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Signal transduction of ER stress-induced apoptosis
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The endoplasmic reticulum (ER) is an organelle that regulates the synthesis, folding, and trafficking of
secretory or membrane proteins, as well as intracellular calcium homeostasis. A variety of insults are
known to induce the disturbance of homeostasis and cause accumulation of incorrectly folded proteins in
the ER, namely ER stress. Cells exposed to ER stress can display various responses, including the
unfolded protein response (UPR) and apoptosis, the latter of which has been implicated in the
pathogenesis of several neurodegenerative disorders such as Alzheimer’s disease.

Several mechanisms that activate apoptotic signaling pathways have been reported, such as increase in
the transcription of CHOP/GADD153, recruitment of TRAF2 to activated IREL1 o and subsequent JNK
activation, or activation of caspase-12. Because caspase-12 KO mice display partial resistance to ER
stress-induced apoptosis and A 8 -induced apoptosis, the caspase should play critical role in ER
stress-induced apoptosis in rodents. However, it is controversial whether similar mechanisms operate in
humans, because the caspase-12 gene is not functional genetically in humans. We found that human
caspase-4, a member of caspase-1 subfamily that includes caspase-12, is localized to the ER membrane,
and is specifically cleaved by ER stress-inducing treatment. Furthermore, a reduction of caspase-4
expression by siRNA decreases ER stress-induced apoptosis in some cell lines. Caspase-4 is also cleaved
by administration of A3, and A B -induced apoptosis is reduced by siRNAs to caspase-4. Thus,
caspase-4 can function as an ER stress-specific caspase in human, and may be involved in pathogenesis of
Alzheimer’s disease.

Activation of initiator caspases is often achieved by oligomerization of the adaptor molecules bound to
the caspases, such as Apaf-1 for capsase-9 and FADD for caspase-8. Caspases-4 and 12 could be activated
by the similar mechanisms. RTN-Xs, also known as Nogo-B, is a member of the reticulon family localized
on the endoplasmic reticulum (ER). Reduction of the level of RTN-xs by expression of an antisense RNA
specifically inhibited apoptosis caused by ER stress. RTN-xs could bind to caspase-4 and caspase-12, and
oligomerization of RTN-xs was enhanced by ER stress, but not by other stimuli. Enforced dimerization
of RTN-xs-FKBP fusion protein caused apoptotic cell death. These results suggest that RTN-Xs is the first
ER-localizing molecule so far reported acting as an adaptor molecule, which binds to pro-caspases and

activates them through its oligomerization in response to ER stress.
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