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Osteosarcoma (OS) is the most common primary bone tumour in children and adolescents. It is a highly aggressive tumor with a tendency to spread to the lungs, which are the most common site of metastasis. Advanced osteosarcoma patients with metastasis share a poor prognosis. Despite the use of chemotherapy to treat OS, the 5-year overall survival rate for patients has remained unchanged at 65-70% for the past 20 years. In addition, the 5-year survival of patients with a metastatic disease is around 20%, highlighting the need for novel therapeutic targets.

Autophagy is an intracellular degradation process which eliminates and recycles damaged proteins and organelles to improve cell lifespan. In the context of cancer, numerous studies have demonstrated that autophagy is used by tumor cells to repress initial steps of carcinogenesis and/or support the survival and growth of established tumors. In osteosarcoma, autophagy appears to be deregulated and could also act both as a pro or anti-tumoral process. In this manuscript, we aim to review these major findings regarding the role of autophagy in osteosarcoma.

Introduction

Autophagy is an intracellular degradation pathway identified more than 50 years ago.

The 2016 Nobel prize award to Pr Ohsumi for his work on autophagy renewed interest for the involvement of this process in various fields and autophagy is now recognized as a critical process in bone homeostasis [START_REF] Pierrefite-Carle | Autophagy in bone: Self-eating to stay in balance[END_REF].

Although autophagy's role in cancer is complex and context-dependent, pharmacological modulation of this process is emerging in clinical trials. However, understanding the role of autophagy within the tumor and its microenvironment is an essential prerequisite.

Osteosarcoma is an aggressive cancer mainly occurring in children and young adults. Osteosarcoma treatment relies on chemotherapy and surgery, leading to a 70% 5-year survival in patients with a non-metastatic disease. Nevertheless, the 5year survival of patients with a metastatic disease is around 20%, emphasizing the importance to develop new therapeutic strategies. As autophagy modulation could be part of these new options, the aim of the present review is to summarize the major findings regarding the role of autophagy in osteosarcoma.

Autophagy, a major degradative pathway

Autophagy is an intracellular degradation process which eliminates and recycles damaged proteins and organelles [START_REF] Mizushima | Autophagy: process and function[END_REF][START_REF] Levine | Autophagy in the pathogenesis of disease[END_REF]. An isolation membrane, called a phagophore, is formed in the cytosol to sequester the damaged material. After elongation and closure of the phagophore, a double-membrane vesicle called an autophagosome is generated. Autophagosomes then fuse with lysosomes to generate autolysosomes, in which the content is degraded and recycled. Basal autophagy exists in all eukaryotic cells and exerts a quality control function. Autophagy can also be stimulated by various stresses such as starvation or hypoxia to sustain cell survival [START_REF] Mizushima | Autophagy: process and function[END_REF][START_REF] Levine | Autophagy in the pathogenesis of disease[END_REF]. Although autophagy is essentially a prosurvival mechanism, overactivated autophagy can lead to cell death [START_REF] Fulda | Cell death by autophagy: emerging molecular mechanisms and implications for cancer therapy[END_REF]. In addition to its classical degradation role, autophagy was recently shown to participate in some secretion processes [START_REF] Ponpuak | Secretory autophagy[END_REF].

Autophagy is a complex process regulated by the coordinated action of more than 30 autophagy-related proteins (ATG) (Figure 1). Autophagy initiation is mediated by the UNC-51-like kinase (ULK1) complex which is negatively regulated by the mammalian target of rapamycin (mTOR) in nutrient-rich conditions [START_REF] Kim | AMPK and mTOR regulate autophagy through direct phosphorylation of Ulk1[END_REF]. Upon starvation, mTOR is inactivated, leading to ULK-1 activation and autophagy induction [START_REF] Hosokawa | Nutrientdependent mTORC1 association with the ULK1-Atg13-FIP200 complex required for autophagy[END_REF]. The Class III PI3K complex I is then recruited to initiate autophagosome formation. Elongation and closure of the phagophore requires two complexes containing ubiquitin-like proteins and their respective conjugation machineries [START_REF] Ohsumi | Two ubiquitin-like conjugation systems essential for autophagy[END_REF]. The first complex mediates the covalent conjugation of ATG12 to ATG5 due to the action of ATG7 and ATG10 enzymes. The ATG12-ATG5 conjugate then binds to ATG16 to form the ATG12-ATG5/ATG16 complex which is essential for autophagosome biogenesis. The second ubiquitin-like conjugation system allows the conjugation of phosphatidylethanolamine (PE) to the microtubule-associated light chain 3 (LC3 or ATG8). Nascent LC3 is first processed by the protease ATG4, activated by the ATG7 enzyme, transferred to the ATG3 conjugating enzyme, and then conjugated with PE [START_REF] Shpilka | Ubiquitin-like proteins and autophagy at a glance[END_REF]. LC3-PE (LC3-II) is an integral membrane protein present in autophagosomes and is used as an autophagosome marker.

The cellular material targeted to degradation is sequestered by autophagosomes through the action of selective autophagy receptors such as SQSTM1/p62, NBR1, NDP52 or Optineurin. Due to a specific amino acid sequence binding to ATG8 protein family members (LC3-interacting region or LIR motif), these receptors mediate the cargo delivery to autophagosomes [START_REF] Mancias | Mechanisms of Selective Autophagy in Normal Physiology and Cancer[END_REF][START_REF] Khaminets | Ubiquitin-Dependent And Independent Signals In Selective Autophagy[END_REF].

Autophagy in bone

Bone is a complex organ in which several cell types act in a coordinated manner.

Bone remodeling starts by the resorption of old mineralized bone matrix by osteoclasts (OC) followed by de novo bone formation by osteoblasts (OB).

Osteocytes (OST), the multifunctional mechanosensing cells, which are embedded within the bone matrix, orchestrate this remodeling process.

Autophagy is involved in OB differentiation [START_REF] Liu | Suppression of autophagy by FIP200 deletion leads to osteopenia in mice through the inhibition of osteoblast terminal differentiation[END_REF][START_REF] Nollet | Autophagy in osteoblasts is involved in mineralization and bone homeostasis[END_REF] , survival [START_REF] Zhang | Acidic pH environment induces autophagy in osteoblasts[END_REF]15] and function, i.e.

bone matrix mineralization [START_REF] Nollet | Autophagy in osteoblasts is involved in mineralization and bone homeostasis[END_REF][START_REF] Li | Defective autophagy in osteoblasts induces endoplasmic reticulum stress and causes remarkable bone loss[END_REF]. In OC, autophagy is also required for differentiation [START_REF] Wang | Osteoclast precursor differentiation by MCPIP via oxidative stress, endoplasmic reticulum stress, and autophagy[END_REF][START_REF] Chung | Beclin-1 is required for RANKL-induced osteoclast differentiation[END_REF][START_REF] Xiu | Chloroquine reduces osteoclastogenesis in murine osteoporosis by preventing TRAF3 degradation[END_REF] and several autophagic proteins are involved in bone resorption [START_REF] Deselm | Autophagy proteins regulate the secretory component of osteoclastic bone resorption[END_REF]. OST, which are long-lived key regulators of bone remodelling, are also highly dependent on autophagy for their survival and function [START_REF] Onal | Suppression of autophagy in osteocytes mimics skeletal aging[END_REF][START_REF] Piemontese | Low bone mass and changes in the osteocyte network in mice lacking autophagy in the osteoblast lineage[END_REF]. Finally, several lines of evidence suggest that an autophagy defect could be related to some bone pathologies such as osteoporosis [START_REF] Camuzard | Sex-specific autophagy modulation in osteoblastic lineage: a critical function to counteract bone loss in female[END_REF], Paget's disease of bone [START_REF] Daroszewska | A point mutation in the ubiquitin-associated domain of SQSMT1 is sufficient to cause a Paget's disease-like disorder in mice[END_REF], or osteopetrosis [START_REF] Ochotny | The R740S mutation in the V-ATPase a3 subunit results in osteoclast apoptosis and defective early-stage autophagy[END_REF] .

Autophagy in cancer

In the context of cancer, numerous studies have demonstrated that autophagy is used by tumor cells as a highly dynamic mechanism to repress initial steps in carcinogenesis and/or support the survival and growth of established tumors [START_REF] Amaravadi | Recent insights into the function of autophagy in cancer[END_REF][START_REF] White | Deconvoluting the context-dependent role for autophagy in cancer[END_REF] (Figure 2). In the early stages of tumorigenesis, autophagy may be tumor suppressive by (i) limiting chromosomal instability, (ii) restricting oxidative stress which can act as an oncogenic stimulus, (iii) preventing intratumoral necrosis and local inflammation. In advanced cancers, tumor-promoting functions of autophagy rely on survival in response to stresses due to cancer progression, metastasis and treatments [START_REF] White | Deconvoluting the context-dependent role for autophagy in cancer[END_REF]. Tumor cells use autophagy to maintain mitochondrial function and homeostasis required by their high energy demand of unrestrained proliferation. In addition, autophagy-mediated secretion can play a role in tumor microenvironment modification [START_REF] Kraya | Identification of secreted proteins that reflect autophagy dynamics within tumor cells[END_REF]. Autophagy has also been involved in the generation of a dormancy state which protects cells from chemotherapeutic stress [START_REF] Shimizu | IGF2 preserves osteosarcoma cell survival by creating an autophagic state of dormancy that protects cells against chemotherapeutic stress[END_REF]. Moreover, autophagy was shown to be required in the maintenance of stem cell properties, particularly in cancer stem cells (CSC) [START_REF] Pan | Autophagic control of cell "stemness[END_REF]. Autophagy is also required for the motility and invasion of metastatic tumor cells by the promotion of focal adhesion disassembly in an autophagic dependent manner via paxilline degradation [START_REF] Sharifi | Autophagy Promotes Focal Adhesion Disassembly and Cell Motility of Metastatic Tumor Cells through the Direct Interaction of Paxillin with LC3[END_REF] . Lastly, autophagy can also be used by cancer cells to modify host antitumor immunosurveillance and to inhibit adaptative and innate immune responses [START_REF] Viry | Hijacker of the Antitumor Immune Response: Autophagy Is Showing Its Worst Facet[END_REF] .

Hence, autophagy exerts context-dependent roles in cancer and most clinical trials, which target established tumors, were performed to inhibit autophagy [START_REF] Levy | Targeting autophagy in cancer[END_REF]. These trials, associating autophagy inhibitors with conventional treatments, led to encouraging results but further research is needed to define the safety and utility of this approach in each cancer type [START_REF] Levy | Targeting autophagy in cancer[END_REF]. In osteosarcoma, a clinical trial combining the autophagy inhibitor hydroxychloroquine with gemcitabine and docetaxel is presently in progress [START_REF] Gemcitabine | Docetaxel, and Hydroxychloroquine in Treating Participants With Recurrent or Refractory Osteosarcoma -Full Text View -ClinicalTrials[END_REF].

Autophagy in osteosarcoma

Autophagy is deregulated in osteosarcoma

Numerous genomic and epigenetic studies have revealed a striking genomic complexity and heterogeneity in osteosarcoma tumors. Several heritable genetic predisposition syndromes with germline mutations in the tumor suppressor genes such as TP53 and RB1 or in RecQL4 gene are associated with osteosarcoma [START_REF] Kansara | Translational biology of osteosarcoma[END_REF][START_REF] Gianferante | Germline and somatic genetics of osteosarcoma -connecting aetiology, biology and therapy[END_REF]. In addition, altered candidate driver genes with biological evidence for a role in osteosarcoma development have been identified in osteosarcoma somatic genomes [START_REF] Kansara | Translational biology of osteosarcoma[END_REF] .

Among the tumor suppressors frequently inactivated in osteosarcoma, several ones have been demonstrated to be involved in autophagy regulation [START_REF] Liu | Autophagy and cancer--issues we need to digest[END_REF][START_REF] Maiuri | Control of autophagy by oncogenes and tumor suppressor genes[END_REF] (Figure 3).

Indeed, RB1, ARF, WIF1, PTEN and TSSC3 were shown to trigger autophagy through various mechanisms [START_REF] Jiang | The RB-E2F1 pathway regulates autophagy[END_REF][START_REF] Pimkina | ARF induces autophagy by virtue of interaction with Bcl-xl[END_REF][41][START_REF] Chen | ATM-mediated PTEN phosphorylation promotes PTEN nuclear translocation and autophagy in response to DNA-damaging agents in cancer cells[END_REF][START_REF] Zhao | TSSC3 promotes autophagy via inactivating the Src-mediated PI3K/Akt/mTOR pathway to suppress tumorigenesis and metastasis in osteosarcoma, and predicts a favorable prognosis[END_REF]. TP53 exhibit a dual role in autophagy regulation, nuclear TP53 inducing autophagy through transcriptional regulation and cytoplasmic TP53 acting as a master autophagy repressor [START_REF] Maiuri | Control of autophagy by oncogenes and tumor suppressor genes[END_REF]. RECQL4 was also recently shown to exert a dual regulation of autophagy [START_REF] Duan | RecQL4 regulates autophagy and apoptosis in U2OS cells[END_REF]. In addition, several oncogenes activated in osteosarcoma such as IGF2, H19, COPS3 and RUNX2 also regulate autophagy [START_REF] Shimizu | IGF2 preserves osteosarcoma cell survival by creating an autophagic state of dormancy that protects cells against chemotherapeutic stress[END_REF][START_REF] Xu | Overexpression of long noncoding RNA H19 promotes invasion and autophagy via the PI3K/AKT/mTOR pathways in trophoblast cells[END_REF][START_REF] Zhang | Tumor-derived exosomes induce N2 polarization of neutrophils to promote gastric cancer cell migration[END_REF][START_REF] Tandon | The role of Runx2 in facilitating autophagy in metastatic breast cancer cells[END_REF]. Finally, different studies evidenced that the mTOR pathway was overactivated in osteosarcoma, suggesting autophagy inhibition [START_REF] Hu | mTOR signaling in osteosarcoma: Oncogenesis and therapeutic aspects (Review)[END_REF][START_REF] Ding | mTOR: An attractive therapeutic target for osteosarcoma?[END_REF]. Taken together, these data indicate that numerous autophagy regulators are affected in osteosarcoma, suggesting that this critical process is deregulated.

Nevertheless, autophagy can be induced in OS and the molecular mechanisms involved in autophagy triggering have been reviewed elsewhere [START_REF] O'farrill | Autophagy in osteosarcoma[END_REF].

The present review aims at updating our current knowledge regarding the complex pro and antitumoral role of autophagy in OS. Indeed, autophagy can either promote cell survival [START_REF] Shimizu | IGF2 preserves osteosarcoma cell survival by creating an autophagic state of dormancy that protects cells against chemotherapeutic stress[END_REF][START_REF] Zhang | Tumor-derived exosomes induce N2 polarization of neutrophils to promote gastric cancer cell migration[END_REF][START_REF] Akin | A novel ATG4B antagonist inhibits autophagy and has a negative impact on osteosarcoma tumors[END_REF][START_REF] Zhang | Knockdown of autophagy-related protein 6, Beclin-1, decreases cell growth, invasion, and metastasis and has a positive effect on chemotherapyinduced cytotoxicity in osteosarcoma cells[END_REF][START_REF] Min | Autophagy as a potential target for sarcoma treatment[END_REF] or contributes to cell death [START_REF] Li | Cell apoptosis, autophagy and necroptosis in osteosarcoma treatment[END_REF]. Moreover, autophagy can be involved in chemosensitivity or chemoresistance during osteosarcoma therapy [START_REF] Li | Cell apoptosis, autophagy and necroptosis in osteosarcoma treatment[END_REF]. In the next paragraphs, we will review several studies illustrating both aspects of autophagy role in osteosarcoma.

Autophagy as a protumoral process in osteosarcoma

In normal conditions, autophagy is a prosurvival pathway that preserves organelle function, prevents cellular waste product toxicity, and produces energy and substrates for survival. In this context, tumors can use autophagy to survive in a hostile microenvironment and to increase growth and aggressiveness.

Autophagy role in OS tumor cells

The protumoral role of autophagy has been demonstrated in several osteosarcoma cell lines by the knockdown of key autophagy genes. It has been shown that ATG4B, the cysteine proteinase activating LC3, is crucial for osteosarcoma development in the Saos-2 cell model [START_REF] Akin | A novel ATG4B antagonist inhibits autophagy and has a negative impact on osteosarcoma tumors[END_REF]. Indeed, treatment with an ATG4B chemical inhibitor results in autophagy deficiency and leads to a decreased proliferation in vitro and tumor growth in vivo [START_REF] Akin | A novel ATG4B antagonist inhibits autophagy and has a negative impact on osteosarcoma tumors[END_REF]. Similarly, using a siRNA approach in three osteosarcoma cell lines (HOS, MG-63, and U2OS), Zhang et al. have shown that BECN1 knockdown induces a decrease in cell growth and invasion in vitro and reduces metastasis development in vivo [START_REF] Zhang | Knockdown of autophagy-related protein 6, Beclin-1, decreases cell growth, invasion, and metastasis and has a positive effect on chemotherapyinduced cytotoxicity in osteosarcoma cells[END_REF].

Autophagy role in treatment resistance

In addition to the role of autophagy in osteosarcoma survival and progression, numerous studies have demonstrated its role in treatment resistance [START_REF] Li | Cell apoptosis, autophagy and necroptosis in osteosarcoma treatment[END_REF][START_REF] He | Molecular mechanisms of chemoresistance in osteosarcoma (Review)[END_REF]. First, several studies demonstrated that chemotherapy-resistant OS cells exhibit increased autophagy [START_REF] Jiang | Autophagic degradation of FOXO3a represses the expression of PUMA to block cell apoptosis in cisplatin-resistant osteosarcoma cells[END_REF][START_REF] Mukherjee | The dynamic role of autophagy and MAPK signaling in determining cell fate under cisplatin stress in osteosarcoma cells[END_REF][START_REF] Guan | Overexpression of caveolin-1 reduces Taxol resistance in human osteosarcoma cells by attenuating PI3K-Akt-JNK dependent autophagy[END_REF]. Then, different factors known to mediate drug resistance such as HMGB1, HSP90AA1 or GFRA1, exert their effects through autophagy induction [START_REF] Huang | HMGB1 promotes drug resistance in osteosarcoma[END_REF][START_REF] Xiao | HSP90AA1-mediated autophagy promotes drug resistance in osteosarcoma[END_REF][START_REF] Kim | GFRA1 promotes cisplatin-induced chemoresistance in osteosarcoma by inducing autophagy[END_REF]. Moreover, several microRNAs (miRNAs) inhibiting autophagy are downregulated in OS, participating in treatment resistance. miRNAs are small noncoding RNAs that regulate gene expression by binding to the 3′ untranslated region of their target mRNAs, leading to their translational suppression or degradation. MiRNAs are now recognized as major contributors in cancer development and treatment resistance, including in OS [START_REF] Chen | Drug resistance-related microRNAs in osteosarcoma: Translating basic evidence into therapeutic strategies[END_REF]. In addition, miRNAs were shown to regulate autophagy [START_REF] Chen | Regulation of Autophagy by MiRNAs and Their Emerging Roles in Tumorigenesis and Cancer Treatment[END_REF],

and several miRNAs target autophagy genes such as Atg5 [START_REF] Gu | LncRNA DICER1-AS1 promotes the proliferation, invasion and autophagy of osteosarcoma cells via miR-30b/ATG5[END_REF] or Atg16L1 [START_REF] Chen | MicroRNA-410 regulates autophagy-related gene ATG16L1 expression and enhances chemosensitivity via autophagy inhibition in osteosarcoma[END_REF].

MiR-410, which directly decreases the autophagy gene ATG16L1 expression, is markedly downregulated in human osteosarcoma tissues [START_REF] Chen | MicroRNA-410 regulates autophagy-related gene ATG16L1 expression and enhances chemosensitivity via autophagy inhibition in osteosarcoma[END_REF]. MiR-30a, which targets BECN1, is significantly reduced in doxorubicin-resistant OS cells [START_REF] Xu | MicroRNA-30a downregulation contributes to chemoresistance of osteosarcoma cells through activating Beclin-1-mediated autophagy[END_REF].

Chemoresistance of osteosarcoma tumor cells to doxorubicin is also associated with the downregulation of miR-143 expression, leading to autophagy activation with upregulation of ATG2B, Bcl-2 and LC3-II protein levels [67]. Similarly, miR-140-5p, which suppresses autophagy through HMGN5, is downregulated in OS and associated with patient's chemoresistance [START_REF] Meng | MicroRNA-140-5p regulates osteosarcoma chemoresistance by targeting HMGN5 and autophagy[END_REF]. More recently, it has been shown that some long non-coding RNAs are involved in autophagy activation in OS through miRNA targeting [START_REF] Gu | LncRNA DICER1-AS1 promotes the proliferation, invasion and autophagy of osteosarcoma cells via miR-30b/ATG5[END_REF][START_REF] Liu | LncRNA SNHG15 contributes to proliferation, invasion and autophagy in osteosarcoma cells by sponging miR-141[END_REF].

Finally, autophagy inhibition through BECN1 or Barkor/ATG14 knockdown results in an increased sensitivity of OS cells to chemotherapy [START_REF] Zhang | Knockdown of autophagy-related protein 6, Beclin-1, decreases cell growth, invasion, and metastasis and has a positive effect on chemotherapyinduced cytotoxicity in osteosarcoma cells[END_REF][START_REF] Zhao | Silencing of Barkor/ATG14 sensitizes osteosarcoma cells to cisplatin induced apoptosis[END_REF].

Autophagy involvement in treatment resistance can be mediated through various mechanisms. The protective effect can be mediated by ROS reduction, as it was described for radioresistance of OS cells [START_REF] Feng | Hypoxia-induced autophagy as an additional mechanism in human osteosarcoma radioresistance[END_REF]. Treatment resistance can also involve the degradation of apoptosis-promoting proteins. This is the case in cisplatinresistant OS cell lines exhibiting autophagic degradation of FOXO3A, which leads to decreased PUMA expression and apoptosis inhibition [START_REF] Jiang | Autophagic degradation of FOXO3a represses the expression of PUMA to block cell apoptosis in cisplatin-resistant osteosarcoma cells[END_REF]. Autophagy was also shown to participate in the maintenance of a dormancy-like state protecting OS cells from chemotherapeutic drugs [START_REF] Shimizu | IGF2 preserves osteosarcoma cell survival by creating an autophagic state of dormancy that protects cells against chemotherapeutic stress[END_REF]. Finally, Ma et al. have shown in osteosarcoma tissues that a weak level of the autophagy substrate p62, which correlates with an active autophagic flux, may be associated with higher metastatic and chemoresistant rates in osteosarcoma patients, suggesting a protumoral effect of autophagy [START_REF] Ma | Expression and Clinical Implication of Autophagy-Associated Protein p62 in Osteosarcoma[END_REF].

Considering the role of autophagy in OS treatment resistance, many studies combined the use of anti-cancer agents with autophagy inhibitors such as chloroquine, 3-methyladenine or spautin-1 (specific and potent autophagy inhibitor-1). These autophagy inhibitors enhance OS cell death induced by cisplatin [START_REF] Shen | Chloroquine blocks the autophagic process in cisplatin-resistant osteosarcoma cells by regulating the expression of p62/SQSTM1[END_REF],

doxorubicin [START_REF] Schott | The autophagy inhibitor spautin-1, either alone or combined with doxorubicin, decreases cell survival and colony formation in canine appendicular osteosarcoma cells[END_REF], bone-targeted gallium compound KP46 [START_REF] Kubista | Distinct activity of the bone-targeted gallium compound KP46 against osteosarcoma cells -synergism with autophagy inhibition[END_REF], and increase in vivo tumor regression following photodynamic therapy [START_REF] Yu | Autophagy inhibitor enhance ZnPc/BSA nanoparticle induced photodynamic therapy by suppressing PD-L1 expression in osteosarcoma immunotherapy[END_REF] or mTOR inhibition [START_REF] Zhu | The anti-cancer activity of the mTORC1/2 dual inhibitor XL388 in preclinical osteosarcoma models[END_REF].

Autophagy role in OS cancer stem cells

Autophagy was also shown to participate in the maintenance of cancer stem cell (CSC) properties [START_REF] Boya | Autophagy in stem cells: repair, remodelling and metabolic reprogramming[END_REF]. Regarding OS, very few studies investigated the role of autophagy in CSC. Zhang et al. have used the CD271 marker to isolate CSC from two human OS cell lines. CD271+ OS cells showed a higher autophagy activity than CD271-OS cells under hypoxia and low nutrient condition. Autophagy deficiency in the CD271+ cells decreased the stemness marker expression, restored chemotherapeutics sensitivity and restricted the advantage of CD271+ OS cells in terms of tumorigenesis in vivo [START_REF] Zhang | Defective autophagy leads to the of stem-like features of CD271+ osteosarcoma cells[END_REF]. More recently, calpain-6 was demonstrated to control OS CSC fate by promoting autophagy and preventing senescence [START_REF] Andrique | Calpain-6 controls the fate of sarcoma stem cells by promoting autophagy and preventing senescence[END_REF].

Autophagy as an antitumoral in osteosarcoma

While the cytoprotective role of autophagy is well described, particularly in response to cancer treatment, its role in cell death has long been controversial. However, several evidences now demonstrate autophagy implication in cell death, including in osteosarcoma.

Indeed, autophagy can result in an autophagic cell death, defined as an autophagymediated cell death that can be suppressed by the inhibition of the autophagic pathway [START_REF] Fulda | Cell death by autophagy: emerging molecular mechanisms and implications for cancer therapy[END_REF][START_REF] Doherty | Life, death and autophagy[END_REF]. Such an autophagic cell death was observed in vitro in WT and doxorubicin-resistant U2OS cells after treatment with the bisindolic alkaloid voacamine [START_REF] Meschini | The plant alkaloid voacamine induces apoptosis-independent autophagic cell death on both sensitive and multidrug resistant human osteosarcoma cells[END_REF]. Voacamine induced an apoptosis-independent cell death associated with autophagy stimulation, and knockdown of key autophagy genes resulted in decreased cell death [START_REF] Meschini | The plant alkaloid voacamine induces apoptosis-independent autophagic cell death on both sensitive and multidrug resistant human osteosarcoma cells[END_REF].

In addition, autophagy can also promote apoptosis or necroptosis through various mechanisms [START_REF] Doherty | Life, death and autophagy[END_REF]. This can be achieved, for example, through the degradation of anti-apoptotic and cell survival factors [START_REF] Doherty | Life, death and autophagy[END_REF]. In this context, treatment of U2OS or Saos-2 osteosarcoma cell lines with Riccardin (RD), a naturally occurring macrocyclic bisbibenzyl, triggers both autophagy and apoptosis and pharmacological or genetic autophagy inhibition decreased RD-mediated cell death [START_REF] Wang | Riccardin D induces cell death by activation of apoptosis and autophagy in osteosarcoma cells[END_REF]. Similarly, celastrol, a triterpene from traditional chinese medicine induces JNK activation and ROS generation, resulting in apoptosis and autophagy in MG-63 osteosarcoma cells [START_REF] Li | Celastrol induces apoptosis and autophagy via the ROS/JNK signaling pathway in human osteosarcoma cells: an in vitro and in vivo study[END_REF]. Pharmacological autophagy inhibition diminished caspase-3 and PARP cleavage, suggesting that autophagy promoted apoptosis.

Although a large number of studies demonstrate that chemotherapy triggers a cytoprotective autophagy, some of them indicate that autophagy can sensitize OS cells to chemotherapy. Inhibition of camptothecin-induced autophagy was shown to decrease cytotoxicity in DLM8 OS cells and to increase cytotoxicity in K7M3 OS cells [START_REF] Hollomon | Knockdown of autophagy-related protein 5, ATG5, decreases oxidative stress and has an opposing effect on camptothecin-induced cytotoxicity in osteosarcoma cells[END_REF]. Similarly, autophagy inhibition led to opposite effect in LM7 and CCH-OS-D or K7M3 OS cells [START_REF] O'farrill | Autophagy in osteosarcoma[END_REF]. In this last report, the authors showed that the expression of phosphorylated heat shock protein 27 (HSP27) after chemotherapy, predicts the effect of autophagy inhibition on OS cell survival or death.

Interestingly, a recent study of Livingston et al. demonstrated that the presence of LC3B+ puncta, an autophagosome marker, is an independent prognostic biomarker of improved survival following neoadjuvant chemotherapy [START_REF] Livingston | Analysis of HSP27 and the Autophagy Marker LC3B+ Puncta Following Preoperative Chemotherapy Identifies High-Risk Osteosarcoma Patients[END_REF]. This work, which was performed in tumor specimens isolated from 260 osteosarcoma patients, suggests that autophagy could be beneficial in this context.

Conclusion

Autophagy is a prosurvival pathway used by OS tumor cells to increase their proliferation and development, resist to cancer treatments and preserve a pool of CSC within the tumor. Nevertheless, autophagy can also be antitumoral in OS and lead to cell death but several general questions remains to be answered: which signal turns prosurvival autophagy into a death process ? Is there an autophagy threshold level required for cell death induction ? We only start to address these issues which are essential to understand the role of autophagy in OS and to use this pathway as a potential weapon against this cancer.

Legends to figures

Figure 1. Autophagy mechanism. The autophagy mechanism and the different molecular complexes involved in the process are presented. In response to different stimuli such as mTORC1 inactivation, autophagy is initiated through the action of the ULK1 complex and the class III PI3K complex. A phagophore is generated in the cytosol to isolate damaged organelles, aggregates and proteins. The ATG12 conjugation system and the LC3 conjugation system are then involved in the elongation and closure of the phagophore, leading to autophagosome formation.

Finally, the autophagosome fuses with lysosomes to degrade the material which will then be recycled. 
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