
Rapporti ISTISAN 09/5 

 253

AUTOPHAGY/XENOPHAGY AS A SURVIVAL STRATEGY 
OF CANCER CELLS. THE ROLE OF CATHEPSINS 

Walter Malorni (a), Paola Matarrese (a), Laura Ciarlo (a), Barbara Ascione (a), Zara Zakeri (b) 
(a) Department of Therapeutic Research and Medicines Evaluation, Istituto Superiore di Sanità, Rome, Italy 
(b) Department of Biology, Queens College and Graduate Center of the City University of New York, 

Flushing, NY, USA 
 
 
Macroautophagy, often referred as to autophagy (self-cannibalism), designates the 

genetically determined process by which portions of the cytoplasm, organelles and long-lived 
proteins are engulfed in double-membraned vacuoles (autophagosomes) and sent for lysosomal 
degradation. Basal levels of autophagy contribute to the maintenance of intracellular 
homoeostasis by ensuring the turnover of supernumerary, aged and/or damaged components. 
Under conditions of starvation, the autophagic pathway operates to supply cells with metabolic 
substrates, and thus represents an important pro-survival mechanism. In cultured cells, the 
withdrawal of growth factors, known to represent an experimental condition triggering 
autophagy, can also enhance xeno-cannibalism (xenophagy; xeno is from ancient greek = 
foreign). In fact, studies performed in food limiting experimental conditions (due to serum or 
amino acid starvation or to metabolic defects), indicated that both auto- and xeno-phagy resulted 
increased. More recently, the presence of autophagic vacuoles has been associated with cell 
survival and intrinsic resistance of cancer cells. It was suggested that metastatic cells are also 
able to engulf and digest living cells. This can represent a formidable opportunity for metastatic 
cells to survive in adverse conditions such as those they encounter in their “journey” towards 
the target organ to establish a colony. Very recently, many morphological aspects associated 
with cannibalism have been identified in a number of different tumor cells. For instance, as for 
carcinomas, sarcomas, or stromal tumors, a variety of cytomorphological features, architectural 
patterns and stromal changes could be observed in malignant melanomas in association with 
xenophagic behaviour. Features of cell cannibalism were also detected in several other tumor 
cells such as adenocarcinoma, endometrial stromal sarcoma, giant cell carcinoma of the lung, 
small cell carcinoma of the lung, and breast carcinoma. Altogether these reports indicate that 
active xanophagy can occur in tumor cells of different histotype.  

It was also observed that the aberrant scavenging activity underlying the phagocytic-like 
cannibal activity of cancer cells has been associated to their invasiveness. The ability of a 
metastatic tumor cell to spread and invade other tissues is associated with its ability to make 
movements – even long-distance movements – crossing extracellular and cellular barriers to 
migrate far away from their original growth site. Evidence has been accumulating suggesting 
that tumor cell invasiveness and aggressiveness could be associated with a huge ability of these 
cells to engulf any type of biological materials they encounter during their “journey”, i.e. 
extracellular matrix, cell debris or, also, other cells. Accordingly, based on histopatological 
observations, xenophagic features in tumor tissues have been associated with malignancy and 
with a worst prognosis. Hence, on this basis, cannibalism has been proposed as a valuable 
diagnostic marker of malignancy.  

Xenophagy is under control of several exogenous and endogenous factors that drive and 
allow such an acquired “feeding” behaviour. Among these, the release and the activity of 
secreted proteinases as been investigated. The microenvironment that surrounds metastatic cells, 
and that the same metastatic cells partially contribute to determine, was described as often 
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hypoxic and this leads to a decreased pH. This has been suggested to influence cell homeostasis 
and to determine a “selective pressure” that allows the survival of certain cells only. The 
cysteinyl-proteases, e.g. cathepsins, can play an important role in this process. Cathepsin B, a 
proteolytic enzyme potently activated in acidic conditions, is usually detected in lysosomal 
compartments. It is well known that in some metastatic tumors cathepsin B can significantly 
increase and can be released in the extracellular milieu. Cathepsins, considered as key enzymes 
in the extracellular matrix dissolution, which is necessary for metastatic cell migration, has also 
been recently implicated in autophagy. In our in vitro experimental system, represented by 
different cell lines derived from human metastatic melanoma lesions we found, in comparison 
with cells derived from primary melanoma, an increase of: i) cathepsin B secretion and activity; 
ii) cell invasiveness; iii) xenophagy and iv) cell survival, which were prevented by interfering 
with cathepsin B activity. Therefore, it can be argued that this protease can critically contribute 
to the migratory behavior of the metastatic cells not only facilitating extracellular matrix 
dissolution, but probably contributing to their feeding of exogenous materials, including siblings 
and other cells. Our data seem to suggest a pathogenetic role for xenphagic behavior in human 
pathology and point at this surprising cellular aggressiveness as an innovative pharmacological 
target in the clinical management of metastatic disease. 
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