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The existence of stress-inducible chaperones within the endoplasmic reticulum (ER) has been
known since the 1980s, but it was the discovery of an ER-resident stress sensor called in 1993
that arguably marks the birth of ‘ER stress’ as a field of study [1]. IRE1 proved necessary for the
communication between the ER and nucleus that increases the transcription of BiP, a major ER
chaperone, during stress. Late in the 1990s, two additional ER stress sensors, ATF6 and PERK,
were discovered and together this triumvirate regulates thousands of genes involved in the

control of ER function [2, 3].

During the following two decades, the pathways governed by these three ‘unfolded protein
response’ (UPR) sensors were unpicked in exquisite molecular detail. Each arm of the UPR
requires the generation of a transcription factor, but each sensor achieves this by an entirely
different mechanism (Figure 1). IRE1 acts as an RNA nuclease to cleave the primary transcript
of XBP1 to excise a short inhibitory intron [4]. Following re-ligation, the newly spliced XBP1
MRNA encodes an active transcription factor, XBP1s. ATF6, on the other hand, undergoes
stress-induced proteolysis that liberates a soluble fragment that likewise acts as a transcription
factor of the UPR [5]. Finally, PERK is a kinase that selectively phosphorylates the alpha subunit
of a translation initiation factor called elF2, enhancing translation of ATF4 mRNA, which
encodes another transcription factor, while attenuating the translation of many other transcripts

3, 6].

The UPR modulates every aspect of ER function including its rate of protein synthesis, protein
folding and degradation. Degradation is a rather broad term that covers many discrete
processes and so in their review Hisae Kadowaki and Hideki Nishitoh discuss the importance to
the ER of several different classes of degradation [7]. For example, as well as its precise cutting
of XBP1 mRNA, IRE1 can degrade other mRNAs by a process called regulated IRE1 dependent
MRNA decay (RIDD) [8]. This reduces their abundance and thus reduces ER protein synthesis
to off-load the protein folding machinery. Alternatively, by a process called ER stress-induced

pre-emptive quality control (ERpQC) nascent proteins can be degraded even before they



translocate into the ER; while difficult-to-fold client proteins can be extracted from the ER and
destroyed in the cytosol by ER-associated degradation (ERAD). Indeed, the ER itself can be

degraded by a form of targeted autophagy dubbed ERphagy.

Many ER client proteins are destined for exposure to the harsh extracellular environment and so
require post-translation modifications that help maintain their proper conformation. One such
modification is oxidative protein folding, in which covalent disulphide bonds are formed and
rearranged between cysteine residues. This requires the ER, unlike the reducing cystol, to
maintain an oxidising potential. In his review, Adam Benham will discuss the regulation of ER

redox and explain its interplay with ER calcium homeostasis and lipid biosynthesis [9].

Because of the critical role played by the ER in many aspects of cellular function, it was perhaps
unsurprising that dysfunction of the UPR proved to be a factor in the pathogenesis of many
human diseases [10]. Almost no tissues are spared from ER stress-related damage and in this
Special Issue of The FEBS Journal the roles of ER stress in diseases affecting the lung, liver,

skin, muscle and nervous systems will each be examined in detail [11-15].

UPR signalling pathways, when activated, can trigger or modulate intercellular inflammatory
signals. Philippe Pierre and colleagues will discuss how the UPR in many cell types can initiate
danger signals that initiate inflammation and contribute to disease [16]. They will explain how
communication between the UPR and microbe-sensing pathways can amplify cytokine
production. This will inform the discussions in several other articles of this Special Issue, for
example the article by Yoshikazu Uchida and colleagues on inflammatory skin conditions (no

citation yet available).

Daniel Hughes and Giovanna Mallucci will examine the role of the UPR, and in particular the
arm governed by PERK, in the development of neurodegeneration [14]. They review the
evidence that manipulation of the PERK pathway can result in potent neuroprotection. In their
complementary review, Heike Kroeger and colleagues will look at one particular part of the
nervous system, the eye [15]. They show how ER stress is found in ocular diseases and

describe strategies to modulate the UPR for clinical benefit.



Dil Afroze and Ashok Kumar review the recent literature implicating ER stress in the biology of
muscle [13]. A tissue often overlooked in the study of ER stress, skeletal muscle has a highly
specialised ER (the sarcoplasmic reticulum) that is central to excitation contraction coupling.
Consequently, ER stress has now been implicated in the physiological regulation of skeletal
muscle mass and its metabolic activity. However, chronic activation of the UPR, which is
frequently toxic in other tissues, has been linked with the pathology of some myopathic

disorders.

A recurring theme in the field of ER stress biology is the organelle’s role in the responses to
metabolic perturbation. Animals with defective UPR signalling frequently show a metabolic
phenotype, and this is well illustrated by studies of the liver. In his review, Thomas Rutkowski
uses the liver to consider why nutritional signals cause ER stress and how the UPR regulates

our metabolism [12]. He also begins to draw together the threads linking ER stress and fibrosis.

In our review, Jenny Dickens and colleagues explain how ER dysfunction can induce lung
fibrosis by promoting the trans-differentiation of airway epithelial cells into fibroblasts — so-called
epithelial-to-mesenchyme transition [11]. Inhaled toxins in smoke and other forms of pollution
can trigger ER stress to cause tissue damage through effects on some ER chaperones, which

contributes to the development of chronic obstructive lung disease and emphysema.

Adequate respiration is necessary to generate the high levels of ATP consumed in all cells
where ER protein folding takes places. In tissues with precarious blood supplies, for example
some solid tumours, inadequate circulation leaves the cell hypoxic and so causes ER stress
[11]. Although cancer is not a single disease, common features shared by many malignancies
include deregulated translation and increased protein secretion [17]. Together these impose a
greater load of nascent proteins on the ER. The client proteins must be folded or destroyed and
so many cancers become addicted to UPR signalling. Moreover, it has become apparent that
the UPR can coordinate the communication between cancer cells and their stromal environment;
this will be reviewed by Eric Chevet and colleagues [18]. In a related article, Eric Chevet, Afshin

Samali and colleagues review the development of pharmacological agents that now allow us to



manipulate UPR signalling to dissect its biology [19]. Ultimately, such small molecules will be
added to our therapeutic armamentarium so that targeting of the UPR will become a route to

improving curing disease and improving health.
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Figure Legends

Figure 1. The Unfolded Protein Response

Nascent proteins enter the ER and co-translationally associate with ER chaperones, e.g. BiP,
and other components of the folding machinery. If they reached their correct fold, they are
released from the ER to proceed along the secretory pathway via the Golgi. Accumulation of
unfolded proteins in the ER triggers the unfolded protein response (UPR): IRE1 initiates
unconventional splicing of mRNA encoding the transcription factor XBP1; ATF6 activation
involves its trafficking to the Golgi apparatus where it is cleaved to release a transcription factor
domain. Both XBP1 and cleaved ATF6 up-regulate components of the ER folding and
degradation machineries. PERK phosphorylates elF2a to inhibit translation of most proteins,
while promoting the translation of ATF4. IRE1 can also reduce translation during stress, by
degrading ER-localized mRNA transcripts in a process termed regulated IRE1-dependent decay

(RIDD) (reproduced from [11])
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