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T

here is a reciprocal change in the
expression of two members of the
BAG (Bcl-2-associated athanogen) family, BAG1 and BAG3, during cellular
aging and under acute stress (“BAG1BAG3-switch”). BAG3 was recently
described as a mediator of a novel macroautophagy pathway that uses the specificity of heat shock protein 70 (HSP70)
to misfolded proteins and also involves
other protein partners, such as HSPB8.
Also crucial for induction and execution
of autophagy are sequestosome-1/p62
(SQSTM1/p62) and LC3, an autophagosome-associated protein. In this novel
pathway, BAG3 mediates the targeting
and transport of degradation-prone substrates into aggresomes via the microtubule-motor dynein. Interestingly,
aggresome-targeting by BAG3 does
not depend on substrate ubiquitination
and is, therefore, involved in the clearance of misfolded proteins that are not
ubiquitinated.

organelle homeostasis depend on autophagic clearance. A failure of this basic
quality control system leads to disease.1,2
Based on mounting evidence excellently
reviewed elsewhere,3 it is now common
sense that the maintenance of cellular proteostasis through macroautophagy is not
just a crude, nonselective bulk degradation process, but rather displays a sophisticated portfolio of selectivity provided
by different molecular strategies. A great
advance in the autophagy field was (1)
the discovery of the autophagy adaptors
SQSTM1/p62 and NBR1 (neighbor of
Brc1), and their role as cargo receptors and
functional interfaces for the degradation
of ubiquitinated protein substrates and (2)
the description of the direct interaction
between SQSTM1/p62 and NBR1 with
LC3, a protein of the autophagosome.3
A distinct type of macroautophagy that
also involves chaperone proteins is the
so-called chaperone-mediated autophagy
(CMA).4,5 CMA is different from macroautophagy because in this process (1) no
autophagosome structures are formed and
(2) targets are soluble cytosolic proteins
carrying the pentapeptide KFERQ as a
protein sequence motif. CMA represents,
therefore, a highly specific and selective
degradation mechanism and, interestingly, the KFERQ motif is present in
approximately 30% of cytosolic proteins.
The chaperone proteins HSC70, HSP90
and the co-chaperones BAG1, HIP, HOP
and HSP40/DNAJB1 6,7 are crucial cooperation partners in CMA. In a concerted
action of this protein complex, the CMA
substrates are directly transported via
the lysosomal receptor LAMP-2A into
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Protein homeostasis is crucial for function and survival of cells. Through their
lifetime, cells face constantly changing
and sometimes unfriendly conditions
that challenge the two basic protein degradation systems, the proteasome and
autophagy (hereafter referred to as macroautophagy). In the last decade, the latter
especially has received an overwhelming attention. Macroautophagy, involving the sequestration of organelles and
macromolecules into autophagosomes,
is an evolutionarily conserved process of
vital importance. Cellular protein and
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Figure 1. The shift from BAG1 to BAG3 to maintain intracellular proteostasis under enhanced protein stress. To maintain the cellular proteostasis, the
regular turnover of degradation-prone proteins is usually carried out by the proteasomal pathway. In young cells, the co-chaperone BAG1 interacts
with the HSP70 system and is essential for the transfer of polyubiquitinated proteins to the proteasome. During cellular aging there is an increasing
demand for protein degradation due to the accumulation of misfolded proteins and protein aggregates that cannot enter the proteasome system.
This age-associated protein stress that also occurs under acute oxidative stress or upon pharmacological proteasome inhibition, leads to an enhanced
expression of the co-chaperone BAG3. The increased BAG3/BAG1 ratio induces the recruitment of the macroautophagy pathway for PQC mainly mediated by a multichaperone complex consisting of BAG3, HSPB8 and HSP70. The BAG1/BAG3-switch may function as a physiological adaptation to the
changing protein degradation demand during aging and also in protein aggregation disorders.8,9,11-13

©201
1L
andesBi
os
c
i
enc
e.
Donotdi
s
t
r
i
but
e.

the lysosomal lumen where degradation
occurs.4,5
The BAG1-BAG3-Switch: Shifting
from Proteasome to Autophagy

In the search for basic biochemical differences of young and old cells, the expression of two members of the BAG family,
BAG1 and BAG3, was found to be reciprocally regulated during cellular aging
and under acute oxidative or proteasomal
stress (“BAG1/BAG3-switch”).8 Under
physiological conditions the protein quality control (PQC) mediated by the activity of HSP70 towards misfolded proteins
is mainly achieved by BAG1-dependent
proteasomal degradation of polyubiquitinated (polyUb)-proteins. Under pathophysiological conditions (aging, acute
stress) with an accumulation of misfolded
and aggregated proteins and a concomitant decrease in proteasomal degradation
efficacy, BAG3-mediated selective macroautophagy is turned on, representing an
on-demand autophagy pathway (Fig. 1).
BAG3-Mediated Selective
Autophagy: A Concerted Action
of Chaperones and Co-Chaperones
as an Adaptive Physiological
Response
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Driven by an increased BAG3 expression,
protein homeostasis in aged (or challenged) cells is stabilized by the recruitment of the macroautophagy pathway
involving polyUb-substrates, HSP70,
HSPB8, SQSTM1/p62 and LC3.8,9 A
multichaperone protein complex consisting of BAG3-HSPB8-HSP70 was found
as controlling the selective degradation of
protein substrates such as polyUb-proteins
and disease proteins including polyQhuntingtin and superoxide dismutase-1
(SOD1) mutants linked to amyotrophic
lateral sclerosis (ALS).8-13 More recently,
it was found that degradation-prone proteins that are not ubiquitinated are also
clients of this BAG3-mediated autophagic
clearance pathway.13
Based on its modular domain structure,
BAG3 is a highly promiscuous molecule. It
has two WW domains at the N terminus,
a proline-rich region (PxxP) in the center and the BAG domain at the C terminus. The complete domain structure has
been recently summarized.14 Interaction
of BAG3 with the small heat-shock protein HSPB8 occurs through Ile-Pro-Val
motifs.9,15 Therefore, BAG3 can interact
with many partners and, in addition to
selective macroautophagy, is involved in
several key cellular processes, including
apoptosis, cell proliferation and adhesion.14
An essential prerequisite of BAG3-HSBP8HSP70-mediated macroautophagy is the
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specificity of HSP70 chaperones for misfolded proteins. The HSP70 chaperone
system is very complex and involved in
protein folding, protein degradation and
protein function.16-18 It comprises HSP70
as the key chaperone and many co-chaperones and co-regulators.19,20 Binding
of substrates to, and substrate release
from, HSP70 is controlled by an ATPconsuming cycle and the folding as well
as the degradation activity of HSP70 are
regulated by co-chaperones that directly
affect the turnover of ATP at HSP70.16
BAG3 in Aggresome Targeting
also Works Independently
of Protein Substrate Ubiquitination and Interacts with Dynein

BAG3 is not only a powerful trigger
of macroautophagy, but rather is also
involved in the active transport of protein substrates inside the cell. Selective
autophagy of damaged, misfolded and
aggregated proteins strongly requires the
concentration and isolation of degradation substrates away from other cytosolic
components. The retrograde transport
of substrates along microtubules via the
cytoplasmic dynein motor complex constitutes such a sequestration of degradation substrates in a special perinuclear
compartment, called the aggresome.21
A link of aggresome formation and the
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macroautophagy pathway is well established.22-24 Interestingly, we were now able
to show that BAG3 directly associates with
the microtubule motor dynein and mediates the selective transport of misfolded
proteins to the aggresome.13 Binding of
BAG3 to dynein is mediated by its PxxP
domain.13 Based on these findings, we propose the following scenario: BAG3 acts as
a nucleotide-exchange factor and directly
stimulates substrate transfer from HSP70
to the dynein motor complex. Therefore,
BAG3 directly promotes transport of misfolded proteins to the aggresome. When
the native state of an aggregation-prone
protein, such as polyQ-huntingtin or
SOD1, cannot be reached via the protein
quality control activity of the HSP70 system, the BAG3-HSP8-HSP70 complex
promotes targeting of these disease proteins to the aggresome and their subsequent degradation.8,9,12,13 Interestingly,
deletion of the PxxP domain inhibits the
ability to clear polyQ-expanded huntingtin,9 which further supports the BAG3
specificity of this process. Enhanced protein aggregation is a pathological hallmark
of aging and various neurodegenerative
diseases, such as Huntington disease,
Parkinson disease and ALS. The disturbance of dynein-mediated transport and,
therefore, aggresome formation, results
in inefficient degradation of aggregationprone proteins by macroautophagy and is
associated with the progression of various
disorders, including ALS.25
Usually, specific aggresome targeting
is achieved by the ubiquitination of degradation-prone proteins, which are then
recognized by ubiquitin adaptor proteins
that bind to dynein, such as the deacetylase HDAC6.26,27 But, because many
misfolded proteins in aggresomes are not
ubiquitinated,22 selective loading of cargo
onto dynein should also occur independently of ubiquitin signaling. Here, BAG3
might play a crucial role.13

the involvement of chaperone molecules
in autophagy. In recent years, multiple
chaperone-associated and chaperoneassisted degradation pathways have been
described, including CAP (chaperoneassisted proteasomal degradation), CASA
(chaperone-assisted selective autophagy)
and CMA.28 As mentioned before, CMA
depends on specific pentapeptide motifs
in the substrates and thus is highly selective and specific. Consequently, CMA
also belongs to the pathways that can be
subsumed as chaperone-mediated selective
autophagy. The term CASA was originally
coined for the chaperone-assisted selective
autophagy mediated by the Drosophila
BAG3 ortholog Starvin.10 More specifically, as pointed out here, we and others
have now shown the involvement of BAG3
and the BAG3-HSPB8-HSP70-chaperone
complex in selective macroautophagy in
mammalian cells,8,9,11 satisfying the introduction of a new name for this process.
For instance: BAG3- or BAG3-HSPB8HSP70-specific selective autophagy. Does
this make sense? One can easily imagine
that there might be additional interesting
chaperones and proteins that may enter
the stage as mediators and regulators of
selective macroautophagy pathways. But
to my understanding much more important than the terminology are the following issues: (1) Molecular and functional
integration of key players of various autophagy pathways at the proteome level and
extension of recent studies29 for a better
understanding of the overall fine-tuning
of cellular autophagy. (2) A better and
detailed knowledge of the role of various
autophagy pathways during aging and
disease. (3) An analysis of tissue-specific
regulation of the various macroautophagy
mechanisms, since it is clear that proteostasis regulation depends on aging and
is different in different tissues.30 (4) The
quest for possibilities to specifically and
selectively induce a single autophagy pathway when thinking of preventive and therapeutic approaches for disorders, where a
disturbed protein clearance by autophagy
might be fundamental.
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BAG3 in Macroautophagy:
is there a Need for a New Name
and What’s Next?
The identified novel pathway of aggresome
targeting and selective macroautophagy
mediated by BAG3 in concert with other
co-chaperones is an additional example of
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