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CHOP is a multifunctional
transcription factor in the
ER stress response
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The accumulation of unfolded proteins in the endoplas-
mic reticulum (ER) induces ER stress. To restore ER
homeostasis, cells possess a highly specific ER quality-
control system called the unfold protein response
(UPR). In the case of prolonged ER stress or UPR
malfunction, apoptosis signalling is activated. This ER
stress-induced apoptosis has been implicated in the
pathogenesis of several conformational diseases. CCA
AT-enhancer-binding protein homologous protein
(CHOP) is induced by ER stress and mediates apop-
tosis. Recent studies by the Gotoh group have shown
that the CHOP pathway is also involved in ER
stress-induced cytokine production in macrophages.
The multifunctional roles of CHOP in the ER stress
response are discussed below.
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PERK, PKR-like ER kinase; PKR, protein kinase
RNA; UPR, unfold protein response.

Endoplasmic reticulum (ER) stress is triggered by
many physiological and pathophysiological condi-
tions, including glucose starvation, the misglycosyla-
tion of glycoproteins, calcium deprivation from the
ER lumen, elevated protein synthesis and secretion
and a failure in protein folding, transport or degrad-
ation (1). In response to such conditions, cells react to
ER dysfunction through an adaptive pathway known

as the ER stress response [also known as the unfolded
protein response (UPR)] that is mediated by three
types of ER transmembrane receptors: protein kinase
RNA-like ER kinase (PERK), activating transcription
factor 6 (ATF6) and inositol-requiring enzyme 1
(IRE1) (Fig. 1). Under non-stressed conditions, all
three of the ER stress receptors are maintained in an
inactive state through their association with the ER
chaperone immunoglobulin heavy-chain-binding pro-
tein (BiP; also known as GRP78). When unfolded pro-
teins accumulate, BiP dissociates from the receptors,
leading to their activation and triggering the ER
stress response (2). The ER stress response consists
of three major pathways: (i) translational attenuation
to modulate ER protein synthesis via the PERK-
induced phosphorylation of eIF2a; (ii) gene expression
to induce ER luminal chaperones, such as BiP/GRP78
and GRP94, and other components to increase the
capacity for protein folding; and (iii) ER-associated
degradation to remove unfolded proteins from the
ER. However, if ER stress persists or is aggravated,
ER stress signalling appears to switch from
pro-survival to pro-apoptosis (3�5). ER stress-induced
apoptosis is also mediated by the three receptors
mentioned above and has recently been implicated in
various conformational diseases, including neurode-
generative diseases, ischaemic diseases and diabetes
mellitus (5, 6).

The transcription factor CCAAT-enhancer-binding
protein homologous protein (CHOP) was first reported
as a molecule involved in ER stress-induced apoptosis
(4, 7). CHOP expression is low under non-stressed con-
ditions, but its expression markedly increases in re-
sponse to ER stress through IRE1-, PERK- and
ATF6-dependent transcriptional induction. The acti-
vation of ATF4, which is induced by the PERK-
mediated phosphorylation of eIF2a, is thought to
play a dominant role in the induction of CHOP in
response to ER stress (8). The overexpression of
CHOP promotes apoptosis in several cell lines, where-
as CHOP-deficient cells are resistant to ER
stress-induced apoptosis (4, 7). Therefore, CHOP
plays an important role in the induction of apoptosis.
CHOP�/� mouse experiments reveal that
CHOP-mediated apoptosis contributes to the patho-
genesis of a number of ER stress-related diseases (9).
However, exactly how CHOP mediates ER
stress-induced apoptosis remains controversial. The
down-regulation of Bcl-2 and the induction of the
BH3-only pro-apoptotic proteins Bim, Puma and
Bax as well as DR5, a member of the death-receptor
protein family, are considered to contribute to CHOP-
mediated apoptosis (4, 7, 10, 11). Interestingly, CHOP
also induces the depletion of cellular glutathione and
increases the production of reactive oxygen species in
the ER (4, 7). CHOP transcriptionally induces ERO1a,
which catalyses the reoxidation of PDI, resulting in the
production of hydrogen peroxide (12, 13) Thus,
ERO1a may be an important mediator of apoptosis
downstream of CHOP. The cellular calcium signalling
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pathway has also been implicated in ER stress-induced
and CHOP-mediated apoptosis (14). The CHOP-
induced expression of ERO1a activates the ER cal-
cium release channel IP3R1 (15). Cytoplasmic calcium
released from the ER triggers apoptosis by the activa-
tion of CaMKII, eventually leading to the activation of
downstream apoptosis pathways. The ERO1a�
IP3R1�CaMKII pathway may be a main axis in
CHOP-mediated apoptosis.

The UPR is known to be involved in the pathogen-
esis of inflammation (e.g. atherosclerosis) (16). Recent
publications have indicated that CHOP is a key mol-
ecule not only in apoptosis but also in inflammatory
responses. The treatment of mice with lipopolysacchar-
ide (LPS) activates the UPR and induces the expres-
sion of CHOP mRNA in the lung via yet unknown
mechanism (17). LPS-induced CHOP is crucial for
the induction of caspase-11 (18) that plays an import-
ant role in the processing of pro-IL-1b through
caspase-1 activation (Fig. 1) (19). Moreover, LPS-
induced secretion of IL-1b is attenuated in CHOP�/�

mice (18). These findings suggest that the ER
stress-CHOP pathway plays a crucial role in the patho-
genesis of inflammation through the induction of
caspase-11. However, it remains unclear how toll-like
receptor 4, the plasma membrane receptor of LPS,
mediates the pro-survival ER stress response, but not
the pro-apoptosis response (Fig. 1). In their report in
J Biochem, Nakayama et al. (20) provide new insight
into the molecular mechanism by which LPS inhibits
the CHOP-mediated proapoptosis signal. In macro-
phages, the induction of CHOP by LPS is delayed
compared with that by thapsigargin that triggers ER

stress by depleting ER luminal calcium stores.
Moreover, LPS specifically activates the IRE1-XBP-1
pathway, but not the PERK-ATF4 pathway, at early
time points. Because the PERK-ATF4 pathway is
thought to be dominant in the induction of CHOP in
response to ER stress, the time course-dependent, spe-
cific activation of IRE1 may affect cell fate whether the
UPR mediates the inflammatory response or apoptosis
in LPS-treated macrophages. Further investigation of
this mechanism may help in the development of thera-
peutic approaches for inflammatory diseases and con-
formational diseases.
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