
Review

Autophagy and multivesicular bodies: two closely
related partners

CM Fader1 and MI Colombo*,1

In the majority of cell types, multivesicular bodies (MVBs) are a special kind of late endosomes, crucial intermediates in the
internalization of nutrients, ligands and receptors through the endolysosomal system. ESCRT-0, I, II and III (endosomal sorting
complex required for transport) are involved in the sorting of proteins into MVBs, generating the intraluminal vesicles.
Autophagy is a lysosomal degradation pathway for cytoplasmic components such as proteins and organelles. The
autophagosome, a well-characterized structure of the autophagy pathway, can fuse with endocytic structures such as MVBs to
generate the amphisome. Finally, the amphisome fuses with the lysosome to degrade the material wrapped inside. Currently,
clear evidence suggests that efficient autophagic degradation requires functional MVBs. This review highlights the most recent
advances in our understanding of the molecular machinery that participates in MVB biogenesis and regulates the interplay
between autophagy and this organelle.
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The endocytic pathway is a dynamic system that functions
in cellular housekeeping by internalization, transport, sorting
and degradation of macromolecules.1 Some receptors, such
as epidermal growth factor receptor (EGFR), are removed
from the plasma membrane by incorporation into endocytic
structures, which can fuse with an early endosome (also
known as a sorting endosome). Next, the EGFR is selectively
sorted by budding and subsequent pinching off of the
endosomal membrane into the luminal space, leading to the
formation of multivesicular bodies (MVBs). MVBs, a morpho-
logically distinctive late endosome, accumulate internally
small membrane vesicles (60–80 nm) containing the cargo
protein. Finally, MVBs can fuse with the lysosome to degrade
the proteins sequestered by acidic hydrolases (Figure 1).
Other receptors, such as the transferrin receptor (TfR) or low-
density lipoprotein (LDL) receptor (after releasing their iron or
LDL, respectively), recycle back to the plasma membrane
through recycling endosomes. However, in specialized cell
types such as reticulocytes, precursors of the mature red
blood cell, TfR is accumulated in the internal vesicles of MVBs
and released into the extracellular medium by fusion of MVBs
with the limiting plasma membrane (i.e. exosomes)2–7

(Figure 1). Each cargo protein, destined for either recycling
or exocytosis (TfR) or degradation (EGFR), transits through

the sorting (early) endosome, where they are selected and
targeted to each specific pathway.

Maturation of a red blood cell requires not only getting rid
of certain plasma membrane proteins such as the TfR as
indicated above but also a series of ultrastructural changes,
which include discarding the nucleus and organelles.8

Autophagy, a lysosomal degradation pathway, is the
main physiological pathway for the degradation of intracellular
macromolecules in eukaryotic cells,9,10 playing a specific
function in the turnover of organelles, long-lived proteins,
RNA (for a review, see Tanida et al.11). This process
is initiated when a cup-shaped structure called phagophore
or isolation membrane, which probably originates from
specialized regions of the ER, engulfs part of the cyto-
plasm or organelles, forming a closed double-membraned
vacuole termed autophagosome. This vacuolar structure,
with 300–900 nm of diameter, then undergo a maturation
process including fusion events with early and late endo-
somal vesicles, such as the MVBs, forming the amphisome,
a hybrid organelle. Subsequently, the amphisome fuses
with lysosomes (forming an autolysosome) to degrade
the incorporated material.12–16 Finally, the digested
materials are transported back to the cytoplasm and
reused.
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Several reports have analyzed mainly morphologically the
fusion between early and late MVB endosomes with auto-
phagosomes to generate the amphisome. These fusion
events indicate that maturation of autophagosome to auto-
phagolysosome, in mammalian cells, is a multistep process.17

This convergence between the endocytic and autophagic
pathways has been reported in Leydig cells. In this study,
the authors have visualized by electron microscopy that
MVBs deliver their endocytosed markers (two type of lectins,
concanavalin A (ConA) and wheat germ agglutinin (WGA)) to
the early autophagosomes where the two pathways meet.18

Although the molecular machinery that participates in
vesicular trafficking and convergence between both auto-
phagy and MVBs of the endocytic pathway have not been fully
uncovered, some proteins involved in this event have been
lately elucidated.19 This review highlights the most recent
advances in our understanding of the molecular machinery
that participates in MVB biogenesis and regulates the
interaction between autophagy and the MVB route. It is
suggested that both autophagy and the MVB pathway have a
close relationship with several intracellular events and are
implicated in cellular homeostasis.

Biogenesis of MVBs

Membrane trafficking events are tightly regulated to ensure
the correct delivery of cargo. In general, one of the roles of the

MVBs is to recruit mainly transmembrane proteins into its
internal vesicles for degradation.

The ubiquitylation process is required for a variety of
important biological pathways, including proteosomal degra-
dation,20 endocytosis21 and lysosomal degradation,22 thus
regulating the localization and destiny of many proteins. This
conjugation event occurs through a sequential series of
reactions involving the E1, E2 and E3 enzymes and results in
proteasomal, nuclear and endosomal targeting, depending on
the protein and the nature of the ubiquitination.23 Although
targeting to the proteasome requires attachment of a chain of
at least four ubiquitins, monoubiquitination is sufficient for
targeting to the endocytic pathway.24,25

Several studies have shown that monoubiquitination is the
best characterized signal for targeting membrane proteins to
the degradative MVB pathway.22,26 Most of the transmem-
brane proteins that accumulate in the internal vesicles of
MVBs are marked by a single ubiquitin or a short chain of two
or three ubiquitin subunits. These subunits are recognized by
a specific and conserved machinery termed ‘endosomal
sorting complex required for transport’ (ESCRT) (for a
detailed description of the ESCRT machinery, see Box 1).
The ESCRT machinery comprises four separate protein
complexes, called ESCRT-0, I, II and III, which have a specific
role in sorting proteins into the MVB and in the formation of this
kind of endosome (reviewed by Babst,27 Nickerson et al.,28

Saksena et al.,29 Williams and Urbe30).
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Figure 1 The multivesicular body (MVB) pathway. Endocytosed surface proteins and ligands are delivered into the endosomal system. Several receptors, such as TfR,
recycle back to the plasma membrane through recycling endosomes to bind and internalize new ligands. Some cargo proteins destined for degradation in the lysosome, such
as EGFR, are sorted into internal lumenal vesicles of MVBs. Mature MVBs can fuse with the lysosome and deliver the internal vesicles to the lysosomal lumen where the
vesicles and cargo are degraded by the lysosomal enzymes. In specialized cell types, such as erythroid precursors, some membrane proteins such as the TfR are internalized
by endocytosis and selectively sorted into an MVB. Finally, this MVB can fuse with the plasma membrane, releasing the internal vesicles (exosomes) and cargo into the
extracellular medium
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Hrs (hepatocyte growth factor-regulated tyrosine kinase
substrate), or its yeast homolog Vps27, is a constituent
of ESCRT-0, which is necessary for MVB biogenesis (see
Box 1). ESCRT-0 has an important role in the initial selection
of ubiquitylated cargo at the endosomal membrane. Some
reports have shown that Hrs is localized to both early and late
endosomal compartments through its FYVE domain, which
can bind to the specific lipid phosphatidylinositol-3-phosphate
(PtdIns(3)P).32 Interestingly, colocalization studies have
shown that localization of the ESCRT-I subunit to the MVB
membrane is dependent on its interaction with Hrs.33,34

Moreover, Hrs might bind clathrin through its clathrin-binding
motif. Interestingly, the colocalization of Hrs with endosomal
clathrin coats has been demonstrated by electron
microscopy.26,30

A recent publication has demonstrated that inhibition of
Hrs or the different subunits of ESCRT-I and II, but not Vps24
(a component of ESCRT-III subunit) caused ubiquitylated
proteins to accumulate in enlarged MVBs.35 On the other
hand, all of the ESCRT subunits remain tightly associated with
the membrane in the absence of Vps4 (a multimeric AAA
ATPase), thus blocking cargo sorting and generating an
enlarged type of vesicles termed class E phenotype.28,36 This
result suggests that Vps4 activity is necessary for cargo
transport and for removal of the ESCRT machinery from the
endosomal membrane. However, even though dissociation of
ESCRT-III is essential for sorting, it is not a prerequisite for
luminal vesicle formation,37 and for uncoupling MVB cargo
sorting from the budding of vesicles into the endosomal
lumen.

Alix, another class E Vps protein, has been shown to
regulate MVB biogenesis (for a review, see Lakkaraju and
Rodriguez-Boulan38). Alix is able to interact with CHMP4,
which is homologous to ESCRT-III subunits Vps32/Snf7
and Tsg101.39 It has been demonstrated that Bro1,
a Saccharomyces cerevisiae Alix homolog, recruits the
ubiquitin thiolesterase Doa4 (a DUB implicated in MVB
pathway) to the endosomal membrane where it might regulate
cycles of ubiquitylation/deubiquitination.39–42 As mentioned
above, this cycle is essential for sorting proteins into MVBs.

In summary, the ubiquitylation system has an important role
in protein sorting into MVBs. However, recent works have
demonstrated that the cargo itself can drive MVB biogenesis
and proteins can be sorted into MVBs in a ubiquitin-43,44 and
ESCRT-independent manner.45

Autophagy

Autophagy, is a lysosomal degradation pathway for cyto-
plasmic components (for a review, see Klionsky and Emr,10

Eskelinen17 and Theos et al.46). Unlike the ubiquitin–protea-
some degradation system responsible for degradation of
short-lived proteins, autophagy is involved in the turnover of
long-lived proteins, cellular macromolecules and whole
organelles,13,47–50 acting as an essential physiological system
for cellular homeostasis.51 It has also been demonstrated
that autophagy has an important role in neurodegenerative
diseases, aging, cancer, type-II programmed cell death,
antigen presentation, early neonatal stages and bacterial
invasion (for a review, see Tanida et al.11).

During the autophagic process, a cupped-shape structure,
also referred to as phagophore, isolation membrane or
pre-autophagosome, encloses a portion of cytoplasm, form-
ing an autophagosome. The autophagosome is a double-
membraned structure containing undigested cytoplasmic
components, including organelles, and it is devoid of any
lysosomal protein. These autophagosomes can interact with
components of the endocytic pathway, generating a hybrid
organelle termed amphisome.17,52–55 Studies in rat liver
indicate that amphisomes are enriched in proteins of early
endosomes, such as EEA1, and also of late endosomes (M6P
receptor) and, it is therefore likely that amphisomes receive
cargo proteins from both early (sorting) and late (MVB)
endosomes.12 The amphisome is more acidic than the
autophagosome (pH 5.7), probably due to the fusion of
autophagosomes with endocytic vesicles carrying the proton
pump and lysosomal membrane proteins, but not lysosomal
enzymes.12,17 Finally, the autophagosome or the amphisome
acquires hydrolytic enzymes by fusion with lysosomes (to
form the autolysosome), in which intraluminal components
and the inner membrane of the autophagosome is
degraded13,56 (see Figure 2).

The molecular mechanism underlying autophagy was first
characterized in yeast. These studies led to the identification
of a set of Atg (autophagy related) factors, which are
evolutionary conserved.10,56,57 Two ubiquitin-like conjugation
systems that participate in a coordinated manner are
necessary in early stages of autophagosome formation58–60

(see Box 2). The first conjugation system produces the Atg12-
Atg5 complex that is non-covalently associated with Atg16.

Box 1 The ESCRT machinery involved in MVB biogenesis

A group of Vps proteins, the endosomal sorting complexes
required for transport (ESCRT)-0, I, II and III, are necessary
for MVB biogenesis. Hrs (hepatocyte growth factor-regulated
tyrosine kinase substrate) or its yeast homolog Vps27 and STAM
(signal-transducing adaptor molecule) or Hse1 in yeast make up
the ESCRT-0 subunit. This complex has an important role in the
initial selection of ubiquitylated cargo at the endosomal membrane
(reviewed by Nickerson et al.,28 Saksena et al.29 and Williams and
Urbe30). ESCRT-I, a 350-kDa complex, is formed by four different
Vps proteins (Vps23, Vps28, Vps37 and Mvb12). Vps23, or its
mammalian homolog Tsg101, is one of the essential subunits of
the ESCRT-I, which recognizes and binds ubiquitylated proteins
through its terminal ubiquitin E2 variant (UEV) domain. Similar to
Tsg101, Hrs is able to bind ubiquitylated proteins because it has
one double-sided ubiquitin interaction motifs (UIMs), which are
important for the sorting of MVB cargo.26,31 The Tsg101 UEV
domain interacts with Hrs, through PTVP and PSDP motifs
present in Vps27, allowing the association of ESCRT-I to the
endosomal membrane. The ESCRT-I subunits recruit the
ESCRT-II (Vps22, Vps25 and Vps36), which also has an ubiquitin-
interacting region that is essential for cargo recognition and
sorting. ESCRT-II is able to recruit at least four small proteins to
form an endosomal-associated complex called ESCRT-III (Vps2,
Vps20, Vps24 and Snf7). One of the functions of this complex is
to concentrate the MVB cargo in the inward membrane region.
ESCRT-III also recruits deubiquitinating enzymes (DUBs) to
remove ubiquitin from cargo proteins prior to their incorporation
into the MVB. Finally, ESCRT-III recruits a multimeric AAA
ATPase, Vps4 or its mammalian homolog SKD1, which catalyzes
the disassembly of all ESCRT complexes from the endosomal
membrane in an ATP-dependent manner (reviewed by Babst27).
This ESCRT disassembly process is the final distinguishable step
of cargo sorting and is an essential event for MVB formation.
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The second conjugation system is characterized by conjuga-
tion of Atg8 or its mammalian homolog LC3 (see Box 2) with
phosphatidylethanolamine (Figure 3).

Regulation of Autophagy

In mammalian cells, different extracellular signals can trigger
autophagy such as nutrient starvation, stress or treatment
with hormones.62,63 One target of these signals is the serine
threonine protein kinase Tor (Target of rapamycin), a
phosphorylated kinase that inhibits the autophagic process
until it is dephosphorylated. The first evidence that Tor has a
role in regulating autophagy came from experiments involving
rat hepatocytes that showed that rapamycin partially reverses
the inhibitory effects of amino acids on autophagic proteo-
lysis.64 The protein Tor functions as a sensor for cellular
energy and amino-acid levels.65

As mentioned above, one of the most important physiolo-
gical stimuli that favor the activation of autophagy is nutrient
starvation such as deprivation of serum and some amino
acids (leucine, phenylalanine, tyrosine, glutamine and
alanine).66,67 Earlier study has also shown that a class III
phosphatidylinositol-3-kinase (PI3K)/Vps34 is involved in
the early steps prior to autophagosome formation.68,69

As expected, inhibitors of PI3Ks such as wortmannin (WM),

3-methyladenine and LY294002 inhibit autophagy.70 Thus,
the levels of autophagy can also be modulated pharmacolo-
gically.71 Several reports have shown the essential role of
PI3K/Vps34 at the pre-autophagosomal structure in the
recruitment of proteins necessary for the biogenesis of the
membrane-bound compartment.

Beclin 1, the mammalian ortholog of yeast Atg6/Vps30,
is an important link between the autophagy pathway
and apoptosis.49 Beclin 1 binds to the mammalian homolog
of PI3K/Vps34 and this interaction is evolutionarily conserved.
This complex is essential for the recruitment of other
Atg proteins to the pre-autophagosomal structure
(phagophore),72,73 and for the production of PtdIns3P. In
yeast, Atg6 and Vps34 can form part of two different protein
complexes. One of them is implicated in vacuolar protein
sorting, whereas the other one modulates autophagy
under starvation conditions.74 UVRAG is a tumor suppressor
that is part of the Beclin 1 complex, and stimulates auto-
phagy through a direct interaction with the coiled-coil domain
of Beclin 1. It is important to mention that UVRAG colocalizes
not only with autophagosomes but also with early endo-
somes.75 UVRAG has a key role in endocytic trafficking,
promoting endosomal fusion both in vitro and in vivo. It is
required for EGF trafficking, favoring the degradation of
EGFR. Interestingly, it has been found that UVRAG also
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Figure 2 The autophagic pathway. The production of PtIns3P by the Beclin 1 complex is an early event in autophagosome formation that is necessary for the recruitment
of certain Atg proteins to the phagophore or isolation membrane. Subsequently, the sequential recruitment of Atg12-Atg5 complex and Atg8-LC3 protein to the phagophore
takes place. The cytosolic form of LC3, LC3-I, is covalently bound to phosphatidylethanolamine (PE), generating LC3-II, which binds to the autophagosomal membrane. The
phagophore, a cup-shaped structure, encapsulates cytosolic proteins and organelles, forming a double-membraned structure termed autophagosome. At this point, most of
the Atg proteins, except LC3-II, are recycled from the autophagosome membrane back to the cytosol. Then, the autophagosome can fuse with endosomal compartments,
generating the amphisome. The sequestered material is finally degraded by fusion of the amphisome with the lysosomal compartment, forming the autolysosome. Fusion of
autophagosomes and amphisomes with the lysosomal compartment depends on an active Rab7
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interacts with the early endosomal protein Rab5, indicating
again the connection between autophagy and the endocytic
pathway.

Some proteins involved in the endolysosomal pathway are
required for autophagosome maturation in yeast and mam-
malian cells, such as the small GTPase Rab7/Ypt7p,76,77 the
small GTPase Rab11,19 a syntaxin homolog Vam3p, the AAA
ATPase SKD1 and the SNARE protein Vti1p. Furthermore, in
a very recent publication it has been demonstrated that the
early endosome protein Rab5, in a complex with Beclin 1 and
PI3K/Vps34, is required at an initial stage of the autophago-
some formation.78 Thus, the interplay between the endocytic
and autophagic pathways at the molecular level is much
closer than envisioned earlier.

Relationship between Autophagy and the MVB Pathway:
Molecular Players

As indicated above, biochemical and morphological studies
have shown that autophagosomes can fuse with endosomes,
forming the so-called amphisome. This structure represents a
prelysosomal compartment in which both the autophagic and
endocytic pathways converge.12,17 It has been demonstrated
that amphisomes can be distinguished physically and
morphologically from other closely related autophagic and
endocytic vacuoles.12 Leupeptin (an inhibitor of intralysoso-
mal proteolysis) was used as a tool to accumulate amphi-
somes in rat liver cells. Morphometric analysis indicated that
the amphisome is an independent prelysosomal endocytic
structure that can be distinguished from other endocytic
vacuoles.12

Several lines of evidence indicate that autophagosome–
endosome interaction is required for the maturation of the
autophagosome. Interestingly, morphological evidence sug-
gests that MVBs are the main endocytic fusion partners that
meet with the autophagosome.12 However, there is also good
evidence that some autophagosomes can fuse directly with
lysosomes, without amphisome formation. Morphometric
studies have shown that hepatocytic endosomes were 5–6
times more likely to enter the amphisome pathway than to fuse
directly with lysosomes.52

In general, very little is known about the molecular
components that actually regulate the interaction between
the autophagosome and the endocytic/MVB pathway. Recent
evidence indicates that calcium is one of the players. Calcium
is an important element that plays an essential role in many
biological processes (reviewed by Ding and Yin79 and Hoyer-
Hansen and Jaattela80). It was initially shown that autophagy
was dependent on calcium.81 Recent work has demonstrated
the important role of calcium in autophagosome formation,
pointing to Bcl-2 as a possible modulator of calcium homeo-
stasis and signaling.82,83 Calcium-mobilizing agents, such
as ionomycin and thapsigargin, cause an increase in free
cytosolic calcium, inducing autophagy through a signaling
pathway that involves calmodulin-dependent kinase kinase b
and AMP-activated protein kinase.82 The effect of these
calcium-mobilizing agents was blocked by the calcium
chelator BAPTA-AM. Moreover, a membrane-permeable
fluorescent calcium probe has recently been used to
demonstrate that, under conditions that stimulate autophagy,

Box 2 The protein conjugation systems involved in the autophagy pathway

As shown in Figure 3, autophagosome formation is mediated by a
group of evolutionarily conserved Atg proteins (autophagy-related
proteins). For many of these genes, the corresponding orthologs
have been identified in higher eukaryotes, including man. Two
protein conjugation systems, which are similar to those involved in
the ubiquitylation of proteins in the proteasome pathway and
function in a coordinated manner, are involved in the autophagy
pathway. The first conjugation system requires the proteins Atg5,
Atg7, Atg10 and Atg12; Atg7 and Atg10 play the role of E1 and E2
enzymes of the ubiquitin pathway, respectively. Finally, the
complex Atg5-Atg12 is formed in association with Atg16 in a non-
covalent form. Interestingly, a recent publication has shown that
the Atg12-Atg5 conjugate has E3-like activity for the Atg8–PE
(phosphatidylethanolamine) conjugation reaction.61 This
multimeric complex is associated with the membrane, where it
initiates the formation of the phagophore or isolation membrane.
The other conjugation system involves the Atg8 protein or its
mammalian homolog MAP-LC3 (microtubule-associated protein 1
light chain 3). On synthesis, LC3 is processed by a cysteine
protease to its cytosolic form LC3-I, exposing a glycine residue at
the carboxy terminus. This form is conjugated to the lipid PE,
generating the LC3-II form, which is associated with both the outer
and inner autophagosomal membranes (Figure 2). This
conjugation event is dependent on the activity of Atg7 and Atg3,
which have a similar function to the E1 and E2 enzymes of the
ubiquitin pathway, respectively. Then, autophagosomes and
amphisomes can fuse with lysosomes to degrade the trapped
components, generating the autophagolysosome. Finally, the
cysteine protease Atg4 is involved in the processing and
deconjugation of LC3-II from the autophagosome, although LC3-II
is also present in late autophagic vesicles (i.e.
autophagolysosomes) at lesser concentrations. In general, LC3
processing and distribution is a useful tool to monitor autophagy
either morphologically or biochemically.
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Figure 3 Schematic representation of the ubiquitin-like systems necessary for
autophagy. Two ubiquitin-like systems are required for autophagy. Atg12 is
activated by Atg7 (an E1 enzyme), transferred to Atg10 (an E2 enzyme) and
conjugated to Atg5, later forming a complex with Atg16. This complex is the first
modifier necessary for the development of precursors of autophagosomes. The
second modifier necessary for autophagosome formation is Atg8/LC3, which is
synthesized as a pro-LC3 and processed to LC3-I (cytosolic form). LC3-I is activated
by Atg7, transferred to Atg3 (an E2 enzyme) and finally conjugated with
phosphatidylethanolamine (PE), generating the membrane bound form LC3-II. LC3-
II is converted to LC3-I by the cysteine protease Atg4
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autophagosomes accumulate calcium intralumenally;
thus, the autophagosome and amphisome actually act as a
calcium store. The importance of this finding is that, similar to
other intracellular fusion events and exocytic processes, the
intravesicular accumulation of calcium and likely local calcium
efflux seems to be required for autophagosome fusion. The
calcium chelator BAPTA-AM abrogated autophagosome
enlargement and autophagosome–MVB fusion,19 suggesting
that both autophagosome homotypic fusion and fusion with
other compartments are calcium dependent. Collectively,
these results imply that the accumulation of calcium in
autophagic vacuoles facilitates the interaction with MVBs. It
has been demonstrated that fusion among early endosomes
also requires release of intravesicular calcium. In current
models it is postulated that, during a vesicular fusion event,
the membranes of each compartment are maintained in close
proximity, generating a partially restricted environment in
which the calcium concentration can be strongly increased by
the local action of calcium pumps or the opening of calcium
channels in the vesicles engaged in fusion. The emptiness of
these vesicular stores, due to the release of calcium, could
subsequently open store-operated calcium channels in the
plasma membrane, enabling calcium to enter from the
extracellular medium. As part of the fusion machinery
(together with the SNAREs), the calcium sensor synaptotag-
min is recruited to the membrane on calcium binding, leading
to the final fusion step.

As indicated in the previous sections, in specialized cell
types, such as reticulocytes, MVBs can fuse with the plasma
membrane, releasing the internal vesicles, the so-called
exosomes, into the extracellular media. Human erythro-
leukemic K562 cells generate MVBs and have been used
to study the participation of molecular regulators in the
MVB pathway and exosome release.84,85 K562 cells are an
useful tool to study MVB formation and exosome secretion
from erythroid cells because unlike reticulocytes, it is possible
to generate transient or stably transfected cell lines over-
expressing different proteins involved in membrane traffick-
ing. Furthermore, given the importance of both the MVB and
autophagic pathways in reticulocyte maturation, the K562
cells are an excellent model to study the interaction of these
pathways as well as the consequence of activating autophagy
in this interplay.

We have demonstrated that in K562 cells overexpression of
wild-type Rab11 and its active mutant Rab11Q70L generates
large MVBs decorated by Rab11, stimulating exosome
release.84,85 It is noteworthy that the stimulatory effect of
Rab11 in exosome secretion was over-ridden by overexpres-
sion of the autophagic protein LC3. In addition, induction
of autophagy by nutrient deprivation inhibited exosome
secretion, suggesting that autophagy induction re-routes the
MVBs toward the autophagic pathway, hampering exosome
release.19 We have presented evidence that physiological or
pharmacological induction of autophagy caused a marked
increase in the fusion between MVBs and autophagosomes,
generating enlarged amphisomes. Interestingly, overexpres-
sion of the Rab11 dominant negative mutant impaired
autophagosome–MVB interaction, suggesting that Rab11 is
necessary for this fusion event.19 Likewise, fusion between
autophagosomes and MVBs was partially retarded in hepa-

tocytes from mice deficient in the SNARE protein Vti1p,
suggesting that this protein also participate in autophago-
some–MVB fusion in mammalian cells.86 On the other hand,
Vti1 might have a role in autophagic vacuole maturation.17

Recent publications demonstrated that the small GTPase
Rab7, which is localized in the limiting membrane of
autophagosome, is important for the normal progression of
autophagy.51,76,77 Interestingly, we have also shown that
Rab7 is necessary for fusion between autophagosome and
amphisomes with the lysosome, whereas it is not required for
autophagosome–MVB fusion.19 Moreover, we have shown
that inhibition of the interaction between autophagosomes
and MVBs, to generate the amphisome, does not hamper the
autophagolysosome formation, supporting the existence of an
alternative direct fusion event between autophagosomes and
lysosomes.

Earlier studies have shown that vinblastine, a microtubule-
disrupting agent, prevents the interaction between auto-
phagosomes and lysosomes. It has been demonstrated
that this is due to inhibition of fusion of autophagosomes
and amphisomes with lysosomes.12,15 In contrast, in a recent
publication it has been shown that microtubule depolymeriza-
tion does not affect the rate of autolysosome formation.87

Thus, the exact blocking point between the endocytic and
autophagy pathways is by some means debatable. We have
shown that the interaction between MVBs and autophagic
vesicles was not prevented when microtubules were depoly-
merized by vinblastine but fusion with lysosomes was
completely hampered.19 Consistent with our observations,
Tooze and collaborators88 have shown that microtubule-
depolymerizing agents inhibit fusion of autophagosomes with
lysosomal vacuoles. In summary, all these studies indicate
that microtubules are not required at the autophagosome–
MVB fusion step, but are necessary for the final maturation
and degradation stages.

The AAA ATPase SKD1 was also proposed as an essential
protein for autophagosome maturation.89 Interestingly, over-
expression of a negative mutant of SKD1 (SKD1 E235Q) that
is unable to hydrolyze ATP induced aberrant MVBs.89

Furthermore, overexpression of this mutant blocks the auto-
phagic pathway at a step prior to fusion with the lysosome,
resulting in a decrease in protein degradation. These data
suggest that SKD1 is necessary for both endosomal vesicle
trafficking and a late stage of the autophagic pathway that is
necessary for autophagosome maturation.

As indicated above, PI3Ks are key enzymes that regulate
the autophagic pathway. Type III PI3K/Vps34 is thought to be
involved in the early steps of this pathway as the PI3K inhibitor
WM completely blocks autophagy at a step prior to the
formation of the autophagosomal-sequestering vesicle. More-
over, it is known that a PI3K also participates in the biogenesis
of MVBs; its activity is required for the generation of the
internal vesicles. An interesting observation is that in K562
cells the LC3 protein has a punctate distribution even in cells
incubated in full nutrient conditions, indicating that autophagic
vesicles are already formed.90 Nevertheless, these LC3-
labeled structures disappeared on incubation with the
autophagy inhibitor WM, indicating that their distribution was
indeed regulated by a PI3K; this is consistent with the
requirement for this enzyme in autophagosome formation
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(for a review, see Meijer and Codogno50). As expected, WM
treatment completely prevented the formation of MVBs,
although giant vesicles were generated due to the inhibition
of inward budding as demonstrated earlier (Fader et al.,
unpublished).

Beclin 1 forms a complex with PI3K/Vps34. Earlier report91

used siRNA-mediated gene silencing methodology to sup-
press Beclin 1 expression. It was demonstrated that whereas
autophagy was markedly attenuated, no effect was observed
in other PI3K-dependent pathways, such as endocytic
trafficking or lysosomal enzyme sorting, suggesting that
Beclin 1 is a restricted modulator of autophagy. However,
we have observed that knocking down Beclin 1 expression to
specifically affect the PI3K involved in the autophagy path-
way91 not only hampered LC3 processing under both control
and starvation conditions but also altered the distribution and
the size of the MVBs (Fader et al., unpublished). This result
suggests that Beclin 1, an autophagic protein, also partici-
pates in MVB formation.

Several diseases are associated with autophagy. Neuro-
degenerative disorders (Huntington’s and Parkinson’s) are
characterized by accumulation of intracellular protein aggre-
gates. Autophagy is activated as an alternative lysosomal
mechanism to degrade these protein aggregates.92–95 In
addition, CHMP2B/Vps2B, a subunit of the ESCRT-III
complex, was found to be mutated in patients with fronto-

temporal dementia) and amyotrophic lateral sclerosis.96,97

Recent publications have shown that autophagy degradation
is abrogated in cells depleted of ESCRT subunits or in cells
overexpressing a mutant of CHMP2B that caused an
accumulation of ubiquitin–protein aggregates.35,98 Indeed,
loss of mSnf7-2, a key component of ESCRT-III that is highly
expressed in neurons, caused autophagosome accumulation
in cortical neurons, retraction of dendrites and neuronal cell
loss.98 Likewise, loss of ESCRT or Vps4 activity in Drosophila
caused accumulation of autophagosomes, probably due to
inhibition of fusion with compartments of the endocytic
pathway.99 Furthermore, this ESCRT dysfunction increased
the toxicity of polyglutamine aggregates in a model for
Huntington’s disease.99 Interestingly, the ESCRT machinery
has been shown to have an important and conserved function
in modulating bacterial phagosome in mammalian cells.100 In
summary, all these recent reports link ESCRT activity with
autophagy and neurodegenerative diseases or other patho-
logical processes.

Although little is still known about the proteins that
participate in the fusion of autophagosomes and endosomes,
in particular MVBs, cumulative evidence suggests that a close
relationship between the MVB and autophagic pathways exist
(see Figure 4). In fact, alteration in MVB biogenesis blocks the
degradation of some proteins through autophagy (see also a
recent review by Rusten and Simonsen101). In summary,
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Figure 4 Convergence of autophagic vesicles and MVBs destined for lysosomal protein degradation. The model shows that organelles and cytosolic proteins that are
targeted for degradation are engulfed in a double membrane vacuole (phagophore or isolation membrane), generating an autophagosome. In the endocytic pathway, cargo
proteins destined for lysosomal degradation are sorted into lumenal vesicles of MVBs. ESCRT-0, I, II and III are recruited from the cytoplasm to the endosomal membrane
likely in a sequential manner, enabling the inward budding of the early endosome-limiting membrane. Mature MVBs fuse with the autophagosome (a Rab11-dependent step)
forming a hybrid organelle – the so-called amphisome. Finally, amphisomes can fuse with the lysosome (the enzyme-containing compartment) generating the
autophagolysosome, a Rab7-dependent event
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these results indicate that a functional MVB is necessary to
allow an efficient autophagic degradation. Further experi-
ments would allow us to decipher the connection between
both pathways at the molecular level. Given the critical role of
MVB biogenesis and autophagy in many diseases, it is clear
that future research in this field will greatly improve our
knowledge and suggest therapeutic intervention possibilities.
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