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Abstract. The cell is the fundamental unit of life, and all of the organelles within it perform
essential tasks. Cells must meet their typical requirements for survival and development in order
to contribute to the functioning of living things. Protein folding in the rough ER, the major
organelle for the synthesis, folding, and modification of secreted and transmembrane proteins, is
essential for their proper function in the cytoplasm. Endoplasmic reticulum stress (ERS) occurs
when the protein-folding capacity of this organelle is disrupted due to various external causes or
intracellular events, resulting to a buildup of misfolded or unfolded proteins. Concerns in this
area are possible. Some illnesses, cell death, and metabolic abnormalities are examples. The
cell's stress response mechanism is the unfolded protein response (UPR). Reduced translation,
degradation of unfolded proteins to reduce damage, and increased production of cell-mate
proteins all aid in the folding of nascent proteins. This research uses a literature review approach
to learn about the ER, an experiment on ER Stress, the reaction mechanism of unfolded protein
response (UPR), diseases induced by ER Stress, and the significance of UPR in these illnesses.
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1. Introduction

Endoplasmic reticulum is essential for the synthesis, folding, and modification of secretory and
transmembrane proteins. Endoplasmic reticulum stress (ERS) is a significant accumulation of misfolded
or unfolded proteins resulting from the impairment of this organelle's ability to fold proteins by a variety
of extracellular and intracellular factors. Chronic endoplasmic reticulum stress and deficiencies in the
unfolded protein response signaling pathway are rapidly being identified as essential components of
human diseases such as diabetes, cancer, and neurodegenerative disorders. Consequently, the study of
ER Stress has become an essential area of contemporary scientific inquiry. In multiple experimental
models, a wide variety of organic and inorganic substances have been evaluated and investigated for
their ability to alleviate ER stress [1].

Endoplasmic reticulum stress is an essential cellular defense mechanism shared by prokaryotes and
cukaryotes. Comparable and relatively conservative in terms of evolution, both prokaryotes and
eukaryotes utilize ER stress as a fundamental cellular defense mechanism [2]. Both excitation and
disease play important roles in the metabolism and pathology of the entire cell and are intimately related.
This paper employs the method of review and illustrates the fundamental information of the
endoplasmic reticulum, one experiment about the ER Stress, the reaction mechanism of unfolded
protein response (UPR), several diseases that are caused by the ER Stress, and the role of UPR in the
diseases. ER Stress is the focus of journals, funding, drug research and development targets, and clinical

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

112



Proceedings of the 3rd International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/23/20231035

research, and is associated with numerous diseases, tumor microenvironment, autophagy, and protein
homeostasis, among others. This review contributes to the research in this field to some extent. This
review provides extant research results in the field of ER Stress for future research to the following
researchers by summarizing the findings of previous researchers. In addition, this review offers some
instructive recommendations for future research into ER Stress.

2. An experiment related to ER stress

2.1. ER stress

In both Prokaryotes and Eukaryotes, ER is an organelle. There are two varieties of endoplasmic
reticulum (ER): smooth endoplasmic reticulum (SER) and rough endoplasmic reticulum (RER). Both
are attached to the outer membrane of the nucleus in the form of a flat, well-ordered membrane; the
difference between them is that the letter's surface is covered with ribosomes. The largest cellular
organelle, the ER, which is responsible for protein synthesis, folding, transport, and Ca2+ regulation, is
vulnerable to an imbalance in its internal environment [3].

Under endoplasmic reticulum homeostasis, the BiP protein binds to the endoplasmic reticulum stress
sensors, 3 ER transmembrane proteins including ATF6, IRE1, and PERK, and remains inactive. Under
the condition of disease, misfolded and unfolded proteins accumulate, and BiP proteins have a higher
affinity for misfolded/unfolded proteins, far exceeding the ability of molecular chaperon-assisted
folding and the limit of the degradation system to remove the incorrect proteins. These ER sensors are
released, activating ERS; in severe cases, this can also result in damage to other organelles, autophagy,
and even cell death [4].

2.2. Experiment

The endoplasmic reticulum has a strict quality control system (ERQC) that ensures that only folded and
modified mature proteins are captured by vesicles during the sorting process. The endoplasmic
reticulum's capacity for quality control is limited [5]. Under normal circumstances, the quality control
system is able to retrieve and identify endoplasmic reticulum proteins. When organisms are exposed to
pathogens, drought, salinity, high temperature, frost, nutrient deficiency, and metal toxicity, however,
they tend to produce more unfolded or misfolded proteins. In the investigation of ER Stress, some
method of simulating ER Stress could be utilized. As shown in Figure 1, in the study of plant ERS
response, the ER stress inducers tunicamycin (TM) and dithiothreitol (DTT) were primarily used to treat
plants (cells) and induce ERS [6]. TM can inhibit both the N-glycosylation modification and the normal
folding and maturation of proteins. DTT can deteriorate disulfide bonds in proteins and alter their
REDOX status. Additionally, calnexin (calnexin) and calreticulin (CRT) activity may be altered, leading
to ER stress, if the ER membrane calcium pump is inhibited and the ER calcium concentration is
decreased.
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Figure 1. A case study of endoplasmic reticulum stress under experimental conditions [4].
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3. Methods to relieve ER stress-unfolded protein response(UPR)

The ERS consists primarily of three signaling pathways: the unfolded protein response, the endoplasmic
reticulum excess response and the sterol cascade reaction. UPR is a cytoprotective mechanism activated
by the dissociated receptor protein when ERS occurs. It is mediated by three endoplasmic reticulum
transmembrane sensing proteins: inositol demand factor 1(IRE1), protein kinase R-like endoplasmic
reticulum kinase (PERK) and activated transcription factor 6 (ATF6). As depicted in the images below,
these three classical UPR pathways play a crucial role in mitigating ER Stress and preserving
intracellular environment homeostasis. Now, the author would like to discuss the activation of these
three pathways.

The UPR response can partially ameliorate the ER's burden and damage, restore the ER's protein
homeostasis, and repair the ER's equilibrium. Processing the accumulated proteins in the ER, such as by
increasing the expression of genes associated with folding enzymes or molecular chaperones (such as
BiP), promotes protein folding in the ER. The ER-associated Protein Degradation System (ERAD) is
activated in response to improperly folded proteins. The second is to reduce the rate at which mRNA is
translated into proteins, thereby preventing further protein accumulation in the ER. UPR, a crucial
adaptive cellular stress response [7], contributes to the development of medication and treatment
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Figure 2. A schematic representation of UPR signaling pathway [7].

4. Endoplasmic reticulum apoptosis and diseases

Many diseases have been linked to apoptosis, which can be triggered by stress in the endoplasmic
reticulum. Diseases of the nervous system, heart, blood vessels, and the immune system, as well as
cancer and diabetes, are the primary targets of research [8].

Neurodegenerative disorders come first. The death of neurons is at the root of a group of diseases
called neurodegenerative disorders. For instance, Alzheimer's illness has been associated to
endoplasmic reticulum stress. Endoplasmic reticulum stress can contribute to the accumulation of A and
Tau, two key pathogenic features of Alzheimer's disease.

In addition to Alzheimer's disease, Parkinson's disease (PD) is another prevalent neurodegenerative
disorder that primarily affects the elderly (those over the age of 60) and typically manifests as tremors or
clumsiness in one limb that eventually spread to the other. The main causes of the disease include aging,
genetics, and the environment. Misfolding and aggregation of -synuclein in the cytoplasm are caused by
these mechanisms [9]. Excessive stress causes death of dopaminergic neurons, while endoplasmic
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reticulum stress aids in the correct folding of unfolded and misfolded proteins, decreasing synthesis of
insoluble -synuclein. Parkinson's disease is a result [8].

The second is heart disease. The most common cause of heart disease and stroke is atherosclerosis.
Atherosclerosis has its pathological basis in abnormalities in lipid metabolism, and it manifests itself in
the thickening and hardening of the artery wall and narrowing of the vascular cavity. Atherosclerosis
lesions begin in the intima and are characterized by lipid and complex carbohydrate accumulation,
bleeding, and thrombosis. Human and animal atherosclerotic lesions have been discovered to contain
ERS markers, especially at more advanced stages of the illness, suggesting a role for ERS in
atherosclerosis development [10].

The elevated blood sugar associated with the metabolic condition known as diabetes. Increasing
evidence suggests that cell dysfunction driven by endoplasmic reticulum stress contributes to the onset
and progression of diabetes mellitus. The endoplasmic reticulum homeostasis signaling pathway (ERS)
plays a role in islet beta cell homeostasis. The breakdown of endoplasmic reticulum homeostasis can
lead to islet beta cell death or an autoimmune reaction, both of which can result in diabetes, however
moderate ERS pairings are helpful for restoring the intracellular environment. Insulin insufficiency is
caused by a lack of beta cells, which is a hallmark of type 1 diabetes (T1DM). In type 1 diabetes,
osmotic immune cells cause ERS in beta cells by the production of proinflammatory cytokines that
destroy beta cells. In the autoimmune response that causes TIDM, nitric oxide (NO) is produced as an
inflammatory mediator. Excessive levels of NO have been found to trigger apoptosis in cells in a
CHOP-dependent manner [11]. As a result, NO is critically involved in TIDM+ cell death.

Finally, cancer is linked to ER stress as well. Cancer is a disease that develops when cells divide
uncontrollably. Cancer cells prefer to thrive in high-stress, high-inflammatory environments. The
intense conditions trigger a stress reaction in the ER, which is known as ER stress. These reactions set
off a cascade of signaling channels that ultimately alter cellular metabolism and proliferation and
promote tumor growth. For instance, there has been a lot of research focus on NASH-related liver cancer
recently. ERS has been linked to steatosis, steatohepatitis, and nonalcoholic fatty liver disease in several
studies. Other research has shown that steatohepatitis, which can raise the risk of liver cancer, can be
caused by the combination of ERS and a high-fat diet. NASH may speed the development of liver cancer
by increasing fat synthesis and activating the sterol-mediated element binding protein (SREBP) [12].

With the discovery of the components of the unfolded protein response (UPR) and the elucidation of
its mechanisms, genetic studies have demonstrated that its signaling plays a crucial role in the
pathogenesis of many diseases, particularly those involving highly secreted cell types. We discovered
that PPP1R15A (an anta gonistic PERK phosphatase; also known as GADD34) protects renal tubules
from ER stress-induced injury [13]. Recent research has linked UPR to the occurrence and progression
of numerous diseases, including cancer, diabetes, neurodegenerative disorders, etc. The cells in tumor
tissues are exposed to a severe environment, including hypoxia, nutrient deficiency, and acidity, as well
as metabolic changes in tumor cells, damage to genome integrity, and peroxide accumulation, all of
which can induce ER stress and UPR. According to studies, tumor cells utilize UPR to decrease
endoplasmic reticulum pressure and aid cell survival [13].

5. Conclusion

Endoplasmic reticulum stress can be caused by an accumulation of folded or misfolded proteins in the
endoplasmic reticulum as well as a disruption in cellular homeostasis. The primary effect of
endoplasmic reticulum stress is apoptosis, which causes tissue and organ injury. In the current library of
compounds for controlling ER stress and UPR, there are a number of useful tool compounds and even a
few medications that have been approved for use in humans under a variety of clinical conditions, but
there are still issues and limitations. This conclusively demonstrates the viability of revealing the
pathogenesis, progression, and treatment mechanisms of diseases through the lens of endoplasmic
reticulum stress. Cancer, cardiovascular disease, neurodegenerative disease, and metabolic disease are
all closely associated with ERS, which is a common research hotspot. Numerous medications and
substances have been studied as potential novel treatments for a variety of disorders, and the results of
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these studies have led to the development of new therapeutic options. Future research could lead to the
discovery of additional effective treatments for endoplasmic reticulum stress-related diseases.
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