Nemati et al. BMC Cancer ~ (2025) 25:1502 BMC Cancer
https://doi.org/10.1186/s12885-025-14952-w

: ®
Importance of PERK pathway modulation D
on colorectal cancer management:
a systematic review

Marzieh Nemati', Sanaz Dastghaib®?, Zahra Hosseinzadeh?, Mina Molayem?*, Morvarid Siri®, Bahareh Ebrahimi* and
Zohreh Bagheri®

Abstract

Background The protein kinase RNA-like endoplasmic reticulum kinase (PERK) branch of the Unfolded Protein
Response (UPR) plays a complex and context-dependent role in the colorectal cancer (CRC). While some studies
indicate that PERK activation suppresses tumor growth by inducing apoptosis and limiting proliferation, others
suggest that it may promote tumor progression by supporting cancer cell survival under stress. This systematic review
aims to clarify the dual role of PERK signaling in CRC and evaluate its potential as a therapeutic target.

Methods We included full-text English-language studies investigating the role of PERK signaling in CRC using in vitro
and/or animal models. Studies on non-CRC malignancies or unrelated mechanisms were excluded. Searches were
conducted in PubMed, Web of Science (WOS), and Scopus using relevant keywords.

Results A total of 395 articles were initially identified. After removing duplicates (n=173), review articles (n=11),
and unrelated studies (n=66), 45 studies met the inclusion criteria. Most of these (n=36) used in vitro models, with
the HCT-116 cell line being the most frequently used (n=19). While most studies (n=36) reported anti-tumorigenic
effects associated with PERK activation, several identified conditions under which PERK signaling may support tumor
progression. These conflicting findings may be attributed to differences in experimental models, PERK modulation
strategies, and endoplasmic reticulum stress induction methods.

Conclusions This review highlights the dual and context-dependent nature of PERK pathway activation in CRC.
Although PERK often appears to exert tumor-suppressive effects, evidence also points to its tumor-promoting
potential under certain conditions. A nuanced understanding of these roles is crucial for developing PERK-targeted
therapies in CRC.

Trial registration This systematic review has been registered in PROSPERO (International Prospective Register of
Systematic Reviews) with the registration number CRD42023241342.
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Background

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer and the second leading cause of cancer
death worldwide [1]. Surgery is the primary treatment
approach, and chemotherapy in combination with radia-
tion therapy is often used for advanced CRC. Despite sig-
nificant advances in these treatment efforts, the survival
rate of patients in advanced stages remains low [2]. One
of the most widely studied mechanism of cancer treat-
ment resistance is the activation of the ‘unfolded protein
response’ (UPR) as part of a stress-adaptation program
[3-5].

The UPR is initiated in response to the accumulation
of misfolded or unfolded proteins in the endoplasmic
reticulum (ER), a vital organelle where newly synthesized
proteins must be folded and assembled before being
transported to their destination [6]. Several physiological
and pathological conditions can disrupt ER homeostasis,
causing ER stress and UPR activation. These conditions
include protein synthesis in excess of ER capacity, accu-
mulation of misfolded proteins, inflammation, altered
activity of oncogenes and tumor suppressor genes, nutri-
ent deprivation, and hypoxia in normal cells [7-9].

The UPR is mediated by three major ER transmem-
brane protein sensors: protein kinase RNA-like endoplas-
mic reticulum kinase (PERK), activating transcription
factor 60 (ATF6a), and inositol-requiring enzyme-la
(IREla). In homeostasis, the main ER chaperone, glu-
cose-related protein 78 (GRP78), regulates the UPR by
binding and inactivating these three sensors. However,
during ER stress, high levels of folded membranes lead to
dissociation of GRP78 and release of sensors to initiate
UPR signaling.

PERK, a UPR signaling partner protein, also promotes
ATF4 translation, leading to the expression of the tran-
scription factor C/EBP homologous protein (CHOP) and
activation of other downstream signaling molecules that
contribute to the recovery of protein translation [10].
PERK can regulate the survival and death of tumor cells
depending on the context [11]. For example, activation of
the PERK pathway is associated with the development of
[-cell insulinoma, while it leads to reduced proliferation
in gastric cancer cell lines [12, 13].

Several studies have demonstrated that PERK activa-
tion and phosphorylation of its downstream effectors can
trigger apoptotic-signaling cascades, leading to tumor-
suppressive outcomes [14, 15].

However, other evidence suggests that PERK signaling
may facilitate cancer cell survival and progression under
chronic stress conditions. This conflicting evidence

highlights a critical knowledge gap regarding the precise,
context-dependent role of PERK signaling in colorec-
tal cancer (CRC). Specifically, it remains unclear under
which conditions PERK acts as a tumor suppressor versus
a tumor promoter in CRC models, and how experimental
variations (cell lines, stress inducers, PERK modulators)
contribute to these divergent outcomes.

Materials and methods

Focused question

This systematic review was conducted in accordance with
the PRISMA statement and aimed to address the ques-
tion: “What is the precise role of PERK pathway activa-
tion in colorectal cancer (CRC) progression?”

Search and study selection
A systematic literature search was conducted to identify
studies examining the role of PERK in colorectal cancer.
The search strategy used the following string: (colorec-
tal cancer[Title/Abstract]) AND (PERK]Title/Abstract])
and was applied across three databases—PubMed, Sco-
pus, and Web of Science—without restrictions on publi-
cation date. The search was completed in [insert month
and year], and only articles published in English were
considered. The initial search yielded 383 records: 139
from PubMed, 111 from Scopus, and 133 from Web of
Science. After removing 169 duplicate entries, 214 arti-
cles remained for screening. Titles and abstracts were
reviewed for relevance, resulting in the exclusion of 8
review articles and 162 unrelated studies. A total of 44
articles were deemed eligible and included for further
analysis. The complete search strategy and screening flow
are provided in Supplementary File (Appendix.1).
Removal of duplicates was performed independently by
three researchers through manual screening. Inclusion
criteria included articles published in English with full
text available and focusing on colorectal cancer progres-
sion and the mechanism of the PERK pathway. Abstracts
of articles that were not published in full, review articles,
malignancies other than colorectal cancer, and mecha-
nisms other than PERK were excluded from the study.
There were no restrictions on the type of CRC cell lines,
whether human or animal, or age group. Risk of bias
in the included in vivo studies was assessed using the
SYRCLE Risk of Bias tool, which evaluates domains such
as selection bias, performance bias, detection bias, and
reporting bias. The results of this assessment are summa-
rized in Supplementary File (Appendix.2) and were con-
sidered when interpreting the strength and reliability of
the evidence. Since formal risk of bias tools like SYRCLE
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is not applicable to cell line experiments, we did not per-
form a formal bias assessment for these studies. How-
ever, we have noted this limitation. Data were extracted
based on the type of study (in vitro or in vivo), source of
CRC cells, method of PERK modulation (activation or
inhibition), approach to assessing PERK signaling, and
reported outcomes. For synthesis, studies were grouped
by experimental model, PERK modulation strategy, and
observed effects on CRC progression. The findings were
then thematically analyzed to identify consistent patterns
and highlight contradictory results across studies.

The search was repeated in February 2024 to identify
any reports that had emerged during the manuscript
development period. Our systematic review has been
registered in PROSPERO (International Prospective Reg-
ister of Systematic Reviews) with the registration number
CRD42023241342.

Results

Initially, a total of 295 articles (PubMed: 143, Scopus: 15,
WOS: 137) were identified. After removing duplicates
(173 articles), 122 papers met all inclusion criteria and
were selected. In addition, 11 review articles and 66 irrel-
evant papers were excluded (Fig. 1). Among the remain-
ing original articles, only 45 included results about the
role of PERK arm activity in CRC control. Among these
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articles, thirty-six articles were related to suppressive
effects and seven articles were related to tumorigenic
effects (Table 1), which will be explained below. A sum-
mary table is included to facilitate comparison of key
studies and methodologies (Table 2).

Role of PERK on CRC

The PERK pathway functions as an antitumor or tumor-
progressive regulator in CRC under different conditions.
This regulatory function can be induced through acti-
vation and suppression of the PERK arm. Most studies
show that the activation of the PERK branch leads to
the induction of anti-tumorigenic effects in CRC. The
following section discusses these studies based on the
examination of antitumorigenic or tumorigenic effects.
Additionally, it examines how modulation of PERK arm
activity affects CRC progression.

PERK as an anti-tumorigenic regulator

Natural and chemical compounds

Several studies have shown that various natural com-
pounds, including Aloe-emodin (AE) (derived from
Aloe Vera) [16], the polyphenolic compound found in
the green tea (EGCQG) [17], and 3}5-dihydroxy-3,4,7-tri-
methoxyflavone (DTMF) [18], induce cell apoptosis in
HT-29, SW-620, and HCT-116 cells through activation of

143 articles identified in PubMed

15 articles identifiedin Scopus

137 articles identifiedin WOS

4

173 of records excluded due to duplication

1l

11 records were review articles, and
222 records screened — .
excluded from review
166 records were excluded
211 title and abstract screened =
due to unrelated

|

45 studies included in systematicreview

Fig. 1 PRISMA Flow Diagram of Study Selection. This figure illustrates the systematic screening process for identifying relevant studies on PERK in colorec-
tal cancer (CRQ). It includes the number of records retrieved from each database (PubMed, Scopus, Web of Science), duplicates removed, articles screened,
excluded (with reasons), and final studies included. Abbreviations: CRC, colorectal cancer; PERK, protein kinase RNA-like endoplasmic reticulum kinase
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Table 1 (continued)

Mechanism Author

Outcome

Assessing signaling molecules

signaling

Interven-

Intervention

Cell line Type (Human
colorectal cancer cells

Year

Assessing Method

tion Time
(Hour (h))

Molecules

and normal colon cells)

Animal Type

Zhang,

Activated

Naringin prevented colitis and colorectal

Western blotting

PERK

Naringin, Dextran sodium sulfate (DSS), Azoxy-

methane (AOM)

Male C57BL/6 mice
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exposure and subsequently activated PERK-  PERK-eif2a

elF2a signaling promotes the metastasis via

ER stress is dramatically induced by hypoxia
regulating GDF15 expression in CRC cells.

carcinogenesis through suppressing robust
ER stressinduced autophagy in colorectal

mucosal cells.
Western blotting

hypoxia for elF2a

12h

Hypoxia, sShGDF15 or negative control shRNA

HT-29, SW480
Nude mouse

2020

signaling

This table presents key characteristics of the 44 included studies, including author, year, study type (in vitro/in vivo), model system, PERK-related intervention, and main findings. Studies are grouped by experimental design

Abbreviations: CRC colorectal cancer; PERK protein kinase RNA-like endoplasmic reticulum kinase; UPR unfolded protein response
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the PERK axis. Combined treatment of sildenafil and cur-
cumin activates the PERK signaling pathway and subse-
quently causes toxicity and reduced viability in HCT-116
[19]. Treatment of HCT-116 with 3, 3’-diindolylmethane
(DIM), a compound enriched in cruciferous vegetables,
upregulated PERK pathway protein such as elF2a, and
prompted therapeutic effects [20].

Treatment with bioactive compounds such as with-
aferin-A (WA) and 5-fluorouracil (5-FU) or acetate
extract of cichorium (EAEC) in HCT-116, SW-480, and
HT-29 cells has shown its anti-cancer effects by activat-
ing the PERK arm, leading to apoptosis and autophagy
[16, 21]. The combination of TNF-related apoptosis-
inducing ligand (TRAIL), an anticancer agent, with can-
nabidiol significantly triggered apoptosis and increased
cell death in HCT-116, HT29, and DLD-1 cells. Canna-
bidiol activated death receptor 5 (DR5), ER stress, UPR,
and PERK pathway, and subsequently sensitized CRC
cell lines to TRAIL and induced apoptosis [22]. Bixin,
an apocarotenoid from Bixa orellana seeds, inhibited the
proliferation and motility of CaCO2 and SW480 cells.
Additionally, it sensitized cells to TRAIL-induced apop-
tosis. These effects are mediated by activation of the
AMPK/PERK/elF-2a signaling pathway [23]. Further-
more, TRAIL alone increased PERK pathway activity and
led to cell death in HCT-116 cells [24].

Naringin, a flavonoid, exerts antitumor effects in CRC
by activating UPR sensors such as PERK/elF-2a signaling
and inhibiting ERS-derived induction of autophagy [25].
Furthermore, glucose deprivation activates the PERK
pathway in HCT116 and LoVo cells, leading to cell death
and resensitization to the drug [26]. Treatment with Shi-
konin, a naphthoquinone derivative, induced apoptosis
and cytotoxicity in the 5-fluorouracil-resistant colorectal
cancer cell line SNU-C5/5-FUR. One of the key mecha-
nisms underlying its effects is the activation of PERK sig-
naling [27]. Furthermore, results from two in vivo studies
have shown that administration of resistant starch or
EAEC to a mouse model of CRC resulted in apoptosis of
CRC cells and a reduction in tumor size in the studied
animals. These observed effects are attributed, in part, to
increased activity of the PERK pathway [21, 28].

In addition to natural compounds, several chemi-
cal compounds have also shown antitumor effects
in CRC. For example, supplementation of HCT-116,
SW-480, HCT-15, LOVO, COLO205, and HT-25
cells with secreted protein, acidic, and cysteine-rich
(SPARC), 7-dihydroxy-2-(4'-hydroxyphenyl) naphtha-
lene (PNAP-6), zerumbone (ZER), and celecoxib (CCB),
as well as carbon monoxide donor (CORM) and Cobalt
protoporphyrin (CoPP), taxol, nocodazole, or tolf-
enamic acid, resulted in apoptosis and cell death [14,
29-33]. Increased PERK axis activity is responsible for
these effects. 6-Cyclohexyl-1-hydroxy-4-methyl-2 (1
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Table 2 A structured summary of key studies categorized by
experimental models, outcome measures, and relevance to CRC
progression

Study  Experi- Methodology Main Limi-
mental Findings ta-
Model tions
Cheng  Invitro Aloe-emodin PERK activa-  Lackof
etal, (SW620, treatment tion induced  in vivo
2018 HT-29) apoptosisin  valida-
(16) CRC cells tion
Kimet  Invitro TRAIL+ Cannabidiol ~ Combina- Re-
al, 2019  (HCT116, tion therapy quires
(22) HT-29, DLD- enhanced clinical
1), Invivo PERK-mediat-  studies
(BALB/c ed apoptosis
nude mice)
Liang et Invitro Knockdown of CEMIP  Suppressed Fo-
al, 2018  (SW480, proliferation cused
(57) COLO 205), via PERK ona
In vivo downregula-  single
(BALB/c tion regula-
nude mice) tory
path-
way
Lu et In vitro Cinobufagin Induced No
al, 2017  (HCT116, treatment apoptosis clinical
(35) HT-29), In through rel-
vivo (Nude ER stress evance
mice) and PERK yet
activation
Zhang  Invitro (HT- Sphingosine-1-phos-  PERKactiva- ~ Re-
etal, 29, SW480), phate exposure tion blunted  quires
2020 In vivo 5-FU therapy  trans-
(54) (S1Pr2—/— efficacy lational
mice) valida-
tion

This table presents a categorized overview of the 44 included studies
investigating the role of protein kinase RNA-like endoplasmic reticulum kinase
(PERK) in colorectal cancer (CRC). Studies are grouped by experimental model
type (e.g., in vitro, in vivo), and each entry includes the primary outcome
measures assessed (e.g., cell viability, apoptosis, tumor growth), along with a
brief summary of the study’s relevance to CRC progression. The table highlights
mechanistic insights, therapeutic implications, and consistency of findings
across models

Abbreviations: CRC colorectal cancer; PERK protein kinase RNA-like endoplasmic
reticulum kinase; UPR unfolded protein response

H)-pyridinone (CPX) has shown anticancer activity in
various cancers. For example, activation of the PERK-
elF20-ATF4 pathway in both chemoresistant and che-
mosensitive CRC cell lines leads to apoptosis and cell
death in vitro [34]. Application of Cinobufagin (CBG) or
2-methoxy-5-amino-N-hydroxybenzamide upregulated
PERK arm activity and induced antiproliferative effects
in HT-29 and HCT-116 cells [35, 36]. Furthermore, treat-
ment with NKP-1339 in HCT-116, HCT-15, HT-29, and
SW-480 cells induced immunogenic cell death (ICD)
and exerted anticancer effects [37, 38]. Docosahexaenoic
acid (DHA), an omega-3 fatty acid, increased TRAIL-
induced cell death in SW620 cells, and was associated
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with increased activation of PERK arm that is implicated
in inducing these observed effects [39].

The PERK activator, CCT020312 (CCT), reduced CRC
cell proliferation in a dose- and time-dependent manner.
It also improved the chemosensitivity of drug-sensitive
and drug-resistant cells to taxol treatment and signifi-
cantly reduced their survival rate [40]. NK-1R antago-
nists, SR140333 and aprepitant, induce cell death in CRC
cells. Furthermore, they enhance the efficacy of chemo-
therapy by increasing sensitivity and hammer resistance
to 5-fluorouracil in CRC cells, in part through activation
of PERK [41].

Four in vivo studies showed that administration of
CBG or 2-methoxy-5-amino-N-hydroxybenzamide to
nude mice increased PERK arm activity, inhibited CRC
progression, and ultimately reduced tumor size in ani-
mal models of CRC [35, 36]. Furthermore, the antitumor
activity of CPX was induced by this mechanism in vivo
and resulted in suppression of CRC xenograft growth in
mice [34]. The combination of CCT and taxol increased
PERK activation and resulted in a significant reduction
in tumor growth in CRC xenografts [40]. In contrast to
these studies, two other research findings showed that
the inhibition of PERK arm activity and elF2a phosphor-
ylation by GSK2606414 or 42215 (PERK inhibitors) may
switch the pro-adaptive UPR responses to its pro-apop-
totic responses in HT29 cells. This inhibition also leads to
cell cycle arrest in CRC cells, such as HT-29 cells [42, 43].

Epigenetic factors

Downregulation of miR-7113-3P expression (which is
upregulated in CRC) by photodynamic therapy (PDT)
in the presence of sinoporphyrin sodium (DVDMS) as a
photosensitizer increased PERK arm activity and induced
apoptosis in CX-2 cells [44]. Conversely, upregulation of
miR-451a (a tumor suppressor) activated the PERK sig-
naling pathway in HCR-116 and SW-620 cells, inhibited
cell proliferation, and stimulated apoptosis [45]. Knock-
down of Smad?7, which is upregulated in CRC, promoted
serine-threonine protein kinase RNA (PKR), a regulator
of elF2a. This subsequently increased eIF2a phosphory-
lation and ATF4/CHOP activation, ultimately causing
cell death in CRC [46]. Another study showed that the
active form of XBP1 or ATF6, signaling molecules of the
other two branches of the UPR, upregulated PERK activ-
ity and induced apoptosis in CRC cells [47].

In vivo studies revealed that overexpression of miR-
451a in CRC xenograft mice increased PERK activity.
This increase led to cell apoptosis, inhibition of CRC cell
proliferation, and ultimately inhibition of tumor progres-
sion in these animals [45]. In contrast to studies show-
ing antitumor effects by increasing PERK branch activity
through various factors, FAM172A, a novel protein, plays
a tumor suppressor role. This protein achieves this goal
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by downregulating PERK expression in tissue samples
from CRC patients as well as in LOVO cells [48].

Technological methods

Nonthermal gas plasma (NTGP) has recently emerged
as a potential application in cancer therapy. Exposure of
SNUCS5 cells (a type of human colon carcinoma cell) to
NTGP induced the expression of UPR proteins such as
GRP78 and PERK and subsequently induced cell death
in this cell line [49]. Similarly, nanosecond pulsed electric
fields (nsPEF), a novel technology for tumor eradication,
induced endoplasmic reticulum (ER) stress and immuno-
genic cell death (ICD) through PERK activation in CT-26
CRC cells [50].

PERK as a tumor progressive regulator

Some evidence suggests that PERK activation can limit
tumor progression, while other evidence emphasizes a
positive role for PERK in the development and/or pro-
gression of malignancy.

Natural and chemical compounds

Exposure of HCT-116 cells to hypoxia partially acti-
vates the PERK arm, inhibits translation, and induce cell
autophagy as an adaptive response to tumor progression
[51]. Furthermore, the results of a study showed that
under hypoxic conditions, the activity of the PERK-elF2a
branch of the UPR pathway and the expression of growth
differentiation factor 15 (GDF15) are increased in HT29
and SW480 cells. GDF15 is known to be a marker of
increased metastasis [52].

Long-term ethanol treatment of HCT116, HT29,
and Caco-2 cells resulted in increased levels of PERK,
ATF6, and CHOP proteins, as well as proteins associ-
ated related to the autophagy-signaling pathway. Conse-
quently, these changes led to a survival response in CRC
cells [53]. Treatment of HCT-116 cells with Sphingo-
sine-1-phosphate (S1P) promoted internalization of S1P
receptors (S1PRs), which in turn stimulated the PERK/
elF2a/ATF4 signaling pathway. This led to the impedi-
ment of 5-FU uptake and suppression of its therapeutic
effect, ultimately causing CRC progression. Furthermore,
S1P administration increased S1PR2 internalization and
impaired the treatment efficacy of 5-FU in WT mice
compared with SIPR2-/- mice [54].

Other molecules

Expression of Lung adenocarcinoma metastasis-associ-
ated long noncoding RNA transcript 1 (MALAT1) was
increased in CRC and subsequently stimulated CRC
cell migration through activation of the PERK path-
way [55]. Furthermore, high expression of miR-27a, an
oncomiRNA, inhibited mitoxantrone-induced immuno-
genic cell death (ICD) and apoptosis by inactivating the
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PERK/elF2a pathway [56]. In addition, two other stud-
ies showed that hyaluronan-binding protein (CEMIP)
and TNF receptor-associated protein 1 (TRAP1), which
promote cell migration, exacerbate CRC progression and
metastasis in HCT-116 cells through upregulation of the
PERK pathway [57, 58].

Discussion

CRC is the third most commonly diagnosed cancer type
and the second leading cause of cancer-related mortality
worldwide [59]. Current treatment approaches for CRC
include surgery, radiation therapy, chemotherapy, and
combinations thereof. Despite these interventions, none
have achieved complete prevention of cancer progres-
sion, and survival rates for patients with advanced stages
remain low [2].

Understanding the molecular mechanisms driving
CRC progression and is a promising approach in combat-
ing this malignancy. The role of the UPR, particularly the
PERK arm, in cancer progression remains controversial
across different cancer types. While some evidence sug-
gests that PERK activation can inhibit tumor progres-
sion, other studies have shown its potential to promote
cell proliferation. Although the exact factors contributing
to this debate remain unknown, it appears that the dual
function of PERK in cancer may be influenced by various
elements, including the cancer cell type, tumor microen-
vironment, cancer stage, the models and methods used in
the studies [60]. Various in vitro and in vivo studies have
re shown vealed that modulation of PERK branch activity
produces tumor suppressive or tumor progressive effects
in CRC.

Affecting the PERK pathway has shown tumor-sup-
pressive effects. For example, treatment with various
agents induces endoplasmic reticulum stress (ERS), sub-
sequently stimulating the UPR and activating PERK. This
activation leads to apoptosis, autophagy, reduced cell
proliferation and survival, and ultimately contributes to
the suppression of CRC [17, 20, 22, 24, 26, 28, 30-32,
50, 61-64]. Yu-Sheng et al. demonstrated that PERK
activation contributes to colorectal adenoma reduction.
Conversely, another study suggested that ER-induced
suppression of autophagy is an alternative mechanism
responsible for tumor suppression [25]. Several stud-
ies have shown the importance of PERK pathway activ-
ity and caspase activity in exerting antitumor effects.
For example, the anti-CRC effects of compounds such as
EGCG, TRAIL, DHA plus TRAIL, and nsPEF treatment
have been attributed in part to caspase activity, particu-
larly caspase 3/7 [17, 24, 39, 50]. Furthermore, activation
of the ERS-associated kinase (JNK) pathway [32, 33, 65],
and cell cycle arrest in the GO/G1 phase [36] or in G2/M
[33] promote apoptosis in CRC.
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Ching-Feng and colleagues reported that PNAP
increased the expression of p53, p21, and p27, leading to
cell cycle arrest and inhibition of CRC cell proliferation
[30]. Another study showed a decrease in the expression
of p53, a tumor suppressor gene [28]. Treatment with
DTMF or application of NTGP resulted in increased
ROS production, which led to ERS, elevated mitochon-
drial calcium levels, and increased calcium release from
the endoplasmic reticulum. This cascade of events acti-
vated the UPR and the PERK pathway, ultimately inhib-
iting tumor growth [49, 65]. Matassa and colleagues
showed that TRAPI activates the PERK arm of the path-
way, increases phosphorylation of elf2a, and enhances
the synthesis of ATF4 and its downstream targets, BiP/
Grp78. This process confers protection against ERS
and exerts anti-tumor effects [58]. In contrast to stud-
ies suggesting that PERK activation exerts anti-tumor
effects, treatment of CRC cells with FAM172A reduced
PERK expression and elf2a phosphorylation, leading to
growth inhibition and tumor suppression [48]. Inhibition
of PERK by chemical agents, both in vitro and in vivo,
shifted the cellular response from pro-adaptive to pro-
apoptotic [42, 43].

Modulation of the PERK arm can also have tumori-
genic effects. Cernigliaro et al. demonstrated that long-
term treatment of CRC cells with ethanol increased ROS
production, leading to ERS and activation of the PERK
pathway. This, in turn, stimulated the autophagy response
and ultimately increased the survival of CRC cells. The
use of antioxidants significantly inhibited the autoph-
agy response, suggesting that oxidative stress-induced
autophagy promotes cell survival and contributes to
tumor progression. Furthermore, ethanol activated the
Nrf2/Ho-1 axis and increased MMP-2 and VEGF lev-
els, further promoting CRC progression and increasing
CRC cell survival [53]. Incubation of CRC cells with S1P
caused internalization of plasma membrane SIPR2 into
the ER and increased ER calcium levels. This activates
the PERK signaling pathway and subsequently leds to the
activation of ATF4, which increases autophagy-signaling
molecules. This process disrupts the uptake of exogenous
5-FU, thereby reducing its efficacy against CRC and ulti-
mately increasing tumor progression [54].

Hypoxia activates the UPR and the PERK arm signal-
ing pathway, which in turn regulates the GDF15 expres-
sion and cell survival, ultimately promoting tumorigenic
effects [52]. During hypoxia, ERS is induced, leading
to activation of the UPR and subsequent activation of
PERK. PERK regulates translation by phosphorylating
elF2a, thereby increasing ATF4 expression. This leads
to activation of LC3-dependent autophagy, which con-
tributes to cell survival under hypoxic conditions [51].
Induction of ERS in CRC cells increases PERK branch
activity and subsequently increases the expression of
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metastasis-associated long non-coding RNA (IncRNA
MALAT1), ultimately promoting CRC progression [55].
Furthermore, upregulation of the PERK pathway by hyal-
uronan-binding protein (CEMIP) promotes cell migra-
tion and accelerates CRC progression [57].

The dual role of PERK in CRC progression presents
both opportunities and challenges for clinical transla-
tion. On one hand, targeting PERK signaling could be a
viable therapeutic strategy to induce tumor cell apoptosis
or sensitize tumors to chemotherapeutic agents. On the
other hand, the tumor-promoting effects of PERK acti-
vation under certain conditions such as oxidative stress,
hypoxia, or chemoresistance highlight the complexity of
its modulation in clinical settings. These contrasting out-
comes underscore the need for personalized approaches
when designing PERK-targeted therapies. Potential
therapeutic applications might include combining PERK
inhibitors with agents that suppress autophagy or using
PERK activators selectively in tumor types or stages
where its anti-tumor effects are dominant. However,
clinical translation will require comprehensive preclinical
validation, especially in physiologically relevant models
and ultimately, well-designed clinical trials to assess effi-
cacy and safety.

This review has several methodological limitations
worth noting. First, we did not perform a formal risk-of-
bias assessment of the included in vitro studies, which
may limit the ability to evaluate the methodological
rigor and reliability of the evidence. We acknowledge
this limitation to ensure transparency. Second, there is
a possibility of publication bias, as studies with positive
or significant findings are more likely to be published,
potentially skewing the overall interpretation of the
PERK pathway’s role in CRC. Third, substantial heteroge-
neity exists among the included studies in terms of exper-
imental models (in vitro vs. in vivo), cell types, treatment
regimens, outcome measures, and CRC subtypes. These
variations complicate direct comparisons and may con-
tribute to the conflicting results observed across stud-
ies. Taken together, these limitations highlight the need
for future research using standardized, well-controlled
methodologies to better clarify the therapeutic potential
of targeting PERK in CRC.

In conclusion, this systematic review underscores the
complex and context-dependent role of PERK pathway
modulation in colorectal cancer therapy. PERK signaling
can drive both pro-survival and pro-apoptotic responses,
depending on cellular conditions. Notably, PERK activa-
tion has demonstrated predominantly anti-tumorigenic
effects in preclinical models, though its dual nature high-
lights the importance of tailored therapeutic strategies.

The emergence of PERK-targeted therapies presents
a promising approach for CRC treatment. However, to
translate these findings into clinical applications, further
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studies are needed. Future research should incorporate
gene silencing and overexpression techniques, such as
siRNA or CRISPR/Cas9, alongside well-designed in vivo
CRC models to clarify causal relationships and thera-
peutic mechanisms. Moreover, early-phase clinical trials
testing PERK inhibitors or activators—either alone or in
combination with chemotherapy or immunotherapy—
are warranted to evaluate their therapeutic potential and
safety in CRC patients.
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