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SUMMARY 

Alix and ESCRT proteins are required for membrane fission during viral budding and 

egress and during the abscission stage of cytokinesis. These common roles have suggested that 

Alix functions as an ESCRT protein, a conclusion challenged by the finding that unlike 

ESCRTs, which control the formation of multivesicular endosomes, Alix does not influence the 

degradation of the EGF receptor. We previously showed that Alix controls neuronal death by 

an unknown mechanism, but dependent on its interaction with ESCRT proteins. Since then, 

numerous reports have shown that ESCRTs participate in macroautophagy. Given the direct 

interaction between ESCRTs and Alix, together with the known contribution of autophagy to 

cell death, it was hypothesized that Alix controls autophagy and thereby cell death. Our recent 

published results show that this is not the case. ESCRT protein activity therefore needs Alix 

for viral budding and cytokinesis but not for autophagy. The function of ESCRT can thus be 

clearly be disconnected from that of Alix.   
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The endosomal system is composed of a series of intracellular compartments 

within which endocytosed molecules and redundant cellular material are hydrolyzed. 

Endocytosed material tends to flow vectorially through the system from early 
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endosomes to late endosomes and then into lysosomes, whereas phagocytosis and 

autophagy provide alternative entry points. Endocytosed membrane proteins meant 

for degradation are selectively sequestered within vesicles budding from the 

membrane into the lumen of endosomes. This process leads to the formation of 

endosome intermediates called multivesicular endosomes (MVEs), filled with 

intralumenal vesicles, which are hydrolyzed after fusion of the MVEs with 

lysosomes.1 Intracellular protein and organelle degradation occurs via autophagy 

after MVEs or endosomes fuse with autophagosomes to form amphisomes.2 The 

autophagic process ends with the fusion of amphisomes with lysosomes.   

After endocytosis, the cytoplasmic domains of receptors pointing out into the 

cytosol trigger the sequential building onto the endosomal membrane, of protein 

complexes called the endosomal sorting complex required for transport (ESCRT I, 

ESCRT II, ESCRT III). ESCRT III complexes, made of CHMP proteins in mammalian 

cells, entrap transmembrane proteins and contribute to the deforming of the 

endosomal membrane into vesicles.3 

The role played by ESCRTs is central to the replication of enveloped viruses, 

which recruit them via their GAGs in order to bud off membranes.4 Both retroviruses 

and vesicles of MVEs bud away from the cytoplasm, and CHMP proteins of ESCRT-

III seem instrumental for the fission of vesicles/virus from membranes. More recently, 

ESCRT proteins were shown to function in the last step of cytokinesis, which allows 

separation of the daughter cells after cell division.5-6 These events all require fission 

of a thin membrane tubule from within. CHMP proteins make helical tubular 

structures possibly inside deforming membranes. Fission would occur upon 

disassembly of the helical structures by the AAA-type ATPase Vps4/SKD1, which is 

known to be required for MVE genesis and viral abscission.7 

Alix is another protein that might be involved in membrane deformation/fission in 

tight relation with ESCRT proteins. This cytoplasmic protein binds to both Tsg101 

and SNF7/CHMP4B, members of the ESCRT I and III, respectively,8-9 and to 
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lysobisphosphatidic acid (LBPA), a phospholipid which is highly concentrated inside 

MVEs and may help the intralumenal vesiculation of endosomes.10 In both cases of 

cytokinesis and virus budding, Alix represents a way to recruit the ESCRT machinery 

necessary for membrane fission. The situation is far less clear regarding a role of Alix 

in MVE genesis. A first hint that it might play a role in this process stems from its 

homology with a yeast protein, Bro1, required for the sorting of mono-ubiquitinated 

transmembrane proteins into intralumenal vesicles of MVEs.11 Furthermore, in HeLa 

cells knockdown of Alix results in a loss of intralumenal vesicles inside endosomes.10 

Surprisingly, however, neither we nor other labs have found any significant effect of 

Alix on endocytosis and degradation of the EGF receptor, a process known to require 

ESCRT proteins.12-13 Thus, the final consequence of Alix activity in MVEs remains 

largely unclear. 

Originally, Alix was characterized in a screen for proteins capable of binding the 

calcium binding protein ALG-2 (Apoptosis Linked Gene-2),14 first reported to be 

required for T cell apoptosis.15 Alix expression is up-regulated in degenerating 

neurons16 and overexpression is sufficient to activate caspases and thereby neuronal 

death.17-18 In contrast, dominant negative mutants of the protein block neuronal 

death. In particular, we found that several Alix mutants electroporated into chick 

embryo motoneurons in ovo rescue them from cell death occurring naturally during 

development. The death inhibiting activity of the mutants was tightly dependent on 

their capacity to bind to ESCRT proteins.18 Programmed cell death of motoneurons is 

known to involve caspases, even though inhibiting the proteases only blocks nuclear 

destruction without allowing motoneuron survival.18-19 Death might thus occur through 

a caspase-independent mechanism, which is inhibited by Alix mutants.  

Caspase-independent cell death remains ill defined, although autophagy has often 

been designated as responsible for cytoplasmic destruction.20-21 Because of the tight 

relationship between Alix and the endo-lysosomal system we reasoned that its 

capacity to block caspase-independent neuronal death might relate to a possible role 
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in the process of autophagy. In a first set of experiments we found that 

autophagosomes decorated with the microtubule-associated protein 1 light chain 3 

LC3 accumulated in cultured post-mitotic neurons expressing Alix or deprived of 

trophic support. Furthermore, an Alix dominant negative mutant inhibited 

accumulation of such vacuoles in neurons deprived of trophic support (Strappazzon 

et al., unpublished observation). These results could suggest that Alix drives 

autophagy and thereby neuronal death, or simply reflect the fact that autophagy 

accompanies neuronal death, which is itself controlled by Alix through an unrelated 

mechanism. In our recent paper22 we used BHK-21 cells to discriminate between 

these interpretations by uncoupling autophagy from cell death. In these cells Alix 

overexpression has no apparent effect on cell survival, and autophagy can be 

induced independently of cell death by depletion of essential amino acids. Using this 

paradigm, we found that Alix depletion or expression of Alix mutants did not affect 

LC3 localization or bulk protein degradation. These results were unexpected in view 

of recent reports implicating ESCRT proteins in autophagy. In particular depletion of 

Tsg-101 of ESCRT-I and SNF7/CHMP4B of ESCRT-III, which both interact with Alix, 

were shown to lead to accumulation of autophagosomes in mammalian and insect 

cells, respectively.23 Thus, our findings demonstrate that Alix control of neuronal 

death is unrelated to autophagy. They also clearly discriminate between the functions 

of Alix and ESCRT proteins and suggest that during autophagy Alix does not 

intervene in the recruitment/activation of ESCRTs as in the case of viral budding or 

cytokinesis.  
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