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Pathogens and autophagy: subverting to survive
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As a way of escaping from the humoral immunological
response, several pathogens colonize cells and reproduce
intracellularly.1 These microorganisms, however, still need to
deal with intracellular antimicrobial defensemechanisms. The
production of reactive nitrogen and oxygen species2,3 as well
as fusion with the lysosomal compartment are part of the
innate immune cellular response. Pathogens have evolved
clever ways to evade host-defense mechanisms. Typical
examples are the subversion of the endocytic/phagocytic
pathway to avoid acidification and fusion with lysosomes or
the lysis of the phagosomal membrane in order to escape
into the cytoplasm evading the harsh environment of the
degradative compartments.1

A less-well-studied – and underestimated – defensive
pathway is autophagy. Autophagy is a carefully orchestrated
process that degrades cytoplasmic components, including
organelles.4,5 Autophagosomes are double or multimembra-
nous vacuoles, likely emerging from specialized regions of the
ER, which fuse with endosomes and lysosomes to finally
degrade the sequestered materials. Activation of this pathway
is an effective way of eliminating intracellular pathogens, not
only those that access the cytoplasm after disrupting the
phagosomal membrane6–8 but also the infectious agents
that remain in the phagosomal compartment. Indeed, we
have recently shown that activation of autophagy is an
efficient way to eliminate Mycobacterium tuberculosis9

(see also accompanying News and Commentary in this
issue). However, several thriving pathogens have developed
strategies to modify and use this pathway to their own
advantage.10–12 Over the last few years, accumulating
evidence indicates that several pathogenic bacteria interact
with the autophagic pathway.10,12 Porphyromonas gingivalis,
Brucella abortus and Legionella pneumophila gain access
to and replicate in vacuoles with autophagic features. It has
been postulated that autophagic vacuoles function as a
shelter that protects the invading microorganisms from lytic
compartments. Another advantage of using the autophagic
pathway is the acquisition of nutrients given that autophagic
compartments are a continuous source of small peptides and
amino acids, which can be used by the bacteria via
transporters.

Shortly after invasion, P. gingivalis internalized by en-
dothelial cells is targeted to vacuoles with autophagosomal
characteristics.13 When cells are treated with autophagy
inhibitors, bacterial persistence decreases dramatically,
suggesting that these inhibitors prevent the establishment of
an intracellular niche for replication. In HeLa cells, B. abortus
localizes to autophagosome-like vacuoles that contain ER
markers.14 Additionally, a potential role for host autophagy in
Chlamydia trachomatis pathogenesis has been proposed.15

Similar to the results obtained with P.gingivalis, exposing
infected cultures to autophagy inhibitors – such as 3-methyl-
adenine and amino acids – altered the inclusion maturation
and Chlamydia growth.15

Work from our own laboratory demonstrated that Coxiella

burnetii, a gram-negative bacterium, replicates in a compart-
ment labeled by the autophagosomal protein Atg8/LC3.16

Furthermore, we have recently shown that both physiologi-

cally and pharmacologically induced autophagy favor the
development of the Coxiella replicative vacuole.19 Our results
also indicate that overexpression of proteins involved in the
autophagic pathway accelerate the biogenesis of the Coxiella-

parasitophorous vacuole, favoring bacterial replication at
early times after infection.19 Likewise, immediately after
L. pneumophila internalization, the autophagic markers

Atg7 and Atg8 are recruited to the Legionella phagosomal
compartment.17 These results clearly indicate that similarities
exist between these two pathogenic bacteria.
L. pneumophila and C. burnetii are indeed very close

relatives. These two bacteria are known to utilize a type-IVB
secretion system for pathogenesis.18 Type IV secretion
systems are molecular devices present in numerous patho-

genic microorganims that deliver molecules to subvert or
bypass host defenses. This machinery consists of bacterial
membrane proteins assembled in an apparatus that injects

bacterial proteins into the host. An interesting new finding is
that autophagy is activated by molecules secreted via the
Legionella Type IV system, as indicated by the processing of

Atg8 and the formation of autophagic vacuoles.17 Similarly,
we have observed that numerous LC3/Atg8 decorated
vesicles are formed in Coxiella-infected CHO cells19 and we
have proposed that Type IV secretion of bacterial molecules

activates autophagy in the host cell. A protein secreted by
the Type III system in Salmonella also induced autophagy
in infected macrophages.20 These secreted molecules

may promote the formation of sequestering vacuoles, or
may delay their maturation in order to allow the bacteria to
become resistant to lysosomal degradation. Indeed, it has

been shown that vacuoles that harbor Legionella, as well as
the autophagic vacuoles stimulated by the Legionella-
released factors, mature more slowly than normal cellular
autophagosomes.17

It has been proposed that cells are also protected against
viral infection by autophagy.10,12 However, in the case of
mouse hepatitis coronavirus, replication complexes colocalize
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with the autophagy proteins LC3 and Atg12.21 Furthermore, in
cells deficient for the autophagy gene Atg5, a marked
reduction in extracellular virus yield was reported. A very
recent publication evinced that reduction in Atg12 and LC3 by
siRNA resulted not only in a reduction of extracellular polio
virus but also in decreased intracellular pools.22 Viral RNA
replication complexes localize to the surface of double
membrane structures with the hallmarks of immature auto-
phagosomes. Thus, present evidence suggests that RNA
viruses subvert the cellular autophagosomal machinery to
facilitate virus replication. It has also been proposed that
nonenveloped viruses such as poliovirus use the autophagic
pathway as a nonlytic mechanism for viral release. As viral
infection progresses, some double-membrane vesicles would
contain virions that are prevalent in the cytoplasm late in
infection. Viral particles would subsequently be released into
the extracellular media after fusion of these membrane bound
structures with the plasma membrane.22 In Figure 1, a model
is shown depicting how both bacterial pathogens and virus
subvert the autophagy pathway to promote bacterial and viral
RNA replication.
Increasing evidence supports a link between autophagy

and apoptosis.23 An interesting point is that Naip proteins
(Neuronal Apoptosis Inhibitor Proteins) are involved in
pathogen infection. Mice A/J – susceptible to L. pneumophila,

Trypanosoma cruzi and Listeria monocytogenes infection –
present a mutation in Naip5, a member of the Naip family
that function as endogenous caspase inhibitors. In a
recent publication, it was shown that autophagosomesmature
more slowly in A/J mouse macrophages,17 suggesting that
Naip5, a negative regulator of apoptosis, may control whether
cells respond to infection by executing autophagy or
apoptosis.
It is evident that modulation of host cell apoptosis or

autophagy by intracellular bacterial pathogens plays an
important role in pathogenesis.24 Induction of apoptosis could
contribute to the escape and dissemination of certain
intracellular bacteria. Pathogens might also regulate the
expression of antiapoptotic genes to avoid triggering apopto-
sis until the microorganism has sufficiently replicated in the
host cell. On the other hand, theymay regulate the autophagic
response not only as a prosurvival mechanism but also to
generate a more permissive niche for intracellular replication.
It is clear that switching between one or other mechanism
would vary between different pathogens. Comprehensive
studies of each particular case would allow us not only to
evaluate their contribution to pathogenesis but also to
advance our understanding of the molecular mechanisms
involved in the regulation of autophagic and apoptotic
pathways.

Figure 1 Subvertion of the autophagic pathway by both bacteria and viruses. Shortly after internalization, bacteria secrete molecules via a Type IV secretion system.
The secreted molecules likely activate fusion of bacteria-containing phagosomes with LC3-labeled autophagosomes. Alternatively, the sequestration of phagosomes by
phagophores or isolation membranes may also be promoted. Interaction with the autophagic pathway favors the development of the bacterial replicative niche delaying
fusion with lysosomes until a resistant bacterial form is generated. Viral RNA replication complexes localize to the surface of double-membrane structures with the
hallmarks of immature autophagosomes. Late in infection, viral particles present in the cytoplasm are engulfed in autophagosomes upon phagophore closure. Double-
headed arrows indicate interaction or fusion between the compartments
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