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In this issue of Developmental Cell, Haskins et al. describe a molecular link between an apoptotic cell receptor, a branch of the unfolded protein response, and innate immunity. The finding that the plasma membrane
phagocytic receptor CED-1 promotes the expression of unfolded response genes suggests a novel regulatory mechanism for the control of this primitive immune system that may couple the presence of pathogen
with the production of secreted antimicrobial effectors.
The innate immune system is the first line
of defense against pathogens. Germlineencoded pattern recognition receptors
(PRRs) and their recognition of highly conserved microbe-associated molecular
patterns (MAMPs) enable the innate
system to discriminate between different
types of pathogens and also to generate
an appropriate immune response (Akira
et al., 2006). Once activated, these pattern-recognition receptors initiate signaling cascades that lead to the rapid induction of appropriate antimicrobial effectors.
Because these patterns are present both
on pathogenic and nonpathogenic microbes, other signals must exist to alert
the organism to the infection. There is increasing evidence for a two-step model
that involves the recognition of both nonself and of pathogen derived ‘‘danger
signals’’ (Matzinger, 2002). These damageassociated molecular patterns (DAMPs)
are thought to include components of dying or injured cells which act as a signal to
alert cells to a pathogenic encounter. The
innate immune system of many organisms
includes both specialized mechanisms as
well as intrinsic mechanisms which give all
cells the capacity to respond to infection.
These intrinsic responses have only recently been recognized as an essential
component of immunity and include apoptosis, autophagy, as well as the production of some classes of antimicrobial effectors. How the innate immune system
is orchestrated to detect and respond to
pathogenic microbes while inhabited by
large numbers of commensals is unclear.

C. elegans is a free-living soil-dwelling
nematode that consumes and is colonized by live bacteria, some of which are
pathogenic to this organism. Recent genetic and functional genomic studies
have revealed some of the mechanisms
at play that control microbial infection of
this organism (Kim and Ausubel, 2005).
Similar to higher organisms, the response
to infection is characterized by the activation of a conserved ASK1-MAP kinase
signaling cascade, which regulates the
production of antimicrobial peptides
(AMPs) (Pujol et al., 2008; Figure 1).
AMPs are produced at high levels and
are likely secreted by the exocytic pathway. Another arm of the C. elegans innate
immune system involves the canonical
cell death machinery. It has been shown
that the execution machinery is required
in the germline to protect against a subset
of microbes. However, there does not
seem to be a general requirement for apoptosis per se during immune challenge in
C. elegans (Kim and Ausubel, 2005). Importantly, the upstream pattern recognition receptors that recognize nonself or
their microbial patterns have not yet
been identified. Moreover, how C. elegans
distinguishes between pathogenic challenge, dead bacteria, and commensals
has also not yet been established.
In this study, the authors show that in
C. elegans, the apoptotic corpse receptor
required for the uptake of dead cells,
known as CED-1, is also required for the
innate immune response to S. enterica
(Haskins et al., 2008, this issue of Devel-

opmental Cell). While CED-1 has homology to scavenger receptors and binds to
dying cells, its ligand remains unknown
(Yu et al., 2008; Zhou et al., 2001). Lossof-function analysis demonstrated that
CED-1 is required for immunity to S. enterica, but not as a component of the classical apoptotic cascade (Haskins et al.,
2008). Transcriptional profiling revealed
a new role for this receptor in host defense, through the activation of a set of
genes previously established to play
a role in the unfolded protein response
(Haskins et al., 2008).
The unfolded protein response (UPR) is
a highly conserved cellular response that
matches endoplasmic reticulum (ER) secretory load with protein folding capacity.
The cellular response to ER misfolded
proteins includes increased synthesis of
ER chaperones, as well as inhibition of
ER protein load via decreased ER protein
synthesis (Ron and Walter, 2007). Recent
work in C. elegans has shown that the
IRE-1/XBP-1 branch, which activates the
transcriptional upregulation of ER chaperones, is sufficient for most inducible responses to ER protein misfolding (Shen
et al., 2005). However, in the absence of
a functional IRE-1 response, acute ER
stress induces the expression of a related
set of genes referred to as abu genes
(activated in a blocked unfolded protein
response) (Urano et al., 2002). Like CED-1,
ABU proteins are homologous to mammalian scavenger receptors, suggesting
that CED-1 might be a distantly related
abu gene. Interestingly, ABU proteins are
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