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Introduction
The endoplasmic reticulum (ER) is an essential organelle 
involved in various cellular functions, including protein 
synthesis, lipid metabolism, and calcium storage. One of 
its critical roles is the folding and modification of newly 
synthesized proteins, ensuring they achieve the correct 
three-dimensional structure to function properly. However, 
when the balance between protein synthesis and folding is 
disturbed, the ER becomes stressed, triggering a complex 
cellular response known as the unfolded protein response 
(UPR) [1]. This response functions as a cellular alarm 
system, designed to restore homeostasis by managing the 
accumulation of misfolded or unfolded proteins within the ER. 
While this protective mechanism is crucial for maintaining 
cellular health, prolonged or unresolved ER stress can have 
far-reaching consequences, contributing to the development 
of various diseases, including neurodegenerative disorders, 
diabetes, and cancer [2].

ER stress is triggered by a variety of factors that interfere 
with the proper functioning of the ER. These include genetic 
mutations in proteins that disrupt their folding, oxidative 
stress, nutrient deprivation, viral infections, and changes in 
calcium homeostasis. Under normal conditions, a delicate 
balance exists between the load of proteins being synthesized 
and the ER's capacity to fold and process them [3]. When this 
balance is tipped, misfolded proteins begin to accumulate in 
the ER lumen, triggering a cascade of signaling pathways 
that activate the UPR. The UPR is designed to alleviate stress 
by enhancing the protein-folding capacity of the ER, halting 
protein translation to reduce the burden on the organelle, and 
promoting the degradation of misfolded proteins through a 
process called ER-associated degradation (ERAD) [4].

The UPR is mediated by three main sensors: inositol-requiring 
enzyme 1 (IRE1), protein kinase RNA-like ER kinase 
(PERK), and activating transcription factor 6 (ATF6). Each 
of these sensors plays a distinct role in managing ER stress. 
IRE1 activates a signaling pathway that splices the mRNA of 
the X-box binding protein 1 (XBP1), leading to the production 
of a transcription factor that upregulates genes involved 
in protein folding and ERAD. PERK, on the other hand, 
phosphorylates eukaryotic translation initiation factor 2 alpha 
(eIF2α), which reduces global protein translation and thus 
lowers the load of newly synthesized proteins entering the ER. 

Finally, ATF6 is transported to the Golgi apparatus, where it 
is processed to activate the expression of genes that enhance 
the protein-folding capacity of the ER and help restore cellular 
homeostasis [5].

While the UPR is essential for managing ER stress and 
restoring normal cellular function, its response is not always 
entirely beneficial. If the stress is too severe or prolonged, the 
UPR may become maladaptive, leading to cell death. One 
of the key outcomes of chronic or unresolved ER stress is 
apoptosis, or programmed cell death. Under these conditions, 
the UPR activates pro-apoptotic signaling pathways, including 
the transcription factor CHOP (C/EBP homologous protein), 
which can trigger cell death [6]. This shift from a protective 
response to a pro-death signal is critical in understanding the 
role of ER stress in various diseases. In neurodegenerative 
disorders such as Alzheimer's, Parkinson's, and Huntington's 
diseases, the accumulation of misfolded proteins within the ER 
plays a central role in the onset and progression of the disease. 
In these conditions, the persistent activation of ER stress 
pathways leads to neuronal damage and death, contributing to 
the progressive nature of these disorders [7].

In addition to neurodegenerative diseases, ER stress has 
been implicated in metabolic disorders, particularly diabetes. 
In conditions such as obesity and insulin resistance, cells in 
tissues like the liver and adipose tissue experience chronic 
ER stress due to the increased demand for protein synthesis 
and altered nutrient signaling. The sustained activation of the 
UPR in these tissues contributes to insulin resistance and beta-
cell dysfunction in the pancreas, exacerbating the progression 
of type 2 diabetes. Moreover, the inflammatory response 
triggered by ER stress can further worsen insulin resistance, 
creating a vicious cycle that impedes metabolic homeostasis 
[8].

In cancer, the role of ER stress is more complex. Tumor cells 
often experience increased levels of protein synthesis and 
altered metabolism to support their rapid growth and survival, 
which places additional stress on the ER. Interestingly, while 
the UPR is activated in response to this stress, many cancer 
cells exploit the adaptive nature of the UPR to promote 
survival rather than triggering cell death. By maintaining 
protein folding capacity and reducing protein degradation, 
tumor cells are able to cope with the increased protein load 
and continue to proliferate. Furthermore, the UPR can promote 
tumor progression by enhancing angiogenesis, metastasis, and 
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resistance to chemotherapy. Targeting the UPR and ER stress 
pathways is being explored as a potential therapeutic strategy 
for cancer, with the aim of sensitizing tumor cells to treatments 
by overwhelming their ability to cope with stress [9].

ER stress is also involved in cardiovascular diseases, where 
it contributes to the dysfunction of endothelial cells, smooth 
muscle cells, and cardiomyocytes. In conditions such as 
atherosclerosis and heart failure, ER stress can trigger 
inflammation and cell death, leading to tissue damage and 
impaired cardiac function. The role of ER stress in these 
conditions highlights its importance in maintaining the 
health of various tissues and organs and underscores the need 
for targeted therapies that can modulate the UPR without 
triggering excessive cell death.

Given the far-reaching consequences of ER stress, 
understanding the underlying mechanisms that regulate this 
process is critical for developing therapeutic interventions. 
Strategies that either promote or inhibit the UPR are being 
investigated to treat a wide range of diseases. For example, 
in neurodegenerative diseases, enhancing the protein-
folding capacity of the ER or promoting the clearance of 
misfolded proteins could potentially slow the progression 
of these disorders. Conversely, in cancer, inhibiting the 
adaptive UPR could sensitize tumor cells to chemotherapy 
and radiation, leading to improved therapeutic outcomes. In 
metabolic diseases, targeting ER stress pathways to reduce 
insulin resistance and beta-cell dysfunction holds promise for 
improving treatment strategies for type 2 diabetes [10].

Conclusion
In conclusion, the endoplasmic reticulum serves as a critical 
organelle that maintains cellular homeostasis by managing the 
load of newly synthesized proteins. When ER stress occurs, it 
activates the unfolded protein response to restore balance, but 
chronic or unresolved stress can have severe consequences, 
including cell death. The role of ER stress in various diseases, 

from neurodegenerative conditions to cancer and metabolic 
disorders, highlights its central importance in cellular health. 
Understanding the molecular mechanisms that regulate the 
UPR and its implications for disease progression opens new 
avenues for therapeutic intervention, offering the potential for 
more effective treatments across a wide spectrum of diseases.
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