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ASSIGNMENT
AUTOPHAGY OF LEUKEMIA

The term autophagy (literally “self-eating”) indicates some quite distinct cellular processes, which share as outcome the degradation of intracellular components by lysosomes [1]. Autophagy plays a critical role in maintaining normal cellular homeostasis [6]. In fact, under optimal conditions, basal levels of autophagy are needed to warrant cell fitness and to maintain quality control of essential cellular components, by removing unfolded, excessive and/or aged proteins, as well as damaged or superfluous organelles. Autophagic flow can considerably increase in response to cellular stress, such as nutrient deprivation, hypoxia, DNA damage, starvation, pathogen infection, and ER stress, allowing the cell to cope with that particular “emergency” status [7], [8], [9].

   Macroautophagy, usually referred to as autophagy, is a degradative pathway wherein cytoplasmatic components such as aggregated/misfolded proteins and organelles are engulfed within double-membrane vesicles (autophagosomes) and then delivered to lysosomes for degradation. Autophagy plays an important role in the regulation of numerous physiological functions, including hematopoiesis, through elimination of aggregated/misfolded proteins, and damaged/superfluous organelles. The catabolic products of autophagy (amino acids, fatty acids, nucleotides) are released into the cytosol from autophagolysosomes and recycled into bio-energetic pathways. Therefore, autophagy allows cells to survive starvation and other unfavorable conditions, including hypoxia, heat shock, and microbial pathogens. Nevertheless, depending upon the cell context and functional status, autophagy can also serve as a death mechanism. The cohort of proteins that constitute the autophagy machinery function in a complex, multistep biochemical pathway which has been partially identified over the past decade. Dysregulation of autophagy may contribute to the development of several disorders, including acute leukemias. In this kind of hematologic malignancies, autophagy can either act as a chemo-resistance mechanism or have tumor suppressive functions, depending on the context. Therefore, strategies exploiting autophagy, either for activating or inhibiting it, could find a broad application for innovative treatment of acute leukemias and could significantly contribute to improved clinical outcomes. These aspects are discussed here after a brief introduction to the autophagic molecular machinery and its roles in hematopoiesis.

Autophagy Is Critical in the Maintenance of Hematopoietic Stem Cells

HSCs are a rare population that ensure life-long hematopoiesis, and as such must be carefully maintained and protected to counteract damage and accumulation of mutations that could initiate or promote leukemia development [39,40,41]. Several studies have shown that autophagy plays key roles in the maintenance and metabolism of murine HSCs. 

Autophagy Plays Context-Dependent Roles in Leukemia Initiation, Progression, and Drug Resistance

Leukemia is often referred to as a clonal stem cell disorder where self-renewing LSCs have been described to initiate tumor formation and later cause chemotherapy resistance or failure and disease relapse [43,44,45,46]. LSCs can either originate from transformed HSCs or their more differentiated and mutated progeny, depending on the type of leukemia, disease stage, and other contributing factors [47,48,49,50]. Intriguingly, several studies have shown that LSCs and leukemic blasts can utilize autophagy to respond to the specific energetic demands during accelerated cell proliferation and to counteract chemotherapeutic stress, to ensure their survival. For example, in chronic myeloid leukemia (CML), we and others demonstrated that patient-derived LSCs possess high levels of basal autophagy gene expression compared to more mature cells or their normal counterparts, and that targeting autophagy by genetic or pharmacological inhibition resulted in reduced leukemic cell viability and enhanced sensitivity to standard chemotherapy [6,7,51]. In contrast, studies in acute myeloid leukemia (AML) suggest a different function for autophagy, since autophagy seems often to be reduced in human AML blasts and loss of key autophagy genes leads to leukemia initiation and progression in mouse models [42,52,53]. Interestingly, in either case, autophagy can have cytoprotective roles that can be utilized to enhance chemotherapeutic agent sensitivity in leukemic cells [6,54]. These seemingly paradoxical roles for autophagy highlight its complexity and context-specific functions, and hence, will be discussed in more detail in the context of each leukemia separately.

APOPTOSIS DYSFUNCTION IN LEUKEMIA

Apoptosis is a process by which cells undergo programmed self‐destruction without eliciting any inflammatory response. At the molecular level, apoptosis is caused by the activation of caspases (Earnshaw et al, 1999). Caspases are a family of intracellular cysteine proteases that are found in a latent state in cells, but become activated in response to a wide variety of cell death stimuli. Caspases are organized in a cascade, with upstream initiator caspases being responsible for the activation of downstream effector caspases. Initiator caspases have long prodomains that mediate specific intermolecular interactions required for activation. 

A very simple model of some of the factors that can contribute to a ‘normal’ haematopoietic progenitor cell (HPC) turning into a cancerous leukaemia cell is shown in Fig 1. While deliberately ignoring other important factors such as the avoidance of immune surveillance, this model highlights the important role of senescence, proliferation and apoptosis in the development of the leukaemic phenotype. When haematopoietic cells acquire genetic changes that block senescence they can become immortalized. Genetic changes that allow cells to overcome the normal constraints imposed on proliferation by the cell cycle likewise contribute to leukaemic transformation. A genetic change that leads to blocking apoptosis may allow a cell to acquire further mutations, survive inappropriately and eventually become malignant. Additionally, a defect in the inherent ability of a cell to undergo apoptosis may account for much of the resistance to chemotherapy observed in leukaemic cells. Therefore, much effort has gone into understanding how apoptosis is altered in leukaemia cells and how it can be modulated to overcome resistance and improve clinical outcomes. This review will discuss some of the molecules known to influence apoptosis in leukaemic cells, particularly as a consequence of leukaemia‐associated chromosomal translocations. However, as illustrated in Fig 1, it is worth bearing in mind that modulation of apoptosis is only one of several factors involved in establishing the leukaemic phenotype.
