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Original Article

Context: Endoplasmic reticulum stress (ER stress) is associated with endoplasmic reticulum perturbation 
homeostasis. Prolonged ER stress conditions may induce cell death. Unfolded protein response (UPR) attempts 
to restore normal cell conditions. 
Evidence Acquisition: There now exists an emergent body of evidence identifying the WNT signaling network 
as a regulator of cancer cell metabolism. Given that existing findings show that the WNT pathway and ER 
stress regulates changes in metabolic activities of cancer cells suggesting these signaling pathways represent 
critical nodes in the regulation of central metabolism in tumors. 
Results: Findings suggest that the molecular cross-talks between hypoxic ER stresses, Wnt/βcatenin signaling, 
may represent an important mechanism that enables some tumor subtypes to survival and grow in hypoxic 
conditions. 
Conclusions: The present article disuses differential effects of the activation of the three arms of UPR, namely 
endoplasmic reticulum kinase (PERK), activation transcription factor -6 (ATF-6), and inositol –requiring 
enzyme (IRE-1) on cancer. This review also highlights regulators and downstream effectors of Wnt cascade 
and addresses the increasingly apparent crosstalk of Wnt with other tumorigenic signaling pathways.

Please cite this paper as:
Siri M, Hosseini SV, Dastghaib S, Mokarram P. Crosstalk between Endoplasmic Reticulum Stress, Unfolded Protein Response (UPR) and 
Wnt Signaling Pathway in Cancer. Ann Colorectal Res. 2020;8(1):9-16. doi: 10.30476/ACRR.2020.46538.

*Corresponding authors: 
Pooneh Mokarram, Autophagy Research Center, Shiraz University of Medical 
Sciences, Shiraz, Iran
Email: mokaram2@gmail.com

Received: 16-02-2020
Revised: 16-02-2020
Accepted: 16-02-2020

Journal compilation © 2020 Annals of Colorectal Research, Shiraz University of Medical Sciences

Keywords: Endoplasmic reticulum, Stress, Cancer, UPR, Wnt

  Abstract

https://www.orcid.org/0000-0002-9717-0473


Siri M et al.

Ann Colorectal Res 2020;8(1)10 

Context 

The unfolded protein response (UPR) is a cellular 
stress response that works with the Wnt signaling 

pathway; activation of these cascades can trigger 
tumorigenesis. 

Evidence Acquisition

Due to the Wnt pathway components and UPR 
crosstalk, targeting of Wnt signaling could affect 
tumor progression. A study carried out by Pyrko 
P et al. (2007) showed that an inhibitor of UPR, 
epigallocatechin gallate (EGCG; a tea catechin), 
blocks the ATP-binding domain of glucose-regulated 
protein and sensitizes cells to the first-line drug, 
temozolomide (TMZ) (1). 

Moreover, CK2 inhibition by Silmitasertib (CX-
4945) potently downregulates UPR signaling 
by downregulating GRP78/BIP, a marker of 
UPR activation (2). β-catenin is accumulated by 
Enzastaurin, a bisindoylmaleimide derivative. UPR-
mediated growth is arrested, and c-Jun-mediated 
apoptosis is triggered (3). 

Results  

1. Unfolded Protein Response (UPR) Signaling 
Pathway

The endoplasmic reticulum is involved in 
such cellular processes as protein folding, post-
translational modifications, and protein translocation, 
with a capacity for protein folding related to the 
expression level of glucose-regulated proteins 
(GRPs), namely GRP78, GRP94 and GRP18.

When the cells of the body are damaged for any 
reason, all signaling pathways and compensatory 
mechanisms are activated in organelles to restore 
intracellular homeostasis and create an adaptive 
defense system. In this study, our focus is on a 
condition called endoplasmic reticulum stress. In 
a general sense, stress refers to conditions where 
there is so much pressure in a system that it disrupts 
its balance and performance. As such, endoplasmic 
reticulum stress is a condition in which the amount 
of cellular demand exceeds the coping capacity of 
the endoplasmic reticulum (4-7).

There are various direct or indirect biochemical, 
physiological, and pathologic stress-causing factors 
that cause oscillations and interfere with the 
endoplasmic reticulum, namely hypoxia, glucose 
shortage, metabolic inhibitors, calcium pumps, 
glucose inhibitors, various reviving factors, and 
viral infections. When poorly folded proteins are 
accumulated, they trigger several defense mechanisms 
(8-10). Unfolded protein response (UPR) is signaling 
pathway affected by pancreatic endoplasmic 
reticulum kinase (PERK), activation transcription 
factor-6 (ATF-6), and inositol–requiring enzyme 
1 (IRE-1) (Figure 1). Located on the endoplasmic 

reticulum, the aforementioned sensors serve as the 
key arms in triggering the pathway for the UPR (11-
13). The activation of signaling pathways reduces 
the synthesis of misfolded proteins by suppressing 
the synthesis of new proteins and by increasing the 
capacity for protein folding.

The arms in this pathway should not be seen as 
distinct signaling pathways. Rather, they form 
a network with a strong association with other 
intracellular pathways such as autophagy and cell 
death. The relationship between this pathway and 
other stress response pathways can ultimately 
determine the fate of the stress-induced cell.

 Unfolded protein response is a highly evolutionary 
process associated with stress induction in protein 
folding under pathological and physiological 
conditions. The components of this signaling pathway 
regulate inflammation, lipid / cholesterol metabolism, 
energy homeostasis, and cell differentiation (14, 15).

1.2. Glucose Regulated Protein 78 (GRP78)
 Glucose regulated protein 78 (GRP78) is a heat 

shock protein (HSP) located in the endoplasmic 
reticulum. It exists in a range of organisms from 
yeast to human. Furthermore, it is responsible for 
several important intracellular processes, including 
the facilitation of the transfer, completion and 
accumulation of newly produced proteins in the cell, 
and prevention of the accumulation of misfolded 
proteins (13, 16). 

This protein is a key factor in controlling and 
activating signaling pathways. It binds itself to the 
components of the signaling pathways, thereby 
suppressing their function. In general, as a sensor 
and regulator, it identifies endoplasmic reticulum 
stress. As misfolded proteins are accumulated, 
GRP78 is removed from sensors present on the 
endoplasmic reticulum membrane. Furthermore, 
it initiates UPR pathways within the cell. In fact, 
recent studies suggests that activated transcription 
and nuclear factors down this pathway affect the 
expression of more than 1700 genes within the cell 
(17, 18).

Resent research has confirmed the presence of this 
sensor in such parts of the cell as the cytoplasm, 
mitochondria, nucleus and plasma membrane. Under 
stress conditions of the endoplasmic reticulum, the 
uptake of GRP78 into the mitochondria increases. 
Thanks to its role in maintaining the integrity of the 
mitochondrial membrane, it protects the organism 
from apoptosis induced by endoplasmic reticulum 
stress (11, 12, 19). 

1.3. Pancreatic Endoplasmic Reticulum Kinase 
(PERK)

The serine / threonine transporter membrane 
protein kinase is located on the endoplasmic 
reticulum; under normal cellular conditions it is a 
passive monomer with physical binding to GRP78. 
When the endoplasmic reticulum becomes stressed, 
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the glucose-regulated protein is removed by PERK. 
Hence, it is oligomerized and activated. Once 
PERK is activated, it initiates signaling pathways 
that trigger the transcription of certain genes in the 
cellular nucleus. The most important substrates of 
this sensor are eukaryotic initiation factor 2α (eIF2α) 
and nuclear factor E-2-related factor 2 (Nrf2) (20, 21). 

 Activating this sensor triggers the phosphorylation 
of the eukaryotic translation initiation factor 2, 
which, in turn, results in reduced mRNA translation 
initiation of a number of proteins. Activated 
eukaryotic translation initiation factor 2 also 
enhances the translation of a number of genes for the 
signaling pathway of unfolded proteins, including 
activated transcription factor 4 (ATF-4). The 
expression of pre-apoptotic proteins under prolonged 
stress conditions induces cell death. Therefore, in 
addition to helping cells survive, PERK can also 
trigger cell death under stressful conditions of the 
endoplasmic reticulum. Recent studies show that 
PERK inhibits cell growth by influencing cyclin D1 
at the G1 stage of the cell cycle during endoplasmic 
reticulum stress (22-24). 

1.4. Inositol-requiring enzyme (IRE-1)
A type 1 transaminase protein with dual enzymatic 

activity in the cytosolic region includes serine / 
threonine kinase and ribo endonuclease, which is 
autophosphorylated and oligomerized in response 
to endoplasmic reticulum stress. The mammalian 
genome encodes alpha and beta genes of this 
sensor. The alpha type is expressed in the cells of 
most tissues, whereas the beta type is found only 
in the lung and intestinal epithelial cells as well as 
the mucosal epithelial tissues. Among the signaling 
pathways for UPR, the alpha type is a key sensor, 
which is able to regulate the cell’s pathway to death 
or survival (18, 25).

The inositol-requiring enzyme alpha type provides 
the active form of the X-box-binding protein (XBP1) 
mRNA transcription factor. The activated and spliced 
variant of this factor increases the capacity of the 
involved organelles for protein folding by modulating 
the expression of genes involved in proper unfolding 
of proteins, secretion and destruction of endoplasmic 
reticulum proteins.

If the attempt to restore endoplasmic reticulum 
homeostasis fails, the inositol-requiring enzyme 
discontinues splicing the XBP1. In addition, it 
reduces the endoplasmic reticulum proteins by 
influencing the nuclear factor-c-Jun NH2-termina 
kinase (JNK), NFkβ, and inositol-requiring enzyme 
decay RIDD (IRE-1 dependent decay), with the 
ability to decrease the expression of some mRNAs 
and microRNAs (26, 27). 

It seems that endoplasmic reticulum stress increases 
during the transition from an enzyme-dependent 
adaptation response of IRE-1 to the initiation of the 
cell death pathway under prolonged endoplasmic 
reticulum stress. This increase is due to the enzyme-

dependent degradation process of inositol-requiring 
enzymes, wherein target genes that signal pathway 
of unfolded proteins such as GRP78 are degraded. 
Therefore, prolonged endoplasmic reticulum stress 
triggers induction of cell death (28, 29).

1.5. Activating Transcription Factor 6 (ATF6)
A type 2 trans-membrane protein with the 

N-terminal cytoplasmic domain containing a DNA-
binding motif and a C-terminal domain within the 
lumen of the endoplasmic reticulum, which binds 
itself to GRP78. The expression of ATF6 regulates 
protein-dependent pathway genes in endoplasmic 
reticulum associated protein degradation (ERAD). 
In mammals, there are two homologues of ATF6, 
namely alpha (90 KD) and beta (110 KD), both 
of which are synthesized within the endoplasmic 
reticulum and activated by endothelial network stress 
response via endothelial proteolysis (21, 30).

Endoplasmic reticulum stress drives alpha type 
ATF6 from the endoplasmic reticulum to Golgi 
network, where the proteolytic removal of alpha type 
ATF6 is carried out by Specificity Proteins SP1 and 
SP2 proteases. Here, a free membrane is released 
form the ATF to be transferred to the nucleus. As a 
result, the major genes involved in protein folding 
and the degradation of pathway of proteins in the 
endoplasmic reticulum are transcribed. 

When precursor forms attached to the endoplasmic 
reticulum membrane are separated from the alpha 
and beta type ATF6 during endoplasmic reticulum 
stress, and their N-terminal ends become soluble 
transcription factors, the mentioned transcription 
factors are activated and regulate the expression of 
genes for the response pathway to unfolded proteins 
by directly binding to stress response elements of the 
endoplasmic reticulum in the target gene promoter 
(31-33). 

2. The Dual Role of the Signaling Pathway in the 
Unfolded Proteins Response (UPR) in Cancer 
Progression 

Endoplasmic reticulum activity increases as tumor 
cells grow and proliferate in order to accelerate 
the proper uptake of proteins and facilitate their 
intracellular transport. The consequences of 
this growth are hypoxia, starvation, oxidative 
stress, cellular calcium depletion, and ultimately 
endoplasmic reticulum stress and the initiation of 
the unfolded protein response (UPR) compensatory 
pathway. This pathway functions in opposite 
directions: on the one hand, it promotes normalization 
by stopping translation and protein synthesis 
and increasing the production of chaperones to 
correct folding of accumulated proteins; on the 
other hand, it initiates the cell death pathway from 
both mitochondrial-dependent and mitochondrial-
independent mechanisms and ultimately activates 
the caspases within the cell (34, 35).

The UPR pathway is initiated as endoplasmic 
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reticulum associated protein degradation (ERAD) 
initiates the complete degradation of unfolded 
proteins by identifying and destroying them with 
the polyubiquitin in the proteasome through two 
processes, namely proteasomal degradation and 
autophagy. The post-stress activation of autophagy 
in the endoplasmic reticulum has two contradictory 
consequences, namely cell protection and cell death. 
The therapeutic goal is to drive this pathway to cell 
death by ensuring that the drug elicits an optimal 
response. Continuous stimulation and prolonged 
stress of the endoplasmic reticulum drive the 
autophagy pathway and shift the response pathway 
of unfolded proteins to apoptosis (15, 36).

The accumulation of unfolded proteins increases 
the expression of the primary chaperone in the 
endoplasmic reticulum, called GRP78, separating 
this protein from membrane sensors on the 
endoplasmic reticulum containing three specific 
proteins that serve as the major arms in initiating 
the response pathway:
1. IRE-1    Inositol requiring enzyme-1
2. ATF-6   Activating transcription factor-6
3. PERK      Pancreatic endoplasmic reticulum kinase

After the separation of the GRP78, PERK, ATF-6 
and IRE-1 are activated in order. The PERK factor 
phosphorylates the eukaryotic translation initiation 
factor 2, stopping the synthesis of some proteins. In 
addition, ATF6 is separated from the Golgi network 
by specificity proteins SP1 and SP2 proteases. Upon 
entering the nucleus, this factor translates various 
genes including PERK and chaperones such as 
X-box protein transcription factor, whose mRNA 
requires specific splicing within the cytoplasm via 
the dual activity of serine threonine kinase and 
endoribonucleosis enzyme transcription factor. 
PERK transcription factor has specific functions, 
namely activating eukaryotic translation initiation 
factor 2, stopping protein synthesis and activating 
CHOP protein (C / EBP homologous protein), which 
activates the cell death receptor 5 (DR5), inhibits 
cell growth, and initiates growth arrest and DNA 
damage 153 (GADD153). Thus, this process alters 
cell status from cell protection to pre-apoptotic 
cell death and initiates caspase cascade enzymes 
(37-39). In sum, the UPR pathway can be used as 
a therapeutic target. This pathway can exert both 
protective and destructive effects on cell survival 
in cancer cells.

Contrary to cancer cells, in most normal cells, 
the UPR pathway is not very active. This is 
considered an advantage in treatment because 
targeting this pathway can specifically affect the 
cancer cells (40). It was in 2004 that the role of the 
endoplasmic reticulum signaling pathway in cancer 
development was first proposed. Cancer progression 
is characteristically associated with uncontrolled 
growth, deformed cell proliferation, and lack of 
oxygen and glucose in the tumor environment. It 
is therefore not surprising that activation of the 

UPR pathway represents a hallmark in regulating 
various human cancers. The activation of the UPR 
signaling pathway enables cancer cells to survive in 
adverse environmental conditions, thereby leading 
to resistance to chemotherapy drugs. The pathway 
also contributes to tumor-stimulated angiogenesis, 
especially in early cell proliferation when glucose and 
hypoxia deficiency can compromise tumor growth. 
The three different arms of the signaling pathway 
have different effects on the response of unfolded 
proteins to different types of tumors at different 
stages of tumor development, namely growth, 
proliferation and survival. For example, the enzyme 
transcription factor signaling pathway requires 
inositol during hepatocellular carcinoma initiation, 
whereas activation of the PERK transcription factor 
is required when the tumor is created. Therefore, it is 
used to maintain cell survival and causes therapeutic 
resistance (41, 42).

 The contribution of the UPR signaling pathway 
to stress response in the endoplasmic reticulum is 
related to its adaptive function. It gives cancer cells 
the ability to cope with stress, thereby increasing 
their growth, proliferation, and drug resistance (43).

Endoplasmic reticulum stress may be manipulated 
to treat cancer stem cells as different unfolded protein 
signaling pathways are activated in these cell lines, 
helping cell survival against stress stimuli. Inhibition 
of three sensors along with pro-death factors can 
increase the sensitivity of these cells to treatment.

The unfolded protein signaling pathway and 
hypoxia can be independently stimulated by Vascular 
Endothelial Growth Factor (VEGEF) gene expression 
through PERK / ATF4 and HIF1 / 2 pathways (44). 
The unfolded protein signaling pathway can be used 
as a pro-tumorogenic agent to increase the capacity 
of the UPR and induce resistance to anticancer 
drugs. The signaling pathway for the UPR can be 
used as an anticancer treatment strategy in two ways:
1. The UPR signaling pathway is blocked as a 
survival response.
2. Endoplasmic reticulum stress rises above the 
threshold in cells contingent on signaling UPR 
pathways to trigger cell death.

Resistance mechanisms to treatment may include 
decreased drug uptake, altered drug targeting, 
induction of drug detoxification mechanisms, repair 
of drug-induced damage, and insensitivity to drug-
induced cell death (15, 34, 35, 45). Furthermore, 
hypoxia activates the inositol–requiring enzyme 
transcription factor as a survival signal in cancer cells. 

The enzyme transcription factor of inositol-
requiring enzyme and X-box-binding protein / 
signaling pathway of unfolded proteins help induce 
chemotherapy resistance. The PERK transcription 
factor signaling pathway helps cancer cells survive 
in response to hypoxic conditions and reactive 
oxygen species (ROS) (46-48). A number of studies 
have shown that the effect of GRP78 on drug 
resistance mainly involves a decrease in drug-
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induced apoptosis. However, its precise molecular 
mechanisms have not been elucidated (49-53). 

In severe hypoxia and chemotherapeutic conditions, 
when the signaling pathway of the UPR is activated, 
the expression of GRP78 increases in high esophageal 
cancer (hypopharyngeal carcinoma) along with 
resistance to hypoxia chemotherapy (54). Disruption 
of GRP78 in endothelial cells makes them susceptible 
to drug therapy, which opens many windows on the 
role of signaling pathway sensors in the UPR (55, 
56). Glioma cells that are treated with an inhibitor 
of the signaling pathway responding to unfolded 
protein, epigallocatechin gallate (EGCG; a tea 
catechin), block the ATP-binding domain of glucose-
regulated protein and sensitize cells to the first-line 
drug, temozolomide (TMZ)(1). A decrease in GRP78 
inhibits cell proliferation and increases cisplatin-
treated apoptosis in severe hypoxic conditions. This 
indicates that GRP78 inhibits cisplatin-resistant 
cancer cells (cisplatin) and regulates the response 
to severe hypoxia (54, 57).

3. Crosstalk between the UPR and the Wnt Pathway
When UPR is activated, some aspects of Wnt 

signaling are inhibited in a PERK-dependent 
manner. In Caenorhabditis elegans, endoplasmic 
reticulum stress decreases Wnt expression in a 
PERK-dependent manner. In neuronal diseases, both 
the activation of the UPR and loss of Wnt signaling 
have been implicated in neurodegeneration and the 
progression of Alzheimer’s and Parkinson’s diseases. 
It is therefore possible that inhibition of canonical 
Wnt signaling as a result of UPR activation could be 
a contributing factor (58).

β-Catenin is best known as a key signal transducer 
in the canonical WNT pathway, which is dysregulated 
in many cancers. Under physiologic conditions, 
stabilized β-catenin enhances proliferation and 
protects against apoptosis. Inhibiting phosphorylation 
of β-catenin by Enzastaurin, a bisindoylmaleimide 
derivative, helps β-catenin to accumulate and 
eventually triggers apoptosis via c-Jun-stabilized 
p73 (Figure 2) (3).

Figure 1: Unfolded protein response (UPR) signaling pathways (67). The UPR is controlled by three stress sensors on the endoplasmic 
reticulum membrane: Inositol-requiring enzyme (IRE-1), pancreatic endoplasmic reticulum kinase (PERK) and activation transcription 
factor 6 (ATF-6). The PERK phosphorylates the initial eukaryotic translation factor 2, suppresses protein translation, and activates 
activation transcription factor 4 (ATF-4). Activation transcription factor 4 (ATF-4) participates in biological processes as a 
transcriptional repressor and activator of multiple genes.
The IRE-1 activates X-box-binding protein (XBP1), thus affecting the processing of genes responsible for protein folding (ERAD; 
endoplasmic reticulum associated protein degradation) and secretory pathways. ATF-6 must be transferred to the Golgi to be 
activated by SP1 and SP2 proteases. ATF-6 fragments (50KD) are then transferred to the nucleus. The aforementioned pathways 
regulate chaperones and their corresponding specific targets to counteract endoplasmic reticulum stress and maintain homeostasis.
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Recent evidence demonstrates that UPR helps 
the cell to overcome hypoxic stress (59) via HIF-
1 and HIF-2. Meanwhile, Wnt/β-catenin signaling 
can disrupt the co-operative activation by XBP1s-
HIF1α. Hypoxia inhibits β-catenin/TCF-4 formation 
in HCT116 and SW480 colon cancer cells with 
constitutively high levels of β-catenin, as β-catenin 
binds directly to HIF1α. In contrast, in RKO colon 
cancer cells with normal Wnt/β-catenin signaling 
capacity, hypoxia inhibits β-catenin accumulation, 
reduces LRP6 protein level, and impairs Wnt 
signaling transduction. Furthermore, Wnt stimulation 
or β-catenin overexpression has a small effect on 
the HIF1α-regulated gene expression program in 
hypoxia. Furthermore, β-catenin diminishes the co-
operative cross-talk between the HIF1α and XBP1s 
pathways. In conclusion, the results suggest that 
hypoxia may influence Wnt/β-catenin in a number 
of colon cancer types (60).

Furthermore, tumor stress often activates heat-
shock proteins (HSPs) and the UPR as pro-survival 
mechanisms (61). A component of the transcriptional 
arm of the UPR, HSP90, triggers protein folding/
unfolding. Furthermore, Casein kinase 1 (CK1), 
Casein kinase 2 (CK2), and GSK3β, which play 
crucial roles in the Wnt pathway, help to regulate the 
Wnt pathway as well as HSP70 and HSP90 (62, 63). 
They also have an effect on HOP (HSP70-HSP90 
organizing protein) and the chaperone-binding 
ubiquitin ligase (CHIP), and determine the cellular 
protein folding/degradation balance. Likewise, 
C-terminal phosphorylation regulates binding to 

co-chaperones. The C-terminal phosphorylates 
HSP70 and HSP90, enhancing the assembly with 
HOP. The non-phosphorylated chaperones mediate 
the degradation of client proteins by preferring to 
bind to CHIP. CK1 and CK2 might be contributors 
to endoplasmic reticulum stress/UPR. When CK2 
is inactivated, the expression levels of co-chaperone 
Bip/Grp78 and kinase/endoribonuclease IRE1α 
decreases, but the PERK and eukaryotic initiation 
factor 2-eIF2α are activated. In conclusion, a reduced 
synthesis of Bip/Grp78 messenger RNA (mRNA), 
and an increased expression of ATF6-dependent 
EDEM mRNA suggest a negative role of CK2 on 
the ATF6 branch of the UPR (64).

CK2 helps to control the UPR and regulate ER 
stress. CK2 and p38 MAP kinase directly interact 
in response to TNFα. Furthermore, TNFα activates 
UPR. In addition, p38 MAP kinase phosphorylates 
a spliced form of XBP-1 at the residues Thr48 and 
Ser61. Then, Thr48 and Ser61 enhance nuclear 
migration (65). 

Moreover, CK2 inhibition (i) reduces the levels 
of the ER stress sensors IRE1α and BIP/GRP78, 
(ii) increases phosphorylation of PERK and EIF2α, 
and (iii) enhances ER stress-induced apoptosis. 
Simultaneous inactivation of CK2 and HSP90 
results in a synergic anti-myeloma effect and in 
much stronger alterations of the UPR pathways as 
compared with the isolated inhibition of each of the 
two molecules (66). These results place CK2 as a 
novel regulator of the ER stress/UPR cascades and 
HSP90 function in myeloma cells. Furthermore, 
CK2 inhibition by Silmitasertib (CX-4945) potently 
downregulates UPR signaling in T-cell acute 
lymphoblastic leukemia cell lines by downregulating 
GRP78/BIP, a marker of UPR activation (2).

Conclusions 

Intracellular homeostasis may be maintained by 
processes involved in the endoplasmic reticulum 
stress pathway and the unfolded protein response 
(UPR) if proper therapeutic strategies are adopted. 
In the short run, stress induces cellular resistance 
through signaling pathway arms. In addition, the 
mentioned processes trigger adaptive and protective 
arms for cell survival. Nonetheless, in the long run, 
high-intensity stress triggers cell death. There is a 
widespread effort to manipulate the endoplasmic 
reticulum stress pathway and UPR in such way as 
to help cure various diseases including cancer. The 
UPR pathway can be manipulated in two ways: 1) 
inhibiting the growth and proliferation of cancer cells 
that use this pathway to survive in stressful situations 
2) allowing it to accumulate as much misfolded 
and unfolded proteins in the cell as possible, and 
continuously activating the functional arms of the 
UPR pathway to trigger programmed cell death in 
the cancer cells.

Unlike in cancer cells, the pathway for the UPR is not 

Figure 2: β-catenin is accumulated by Enzastaurin; UPR-
mediated growth is arrested, and c-Jun-mediated apoptosis 
is triggered (3).
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