
Cell Stress and Chaperones (2025) 30:119–129 
https://doi.org/10.1016/j.cstres.2025.03.001

Endoplasmic reticulum stress in acute pancreatitis: Exploring the 
molecular mechanisms and therapeutic targets

Xiaoliang Zhang1 · Chenchen Xu2 · LiJuan Ji3 · Haiwei Zhang1,⁎

Received: 30 December 2024 / Revised: 10 March 2025 / Accepted: 12 March 2025 
© 2025 The Authors. Published by Elsevier Inc. on behalf of Cell Stress Society International. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).  

Abstract
Acute pancreatitis (AP) is associated with multiple cellular mechanisms that trigger and or are triggered by the 
inflammatory injury and death of the acinar cells. One of the key mechanisms is the endoplasmic reticulum (ER) 
stress, which manifests as an accumulation of misfolded proteins within ER, an event that has proinflammatory and 
proapoptotic consequences. Hence, the degree of cell insult during AP could considerably depend on the signaling 
pathways that are upregulated during ER stress and its resulting dyshomeostasis such as C/EBP homologous protein 
(CHOP), cJUN NH2-terminal kinase (JNK), nuclear factor kappa B (NF-κB), and NOD-like receptor protein 3 
(NLRP3) inflammasome. Exploring these molecular pathways is an interesting area for translational medicine as it 
may lead to identifying new therapeutic targets in AP. This review of the literature aims to shed light on the different 
roles of ER stress in the etiopathogenesis and pathogenesis of AP. Then, it specifically focuses on the therapeutic 
implications of ER stress in this context. 
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Introduction

Acute pancreatitis (AP) is the most common disorder of the 
pancreas worldwide.1 It is the condition where there is an 
inflammation of the acinar exocrine cells, which can lead to 
extensive tissular necrosis and systemic inflammatory re
sponse syndrome with potential death.2 AP can occur most 
frequently as a result of the passage of small gallbladder 
stones or biliary sludge to the adjacent pancreatic duct or 
the ampulla of Vater leading to acute biliary (obstructive) 
pancreatitis. This condition is favored by anomalies in 
pancreatic and biliary ductal anatomy, gallstone‑related 
factors, biliopancreatic reflux, duodenal bile, and pancreatic 
juice exclusion.3 The obstruction of the pancreatic duct 
causes the pancreatic juices to accumulate locally with 
likely a premature activation of pancreatic enzymes (auto
digestion) inducing pancreatitis. The other most common 
etiology of AP is alcoholism which when metabolized by 
the pancreas, provokes by its turn the premature activation 
of intracellular digestive enzymes thereby promoting auto
digestive injury.4 The other less frequent etiologies include 
but are not exclusively hypertriglyceridemia, postendo
scopic retrograde cholangiopancreatography, malignancy 
(obstructive), drugs, trauma, hypercalcemia, and infection. 

Abbreviation: AP, acute pancreatitis; ER, endoplasmic reticulum; 
CHOP, C/EBP homologous protein; JNK, cJUN NH2-terminal kinase; 
NLRP3, NOD-like receptor protein 3; UPR, unfolded protein response; 
IRE1, inositol-requiring enzyme 1; PERK, double-stranded RNA-ac
tivated protein kinase R (PKR)-like ER kinase; ATF6, activating 
transcription factor 6; BiP, binding immunoglobulin protein; PDI, 
disulfide isomerase; PPI, peptidyl-prolyl isomerase; SERCA2, sarco
plasmic ER Ca2+-ATPase 2; XBP1s, X-box binding protein 1; ERAD, 
ER-associated degradation; NF-κB, activation of nuclear factor-κB; 
TRAF2, TNF Receptor Associated Factor 2; ASK1, apoptosis signal- 
regulating kinase 1; ATG12, autophagy related 12; BCL2, B-cell 
Lymphoma 2; MOMP, outer membrane permeabilization; FADD, Fas- 
associated protein with death domain; RIP, receptor-interacting pro
tein kinase; RIPK1, receptor-interacting protein kinase 1; MLKL, 
mixed lineage kinase domain-like; AP-1, activating protein-1; 4-PBA, 
4-phenylbutyric acid; TUDCA, tauroursodeoxycholic acid; ADK, 
adenosine kinase; ANP, atrial natriuretic peptide; UCP2, expression of 
uncoupling protein 2; TSG-6, Tumor Necrosis Factor-a-Stimulated 
Gene/Protein-6; TRAM1, translocation-associated membrane protein
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In contrast, AP can be idiopathic in a high proportion of 
patients.5,6

Two of upper abdominal pain, amylase/lipase ≥3 
×upper limit of normal, and/or cross-sectional imaging 
findings in favor of AP are required to establish the diag
nosis.7 The management of AP is mainly supportive as to 
date, there is no available drug to treat the disease or reduce 
its severity.8 In a pathological sense, the severity of AP 
depends on two key pathogenic factors: the extent of cel
lular necrosis and the amount of inflammation. Both of 
these factors are in turn correlated with the degree of or
ganelles dysfunction, the latter being triggered by the dif
ferent AP inducers such as alcoholism and smoking.2 One 
of the main organelles involved in the pathophysiology of 
AP is the endoplasmic reticulum (ER), which is prone to 
profound functional alterations generally referred to as ER 
stress. The recognition of ER stress implications in AP has 
driven attention to its possible utility as a therapeutic 
target.9 Based on this, various AP research have in
vestigated the beneficial effects of pharmacological agents 
acting primarily on ER stress, demonstrating interesting 
findings.10-15 This literature review highlights first the main 
contributions of ER stress and proteins misfolding to the 
pathogenesis of AP. Afterward, it focuses on the therapeutic 
implications of ER stress by summarizing evidence on 
drugs demonstrating ER stress activity in AP models. In this 
section, potential pharmacological targets in AP-induced 
ER stress are also discussed.

ER stress and unfolded protein response

Following translation, synthesized structural or secretory 
proteins are translocated into the ER lumen where post- 
translational modification occurs to ensure the formation of 
properly folded and mature proteins. The ER function re
quires multiple chaperones and folding enzymes and has 
the key role of ensuring quality control before the proteins 
are released by the chaperones to reach their site of action. 
Notably, due to their detrimental effects, misfolded proteins 
undergo correction or degradation by a process called ER- 
associated degradation via the ubiquitin-proteasome 
pathway.16,17 The ER should ensure the folding of the 
synthesized proteins, however, if this capacity is saturated 
ER stress develops.18 ER stress triggers a compensatory 
mechanism known as unfolded protein response (UPR). 
Such a response would aim to increase the protein-folding 
capacity in ER.19

Three ER sensors initiate the UPR including inositol- 
requiring enzyme 1 (IRE1), double-stranded RNA-activated 
protein kinase R (PKR)-like ER kinase (PERK), and acti
vating transcription factor 6 (ATF6). Under normal cir
cumstances, these sensors are coupled with an ER 

chaperone called BiP, which keeps them inactive, 
whereas the presence of unfolded proteins during ER stress 
generates their activation through a competitive binding of 
the unfolded protein with BiP due to a higher affinity.20

The ability of the UPR to increase the protein-folding ca
pacity is critical in determining the fate of the cell under
going ER stress. An adaptive UPR occurs in case of mild ER 
stress to promote cell survival, and results in the expansion 
of the ER size and lumen through increased protein and 
lipid biogenesis. Moreover, the transcription of the genes 
encoding for ER chaperones and ER-resident enzymes in
creases, which enhances the removal and degradation of 
the locally accumulated misfolded proteins.21 These genes 
encode for ER chaperone proteins such as BiP/GRP78 and 
GRP94, folding enzymes such as disulfide isomerase 
(PDI) and peptidyl-prolyl isomerase (PPI), as well as 
structural components of the ER including sarcoplasmic ER 
Ca2+-ATPase 2 (SERCA2).19 Nevertheless, during severe ER 
stress, IRE1α becomes hyperactivated and undergoes sus
tained homo-oligomerization. The latter causes the IRE1α’s 
RNase to cleave repressors (ie, micro-RNAs) of proapoptotic 
proteins, thereby, inducing caspase-1 activation, and IL-1β 
and IL-18 production eventually promoting cell death.21

The X-box binding protein 1 (XBP1s) is an important 
regulator of UPR. Hence, when spliced by the activated 
stress sensor IRE1α, XBP1s induces the transcription of 
UPR target genes encoding ER molecular chaperones, 
folding enzymes, and ER-associated degradation (ERAD) 
components.22 In cells where UPR is ineffective, apoptosis 
is triggered to protect the organism by eliminating the cells 
with severely damaged ER. Among the main ER stress- 
mediated proapoptotic pathways is the C/EBP homologous 
protein (CHOP), in addition to cJUN NH2-terminal kinase 
(JNK), and caspase-12 (in mouse).19 CHOP has pro‑a
poptotic and pro‑inflammatory properties. Hence, the si
lencing of CHOP expression markedly inhibited apoptosis 
and ER stress, reducing the activation of nuclear factor‑κB 
(NF-κB) and inflammation injury in AP.23

ER stress role in the pathophysiology of AP

Pancreatic acinar cells are susceptible to ER stress due to 
their unique rate of protein turnover, synthesis, and secre
tion, which particularly exposes them to ER dysfunction 
and dyshomeostasis. These anomalies occur at the early 
stages of pancreatitis, regardless of trypsinogen activation.24

ER stress appears to play a major role in both the etio
pathogenesis and pathogenesis of AP. On an etiopathogenic 
level, different AP triggers were shown to induce pancreatic 
cell insult via aberrant ER response. For instance, alco
holism may promote the development of AP by ER stress, 
especially in patients with genetic polymorphism favoring 
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ER dyshomeostasis and UPR component accumulation.25

Genetically determined preexisting interhuman disparities 
in the adaptive UPR/anti-ER stress mechanisms may ex
plain more susceptibility to alcoholic pancreatitis in some 
alcohol consumers than others.26 The combined exposure 
to ethanol and cigarette smoke extract increased ER stress 
in acinar cells via the suppression of the XBP1s-associated 
adaptive UPR signaling pathway.27 Paradoxically, when the 
UPR is adaptive it protects against alcohol-induced pan
creatic damage.28 Furthermore, in one experiment, the 
components of UPR including GRP78/Bip, XBP1, and 
GADD153/CHOP were upregulated in hypertriglyceri
demic AP rats model.29 Another study demonstrated that 
incubation of rat primary acinar cells with palmitic acid 
resulted in enhanced UPR with subsequent local in
flammation through ER stress-induced activation of the 
CCAAT-enhancer-binding protein β and α.30 Saturated free 
fatty acids induced ER stress via ER Ca2+ depletion.31 Ia
trogenic pancreatitis such as that induced by secretagogues 
and methimazole was also found to be promoted by aber
rant ER responses.32,33 Experimentally arginine-induced AP 
was also shown to manifest with an early activation of ER 
stress.34

Main consequences of ER stress in AP

The contribution of ER stress to pathologic/premature ac
tivation of trypsinogen is unclear.24 In a mechanistic model 
proposed by Habtezion et al.,2 the etiopathogenic factors of 
AP such as alcohol, smoking, hypertriglyceridemia, gall
stones, and/or genetic mutations (CFTR mutation) can 
elicit disruptions in the organelles’ function within acini 
cells by excessive Ca2+ entry and other cellular damaging 
stimuli. This causes ER stress, mitochondrial failure, and 
autophagy impairment with each of them aggravating the 
other. Eventually, there is a premature trypsinogen activa
tion, along with proinflammatory and proapoptotic path
ways upregulation resulting in diffuse inflammation and 
insult to the pancreatic tissue.2 Figure 1 summarizes the 
main deleterious effects of ER stress on acinar cells during 
the development of AP. Of note, ER stress was also shown 
to induce a regenerative response in the exocrine pancreas 
following acinar-specific disruption of XBP1 in mice.35 This 
suggests that ER stress and UPR are initially beneficial for 
tissular recovery during AP; however, when the cellular 
damage is severe or persistent, ER stress becomes part of an 
aberrant response promoting cell death.

Fig. 1 Consequences of endoplasmic reticulum (ER) stress on acinar cells during acute pancreatitis. The accumulation of misfolded 
proteins and activation of ER stress pathways within acinar cells results in the initiation of multiple cytoplasmic and nuclear 
processes: (i) autophagy: which occurs in response to JNK activation and mTOR inhibition; (ii) cell death: five types of programmed 
and nonprogrammed cell death mechanisms can develop through ER stress including apoptosis, pyroptosis, necroptosis, ferroptosis 
(iron homeostasis-dependent death), and necrosis; (iii) inflammation: ER stress and unfolded proteins response trigger the activation 
of NFκB via ER overload response. Ultimately, NFκB acts by inducing the transcriptional expression of NOD-like receptor protein 3, 
which, in turn, induces caspase-mediated activation of pro-IL-1β and pro-IL-18. Once activated, these cytokines stimulate the 
recruitment and proliferation of inflammatory cells, thus, favoring cell insults. Abbreviations used: JNK, cJUN NH2-terminal kinase; 
mTOR, mammalian target of rapamycin; NF-κB, nuclear factor kappa B; NLRP3, NOD-like receptor protein 3.
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Autophagy

Macroautophagy (hereafter referred to as autophagy) is a 
stress-induced intracellular process during which there is a 
lysosome-mediated bulk degradation pathway aiming to 
recycle and eliminate worn-out proteins, protein aggregates, 
and damaged organelles. It is activated as a novel signaling 
pathway in response to ER stress.36 The sequestered da
maged cytoplasmic components are degraded by the lyso
somal enzymes after lysosome fusion with double- 
membrane bounded vacuoles called autophagosomes.37

The induction of autophagy by ER stress is through IRE1α 
mediated TNF Receptor Associated Factor 2 (TRAF2) and 
apoptosis signal-regulating kinase 1 (ASK1) recruitment, 
and subsequent JNK activation.16 Also, studies have shown 
the involvement of autophagy related 12 (ATG12) expres
sion and mammalian target of rapamycin (mTOR) inhibi
tion in the activation of the autophagic process by ER 
stress.38 The fate of the cell is then determined depending 
on the local cellular circumstances with either cell survival, 
nonapoptotic cell death when apoptosis is experimentally 
blocked, or caspase-independent autophagic cell death 
triggered by specific treatments.39 Drugs acting on ER stress 
such as melatonin and rapamycin were shown to activate 
autophagy in AP cells in a way of promoting their apop
tosis.40,41 In the pancreatic β cells, autophagy prevents ER 
stress-induced death.42 The same effects are replicated in 
acinar cells. Autophagy prevents ER stress and the resulting 
lethal changes in the exocrine pancreas. Thus, deficiency in 
canonical and noncanonical autophagy proteins (autop
hagy-related protein 7, and CCPG1, respectively) had led to 
disruption of ER homeostasis and proteostasis, with sub
sequent ER stress and trypsinogen activation, resulting in 
severe acinar cell degeneration and spontaneous pancrea
titis in the mouse pancreas.43,44

Cell death

Once ER stress develops in response to different AP trig
gers, it acts as a crucial exacerbator of the acini cells’ 
proapoptotic signals. Thus, following the onset of AP, there 
is an increase in the ER stress molecules (e.g., PERK 
pathway), which activates several proapoptotic proteins 
such as caspase-1 and cathepsin B, thus further favoring 
cell death.45,46 Apoptosis occurs through intrinsic (mi
tochondrial) and extrinsic pathways which both lead to the 
activation of the executioner molecules caspases. These 
molecules commit cells to death in an irreversible manner. 
The intrinsic apoptosis is triggered by the activation of the 
B-cell Lymphoma 2 (BCL2) family of proapoptotic effectors 
notably BAX, BAK, and possibly BOK. This causes the 
mitochondria to undergo outer membrane permeabiliza
tion (MOMP) with subsequent caspase activation.47 The 

extrinsic apoptosis develops following the TNF-α-induced 
expression of death receptors including TNF receptor type 
1-associated death domain protein/Fas-associated protein 
with death domain (FADD) or receptor-interacting protein 
kinase 1 (RIP1)/RIP3, ultimately eliciting caspase-8 activa
tion.48 These pathways are both promoted by ER stress.49

In the context of AP, another prominent mechanism of 
cell death is pyroptosis due to the high participation of in
flammation in the activation of lethal signals. Although 
pyroptosis is a recently discovered mechanism of pro
grammed cell death, numerous studies have supported the 
substantial involvement of NOD-like receptor protein 3 
(NLRP3) inflammasome-dependent pyroptosis in the pa
thogenesis of AP.50 One recent study demonstrated that the 
PERK pathway in ER stress can drive acinar cells to un
dergo pyroptosis by activating caspase-1, ultimately ag
gravating AP.46 ER stress can also induce pyroptosis by 
increasing IRE1α and cytosolic Ca2+.51

A third mode of cell death is necroptosis which re
sembles pyroptosis in being an inflammatory pro
grammed death process but with different implicated 
pathways. Thus, while pyroptosis is activated by the 
gasdermin D pathway, necroptosis is triggered by TNF-α 
activation of the receptor-interacting protein kinase 
1(RIPK1) and receptor-interacting protein kinase 3 fol
lowed by RIP3 binding to and activation of mixed 
lineage kinase domain-like (MLKL), a newly defined 
executioner molecule.48,52 During AP conditions, ER 
stress was found to promote acinar cell necroptosis 
through cathepsin B-mediated activating protein-1 (AP- 
1) activation.45

A fourth mode is ferroptosis, which is a special type 
of programmed cell death driven by intracellular iron 
accumulation and peroxidation of polyunsaturated fatty 
acids. This form differs from apoptosis and other non
apoptotic cell death by the absence of apoptotic bodies 
or chromatin condensation, cell shrinkage, or cell 
membrane rupture.53 ER stress is responsible for fer
roptosis by several mechanisms including dysregulating 
lipid metabolism, redox balance, and iron homeostasis 
anomalies, and also by activating the transcription 
factor p53.54-56 There is a substantial body of evidence 
that supports the involvement of ferroptosis in AP de
velopment and exacerbation.57-60 ER stress participates 
in AP-associated ferroptosis via the BiP/p-EIF2α/CHOP 
signaling pathway which is, in turn, iron-de
pendent.61,62

Finally, necrosis is the natural consequence of ER 
stress stimulation of the recruitment of inflammatory 
cells which induce necrotic injury of acinar cells by 
releasing cell breakdown molecules. In contrast to 
apoptosis which predominates in mild forms, necrosis is 
particularly observed in severe forms of AP.63
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Inflammatory reaction

The ER stress within acini cells generates a robust im
mune response mainly through the activation of NFκB 
transcription factor which is known as a central med
iator of immune and antiapoptotic responses.19 This ER 
stress-induced NFκB activation (ie, through IκB de
gradation) is particularly triggered by the membrane 
proteins aggregates in the ER, consequently, the 
pathway is called ER overload response. For the ER 
overload response to occur, it was suggested that there 
is a need for the release of Ca2+ from the ER and the 
subsequent production of reactive oxygen inter
mediates.64 ER stress is a potent activator of NF-κB 
through IκBα kinase, which, by phosphorylating and 
degrading IκBα, induces NF-κB activation. Moreover, 
UPR initiators notably IRE1 and PERK also contribute 
to activating NF-κB.65 When the NF-κB is activated, it 
triggers the NLRP3 inflammasome, which develops as 
follows: NLRP3 activates caspase-1, which, in turn, 
converts IL-1β and IL-18 to their bioactive forms. These 
two cytokines along with others (IL6, IL8, TNFα, and 
chemokine MCP-1) mediate leukocytes proliferation, 
migration, and maturation during pancreatitis.66,67 The 
NLRP3 inflammasome can also be initiated by the 
CHOP, IRE1α, ROS/TXNIP, and PERK–CHOP sig
naling pathways.68

Investigated drugs with ER stress protective 
function

Currently, the main ER stress inhibitors that have been 
investigated for AP are the following (Figure 2).

ER chaperones

Drugs that act as ER chaperones could be effective in re
ducing the progression of AP. The Food and Drug 
Administration (FDA)-approved 4-phenylbutyric acid (4- 
PBA) is a low molecular weight ER chaperone that de
creases the aggregation of misfolded proteins and corrects 
their trafficking, hence alleviating ER stress. Notably, the 
hydrophobic regions of 4-PBA interact with the exposed 
hydrophobic segments of the unfolded protein, resulting in 
the restoration of protein folding.69,70 Evidence from in vitro 
and in vivo studies suggests the efficiency of 4-PBA as an 
ER-stress inhibitor in AP models. In one study, 4-PBA en
hanced the enzymatic secretion in rat acini cells stimulated 
with supraphysiological cholecystokinin, thus suppressing 
trypsin activation, while inhibiting UPR and proapoptotic 
pathways.12 In another experiment, using a rat model of 
severe AP, Hong et al.10 investigated the effects of 4-PBA on 
injured pancreatic beta cells. The drug was able to attenuate 
histopathological injuries of the pancreatic islets. Ad
ditionally, the authors noted a reduction in, TNF-α, IL-1β, 
and insulin levels, with an increase in glucose levels, in 
addition to re-establishment of beta-cell ultrastructure and 
ER hemostasis. The latter was accomplished by the sup
pression of BiP, ORP150, and CHOP, but also caspase-3, 
suggesting antiapoptotic potentials of 4-PBA.

Additional targets were found in Han et al.45 experiment. 
In this study, 4-PBA exerted an in vivo anti-ER stress ac
tivity through the inhibition of cJun pathway and cathepsin 
B/activating protein 1, which is involved in the necroptosis 
of pancreatic acinar cells. Further, preincubation of acinar 
cells with 4-PBA led to opposing the activation of CCAAT- 
enhancer-binding protein α and CCAAT-enhancer-binding 
protein β in palmitic acid-induced AP in rats. This resulted 
in the prevention of the inflammatory responses triggered 

Fig. 2 Main current drugs showing potential activity on endoplasmic reticulum stress in acute pancreatitis models.
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by ER stress in acinar cells.30 Interestingly, 4-PBA admin
istration rescued damaged pancreas and vital organs in
cluding lungs, liver, and kidneys in rats with sodium 
taurocholate-induced AP.71 This effect was driven by ER 
stress relief and systemic inflammation inhibition as evi
denced by reductions in neutrophils and macrophage in
filtration, as well as proinflammatory TNF-α and IL-1β 
levels. Moreover, 4-PBA displayed an antiapoptotic action 
in the above vital organs. The weak chaperoning ability of 
4-PBA could be a pharmacodynamics disadvantage. 
Nonetheless, this can be overcome with the development of 
4-PBA analogs such as 2-POAA-OMe, 2-POAA-NO2 and 2- 
NOAA that display much stronger ER stress elements no
tably IRE1 and ATF6.72 Another ER stress inhibitor with 
chaperone activity is tauroursodeoxycholic acid (TUDCA) 
which is approved by the FDA for the treatment of primary 
biliary cholangitis.73 TUDCA when used in AP has also 
decreased ER stress, acinar cell damage/necrosis, trypsin 
activation, and systemic inflammation.13,14

Melatonin

Melatonin has well-established anti-inflammatory proper
ties.74,75 Furthermore, its ER stress opposing action has 
been demonstrated.76-78 These effects were replicated in 
animal models of AP.15,23,40 Thus, rats and AR42J cells 
treated with melatonin were found to resist pancreatic 
tissue injury secondary to experimentally induced AP. On a 
molecular level, melatonin therapy resulted in the inhibi
tion of IRE1α-mediated JNK/NF-κB pathway-related pro
teins which translated to downregulation of ER stress and 
proinflammatory cytokines expression with subsequent 
prevention of cells apoptosis and tissue damage.15 The 
CHOP pathway of ER stress is also antagonized by pre
treatment with melatonin in rats during AP, as shown by 
Zhao et al.23,79 study. The latter suggested that melatonin’s 
anti‑inflammatory and antiapoptotic effects are partially 
related to its CHOP counteraction. Thus, the knockdown of 
CHOP expression was responsible for marked inhibition of 
the NF-κB pathway, inflammation, and apoptosis following 
the induction of AP. These effects were seen with CHOP 
downregulation by melatonin.23,79

NF-κB/NLRP3 inflammasome inhibitors: Withaferin A

NF-κB/NLRP3 agents were found to reduce AP severity 
with several mechanisms among which ER stress relief.80

One interesting study explored the potential of a small 
molecule inhibitor of NF-κB called withaferin A in pre
venting the progression of chronic pancreatitis. Mice re
ceived the drug before or after the induction of pancreatitis 
using intraperitoneal injections of cerulein. Withaferin A 
was effective for both the prevention and reversal of 

pancreatic parenchyma injury and local inflammatory cell 
infiltration as shown by histology analysis and serum 
amylase levels, which decreased significantly compared to 
pretreatment. Further, the mice treated with withaferin A 
were protected from the morphological consequences of 
repetitive AP, including acinar tissue atrophy, leukocyte 
infiltrations, ductal metaplasia, and hemorrhage, 
thus showing no tendency to evolve into chronic disease. 
Besides inhibiting NFκB activation (also NLRP3 in
flammasome) and the resulting proinflammatory and 
proapoptotic gene expression, withaferin A resisted ER 
stress stimulation by downregulating CHOP, XBP1s, and 
transcription factor 4. This suggests that the drug may 
target the initiators (ie, CHOP) as well as the effectors (ie, 
NFκB) in ER stress-induced pathways.11

Others

Adenosine kinase (ADK) is an enzyme that was shown to 
participate in the pathophysiology of various pancreatic 
disorders.81-83 Sun et al.84 carried out a unique work in 
which they uncovered the implication of ADK in the de
velopment of AP-related ER stress. Notably, the activation 
(ie, phosphorylation) of ER stress proteins, notably PERK 
and eIF-2α in cerulein-induced AP, was both abolished and 
prevented by the ADK inhibitor ABT702. The treatment 
elicited normalization of the pancreatic tissue histo
pathology, prevention of inflammation (via downregulation 
of phosphorylation NF-κB), and blockade of acinar cell 
necroptosis.84 Zhang et al.85 investigated the curative effect 
of Diosgenin derivative D (extracted from Dioscorea zingi
berensison plant) in in vivo and in vitro rat models of L- 
arginine-induced AP. Thus, the treatment led to a dose- 
dependent attenuation of acinar cell necrosis and ER stress- 
associated proteins (ie, p-IRE1α) and inflammation. The ER 
stress alleviation was accomplished through the inhibition 
of TXNIP/HIF-1α pathway, the latter triggers the accumu
lation of the propyroptotic protein gasdermin D in the ER, 
thus favoring ER stress and acinar cell death.85 Further
more, genistein a natural dietary belonging to isoflavones 
was capable of reducing the severity of AP in rats by sti
mulating ER stress regulators (GRP78, PERK, and eIF2α), 
and enhancing the proapoptotic caspase-12 and CHOP ac
tivity via a genomic mechanism, consequently promoting 
injured acinar cells death.86 Additional agents such as 
emodin and rapamycin also succeeded in suppressing ER 
stress in AP models.41,87

Potential therapeutic targets for AP- 
associated ER stress

Multiple regulators of ER stress have shown their pos
sible utility as therapeutic targets for AP. A study by He 
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et al.88 revealed that mice with silenced sulfiredoxin-1 
gene were susceptible to AP. Hence, in mice with ex
perimental AP, the inhibition of sulfiredoxin-1 (a phy
siological antioxidant) promoted ROS-induced ER 
stress, apoptosis with cathepsin B activation, and pa
thological trypsinogen conversion to trypsin. As a result, 
histological score and inflammatory responses increased 
in sulfiredoxin-1 knockout mice. Whereas, over
expression of sulfiredoxin-1 achieved by adeno-asso
ciated virus led to AP attenuation and ROS/ER stress/ 
cathepsin B axis inhibition with subsequent prevention 
of acinar cells apoptosis.88 Recently, the antioxidant li
proxstatin-1 was also found to mitigate ferroptosis and 
ER stress to resist hypertriglyceridemic pancreatitis in 
rats.62

Remarkably, Najenson et al.89 identified the presence 
of atrial natriuretic peptide (ANP)’s mRNA and zy
mogen/protein in the acinar cells suggesting that this 
tissue is another extracardiac source of ANP secretion 
besides the kidney and liver.89 Such findings could 
stress the role of ANP in pancreatic diseases including 
AP. In line with this, treatment of rats with ANP en
abled the attenuation of ER stress in AP. On one hand, 
ANP induced the downregulation of Bip and p-eIF2α 
expression, thus modulating UPR. On the other hand, it 
enhanced the expression of CHOP, and proapoptotic 
proteins Bax and Bak as well as caspase-2, ultimately 
promoting ER-dependent apoptosis. Consistently, after 
ANP administration, the AP-induced alterations in ER 
ultrastructure notably organelle swelling and ribosomal 
loss were all reversed.90 The induction of cell apoptosis 
by ANP may limit inflammatory responses in AP as 
previously reported.91

Irisin is a thermogenic adipomyokine involved in the 
browning of adipose tissue and appears to play roles in 
multiple disorders.92 Importantly, low serum levels of 
irisin are correlated with worse outcomes in AP pa
tients.93 During an experiment on a murine model of 
chronic pancreatitis, irisin showed potential therapeutic 
benefits by reducing acinar cell apoptosis and fibrosis, 
oxidative stress, and ER stress.94 In AP mice, irisin 
could further alleviate intestinal injury while resisting 
local cell apoptosis, oxidative and ER stress, and tissue 
inflammation. These effects were achieved in a dose- 
dependent manner.95 The UPR in AP was modulated by 
irisin which induced the activation of ATF6 and XBP1 
and the inhibition of CHOP, favoring acinar cell sur
vival.96 Besides protection against ER stress, irisin im
proved mitochondrial function by upregulating the 
expression of uncoupling protein 2 (UCP2).93 In a dif
ferent study, the suppression of ER stress and NF-κB 
activation was possible in AP mice by the administra
tion of another human hormone called Tumor Necrosis 

Factor-α-Stimulated Gene/Protein-6 (TSG-6) that med
iates multiple beneficial properties of the mesenchymal 
stem/stromal cells.97,98

An additional possible target is translocation-asso
ciated membrane protein (TRAM1). This protein has an 
antagonizing action of the ER stress-JNK pathway in 
HepG2 cells.99 In pancreatic AR42J cells, the silencing 
of TRAM1 expression resulted in upregulation of the 
UPR-associated chaperone GRP78 and the ER-stress 
proapoptotic CHOP. Moreover, the suppression of 
TRAM1 activity further induced proinflammatory cy
tokines release and was linked with increased cellular 
injury markers notably LDH.100

Conclusion

ER stress is a major mechanism of acinar cell death and 
pancreatic tissue inflammation during AP regardless of 
the triggering factor. The currently available animal 
models of AP have allowed us to understand the mo
lecular pathways included in ER stress and proteasome 
dyshomeostasis, notably the UPR initiators IRE1, PERK, 
and ATF6, and their subsequent proapoptotic and 
proinflammatory pathways mediated by CHOP, JNK, 
and caspase-12. Insights have also been expanded re
garding the crucial implication of ER stress in activating 
the proinflammatory pathway NF-κB/NLRP3 in
flammasome which is the primary stimulator of the AP- 
associated immune response. Drugs targeting these 
pathways such as the ER chaperones 4-PBA and 
TUDCA, the well-known molecule melatonin, NF-κB/ 
NLRP3 inflammasome modulator Withaferin A, and 
other agents may represent a promising and worthy 
investigation strategy to prevent or reverse the pro
gression of AP. Moreover, multiple therapeutic targets 
that interfere with AP-associated ER stress have been 
identified including sulfiredoxin-1, liproxstatin-1, ANP, 
irisin, TSG-6, and TRAM1. Therefore, more animal and 
human studies are warranted to further explore the 
therapeutic advantages of ER stress/UPR modulators in 
reducing the clinical burden of AP.
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