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Although cells are a part of the whole organism, classical dogma emphasizes that individ-
ual cells function autonomously. Many physiological and pathological conditions, including
cancer, and metabolic and neurodegenerative diseases, have been considered mechanisti-
cally as cell-autonomous pathologies, meaning those that damage or defect within a selec-
tive population of affected cells suffice to produce disease. It is becoming clear, however,
that cells and cellular processes cannot be considered in isolation. Best known for shuttling
cytoplasmic content to the lysosome for degradation and repurposing of recycled building
blocks such as amino acids, nucleotides, and fatty acids, autophagy serves a housekeeping
function in every cell and plays key roles in cell development, immunity, tissue remodeling,
and homeostasis with the surrounding environment and the distant organs. In this review,
we underscore the importance of taking interactions with the microenvironment into consid-
eration while addressing the cell autonomous and non-autonomous functions of autophagy
between cells of the same and different types and in physiological and pathophysiological
situations.

Introduction
As a ubiquitous catabolic process in eukaryotic cells, autophagy is an adaptive response that controls
the quality and quantity of cytoplasmic material. Autophagy refers to several lysosome-based intracellu-
lar degradation processes: microautophagy, chaperone-mediated autophagy, and macroautophagy [1,2].
Macroautophagy, hereafter referred to as autophagy, is the major delivery route of intracellular proteins
and organelles to a lysosome after a sequestration step into a double-membrane bound vacuole named
the autophagosome. Autophagy is stimulated during situations of nutritional, infectious, or mechanical
stress and enables the degradation of several types of cargoes either selectively or in a bulk manner [3-5].
Required to maintain physiological homeostasis in organs, autophagy contributes to differentiation, devel-
opment, and immune function [6,7]. Dysregulation of autophagy is associated with major human diseases
including cancers and neurodegenerative and metabolic disorders [8,9].

Autophagy promotes cell survival through degradation of reserves – lipid droplets, proteins, and glyco-
gen – contributing to the maintenance of energy homeostasis in cell-autonomous manner [10]. In addi-
tion, the release of amino acids and fatty acids resulting from lysosomal degradation of autophagic cargoes
can be used by other cells. In this setting, autophagy has a non-cell autonomous function. Autophagy also
participates in non-cell autonomous functions via the release of cytosolic molecules sequestered in au-
tophagosomes or autophagosome-like structures that fuse with the plasma membrane (see Table 1) [11].
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Table 1 Examples of non-cell autonomous autophagy

Autophagic cell
type/tissue Target cell type/tissue Molecules released Release mechanism References

Stroma Tumors Amino acid Lysosomal degradation and
recycling

[99]

Stroma Tumors Alanine Lysosomal degradation and
recycling

[98]

Tumors Immune system ATP Secretory autophagy [83]

HeLa cells ? ATP Secretory autophagy [84]

Macrophages ? IL-1β Secretory autophagy [111]

Peripheral tissue Brain Fatty acid Lysosomal degradation and
recycling

[61]

Brain Peripheral tissue αMSH (reduction in axonal
projections)

Other [60]

Neural stem cells Microglia Ccl5, Cxc110 Other [62]

Endothelial cells Platelets von Willebrand factor 10Secretory autophagy [112]

Paneth cells Intestinal bacteria Lysozyme Secretory autophagy [113]

Fibroblasts Breast cancer cells HMGB1 Other [114]

Neurones Gut ? Other [73]

Gut Neurones ? Other [73]

IL-1β: Interleukin-1 beta; Ccl5: Chemokine (C-C-motif) ligand 5; Cxcl10: C-X-C motif chemokine 10; HMGB1: High mobility group protein B1; αMSH:
alpha-melanocyte-stimulating hormone
?; Not determined

The aim of the present review is to discuss the non-cell autonomous functions of autophagy and its systemic role as
a mediator of the cross-talk between organs. This cross-talk is critical for normal physiological function. The non-cell
autonomous functions of autophagy also contribute to the dialog between tumor cells, the tumor microenvironment,
and the whole body during cancer progression.

Molecular aspects and regulation of autophagy
In this section, we summarize the current state of our knowledge on the molecular regulation of autophagy and in
particular on autophagosome biogenesis [12-15]. Autophagosome biogenesis is ensured by multiple signaling and
membrane remodeling molecular sequences controlled by the autophagy-related genes (ATG), membrane lipids –
such as phosphatidylinositol-3-phosphate (PI3P) [16] – and non-ATG accessory proteins mostly related to membrane
trafficking and intracellular signaling [17].

Autophagosome biogenesis requires the assembly of a pre-autophagosomal structure, called a phagophore, which
is a cup-shaped, double-membrane structure that grows to engulf cytosolic cargoes – such as damaged organelles or
proteins (Figure 1). The phagophore closes to form a mature autophagosome that will later fuse with a lysosome so that
its luminal content is degraded and components recycled. The origin of the phagophore is still unclear, and it appears
that this transient organelle is formed via the contributions of multiple membrane donors, the most important being
the endoplasmic reticulum (ER). The ER contributes to phagophore formation through a PI3P-enriched membrane
domain termed as the omegasome, which is considered to be the ‘cradle’ for future phagophore [18].

Initiation of autophagosome biogenesis involves several different and complementary mediators and is multifac-
torial since autophagy is induced by most of stress-sensing situations – such as energy and/or nutrient deprivation,
mechanical constraints, infection, and others. Amongst the signaling pathways responsible for autophagosome bio-
genesis, mTOR signaling pathway is one of the best characterized. mTOR signaling regulates autophagy in mam-
malian cells. Notably, mTORC1 kinase activity is down-regulated by upstream pathways that sense nutrients under
amino acid deprivation [19]. When activated, mTORC1 is responsible for phosphorylation of the autophagy- reg-
ulator ULK1 [20] and of the transcription factor TFEB, which are involved in autophagy and lysosome biogenesis
[21]. mTORC1 also promotes protein translation and cell growth via the phosphorylation of p70S6K and 4EBP1
[22]. Under nutrient-deprivation conditions, the tuberous sclerosis complex (TSC) is recruited to lysosomes where it
inactivates Rheb (via its GAP activity), leading to mTORC1 inhibition.

Inhibition of mTORC1 leads to ULK1 complex activation (the ULK1/2 kinases are also known as ATG1/2, FIP200,
ATG101, and ATG13), which in turn will activate the class III PI3K complex through several post-translational
modifications (phosphorylation and ubiquitination) [23]. Formed by Beclin1, VPS34 (a phosphoinositide kinase),
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Figure 1. Molecular aspects of autophagy

Inside the cytoplasm of a living cell, double-membrane vacuoles called autophagosomes engulf cytoplasmic material, along with

invading bacteria and viruses. Autophagy is initiated by the ULK1 complex composed of ULK, ATG13, FIP200, and ATG101. Au-

tophagosome elongation and maturation involve two ubiquitin-like conjugation systems: the LC3 and the ATG12 systems. Once

closed, the autophagosome irreversibly fuses with a lysosome to form an autolysosome. In the autolysosome, macromolecules are

degraded into amino acids, fatty acids, monosaccharides, and nucleotides, which are recycled back to the cytosol.

VPS15/p150, ATG14L1, and other regulators (e.g. VMP1, Ambra1), the ULK1 complex is essential for production
of a specific pool of PI3P [17] on the ER membrane [24] that will directly participate in phagophore biogenesis [25].
Once the omegasome emerges from the ER, the PI3P platform contributes to the specific recruitment of other ATG
proteins essential for autophagy. These include ZFYVE1 (also known as DFCP1) and members of the WIPI family,
notably the WIPI2 protein, which participates in the recruitment of the ATG16L1–ATG5–ATG12 conjugation sys-
tem [15,26]. The latter complex is directly responsible for the targetting of the LC3 protein (the yeast ATG8 homolog)
by lipidation (phosphatidyl–ethanolamine conjugation), a mechanism that also requires other ATG proteins such as
ATG4, ATG3, ATG7, and ATG10. Once lipidated, LC3 is recruited to the specific omegasome platform, and this ER
subdomain is considered to be ‘tagged’ for autophagosomal maturation. After membrane remodeling events that are
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not well understood, and probably in conjugation with other membrane sources (such as the plasma membrane, en-
dosomes, ATG9A-positive vesicles, Golgi, ER exit sites and ERGIC, as well as ER-mediated contact sites [25]), the
omegasome gives rise to the phagophore.

After expanding by membrane growth and fueling, the phagophore closes to form an autophagosome. Finally, the
mature autophagosome fuses with the lysosome. Still poorly characterized, this latter step is notably controlled by
multifactorial regulation requiring trafficking molecules such as small Rab-GTPases, SNARES, and more specialized
endosomal and/or lysosomal related equipment [27,28]. It appears that the conjugation system, as well as the STX17
protein also present at ER-mitochondria contact sites and required for autophagosome biogenesis, are essential in the
latter stage [29,30].

Non-cell autonomous autophagy in energy balance
Cross-talk between major endocrine organs – such as adipose tissue, skeletal muscle, liver, pancreas, and gut – and in-
tegrated interactions between endocrine, nervous, and immune systems play critical roles in the regulation of energy
metabolism and global homeostatic functions [31,32]. Non-cell autonomous signaling pathways allow co-ordination
of stress responses across tissues, thus ensuring maintenance of cellular homeostasis at an organismal level. Recent
findings indicate that autophagy plays an important role in the regulation of these pathways. In this section, we high-
light the systemic action of autophagy in organ cross-talk as a whole-body regulator of energy metabolism and in
adaptive responses to metabolic stress (Figure 2).

Cell-autonomous autophagy in metabolism and energy balance
Liver
Autophagy plays a crucial role in the regulation of lipid metabolism, nutritional status, and energy balance controlled
by the liver. For example, ablation of Atg7 in mice hepatocytes causes accumulation of swollen and deformed mito-
chondria and an increased number of ubiquitinated protein aggregates and lipid droplets [33]. It has been suggested
that this may be caused by impaired turnover of the cargo receptor p62 [34]. Other studies showed an increase in
hepatic lipid content caused by defects in lipophagy [35-37], which is controlled by the master autophagy regulator
transcription factor TFEB [36].

Adipose tissue
Autophagy participates in the regulation of adipocyte development and differentiation. Genetic ablation of Atg7
or Atg5 in adipose tissue causes abnormal lipid accumulation [38-40] as well as compensatory degradation of the
adipogenesis-related transcription factor PPARγ2, finally resulting in a lean and obesity-resistant phenotype [41,42].

Pancreas
Autophagy is important to maintain the structure, cell mass, and function of β cells [43]. Autophagy in β cells is
altered in Zucker diabetic rats and type 2 diabetic patients [44,45]. β-cell-specific Atg7 deletion in mice induces hy-
perglycemia due to insufficient insulin action in target tissues such as liver, adipose tissue, and skeletal muscle [45,46].
Furthermore, it has been suggested that autophagy is important in the progression of obesity-induced diabetes, since
these mice develop a diabetic phenotype when crossed with obese mice [47].

Skeletal muscle
Accounting for 30–40% of body mass and using 80% of insulin-mediated glucose, changes in muscle mass and defects
in proteostasis often affect global body metabolism [48]. Basal autophagy in skeletal muscle is required to maintain
muscle mass and morphology, and exercise-stimulated autophagy has systemic beneficial effects on glucose home-
ostasis. Studies on skeletal muscle specific deletion of Atg7 [49] or Atg5 [50] show that suppression of basal autophagy
is associated with accumulation of toxic aggregated proteins and muscle atrophy.

Recent studies indicate that autophagy is strongly triggered by physical exercise in skeletal muscle and in tissues
involved in glucose and energy metabolism: liver and pancreas [51-53]. Using a high-fat diet model of obesity, it
was demonstrated that exercise-induced autophagy is required for the beneficial metabolic effects of both acute and
long-term exercise training [52]. It was suggested that muscle autophagy might provide a regulatory mechanism
limiting AMPK activation; however, whether activation of autophagy is sufficient to mimic these effects and if they
are cell- or tissue autonomous remains unclear and requires further investigation.
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Figure 2. Non-cell autonomous functions of autophagy in physiological and pathophysiological situations

By controlling the release of a large panel of molecules (cytokines and hormones, amino and fatty acids, ATP), autophagy con-

tributes to whole-body homeostasis through non-cell autonomous mechanisms that can be exploited in pathological settings.

Autophagy is a systemic mediator of the cross-talk between organs in metabolism, neuroendocrine regulation, and inflammation

and immune responses. Autophagy is also an essential contributor to coupling between selective populations of affected cells

in all major cancer types and metabolic and neurodegenerative diseases. In the diagram, black arrows mark well-described au-

tophagy-secreted factors engaged in dialogs within cells in the same organ (here, a tumor is considered as an organ and the dialog

between the cancer cells and the microenvironment is indicated) or between different organs.

Non-cell autonomous autophagy and cross-talk in adipose tissue,
muscle, and liver
Characterized by a prominent secretory activity, adipose tissue is considered as a major player in organ cross-talk,
although skeletal muscles and liver can act as endocrine organs as well. Peptide hormones released from these tissues,
like apelin and FGF21, are considered as classical mediators between organs. Recent studies indicate that the mecha-
nism of organ cross-talk is complex and involves intracellular organelles such as autophagosomes and inflammasomes
as well as miRNAs [54].

Adipose tissue and muscle cross-talk is of considerable interest because it largely drives the pathogenesis of muscle
insulin resistance, which is the primary defect in type 2 diabetes, metabolic syndrome, and obesity [55]. Muscle au-
tophagy status has been shown to affect energy metabolism of distant organs and the rest of body via endocrine effects
[56]. Impaired autophagy in muscles is mechanistically linked to mitochondrial dysfunction and subsequent release
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of FGF21 [56], which modulates lipolysis and gene expression in adipose tissue [57]. Up-regulated by muscle-derived
FGF21, the adipocyte-secreted adiponectin appears to mediate the metabolic effects of FGF21 on whole-body glucose
metabolism and insulin sensitivity [58], thus coupling FGF21 actions in local adipocytes to liver and skeletal muscle.

Importantly, the endocrine effect of FGF21 released from liver, muscle, and adipose tissues lacking autophagy
seems to overwhelm cell-autonomous metabolic effects of autophagy deficiency. Indeed, all muscle, liver, and adipose
tissue in Atg7-null mice are protected from high-fat diet induced obesity and insulin resistance [39,40,56]. It has been
suggested that the defect in cell-autonomous lipophagy might be prevented by a reduced supply of lipid from adipose
tissue due to increased thermogenesis or β-oxidation and reduced hepatic fatty acid synthesis. In the skeletal muscle,
the beneficial metabolic effect is likely to be due to the induction of insulin-stimulated glucose uptake in a paracrine
manner and the protection from insulin resistance [58].

Non-cell autonomous autophagy in peripheral tissues and hypothalamus
cross-talk
Hypothalamic neurones play critical roles in the regulation of whole-body energy homeostasis and food intake. Re-
cent findings suggest that both obesity and chronic high-fat diets cause impairment of hypothalamic autophagy by de-
creasing ATG7 and ATG5 protein levels through post-translational modification. This autophagic impairment plays
a role in obesity-induced hypothalamic inflammation and increased body weight [59].

The role of hypothalamic autophagy in the control of food intake and energy balance was investigated in mice with
Atg7 deletion in hypothalamic arcuate nucleus (ARC) neurones [60,61]. Hypothalamic autophagy is an important
cross-talk mediator between ARC and other neurone regions and between hypothalamus and peripheral tissues,
acting through the regulation of neuropeptide release or sympathetic nerve signals.

Non-cell autonomous autophagy in neurogenesis
Recent findings suggest that autophagy plays a crucial role in regulating neurogenesis and restricting local immune
responses in postnatal neural stem/progenitor cells (NSCs) through non-cell autonomous mechanisms [62]. Deletion
of the autophagic gene FIP200 in NSCs inhibits their differentiation through a p53-independent mechanism that
involves increased infiltration of activated microglia. This infiltration appears to be triggered by abnormal formation
of p62 aggregates and activation of NF-κB signaling.

Non-cell autonomous autophagy in ageing and longevity
Normal and pathological ageing are associated with a reduced autophagic potential [63]. Tissue-specific genetic ma-
nipulation of autophagy in mouse, nematode Caenorhabditis elegans, and fruit fly Drosophila melanogaster is
sufficient to extend the life expectancy, highlighting the importance of non-cell autonomous regulation and the pre-
dominant role of certain tissues in lifespan extension [64]. We briefly describe here some examples of whole-organism
anti-ageing effects resulting from specific organ modulation of autophagy. Detailed discussion of the general contri-
bution of autophagy to longevity can be found in an extensive review [65] that describes how autophagy inhibition
in model organisms compromises the longevity-promoting effects of caloric restriction, SIRT1 activation, inhibition
of insulin/IGF signaling, or the administration of rapamycin, resveratrol, or spermidine.

One of the first hallmarks of ageing is muscle functional decline, which precedes age-related changes in other tissues
[66]. In Drosophila muscle, overexpression of FOXO (or its target 4E-BP) abolishes age-associated muscle decline,
reduces food intake and insulin release, and increases longevity through systemic effects [67]. In addition, FOXO
overexpression in Drosophila fat bodies extends lifespan, indicating a key role of adipose tissue in the regulation of
longevity [68].

A recent study in murine and human muscles showed that the mitochondrial protein OPA1 triggers general
metabolism and ageing [69]. Sedentary humans display an age-related decline of OPA1, which is associated with
muscle loss. Interestingly, pharmacological inhibition of ER stress or muscle-specific deletion of FGF21 compensates
for the loss of OPA1 and restores a normal metabolic state to prevent muscle atrophy and premature death. Another
study showed that muscle metabolism overcomes mitochondrial dysfunction in heart, preventing dilated cardiomy-
opathy and heart failure [70], supporting the hypothesis that muscles are important in general metabolism and tissue
function. In Drosophila neurones, induction of autophagy by overexpressing ATG8 [71] or dSIR2 (a Drosophila
SIRT1 homolog) [72] is sufficient to increase lifespan.

Up-regulation of AMPK in nervous system or intestine induces autophagy in the target tissue and non-cell au-
tonomous autophagy in other tissues that is sufficient to slow systemic ageing and prolong Drosophila lifespan [73].
As it is in muscle, this effect is linked to a systemic increase in 4E-BP expression and reduced insulin-like peptide
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levels in the brain. Similarly, the autophagy protein ATG18 acts non-cell autonomously in food sensory neurones and
intestine to respond to dietary restriction mediated by IGF signaling maintaining C. elegans lifespan [74]. Interest-
ingly, this longevity signaling depends on the secretion of neuropeptides and neurotransmitters from unidentified
neurones and regulates lifespan through the transcription factor DAF-16/FOXO.

Non-cell autonomous autophagy in inflammation and immune
responses
The impact of autophagy on inflammation and immunity has been recognized [7,75]. The role of autophagy in antigen
presentation has been extensively reviewed recently and will not be discussed in this section [7,76-78]. Evidence
suggests that autophagy controls the release of proinflammatory cytokines and therefore contributes to the prevention
of inflammation through non-cell autonomous mechanisms. For example, in the obese state impaired autophagy in
macrophages triggers IL-1β production by activated NLRP3 inflammasomes [79], leading to insulin resistance in
adipose tissue and skeletal muscle. In addition, autophagy inhibition induces proinflammatory cytokines such as IL-6,
IL-1β, and IL-8 in adipose tissue explants of mice and humans [54,80]. Similarly, the secretion of IL-1β is increased
in ATG16L1-deficient macrophages in response to endotoxins [81]. However, the autophagy machinery is involved
IL-1β regulation from macrophages in other settings [11]. Notably, this secretory autophagy engages a set of SNAREs
proteins not required for the fusion of autophagosomes with lysosomes [82].

Another aspect of secretory autophagy is the control of ATP release from cancerous cells that is induced
by chemotherapeutic agents and that triggers immunogenic cell death [83]. Interestingly, ATP is sequestered in
autophagosome-like structures and released upon exposure to the SNARE VAMP7 [84]. How ATP is sequestered
in autophagic vesicles remains to be elucidated. In line with the role of autophagy in the execution of a cell death pro-
gram, it should be mentioned that the autophagy machinery triggers the ‘eat-me’ and ‘come and eat’ signals released
by apoptotic cells for their engulfment by professional or non-professional phagocytic cells [85].

Non-cell autonomous autophagy in cancer
In the last few years, accumulating findings have connected autophagy to cancer. Studies have mostly focussed on the
function of autophagy in transformed cells. Described as a ‘double-edged sword’, autophagy has a tumor-suppressive
role in normal cells as it prevents oxidative stress and genomic instability to constitute a barrier against transfor-
mation, whereas it displays a tumor-promoting role in cancer cells in which the process is exploited or disrupted to
survive nutrient limitation and hypoxia [86,87]. Autophagy also supports the biological properties of tumors non
autonomously. Using a K-Ras-induced model of lung cancer, it was shown that systemic Atg7 deletion exerts greater
antitumor activity than Atg7 deletion only in the tumor cells [88]. Such evidence suggests that both host autophagy
and tumor cell autonomous autophagy are important for tumor maintenance (Figure 2).

A tumor is a mass of malignant cells that behaves as an organ in which the interaction between cancer cells and
the peritumoral environment influences the outcome of the malignancy. Many other cells are recruited and can be
corrupted by the transformed cells; these recruited cells include cancer-associated fibroblasts (CAFs), the tumor vas-
culature and lymphatics, and cells of the immune system. Thus, cancer cells are surrounded by a complex milieu in
which intercellular communication is driven by a dynamic network of cytokines, chemokines, growth factors, and
matrix remodeling enzymes that profoundly perturb the properties of the host tissue [89,90].

Tumor-dependent autophagy secretion creates permissive ‘niches’
Autophagy influences the cross-talk between the tumor and the host in all stages of cancer progression. On one hand,
autophagy is induced into tumor cells exposed to adverse or austere environmental conditions including limited
nutrient and oxygen availability, matrix detachment stress, inflammation, and the presence of an immune system
[91]. On the other hand, tumor-driven autophagy actively reprograms several stromal components to the benefit
of cancer cells [87,92]. Autophagy-exacerbated tumor cells secrete a great diversity of growth factors, cytokines, and
proteases that reinforce the cancer program in an autocrine/paracrine mode [91]. This is exemplified by the autophagy
co-ordinated secretion of the pleiotropic cytokine IL6, one of the critical factors for invasion and dissemination to
foreign sites. Indeed, autophagy-defective breast cancer cells are not able to secrete IL6, thereby impeding cancer
progression to metastasis [93]. Furthermore, by regulating the cancer cell secretome and surface proteome, autophagy
compromises the antitumor immune reaction outcomes [94].
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Stroma-dependent autophagy fuels tumor growth and metastasis
During tumor development, multiple stressors drive stroma-dependent autophagy to ‘fertilize’ the tumor microenvi-
ronment. Tumors require blood supply and nutrients, and autophagy regulates both.

Angiogenesis
In tumor-associated endothelial cells, autophagy displays both pro- and anti-angiogenic roles to either block or pro-
mote tumor growth. Autophagy-associated proteins in endothelial cells, such as ATG5, modulate starvation and
hypoxia-induced angiogenesis [95]. It has been shown that the HMGB1 protein is released from endothelial cells
under stress to act as an inflammatory cytokine and an extracellular damage associated molecular pattern molecule.
Moreover, endogenous HMGB1 elicits autophagy by binding to Beclin1 in a hypoxic microenvironment [96]

Nutrient supply
In dense tumors when oxygen and glucose are in short supply, cancer cells scavenge for energy by ordering nearby
support cells to fuel them with an alternative source of nutrition. Interestingly, enhanced autophagy has been detected
in CAFs, another important cellular microenvironment component. When CAFs overexpressing proautophagic genes
are co-injected with cancer cells into immunocompromised mice, these cells promote tumor growth and lung metas-
tasis, indicating that CAFs use autophagy to supply sufficient energy for tumor cell growth by generating a fertile
stroma and nutrients [88,97].

Autophagy has been shown to co-ordinate a novel metabolic cross-talk in pancreatic ductal adenocarcinomas
(PDAC) between the epithelial tumor cells and the pancreatic non-cancerous stellate cells in the surrounding connec-
tive tissue. In PDAC and stellate cell co-culture experiments, pancreatic cancer cells can signal to the stellate cells to
increase autophagy promoting the degradation of proteins and leading to the secretion of non-essential amino acids,
in particular alanine. The tumor cells capture secreted alanine and convert it into related metabolites to support their
metabolic needs. Importantly, by using alanine, the tumor cells divert glucose and glutamine-derived carbon to other
biosynthetic reactions such as production of nucleotides. Autophagy inhibition in the stellate cells themselves can dis-
rupt this metabolic cross-talk and impair the growth promoting effects of stellate cells [98]. How malignant tumors
coerce neighboring stromal cells to support their own growth and survive metabolic hardship is still unknown.

Recently, models for genetically switchable ATG deficiency have been utilized in Drosophila larvae harboring
RasV12, scrib−/− tumors in eye-antennal discs to assess the consequences of the autophagy-deficient phenotype in
both normal and tumor tissues and to understand how tumors affect their local and systemic environment [99]. When
metabolically stressed, RasV12 scrib−/− tumor cells induce autophagy in their neighboring epithelial cells through
a signaling autocrine loop involving TNFα–JNK–IL6. Local non-autonomous autophagy may then provide amino
acids to tumors, enabling malignant growth into the eye and invasion of the central nervous system, killing the animal.
Furthermore, distal organs such as the gut, adipose tissue, and muscles also activate autophagy, suggesting a systemic
response to the presence of tumor masses [99].

These findings indicate that tumors are more autophagy dependent than most normal tissues, which may reflect
differences in states of tissue differentiation and metabolic demand, and that there may be a therapeutic window for
autophagy inhibition for cancer therapy and prevention. The effects of autophagy manipulation have been modeled
in a mixed population of drug-resistant and drug-sensitive tumor cells to show that selective inhibition of autophagy
in drug-sensitive cells can increase the growth of drug-resistant cells in a non-cell autonomous manner [100].

Future directions
Autophagy was first identified as a cell-autonomous mechanism that responds to stress situations – such as short-
age of nutrients – to maintain cell homeostasis by acting as a quality control mechanism to eliminate damaged or
supernumerary organelles and protein aggregates [101,102]. This function is common to unicellular eukaryotes and
multicellular organisms. There is now growing evidence for the involvement of autophagy in the communication
between cells within the same organ and/or different organs as well.

This non-cell autonomous function of autophagy is observed in invertebrates and probably appeared early dur-
ing the evolution of species [73,99,103-105]. Non-cell autonomous functions of autophagy are observed during the
autophagy-dependent multicellular development of the social amoeba Dictyostelium discoideum [106]. As dis-
cussed in this review, non-cell autonomous autophagy mediates communication between the cells of the same and
different types in physiological and pathophysiological situations. In pathology, this aspect should be considered in
targetting the autophagy. Targetting the donor cells – the cells that stimulate autophagy to produce the material benefi-
cial for other cells – would be more efficient than targetting the recipient cells – those that utilize the material produced
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via the autophagic pathway in the donor cells. However, caution must be taken in targetting autophagy depending on
the stage of the disease and on the function of cell autonomous and non-cell autonomous autophagy during disease
progression. As recently shown in a mouse model of amyotrophic lateral sclerosis (ALS) with Atg7-defective motor
neurones, autophagy had a beneficial role early in disease, but a non-cell autonomous detrimental effect in disease
progression [107]. In development of autophagy-targetted therapies, it should be also taken into account that ATG
proteins have multiple functions outside the autophagic pathway [108], thus their pharmacological and genetic mod-
ulations will result in autophagy-unrelated effects, which must be investigated in the future to identify those functions
that are autophagy dependent and to consequently develop precise drugs [109,110].

Non-cell autonomous function is an emerging aspect of the study of autophagy as it relates to the physiology of mul-
ticellular organisms. Non-cell autonomous autophagy seems to be not only a mediator of the communication within
an organ and between peripheral organs but also a mediator of the dialog between peripheral organs and the central
nervous system in organisms ranging from invertebrates to mammals [61,73,103]. Beyond its cell-autonomous func-
tion, autophagy is also an important contributor to integrative physiology. To date, we have probably only observed
the tip of the iceberg of this area of autophagy research. Further studies are expected to definitively demonstrate the
importance of non-cell autonomous functions of autophagy in physiology and disease.

Summary
• In an unfavorable microenvironment, autophagy eliminates garbage, prevents accumulation of

toxins, and also supplies energy and compounds for cell survival and metabolism.

• By controlling the release of a large panel of molecules (cytokines and hormones, amino and
fatty acids, ATP), autophagy contributes to whole-body homeostasis through non-cell autonomous
mechanisms that can be exploited in pathological settings.

• Autophagy-related intercellular communication is implicated in the cross-talk between peripheral
metabolic tissues (adipose tissue, muscles, and liver) and the central nervous system that pre-
serves energy balance and optimizes food intake.

• Autophagy-related intercellular communication is disturbed in various pathological conditions in-
cluding all major cancers and metabolic and neurodegenerative syndromes.
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