Ohlund | Fibroblast heterogeneity in the cancer wound[END_REF] and cells (Fig. 4).Nowadays, they are classified as resident, mesenchymal stem cell (MSC)-derived or mutational [START_REF] Cirri | Cancer associated fibroblasts: the dark side of the coin[END_REF].

However, the exact origin of CAFs is not fully explained. Resident CAFs are derived from local fibroblasts activated by cancer-derived growth factors as TGF-β, PDGF and bFGF in the process called mesenchymal to mesenchymal transition (MMT)(Fig. 4).This process is accompanied by the expression of genes which are specific for CAFs, such as collagens, αSMA,MMP1, MMP3, etc. [START_REF] Gallagher | Gene expression profiling reveals cross-talk between melanoma and fibroblasts: Implications for host-tumor interactions in metastasis[END_REF][25] [START_REF] Cirri | Cancer associated fibroblasts: the dark side of the coin[END_REF]. Another source of CAFs isprovided by thebone marrow-derived MSCs, which may differentiate into muscle, adipocytes, osteocytes and chondrocytes in physiological and pathological processes [START_REF] Dominici | Minimal criteria for defining multipotent mesenchymal stromal cells[END_REF][21](Fig. 4). At injury site, in conditions of neoplasia, of tissue repair and inflammation MSCs achieve homing and engraftment [START_REF] Kidd | Direct evidence of mesenchymal stem cell tropism for tumor and wounding microenvironments using in vivo bioluminescent imaging[END_REF]. At the tumor site MSCs are recruited in a manner similar to inflammatory cells during tissue repair. This is due to cytokines and growth factors secreted by cancer cells and stromal cells, as PDGF, VEGF, HGF, EGF, bFGF, and CCL2 [START_REF] Spaeth | Inflammation and tumor microenvironments: defining the migratory itinerary of mesenchymal stem cells[END_REF]. MSCs have been shown to differentiate into CAFs and pericytes andto localize in the tumor mass [START_REF] Cirri | Cancer associated fibroblasts: the dark side of the coin[END_REF].This process was accompanied by theexpression of markers associated with aggressiveness such as α-SMA, FAP, tenascin-c and thrombospondin-1 [START_REF] Spaeth | Mesenchymal stem cell transition to tumor-associated fibroblasts contributes to fibrovascular network expansion and tumor progression[END_REF] [START_REF] Cirri | Cancer associated fibroblasts: the dark side of the coin[END_REF]. Epithelial cells may become fibroblasts and acquire mesenchymal characteristics through an epithelial to mesenchymal transition (EMT) [START_REF] Radisky | Fibrosis and cancer: Do myofibroblasts come also from epithelial cells via EMT?[END_REF](Fig. 4).

EMT is a process in which epithelial cells are transformed to motile mesenchymal cells and occurs mainly during embryogenesis [START_REF] Thiery | Epithelialmesenchymal transitions in tumour progression[END_REF]. EMT is connected with cancer progression [START_REF] Thiery | Epithelialmesenchymal transitions in tumour progression[END_REF]. Epithelial cells trans-differentiate into activated myofibroblasts through exposition to oxidative stress-drivenmatrix metalloproteinases (MMP), which causes DNA oxidation and subsequent mutations. Altogether these effects may result in the process of EMT [START_REF] Radisky | Rac1b and reactive oxygen species mediate MMP-3-induced EMT and genomic instability[END_REF]. EMT allows cancer cells to acquire mesenchymal cell phenotypeproviding another source of CAFs [START_REF] Radisky | Fibrosis and cancer: Do myofibroblasts come also from epithelial cells via EMT?[END_REF](Fig. 4). Moreover, proliferating endothelial cells can turn into CAFs in aprocess similar to EMT, named endothelial to mesenchymal transition (EndMT) via stimulation by TGF-β(Fig. 4). During this process proliferating endothelial cells loose endothelial markers such as CD31 and start to express mesenchymal markers like fibroblast specific protein-1 (FSP-1) and SMA [START_REF] Zeisberg | Discovery of endothelial to mesenchymal transition as a source for carcinoma-associated fibroblasts[END_REF]. 

Activation of fibroblasts

In the tumor, quiescent fibroblasts acquirean activated phenotype, namely they proliferate more and produce more ECM constituents, during tissue fibrosis, wounding and inflammation [START_REF] Kalluri | The biology and function of fibroblasts in cancer[END_REF]. Numerous factors lead to fibroblastactivation. Decipheringthe molecular mechanisms that lead to activation of fibroblasts, also referred to as myofibroblasts, it was shownthat a conditioned medium collected from cancer cell cultures and TGF-β may cause activation of stromal fibroblasts [START_REF] Kurosaka | Transforming growth factor-β1 promotes contraction of collagen gel by bovine corneal fibroblasts through differentiation of myofibroblasts[END_REF] [START_REF] Guo | Stromal fibroblasts activated by tumor cells promote angiogenesis in mouse gastric cancer[END_REF] to become myofibroblasts. These myofibroblasts express VEGF-A and other angiogenic factors, which promote angiogenesis [START_REF] Guo | Stromal fibroblasts activated by tumor cells promote angiogenesis in mouse gastric cancer[END_REF]. Fibroblasts may also be activated by platelet derived growth factor(PDGF), epidermal growth factor (EGF),fibroblast growth factor 2 (FGF2), bone morphogenic proteins (BMPs) and sonic hedgehog (SHH) [START_REF] Elenbaas | Heterotypic signaling between epithelial tumor cells and fibroblasts in carcinoma formation[END_REF] [START_REF] Kalluri | The biology and function of fibroblasts in cancer[END_REF]. Fibroblasts occupy a key position in the process of malignant transformation. Moreover, myofibroblasts proliferation causes fibrosis and increases the risk of cancer [START_REF] Bhowmick | TGF-β Signaling in Fibroblasts Modulates the Oncogenic Potential of Adjacent Epithelia[END_REF][39].

Contribution of CAFs in cancer formation

To demonstrate the involvement of fibroblasts in the initiation of cancer, mouse models with genetically altered fibroblasts were designed [START_REF] Kalluri | Fibroblasts in cancer[END_REF]. Human breast epithelial cells have been shown to form ducts in the stroma of mouse mammary gland and the surrounding murine fibroblasts activated by TGFβ and hepatocyte growth factor initiate growth of breast tumor within the normal murine epithelium [START_REF] Kuperwasser | Reconstruction of functionally normal and malignant human breast tissues in mice[END_REF](Fig. 5).

Studies comparing CAFs isolated from the primary tumour site and normal fibroblasts were conducted to decipher the linksbetween growth factors and CAFs [START_REF] Olumi | A novel coculture technique demonstrates that normal human prostatic fibroblasts contribute to tumor formation of LNCaP cells by retarding cell death[END_REF] [START_REF] Orimo | Stromal fibroblasts present in invasive human breast carcinomas promote tumor growth and angiogenesis through elevated SDF-1/CXCL12 secretion[END_REF].CAFs present altered expression of growth factorssuch as keratinocyte growth factor, transforming growth factor-β1, insulin-like growth factors I and II, hepatocyte growth factor/epithelial scatter factor, and platelet-derived growth factor [START_REF] Olumi | Carcinoma-associated fibroblasts direct tumor progression of initiated human prostatic epithelium[END_REF]. Prostate epithelial cells transformed with simian virus 40 (SV40) were transplantedinto mice in combination with normal fibroblasts or CAFs. It was found that CAFs co-transplantation led to lesions resembling prostatic intraepithelial neoplasia [START_REF] Olumi | A novel coculture technique demonstrates that normal human prostatic fibroblasts contribute to tumor formation of LNCaP cells by retarding cell death[END_REF].Massive tumor growth in mice was observed when CAFs were used with immortalized epithelial cells but not normal fibroblasts [START_REF] Olumi | A novel coculture technique demonstrates that normal human prostatic fibroblasts contribute to tumor formation of LNCaP cells by retarding cell death[END_REF]. It has been shown that CAFs secrete stromalderived factor-1 (SDF-1), what enhances invasiveness of pancreatic cancer cells [START_REF] Funahashi | CXCL8/IL-8 and CXCL12/SDF-1α Co-operatively Promote Invasiveness and Angiogenesis in Pancreatic Cancer[END_REF]. In addition, by secretingCXCL14, pancreatic cancer cells increase growth and migration of fibroblasts, which in turn, increases their activity [START_REF] Orimo | Stromal fibroblasts present in invasive human breast carcinomas promote tumor growth and angiogenesis through elevated SDF-1/CXCL12 secretion[END_REF] [START_REF] Augsten | CXCL14 is an autocrine growth factor for fibroblasts and acts as a multi-modal stimulator of prostate tumor growth[END_REF]. CAFs recruit pro-angiogenic macrophages through overexpression of SDF-1, IL-6 and IL-1β under the transcriptional control of cyclooxygenase 2 (COX-2) and nuclear factor-κB (NF-κB). This shows the link between inflammatory mediators and CAFs in breast adenocarcinoma [START_REF] Erez | Cancer-Associated Fibroblasts Are Activated in Incipient Neoplasia to Orchestrate Tumor-Promoting Inflammation in an NF-κB-Dependent Manner[END_REF]. It has to be noticed that hypoxia affects CAFs and leads to activation of hypoxia-inducible factor-1 (HIF-1), which activatesthesecretion of SDF-1 [START_REF] Toullec | Oxidative stress promotes myofibroblast differentiation and tumour spreading[END_REF]. CAFs secrete also enzymes which degrade ECM and enable tumor angiogenesis and invasion,they cleave cell adhesion molecules, helping EMT and increasingthe cell motility, cleaving pro-inflammatory cytokines, growth factors and their receptors namely metalloproteinases (MMPs) and plasminogen activators [START_REF] Insel | Location , location , location[END_REF] [START_REF] Roy | Matrix metalloproteinases as novel biomarkers and potential therapeutic targets in human cancer[END_REF]. Moreover, EMT by which CAFs contribute to metastatic and invasive processes is involved in the induction of cancer stem cells phenotypethrough overexpression of Snail or Twist transcription factors as was shown for breast and prostate cancers [START_REF] Blick | Epithelial mesenchymal transition traits in human breast cancer cell lines parallel the CD44HI/CD24lO/-stem cell phenotype in human breast cancer[END_REF] [START_REF] Mani | The Epithelial-Mesenchymal Transition Generates Cells with Properties of Stem Cells[END_REF]. These data suggest that CAFs participate tothe initiation and promotion of carcinogenesis in epithelial cells, whereas normal fibroblasts are responsible for maintaining epithelial homeostasis (Fig. 5). CAFs contribute totumorprogression not only through secreted cytokines, growth factors and enzymes(Fig. 6), but also by specific communications with cancer cells, however, this type of interaction remains unclear [START_REF] Kalluri | Fibroblasts in cancer[END_REF].

There are studies showing that CAFs induce invasiveness in non-invasive cancer cells through increasing cancer cell proliferation and 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]. The interaction between cancer cells and fibroblasts lead to a fibrotic state. This is associated with tumor progressiondue to accumulation of collagen type I and III,degradation of collagen type IV, increasing matrix deposition and stiffening the 3D matrix [START_REF] Huijbers | A role for fibrillar collagen deposition and the collagen internalization receptor endo180 in glioma invasion[END_REF][53] [START_REF] Paszek | Tensional homeostasis and the malignant phenotype[END_REF].

Fibroblasts secretelysyl oxidase (LOX). During the early stages of breast carcinogenesis,LOX catalyses collagen cross-linking; in a later stage LOX is expressed in cancer cellsand its expression isinduced by hypoxic environment [START_REF] Santhanam | Pdcd4 repression of lysyl oxidase inhibits hypoxia-induced breast cancer cell invasion[END_REF].

Fibronectin, another key player in tumor ECM is secreted by CAFs and plays a vital role in cell adhesion. Fibronectin is found in the intercellular spaces and on the cell surface. The soluble form is present in high concentrations (300 µg/mL) and serves as a ligand for several members of integrin receptor family [START_REF] Pankov | Fibronectin at a glance[END_REF]. Fibronectinis involved in cell adhesion but also participates in the processes of migration, differentiation and growth [START_REF] Pankov | Fibronectin at a glance[END_REF]. In tumors fibronectin is associated with MMP secretion and higher metastatic potential. Moreover fibronectin up-regulation by inflammatory factors as: NF-κB, CXCL-3, IL-8, TNF-α, COX-2 and Toll-like receptor (TLR) 2 stimulates cancer cell growth [START_REF] Zheng | The First Type III Domain of Fibronectin is Associated with the Expression of Cytokines within the Lung Tumor Microenvironment[END_REF]. Inaddition, tumoral fibroblasts express high amounts of hyaluronan, which plays a key role in the recruitment of tumorassociated macrophages, CAFs and endothelial cells [START_REF] Kobayashi | Hyaluronan deficiency in tumor stroma impairs macrophage trafficking and tumor neovascularization[END_REF]. . As it was mentioned before, CAFs lead to angiogenesis through thesecretion of increased amounts of ECM components, angiogenic factors and enzymes as well as therecruitment of ECs. Angiogenesis is the main cause modifying the tumor microenvironment.

ANGIOGENESIS

Blood vessels develop by two processes during embryogenesis. Vasculogenesisoccurs when vessels are created from progenitor cells. Angiogenesis is a process of sprouting new capillaries from existing ones [START_REF] Hanahan | Patterns and Emerging Mechanisms of the Angiogenic Switch during Tumorigenesis[END_REF]. Angiogenesis occurs in adults during ovulation, implantation, menstruation and pregnancy. Avascular tumours,namelysmall andoccult lesions of 1-2 mm in diameter, stay dormant bykeepinga balance between proliferation and apoptosis [START_REF] Bergers | Tumorigenesis and the angiogenic switch[END_REF]. This initial phase of tumor growth, without blood vessels, occurs during cancer development before the tumor starts to develop its blood supply to continue to grow [START_REF] Ulahannan | Antiangiogenic agents in combination with chemotherapy in patients with advanced non-small cell lung cancer[END_REF](Fig. 7).During this pre-vascular phase, the tumorremains in a benign state [START_REF] Ulahannan | Antiangiogenic agents in combination with chemotherapy in patients with advanced non-small cell lung cancer[END_REF]. Typically, without access to oxygen and nutrients, tumor cannot grow more than 2 mm in diameter [START_REF] Kieda | Suppression of hypoxia-induced HIF-1alpha and of angiogenesis in endothelial cells by myo-inositol trispyrophosphate-treated erythrocytes[END_REF].However, signals for quiescent vasculature to be activated and undergocapillarysprouting, participate to the "angiogenic switch". This state favours the expression ofpro-angiogenic genesin response to hypoxiawhich occurs within thetumor (see section 5.4.)as a consequence of increased tumor mass.Suchenvironmental stimuli, cause the expression by tumor and stromal cells of moleculeswhich, as the vascular endothelial growth factor A (VEGF-A) [START_REF] Ulahannan | Antiangiogenic agents in combination with chemotherapy in patients with advanced non-small cell lung cancer[END_REF], promote angiogenesis i.e. formation of new blood vessels via extension or remodelling of existing blood vessels [START_REF] Ulahannan | Antiangiogenic agents in combination with chemotherapy in patients with advanced non-small cell lung cancer[END_REF]. Initiation of angiogenesis is one of the critical steps in tumor development and metastasis [START_REF] Ulahannan | Antiangiogenic agents in combination with chemotherapy in patients with advanced non-small cell lung cancer[END_REF](Fig. 7). 

Tumor angiogenesis and normalisation

Although angiogenesis is necessary for tumor development,tumor angiogenesis is very chaotic, theformed vessels are abnormaland theirfunction is impaired. This random distribution of vessels does not permit an efficient blood flow in some regions and while it is excessive inothers [START_REF] Goel | Vascular Normalization as a Therapeutic Strategy[END_REF] [START_REF] Kamoun | Simultaneous measurement of RBC velocity, flux, hematocrit and shear rate in vascular networks[END_REF]. Moreover, extravasation of fluids and proteins into the extracellular compartment occurs due to the poor perivascularcell coverage and to dissociation of EC junctions [START_REF] Jain | Antiangiogenic therapy for cancer: current and emerging concepts[END_REF]. Such aberrant vascular network, directlyaffects the development of the tumor, through increasing of tumor growth and metastatic potential and helping the tumor cellsescape from the control of host's immune system [START_REF] Goel | Normalization of the vasculature for treatment of cancer and other diseases[END_REF].Therefore, anti-angiogenic therapies were developed in orderto prevent tumor neovascularization by starvation and death of tumorcells [START_REF] Bock K De | Antiangiogenic therapy , hypoxia , and metastasis : risky liaisons , or not ?[END_REF]. Nevertheless this strategy was not efficient because although vessel destruction causes necrosis and deepens hypoxia, potently killing the bulk of tumor, this hypoxic state triggers resistance in part of tumor cells and leads to tumor regrowth [START_REF] Rivera | Tumor angiogenesis, from foe to friend[END_REF].Increased tumor hypoxia leads to selection of aggressive cancer stem-like cells,highly resistant to drugs [START_REF] Kieda | Stable tumor vessel normalization with pO2 increase and endothelial PTEN activation by inositol trispyrophosphate brings novel tumor treatment[END_REF].Consequently as anti-angiogenic therapies has not fulfilledexpectations, normalization of the vasculature became a promising approach [START_REF] Kieda | Stable tumor vessel normalization with pO2 increase and endothelial PTEN activation by inositol trispyrophosphate brings novel tumor treatment[END_REF] [START_REF] Rivera | Tumor angiogenesis, from foe to friend[END_REF].It has been shown that fibroblast-specificloss of HIF-1αreduces vascular density and leadsto vessel normalization [START_REF] Lagory | The ever-expanding role of HIF in tumour and stromal[END_REF].

This indicates the CAFs contribution to the hypoxic microenvironment of the tumor. enables the transformation of precursor cells into CAFs [START_REF] Lagory | The ever-expanding role of HIF in tumour and stromal[END_REF]. Nevertheless the direct effect of hypoxia on CAFs remains to be more documented [START_REF] Lagory | The ever-expanding role of HIF in tumour and stromal[END_REF].

HYPOXIA

Tumor angiogenesis is initiated by hypoxia which means a low oxygen tension [START_REF] Kieda | Suppression of hypoxia-induced HIF-1alpha and of angiogenesis in endothelial cells by myo-inositol trispyrophosphate-treated erythrocytes[END_REF] as compared to physioxia which is the normal tissue pO 2 value.Hypoxic microenvironment, which is observed in many solid cancers, dramatically changes gene expression profiles of cancer cells [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF]. Hypoxia-inducible factor-1 (HIF-1) plays key roles in adaptive responses of cells under hypoxic conditions through its transcriptionalactivity [START_REF] Kieda | Suppression of hypoxia-induced HIF-1alpha and of angiogenesis in endothelial cells by myo-inositol trispyrophosphate-treated erythrocytes[END_REF] [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF]. The HIF-1 protein is a heterodimer, composed of a constitutively expressed subunit named HIF-1βand an oxygen regulated subunit named HIF-1α [START_REF] Kieda | Suppression of hypoxia-induced HIF-1alpha and of angiogenesis in endothelial cells by myo-inositol trispyrophosphate-treated erythrocytes[END_REF]. The expression of HIF-1αis predominantly regulated at posttranslational level [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF]. Under oxygen-sufficient conditions, prolyl residues 402 and 564 in the N-terminal domain of HIF-1αprotein are hydroxylated by the action of prolyl hydroxylases (PHDs) in an oxygen-dependent manner [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF]. Once hydroxylated, von HippelLindau protein (pVHL) binds HIF-α.This enables the binding of E3 ubiquitin ligase. The complex which includes pVHL, ubiquitin-conjugating enzyme (E2),Cul2, Ring-Box 1 (RBX1),Elongin-B and Elongin-C boundto HIF-1αleads, together with an ubiquitin-activating enzyme (E1), toproteasomal degradation of the HIF-1αprotein [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF].On the contrary, because enzymatic activities of PHDs are reducedin hypoxic conditions, the HIF-1αproteinbindsto HIF-1β subunit andcofactors as CREB Binding Protein (CBP)/p300 and the DNA polymerase II (Pol II).Such a heterodimer together with cofactors,is stabilized andtranslocated to the nucleus,where it binds to hypoxia responsive element sequence (HRE) and induces expression of many genes promoting angiogenesis, e.g. VEGF [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF] [START_REF] Kieda | Suppression of hypoxia-induced HIF-1alpha and of angiogenesis in endothelial cells by myo-inositol trispyrophosphate-treated erythrocytes[END_REF]. Hypoxic microenvironment dramatically shiftsthe glucose metabolism from aerobic cellular respiration to anaerobic glycolysis [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF]. The resulting increased glucose uptake and activation of glycolysis are highly important compensatory responses to the reduction of intracellular ATP level due to the inhibition of cellular respiration [START_REF] Qin | Heat shock protein 70 dependent protective effect of polaprezinc on acetylsalicylic acid induced apoptosis of rat intestinal epithelial cells[END_REF]. Hypoxic conditions are also characterized bythe enhanced production of transforming growth factor-beta (TGF-β) and increased deposition of extracellular matrix (ECM) molecules [START_REF] Papakonstantinou | Hypoxia differentially enhances the effects of transforming growth factor-beta isoforms on the synthesis and secretion of glycosaminoglycans by human lung fibroblasts[END_REF]. Recent data indicate that hypoxia differentially enhances the effect of TGF-βisoforms on the secretion and deposition of GAGs and may hasten ECM remodelling associated with the pathological state of tissues [START_REF] Papakonstantinou | Hypoxia differentially enhances the effects of transforming growth factor-beta isoforms on the synthesis and secretion of glycosaminoglycans by human lung fibroblasts[END_REF].

Hypoxia affects the biology of CAFs. It has been shown that genes modulated by hypoxia induce CAF phenotype by down-regulation of caveolin-1 [START_REF] Casazza | Tumor stroma : a complexity dictated by the hypoxic tumor microenvironment[END_REF]. Moreover HIF-1α overexpression in CAFs has a pro-metastatic effect and is responsible for increasing tumor hypoxia due to formation of aberrant vessels [START_REF] Casazza | Tumor stroma : a complexity dictated by the hypoxic tumor microenvironment[END_REF].

PODOPLANIN

The discovery and occurrence of podoplanin

Podoplanin was described for the first time in 1997 in puromycinaminonucleosidenephrosis (PAN), a rat model of human minimal change nephropathy [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF]. Sequence identities revealed the presence of structurally related proteins in many normal cells from different species. It was found that podoplanin is a marker of rat glomerular epithelial cells(podocytes) and lymphatic vessels [START_REF] Pula | Significance of podoplanin expression in cancer-associated fibroblasts: A comprehensive review[END_REF] [START_REF] Astarita | Podoplanin: Emerging functions in development, the immune system, and cancer[END_REF].Podoplanin was localized in high density on podocytesshowing an asymmetric distribution, with 90% in the luminal and 10% in basal cell membranes [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF]. The protein was also found at the luminal surface of epithelial cells ofBowman's capsule but not at other locations in the kidney. Under the name OTS-8, it was identified in murine osteoblastic cells after their treatment with phorbol ester [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF]. Podoplanin was also described as T1α or RTI40 in rat alveolar type I cells of the lung and E11 in rat bone. In canine Madin-Darby kidney (MDCK) cells as gp40 where it serves as receptor for influenza C virus [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF] [START_REF] Martín | a small mucin-like transmembrane glycoprotein associated with cell migration and cancer[END_REF]. In mouse cancer cells podoplanin was identified as aggrus (platelet aggregation inducing factor) [START_REF] Kunita | The platelet aggregation-inducing factor aggrus/podoplanin promotes pulmonary metastasis[END_REF], and gp38 in murine type I epithelial cells of the thymus and stromal cells in T-dependent cell areas of peripheral lymphoid tissues [START_REF] Farr A | Characterization and cloning of a novel glycoprotein expressed by stromal cells in T-dependent areas of peripheral lymphoid tissues[END_REF]. In human, podoplanin was called gp36 in placenta [START_REF] Zimmer | Cloning and characterization of gp36, a human mucin-type glycoprotein preferentially expressed in vascular endothelium[END_REF],PA2.26 [START_REF] Martín | a small mucin-like transmembrane glycoprotein associated with cell migration and cancer[END_REF]inHeLa carcinoma cells and immortalized HaCaT keratinocytes [START_REF] Martín | a small mucin-like transmembrane glycoprotein associated with cell migration and cancer[END_REF].

Structure of podoplanin

Podoplanin is a166-amino-acid integral membrane protein with a single transmembrane domain composed by an hydrophobic stretch of 29 amino acids (amino acids 129 to 157) [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF] (Fig. 9B). The Nterminal ectodomain contains 128 amino acids, with six serine/threonine residues at positions 3, 19, 71, 79, 110 and 122, providing potential O-glycosylation sites. Therefore, due tothe high contentinO-glycans, podoplanin is classified as a mucin-like glycoprotein. This highly glycosylated protein containssialic acid α(2-3) linkedto galactoselinked in β(1-3) to the N-acetylgalactosamine(Fig. 9A) [START_REF] Martín | a small mucin-like transmembrane glycoprotein associated with cell migration and cancer[END_REF]. The Short cytoplasmic domain iscomposed of nine amino acids, providingpotential phosphorylation sites for cAMP-dependent protein kinase (amino acids 158 to 161) and protein kinase C (amino acids 161 to 163) [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF] and directly interacting with ezrin and moesin [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF]. The biological role of podoplanin is still poorly understood. Mice withtheir podoplanin gene knocked-out die shortly after birth because of respiratory failure. A characteristic feature is dilation and malfunction of lymphatic vessels together with lymphedema [START_REF] Schacht | T1α/podoplanin deficiency disrupts normal lymphatic vasculature formation and causes lymphedema[END_REF] [START_REF] Ramirez | T1α, a lung type I cell differentiation gene, is required for normal lung cell proliferation and alveolus formation at birth[END_REF]. In this context, it should be stressed thathighlevel of podoplanin expression is observed in the endothelium of lymphatic vessels, but not in the endothelium of blood vessels. Thus it is widely used as a marker for endothelial cells from lymphatic vessels andforlymphangiogenesis [START_REF] Matsui | Podoplanin, a novel 43-kDa membrane protein, controls the shape of podocytes[END_REF]. The murine homologue of podoplanin (PA2.26) is over expressed during wound healing, which indicates that it can take part in the regeneration of tissues [START_REF] Gandarillas | Induction of PA2.26, a cell-surface antigen expressed by active fibroblasts, in mouse epidermal keratinocytes during carcinogenesis[END_REF].

Under physiological conditions, podoplanin has an important role in the adhesion processasanti-adhesive or pro-adhesivemolecule [START_REF] Schacht | T1α/podoplanin deficiency disrupts normal lymphatic vasculature formation and causes lymphedema[END_REF] [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF]. It also participates in the regulation of podocyte shaping and regulatesblood filtration within the glomeruli [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF][86] [START_REF] Levidiotis | New insights into the molecular biology of the glomerular filtration barrier and associated disease[END_REF]. 

Podoplanin in cancer

Induction of podoplanin expression is observed in experimental animal tumors. For example, significant amounts of this glycoprotein were found both on the surface of murine epidermal keratinocytes as well as on stromal cells of tumors caused by animal treatment with 7,12-dimethylbenzo[a]anthracene (DMBA) or 12-O-tetradecanoiloforbolo-13-acetate (TPA) [START_REF] Gandarillas | Induction of PA2.26, a cell-surface antigen expressed by active fibroblasts, in mouse epidermal keratinocytes during carcinogenesis[END_REF]. Increased amounts of podoplanin and its neoexpression have been demonstrated in several types of human cancers. It is present in squamous cell carcinoma of the esophagus [START_REF] Rahadiani | Tumorigenic role of podoplanin in esophageal squamous-cell carcinoma[END_REF] of the uterine cervix [START_REF] Dumoff | Low podoplanin expression in pretreatment biopsy material predicts poor prognosis in advanced-stage squamous cell carcinoma of the uterine cervix treated by primary radiation[END_REF], larynx, oral cavity [START_REF] Martín-Villar | Podoplanin binds ERM proteins to activate RhoA and promote epithelial-mesenchymal transition[END_REF][91], skin [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF], lung [START_REF] Kaneko | Functional glycosylation of human podoplanin: Glycan structure of platelet aggregation-inducing factor[END_REF][93], also in ovarian germ cell tumors (dysgerminomas and granulosa cell tumors) [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF], seminomas [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF], non-small lung carcinomas [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF], angiosarcomas [START_REF] Matsui | Podoplanin, a novel 43-kDa membrane protein, controls the shape of podocytes[END_REF], mesotheliomas [START_REF] Kimura | Podoplanin as a marker for mesothelioma[END_REF], fibrous tumor of the pleura [START_REF] Naito | D2-40-positive solitary fibrous tumors of the pleura: Diagnostic pitfall of biopsy specimen[END_REF], follicular dendritic cell tumors [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF], colon adenocarcinoma [START_REF] Kato | Molecular Identification of Aggrus/T1α as a Platelet Aggregation-inducing Factor Expressed in Colorectal Tumors[END_REF]. Increased amounts of podoplanin is also observed in some tumors of the central nervous system, such as germinoma, brain [START_REF] Mishima | Increased expression of podoplanin in malignant astrocytic tumors as a novel molecular marker of malignant progression[END_REF] and the highly malignant glioblastomamultiformisascompared to anaplastic astrocytoma [START_REF] Mishima | Increased expression of podoplanin in malignant astrocytic tumors as a novel molecular marker of malignant progression[END_REF].

The presence of podoplanin in hemangioblastomas,helpsto distinguish this type of cancer from renal cell carcinoma [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF]. Similarly, the presence of this glycoprotein on mesothelioma cells allows to distinguish it from adenocarcinomas [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF]and seminomas from embryonalcarcinomas [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF].

In the case of squamous cell carcinoma of the oral cavity, a high level of podoplanin expression correlates with the incidence of lymph node metastasis and shorter survival [START_REF] Cueni | Tumor lymphangiogenesis and metastasis to lymph nodes induced by cancer cell expression of podoplanin[END_REF]. Wicki et al. (2006) have

shown that generally in squamous cell carcinoma, including esophageal, skin, larynx, cervical uterine and lung, as well as some adenocarcinomas podoplanin expression is limited to tumor cells forming the outer layer of invasive front. Interestingly, tumor cell in these cases, also expressed the E-cadherin next to podoplanin. A similar location of podoplanin-expressing cells was observed by Shimada et al. ( 2009) in lung squamous cell carcinoma. The presence of podoplanin in these primary tumors correlated with the absence of lymphatic invasion and improved survival of patients. Low podoplanin expression was also an unfavorable prognostic in squamous cell carcinoma of the uterine cervix, correlating withan increased infiltration of lymphatic vessels by cancer cells, increased incidence of metastases to regional lymph nodes and worse survival [START_REF] Dumoff | Low podoplanin expression in pretreatment biopsy material predicts poor prognosis in advanced-stage squamous cell carcinoma of the uterine cervix treated by primary radiation[END_REF]. These results were not confirmed in studies of Longatto-Filho et al. ( 2007), who havecorrelatedthe lack of podoplanin expression on cancer cells with a shorter survival in patients with uterine adenocarcinoma and an increased incidence of metastases to regional lymph nodes as well asdistant organs.

Podoplanin may serve as a marker of cancer stem cells as shown for A431 cells of squamous cell carcinoma of the skin [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF]. Its presence correlates with the ability of A431 cells to form a tumor in nude mice [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF].

Interactions of podoplanin

Presence of podoplanin in tumor cells is linked to their ability to form aggregates with platelets which, in turn, enhancesthe metastatic potential [98][99]. Ectopic podoplanin expression in Chinese Hamster Ovary (CHO) cells increased their ability to develop metastases in athymic mouse model. This wasdirectly connected to the presence of CHO cells-platelet aggregates [START_REF] Suzuki | Involvement of the snake toxin receptor CLEC-2, in podoplanin-mediated platelet activation, by cancer cells[END_REF]. The interaction with platelets is mediated by the sequence EDxxVTPG, called platelet aggregation-stimulating (PLAG) domainpresentin theextracellular domain of podoplanin [START_REF] Kato | Molecular Identification of Aggrus/T1α as a Platelet Aggregation-inducing Factor Expressed in Colorectal Tumors[END_REF]. PLAG domain is bound by lectin-like platelet receptor CLEC-2 (C-type lectin-like receptor 2), which recognizes thetype-1 coreO-glycanattached to threonine at position 52 of the polypeptidicchain [START_REF] Kaneko | Functional glycosylation of human podoplanin: Glycan structure of platelet aggregation-inducing factor[END_REF][100].

Podoplanin is not only involved in the binding of platelets to tumor cells, but also increases the migratory ability of cells, including cancer cells. It was shown that podoplanin neo-expression in normal human keratinocytes and human breast cancer MCF-7 cells significantly changed their morphology, what was associated with a spike-like formation of filopodia. In MCF-7 cells, migratory and invasive properties increased, even in the presence of E-cadherin, a tumor suppressor involved in cell-cell adhesion [93][85].

This causes an increased adhesion to fibronectin through integrinsb1 [START_REF] Wicki | The potential role of podoplanin in tumour invasion[END_REF]. 

Factors that stimulatespodoplanin expression

In the human breast cancerMCF-7 cells, podoplanin expression is induced by EGF, FGF2 and TNFα, 

Podoplanin in cancer-associated fibroblasts

Although podoplanin is expressed in many types of cancer, its expression was not found in tumor cells from several invasive adenocarcinomas, like breast [START_REF] Martín | a small mucin-like transmembrane glycoprotein associated with cell migration and cancer[END_REF], lung [110] or pancreas [111]. However, in such malignancies, this glycoprotein is highly expressed in cancer associated fibroblasts (CAFs) [START_REF] Ugorski | Podoplanin -a small glycoprotein with many faces[END_REF].Using newly This process occurs in the cytoplasm where pre-miRNA is exported by exportin 5 (XPO5) from the nucleus.

The guiding strand of mature miRNA is incorporated in the miRNA-induced silencing complex (miRISC), containing DICER1 and Argonaute (AGO) proteins. This complex directs the miRISC to target mRNAs by sequence complementary binding. Genes are suppressed by mRNA degradation and translational repression in processing bodies (P-bodies)(Fig. 13A).

In cancer, the biogenesis of miRNA is deregulated at different steps during maturation. Hypoxia is one of the key regulator of pri-miRNA and pre-miRNA processing (Fig. 13B). 

Preparation of chemically competent bacterial cells

For the preparation of chemically competent bacteriaE. coli DH5α strain was used (see chapter6.1.11.). Bacteria were streaking out on Petri dish with LB medium solidified with 1.5% agar and grownovernight at 37° C to obtain single colonies. Individual colonies were transferred to 10 mL of LB Broth and bacteria were grown again overnight at 37°C. Next day, 4 mL of bacterial suspension was collected and transferred to 300 mL of fresh LB Broth. After the bacterial culture reached an optical density OD 600 = 0.5, bacteria were centrifuged at 2500xg for 10 minutes at 4°C, and their pellet was resuspended in 32 mL of transformation buffer I(cooled to 4°C). The bacteria were then centrifuged at 2500xg for 10 minutes, the pellet was resuspended in 9 mL of transformation buffer II (cooled to 4°C) and 100 µl of bacterial suspensions were transferred into Eppendorff tubes and frozen in liquid nitrogen. Chemically competent bacteria were stored at -80°C.

Bacterial transformation: the heat shock method

10 ng to 1 µg of DNA was added to 100 µl of competent bacteria suspension (see chapter6.2.1) thawed on ice,the samples were incubated on ice for 20 minutes, and transferred to a water bath at 42°C for 50 seconds. After this time, the bacteria were placedagain on ice for 3 minutes. After this time, 1 mLof SOC medium wasadded, samples were transferred at 37°C, and incubated with gentle agitation for one hour. In the end, the suspension of bacterial cells was streakedon Petri dishes with LB medium solidified with agar and grown at 37°C overnight.

Purification of plasmid DNA using Plasmid Midi AX Kit

The day before plasmid DNA isolation, 100 mL of liquid LB Broth with addition of ampicillin (100 µg/mL) was inoculated with 4 mL of inoculum obtained after 6-hour bacterial culture established from a single bacterial colony (see chapter6.2.2). The bacteria were grown at 37°C with shaking, for 16 -20 hours.

After this time, bacteria were centrifuged for 10 minutes at 2500xg and 4°C. The supernatant was discarded and the bacterial pellet was resuspended in 5 mL of buffer L1, followed by the addition of 5 mL of lysis buffer L2. The samples were mixed carefully by inversion and left at room temperature for 5 minutes.

Resulted bacterial lysate was neutralized by addition of 5 mL of buffer GL3, and samples were centrifuged using the manufacturer's filter inserts for 5 minutes at 1500xg. The filtrate was applied on a column provided by the manufacturer, column was washed with 20 mL of buffer K2, and plasmid DNA bounded to the column bed was eluted with 6 mL of buffer K3. Purified DNA was precipitated from the solution with 5 mL of isopropanol and 25mL of a "booster precipitation" (see chapter6.1.2.). The sample was centrifuged for 15 minutes at 14 000xg and 4°C, supernatant was discarded and DNA pellet was washed with 2 mL of 70% ethanol by re-centrifugation for 5 minutes at 14000xg and 4°C. Purified DNA was solubilized in 200 µl of distilled H 2 O. The end concentration of such DNA was 100 -200 µg/µl, depending on isolation efficiency.

Isolation of plasmid DNA using Plasmid Mini AX Kit

Plasmid DNA was isolated from overnight, liquid bacterial culture that was carried out in 3 mL LB Broth with addition of ampicillin (100 µg/mL). Next day, the bacteria were centrifuged for 5 minutes at 8000

x g and the pellet was suspended in 600 µl of L1 cell suspension solution.The whole contents were transferred to the 2 mL Eppendorf tubes. 600 µl of L2 lysis solution was added and mixed gently, then ethanol was added and samples were mixed and centrifuged for 3 min at 12 000 g. Supernatants were discarded carefully and DNA pellets were air dried for 5 min at room temperature in the up-side-down position. Dried DNA pellets were dissolved in 50 µl of DEPC water. The plasmid DNA was stored at +4 ºC to +8 ºC.

DNA electrophoresis in agarose gel

DNA electrophoresis was performed for the analytical or preparative purposes. It was performed on 1 to 2% agarose gel in TAE buffer, at a voltage of 90 -130V. Due to the presence 0.5 µg/mLof ethidium bromide in the agarose gel,DNA fragments were detected under UV light using a gel documentation apparatus G: BOX manual (Syngene).

Isolation of DNA fragments from the agarose gel using Gel-Out kit

Small slices of gel (up to 200 mg) containing DNA fragmentswere excised from the agarose and transferred to Eppendorf tubes. Then,400 µl of buffer R7S was added and samples was left in a water bath at 50°C to completely dissolve the agarose. Now, 200 µl of isopropanol was added, samples were mixed again by inverting the tube, and centrifuged to remove residual fluid from the lid and walls. In the next step, the whole mixture was applied to the cartridge which was provided by a manufacturer and centrifuged for 30 seconds at 10 000xg. The supernatant was discarded, and the column was loaded with 600 µl of buffer A1.

The samples were centrifuged at 10 000xg for 30 sec, supernatant was discarded and the column was loaded with 300 µl of buffer A1 and centrifuged again at 10 000xg for 2 minutes. After this time, the columns were placed in clean Eppendorf tubes,30 µl of distilled water was added and incubated for 3 minutes at room temperature. Samples were centrifuged at 10 000xg for 1 minute in order to elute DNA. The purified DNA was stored at -20°C.

Quantification of DNA

To determine the amount of plasmid DNA and degree of protein soilabsorbance at a wavelength of 260 nm and 280 nm on a spectrophotometer PicoDrop (Wrocław) or NanoDrop (Orleans) against water (blank) was measured. The amount of DNA was determined using the assumption that 50 µg/mL of plasmidDNA at a wavelength of 260 nm, gives an absorbance equal to 1. The ratio of absorbance atwavelength of 260 nm and 280 nm is indicative of the degree ofDNA and protein contaminationand it should be in the range of 1.7-2.0.

DNA digestion with restriction enzymes

Digestion of DNA with restriction enzymes was carried out in buffers recommended by the manufacturer, at 37°C for 1 to 16 hours. Usually, 10 U of enzyme per 1 µg of DNA was used, resulting in digestion for 1 hour. The final volume of the samples ranged from 10 µl to 50 µl.

Polymerase chain reaction (PCR)

PCR was performed in a thermocycler "Biorad". Reaction mixture composition and the conditions of reactions are shown below. PCR was performed using appropriate primers. 

Composition of the PCR reaction mix

DNA ligation

Ligation reaction was used to connect covalently plasmid vectors and DNA inserts after their digestion with appropriate restriction enzymes. Relative ratios of insert to vector were 3: 1 or 2: 1. The reaction mixtures contained100 ng of total DNA in a suitable volume of 0.5 µl (1U) T4 ligase, 1 µl of buffer "T4 ligase buffer" (see chapter6.1.6)and distilled water to a volume of 10 µl. The reaction was carried out at 15°C for 16 hours.

DNA sequencing

DNA sequencing was done by the company "Genomed" Sp. z o.o. (Warsaw, Poland). For sequencing primers were identical to the primers used for amplification of DNA fragments by PCR or "standard" primers supplied by the company "Genomed" for sequencing.

Isolation of total RNA using RNeasy Mini Plus Kit

RNA purification was carried out using the RNeasy Mini Plus Kit (see chapter6.1.2.).Cells (1x10 5 -2x10 6 )were harvested from the culture dish by treatment with trypsin/EDTA solution (see6.1.5), rinsed twice with PBS buffer and centrifuged at 1200xg for 5 minutes at room temperature. Cell pellet was re-suspended in 350 µl of RLT buffer plus containing β-mercaptoethanol (10 µl of 14,3 M β-mercaptoethanol) and homogenized with a syringe. To remove genomic DNA, the lysate was applied onto "gDNA Eliminator" column(supplied by the manufacturer) andcentrifuged for 15 seconds at 10 000xg. Then,350 µl of 70% ethanol was added to the filtrate, sample was gently mixed by pipetting and applied onto the "RNeasy spin columns" (provided by the manufacturer), which was centrifuged for 15 seconds at 10 000xg. The filtrate was removed and column was washed with buffer RW1 (700 µl) and RPE (2x500 µl) by centrifugation for 15 seconds at 10 000xg, then transferred to the clean Eppendorf tube and centrifuged again for 2 minutes at 10 000x. In the end, 30 µl of RNase-free water was applied on the column, and after 3 minutes RNA bound to the column was eluted by centrifugation for 1 min at 1000xg.

Isolation of total RNA including miRNA using miRNeasy Mini Kit

Cells 1x10 6 were washed twice with PBS and lysed by addition of 700 µl of Qiazol (see chapter6.1.2.) directly to the culture dish. Lysates of cells were transferred to Eppendorf tubes and left for 5 minutes at room temperature to dissociate nucleoprotein complexes. Then the lysates were mixed with 140 µl of chloroform, shacked vigorously for 15 s and left for 2 minutes at room temperature. After that,samples were centrifuged at 12 000xg for 15 minutes at 4°C. The upper aqueous phase was transferred to new tube, mixed with 1.5 volume of 100% ethanol, and applied onto an RNeasy Mini spin column. After centrifugationfor 15 seconds at 8 000xg and room temperature, the column was washed once with 700 µl of RWT buffer and twice with 500 µl of RPE buffer. Bound RNA was eluted with 30-50 µl of RNase-free waterapplied directlyonto the RNeasy Mini spin column, which was centrifuged for 1 minute at 8 000xg.

Quantification of RNA and analysis of its purity and quality

RNA quantification was performed measuring the absorbance of the samples at 260 nmusing Nano-Drop ND-1000 Spectrophotometer (NanoDrop Technologies, Inc.), and the purity of RNA was determined by measuring the absorbance at 260 nm and 280 nm

The quality of RNA was assessed using Bioanalyzer 2100 (Agilent) (Fig. 14A) and RNA 6000 Nano Assay Kit with RNA Nano Chips(Fig. 14B). RNA chip contains an interconnected set of microchannels that is used for separation of nucleic acid fragments based on their size as they are driven through it electrophoretically. RNA is detected by laser induced fluorescent detection. The results are displayed as chromatograms and electrophoresis pattern with estimated RNA Integrity Number (RIN). The electrodes of Agilent Bioanalyzer 2100 were decontaminated from RNAses using RNaseZAP solution and afterwards washed with RNase free water.The solution(550 µl)of gel matrix RNA 6000 Nanosupplied by the manufacturer(Fig. 14C)was added to a filter tube, which was centrifuged at 1500xg for 10 minutes. Then 1 µl of fluorescent dye concentrate supplied by the manufacturerwarmed to room temperature for 30 minutes was added to 65 µl of the filtered gel(Fig. 14C). After vortexing, samples were centrifuged at 13 000xg for 10 minutes, and 9 µl of the gel-dye mix was loaded in the circled G well on the chip with pressure of a special syringe(Fig. 14D), followed by pipetting of 9 µl of the gel-dye mix into the other 2G well and 5 µl of marker was pipetted to all other wells.In the meantime, the ladder RNA 6000 and RNA samples (25-500 ng/μl) were denatured at 70°C for 2 minutes and 1 µl of each sample was loaded on the chip, vortexed and fluorescence wasmeasured usingAgilent Bioanalyzer 2100. The results were analyzed with computer program 2100 Expert Software (Agilent). Only RNA samples which had RINhigher than 7 were selected for further analysis. 

cDNA synthesis (reverse transcription) using Superscript First Strand synthesis Kit

cDNA synthesis was performed according to the protocol provided by the manufacturer. To 8 µl (1 μg) of RNA solution in nuclease-free water, 1 µl of oligo(dT) at a concentration of 50 µM and 1 μl of 10 mM dNTPs (supplied by the manufacturer)were added and the sample was incubated for 5 minutes at 65°C. After this time, the sample was supplemented with10 µl of the reaction mixture (see table below) and incubated again at 50°C for 50 minutes. The reaction was stopped by leaving the tube in 85°C for 5 minutes.

After chilling on ice, 1 µl of RNase H was added and sample was incubated for 20 minutes at 37 ° C.

ObtainedcDNA was stored at -20 ° C. GreenER™ miRNA qRTPCR Kit is a kit dedicated to synthesis of miRNA cDNA and further real-time qPCR. Following isolation of total RNA, all the miRNAs in the sample are polyadenlyated and reversetranscribed using poly A polymerase, ATP, SuperScript™ III RT, and a specially designed universal RT primer in a single reaction (Fig. 15). The first-strand cDNA is ready for analysis in qPCR using EXPRESS SYBR® GreenER™ detection reagents, the Universal qPCR Primer provided in the kit, and a forward primer designed by the user that targets the specific miRNA sequence of interest. Step were diluted to the concentration of 10 ng/µl andthe reaction mix, in a final volume of 20 µl,was prepared.

Reagent

For template cDNA synthesized from mRNA, the mix consisted of 10 µl of Sybr Green fluorescent dye (supplied by the manufacturer), 1 µl of primer forward and 1 µl of primer reverse (supplied by manufacturer)and 6 µl of nuclease-free water. For miRNA-derived cDNA, the mix consisted of 7.5 µl of Sybr Green, 0.3 µl of miRNA primers and 0. 

Production of lentivirus infectious particles in the packaging Lenti-X 293T cells

Packaging cells Lenti-X 293T (Clontech) were grown in two flasks T-75 in complete α-MEM medium until 50-60% of confluence was reached. For co-transfection of cells the following vectors were used: 20 µg of expression or control vectors, 10 µg pMDL-g/p-RRE, 5 µg pRSV-REV, 5 µg pMk-VSVG.

To a mixture of the above vector, dissolved in 0.19 mL αMEM culture medium, 0.1 mL of PEI at a concentration of 1 mg/mL was added and kept for 15 minutes at room temperature in order to form PEI-DNA complexes. With thus-obtained reagent Lenti-X 293T cells were transfected by applying dropwise to the surface of the medium. After 16 -18 hours of culture the medium was changed to 10 mL of fresh α-MEM containing 1% FBS. 72 hours after co-transfection, supernatant containing the infectious viral particles was collected in 50 mL tubes, which were centrifuged for 15 minutes at room temperature, 460xg in order to remove the packaging cells debris. The supernatant was then filtered using a 0.2 µm syringe filters (Millipore) and concentrated on Amicon Ultra-15 100 kDa (Millipore) filters by centrifugation for 10 minutes at room temperature, at 2460xg.

Cell transduction with lentivirus systemcontainingpRRL-CPPT-CMV-PDPN-IRES-PURO-PRE-SIN containing expression vector

Suspension of concentrated virus (see chapter6.2.18.) (150μl)was added to 2 -4x10 4 eukaryotic cells suspended in 0.9 mL of DMEM medium. Then, the sample was centrifuged for two hours at 2460x g, and 23°C. After this time, the supernatant was discarded and the cell pellet was re-suspended in complete DMEM medium and the cells were seeded into 24 well plate. Cells were selected with puromycin in appropriate concentration established in cytotoxicity test (1 µg/mL).

Preparation of cell lysates

Cells were rinsed three times with PBS, and then torn away from the surface of the culture vessel with a plastic scraper and centrifuged at 300xg for 5 minutes at 4°C. The cell pellet was re-suspended in RIPA lysis buffer (see chapter6.1.3.)containing 1 mM PMSF and kept on ice for 15 minutes. The samples were then centrifuged at 8 000xg for 15 minutes at 4°C. The supernatant was collected into a clean Eppendorftube and protein concentration was determined by the biuret method using a bicinchoninic acid assay (see chapter6.2.21.).

Bicinchoninic acid assay

For protein quantification, samples of cell lysates at a volume of 1 μl or 2 μl were supplemented up to a volume of 20 μl with distilled water. Subsequently, 200 μl of bicinchoninic acid solution (see chapter6.1.3) mixed with cupric sulfate solution (see chapter6.1.3) ata ratio of 50: 1 (v/v) were added to the lysates and the samples were incubated at 37°C for 30 min. Absorbance was measured at 562 nm, against blank sample in a spectrophotometer EL 311 (Behring). For the standard curve, serial dilutions (0.1 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 0.75 mg/mL, 1 mg/mL) of BSAstandard (10 mg/mL) were used.

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE was performedin gradient polyacrylamide gel (8% -15%) or 13% polyacrylamide gel.

Protein lysate (50 µg) was added to 6-fold concentrated Laemmli sample buffer (see chapter6.1.3.) and the sample was placed inboiling water bath for 5 minutes. The sample and protein standard "PageRuler Prestained ™ Protein Ladder" (see chapter6.1.7.) were applied to the wells in stacking polyacrylamide gel.

Protein separation was performed in electrophoresis buffer (see chapter6.1.3.), initially at a voltage of 70 V which, after incorporation of samples into the gel,was increased up to 120 V. Electrophoresis was carried out for 3 hours at room temperature. In order to detect the separated proteins, the gel was left overnight at room temperature in the solution of Coomassie Brilliant Blue(see chapter6.1.1.). Then, the gel was placed in a solution of 25% methanol and 7.5% acetic acid to wash out the dye.

Immunoblotting (Western blotting)

To detect the specific protein bands, all proteins after separation in a polyacrylamide gel were transferred by electroblotting to a nitrocellulose membrane (BioRad) in electrotransfer buffer (see chapter6.1.3.)for 60 minutes, at intensity of the current 200 mA. Then, the nitrocellulose membrane was incubated for 1 hour at room temperature in 5% solution ofmilk powder (Dairy Cooperative "Gostyń") dissolved in TBS buffer. After this period, proteins transferred to nitrocellulose were incubated at room temperature with the corresponding antibody diluted with TBS buffer containing 0.2% Tween-80 for 16 hours at 4°C. After washing the membrane three times with TBS buffer containing 0.2% Tween-80, the nitrocellulose was incubated with appropriate secondary antibody conjugated with HRP diluted 1 000 times with TBS containing 0.2% Tween-80. After washing away unbound antibody three times with TBS containing 0.2% Tween-80, the nitrocellulose was placed in 2mL of SuperSignal West PicoChemiluminescent Substrate (Thermo Scientific) obtained by mixing equal parts of the Stable Peroxide Solution and the Luminol/Enhancer Solution and incubated for 5 minutes.Then the chemiluminescent signal was taken in a G-BOX (Syngene).

Removal of antibodies bound to the nitrocellulose (stripping)

In order to reuse the nitrocellulose membrane with bound antibodies, they were removed by treating the membrane twice, each time for 10 min, with a special "strip" buffer pH 2.2 (see chapter6.1.3.). Then, the nitrocellulose membrane was washed twice with PBS and twice with TBS for 10 minutes, and treated second time with 5% solution of milk powder (Dairy Cooperative "Gostyń") in TBS buffer for 1 hour at room temperature.

Cell culture

The cell cultures were carried out in culture vessels (Sarstedt) in a complete DMEM or OptiMEM medium (see chapter6.1.5), at a temperature of 37°C and 5% CO 2 . When the cells reached the state of maximum growth density medium was harvested from the cells and rinsed with PBS (see chapter6.1.3).

Then 0.5 mL to 10 mL (depending on the size of the culture vessel)0.25% trypsin in 1 mM EDTA was added to the cells and incubated at 37 ° C until detachment of the cells from the bottom of the culture vessel. These cells were resuspended in 5 mL of medium α-MEM and centrifuged at 4 ° C, at 300 x g for 5 minutes. After removing the supernatant, the cell pellet was resuspended in an appropriate volume of complete DMEM or OptiMEM medium and seeded into a culture vessel of appropriate size. Human fibroblasts and breast cancer cells were cultured in complete DMEM complete medium.

Cell freezing

Cells were detached from culture dish with a solution of trypsin/EDTA (see chapter6.1.5) and transferred to a sterile 15 mL (Sarstedt)test tube, complete DMEM medium was added and cell suspension was centrifuged at 300xg for 5 minutes at 4 ° C. The supernatant was discarded and the cells were suspended in 0.5 mL DMEM medium and 0.5 mLof 20% DMSO in FBS was added dropwise. After mixing, the cell suspension was transferred into ampoules for freezing cells (Nunc), which was then placed in a container with isopropanol and left for approx. 24 hours at -80 ° C. After this time, the vial was transferred to a container with liquid nitrogen.

Cell culture in hypoxic conditions

To maintain cells under hypoxic conditions (1% O2) a hypoxic chamber was used. Cells were exposed to a gas mixture (1% O2, 5% CO2, 94% N2) in an automated PROOX In Vitro Chamber (C-174, BioSpherix, USA), controlled by the PROOX (Carbon Dioxide and Oxygen Controller), model 110 (BioSpherix, USA) in which the atmosphere was humidified. The chamber was located in an incubator, at 37°C.

Flow adhesion assay with Bioflux system

The BioFlux plates contain an array of microfluidic flow channels arranged on a well plate format (24 or 48 wells plates)(Fig. 16B). Each flow channel connects to one input well (for 48 wells plate) or two input wells (for 24 wells plate) and an output wellon the plate(Fig. 16C). The BioFlux Pressure Interface couples to the top of the well plate andapplies a controlled pneumatic pressure from the control instrument to the top of thewells which drives the fluid through the channels at a user-defined flow rate(Fig. 16C).

Reagentsin the channel flow across an observation area which is situated between the wells(Fig. 16C,D). 

Theflow profile in

Fibronectin coating prior to cell seeding in bioflux system

Human fibronectin (see chapter6.1.1),was diluted to a concentration of50 μg/mL in PBS. 200 μl of PBS was added to each «exit» well, on the top of the centralring and push for 10 s at 10 dyn/cm 2 to prime the plate. PBS was removedfrom the «exit» wells and 200 μl of fibronectin(50 μg/mL) were added and pushed for 10 s at 5 dyn/cm 2 in 24 well plates or 5 s in 48 well plates. Plates wereincubated at room temperature for 1 hour.

Fibroblast seeding in bioflux system

In Bioflux plates, after incubation (see 6.2.28.1), solution of unbound fibronectin was removed) and 1 mL of appropriate complete DMEM medium as added into exit wells and pushed for 5 min at 5 dyn/cm 2 (Fig. 16C). Medium was removed and 200 μl of cellsuspension (MSU1.1 NC or MSU1.1 PDPN) at 1 x 10 7 cells/mL was added in «exit» wells and pushed 10 s at 5 dyn/cm 2 for 24 well plates or 5 s for 48 well plates.

Cell suspension was removed and 2 mL for 24 well plates or 1mL for 48 well plates of complete medium were added in all wells. Then, plates were incubated at 37°Cin a 5% CO2 and 95% air atmosphere. After at least 1 hour, cell adhesion was checked in the viewing windows and if cells were adhered, medium from the «exit» wells was removed to allow a passive flow of medium from the «entry» wells to the «exit» wells, so that the cells were oxygenated.

CCL21 pre-treatment of endothelial cell monolayer

The solution of the CCL21chemokine was prepared in basal medium at aconcentration of 0.2 μg/mL for cell culture slides or 0.6 μg/mL for Bioflux plate. After 48 hours of culture, medium was removed from cell culture slides or from wells of theBioflux plate. Then, 1 mL of CCL21 solution was added directly on slide. For Biofluxplate, 200 µl of CCL21 were added per well and pushed at 5 dyn/cm 2 for 10 s. Thenslides or plates were incubated for 1 hour at 37°C. (Fig. 17) in each compartment of an insert placed in 24 -well plate (Fig. 17) and grown to full confluence in OptiMEM, 2% FBS medium. After the confluence was reached during 24 hours the insert was removed with tweezers and the cell-free gap (500 µm ± 50 µm) was generated. Photographs were taken each hour up to 48 hours after the injury, always from the same place (3 pictures per well), and analyzed using ImageJ software (National Institute of Health, available from the website http://rsb.info.nih.gov/ij). Cell-free area was calculated.

2D migration assay

Figure 17. Principle of cell seeding using an Ibidi inserts.

Angiogenic assays with skin microvascular endothelial HSkMEC cells and fiboblasts

Fibroblasts were cultured in 10 cm 2 dishes in complete OPTI-MEM media one week prior to the experiment. Fibroblast cells and HSkMEC cells were labeled, respectively, with fluorescent dye DiO (Invitrogen) and fluorescent dye DiD (Invitrogen) according to the manufacturer's protocol. For angiogenic assay, HSkMEC cells were used at the density of 1x10 5 cell/mL and MSU1.1 NC or MSU1.1 PDPNfibroblasts at a density of 0.5x10 5 cell/mL. For the purpose of the assay, the wells of a 96-well plate (Sarstedt, Germany) were covered with 40 μl of Matrigel TM Growth Factor Reduced GFR (Corning) and left at 37 o C for 30 min. Then 100 μl of each cell suspensions (fibroblasts or endothelial cells) or both cell suspensions (fibroblast-endothelial co-cultures) were added to the wells and cells were grown for 24 h at 

6.2.31.

Exosome isolation using ExoQuick-TC™ Exosome Precipitation Solution 10 mL of medium from the cells (1x10 6 ) culturedeither in normoxia or hypoxia for 24 hours in 6 well plateswas collectedandcentrifuged at 3000 x g for 15 minutes to remove cells and cell debris. Culture supernatants transferred to a sterile 15 mL falcon tubeswere mixed with 2 mLof ExoQuick-TC Exosome Precipitation Solution (supplied by manufacturer) by inverting the tube. The samples were incubated overnight at 4ºC and centrifuged at 1500 x g for 30 minutes at 4°C. Supernatant was aspirated, the residual exoqiuck solution was spinned down bycentrifugation at 1500 x g for 5 minutes, andall traces of fluid was aspirated.Exosome beige pellet was resuspended in 700µl of Qiazol lysis buffer (supplied by manufacturer) for miRNA extraction (see chapter6.2.13.).

Statistical analysis

Prism 5.0 software (GraphPad, La Jolla, CA, USA) was utilized to analyze the data. Statistical analysis of the results was performed using two-tailed Student's t-test. Differences at the level of p<0.05 were considered as statistically significant. All data are presented as mean + SEM. The Mann-Whitney test was used to compare the groups of data that not meet the assumptions of the parametric test when evaluating the significance of the differences between the tube formation curves in the angiogenic assay on Matrigel.

Two-way ANOVA with the Bonferroni multiple comparison test was used to analyze the differences between the analyzed cell lines. In all analyzes, the results were considered statistically significant when p < 0.05. Image J software (open source) was used to calculate the amount of co-localization in the selected images. Pearson and Sperman correlation coefficient was measured and the amount of co-localization in the images was given as the result.

Aim of the study "Wpływ hipoksji na ekspresję podoplaniny w fibroblastach towarzyszących nowotworom (CAF) i jej udział w progresji raka piersi "The influence of hypoxia on podoplanin expression in cancer-associated fibroblasts (CAF) and its role in progression of breast cancer"

According to the present view, a tumor is a kind of tissue including, in addition to cancer cells, a modified extracellular matrix, endothelial cells, blood vessels and lymphatic vessels, various immune and inflammatory cells as well as activated fibroblasts called cancer-associated fibroblasts (CAF). Tumor 

Characterization of human fibroblastic cell lines according to the expression of podoplanin

The human fibroblastic MSU1.1 cell line was used and smooth muscle T/G HA-VSMC cell line was chosen because it presents a fibroblastic morphology and putatively expresses podoplanin, constitutively.

The cells were analyzed for the expression of podoplanin. Using real-time PCR, immunocytochemistry, western blotting and fluorescent staining of living cells it was found that T/G HA-VSMC cells only express podoplanin at the levels of mRNA (Fig. 18C) as well as protein expression (Fig. 18A,B,D). Due to the fact that T/G HA-VSMC are smooth muscle cells from vascular origin they cannot be representative for fibroblasts. Thus it was decided to build a fibroblastic cell model overexpressing podoplanin using MSU1.1 cells, in which the protein is naturally absent.

Generation of human fibroblastic cells overexpressing podoplanin

In order to study the role of podoplanin in CAFs and avoid the influence of other factors/proteins produced by those cells in vitro, a fibroblastic cell line was established from MSU1.1 which was shown above, not to express naturally podoplanin. The study was performed by designing a "gain-of-function" phenotype.

Construction of expression vector pRRL-CPPT-CMV-PDPN-IRES-PURO-PRE-SIN containing podoplanin cDNA

To obtain podoplanin cDNA a cDNA library was created from total RNA isolated from human embryonic kidney HEK-293T cells. The podoplanin cDNA was amplified by PCR reaction (Fig. 19) into the plasmid:pRRL-CPPT-CMV-IRES-PURO-PRE-SIN. Primers PovMLuI_Rand PovEcoI_F were used to introduce restriction sites in the resulting product. The PCR product was further purified by preparative electrophoresis in 1% agarose gel. DNA was eluted using a set Gel-Out extraction kit. 

Characteristics of human fibroblastic MSU1.1 cells overexpressing podoplanin

To design a fibroblastic cell line overexpressing podoplanin, MSU1.1 fibroblasts were transduced by the expression vector: pRRL-CPPT-CMV-PDPN-IRES-PURO-PRE-SIN containing the cDNA for podoplanin as a part of III Generation lentiviral system. Transduced cells were grown in the presence of puromycin and after selection, puromycin-resistant cells were analyzed for podoplanin expression at the mRNA level by real time PCR (Fig. 22A), at the protein level by Western blotting using rabbit polyclonal anti-podoplanin antibodies (Fig. 22B) and by flow cytometry using mouse monoclonal anti-podoplanin antibody (Fig. 22C). NC cells constitute a cell model which enables the study of the biological properties conferred by the presence of podoplanin in fibroblasts. Tumor microenvironment is highly hypoxic as it was mentioned above thus the further studies concerned the status of PDPN in hypoxia.

The cells with high expression

Effect of hypoxia on the expression of podoplanin in human fibroblastic cells

It has been shown previously that hypoxia increases the expression of podoplanin in several cell types [156]. Therefore, to further clarify the functional role of hypoxia in the regulation of podoplanin expression, T/G HA-VSMC cells were used as positive control (Fig. 24E) and, similarly to MSU1.1 cells, were grown in low pO2 level (1% O 2 ) conditions for 24 hours (hypoxia) or in usual cell culture conditions pO2 level (18.75% O 2 ) for 24 hours (noted normoxia). Podoplanin expression was detected at mRNA level.

In hypoxic conditions an increase in podoplanin mRNA expression was observed only in T/G HA-VSMC fibroblasts (Fig. 24A). Indeed, this phenomenon was not observed in the case of MSU1.1 cells (Fig. 24B)

nor in cells transduced by the control vector MSU1.1 NC (Fig. 24C ) (it was assumed that hypoxia increases the expression levels of podoplanin, but it does not induce its expression). The effect of hypoxia on podoplanin expression was clearly shown in MSU1.1 PDPN cells, as its expression is under the control of the CMV promoter sensitive to hypoxia [157]. Indeed, using real-time PCR, MSU1.1 PDPN fibroblasts grown in hypoxia, were shown to express higher level of podoplanin mRNA than in normoxia (Fig. 24D).

Nevertheless the sensitivity of PDPN induction to hypoxia is confirmed by its increase in T/G HA-VSMC cells (Fig. 24A).
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Effects of podoplanin and hypoxia on migratory properties of fibroblasts, cancer cells and endothelial cells

It has been suggested that CAFs overexpressing podoplanin stimulate tumor cell migration and invasiveness. However, the role of this glycoprotein in both processes remains unclear [158][112]. Therefore, to further clarify the functional role of podoplanin present on the surface of fibroblasts towards the migratory properties of cancer cells and other cells present in tumor microenvironment, their ability to migrate towards one another was assayed for the putative influence of podoplanin on cell migration in both hypoxic and normoxic conditions.

Effect of podoplanin expression by fibroblasts on migratory properties of breast cancer cells in normoxia and hypoxia

Migration of fluorescently labelled breast cancer MCF7 or MDA-MB-231 cells cultured in distinct areas with MSU1.1.PDPN fibroblasts or control MSU1.1 NC fibroblasts was performed. No difference in the migration of tumor cells was evidenced whether or not podoplanin was expressed by fibroblasts (Fig.

25A, B).

These results indicate that podoplanin present on the surface of fibroblasts does not influence the migratory ability of breast cancer cells. The data show that the fibroblasts migrate towards cancer cells in all cases in normoxia (A). MCF-7 are migrating faster towards fibroblasts in hypoxia, independently of PDPN (B). 

Effect of podoplanin and hypoxia on migratory properties of fibroblasts

In contrast to the above results, when migratory properties of fluorescently labelled MSU1.1 PDPN and MSU1.1 NC fibroblasts were analysed separately, by the same migratory assay, a statistically significant increase in the speed of wound closure was found in the case of fibroblasts overexpressing PDPN (Fig. 28A,B). These data show that podoplanin expressed by fibroblasts increases their mobility as it was shown for Hypoxia not only decreases the podoplanin mediated motility of fibroblasts but also lowers the speed of fibroblasts non-expressing podoplanin. Therefore the effect of podoplanin positive CAFs and hypoxia was further analysed for endothelial cells which the angiogenesis forming cells.

Effect of podoplanin expressed by fibroblasts and hypoxia on the migratory properties of human microvascular endothelial cells HSkMEC

Migratory properties of fluorescently labelled MSU1.1 PDPN and MSU1.1 NC fibroblasts cultured in distinct areas with endothelial HSkMEC cells were analysed by the same migratory assay. A statistically significant increase in the speed of wound closure was observed when fibroblasts overexpressed PDPN (Fig. 29A,C), and this effect was blocked by hypoxia (Fig. 29B,D). This data confirmed that podoplanin expressed by fibroblasts increases their mobility (Fig. 29C).

Moreover hypoxia is clearly influencing the mobility of fibroblasts showing a reducing effect on the healing. It can be concluded that PDPN influences the migration of fibroblasts either alone or in the presence of other cells. This effect is observed in normoxia and annihilated in hypoxia.

A

Effect of podoplanin expressed by fibroblasts and hypoxia on the adhesion of breast cancer cells to fibroblasts

It has been shown that podoplanin plays a role in tumor cells communication with ECM or ECMmediated cell adhesion [159]. Therefore, to analyze the role of podoplanin in adhesion of breast cancer cells to components of tumor stroma, namely fibroblasts, the experiments were performed with the help of the "bioflux" setting in normoxia and hypoxia. The "bioflux" device enables to create a static monolayer phase composed of fibroblasts expressing, or non-expressing, podoplanin and a dynamic phase composed of cancer cells. One phase is moving over another one in flow conditions. This is performed in the purpose of mimicking the tumor microenvironment dynamic processes. For this aim, human breast cancer MDA-MB-231 cells and MSU1.1 PDPN cells with overexpression of podoplanin were used. Figure 30 shows that, in normoxia, significantly less MDA-MB-231 cells were able to adhere to MSU1.1 PDPN cells monolayer as compared to MSU1.1.NC cells as control devoid of PDPN (Fig. 30A andB). A comparable effect was observed in hypoxia (Fig. 30C andD). Moreover, upon quantification of the adhesion it appears that hypoxia has no significant effect on the binding of MDA-MB-231 cells to MSU1.1 NC fibroblasts (Fig. 31A), but hypoxia reduced considerably the binding of MDA-MB-231 cells to MSU1.1 PDPN cells (Fig. 31B).Taken together, these results suggest that podoplanin can act as an anti-adhesive molecule and hypoxia increases this effect. Breast cancer metastasis occurs firstly in lymphatic vessels where CCL21 and podoplanin are naturally expressed. CCL21, which is a potent chemoattractant for CCR7+ cells as MDA-MB-231, binds to podoplanin [160]. Therefore it was of high interest to determine the role of podoplanin in the CCL21/CCR7 axis in breast cancer cells adhesion.

CCL21/CCR7 implication in tumor cells adhesion to fibroblasts expressing podoplanin.

The mechanism of the tumor to fibroblasts cross talk was further analysed through the chemokines and their receptors. More precisely, the involvement of the CCL21/CCR7 axis in the breast tumor microenvironment was analysed for tumor cells interaction with stromal cells, namely the cancer associated fibroblasts. For this purpose the human breast cancer model MDA-MB-231 was chosen for its aggressive properties and expression of CCR7, as shown in annex 2, as compared to the non-aggressive MCF-7 breast cancer cell line. The role of PDPN in the adhesion process of MDA-MB-231 cells to CAFs was studied.

MDA-MB-231 adhered more efficiently in normoxia (Fig. 32A) than in hypoxia (Fig. 32B) on MSU1.1 PDPN. Upon preincubation of the MSU1.1 PDPN in the presence of CCL21 no significant change was observed in the adhesion when performed in normoxia (Fig. 32A) while it significantly increased the adhesion of MDA-MB-231 cells in hypoxia (Fig. 32B). In both oxygen tension conditions, adhesion was inhibited by preincubation of the cancer cells MDA-MB-231 in the presence of neutralizing anti-CCR7 antibodies (Fig. 32A,B) which bound efficiently to MDA-MB-231 (annex 2). This effect is obtained in hypoxic conditions (Fig. 32B). Indeed, when MSU1.1 PDPN cells were pre-incubated with exogenous CCL21, the adhesion level of MDA-MB-231 cells was clearly (2 fold) increased (Fig. 32B). This increased adhesion, which was displayed after CCL21 treatment in hypoxia only, was totally inhibited upon blocking the CCR7 receptors on the MDA-MB-231 cancer cells (annex 2) by pre-incubation with anti-CCR7 neutralizing antibodies (Fig. 32B). This shows the involvement of the CCL21/CCR7 axis in the tumor cell to cancer associated fibroblast recognition. Figure 32C displays the same type of experiment on PDPN nonexpressing MSU1.1 NC fibroblasts, in normoxia, pointing to the higher adhesion activity of MDA-MB-231 cells. In normoxia, the CCR7 inhibition effect indicates that CCL21/CCR7 axis is involved in the recognition similarly to PDPN expressing fibroblasts in normoxia (Fig. 32A). Indeed, CCL21 has no effect on MSU1.1 NC adhering capacity pointing to a PDPN/CCL21 interaction, evidenced in hypoxia, on CAFs.

The data obtained upon adhesion of MDA-MB-231 on MSU1.1 NC non expressing PDPN in hypoxia (Fig. 32D) were similar to normoxia, confirming that in CAFs, PDPN can interact with CCL21 to bind CCR7+ cells. It has to be remarked that NKL3 cells are, similarly to MDA-MB-231 cancer cells, adhering less to PDPN expressing fibroblasts, confirming an anti-adhesive effect of PDPN in the tumor stroma (annex 3).

While this effect is compensated upon addition of CCL21 in vitro, no increase of CCL21 level was observed upon hypoxia in fibroblasts (annex 4). 

The effect of podoplanin expressed by fibroblasts on angiogenesis of endothelial cells under hypoxic and normoxic conditions

It has been shown that podoplanin expressed on CAFs affects the biological properties of tumor cells [START_REF] Barsky | Desmoplastic breast carcinoma as a source of human myofibroblasts[END_REF][START_REF] Kidd | Direct evidence of mesenchymal stem cell tropism for tumor and wounding microenvironments using in vivo bioluminescent imaging[END_REF]. However little is known about its effects on other cells present in tumor stroma, especially endothelial cells which are responsible for angiogenesis in the tumor. Thus, we co-cultured human MSU1.1

PDPN fibroblasts and human skin microvascular endothelial cells (HSkMEC) to analyze the effect of podoplanin on tube formation by assessing for the co-localization of fibroblasts with ECs. Using angiogenesis Matrigel TM assay, it was found that MSU.1.1.PDPN fibroblasts co-localized much more efficiently with HSkMEC cells than control MSU1.1.NC cells in normoxia (Fig. 33A), as well as hypoxia (Fig. 34A). Indeed the number of co-localized MSU.1.1.PDPN/ECs was 1.84 times higher than MSU1.1 NC/ECs in normoxia (Fig. 33B) and 1.5 times higher in hypoxia (Fig. 34B).

Upon co-culture with control MSU1.1.NC fibroblasts, HSkMEC endothelial cells formed a structured network of pseudo-tubes (Fig. 33A). When co-cultured with podoplanin-expressing MSU1.1 PDPN fibroblasts, the pseudo-tubes formed by endothelial cells presented a disordered capillary-like network (Fig.

33A and 34A

). This observation was reflected by differences in numbers of nodes, meshes and segments as a measure of in vitro angiogenesis (Fig. 33,34).The number of nodes was decreased by 38% (Fig. 33C), meshes by 64.2% (Fig. 33D) and segments by 33% (Fig. 33E).

The same angiogenic Matrigel TM assay was performed in hypoxic conditions and reported in figure 34. Similarly to normoxia, when HSkMEC cells were co-cultured with podoplanin-rich MSU1.1 PDPN fibroblasts, the EC capillary-like network presented lower numbers of nodes, meshes and segments than with MSU NC fibroblasts (Fig. 34C, D andE). The number of nodes was decreased by 33% (Fig. 34C), meshes by 54% (Fig. 34D) and segments by 38% (Fig. 34E). Taking these data together, podoplanin on the surface of fibroblasts affects tube formation by HSkMEC endothelial cells. This effect is evidenced by colocalisation experiments where direct interaction between podoplanin and putative ECs receptors can take place. VE-cadh mRNA expression was reduced upon expression of podoplanin as it was70% lower in MSU1.1 PDPN cells than in MSU1.1 NC cells in normoxia (Fig. 36A) and 50% lower in hypoxia (Fig. 36B). However hypoxia did not affect the expression of VE-cadh in MSU1.1 PDPN cells (Fig. 36D), while it inhibited its expression by 50% in MSU1.1 NC cells (Fig. 36C). Similarly to above reported effects, MSU1.1 PDPN cells display 30% lower expression of ANGPT1 mRNA than MSU1.1 NC cells in normoxia (Fig. 37A) and 50% lower expression in hypoxia (Fig. 37B).

Hypoxia suppressed the expression of ANGPT1 in MSU1.1 PDPN cells and MSU1.1 NC cells by 60% in comparison to normoxia (Fig. 37C andD). On the contrary to the above observed effects for VEGF-A, VE-cadh and ANGPT1, ANGPT2

mRNA expression was increased in cells expressing podoplanin. In MSU1.1 PDPN cells its expression was 1.97 fold higher than in MSU1.1 NC in normoxic conditions (Fig. 38A). This increase reached 8.3 fold in hypoxia (Fig. 38B). In addition, this effect of podoplanin is underlined by the fact that in MSU1.1 NC cells, hypoxia strongly suppressed the expression of ANGPT2 (by 80%) (Fig. 38C). FGF-1 expression in normoxia, in contrast to the above described proangiogenic factors was increased by 2.5 fold in MSU1.1 PDPN cells as compared to MSU1.1 NC (Fig. 39A). This effect was 2.13 fold higher in hypoxia (Fig. 39B). Moreover, in hypoxic conditions FGF-1 mRNA expression was 3.8 fold increased inMSU1.1 PDPN cells and 4.3 fold increased in MSU1.1 NC cells (Fig. 39C andD). Table 1. Summary of the differentially expressed miRNAs identified in each sample of interest.
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The above table shows the deep effect of hypoxia on the miRNA mediated regulation and suggests that podoplanin may exert its biological activity through miRNA exported via exosomes in the tumor site.

Anaxomics has performed an enrichment analysis of the differentially expressed miRNA data obtained from each sample. The results are shown on heat maps (annex 5, 6, 7, 8). Main conclusions made by the company are presented below.

Among the processes linked to hypoxia: HIF-1α signalling pathway, cellular response to hypoxia;

tissue invasion and metastasis such as positive regulation of chemotaxis, positive regulation of fibroblast migration, positive regulation of blood vessels endothelial cells migration; cancer microenvironment;pathways associated with PI3K-AKT, mTOR, and P53, chemokines signalling pathways i. e. chemokine activity, chemokine biosynthetic process; angiogenesis i.e. cell migration involved in sprouting angiogenesis; extracellular matrix composition i.e. cell-matrix adhesion, ECM disassembly, remodeling and organization were analysed. MiRNAs appeared to be regulated by hypoxia. In cells that express podoplanin miRNAs associated were down-regulated while when cells did not express podoplanin were mainly up-regulated (annex 5, 6).

These processes were verified to be regulated by hypoxia in exosomes secreted by cells that express (exoPDPN+) and do not express podoplanin (exoPDPN-). MiRNAs targeting these hypoxia dependent processes were up-regulated and podoplanin expression enhanced considerably this effect (annex 7, 8).

Processes linked to glycosylation such as protein O-linked glycosylation, protein N-linked glycosylation via asparagine, glycosaminoglycan metabolic process, glycosaminoglycan biosynthetic process, glycan biosynthesis are regulated by hypoxia in cells that express podoplanin through the downregulation of miRNAs. Processes linked to glycosylation are also regulated by hypoxia in exoPDPN+ through the up-regulation of miRNAs targeting these processes (annex 5, 6, 7, 8).

In exosomal fraction the miRNAs that are regulators of the pathways associated to PI3K-AKT, mTOR, and P53 i.e. phosphatidyloinosytol-3-kinase activity, phosphatidyloinosytol-4-phosphate binding, phosphatidyloinosytol-3-kinase signaling, phosphatidyloinosytol-3-phospate binding, negative regulation of TOR signaling, positive regulation of phosphatidyloinosytol-3-kinase activity, mTOR signaling pathway, phosphatidyloinosytol-3-kinase signaling, p53 signaling pathway were affected by hypoxia in both, exoPDPN+ and exoPDPN-. Furthermore, in cells these processes were strongly regulated by the presence of podoplanin in comparison with the cells that do not express this protein. In the absence of podoplanin the mTOR pathway is not regulated by hypoxia (annex 5, 6, 7, 8).

This analysis confirms the data obtained by RQ-PCR however further functional analyses are necessary to elucidate function of each miRNA. Overexpression of podoplanin results in a lower interaction of CAFs with carcinoma cells. As shown here, higher expression is due to hypoxia under which condition, the addition of CCL21 is required to help the CAF/cancer cell interaction. In comparison to normoxia we showed that CCL21 production is not increased upon hypoxia in CAFs (annex 4). This confirms the anti-adhesive effect of podoplanin in the tumor microenvironment and its role in favoring CCR7+ carcinoma cell movement and mediating escape.

DISCUSSION

CCR7+ carcinoma cells, while not retained in the primary tumor site, might thus be attracted to CCL21+ sites such as peripheral lymph nodes where the chemokine is presented on endothelial cells as shown in this work. Little is known about podoplanin effects on cells present in tumor stroma. The present study uncovered, that podoplanin can influence angiogenesis and participate to its pathologic properties in the tumor context. So far, podoplanin was described as a specific marker of lymphatic endothelium, absent in the blood vascular endothelial cells [START_REF] Breiteneder-Geleff | Podoplanin, novel 43-kd membrane protein of glomerular epithelial cells, is downregulated in puromycin nephrosis[END_REF]. It was shown that this glycoprotein plays a key role in proper lymphatic vasculature formation and separation of lymphatic vasculature from blood vessels [START_REF] Schacht | T1α/podoplanin deficiency disrupts normal lymphatic vasculature formation and causes lymphedema[END_REF].

Present study shows also that podoplanin-rich CAFs co-localize more efficiently withhuman skin microvascular endothelial cells (HSkMEC) than control fibroblasts that do not express podoplanin in normoxia as well as in hypoxia. This increased co-localization of fibroblast over-expressing podoplanin with endothelial cells, results in much more disordered tube formation which is characteristic for vasculature in cancer as well as in corresponding angiogenesis induced by persistent hypoxia. Moreover podoplaninexpressing CAFs express less VE-cadherin than control fibroblasts. This may weaken the interactions between cells and leads to intravasation of immune cells into the tumor site. Stimuli within solid tumors, as hypoxia, induce the formation of new vessels to ensure a rich vascular supply for continuing tumor growth.

However this fast angiogenesis results in a vascular network that is highly abnormal when compared to the organized structure of vessel networks in normal tissues [START_REF] Jain | Antiangiogenic therapy for cancer: current and emerging concepts[END_REF]. This structurally abnormal network leads to aberrations in local blood flow, fluid dynamics, and oxygenation that in turn can augment tumor growth and metastatic potential while diminishing response to cytotoxic therapies [START_REF] Jain | Antiangiogenic therapy for cancer: current and emerging concepts[END_REF]. Embryonic vessels fail to branch, In conclusion this work contributed to show that podoplanin:

• Acts as anti-adhesive molecule in the tumor site to be a good strategy. Furthermore, miRNAs targeting podoplanin may be considered as an approach for treatment of breast cancer. 

Anna Tejchman

L'influence de l'hypoxie sur l'expression de podoplanine dans les fibroblastes associés au cancer (CAF) et son rôle dans la progression du cancer du sein

The influence of hypoxia on podoplanin expression in cancer-associated fibroblasts (CAF) and its role in the progression of breast cancer

Tumor is a pathologic tissue including cancer cells, a modified extracellular matrix, endothelial cells, blood and lymphatic vessels, immune and inflammatory cells and activated fibroblasts called cancer-associated fibroblasts (CAFs) 
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 1 Figure 1.Comparison of normal breast tissue andmicroenvironment of breast cancerous tumor.Bissel and Hines (2011), doi: 10.1038/nm.2328

Figure 2 .

 2 Figure 2.Schematic representation of parallel evolution of initiated cell and cancer niche. The process of cancer niche development involves: niche construction, expansion and maturation which are associated with interactions between initiated cell and host cells leading to angiogenic switch,recruitment of immune cells, mesenchymal stem cells (MSC), fibroblasts, secretion of cytokines, chemokines and growth factors.CAF, cancer-associated fibroblast; IMC, immature myeloid cell. Barcellos-Hoff, Lyden and Wang (2013), doi:10.1038/nrc3536

Figure 3 .

 3 Figure 3.Normal and activated fibroblasts. ECM of normal fibroblasts consists of fibronectin and collagen type I and they interact with microenvironment via integrins such as α 1 β 1 integrin. (a) Normal fibroblasts are characterized by their fusiform morphology and expression of vimentin. (b) When fibroblasts become activated, they proliferate and secrete increased amounts of ECM mainly collagen type I, tenascin C, EDA-fibronectin and secreted protein acidic and rich in cysteine (SPARC). Activation of fibroblasts may be mediated by growth factors such as TGFβ, chemokines asmonocyte chemotactic protein 1(MCP1), andECM-degrading proteases. Kalluri and Zeisberg(2006),doi:10.1038/nrc1877

Figure 4 .

 4 Figure 4.Proposedorigins ofCAFs.Resident fibroblasts and probably mesenchymal stem cells and pericytes may turn into CAFs in a process called mesenchymal to mesenchymal transition (MMT).Epithelial and cancer cells may turn into fibroblasts in a process called epithelial to mesenchymal transition (EMT). Endothelial to mesenchymal transition process (EndMT) occurs when CAFs originate from endothelial cells. Cirri and Chiarugi (2011), Am J Cancer Res 2011;1(4):482-497.

Figure 5 .

 5 Figure 5.Interactions in tumor stroma during progression of mammary ductal carcinoma. (a)Thenormal breast myoepithelial cells and ductal epithelium are separated by a basement membrane from the surrounding connective tissue. (b) In ductal carcinoma in situ (DCIS), fibroblasts accumulate and lead to the deposition of fibrillar ECM. (c) Invasive ductal carcinomas contain inflammatory infiltrate, myofibroblasts and newly formed capillaries. Moreover, the basement membrane is broken. (d) During advanced breast carcinoma cancer cells invade the altered stroma.Kalluri and Zeisberg (2006),doi:10.1038/nrc1877.
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 6 Figure 6.Factors secreted by activated fibroblasts and their involvement in mechanisms leading to tumor progression. Adapted fromGascard andTlsty(2016), doi:10.1101/gad.279737.116

Figure 7 .

 7 Figure 7.Stages of angiogenesis.AdaptedfromBergers and Benjamin (2003), doi:10.1038/nrc1093

Figure 8 .

 8 Figure 8.Normalization of tumor vasculature.Hypothesized effects of tumor vessel normalization. Tumor vasculature is structurally and functionally abnormal and antiangiogenic therapies are designed to improve its structure and function. However, continued or aggressive antiangiogenictreatments lead to the formation of a vasculature that is resistant to further treatment and causes impaired delivery of drugs or oxygen.(A) Schematic representation.(B) Images of vessels.Goel et al. (2012), doi: 10.1101/cshperspect.a006486.

Figure 9 .

 9 Figure 9.Structure of podoplanin.(A) O-glycan chains linked to Ser or Thr in the podoplanin ectodomain. NANA: Nacetylneuraminic acid (sialic acid); Gal: galactose; GalNAc: N-acetylgalactosamine. (B) Schematic representation of the podoplanin backbone showing the O-glycosylated ectodomain, positively charged site for thebinding of ezrin radixinmoesin (ERM) proteins and the potentially phosphorylated serine (S) in the endodomain.Adapted fromVillar et al. (2003), doi:10.1007/BF02710396

  Invasiveness of MCF-7 tumor cells was correlated with the ectopicexpression of podoplanin. This is associated with the increased activity of matrix metalloproteases (MMPs)[101]. Moreover, the transformation of mouse embryonic fibroblasts and cells of the central nervous system with Src oncogene resulted in the induction of podoplanin expression and increased their motility[102]. Ezrin, radixin, and moesin (ERM) are proteins which participate in signal transduction pathways that regulate adhesion and cell motility by linking integral membrane proteins with cortical actin cytoskeleton[103]. Therefore, changes in the migratory properties caused by podoplanin may be explained by its interaction with ezrin and moesin[85][93][90][104]. Podoplanin promotes the epithelial-mesenchymal transition associated with increased invasive and metastatic features through redistribution of ezrin to cellsurface protrusions. This is associated with the reorganization of actin cytoskeleton[105]. It was also found that podoplanin modulates the activity of RhoA GTP-ase, which increases cell migration and leads to epithelial-mesenchymal transition[START_REF] Martín-Villar | Podoplanin binds ERM proteins to activate RhoA and promote epithelial-mesenchymal transition[END_REF]. To elucidate the role of podoplanin in the activation of RhoA protein, various mutated forms of podoplanin were expressed in canine MDCK cells[START_REF] Martín-Villar | Podoplanin binds ERM proteins to activate RhoA and promote epithelial-mesenchymal transition[END_REF]. Podoplanin-positive MDCK cells displayed an increased activation of RhoA protein as compared to podoplanin-negative MDCK cells. This indicated a direct role of podoplanin in the activation of this GTP-aseandsuggested that podoplanin may activate RhoA protein in a similar manner to CD44 protein. Podoplanin in a complex with ERM protein binds to GDP/GTP exchange protein (GEP). Next, PDPN-ERM-GEP complex interacts with Rho-GDI dissociation inhibitor which is associated with RhoA protein with GDP molecule (RhoA-GDP) (Fig.10). RhoA-GDP is released, allowing its activation through GDP to GTP exchange by GDP-GTP exchange factor (Fig.10). Phosphorylation of ERM proteins is due to increased activity of RhoA protein which activates RhoA-associated kinase (ROCK) and this enhances the interaction between podoplanin and the cell cytoskeleton(Fig.10)[106][81].

Figure 10 .

 10 Figure 10.Schematic representation of RhoA activation by podoplanin and its interaction with ezrin radixin moesin proteins (ERM). Podoplanin (PDPN), RhoA-associated kinase (ROCK), exchange protein (GEP -GDP/GTP), dissociation inhibitor (Rho-GDI -Rho-GDP). Ugorski et al. (2016), 15;6(2):370-86. eCollection 2016.

  in murine 3T3 fibroblasts by bradykinin[START_REF] Gandarillas | Induction of PA2.26, a cell-surface antigen expressed by active fibroblasts, in mouse epidermal keratinocytes during carcinogenesis[END_REF][START_REF] Wicki | The potential role of podoplanin in tumour invasion[END_REF], in human fibrosarcoma cells by TGFβ[START_REF] Suzuki | Involvement of the snake toxin receptor CLEC-2, in podoplanin-mediated platelet activation, by cancer cells[END_REF],and in the cutaneous lymphatic vessels by. This suggests that podoplanin expression in tumor cells can be influenced by tumor microenvironment. As far as the endogenous factors which activate the expression of podoplanin are concerned,Foes protein was proposed[108], and in mouse embryonic fibroblasts transformed with malignant oncogene Src, podoplanin expression was induced by the intracellular signaling pathway comprising the Src oncogene and an adapter protein called Cry-associated substrate (CAS)[109].

  developed collagen invasion assay,[START_REF] Neri | Podoplanin-expressing cancerassociated fibroblasts lead and enhance the local invasion of cancer cells in lung adenocarcinoma[END_REF] foundthat, in lung adenocarcinoma, podoplaninexpressing CAFs invaded the collagen matrix more potently, and that more numerous cancer cells traveled within the "tracks" created by CAFs as compared to CAFs low-expressing thisglycoprotein. Invivo studiesconfirmed these data. When mice were injected intravenously with CAFs simultaneously with tumor cells, podoplanin-high CAFs invaded in larger amounts and promoted cancer cell invasion into the lung parenchyma as compared to podoplanin-low CAFs. When pancreatic cancer cells were co-cultured with fibroblasts with high podoplanin expression, their motility and invasiveness were increased in comparison to CAFs with low expression of PDPN gene. However, the suppression of PDPN in such cells by siRNA did not affect the biological properties of tumor cells, suggestingthatpodoplanin is not directly responsible for their migration and invasiveness. Podoplanin expression in CAFs of ductal breast carcinoma (Fig.11) was associated with their degree of malignancy (Fig.12),blood vessel and lymphatic invasion by cancer cells, lymph node metastases, size of the tumor, shorter survival, expression of Ki67 and VEGF-C[START_REF] Pula | Podoplanin expression by cancer-associated fibroblasts predicts poor outcome in invasive ductal breast carcinoma[END_REF][81]. Similar observation was done for pancreatic and liver cancer[112][113]. Interestingly, podoplanin expression on CAFs in colon and squamous cell uterine cervix cancer correlated with longer survival[114][115]. Moreover the role of podoplanin expressed by CAFs in increased proliferation, survival and invasive properties of cancer cells through extracellular matrix remodeling, recruitment of progenitor endothelial cells, induction of angiogenesis, secretion of growth factors and chemokines, remain unclear. Recent studies using co-cultures of podoplanin-positive CAFs with lung adenocarcinoma cell lines display higher resistance of cancer cells in comparison to co-culture of cancer cells with control CAFs[116]. However, the molecular mechanism of podoplanin action in tumor progression is not explained. It was proposed that fibroblasts expressing podoplanin promote tumor formation by human lung adenocarcinoma cells through its interaction with RhoA protein[117]. A mutated form of podoplanin with deleted cytoplasmic domain resulted in a lowered potential of tumor formation[117]. The cytoplasmic domain of podoplanin regulates RhoA activity as confirmed in podoplanin-positive fibroblasts compared to podoplanin-mutated ones[117]. Thus the action of podoplanintowards cancer cells may be due to enhanced RhoA activity and further microenvironment remodeling. The direct effect of podoplanin in increasing the metastatic potential and tumorigenic activity was shown to involve human vascular adventitial fibroblasts (hVAFs) interacting with cancer cells and with the surrounding bloodvesselsduring the metastatic process[118]. The coinjection of hVAFs with human lung adenocarcinoma cell lines in comparison to co-injection with human lung tissue-derived fibroblasts (hLFs) lead to the rapid formation of tumor[118]. cDNA and flow cytometry analysis showed thatexpression of podoplanin is much higher inhVAFsthan in hLFs. Podoplanin positive hVAFs, upon sorting, showed higher ability to induce lymph node and lung metastasis of lung cancer cells, higher tumor formation compared to podoplanin-negative hVAFs. Moreover,the effect of tumorigenicityand colony formation in vitro decreased after podoplanin knockout whereas its overexpression accelerated tumor formation by lungcancer cells [118]. Additionally patients with podoplanin-positive CAFs had high risk of recurrence and high rate of lymph node metastases[118].Taken together, the role of podoplanin expressed by CAFs in cancer progression remains to be clarified.
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 11 Figure 11.Immunocytochemical labeling of tissue sections.(A) Expression of podoplanin.(B) Expression of αSMA.(C) Expression ofvimentin in the stroma in ductal carcinoma of the breast.(D) No podoplanin expression was observed in the stroma indysplasia fibrocystica(E) and in breast cancer.(F)Its strong expression was observed in the stroma of ductal breast carcinoma. Bartosz Puła (Medical University, Wrocław).

Figure 12 .

 12 Figure 12.Podoplanin expression in the stroma, as a function of the degree of malignancy. The lowest expression was seen in cases of G1, and the highest in cancers G3. (* P <0.05 vs G1 G2; p <.005 G1 vs G3).G-degree of malignancy. Bartosz Puła (Medical University, Wrocław).
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 13 Figure 13.Normal and cancer-altered biogenesis of microRNAs. (A) Biogenesis of miRNA.RNA polymerase II (Pol II) transcribes miRNA genes as pri-miRNAs which are further cleaved by DROSHA and DGCR8 which are microprocessors to pre-miRNA. Then exportin 5 (XPO5) transfer pre-miRNA from nucleus to the cytoplasm where it is processed by DICER1 to mature miRNA. The guide strand of mature miRNA is loaded into miRISC complex which includes DICER1 and AGO proteins leading to target mRNAs. TRBP-transactivation-responsive RNA-binding protein. (B) Biogenesis of miRNA in cancer. (a) Regulation of pri-miRNA through oncogenes, tumor suppressors, genetic alterations and epigenetic modifications. (b) Hypoxia, transcriptional regulation and genetic mutations regulates pri-miRNA processing by controlling DROSHA and DGCR8 expression in cancer. Microprocessor activity is regulated by BRCA1, DEAD box protein 5 (DDX5) and DDX17.Pri-miRNA processing is regulated by cell signalling pathways as Hippo and BMP. Processing of pri-let-7 is blocked by LIN28 proteins. (c) Export of pre-miRNA if affected by regulation and mutations in XPO5. (d) Transcriptional regulation, mutations and hypoxia regulates pre-miRNA processing in cancer. (e) Function of miRNA is regulated through competing endogenous RNA (ceRNA). Pol II, RNA polymerase II; KDM6, lysine-specific demethylase 6; hnRNP, heterogeneous nuclear ribonucleoprotein; KSRP, KH-type splicing regulatory protein; ZEB, zinc-finger E-box-binding homeobox; RIII, ribonuclease III; YAP, Yes-associated protein; TGFβ, transforming growth factor-β; TRBP, transactivation-responsive RNA-binding protein; SRSF1, serine/arginine-rich splicing factor 1. Adapted from S.Lin (2015) Nature Reviews Cancer

  Set of third generation lentiviral vectors were obtained from W.R. A. Osborne(Division of Genetics and Developmental Medicine, Department of Pediatrics,University of Washington, USA): pRRL -CMV -IRES-PUROtransferor vector pMDL -g/p -RRE packaging vector pRSV -REV vector with the gene for REV protein PMK -VSVG (CMV) vector with gene of the coat protein of the VSV virus 6.1.10. Antibodies Antibody Manufacturer Anti-Podoplanin/gp36 antibody [18H5] (FITC) (ab205333) abcam Mouse IgG1 [B11/6] (FITC) -Isotype Control (ab91356) abcam Anti-Human PodoplaninPE e-Bioscience Rat IgG2a K Isotype Control PE e-Bioscience Anti-Podoplanin Antibody, clone NZ1.2 Sigma podoplanin Antibody (18H5): sc-59347 Santa Cruz Anti-Mouse IgG (whole molecule)-Peroxidase antibody produced in rabbit Sigma 6.1.11. Bacterial Strains Escherichia coli strain DH5α ™ (F-φ80lacZΔM15 Δ(lacZYA-argF)U169 deoR recA1 endA1 hsdR17(rk-, mk+) phoA supE44 thi-1 gyrA96 relA1 λ-) (Promega) 6.1.12. Cell lines 293T-LentiX cells (Clontech) were derived from HEK293 cells (human embryonic kidney cells) by transduction with human adenovirus type 5 DNA, and transfection with T antigencDNA. The cells are used aspackaging cell line because of their high efficiency transfection and production of high-titer lentivirus. Human breast cancer MCF-7 cell line was obtained from Cell Lines Collection of Institute of Immunology and Experimental Therapy, PolishAcademy of Sciences in Wroclaw. The cells were derived from hormone-dependent, differentiated adenocarcinoma of the breastcharacterized by the expression of estrogen receptors (ER1α) and progesterone (PR).MCF-7 cell line is characterized by the presence of 6.2. Methods

incubated for 3

 3 min at room temperature. 600 µl of L3T neutralizing solution was added and mixed gently until the disappearance of raspberry colour of the lysates. After addition of L3T neutralizing solution lysates were centrifuged for 5 min at 10 000-15 000 g. During centrifugation the Plasmid 20 columns were prepared, placed into the 20 mL tubes and set with tubes in the suitable rack. Then 1 mL of K1 equilibrating solution was applied onto each Plasmid 20 column and K1 equilibrating solution passed through the Plasmid 20 columns. The supernatants were applied onto pre-equilibrated Plasmid 20 columns and the lysates passed through the Plasmid 20 columns. 4 mL of K2 wash solution was added and passed through the Plasmid 20 columns. 300 µl of K3 elution solution was added and passed through the Plasmid 20 columns. The Plasmid 20 columns were transferred to new 2 mL precipitation tubes. 1 mL of K3 elution solution was added and passed through the Plasmid 20 columns. The Plasmid 20 columns were removed and 800 µl of PM precipitation mix was added to the eluted DNA. The samples were mixed by inverting the tubes a few times and samples were centrifuged for 5 min at 20 000 g. Supernatants were carefully discarded. 500 µl of 70%
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 14 Figure 14. Diagram of Agilent RNA 6000 Nano Kit workflow.

  cDNA synthesis was performed according to the protocol provided by the kit manufacturer "NCode™ VILO™" , Invitrogen. To 1000 ng of RNA resuspended in appropriate amount of nuclease free water to obtain 16 µl of sample 4 µl of 5 x reaction mix and 2 µl of Super Script was added. Reaction was performed at 37 º C for 60 minutes and terminated at 95 º C for 5 minutes. Obtained cDNA was stored at -20 ° C.

Figure 15 .

 15 Figure 15. Diagram of miRNA cDNA synthesis kit workflow.

  BioFlux plates is uniform and laminar.Experiments with Bioflux (Fluxion Biosciences Inc, San Francisco) wereperformed on 24 or 48 wells plate. On 24 wells plate, the viewing windows allow visualizing 4 different channels and there are two viewing windows, whatallows setting 8 different conditions. For one condition, there are three wells, 2 inputsand 1 output. Output wells are used for cell seeding, whereas input wells are used to create cell flow and for washing with basal medium. 48 well plates possess 12viewingwindows, each permitting to visualize two different channels, what allows setting 24 different conditions on one plate(Fig.16B, D). Additionally, 48 well plates possess only 1 output and 1 input well, which requires taking off cell suspension and put basal medium for washing step. CMFDA-stained breast cancer cells MDA-MB-231 were resuspended in basal DMEM medium at aconcentration of 1 x 10 6 cells/mL. 400 μl for 24 well plates or 200 μl for 48 well plates ofcellsuspension were added to the output wells. Plates were covered with the interface plate connected to the machine which creates pressure by plastic tubes. TheBioflux plate with tubes was placed under the Axiovert 200 epifluorescence invertedmicroscope (Zeiss, Germany) to enable the observation of cell monolayers in theviewing windows.

Figure 16 .

 16 Figure 16. Bioflux system workflow.(A)Pump with 48 well plate under the microscope.(B)Scheme of input and output wells on 48-well plate.(C)Principle of cell monolayer (biofilm) seeding.(D)System of microchannels outgoing from input and output wells with viewing windows marked with white arrow.

4 x 10 5 /

 5 mL (applied in 70 µl per well of an IbidiCulture-Insert, Ibidi GmbH, integratedBioDIagnostic)MSU1.1 NC, MSU1.1 PDPN, HSkMEC, MDA-MB-231, MCF-7 cells were seeded

  37 o C. Endothelial tube formation was analyzed by taking photographs every half hour with videomicroscope Zeiss Axiovert 200M and AxioVision Software (Zeiss). A toolset of Image J software was used for analysis of cellular networks (DeCicco-Skinner et al., 2014). The number of nodes and number of meshes were quantified on fluorescence images of HSkMEC, MSU1.1 NC and MSU1.1 PDPN cells after 12 hours. A node was defined as pixels that have at least 3 neighbors, corresponding to a bifurcation. The meshes were defined as areas enclosed by the segments. Quantitative statistical co-localization on two-color images using a software tool to calculate the Pearson and Spearman correlation coefficients ('Pearson-Spearman correlation colocalization' ImageJ plug-in) across regions of interest within the image was used. A quantitative estimate of the amount of co-localization in the images was given as the result.
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 136 microenvironment plays an important role in both tumor development and metastasis (Liotta andKohn, 2001). However, the knowledge about individual components of the cellular microenvironment, matrix proteins and glycoproteins and their role in tumor progression is very limited, especially at the molecular level. Recent studies have shown that podoplanin (PDPN), a mucin-type glycoprotein, is expressed in tumor cells and/or tumor-associated fibroblasts (CAFs) and its expression is dependent on the tumor type[START_REF] Aishima | Lymphatic spread is related to VEGF-C expression and D2-40-positive myofibroblasts in intrahepatic cholangiocarcinoma[END_REF][START_REF] Yamanashi | Podoplanin expression identified in stromal fibroblasts as a favorable prognostic marker in patients with colorectal carcinoma[END_REF]. Previous studies have shown that, in breast cancer, the number of podoplanin-expressing CAFs correlated positively with tumor size, grade of malignancy, lymph node metastasis, lymphovascular invasion and poor patients' outcome[START_REF] Pula | Podoplanin expression by cancer-associated fibroblasts predicts poor outcome in invasive ductal breast carcinoma[END_REF]. Therefore, the aim of the thesis was to better understand and define the role of podoplanin expressed by CAFs in breast cancer. Researchaimed: 1. to determine the role of CAFs expressing podoplanin in terms of migration, invasion, angiogenesis and adhesion properties of breast cancer and endothelial cells 2. to identify the factors of the tumor microenvironment which may induce the expression of podoplanin in CAF. In this view our study also focused on determining the influence of hypoxia on the expression of podoplanin and of the related microRNAs in CAFs as well as the influence of CAFs-produced factors upon overexpression of podoplanin on angiogenesis. The above-cited major goals required to achieve the following steps. The design of a cell model displaying overexpression of podoplanin, including : a. Construction of an expression vector pRRL-CPPT-CMV-PDPN-IRES-PURO-PRE-SIN containing the cDNA sequence for podoplanin coding b. Characterization of the human fibroblastic cell lines overexpressing podoplanin 2. The demonstration of the impact of hypoxia on the expression of podoplanin in human fibroblastic cells The demonstration of the impact of podoplanin on fibroblasts, cancer cells and endothelial cells migration in the context of hypoxia 4. The demonstration of the role of podoplanin on adhesion of cancer cells in the context of hypoxia 5. The study of the effect of podoplanin expressed by fibroblasts on angiogenesis under hypoxic and normoxic conditions The elucidation of the effect of podoplanin expression together with hypoxia on the expression of proangiogenic factors in human fibroblastic cells 7. The description of specific miRNAs expressed by non-activated fibroblasts and fibroblasts overexpressing podoplanin as well as their secretion mechanism via exosomes in the context of hypoxia

Figure 18 .

 18 Figure 18. Characterization of human cell lines for expression of podoplanin. Expression of podoplanin in fibroblastic MSU1.1 cells and vascular smooth muscle T/G HA-VSMC cells at protein and mRNA levels. (A) Binding of rabbit polyclonal anti-podoplanin antibody to MSU1.1 and T/G HA-VSMC lysates and Western blotting. (B) Binding of mouse monoclonal anti-podoplanin antibody to MSU1.1 and T/G HA-VSMC cells. (C) podoplanin mRNA level in MSU1.1 and T/G HA-VSMC cell lines. (D) Binding of mouse monoclonal anti-podoplanin antibody to T/G HA-VSMC. (A) Western blotting revealed with anti-podoplanin rabbit polyclonal antibodies detect podoplanin in cell lysates. (B) Immunocytochemistry with mouse monoclonal anti-podoplanin antibodies was used to detect podoplanin on fixed cells (performed by Aleksandra Jethon-Jabłońska, Medical University, Wrocław). (C) Real-time RQ-PCR was used to analyze podoplanin mRNA. Podoplanin levels were normalized against ACTB gene expression. Results are expressed as mean RQ values. (D) Binding of mouse monoclonal fluorescent anti-podoplanin antibody to T/G HA-VSMC was used to detect podoplanin on living cells. Binding was evidenced by TRITC-conjugated goat anti-mouse IgG. Pictures were taken on a Zeiss Axiovert 200M inverted fluorescence microscope equipped with Apotome.

Figure 19 .

 19 Figure 19. Agarose gel electrophoresis of podoplanin cDNA obtained from HEK-293T cell cDNA library by PCR using primers PovMLuI_R and PovEcoI_F. Lane 1 -standard DNA "GeneRuler TM 100 bp Plus Ladder" (Fermentas); lane 2podoplanin cDNA.

Figure 20 .

 20 Figure 20. Restriction analysis of vector pRRL-CPPT-CMV-PDPN-IRES-PURO-PRE-SIN after action of restriction enzymes MLuI and EcoRI.Lane 1-DNA standard "GeneRuler TM 100 bp Plus Ladder" (Fermentas); lanes 2 and 3plasmid DNA obtained after ligation of podoplanin cDNA with resulting construct.

Figure 21 .

 21 Figure 21. Schematic representation of the vector pRL-CPPT-CMV-IRES-PDPN PURO-PRE-SIN containing podoplanin cDNA.

Figure 22 .Figure 23 .

 2223 Figure 22. Characterization of human fibroblastic cell lines for overexpression of podoplanin. Expression of podoplanin in fibroblastic MSU1.1 PDPN cells transduced with pRRL-CMV-PDPN-IRES-PURO vector containing podoplanin cDNA and control MSU1.1 NC cells transduced with vector alone at (A) mRNA and (B, C) protein levels. (A) Real-time RQ-PCR was used to analyze podoplanin mRNA. Podoplanin levels were normalized against ACTB gene expression and cell line MSU1.1 NC was assigned as a calibrator sample. Results are expressed as mean values. (B) Western blotting with anti-human podoplanin rabbit polyclonal antibodies was used to detect podoplanin in cell lysates. (C) Binding of mouse fluorescent monoclonal anti-human podoplanin antibody to MSU1.1 PDPN and MSU1.1 NC cells using flow cytometry. Red positive histogram represents MSU1.1 PDPN labelling, red negative histograms represent MSU1.1 NC labelling and MSU1.1 PDPN labeling by isotypic control (MSU1.1 PDPN ic).

Figure 24 .

 24 Figure 24. Effect of hypoxia on podoplanin expression. Podoplanin expression was analyzed in (A) T/G HA-VSMC cells, (B) MSU1.1 cells, (C) MSU1.1 NC (D) MSU1.1 PDPN and cells in hypoxia (1% O 2 ) and normoxia (18.75% O 2 ). (E) MSU1.1, MSU1.1 NC and T/G HA-VSMC cells in normoxia. Real-time RQ-PCR was used to assess for podoplanin mRNA. Podoplanin levels were normalized against ACTB gene expression and cell line MSU1.1 NC was assigned as a calibrator sample. Results are expressed as mean values + SEM. N = 3, *** p < 0.001,**** p< 0.0001.

FibroblastsFigure 26 .Figure 27 .

 2627 Figure 26. Migratory capability of human breast cancer cell lines co-cultured with human fibroblasts expressing different amounts of podoplanin. Quantification of cancer cells motility in co-culture of (A) MCF-7 with MSU1.1 PDPN fibroblasts or MSU1.1 NC in normoxia (18.75% O 2 ), (B) MCF-7 with MSU1.1 PDPN fibroblasts or MSU1.1 NC in hypoxia (1% O 2 ), (C) MDA-MB-231 with MSU1.1 PDPN fibroblasts or MSU1.1 NC in normoxia, (D) MDA-MB-231 with MSU1.1 PDPN fibroblasts or MSU1.1 NC in hypoxia. Graphs are expressing the percent of cell free area between cell monolayers. N = 3; * p<0.05.

Figure 28 .

 28 Figure 28. Migratory capability of human fibroblastic cell lines expressing different amounts of podoplanin. (A) Pictures presenting cell free area between cell monolayers in normoxia (18.75% O 2 ). (B) Pictures presenting cell free area between cell monolayers in hypoxia (1% O 2 ). (C) Quantification of MSU1.1 NC and MSU1.1 PDPN cells motility in normoxia. (D) Quantification of MSU1.1 NC and MSU1.1 PDPN cells motility in hypoxia. Graphs are expressing the percent of cell free area between cell monolayers. N = 3; * p<0.05, *** p < 0.001,**** p< 0.0001.

Figure 29 .

 29 Figure 29. Migratory capability of human microvascular endothelial cells HSkMEC co-cultured with human fibroblasts expressing different amounts of podoplanin. (A) Pictures presenting cell free area between cell monolayers in normoxia(18.75% O2). (B) Pictures presenting cell free area between cell monolayers in hypoxia (1% O2). Quantification of human microvascular endothelial cells HSkMEC motility in co-culture with (C) MSU1.1 PDPN fibroblasts or MSU1.1 NC in normoxia (D) MSU1.1 PDPN fibroblasts or MSU1.1 NC in hypoxia. Graphs express the percent of cell free area between cell monolayers. N = 3; * p<0.05. MSU1.1 NC and MSU1.1 PDPN were labelled with DiD (green) and HSkMEC endothelial cells were not labelled.

Figure 30 .Figure 31 .

 3031 Figure 30. Visualization and quantification of the adhesion of MDA-MB-231 cancer cells to MSU1.1 PDPN and MSU1.1 NC, effect of podoplanin and hypoxia. (A) Picture of DiO-labeled MDA-MB-231 cells adhering to MSU1.1 NC or MSU1.1 PDPN monolayers in normoxia(18.75% O2). (B) Diagram representing the adhesion of MDA-MB-231 cells to MSU1.1 NC or MSU1.1 PDPN monolayers in normoxia. (C) Picture of DiO-labeled MDA-MB-231 cells adhering to MSU1.1 NC or MSU1.1 PDPN monolayers in hypoxia (1% O2). (D) Diagram representing the adhesion of MDA-MB-231 cells to MSU1.1 NC or MSU1.1 PDPN monolayers in hypoxia. Each bar represents mean + SEM, N = 3, *** p < 0.001. (scale bar 100µm).

Figure 32 .

 32 Figure 32. Impact of podoplanin/CCL21 interaction on MDA-MB-231 cells adhesion to MSU1.1 NC and MSU1.1 PDPN cells surface in normoxia(18.75% O2) and hypoxia (1% O2). Quantification of the MDA-MB-231 cells adhesion to MSU1.1 NC and MSU1.1 PDPN cells surface. MDA-MB-231 cells were counted on the surface of MSU1.1 NC or MSU1.1 PDPN cells (ten representative fields were counted) after flow adhesion in normoxia and in hypoxia. * p<0.05, N = 3 (mean from ten representative fields). (A) Effect of CCL21/CCR7 interaction on MDA-MB-231 cell adhesion onto MSU 1.1 PDPN cells in normoxia. (B) Effect of CCL21/CCR7 interaction on MDA-MB-231 cell adhesion on MSU1.1 PDPN cells in hypoxia. (C) Effect of CCL21/CCR7 interaction on MDA-MB-231 cell adhesion on MSU1.1 NC cells in normoxia. (D) Effect of CCL21/CCR7 interaction on MDA-MB-231 cell adhesion on MSU1.1 NC cells in hypoxia.

Figure 33 .Figure 34 .Figure 35 .

 333435 Figure 33. Angiogenic properties of endothelial HSkMEC cells co-cultured with fibroblastic MSU1.1. cells expressing different amounts of podoplanin in normoxic (18.75 % O2) conditions. (A) Angiogenic Matrigel TM assay in normoxia with fluorescently labeled (DiO) MSU.PDPN fibroblasts (green) overexpressing podoplanin and podoplanin-negative control MSU1.1 NC fibroblasts co-cultured with fluorescently labeled (DiD) endothelial HSkMEC cells (red). Images were analyzed after 12 h of assay duration. (B) Co-localization of MSU.PDPN and MSU1.1 NC fibroblastic cells with endothelial HSkMEC cells. (C) Number of nodes (D) number of meshes and (E) number of segments formed by HSkMEC endothelial cells co-cultured with MSU.PDPN fibroblasts overexpressing podoplanin and podoplanin-negative control MSU1.1 NC fibroblasts. The number of nodes, meshes, segments and percentage of fibroblasts co-localized with endothelial cells were estimated using ImageJ software. N = 3, * p <0.05, ** p <0.01.

Figure 36 .

 36 Figure 36. Expression of VE-cadh mRNA in fibroblastic cells lines: MSU1.1.PDPN overexpressing podoplanin and control MSU1.1 NC cells transduced with vector alone in (A) normoxia(18.75% O2) and (B) hypoxia (1% O2); expression of VE-cadh on the level of mRNA in normoxia and hypoxia in (C) MSU1.1 NC and (D) MSU1.1 PDPN cells. Real-time RQ-PCR was used to analyze VE-cadh mRNA. VE-cadh levels were normalized against ACTB gene expression and cell line MSU1.1.NC or normoxia was assigned as a calibrator sample. Each bar represents mean + SEM, RQ-PCR, ΔΔCt, N = (3-5), * p < 0.05, **p < 0.01**** p< 0.0001.

Figure 37 .

 37 Figure 37. Expression of ANGPT1 on the level of mRNA in fibroblastic cells lines: MSU1.1.PDPN overexpressing podoplanin and control MSU1.1 NC cells transduced with vector alone in (A) normoxia(18.75% O2) and (B) hypoxia (1% O2); expression of ANGPT1 at the level of mRNA in normoxia and hypoxia in (C) MSU1.1 NC and (D) MSU1.1 PDPN cells. Real-time RQ-PCR was used to analyze ANGPT1 mRNA. ANGPT1 levels were normalized against ACTB gene expression and cell line MSU1.1.NC or normoxia was assigned as a calibrator sample. Each bar represents mean + SEM, RQ-PCR, ΔΔCt, N = (3-5), ** p < 0.01, *** p < 0.001**** p< 0.0001.

Figure 38 .

 38 Figure 38. Expression of ANGPT2 at the level of mRNA in fibroblastic cells lines: MSU1.1.PDPN overexpressing podoplanin and control MSU1.1 NC cells transduced with vector alone in (A) normoxia (18.75% O2) and (B) hypoxia (1% O2); expression of ANGPT2 at the level of mRNA in normoxia and hypoxia in (C) MSU1.1 NC and (D) MSU1.1 PDPN cells. Real-time RQ-PCR was used to analyze ANGPT2 mRNA. ANGPT2 levels were normalized against ACTB gene expression and cell line MSU1.1 NC or normoxia was assigned as a calibrator sample. Each bar represents mean + SEM, RQ-PCR, ΔΔCt, N = (3-5), ** p < 0.01, *** p < 0.001**** p< 0.0001.
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 3989404142 Figure 39. Expression of FGF-1 at the level of mRNA in fibroblastic cells lines: MSU1.1.PDPN overexpressing podoplanin and control MSU1.1 NC cells transduced with vector alone in (A) normoxia (18.75% O2) and (B) hypoxia (1% O2); expression of FGF-1 at the level of mRNA in normoxia and hypoxia in (C) MSU1.1 NC and (D) MSU1.1 PDPN cells. Real-time RQ-PCR was used to analyze FGF-1 mRNA. FGF-1 levels were normalized against ACTB gene expression and cell line MSU1.1.NC or normoxia was assigned as a calibrator sample. Each bar represents mean + SEM, RQ-PCR, ΔΔCt, N = (3-5), **** p< 0.0001.Taken together, these data suggest that (1) podoplanin affects the expression of proangiogenic factors in different ways; in normoxia it suppresses the expression of VEGF-A, ANGPT1 and VE-cadh. In hypoxia, PDPN increases VEGF-A but decreases VE-cadh and ANGPT1 mRNA expression. PDPN highly increases the expression of FGF-1 and ANGPT2 mRNA in normoxia and hypoxia, (2) similarly, hypoxia by itself affects the expression of various proangiogenic factors in different ways; it highly increases the expression

  It has been shown that podoplanin present on CAFs has an impact on cancer cells in invasive ductal carcinoma of pancreas[112]. Moreover podoplanin transduced breast cancer cell line: MCF-7 and keratinocyte cell line: HaCaT showed increased migratory and invasive properties[START_REF] Wicki | The potential role of podoplanin in tumour invasion[END_REF]. Similarly increased invasive properties of pancreatic cancer cells were obtained after their co-culture with podoplanin positive CAFs[START_REF] Wicki | The potential role of podoplanin in tumour invasion[END_REF]. However inhibition of podoplanin expression in CAF did not affect the invasive properties of pancreatic cancer cells suggesting that this effect was not significant[112]. In the present study the role of podoplanin expressed by CAFs on breast cancer cells migration was examined. Podoplanin present on the surface of fibroblasts has no impact on migration of MCF-7 and MDA-MB-231 cancer cells neither in normoxia nor in hypoxia as opposed to pancreatic cancer cells. However, in our modelectopic expression of podoplanin highly increases the migration of MSU1.1 PDPN fibroblasts in comparison to control MSU.1.NC cells. Nevertheless, in hypoxic environment the effect of podoplanin in CAF on migration was completely blocked and fibroblast migrated even slower than in normoxia. It has been shown that hypoxia deactivates CAFs, weakening their ability to remodel ECM and contraction. This leads to impairment of cancer cell invasion mediated by CAFs [170]. Thus fibroblasts may migrate into the tumor stroma and create microenvironment conditions that favor tumor progression through factors affecting survival, proliferation and invasion of cancer cells secreted by increased number of CAFs (Fig. 43). irregular tumor vasculature [171]. Therefore migration induced by hypoxia may help intravasation of cancer cells which is an early step of metastasis [171].

Figure 44 .

 44 Figure 44. Effect of hypoxia which promotes migration of tumor cells. When hypoxia occurs HIF1-α is not degraded in the proteasome and activates RhoA and ROCK increasing the motility of tumor cells.Adapted from Hon S. Leong and Ann F. Chambers doi/10.1073/pnas.1322484111.

Fibroblasts stay in contact

  in tumor stroma next to cancer cells with endothelial cells[178]. Here we postulate that podoplanin presented on CAFs may impact ECs directly or through secretion of proangiogenic factors. Interestingly, in contrast to breast cancer cells, podoplanin positive CAFs cultured in separate compartments with endothelial cells increases endothelial cell migration however hypoxia blocks this effect.Endothelial migration is a key aspect of a range of physiologic and pathologic conditions. Recent studies on the role of podoplanin in endothelial cells migration were undertaken for the human lung microvascular lymphatic endothelial cells[179]. It has been shown that podoplanin present on lymphatic endothelial cells is a key regulator of their polarized migration and is required for tube formation[179]. This processes are controlled by podoplanin through regulation of Cdc42 and activation of RhoA[179].

  expand and remodel, as endothelial junctional molecule VE-cadherin regulates survival function of VEGF[180]. Moreover secretion of MMP-2 and MMP-9 by CAFs lead to EMT through downregulation of E-cadherin in prostate carcinoma[START_REF] Cirri | Cancer associated fibroblasts: the dark side of the coin[END_REF]. The transition from adenoma to carcinoma is strictly regulated by EMT process accompanied by down-regulation of E-cadherin[START_REF] Thiery | Epithelialmesenchymal transitions in tumour progression[END_REF]. Upon expression in transgenic mice and cancer cells podoplanin induces tumor formation without up-regulation of ezrin, radixin, moesin proteins (ERM) and without any need for EMT[181].In the present work we have shown that podoplanin present on the surface of fibroblasts affects the tube formation by HSkMEC endothelial cells in co-localisation experiments where direct interactions between fibroblastic cells and endothelium take place. Data obtained in angiogenesis and co-localization experiments raised two possible suggestions: (1) PDPN can affect the angiogenesis directly by interaction with unknown receptor on ECs, (2) in addition to direct contact, podoplanin influences the production of angiogenic factors. To address these questions, the expression of angiogenic factors in fibroblastic cell lines with different expression of podoplanin was analysed. Proangiogenic factors induce weakening of VE-cadherin-mediated endothelial cell (EC) junctions and EC migration, altering vessel wall architecture[182]. Fibroblasts expressing as well as non-expressing podoplanin secrete pro-angiogenic factors as fibroblast growth factor (FGF-1) and angiopoietin 1 (Ang1) which have survival properties for endothelial cells[183][184].FGF modifies endothelial cell migration among other processes as cell growth, embryonic development, morphogenesis, invasion, angiogenesis[184].However CAFs expressing podoplanin secrete less VEGF and VE-cadherin comparing to control. Moreover acceleration of endothelial cells migration was observed in normoxia but fibroblasts express more proangiogenic factors in hypoxia. This suggests that podoplanin positive CAFs secrete other factor(s) in normoxia, but not in hypoxia, able to accelerate movement of endothelial cells.

Figure 45 .

 45 Figure 45. Schematic possible control of podoplanin through down-regulation of PTEN by miR-21 which allows activation of AKT.AP-1-activator protein 1,TRE-tetracycline response element, Fos-AP-1 transcription factor subunit, Jun-AP-1 transcription factor subunit.
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  Expression is increased by hypoxia • Mechanism of action is CAF-mediated • Molecular mechanism is CCL21/CCR7 dependent • Increases motility of tumor stromal fibroblasts and endothelial cells but not of tumor cells • Regulation is dependent on miRNAs in hypoxia • Expressed by CAFs induces hypoxia dependent secretion of exosomal miRNAs especially angiogenesisrelated miRNAs These data demonstrate the deep implication of podoplanin expression and activity in the tumor microenvironment. This work offers perspectives for the design of new strategies of treatment based on the knowledge on tumor microenvironment. Podoplanin may serve as a good marker of the progression of breast cancer. Normalization of vessels decrease tumoral hypoxia what leads to the down-regulation of podoplanin expression in CAFs. Another possible treatment may be focused on miRNAs. Counteracting miRNAs secreted by podoplanin positive CAFs seems

  Podoplanin (PDPN), mucin-type transmembrane glycoprotein is expressed in tumor cells and CAFs, helps metastasis. Its role in metastaticprocess has been demonstrated for breast cancer cells into lymph nodes. Here we show that PDPN modulates the CCL21/CCR7 chemokine/receptor axis in a hypoxia-dependent manner. Cancer progression depends on the tumour stroma in which CAFs differ from normal fibroblasts. CAFs promote tumour growth, recruitment of endothelial progenitor cells and angiogenesis. In breast cancer up to 80% of fibroblasts display the CAF phenotype. Here a PDPN expressing model of CAFs made it possible to demonstrate the involvement of CCL21/CCR7 axis in the tumor cell-to-CAF recognition through podoplanin binding of CCL21. PDPN positive CAFs secrete microRNAs, which control gene expression at post-transcriptional level and influence cancer cells. MiR-21 is a key regulator of the oncogenic process, through its downstream target proteins among which the tumor suppressor, PTEN. We analyzed the effect of miR-21, but also oncogenic and hypoxia dependent miRs: miR-210 and miR-29b, on PDPN expression in fibroblasts in conditions mimicking the intra tumor microenvironment, i.e. in hypoxia. This points to crucial differences as compared to normoxia. Moreover we uncover the effect of podoplanin on angiogenesis by endothelial cells colocalizing with CAFs expressing podoplanin and on the expression of most prominent proangiogenic factors. Cancer associated fibroblasts (CAFs), hypoxia, microenvironment, mammary carcinoma, podoplanin (PDPN) Biologie cellulaire, Cibles moléculaires et Thérapies innovantes, Centre de Biophysique Moléculaire UPR CNRS 4301 Université d'Orléans, Orléans, France Laboratory of Glycobiology and Intercellular Interactions, Institute of Immunology and Experimental Therapy, Polish Academy of Science, Ul. RudolfaWeigla 12, 53-114 Wrocław, Poland

  

  

  

. Buffers and solutions Buffers and solutions Composition

  Human and animal miRNAs target 3' UTR of mRNAs at position 2 to 7, called seed sequence because this is where complementarity occurs[125][126].Each miRNA may regulate many target genes and more than just one miRNA may bind to the same 3' UTR[127]. MiRNAs may be secreted and exchanged with other cells by exosomes and this mechanism is considered as a novel type of genetic exchange between cells[128]. Exosomes may be recognized by other cells. The latter may be distant thus achieving a paracrine action. MicroRNAs can reflect a biological state. This makes them useful diagnostic markers of diseases[129][130].MiRNAs may be located in introns of coding or non-coding genes or in exons so their transcription may be dependent on the host gene[131][132]. IntronicmiRNAs may be expressed together with their host gene but they also may have their own promoters and be expressed independently[133][134]. Stem loops of miRNAsare cut out from primary transcripts (pri-miRNA) in the nucleus by enzyme Drosha as hypoxia and they are involved in communication between cells as mentioned above[150].Cancer cells communicate with endothelial cells to promote angiogenesis using exosomes as carrier for miRNA[151][152].

	6. MATERIALS AND METHODS Ethylenediaminetetraacetate (EDTA) 6.1.2. A ready to use sets of reagents Sigma mM KCl 6.1.4. Bacterial culture medium
	Phenol TBST Buffer	POCH 24 mM Tris pH 7.4, 137 mM NaCl, 2.7
	Phenylmethylsulfonylfluoride fluoride (PMSF) Name LB Luria-Bertani nutrient SB Super Broth nutrient Sigma Producer mM KCl, 0.1% Triton X-114 SOC medium 6.1. Materials Glycerol POCH PBS 10 mM Na 2 HPO 4 pH 7.4, 2 mM solution solution MicroRNAs have been shown to control tumor suppressor genes as PTEN (phosphatase and tensin homolog deleted on chromosome ten) or oncogenes. PTEN is associated with estrogen receptor and with the process of metastasis into lymph nodes[153]. Its expression is reduced in breast cancer, making it a potent Glycine Bioshop Gel-Out Kit for the purification of DNA from A&A Biotechnology KH 2 PO 4 ,137 mM NaCl, 2.7 mM KCl 1% bacto-tryptone 3% bacto-tryptone 2% bacto-tryptone agarose gels 6.1.1. List of reagents Bicinchoninic acid Sigma Plasmid MINI Kit for isolation of up to 20 μg of A&A Biotechnology RIPA buffer 50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1% NaCl
	prognostic marker. Moreover PTEN negatively controls PI3K-AKT-AP-1 signalling which regulates 2-[4-(2-hydroxyethyl) -Roth plasmid DNA 0.1% SDS, 1% IGEPAL Ca-630, 0.5% 0.5% Yeast extract 2% Yeast extract 0.5% Yeast extract
	podoplanin expression. Podoplanin is a target of Fos transcription factor which is a part of AP-1 protein 1piperazynylo]thanesulfonic acid (HEPES) Plasmid Midi AX Kit for isolation of up to 200 A&A Biotechnology sodium deoxycholate pH 7.0 1% MOPS 0.05% NaCl,
	family. PTEN is a known target of miR-21[119]. Reagent Morpholinepropanesulfonic acid (MOPS) μg of plasmid DNA Coomassie blue solution pH 7.0	Manufacturer Roth 0.25% Coomassie brilliant blue R-250, 20 mM glucose,
	Podoplanin may be regulated directly through miR-29b and miR-125a. These miRsinhibit Roth Glacial acetic acid Agar Chempur RNeasy Mini Plus Kit for isolation of total RNA Qiagen 50% methanol, 10% CH3COOH 2.5 mM KCl,
	Agarose Hydrochloric acid miRNeasy Mini Kit for isolation of total and Transforming buffer I	Lonza POCH Qiagen 100 mM RbCl,50 mM MnCl 2 pH 5.8,30 10 mM MgCl 2 ,
	Acrylamide Bovine serum albumin Ethanol Isoamyl alcohol L-glutamine Methanol β -mercaptoethanol N, N, N ', N'-tetramethylethylenediamine NCode™ VILO™ miRNA cDNA Synthesis Kit and EXPRESS SYBR® GreenER™ miRNA Transforming buffer II transcription reaction microRNA Superscript First Strand Synthesis Kit for reverse	Bioshop POCH POCH POCH PPA Roth 20 mM MOPS 15% glycerol v/v Invitrogen Fluka 100 mM RbCl pH 6.4 and 75mM CaCl2 POCH glycerol (v/v) Invitrogen mM CaCl 2 ,100 mM CH 3 COOH, 15% pH 7.0
	Isopropyl alcohol Methyl alcohol qRTPCR Kit Buffer I (TEMED) N, N-methylene -bisacrylamide ExoQuick-TC™ Exosome Precipitation Solution SBI System Biosciences POCH POCH 50 mM glucose, pH 8.0, 10 mM EDTA Roth 25 mM Tris-HCl
	Ampicillin Ammonium persulfate (APS) Buffer II	Polfa Roth 0.1% SDS, 0.2 M NaOH
	Bromophenol blue Coomassie Brilliant Blue R-250 Ethidium bromide Butanol Polyethyleneimine Sodium dodecyl sulfate (SDS) Tris (hydroxymethyl) aminoethane (Tris) Triton X-114 Buffer III "Strip" buffer 6.1.3Buffer for SDS-PAGE FCI solution	Sigma Sigma Fluka POCH Sigma Serva Roth Serva 12% CH 3 COOH 3 M CH 3 COOK 0.1% SDS, pH 2.2, 1% Tween 20, 1.5% glycine 25 mM Tris-HCl, 192 mM glycine, 0.1% phenol: chloroform: isoamyl alcohol
	Cell Tracker Tryptone	Molecular Probes Roth SDS 25:24:01 (v/v/v)
	Cyanate xylene Tween 20 Protein transfer buffer bicinchoninic acid solution	Sigma Sigma 10 mM Tris-HCl pH 8.3, 150 mM 1000mL solution containing
	Magnesium chloride Sodium hydroxide	Chempur Chempur glycine, 20% methanol bicinchoninic acid, sodium carbonate,
	Potassium chloride PBS Loading LaemmLi buffer 6x (DNA)	Chempur GmbH/Lonza 0.09% bromophenol blue, 0.09% xylene sodium tartrate,
	Rubidium chloride Puromycin	Chempur Sigma-Aldrich diisocyanate, 60% glycerol, 60 mM and sodium bicarbonate in 0.1 N NaOH
	Sodium chloride IGEPAL Ca-630	Chempur Sigma EDTA (final pH 11.25).
	Calcium chloride Fibronectin Sample buffer 4x (protein) cupric sulfate solution	Chempur Sigma 62.5 mM Tris-HCl, 2% SDS, 10% 25 mL solution containing
	Chloroform	POCH glycerol, 0.015% bromophenol blue 4% (w/v) copper(II) sulfate pentahydrate
	Deoxynucleotides (dNTPs) TAE buffer	EURx 40 mM Tris pH 8.0, 40 mM EDTA, 1
	Dimethyl sulfoxide (DMSO)	Merck mM CH 3 COOH
	Yeast extract TBS buffer	Roth 24 mM Tris pH 7.6, 137 mM NaCl, 2.7
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Nature Reviews Cancer acting with DGCR8. This cut hairpin, 70-100nt length, called pre-miRNA,is nexttransported from the nucleus to the cytoplasm, in a GTP-dependent manner. Pre-miRNA is then cleaved by Dicer to form mature miRNA. Less stable 5' end strand is incorporated to the RISC complex byArgonaute protein

[135][136]

.

Usually the second strand,calledmiRNA*, is degraded.MiRNAs localized in introns "mirtrons" are distinctly processed as the stem loop 3' end is cleaved by pre-mRNA splicing

[137]

.

The"simtrons"groupofmiRNAsare splicing-independent. They are processed in a Drosha-dependent manner not requiring DGCR8, Dicer, Exportin-5 or Argonaute 2[138]. Expression of miRNA has been successively discovered in many types of cancer, firstly in adult leukemia and colorectal cancer[139][140]. Some of them, called oncomirs, behave as oncogenes and promotetumorigenesis by reducing the levels of proteins known to block proliferation, migration and activating apoptosis[141]. One of the best known oncomiRs called also hypoxamiR, miR-210,enhances the metastatic potential of hepatocellular carcinoma by targeting the "vacuole membrane protein 1"[142] which is associated with autophagy, cell adhesion and membrane trafficking[143]. Breast cancer cell migration and invasion are promoted by miR-135a by targeting HOXA10, which acts as metastasis suppressor in breast cancer[144]. A group of miRNAs inhibit the development of cancer and their inactivation together with accumulation of proteins that stimulate proliferation, migration and decrease apoptosis, cause cancer progression. Migration and invasion of breast cancer cells through regulation of uPA is mediated by miR-193b[145]. Angiomirs represent another group of miRNAs that modulate the development of new blood vessels[146]. MiR-126, anangiomir expressed in endothelium,enhances the pro-angiogenic action of VEGF and FGF[147]. Finally as miRNAs may be detected in body fluids, they can serve as biomarkers of diseases to monitor the development and progression of a disease. ThesecirculatingmiRNAs may be secreted from the cells to the blood, saliva, urine as free particles or in microvesicles as exosomes secreted by tumors[148][149]. Exosomes are small 50nm to 1µm micro-vesicles secreted by healthy or damaged cells in response to stimuli proliferation, apoptosis and invasion of glioblastoma where they are down-regulated[154].

This work points to the understanding and defining the role of podoplanin expressed by fibroblasts in breast cancer in the context of hypoxia which is shown here to regulate podoplanin expression. Therefore its role in fibroblast migration, angiogenesis and tumor cells adhesiveness to tumor fibroblasts was further investigated.

Solidified medium LB-agar: LB medium containing 1.5% agar Solidified medium SB-agar: SB medium containing 1.5% agar All media were sterilized in an autoclave for 30 min at 120°C and pressure of 1.2 Ba, followed by cooling to a temperature of approx. 50°C, the ampicillin was added to obtain final concentration 100 mg/mL.

6.1.5.

The culture media and solutions used for cell cultures

  

	Protein Standards	Manufacturer	
	Complete OptiMEM medium -(Gibco, France) supplemented with 2% (vol/vol) of foetal bovine serum
	(BioWest), 0.2% of fungizone (Contains 250 μg of amphotericin B and 250 μg of sodium desoxycholate per PageRuler Prestained ™ Protein Ladder Fermentas
	mL as a solubilizer in distilled water, Gibco) and 0.4% of gentamycin (10 mg/mL, Gibco).
	6.1.6. Enzymes 6.1.8. Oligonucleotides		
	Enzyme Name	Sequence	Buffer	Manufacturer Protein Use
	EcoRI		buffer EcoRI	Fermentas
	Bsu15I (ClaI) a-SMAF	buffer "Tango" 5'-CTTGAGAAGAGTTACGAGTTG-3'	Fermentas α-smooth	Real-time
	HindIII		buffer "RED"	Fermentas muscle	PCR
	KpnI a-SMAR	buffer KpnI 5'-AGGACATTGTTAGCATAGAGG3-'	actin Fermentas α-smooth
	MLuI		buffer "RED"	Fermentas muscle
	NdeI PDPNF		buffer "ORANGE"	actin Fermentas
	Ligase T4		buffer "T4 ligase"300mM	Promega
			Tris-HCl (pH 7.8),	
			100mM MgCl2, 100mM	
			DTT and 10mM ATP	
	Polymerase OptiTaq	buffer B	EURx
	Power SYBR Green Mix		Applied Biosystems
	OptiMEM medium MEM (Optimal Minimal Essential Medium) [Laboratory of General Chemistry IITD SYBR Green Mix Takara
	Academy of Sciences, Wroclaw; Invitrogen; Gibco, France] SYBR Green Mix	Qiagen
	trypsin/EDTA solution -aqueous solution of 0.05% trypsin and 0.02% EDTA [General Chemistry Rnase A Invitrogen
	Laboratory IITD Academy of Sciences, Wroclaw; Gibco, France]	
	Dulbecco's Modified Eagle's medium[General Chemistry Laboratory IITD Academy of Sciences, Wroclaw; 6.1.7. DNA and protein standards
	Gibco, France]		
	FBS [Cytogen; Invitrogen]		
	200 mM L-glutamine [Cytogen] DNA Standards	Manufacturer	
	Solution "PenStrep" -10 000 U/mLpenicillin and 10 mg/mL streptomycin [Cytogen; Invitrogen]
	GeneRuler ™ DNA Ladder Mix	Fermentas	
	GeneRuler 100 bp Plus Ladder	Fermentas	

Complete DMEM medium -DMEM (Gibco, France) supplemented with 10% (vol/vol) of foetal bovine serum(BioWest), 0.2% of fungizone (Contains 250 μg of amphotericin B and 250 μg of sodium desoxycholate per mL as a solubilizer in double distilled water, Gibco) and 1% ofPenicillin-Streptomycin (10,000 U/mL, Gibco).

.16. cDNA synthesis using NCode™ VILO™ miRNA cDNA Synthesis Kit and EXPRESS SYBR® GreenER™ miRNA qRTPCR Kit cDNA

  synthesis using NCode™ VILO™ miRNA cDNA Synthesis Kit and EXPRESS SYBR®

		Volume
	10x RT buffer	2 µl
	25 mM MgCl 2	4 µl
	0,1 M DDT	2 µl
	Rnase OUT (40U/µl)	1 µl
	SuperScript III RT (200 U/µl)	1 µl
	6.2	

  The role of podoplanin expression in tumor stroma of invasive ductal carcinoma of the breast remains to date to be fully elucidated. The presence of CAFs expressing podoplanin was positively correlated with tumor size, degree of malignancy, lymph node metastases, invasion into lymphatic and blood vessels, expression of Ki67 antigen, shorter patients' survival and VEGF-C expression[22][75]. The present study was undertaken to assess if fibroblasts expressing podoplanin can affect malignancy of breast cancer cells in context of hypoxia. Moreover, in order to reconstruct the tumor microenvironment the endothelial cells were included in the model as they are the cells which achieve angiogenesis. tumor-oncogene src[109]. Podoplanin expression being induced by various factors, suggests that expression in tumor cells may be affected by the overall tumor microenvironment which is shaped largely by hypoxia. It was thus necessary to check whether hypoxia may have such an effect. VSMC cells that expressed podoplanin and an increase in podoplanin mRNA level was there observed, while podoplanin was not induced by hypoxia in case of MSU1.1 cells. Hence, while hypoxia is not sufficient to trigger podoplanin expression it increases its expression in cells expressing it as T/G HA-VSMC and where its expression is under the control of the CMV promoter sensitive to hypoxia as in the transduced cells[157].

	Components of tumor microenvironment among which are cancer associated fibroblasts (CAFs)
	producing extracellular matrix (ECM), endothelial cells (ECs), macrophages, adipocytes, pericytes and Therefore, to determine if and how hypoxia affects podoplanin expression, human smooth muscle
	immune cells controls progression of malignant tumors[21][166]. All these cells are working in hypoxic cells with fibroblastic morphology, namely T/G HA-VSMC cells naturally expressing podoplanin and
	context in tumor stroma. Cancer associated fibroblasts and cancer cells express podoplanin among other human MSU1.1 fibroblasts, which do not express podoplanin, were analyzed for the expression of this
	glycoprotein under low pO2 level (1% of O 2 ). The expression of podoplanin was affected by hypoxia in T/G mucin-type glycoproteins [22]. Hypoxia occurs when the tumor mass reaches a critical volume, whichcauses insufficient oxygen HA-
	partial pressure by lack of O 2 diffusion. Hypoxia plays a critical role during the evolution of the tumor
	microenvironment and is considered as determining cancer development, and formation of the cancer stem
	cell niches [169]. Podoplanin expression is induced byepithelial growth factor (EGF), fibroblast growth
	factor type 2 (FGF2) and tumor necrosis factor α (TNFa) in MCF-7 breast cancer cells as well as by
	bradykinin in 3T3 mouse fibroblasts [105][93], transforming growth factor β (TGFβ) in human fibrosarcoma
	cells [99]and interleukin-3 (IL-3) in lymphatic vessels of skin[107]. Endogenous factors, also activate the

CAFs present in tumor stroma act in various ways. They promote cancer progression by secretion of numerous chemokines, growth factors, enzymes and other proteins, which among other activities induce angiogenesis, recruit progenitor endothelial cells from bone marrow, or help in extracellular matrix remodeling

[START_REF] Orimo | Stromal fibroblasts present in invasive human breast carcinomas promote tumor growth and angiogenesis through elevated SDF-1/CXCL12 secretion[END_REF]

. CAFs apart from secreted proteins, release miRNAs mostly via exosomes

[167]

. MiRNAs are capable of controlling tumor microenvironment through targeting mRNAs of proteins and affect the tumor development

[168]

. Therefore, to define the specific role of podoplanin expressed by CAFs in cancer cell biology, a cellular model with overexpression of this protein was obtained using established in vitro fibroblastic cell line, MSU1.1 which represents normal, non-activated fibroblasts and does not express podoplanin. expression of podoplanin as shown in chemically-induced tumors of the skin like Fos protein belonging to the AP-1 transcription factor complex

[START_REF] Durchdewald | Podoplanin is a novel fos target gene in skin carcinogenesis[END_REF]

, intracellular signalling pathway involving Src oncogene and the adapter protein Crk-associated substrate (Cas) in mouse embryonic fibroblasts transformed with Pathological hypoxic microenvironment, which is observed in many solid cancers, dramatically changes gene expression profiles, and confers various malignant characteristics to cancer cells as well as surrounding cells including fibroblasts. This may favour tumor progression. Therefore, taking into account that hypoxia affects podoplanin expression, experiments presented in this thesis were performed in normoxic as well as in hypoxic conditions.

  Le tissu tumoral comprend, outre les cellules cancéreuses, une matrice extra-cellulaire modifiée, les cellules endothéliales des vaisseaux sanguins et lymphatiques, immunes et inflammatoires et des fibroblastes activés associés au cancer (CAFs). La podoplanine (PDPN), glycoprotéine transmembranaire de type mucine, y est exprimée dans les cellules cancéreuses et les CAFs. Elleaideà la métastase commemontré dans le carcinome mammaire envahissant les ganglions lymphatiques. Ce travail montre que PDPN module l'interaction chimiokine/récepteur de l'axe CCL21/CCR7 et dépend de l'hypoxie. La progression tumoraleest aidée par le stroma où les CAFsont des propriétés particulières par rapport aux fibroblastes normaux. Ils promeuvent la croissance tumorale, le recrutement des précurseurs endothéliaux et l'angiogenèse. Dans le carcinome mammaire, 80% des fibroblastes ont un phénotype CAF. Un modèle de CAFs exprimant la PDPN a permis de démontrer l'implication de CCL21/CCR7 dans la reconnaissance entre cellules tumorales et CAFs via la liaison CCL21/PDPN. Les CAFsPDPN+ sécrètent des microARNs qui contrôlent des gènes des cellules cancéreuses. MiR-21 est un régulateur oncogène fondamental, par son action sur lesuppresseur de tumeurPTEN. Nous avons analysé l'effet de miR-21, ainsi que de miR-210 et miR-29b sur PDPN dans les fibroblastes en hypoxie pour mimer le microenvironnement intratumoral et mis en évidence les différences biologiques comparativement à la normoxie ainsi que l'effet de la podoplanine sur l'angiogenèse par les cellules endothélialesen colocalization avec lesCAFs exprimant la podoplanine et sur l'expression des facteurs proangiogéniques.

Carcinome mammaire, fibroblastes associés au cancer (CAFs), hypoxie, microenvironnement, podoplanine (PDPN).

Acknowledgements Annex 6.

Heat map, gene set enrichment analysis (GSEA) for each differentially expressed miRNA in MSU1.1 PDPN cells, non-cluster.

Annex 7

Heat map, gene set enrichment analysis (GSEA) for each differentially expressed miRNA in exosomes secreted by cells MSU1.1 NC, non-cluster.

Annex 8

Heat map, gene set enrichment analysis (GSEA) for each differentially expressed miRNA in exosomes secreted by cells MSU1.1 PDPN, non-cluster.
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Effect of hypoxia on migratory properties of breast cancer cells in the presence of fibroblasts

Migration, all along the 36 hours experiment, of breast cancer MCF-7 cell line is strongly influenced by hypoxia (Fig. 26A,B), (Fig. 27A). This occurs both in the presence or absence of fibroblasts and the presence of PDPN did not show any influence (Fig. 26A,B). This effect was not shown in the case of aggressive breast cancer cell line MDA-MB-231 where hypoxia does not influence migration of MDA-MB-231 cells alone (Fig. 26C,D). Hypoxia, on the contrary, reduced the speed of wound closing when MDA-MB-231 cells were in the presence of fibroblasts. This effect was more evident when fibroblasts MSU 1.1 expressed PDPN. These data are summarized on figure 26 (A, B, C and D)

Effect of podoplanin and hypoxia on the expression of proangiogenic factors in human fibroblastic cells

Data obtained in angiogenesis experiments and co-localization assessment raised two possible suggestions: (1) Podoplanin can directly affect angiogenesis by interaction with a receptor on endothelial cells,

(2) In addition to direct cell-to-cell contact, podoplanin may affect the expression of angiogenic factors by fibroblasts.

To address this last question, expression of the following angiogenic factors: Vascular endothelial growth factor (VEGF-A), vascular endothelial cadherin (VE-cadh), angiopoietin 1 (ANGPT1), angiopoietin 2 (ANGPT2) and fibroblast growth factor 1 (FGF-1) in fibroblastic cell lines were analysed by real-time PCR.

As hypoxia drives angiogenesis in tumor microenvironment [START_REF] Goel | Vascular Normalization as a Therapeutic Strategy[END_REF] and induces production of proangiogenic factors by fibroblasts [161], their expression were studied in normoxic and hypoxic conditions.

In normoxia, figure 18 A shows that control MSU1.1 NC cells express 20% more VEGF-A mRNA than MSU1.1 PDPN cells (Fig. 35A). In hypoxia, this difference reaches 30% (Fig. 35B). Hypoxia has a strong effect on VEGF-A mRNA expression as the relative amounts of VEGF-A mRNA in MSU1.1 NC cells and MSU1.1 PDPN cells were, respectively, 6 fold and 7 fold higher in hypoxia than in normoxia (Fig.

35C and D).

Moreover to confirm and enrich obtained data the miRNA profiling was performed in cooperation with Tebu-Bio Company. The project was focused on understanding the interaction between podoplanin expression in cancer-associated fibroblasts (CAF) and breast cancer progression.

Anaxomics was the analytical program chosen to work on the following comparisons:

• Cell lysates: normoxia vs hypoxia (from MSU1.1 cells expressing and not expressing podoplanin)

• Exosomes: normoxia vs hypoxia (from MSU1.1 cells expressing -exoPDPN+ and not expressing podoplanin -exoPDPN-)

The table shows number of miRNAs which are differentially expressed in hypoxia compared in normoxia first globally then numbers of miRNAs which appears to be up-regulated and down-regulated. The table points to the number of mRNA targets the expression of which can be modified by these miRNAs (Table 1).

The table displays the differentially expressed miRNAs in the cell fraction and secreted via exosomes. In the cell fraction there is no clear difference in the total numbers of miRNAs differentially expressed. In MSU1.1

NC the number of up-regulated miRNAs (102) is close to the number of down-regulated miRNAs (110).

When cells express podoplanin miRNAs differentially expressed are mainly down-regulated (180). In the Exosomal fraction from MSU1.1 NC the miRNA content is much lower than in the cell fraction. MiRNAs are mostly up-regulated by hypoxic conditions. When podoplanin is expressed, differentially expressed miRNAs are actively secreted and found into the exosomal fraction (540). They are mostly up-regulated (536) and very few were found to be down-regulated (4). Heat map,gene set enrichment analysis (GSEA) for each differentially expressed miRNA in MSU1.1NC cells, noncluster.