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Endoplasmic reticulum (ER) to mitochondria communication has emerged in recent 
years as a signaling hub regulating cellular physiology with a relevant contribution to 
diseases including cancer and neurodegeneration. This functional integration is exerted 
through discrete interorganelle structures known as mitochondria-associated mem-
branes (MAMs). At these domains, ER/mitochondria physically associate to dynamically 
adjust metabolic demands and the response to stress stimuli. Here, we provide a 
focused overview of how the ER shapes the function of the mitochondria, giving a 
special emphasis to the signi�cance of local signaling of the unfolded protein response 
at MAMs. The implications to cell fate control and the progression of cancer are also 
discussed.

Keywords: mitochondria-associated membranes, unfolded protein response, endoplasmic reticulum stress, 
mitochondria, cancer

Cellular organelles are no longer conceived as isolated entities with de�ned and unique functions, 
but as dynamic signaling nodes, where a single organelle may engage and in�uence the functioning 
of several cellular compartments and processes. Interorganelle interactions are facilitated by special-
ized structures that tie them together structurally and functionally. Mitochondria-associated mem-
branes (MAMs) are subdomains that bring the endoplasmic reticulum (ER) and mitochondria into 
close proximity, enabling a complex cross talk (1). �is physical association shapes mitochondrial 
morphology and dynamics (2), in addition to participate in the response to various stress stimuli, 
modulating metabolism, redox control, and apoptosis.

�e ER is the primary site where transmembrane and secretory proteins are folded; in addition 
to operate as the main intracellular calcium reservoir and a site of lipid biosynthesis. Abnormal 
accumulation of misfolded proteins within the ER lumen may result in the loss of proteostasis, a 
condition referred to as ER stress (3, 4). ER stress is triggered by physiological demands including 
high secretory activity, in addition to pathological conditions that may perturb protein folding 
and maturation, calcium homeostasis, redox balance, among other events. Under ER stress the 
unfolded protein response (UPR) is engaged, operating as a dynamic signaling network that enforces 
adaptive programs to restore proteostasis by reducing the load of unfolded proteins through the 
upregulation of genes involved in almost every aspect of the secretory pathway (5). However, if 
ER homeostasis cannot be restored, the UPR switches its signaling toward a proapoptotic mode to 
eliminate irreversibly damaged cells. �us, the UPR is a central adjustor to control cell fate under 
ER stress, contributing to diverse pathological conditions including cancer, neurodegeneration, 
and diabetes, among others (6).
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FIGURE 1 | The unfolded protein response (UPR). Three main signaling branches form the UPR. Under resting conditions, BiP protein binds to and inhibits the 
triggering of the UPR. Under endoplasmic reticulum (ER) stress, BiP dissociates from the UPR transducers to chaperone misfolded proteins in the lumen of the ER. 
This disassemble promotes the activation of the three branches of the UPR. On the one hand, PKR-like ER kinase (PERK) oligomerizes and phosphorylates 
eIF2alpha. This phosphorylation provokes a repression of global translation and facilitates the expression of speci�c transcripts. Among them, activating transcription 
factor 4 (ATF4) drives the transcription program of the PERK branch that activates genes involved in folding, oxidative responses, autophagy, amino acid 
metabolism, and apoptosis via CHOP. Upon activation, IRE1 oligomerizes and processes the mRNA encoding for X-box binding protein 1 (XBP1), a transcription 
factor that activates cellular programs involved in ERAD, ER translation, ER chaperones, and lipid synthesis. Finally under stress, activating factor 6 (ATF6) 
translocates to the Golgi where it is processed by SP1 and SP2 generating a transcription factor that activates UPR target genes involved in ERAD and folding.
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�e UPR is initiated by at least three distinct ER-localized stress 
sensors: inositol-requiring enzyme 1 (IRE1�), PKR-like ER kinase 
(PERK), and activating factor 6 (ATF6). IRE1� is a functional 
kinase, and RNase represents the most conserved branch of the 
UPR. Upon activation, IRE1� catalyzes the unconventional splic-
ing of X-box binding protein 1 (XBP1) removing a 26-nucleotide 
intron. �is processing event changes the open reading frame of 
the mRNA, resulting in the translation of a potent transcriptional 
activator termed XBP1s (for the spliced form). XBP1s upregulates 
several genes involved in the UPR�s adaptive phase, having a cru-
cial role in the maintenance of the function of highly secretory 
cells (7). IRE1� also degrades several mRNA and microRNAs, 
an activity known as regulated IRE1-dependent decay or RIDD 
(8), impacting diverse processes including in�ammation, stress 
mitigation, and apoptosis. Activation of PERK leads to the 
phosphorylation of the eukaryotic translation initiation factor 
eIF2�, resulting in global protein synthesis arrest reducing ER 
load (5). Under these conditions, activating transcription factor 

4 (ATF4) is di�erentially translated, upregulating genes involved 
in protein folding, amino acid metabolism, autophagy, and redox 
homeostasis. Upon sustained ER stress, ATF4 also contributes to 
apoptosis through the induction of C/EBP homologous protein 
CHOP and by enhancing oxidative stress and protein synthesis 
(4). Finally, ATF6 is retained at the ER under basal conditions but 
shuttles to the Golgi apparatus under ER stress, where it is cleaved 
by SP1 and SP2 proteases. �is event leads to the release of ATF6 
N-terminal fragment, a potent transcription factor that�together 
with XBP1�regulates the expression of several genes involved in 
reestablishing ER homeostasis (Figure�1). Overall, depending on 
the duration and intensity of the stress, the UPR engages di�erent 
cellular outputs to sustain cell survival or trigger apoptosis. For 
this balance, the communication between the ER and mitochon-
dria is emerging as an important contributor to cell death under 
stress, in addition to providing metabolic advantages during 
early adaptive responses. In this article, we focus in addressing 
the speci�c activities of the UPR at MAMs and the implications 
to mitochondrial physiology. �e possible impact to pathological 
conditions such as cancer is also discussed.
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