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Autophagy is quintessential for the maintenance of cellular homeostasis in all eukaryotic cells, explaining why both normal and malignant cells benefit from proficient autophagic responses.

Moreover, autophagy is intimately involved in the immunological control of malignant transformation, tumor progression and response to therapy. However, the net effect of autophagy activation or inhibition on the natural growth or therapeutic response of tumors evolving in immunocompetent hosts exhibits a considerable degree of context dependency. Here, we discuss the complex cross-talk between autophagy and immuno-oncology as delineated by genetic and pharmacological approaches in mouse models of cancer.

Introduction

The capacity of eukaryotic cells to fulfill housekeeping duties (such as the turnover of superfluous organelles and long-lived proteins), as well as the ability to react to fluctuations in the intracellular and extracellular rheostat by reinstating the homeostatic status quo, is strictly dependent on macroautophagy (referred to as autophagy from here onward) [START_REF] Mizushima | Autophagy: process and function[END_REF][START_REF] Dikic | Mechanism and medical implications of mammalian autophagy[END_REF][START_REF] Murrow | Autophagy as a stress-response and quality-control mechanism: implications for cell injury and human disease[END_REF][START_REF] Levine | Biological Functions of Autophagy Genes: A Disease Perspective[END_REF]. Autophagy is an evolutionarily conserved process during which disposable or toxic cellular components are sequentially engulfed in membranous structures (so-called 'autophagosomes') and delivered to the acidic lysosomal environment for cargo degradation and recycling [START_REF] He | Regulation mechanisms and signaling pathways of autophagy[END_REF][START_REF] Perera | The Lysosome as a Regulatory Hub[END_REF]. While autophagy proceeds at a baseline level in virtually all eukaryotic cells, perturbations in cellular homeostasis produced by endogenous and exogenous metabolic, oxidative or chemical cues raise the flux of material through the autophagic pathway well beyond the physiological threshold [START_REF] Ryter | Autophagy: a critical regulator of cellular metabolism and homeostasis[END_REF][START_REF] Bento | Mammalian Autophagy: How Does It Work?[END_REF][START_REF] Sica | Organelle-Specific Initiation of Autophagy[END_REF].

There is broad consensus around the notion that autophagy actively participates to the metabolic adaptation to energetic stress, driven by the leading observation that a prominent surge in the autophagic tone occurs (both at the cellular and organismal level) in physiological scenarios of nutrient scarcity [START_REF] Mizushima | In vivo analysis of autophagy in response to nutrient starvation using transgenic mice expressing a fluorescent autophagosome marker[END_REF][START_REF] Rabinowitz | Autophagy and metabolism[END_REF][START_REF] Anderson | Autophagy and cancer cell metabolism[END_REF]. Accordingly, the autophagic apparatus (through the essential mediation of metabolitespecific sensors) [START_REF] Singh | Autophagy in the cellular energetic balance[END_REF] is poised to respond to decreased levels of energetically meaningful molecules by mounting a reaction that is commensurate to the magnitude of the inducing stimulus, ultimately leading to the mobilization of energetic resources (including sugars, amino acids, nucleotides and fatty acids) from intracellular stores [START_REF] Galluzzi | Metabolic control of autophagy[END_REF]. Consistent with a paramount function in the regulation of cellular fitness, autophagy is generally regarded as a pro-survival mechanism, although its direct involvement in instances of cellular demise has also been reported [15,[START_REF] Denton | Autophagy-dependent cell death[END_REF]. Similarly, the induction of autophagy is considered a conditio sine qua non for the translation of caloric restriction into healthspan and lifespan extension in a variety of model organisms [START_REF] Meléndez | Autophagy genes are essential for dauer development and life-span extension in C. elegans[END_REF][START_REF] Morselli | Caloric restriction and resveratrol promote longevity through the Sirtuin-1-dependent induction of autophagy[END_REF][START_REF] Fontana | Extending healthy life span--from yeast to humans[END_REF]. Conversely, the genetic or pharmacological inhibition of the autophagic cascade precipitates the aged phenotype [START_REF] Leidal | Autophagy and the cell biology of age-related disease[END_REF][START_REF] Hansen | Autophagy as a promoter of longevity: insights from model organisms[END_REF][START_REF] Cassidy | Dynamic modulation of autophagy: implications for aging and cancer[END_REF], while promoting the occurrence of numerous age-associated pathologies including cancer [START_REF] Rybstein | The autophagic network and cancer[END_REF][START_REF] Nencioni | Fasting and cancer: molecular mechanisms and clinical application[END_REF][START_REF] Buono | Starvation, Stress Resistance, and Cancer[END_REF].

In its canonical configuration [START_REF] Codogno | Canonical and non-canonical autophagy: variations on a common theme of self-eating?[END_REF][START_REF] Fracchiolla | Sorting out "non-canonical" autophagy[END_REF], the autophagic cascade involves the coordinated recruitment of multiple autophagy related proteins (ATGs) at a cellular location devoted to the formation of new autophagosomes [START_REF] Xie | Atg8 controls phagophore expansion during autophagosome formation[END_REF][START_REF] Lamb | The autophagosome: origins unknown, biogenesis complex[END_REF]. Overall, the process can be subdivided into four distinct stages (initiation, nucleation, elongation/closure, maturation/fusion), each of which is tightly regulated by a specific set of ATGs and accessory proteins [START_REF] He | Regulation mechanisms and signaling pathways of autophagy[END_REF]. In particular, the autophagic reaction is normally subjected to the repressive control of the mechanistic target of rapamycin (MTOR) complex 1 (mTORC1), which keeps autophagy initiation at bay through the inhibitory phosphorylation of unc-51-like autophagy-activating kinase 1 (ULK1) and autophagy-related 13 (ATG13) [START_REF] Dikic | Mechanism and medical implications of mammalian autophagy[END_REF][START_REF] He | Regulation mechanisms and signaling pathways of autophagy[END_REF]. The autophagy-suppressive function of mTORC1 is counteracted by 5' AMP-activated protein kinase (AMPK), which responds to dwindling ATP levels by igniting autophagy via convergent mechanisms that encompass not only the inhibition of mTORC1, but also the direct activation of ULK1, phosphatidylinositol 3-kinase catalytic subunit type 3 (PIK3C3, also known as Vps34) and beclin 1 (BECN1) [START_REF] Galluzzi | Metabolic control of autophagy[END_REF][START_REF] Kim | AMPK and mTOR regulate autophagy through direct phosphorylation of Ulk1[END_REF][START_REF] Saxton | mTOR Signaling in Growth[END_REF][START_REF] Inoki | AMPK and mTOR in cellular energy homeostasis and drug targets[END_REF]. Autophagosome elongation is exquisitely defined by two ATG7-dependent ubiquitin-like conjugation systems [START_REF] Dikic | Proteasomal and Autophagic Degradation Systems[END_REF], which catalyze the formation of the ATG12-ATG5-ATG16L1 complex as well as the conjugation of phosphatidylethanolamine moieties to microtubule associated protein 1 light chain 3 beta (MAP1LC3B; best known as LC3B) or one of its homologues [START_REF] Tanida | LC3 conjugation system in mammalian autophagy[END_REF]. The conjugation of LC3B to the autophagosome is instrumental for the sequestration of autophagic substrates [START_REF] Stolz | Cargo recognition and trafficking in selective autophagy[END_REF], largely reflecting the interaction of LC3 interacting region (LIR)-containing adapter proteins including the ubiquitin-binding protein sequestosome 1 (SQSTM1; best known as p62) and LC3B [START_REF] Rogov | Interactions between autophagy receptors and ubiquitin-like proteins form the molecular basis for selective autophagy[END_REF][START_REF] Behrends | Network organization of the human autophagy system[END_REF]. Importantly, the choice of the autophagosomal cargo can occur in a rather non-selective manner or be highly selective, generally depending on the autophagy-inducing stimulus [START_REF] Stolz | Cargo recognition and trafficking in selective autophagy[END_REF]. Thus, while energetic stress often elicits the untargeted delivery of bulk portions of the cytoplasm for degradation, selective autophagy has been extensively reported in response to the accumulation of permeabilized mitochondria (mitophagy), endoplasmic reticulum (ER) stress (reticulophagy), protein aggregates (aggrephagy) or invading pathogens (xenophagy) [START_REF] Farré | Mechanistic insights into selective autophagy pathways: lessons from yeast[END_REF][START_REF] Gatica | Cargo recognition and degradation by selective autophagy[END_REF][START_REF] Galluzzi | Molecular definitions of autophagy and related processes[END_REF][START_REF] Zaffagnini | Mechanisms of Selective Autophagy[END_REF]. Of note, most ATG proteins also exert autophagy-independent functions, being involved in the regulation of essential cellular processes including cell division, noncanonical protein secretion, vesicular trafficking and inflammation [START_REF] Galluzzi | Autophagy-Independent Functions of the Autophagy Machinery[END_REF][START_REF] Ponpuak | Secretory autophagy[END_REF][START_REF] Heckmann | LC3-Associated Phagocytosis and Inflammation[END_REF][START_REF] Amaya | Autophagy and proteins involved in vesicular trafficking[END_REF].

Owing to the essential function of autophagy as a quality control mechanism in support of cellular homeostasis, pharmacological or genetic interventions that impair autophagic flux compromise the genomic stability of healthy cells and therefore precipitate malignant transformation [START_REF] Rybstein | The autophagic network and cancer[END_REF][START_REF] Santana-Codina | The Role of Autophagy in Cancer[END_REF][START_REF] Mathew | Role of autophagy in cancer[END_REF][START_REF] White | The role for autophagy in cancer[END_REF][START_REF] Levy | Targeting autophagy in cancer[END_REF][START_REF] Bhutia | Autophagy: cancer's friend or foe?[END_REF][START_REF] Cassidy | Temporal inhibition of autophagy reveals segmental reversal of ageing with increased cancer risk[END_REF].

However, a large body of evidence supports the notion that autophagy has a Janus-faced impact on cancer biology, acting as a tumor-suppressive or tumor-promoting process depending on cancer type, stage, driver mutation(s) and other variables [START_REF] Rybstein | The autophagic network and cancer[END_REF][START_REF] Santana-Codina | The Role of Autophagy in Cancer[END_REF][START_REF] Mathew | Role of autophagy in cancer[END_REF][START_REF] White | The role for autophagy in cancer[END_REF][START_REF] Levy | Targeting autophagy in cancer[END_REF][START_REF] Bhutia | Autophagy: cancer's friend or foe?[END_REF][START_REF] Cassidy | Temporal inhibition of autophagy reveals segmental reversal of ageing with increased cancer risk[END_REF]. In particular, established tumors obtain significant benefits from the homeostatic functions of autophagy, not only from a metabolic standpoint (autophagy supports the metabolic fitness of malignant cells facing the nutritional limitations that often characterize the tumor microenvironment, TME) [START_REF] Poillet-Perez | Autophagy maintains tumour growth through circulating arginine[END_REF][START_REF] Pavlova | The Emerging Hallmarks of Cancer Metabolism[END_REF][START_REF] Kimmelman | Autophagy and Tumor Metabolism[END_REF] but also from a therapeutic perspective (autophagy is involved in several instance of chemo-and radioresistance) [START_REF] Levy | Targeting autophagy in cancer[END_REF][START_REF] Kim | Cellular Stress Responses in Radiotherapy[END_REF][START_REF] Smith | Autophagy, cancer stem cells and drug resistance[END_REF]. Adding a further layer of complexity, an in-depth understanding of the impact of autophagy on cancer biology cannot prescind from (1) the non-cell autonomous effects of the process [START_REF] Galluzzi | Linking cellular stress responses to systemic homeostasis[END_REF][START_REF] Thorburn | Non-cell-autonomous Effects of Autophagy Inhibition in Tumor Cells Promote Growth of Drugresistant Cells[END_REF], and (2) the key functions of autophagy in other cells of the TME [START_REF] Santana-Codina | The Role of Autophagy in Cancer[END_REF][START_REF] Galluzzi | Linking cellular stress responses to systemic homeostasis[END_REF][START_REF] Mowers | Functions of autophagy in the tumor microenvironment and cancer metastasis[END_REF]]. In fact, autophagy occurs (at a different pace) in all cellular components of the TME, hence directly intervening in the crosstalk between stromal, immune and neoplastic cells. Consistent with this notion, the modulation of autophagic responses has a robust impact on the metabolic and cellular composition of TME, in turn supporting or restraining tumor growth [START_REF] Santana-Codina | The Role of Autophagy in Cancer[END_REF][START_REF] Kimmelman | Autophagy and Tumor Metabolism[END_REF][START_REF] Galluzzi | Linking cellular stress responses to systemic homeostasis[END_REF][START_REF] Mowers | Functions of autophagy in the tumor microenvironment and cancer metastasis[END_REF]]. Thus, autophagy regulates multiple aspects of innate and adaptive immune responses to cancer [START_REF] He | Autophagy Regulation of Mammalian Immune Cells[END_REF][START_REF] Gerada | Autophagy, the innate immune response and cancer[END_REF], including (but not limited to): (1) the ability of malignant cells to emit adjuvant-like immunostimulatory signals in the course of immunogenic cell death (ICD) [START_REF] Pietrocola | Autophagy in natural and therapydriven anticancer immunosurveillance[END_REF][START_REF] Galluzzi | Consensus guidelines for the definition, detection and interpretation of immunogenic cell death[END_REF][START_REF] Nayagom | Immunogenic cell death in a combined synergic gene-and immune-therapy against cancer[END_REF][START_REF] Krysko | Immunogenic cell death and DAMPs in cancer therapy[END_REF]; [START_REF] Dikic | Mechanism and medical implications of mammalian autophagy[END_REF] the capacity of malignant cells to establish an inflammatory microenvironment [START_REF] Matsuzawa-Ishimoto | Autophagy and Inflammation[END_REF][START_REF] Rodriguez-Ruiz | Immunological impact of cell death signaling driven by radiation on the tumor microenvironment[END_REF]; (3) the ability of dendritic cells (DCs) to present tumor antigens to CD8 + cytotoxic T lymphocytes (CTLs) and CD4 + helper T cells [START_REF] Li | Efficient cross-presentation depends on autophagy in tumor cells[END_REF][START_REF] Lee | In vivo requirement for Atg5 in antigen presentation by dendritic cells[END_REF][START_REF] Martinek | Interplay between dendritic cells and cancer cells[END_REF][START_REF] Crotzer | Autophagy and its role in MHC-mediated antigen presentation[END_REF][START_REF] Kotsias | Antigen processing and presentation[END_REF]; and (4) the development, survival and effector functions of various immune cells including CD8 + CTLs as well as natural killer (NK) cells [START_REF] Germic | Regulation of the innate immune system by autophagy: monocytes, macrophages, dendritic cells and antigen presentation[END_REF][START_REF] O'sullivan | Sun, Atg5 Is Essential for the Development and Survival of Innate Lymphocytes[END_REF][START_REF] Germic | Regulation of the innate immune system by autophagy: neutrophils, eosinophils, mast cells, NK cells[END_REF][START_REF] Clarke | Autophagy in the renewal, differentiation and homeostasis of immune cells[END_REF][START_REF] Wang | FoxO1-mediated autophagy is required for NK cell development and innate immunity[END_REF].

Here, we discuss the multifaceted interactions between autophagy and various aspects of the oncogenic process as they have emerged from a variety of murine models of autophagic incompetence.

Autophagy in oncogenesis: an immune perspective

Our current knowledge about the role of autophagy in malignant transformation mostly derives from genetic mouse models of autophagic incompetence [START_REF] Kuma | Autophagy-monitoring and autophagy-deficient mice[END_REF]. As the whole-body knockout of various ATGcoding genes is lethal, either during embryonic development or soon after birth [START_REF] Mizushima | Autophagy in mammalian development and differentiation[END_REF][START_REF] Kuma | The role of autophagy during the early neonatal starvation period[END_REF], these experimental systems normally impose partial autophagic incompetence (e.g., Becn1 +/-mice) [START_REF] Qu | Promotion of tumorigenesis by heterozygous disruption of the beclin 1 autophagy gene[END_REF].

Alternatively, the Cre-lox recombination system has been harnessed to delete a gene of interest (flanked by loxP sequences) upon (1) expression of the Cre recombinase in a specific tissue, (2) viral delivery of the Cre recombinase to specific organs (e.g., the lungs) of adult mice, or (3) chemical activation of a Cre variant expressed systemically or in selected tissues [START_REF] Kim | Mouse Cre-LoxP system: general principles to determine tissue-specific roles of target genes[END_REF][START_REF] Gu | Independent control of immunoglobulin switch recombination at individual switch regions evidenced through Cre-loxP-mediated gene targeting[END_REF][START_REF] Takamura | Autophagy-deficient mice develop multiple liver tumors[END_REF][START_REF] Komatsu | Impairment of starvation-induced and constitutive autophagy in Atg7-deficient mice[END_REF]. Additional insights into the impact of autophagy on early oncogenesis came from the development of genetically engineered mouse models (GEMMs) of various cancer types combined with the aforementioned methods to inactivate autophagic genes [START_REF] Santana-Codina | The Role of Autophagy in Cancer[END_REF][START_REF] White | The role for autophagy in cancer[END_REF][START_REF] Guo | Autophagy suppresses progression of K-ras-induced lung tumors to oncocytomas and maintains lipid homeostasis[END_REF]. Indeed, unlike cancer cell-based or patient-derived xenografts, GEMMs allow for the study of tumor dynamics in the tissue of origin in the context of an intact immune system [START_REF] Kersten | Genetically engineered mouse models in oncology research and cancer medicine[END_REF][START_REF] Heyer | Non-germline genetically engineered mouse models for translational cancer research[END_REF], although (at least in some cases) they exhibit limited mutational burden and hence do not necessarily mimic their human counterparts [START_REF] Buqué | Modeling Tumor Immunology and Immunotherapy in Mice[END_REF][START_REF] Olson | Mouse Models for Cancer Immunotherapy Research[END_REF][START_REF] Dupage | Genetically engineered mouse models of cancer reveal new insights about the antitumor immune response[END_REF]. In some instances, this issue can be circumvented with carcinogen-driven models, such as endogenous mammary tumors driven in mice by medroxyprogesterone acetate (MPA) and 7,12-dimethylbenz[a]anthracene (DMBA) [START_REF] Buqué | Immunoprophylactic and immunotherapeutic control of hormone receptor-positive breast cancer[END_REF]. However, similar models have only been combined with autophagy defects sporadically [START_REF] Salah | Tumor suppression in mice lacking GABARAP, an Atg8/LC3 family member implicated in autophagy, is associated with alterations in cytokine secretion and cell death[END_REF].

Pioneering work from Beth Levine's group originally reported that Becn1 +/-mice spontaneously develop various malignancies (including lymphomas, lung and hepatic carcinomas) [START_REF] Qu | Promotion of tumorigenesis by heterozygous disruption of the beclin 1 autophagy gene[END_REF][START_REF] Liang | Induction of autophagy and inhibition of tumorigenesis by beclin 1[END_REF], demonstrating for the first time that autophagy mediates strong oncopreventive effects in normal tissues. Consistent with these findings, Becn1 +/-mice are more susceptible to parity-and WNT1-driven mammary carcinogenesis than their littermates [START_REF] Cicchini | Autophagy regulator BECN1 suppresses mammary tumorigenesis driven by WNT1 activation and following parity[END_REF], and deletion of Ambra1 (coding for a BECN1 interactor) places mice at increased risk for a variety of tumors [START_REF] Cianfanelli | AMBRA1 links autophagy to cell proliferation and tumorigenesis by promoting c-Myc dephosphorylation and degradation[END_REF]. Consistent with these findings, the genetic inhibition of autophagy via a doxycycline-inducible expression of a short-hairpin (shRNA) targeting ATG5 [START_REF] Cassidy | Temporal inhibition of autophagy reveals segmental reversal of ageing with increased cancer risk[END_REF][START_REF] Cassidy | A novel Atg5-shRNA mouse model enables temporal control of Autophagy in vivo[END_REF] as well as the liver-specific mosaic deletion of Atg5 [START_REF] Takamura | Autophagy-deficient mice develop multiple liver tumors[END_REF] and the knockout of Atg5 or Atg7 in the lung or pancreas [START_REF] Rao | A dual role for autophagy in a murine model of lung cancer[END_REF][START_REF] Strohecker | Autophagy sustains mitochondrial glutamine metabolism and growth of BrafV600E-driven lung tumors[END_REF][START_REF] Rosenfeldt | p53 status determines the role of autophagy in pancreatic tumour development[END_REF] exacerbates spontaneous or transgene-driven oncogenesis.

While some of these studies were specifically designed to interrogate how autophagy defects in healthy parenchymal cells (e.g., hepatocytes) impact early oncogenesis, it is conceivable that the results obtained upon whole-body autophagy inhibition may involve (at least to some degree) defects in the pre-malignant microenvironment [START_REF] Zhong | Autophagy, Inflammation, and Immunity: A Troika Governing Cancer and Its Treatment[END_REF]. In support of this notion, chronic inflammation has been associated with an increased risk for malignant transformation in multiple tissues including colorectal and mammary epithelia, and autophagy robustly inhibits inflammatory responses [START_REF] Zhong | Autophagy, Inflammation, and Immunity: A Troika Governing Cancer and Its Treatment[END_REF][START_REF] Levine | Autophagy in immunity and inflammation[END_REF][START_REF] Zhu | How autophagy is tied to inflammation and cancer[END_REF][START_REF] Deretic | Autophagy in infection, inflammation and immunity[END_REF]. Thus, ablation of essential components of the autophagic machinery coupled to the pathologically meaningful accumulation of SQSTM1 [START_REF] Moscat | p62 in Cancer: Signaling Adaptor Beyond Autophagy[END_REF][START_REF] Moscat | p62 at the crossroads of autophagy, apoptosis, and cancer[END_REF] favors the overgeneration of reactive oxygen species (ROS) [START_REF] Mathew | Autophagy suppresses tumorigenesis through elimination of p62[END_REF] and consequent production of pro-inflammatory cytokines such as tumor necrosis factor (TNF) and interleukin 6 (IL6) [START_REF] Zhong | Autophagy, Inflammation, and Immunity: A Troika Governing Cancer and Its Treatment[END_REF][START_REF] Monkkonen | Inflammatory signaling cascades and autophagy in cancer[END_REF][START_REF] Crisan | Inflammasome-independent modulation of cytokine response by autophagy in human cells[END_REF][START_REF] Lock | Autophagy-dependent production of secreted factors facilitates oncogenic RAS-driven invasion[END_REF]. Moreover, autophagy is directly involved in the degradation of inflammasomes [START_REF] Matsuzawa-Ishimoto | Autophagy and Inflammation[END_REF][START_REF] Lamkanfi | Mechanisms and functions of inflammasomes[END_REF], which are supramolecular platforms for the maturation and secretion of proinflammatory IL-1β and IL-18, as well as one of the main endogenous activators thereof, i.e., mitochondrial (mt) DNA spilling into the cytosol [START_REF] Kepp | Mitochondrial control of the NLRP3 inflammasome[END_REF][START_REF] Zhong | New mitochondrial DNA synthesis enables NLRP3 inflammasome activation[END_REF][START_REF] Nakahira | Autophagy proteins regulate innate immune responses by inhibiting the release of mitochondrial DNA mediated by the NALP3 inflammasome[END_REF][START_REF] Yamazaki | Mitochondrial DNA drives abscopal responses to radiation that are inhibited by autophagy[END_REF].

Autophagy defects can also perturb the ability of DCs and CD8 + CTLs to ensure the immunological elimination of newly formed malignant cells [START_REF] Chen | Oncology meets immunology: the cancer-immunity cycle[END_REF][START_REF] Spel | Antitumor immune responses mediated by dendritic cells: How signals derived from dying cancer cells drive antigen cross-presentation[END_REF]. On the one hand, autophagic responses in dying cancer cells appear to be important for DCs to engage in cross-presentation to CD8 + CTLs upon the uptake of apoptotic bodies, which is a key step in anticancer immunity [START_REF] Li | Efficient cross-presentation depends on autophagy in tumor cells[END_REF][START_REF] Lee | The role of dendritic cells in cancer[END_REF][START_REF] Sprooten | Type I interferons and dendritic cells in cancer immunotherapy[END_REF][START_REF] Iurescia | Targeting Cytosolic Nucleic Acid-Sensing Pathways for Cancer Immunotherapies[END_REF]. On the other hand, DCs require ATG5 functions to present antigens on MHC Class II molecules [START_REF] Crotzer | Autophagy and its role in MHC-mediated antigen presentation[END_REF][START_REF] Münz | Antigen Processing for MHC Class II Presentation via Autophagy[END_REF][START_REF] Oh | Autophagy protein ATG5 regulates CD36 expression and anti-tumor MHC class II antigen presentation in dendritic cells[END_REF], although cross-presentation seems to be unaffected by the loss of Atg5 in DCs [START_REF] Lee | In vivo requirement for Atg5 in antigen presentation by dendritic cells[END_REF][START_REF] Mintern | Differential use of autophagy by primary dendritic cells specialized in cross-presentation[END_REF]. Moreover, the proficient autophagic disposal of mitochondria driven by the loss of signal transducer and activator of transcription 3 (STAT3) [START_REF] You | The role of STAT3 in autophagy[END_REF] in intestinal epithelial cells supports cancer immunosurveillance [START_REF] Rao | Cancer Immunosurveillance by T Cells[END_REF] by favoring iron-dependent lysosomal permeabilization [START_REF] Aits | Lysosomal cell death at a glance[END_REF] coupled to accrued antigen presentation on MHC Class I molecules and DC cross-dressing (the direct transfer of pre-formed MHC Class I antigen-loaded complexes from cancer cells to DCs) [START_REF] Ziegler | Mitophagy in Intestinal Epithelial Cells Triggers Adaptive Immunity during Tumorigenesis[END_REF][START_REF] Das Mohapatra | Crossdressing of CD8alpha(+) Dendritic Cells with Antigens from Live Mouse Tumor Cells Is a Major Mechanism of Cross-priming[END_REF][START_REF] Campana | Cross-dressing: an alternative mechanism for antigen presentation[END_REF].

CD8 + CTLs also rely on autophagy, not only for physiological development and execution of effector functions upon encountering their cognate antigen [START_REF] Xu | Autophagy is essential for effector CD8(+) T cell survival and memory formation[END_REF][START_REF] Pua | A critical role for the autophagy gene Atg5 in T cell survival and proliferation[END_REF], but also for long-term survival upon acquisition of a memory phenotype [START_REF] Puleston | Autophagy is a critical regulator of memory CD8(+) T cell formation[END_REF][START_REF] Devorkin | Autophagy Regulation of Metabolism Is Required for CD8(+) T Cell Anti-tumor Immunity[END_REF]. That said, the deletion of Atg5 or another essential ATG-coding gene in CD11c + DCs or CD8 + CTLs has not yet been experimentally linked to increased spontaneous or transgene-driven oncogenesis. Conversely, mice with a CD4-specific deletion of Pik3c3 spontaneously develop duodenal adenomas with age [START_REF] Parekh | Impaired autophagy, defective T cell homeostasis, and a wasting syndrome in mice with a T cell-specific deletion of Vps34[END_REF], most likely as a consequence of accrued inflammation downstream of the depletion of immunosuppressive CD4 + CD25 + FOXP3 + regulatory T (TREG) cells [START_REF] Brummelman | The Single-Cell Phenotypic Identity of Human CD8(+) and CD4(+) T Cells[END_REF][START_REF] Tanchot | Tumor-infiltrating regulatory T cells: phenotype, role, mechanism of expansion in situ and clinical significance[END_REF][START_REF] Jacquin | Cell-Intrinsic Roles for Autophagy in Modulating CD4 T Cell Functions[END_REF], which are more reliant on autophagy for survival than their effector counterparts [START_REF] Wei | Autophagy enforces functional integrity of regulatory T cells by coupling environmental cues and metabolic homeostasis[END_REF]. Conversely, preneoplastic pulmonary lesions driven in mice by KRAS G12D are prone to transition to lung carcinomas upon deletion of Atg5 from the lung epithelium, which is accompanied by accrued recruitment of TREG cells and local immunosuppression [START_REF] Rao | A dual role for autophagy in a murine model of lung cancer[END_REF]. These apparently contrasting findings highlight the importance of both cellular and microenvironmental context in the net effects of autophagy defects on malignant transformation.

Lending further support to this notion, autophagy defects have been shown to limit, rather than to accelerate, malignant transformation in some settings. Specifically, the shRNA-mediated depletion of ATG7, ATG13 or ULK1 restrains gliomagenesis driven by KRAS [START_REF] Gammoh | Suppression of autophagy impedes glioblastoma development and induces senescence[END_REF]. Along similar lines, conditional deletion of RB1 inducible coiled-coil 1 (Rb1cc1) in mammary epithelial cells suppresses the initiation of mammary carcinomas driven by the polyomavirus middle T antigen (PyMT) [START_REF] Wei | Suppression of autophagy by FIP200 deletion inhibits mammary tumorigenesis[END_REF],

which not only develop with delayed kinetics, but also exhibit robust type I interferon (IFN) signaling and C-X-C motif chemokine ligand 10 (CXCL10)-dependent CTL recruitment (presumably indicating an improved immunological control) [START_REF] Wei | Suppression of autophagy by FIP200 deletion inhibits mammary tumorigenesis[END_REF][START_REF] Khodarev | Intracellular RNA Sensing in Mammalian Cells: Role in Stress Response and Cancer Therapies[END_REF]. In line with this hypothesis, intestinal dysbiosis promoted by the conditional loss of Atg7 in Apc +/-intestinal epithelial cells prevents the formation of pre-cancerous lesions by a CTL-dependent mechanism [START_REF] Lévy | Intestinal inhibition of Atg7 prevents tumour initiation through a microbiome-influenced immune response and suppresses tumour growth[END_REF].

Taken together, these observations delineate a complex network of early oncosuppression that involves not only the autophagy-dependent preservation of homeostasis in parenchymal cells, but also the autophagy-regulated activation of immunosurveillance (Figure 1A). Depending on the specific molecular and cellular links underlying such regulation, autophagy defects can thus promote or suppress malignant transformation.

Autophagy and tumor progression

Disruption of autophagy in malignant cells drastically compromises tumor progression in a variety of GEMMs, virtually irrespective of driver mutation(s) [START_REF] White | The role for autophagy in cancer[END_REF]. Specifically, a convergent pattern of inhibited progression upon autophagy disruption in malignant cells has been reported in the context of KRAS G12D -or BRAF V600E -driven lung cancer [START_REF] Rao | A dual role for autophagy in a murine model of lung cancer[END_REF][START_REF] Strohecker | Autophagy sustains mitochondrial glutamine metabolism and growth of BrafV600E-driven lung tumors[END_REF], KRAS G12D -driven pancreatic ductal carcinoma (PDAC) [START_REF] Rosenfeldt | p53 status determines the role of autophagy in pancreatic tumour development[END_REF][START_REF] Yang | Autophagy is critical for pancreatic tumor growth and progression in tumors with p53 alterations[END_REF], castrate-naïve and castrate-resistant prostate cancer driven by phosphatase and tensin homolog (Pten) loss [START_REF] Santanam | Atg7 cooperates with Pten loss to drive prostate cancer tumor growth[END_REF] and melanoma promoted by simultaneous BRAF V600E activation and Pten loss in melanocytes [START_REF] Xie | Atg7 Overcomes Senescence and Promotes Growth of BrafV600E-Driven Melanoma[END_REF]. Of note, at least in some of these models, the impact of autophagic defects on disease progression appears to be under epistatic control by the oncosuppressor tumor protein p53 (TP53, best known as p53), as the bi-allelic loss of Trp53 (the mouse p53-coding gene) supports tumor growth and metastatic dissemination regardless of autophagic status [START_REF] Rao | A dual role for autophagy in a murine model of lung cancer[END_REF][START_REF] Rosenfeldt | p53 status determines the role of autophagy in pancreatic tumour development[END_REF]. Taken together, these data lend further ground to the function of autophagy as a key process for the preservation of cancer cell fitness in the context of microenvironmental stress [START_REF] Kimmelman | Autophagy and Tumor Metabolism[END_REF][START_REF] Poillet-Perez | Role of tumor and host autophagy in cancer metabolism[END_REF].

The realization that autophagy-proficient transgene-driven tumors progress faster than their autophagydeficient counterparts in immunocompetent mice spurred considerable interest in the possibility that autophagy would mediate immunosuppressive effects supporting disease progression. However, GEMMs of oncogenesis are poorly visible to the adaptive immune system as a consequence of a reduced antigenic burden, and thus are not particularly appropriate for studying the cancer-immune system interaction [START_REF] Buqué | Modeling Tumor Immunology and Immunotherapy in Mice[END_REF][START_REF] Olson | Mouse Models for Cancer Immunotherapy Research[END_REF][START_REF] Dupage | Genetically engineered mouse models of cancer reveal new insights about the antitumor immune response[END_REF]. Indeed, autophagic defects have ultimately been associated with both immunostimulatory and immunosuppressive TME configurations, largely depending on the specific tumor model [START_REF] Rybstein | The autophagic network and cancer[END_REF]. For instance, the conditional deletion of Atg7 KRAS G12D -driven lung cancers (which culminates in the aberrant accumulation of mitochondria and development of benign oncocytomas) correlated with abundant tumor infiltration by CTLs and macrophages [START_REF] Guo | Autophagy suppresses progression of K-ras-induced lung tumors to oncocytomas and maintains lipid homeostasis[END_REF][START_REF] Guerriero | Macrophages: Their Untold Story in T Cell Activation and Function[END_REF]. In this setting, superior immunosurveillance was attributed to an inflammatory response caused by Atg7 deletion that was so robust as to ultimately cause the death of the animals [START_REF] Guo | Autophagy suppresses progression of K-ras-induced lung tumors to oncocytomas and maintains lipid homeostasis[END_REF]. Along similar lines, the pancreatarestricted, inducible expression of a dominant-negative (DN) variant of autophagy related 4B cysteine peptidase (ATG4B) limited the progression of PDACs driven by KRAS G12D and heterozygous Trp53 loss, commensurate with the local recruitment of macrophages with antitumor activity [START_REF] Yang | Autophagy Sustains Pancreatic Cancer Growth through Both Cell-Autonomous and Nonautonomous Mechanisms[END_REF].

Autophagic defects in malignant cells exert immunomodulatory functions not only by favoring local inflammation (as discussed above), but also by influencing the antigenicity and adjuvanticity of cancer cells, i.e., their capacity to be recognized by immune effectors and activate them, respectively [START_REF] Galluzzi | The hallmarks of successful anticancer immunotherapy[END_REF].

For instance, proficient autophagic responses in PDAC cells have been linked to reduced antigenicity as a consequence of MHC Class I degradation [START_REF] Yamamoto | Autophagy promotes immune evasion of pancreatic cancer by degrading MHC-I[END_REF]. In this setting, selectivity was ensured by the LC3-binding partner NBR1 autophagy cargo receptor (NBR1) [START_REF] Lamark | NBR1 and p62 as cargo receptors for selective autophagy of ubiquitinated targets[END_REF], and expression of DN ATG4B in PDAC cells was sufficient to restore normal MHC Class I exposure [START_REF] Yamamoto | Autophagy promotes immune evasion of pancreatic cancer by degrading MHC-I[END_REF]. Along similar lines, autophagy limits anticancer immune responses against highly antigenic hepatocellular carcinomas by suppressing type I IFN secretion downstream of stimulator of interferon response cGAMP interactor 1 (STING1, best known as STING), correlating with scarce tumor infiltration by immune cells and inhibited T cell effector functions [START_REF] Poillet-Perez | Autophagy promotes growth of tumors with high mutational burden by inhibiting a T-cell immune response[END_REF]. Moreover, autophagy has a direct influence on the composition of the so-called "immunopeptidome", the ensemble of peptides presented on MHC molecules at the cell surface [START_REF] Bloy | Immunogenic stress and death of cancer cells: Contribution of antigenicity vs adjuvanticity to immunosurveillance[END_REF][START_REF] Caron | The MHC I immunopeptidome conveys to the cell surface an integrative view of cellular regulation[END_REF]. Finally, autophagy in the neoplastic cell compartment supports the adjuvanticity of cancer cells by favoring the ICD-associated release of ATP [START_REF] Garg | Extracellular ATP and P₂X₇ receptor exert context-specific immunogenic effects after immunogenic cancer cell death[END_REF][START_REF] Michaud | Autophagy-dependent anticancer immune responses induced by chemotherapeutic agents in mice[END_REF], hence driving the recruitment and activation of DCs or their precursors to the tumor bed [START_REF] Virgilio | Extracellular ATP and P2 purinergic signalling in the tumour microenvironment[END_REF][START_REF] Ma | Anticancer chemotherapy-induced intratumoral recruitment and differentiation of antigen-presenting cells[END_REF].

While unraveling the role of autophagy in cancer cells to tumor progression remains a challenging task, there is growing interest in understanding the contribution of autophagic responses in host cells (notably immune cells). In this context, several studies suggest that inhibition of autophagy in the host impairs cancer progression. For instance, the deletion of host Atg7 in the context of established KRASdriven lung tumors hinders disease progression presumably by creating a disadvantageous metabolic environment for hyperproliferating malignant cells [START_REF] Karsli-Uzunbas | Autophagy is required for glucose homeostasis and lung tumor maintenance[END_REF]. Similarly, the whole-body deletion of Atg7 limits the outgrowth of arginine auxotrophs tumor allografts, an effect that was mirrored by reduced circulating levels of arginine, due to the enhanced release of arginase 1 (ARG1) from autophagydeficient hepatocytes [START_REF] Poillet-Perez | Autophagy maintains tumour growth through circulating arginine[END_REF]. Of note, ARG1 production by immunosuppressive myeloid cells infiltrating the TME is a strong inhibitor of T-cell responses [START_REF] Zhao | Phenotype, development, and biological function of myeloid-derived suppressor cells[END_REF][START_REF] Grzywa | Myeloid Cell-Derived Arginase in Cancer Immune Response[END_REF], underscoring the key notion that intercellular communication and metabolic competition between neoplastic and immune cells are critical elements in the control of tumor progression [START_REF] Lim | The tumor microenvironment as a metabolic barrier to effector T cells and immunotherapy[END_REF][START_REF] Chang | Metabolic Competition in the Tumor Microenvironment Is a Driver of Cancer Progression[END_REF][START_REF] Ngwa | Microenvironmental Metabolism Regulates Antitumor Immunity[END_REF].

Mice lacking the LC3B homolog GABA type A receptor-associated protein (GABARAP) not only are protected (at least to some degree) from DMBA-driven mammary carcinogenesis but also offer a suboptimal growth environment to B16F10 melanoma xenografts [START_REF] Salah | Tumor suppression in mice lacking GABARAP, an Atg8/LC3 family member implicated in autophagy, is associated with alterations in cytokine secretion and cell death[END_REF], correlating with improved CTL and macrophage responsiveness to challenge ex vivo [START_REF] Salah | Tumor suppression in mice lacking GABARAP, an Atg8/LC3 family member implicated in autophagy, is associated with alterations in cytokine secretion and cell death[END_REF]. Similarly, the conditional whole-body deletion of Atg5 limits the number of circulating and tumor-infiltrating CTLs, but endows them with superior effector functions against several syngeneic cancers, at least in part upon the derepression of glucose metabolism [START_REF] Devorkin | Autophagy Regulation of Metabolism Is Required for CD8(+) T Cell Anti-tumor Immunity[END_REF]. These findings appear to argue with previous observations obtained with the deletion of Atg7 in both CD4 + and CD8 + T cells [START_REF] Puleston | Autophagy is a critical regulator of memory CD8(+) T cell formation[END_REF], potentially pointing to a role for autophagy in other cellular compartments for the establishment of T cell memory [START_REF] Xu | Autophagy is essential for effector CD8(+) T cell survival and memory formation[END_REF][START_REF] Kishton | Metabolic Regulation of T Cell Longevity and Function in Tumor Immunotherapy[END_REF][START_REF] Botbol | Key roles of autophagy in regulating T-cell function[END_REF][START_REF] Dowling | Autophagy and T cell metabolism[END_REF][START_REF] Murera | CD4 T cell autophagy is integral to memory maintenance[END_REF]. Irrespective of this possibility, autophagy appears to be critical for tumor-infiltrating CTLs for preserving stemness despite the functional impairment caused by limited nutrient uptake [START_REF] Vodnala | T cell stemness and dysfunction in tumors are triggered by a common mechanism[END_REF], ultimately underlying the ability of T cells to persist in the TME, recover effector functions and mediate tumor clearance. Moreover, the targeted deletion of Atg5 or Atg7 has been associated with profound functional alterations in TREG cells (resulting in limited immunosuppression and superior anticancer immunity by CTLs) [START_REF] Wei | Autophagy enforces functional integrity of regulatory T cells by coupling environmental cues and metabolic homeostasis[END_REF] as well as CD4 + cells in general (resulting in the acquisition of a robust TH9 tumor-suppressive phenotype upon stabilization of the transcription factor PU.1) [START_REF] Lu | Th9 Cells Represent a Unique Subset of CD4(+) T Cells Endowed with the Ability to Eradicate Advanced Tumors[END_REF][START_REF] Vargas | Selective degradation of PU.1 during autophagy represses the differentiation and antitumour activity of T(H)9 cells[END_REF]. M2-like tumor-associated macrophages (TAMs) and myeloid-derived suppressor cells (MDSCs), two myeloid cell populations with robust immunosuppressive activity, also rely on autophagy for their functions [START_REF] Guo | Autophagy inhibition induces the repolarisation of tumour-associated macrophages and enhances chemosensitivity of laryngeal cancer cells to cisplatin in mice[END_REF][START_REF] Alissafi | Autophagy orchestrates the regulatory program of tumorassociated myeloid-derived suppressor cells[END_REF]. Thus, deletion of Atg5 from lysozyme 2 (LYZ2)-expressing cells is sufficient to limit the proliferation of xenografted B16F10 melanomas, an effect that was attributed to the limited lysosomal degradation of MHC Class II molecules and consequent boost in antigen presentation to CD4 + T cells [START_REF] Alissafi | Autophagy orchestrates the regulatory program of tumorassociated myeloid-derived suppressor cells[END_REF].

Of note, non-autophagic functions of the autophagy machinery may also modulate the immune response to developing tumors [START_REF] Galluzzi | Autophagy-Independent Functions of the Autophagy Machinery[END_REF]. As an example, recruitment of the LC3-conjugation machinery to phagosomal membranes, following the engagement of Toll-like receptors (TLRs), Fc receptors or the pro-apoptotic receptor T cell immunoglobulin and mucin domain containing 4 (TIMD4) by dying cancer cells -a process commonly known as LC3-associated phagocytosis (LAP) [START_REF] Heckmann | LC3-Associated Phagocytosis and Inflammation[END_REF], limits inflammatory responses in phagocytic cells [START_REF] Cunha | LC3-Associated Phagocytosis in Myeloid Cells Promotes Tumor Immune Tolerance[END_REF]. Consistent with this notion, whole-body RUN domain and cysteine-rich domain containing, Beclin 1-interacting protein (Rubcn) deletion and consequent LAP inactivation favors type I IFN secretion by phagocytic cells including tumorassociated macrophages [START_REF] Vitale | Macrophages and Metabolism in the Tumor Microenvironment[END_REF], ultimately promoting the control of B16F10 melanoma xenografts in the context of improved T-cell immunosurveillance [START_REF] Cunha | LC3-Associated Phagocytosis in Myeloid Cells Promotes Tumor Immune Tolerance[END_REF].

Altogether, these observations suggest that autophagic responses in specific cellular compartments influence tumor progression by a variety of mechanisms beyond the preservation of metabolic fitness in malignant cells (Figure 1B).

Autophagy in cancer therapy: immunological aspects

It is now established that malignant lesions emerge, progress and respond to therapy in the context of a complex interaction with the host immune system [START_REF] Salmon | Host tissue determinants of tumour immunity[END_REF][START_REF] Vesely | Natural innate and adaptive immunity to cancer[END_REF][START_REF] Bruni | The immune contexture and Immunoscore in cancer prognosis and therapeutic efficacy[END_REF]. Thus, most (if not all) conventional antineoplastic regimens with clinical activity, including cytotoxic chemotherapeutics [START_REF] Galluzzi | Immunostimulation with chemotherapy in the era of immune checkpoint inhibitors[END_REF], radiation therapy (RT) [START_REF] Brandmaier | The Impact of Radiation Therapy on Innate and Adaptive Tumor Immunity[END_REF][START_REF] Deutsch | Optimising efficacy and reducing toxicity of anticancer radioimmunotherapy[END_REF] and targeted anticancer agents [START_REF] Petroni | Immunomodulation by anticancer cell cycle inhibitors[END_REF] operate by promoting (or at least not overtly counteracting) tumor-specific immunity. Moreover, over the past decade a variety of pharmacological and cellular approaches based on the (re)activation of anticancer immune responses has shown efficacy in the clinical setting, culminating with the regulatory approval of various immunotherapeutic agents for use in patients with cancer including so-called immune checkpoint inhibitors (ICIs) [START_REF] Sharma | The future of immune checkpoint therapy[END_REF][START_REF] Sharma | Immune checkpoint targeting in cancer therapy: toward combination strategies with curative potential[END_REF][START_REF] Tang | Trial watch: The clinical trial landscape for PD1/PDL1 immune checkpoint inhibitors[END_REF][START_REF] Okazaki | A rheostat for immune responses: the unique properties of PD-1 and their advantages for clinical application[END_REF]. Such major conceptual and clinical revolutions called for the attentive reevaluation of a large amount of preclinical literature on the therapeutic advantage offered by a variety of interventions (including pharmacological modulators of autophagy) [START_REF] Galluzzi | Pharmacological modulation of autophagy: therapeutic potential and persisting obstacles[END_REF] as documented in human cancer cells lines growing in immunodeficient mice.

Data from GEMMs of cancer lent additional support to the notion that tumor-specific immune responses are influenced by autophagic defects in both malignant and immune cells, suggesting that the pharmacological modulation of autophagy for anticancer purposes should be precisely tailored to the oncological setting and potentially even to specific features of the target lesion(s) [START_REF] Levy | Targeting autophagy in cancer[END_REF][START_REF] Amaravadi | Recent insights into the function of autophagy in cancer[END_REF][START_REF] Arensman | Anti-tumor immunity influences cancer cell reliance upon ATG7[END_REF].

Adding a further layer of complexity, currently available pharmacological inhibitors of autophagy including PI3K inhibitors (such as the experimental agents wortmannin and 3-methyladenine) [START_REF] Galluzzi | Pharmacological modulation of autophagy: therapeutic potential and persisting obstacles[END_REF][START_REF] Yang | Application and interpretation of current autophagy inhibitors and activators[END_REF] as well as lysosomotropic drugs (like the FDA approved drugs chloroquine and hydroxychloroquine) [START_REF] Cuomo | Autophagy Function and Dysfunction: Potential Drugs as Anti-Cancer Therapy[END_REF][START_REF] Manic | Chloroquine and hydroxychloroquine for cancer therapy[END_REF] suffer from various limitations, including poor specificity for the autophagic pathway [START_REF] Galluzzi | Pharmacological modulation of autophagy: therapeutic potential and persisting obstacles[END_REF][START_REF] Maes | Tumor vessel normalization by chloroquine independent of autophagy[END_REF][START_REF] Vakifahmetoglu-Norberg | Pharmacologic agents targeting autophagy[END_REF]] and (at least some) potential of promoting the emergence of secondary tumors [START_REF] Cassidy | Temporal inhibition of autophagy reveals segmental reversal of ageing with increased cancer risk[END_REF].

Notwithstanding these considerations, both pharmacological and genetic approaches targeting the autophagic machinery have been successfully harnessed, at least in preclinical tumor models, to boost anticancer immune responses driven by antineoplastic treatments, thus offering a robust therapeutic benefit. For instance, the ability of selected chemotherapeutics including anthracyclines and oxaliplatin to drive ICD is intimately linked to ICD-associated ATP secretion, which in turn relies on proficient autophagic responses to therapy in malignant cells [START_REF] Michaud | Autophagy-dependent anticancer immune responses induced by chemotherapeutic agents in mice[END_REF]. In line with this notion, mouse colorectal carcinoma CT26 cells succumbing to the prototypic anthracycline mitoxantrone (MTX) in vitro lose their capacity to provide immunological protection to syngeneic BALB/c mice against a subsequent challenge with living cells of the same type [START_REF] Michaud | Autophagy-dependent anticancer immune responses induced by chemotherapeutic agents in mice[END_REF]. Similarly, CT26 colorectal tumors growing in BALB/c mice lose their sensitivity to MTX when genetically manipulated for ATG5 or ATG7 depletion [START_REF] Michaud | Autophagy-dependent anticancer immune responses induced by chemotherapeutic agents in mice[END_REF]. Moreover, the sensitivity of CT26 colorectal tumors and mouse MCA205 fibrosarcomas growing in immunocompetent, syngeneic hosts to MTX or oxaliplatin can be boosted by nutritional (e.g., starvation) as well as pharmacological (e.g., caloric restriction mimicry with metformin, spermidine, hydroxycitrate or small molecule inhibitors of E1A binding protein p300, EP300) interventions that boost autophagy, correlating with increased ATP secretion, limited accumulation of TREG cells in the TME and activation of a tumor-targeting T cell response that can be actioned with ICIs [START_REF] Pietrocola | Caloric Restriction Mimetics Enhance Anticancer Immunosurveillance[END_REF][START_REF] Noci | Local Administration of Caloric Restriction Mimetics to Promote the Immune Control of Lung Metastases[END_REF][START_REF] Lévesque | A synergistic triad of chemotherapy, immune checkpoint inhibitors, and caloric restriction mimetics eradicates tumors in mice[END_REF]. Similar results have been obtained in syngeneic models of: (1) mammary carcinomas responding to poorly immunogenic chemotherapeutics such as cisplatin [START_REF] Simone | Caloric restriction counteracts chemotherapy-induced inflammation and increases response to therapy in a triple negative breast cancer model[END_REF] and RT [START_REF] Saleh | Caloric restriction augments radiation efficacy in breast cancer[END_REF][START_REF] Simone | Caloric restriction coupled with radiation decreases metastatic burden in triple negative breast cancer[END_REF] plus fasting cycles, (2) melanoma, leukemia and lung cancer treated with caloric restriction mimetics (CRMs) only [START_REF] Noci | Local Administration of Caloric Restriction Mimetics to Promote the Immune Control of Lung Metastases[END_REF][START_REF] Eikawa | Immune-mediated antitumor effect by type 2 diabetes drug, metformin[END_REF][START_REF] Liu | Inhibition of p300 impairs Foxp3(+) T regulatory cell function and promotes antitumor immunity[END_REF], as well as (3) brain, breast, liver and color cancer subjected to fasting cycles [START_REF] Lee | Fasting cycles retard growth of tumors and sensitize a range of cancer cell types to chemotherapy[END_REF] or a fasting-mimicking diet (FMD), alone or in combination with chemo-or hormonotherapy [START_REF] Di Biase | Fasting-Mimicking Diet Reduces HO-1 to Promote T Cell-Mediated Tumor Cytotoxicity[END_REF][START_REF] Lo Re | Fasting inhibits hepatic stellate cells activation and potentiates anti-cancer activity of Sorafenib in hepatocellular cancer cells[END_REF][START_REF] Di Tano | Synergistic effect of fasting-mimicking diet and vitamin C against KRAS mutated cancers[END_REF][START_REF] Caffa | Fasting-mimicking diet and hormone therapy induce breast cancer regression[END_REF]. In specific settings, the beneficial effects of systemic autophagy activators could be abrogated by ATG5 depletion in cancer cells [START_REF] Pietrocola | Caloric Restriction Mimetics Enhance Anticancer Immunosurveillance[END_REF]. Moreover, autophagy defects have been linked to an increased resistance of triple negative breast cancer (TNBC) cells to lysis by ICI-activated CTLs through a mechanism involving tenascin C (TNC) overexpression [START_REF] Li | Autophagy deficiency promotes triple-negative breast cancer resistance to T cell-mediated cytotoxicity by blocking tenascin-C degradation[END_REF], and ATG5-depleted CT26 cells are more radiosensitive than their control counterparts when they are implanted in immunocompetent (but not immunodeficient) hosts [START_REF] Ko | Autophagy inhibition radiosensitizes in vitro, yet reduces radioresponses in vivo due to deficient immunogenic signalling[END_REF]. Most often, however, the relative contribution of autophagy activation in malignant versus non-malignant cells to superior therapeutic outcomes remains to be determined. Indeed, exposure of antigen-specific CD8 + T cells to the CRM hydroxycitrate in vitro provides them with stem properties, favoring their persistence (and antitumor function) upon adoptive transferred to tumor-bearing hosts [START_REF] Vodnala | T cell stemness and dysfunction in tumors are triggered by a common mechanism[END_REF].

Lending further support to the notion that the beneficial effects of autophagy activators may not invariably stem from an increased autophagic flux in cancer cells, autophagy-deficient PDAC cells as well as PDAC cells exposed to chloroquine engage in superior antigen presentation on MHC Class I molecules, resulting in increased sensitivity to ICIs in vivo [START_REF] Yamamoto | Autophagy promotes immune evasion of pancreatic cancer by degrading MHC-I[END_REF]. Similarly, various lysosomotropic agents have been successfully combined with therapeutic agents that engage anticancer immunity including recombinant IL2 [START_REF] Liang | Inhibiting systemic autophagy during interleukin 2 immunotherapy promotes long-term tumor regression[END_REF][START_REF] Lee | TCB2, a new anti-human interleukin-2 antibody, facilitates heterodimeric IL-2 receptor signaling and improves anti-tumor immunity[END_REF], peptide-based vaccination [START_REF] Noman | Blocking hypoxia-induced autophagy in tumors restores cytotoxic T-cell activity and promotes regression[END_REF][START_REF] Sprooten | Trial watch: dendritic cell vaccination for cancer immunotherapy[END_REF] and RT [START_REF] Yamazaki | Mitochondrial DNA drives abscopal responses to radiation that are inhibited by autophagy[END_REF] in immunocompetent syngeneic tumor models. In this latter setting, not only systemic chloroquine synergized with RT in the control of single mammary carcinoma TSA lesion established in syngeneic BALB/c, but Atg5 or Atg7 deletion in cancer cells enabled superior secretion of type I IFN by irradiated cells, culminating (at least in the context of ICI-based immunotherapy) with improved anticancer immunity with local and systemic outreach [START_REF] Yamazaki | Mitochondrial DNA drives abscopal responses to radiation that are inhibited by autophagy[END_REF][START_REF] Rodriguez-Ruiz | Apoptotic caspases inhibit abscopal responses to radiation and identify a new prognostic biomarker for breast cancer patients[END_REF]. Mechanistically, such an effect mapped to the inability of autophagy-deficient TSA cells to degrade mitochondria permeabilized by RT, resulting in the cytosolic accumulation of mtDNA and consequent activation of cyclic GMP-AMP synthase (CGAS) signaling [START_REF] Yamazaki | Mitochondrial DNA drives abscopal responses to radiation that are inhibited by autophagy[END_REF][START_REF] Ablasser | cGAS in action: Expanding roles in immunity and inflammation[END_REF][START_REF] Abe | Negative Regulation of Cytosolic Sensing of DNA[END_REF][START_REF] Vanpouille-Box | Pharmacological modulation of nucleic acid sensors -therapeutic potential and persisting obstacles[END_REF]. Similar results have been obtained in syngeneic melanoma models upon the genetic or pharmacological inhibition of Vps34 [START_REF] Noman | Inhibition of Vps34 reprograms cold into hot inflamed tumors and improves anti-PD-1/PD-L1 immunotherapy[END_REF][START_REF] Janji | Firing up the cold tumors by targeting Vps34[END_REF]. Finally, proficient autophagic responses driven by hypoxia have been associated with an increased resistance of human and mouse tumor cells to lysis by NK cells, at least in part reflecting the autophagic degradation of granzyme B (GZMB), which mediated NK cell cytotoxicity [START_REF] Baginska | Granzyme B degradation by autophagy decreases tumor cell susceptibility to natural killer-mediated lysis under hypoxia[END_REF][START_REF] Spetz | T Cells and Regulated Cell Death: Kill or Be Killed[END_REF] and gap junction protein alpha 1 (GJA1), which is involved in the formation of target cell:NK cell synapses [START_REF] Tittarelli | The Selective Degradation of Synaptic Connexin 43 Protein by Hypoxia-induced Autophagy Impairs Natural Killer Cell-mediated Tumor Cell Killing[END_REF].

Taken together, these observations suggest that autophagy is intimately involved in the regulation of therapy-driven anticancer immune responses, although the net effect of autophagy activators and inhibitors appears to exhibit a high degree of context dependency (Figure 2).

Concluding remarks

With the caveats discuss above, mouse models have been highly instrumental to elucidate the impact of autophagy in the immunological control of malignant transformation, tumor progression and response to (immuno)therapy. With the advent of the single-cell biology era, future efforts should be dedicated to studying the effects of autophagy on the cancer-immunity dialogue from a multidimensional perspective, rigorously evaluating: (1) the cell-specific outcomes of autophagy activation/inhibition; [START_REF] Dikic | Mechanism and medical implications of mammalian autophagy[END_REF] the continuous interactions between cellular components of the TME, which can be directly or indirectly affected by the modulation of autophagy; and (3) the effects of pharmacological or genetic alterations of autophagy in non-transformed tissues, both in cis and in trans (Figure 3). In this context, the field would undoubtedly benefit from the implementation of pharmacological (rather than genetic) tools to modulate autophagy in a cell-type specific fashion. Proteolysis targeting chimeras (PROTAC) approaches [START_REF] Khan | PROteolysis TArgeting Chimeras (PROTACs) as emerging anticancer therapeutics[END_REF][START_REF] Liu | PROTACs: A novel strategy for cancer therapy[END_REF], through which cell specificity may be achieved via differential expression of E3 ligases in different components of the TME [START_REF] Huang | Drugging the undruggables: exploring the ubiquitin system for drug development[END_REF][START_REF] An | Small-molecule PROTACs: An emerging and promising approach for the development of targeted therapy drugs[END_REF], represent promising tools towards this objective. Ultimately, dissecting the precise impact of autophagy in specific compartments of the TME on the activation of anticancer immunity will be central to the design of clinically useful autophagy modulators. In multiple oncological settings, proficient autophagic responses in malignant cells are instrumental for optimal anticancer immune responses driven by treatment, as demonstrated by the detrimental effects of pharmacological or genetic autophagy inhibitors as well as by beneficial effects of autophagy activators. In many of these circumstances, autophagy supports anticancer immunity by favoring the immunogenic cell death (ICD)-driven liberation of ATP in the tumor microenvironment, which is required for the recruitment and activation of dendritic cell (DC) precursors. Along similar lines autophagy in immune effector cells including cytotoxic T lymphocytes (CTLs) is generally supportive of anticancer immunity. However, various settings in which autophagy counteracts therapy-driven anticancer immune responses have also been identified, (at least in some scenarios) reflecting the ability of autophagy to limit antigen presentation, inhibit type I interferon (IFN) secretion by malignant cells or protect them from cytotoxic immune effectors. CRM, caloric restriction mimetic; ICI, immune checkpoint inhibitor; mtDNA, mitochondrial DNA. 
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Figure 1 .

 1 Figure 1. Autophagy in malignant transformation and cancer progression, an immune perspective. A. Genetic defects of the autophagic machinery in healthy cells favor malignant transformation via a variety of mechanisms, including an increased likelihood for oxidative DNA damage and consequent mutagenesis, the establishment of a chronic inflammation as well as the inhibition of cancer immunosurveillance by dendritic cells (DCs) and CD8 + cytotoxic T lymphocytes (CTLs). B. Conversely, autophagic responses in transformed cells strongly support disease progression,not only as they provide a superior metabolic adaptability to growing neoplasms, but also as they favor the establishment of an immunosuppressive tumor microenvironment (TME), reduce cancer antigenicity, limit the release of ATP in the context of immunogenic cell death (ICD). Of note, autophagy in the host also appears to favor tumor progression, at least in part by preserving an advantageous metabolic microenvironment to developing neoplasms and by preventing optimal CTL and macrophage functions. CQ, chloroquine; HCQ, hydroxychloroquine; mtDNA, mitochondrial DNA; ROS, reactive oxygen species.

Figure 2 .

 2 Figure 2. Context-dependent impact of autophagy on the sensitivity of cancer cells to treatment.

Figure 3 .

 3 Figure 3. Differential impact of autophagy on cancer cells and their host. Autophagy impinges on the cancer-immunity dialogue by a variety of mechanisms that originate from neoplastic cells as well as from non-transformed components of the tumor microenvironment (TME). Ultimately, all such mechanisms influence (i.e., promote or counteract) oncogenesis, tumor progression as well as (natural and therapy-driven) anticancer immune responses. Thus, numerous oncogenic and oncosuppressive functions of autophagy involve immunological pathways. DC, dendritic cell; CTL, cytotoxic T lymphocyte; ICD, immunogenic cell death; IFN, interferon.
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