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Abstract
BACKGROUND 
Endoplasmic reticulum (ER) stress is an important mechanism in the progression 
of chronic and acute liver diseases, especially in the progression and recovery of 
liver fibrosis. Excessive and long-term ER stress induces apoptosis. ER stress-
induced apoptosis is considered to be an important pathway in the development 
of liver fibrosis. Cyclooxygenase-2 (COX-2) induction is also closely related to ER 
stress. In our previous studies, we showed that celecoxib, a COX-2 inhibitor, 
improves liver fibrosis and portal hypertension. However, the role and 
mechanism of celecoxib in alleviating liver fibrosis remain unclear.

AIM 
To investigate whether celecoxib alleviates liver fibrosis by inhibiting hepatocyte 
apoptosis via the ER stress response.

METHODS 
Cirrhosis was induced by intraperitoneal injections of thioacetamide (TAA) for 16 
wk (injection dose is 200 mg/kg per 3 d for the first 8 wk and 100 mg /kg per 3 d 
after 8 wk). Thirty-six male Sprague-Dawley rats were randomly divided into 
three groups, namely, control group, TAA group, and TAA + celecoxib group. In 
the last 8 wk, TAA-induced cirrhotic rats received celecoxib (20 mg/kg/day) or 
the vehicle by gastric gavage. After 16 wk, the rats were sacrificed, and serum 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and albumin 
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(ALB) were detected. The hepatic fibrosis areas were evaluated by Sirius red 
staining and the degree of fibrosis was assessed by measuring the level of 
hydroxyproline. ER stress levels were evaluated by detecting the marker proteins 
glucose-regulated protein 78 (GRP78), CCAAT/enhancer binding protein 
homologous protein (CHOP), PKR-like ER protein kinase (PERK), activating 
transcription factor 6 (ATF6), and inositol-requiring enzyme 1 alpha (IRE1α). 
Apoptosis levels were evaluated by detecting caspase-12 and caspase-3.

RESULTS 
The serum ALT and AST levels in the liver were significantly reduced by 
celecoxib; however, the serum ALB had no significant changes. Celecoxib 
significantly reduced the degree of liver fibrosis and the levels of hydroxyproline 
(-38% and -25.7%, respectively, P < 0.01). Celecoxib ameliorated ER stress by 
reducing the level of GRP78 compared to the TAA group (P < 0.05). Consistently, 
after celecoxib administration, the upregulation of TAA-induced hepatic 
apoptosis markers (caspase-12 and caspase-3) and CHOP were significantly 
inhibited. In addition, after celecoxib treatment, the expression of key molecules 
associated with ER stress (PERK, ATF6, and IRE1) was decreased (P < 0.05).

CONCLUSION 
Therapeutic administration of celecoxib effectively reduces hepatic apoptosis in 
TAA-induced cirrhotic rats. The mechanism of action may be attributed to the 
suppression of CHOP expression, which subsequently inhibits ER stress.

Key words: Liver fibrosis; Endoplasmic reticulum stress; Celecoxib; Cyclooxygenase-2; 
CCAAT/enhancer binding protein homologous protein; Apoptosis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study aimed to explore the important role of celecoxib in modulating 
hepatocyte apoptosis during the development of liver fibrosis, and to clarify that the 
mechanism of its regulation is mediated by endoplasmic reticulum stress, which in turn 
affects the progression of liver fibrosis. We concluded that therapeutic administration of 
celecoxib can effectively reduce hepatic apoptosis in thioacetamide-induced cirrhotic rats. 
The mechanism of action may be attributed to the suppression of CCAAT/enhancer 
binding protein homologous protein expression, which subsequently inhibits endoplasmic 
reticulum stress.

Citation: Su W, Tai Y, Tang SH, Ye YT, Zhao C, Gao JH, Tuo BG, Tang CW. Celecoxib 
attenuates hepatocyte apoptosis by inhibiting endoplasmic reticulum stress in thioacetamide-
induced cirrhotic rats. World J Gastroenterol 2020; 26(28): 4094-4107
URL: https://www.wjgnet.com/1007-9327/full/v26/i28/4094.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i28.4094

INTRODUCTION
Liver fibrosis is the outcome of hepatocellular injury-repair reactions caused by 
chronic viral hepatitis, alcoholism, autoimmune diseases, genetic and metabolic 
disorders, and repeated and sustained liver injury[1,2]. The pathological process of liver 
fibrosis is based on long-term, sustained action of various injuries, including hepatic 
parenchymal cell necrosis, apoptosis, and collagen synthesis, which leads to abnormal 
deposition of the extracellular matrix (ECM) in liver tissue, a pathological process that 
further triggers abnormal changes in liver structure and liver function. Hepatic stellate 
cells (HSCs) play a significant role in maintaining liver homeostasis, and they will 
undergo phenotypic conversion into myofibroblast cells under sustained liver injury, 
which express smooth muscle actin, cause ECM deposition, and promote liver 
fibrosis[3,4]. Additionally, the presence and exacerbation of inflammation are another 
important factor in the occurrence and development of liver fibrosis[5,6]. It is known 
that liver fibrosis can be reversed after removing the damage factors. Therefore, to 
explore a novel and targeted therapy is very useful for the treatment of liver fibrosis.

http://creativecommons.org/licenses/by-nc/4.0/
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Recently, many studies have shown that hepatocyte apoptosis is the most basic 
central link that causes liver damage and liver disease[7]. There is plenty of 
endoplasmic reticulum (ER) in liver cells, and many liver diseases are related to ER 
stress and ER stress-mediated apoptosis, such as viral hepatitis, liver fibrosis, non-
alcoholic fatty liver disease, alcoholic liver disease, acute liver failure, drug-induced 
liver disease, and liver cancer. A variety of metabolic, toxic, and inflammatory injuries 
can cause liver damage and disease. A common feature of these injuries is the 
activation of apoptosis and/or necrosis[8,9].

Therefore, inhibiting hepatocyte apoptosis and reducing liver tissue damage and the 
severity of inflammation are of great importance in delaying the progression of liver 
fibrosis. Recent studies have shown that ER stress is a critical event in the development 
of liver fibrosis[1,2,5,8]. However, the functional alteration in ER stress and its potential 
role in liver fibrosis are still unclear. The ER stress response is a self-protective 
mechanism for cell adaptation, but excessive or long-lasting ER stress causes 
apoptosis[10].

The ER has a high dynamic balance under normal circumstances. However, ER 
stress is triggered in response to various physiological or pathological stimuli, 
especially when the ability of accumulation of unfolded proteins within the ER 
exceeds the folding capacity of ER chaperones[11,12]. ER stress activates the adaptive 
unfolded protein response (UPR) and promotes the molecular chaperone protein 
glucose-regulated protein 78 (GRP78) dissociation[13]. ER stress or UPR transducers 
contain three transmembrane proteins: PKR-like ER protein kinase (PERK), activating 
transcription factor 6 (ATF6), and inositol-requiring enzyme 1 alpha (IRE1α). When the 
ER stress response is started, the signaling proteins PERK, ATF6, and IRE1α are 
activated and dissociate from GRP78, thereby activating the UPR. Apoptosis occurs by 
increasing the activity of the proapoptotic transcription factor C/EBP homologous 
protein [CCAAT/enhancer binding protein homologous transcription factors (CHOP)] 
under prolonged ER stress, which rapidly increases through activation of the above-
mentioned signaling proteins. Various injury factors activate the ER stress response, 
leading to liver fibrosis, atherosclerosis, ischemic heart disease, and myocardial 
injury[12,14,15]. Therefore, the search for drugs that effectively inhibit the ER stress 
response is of great significance for the treatment of liver diseases.

Extensive studies have confirmed that increased expression of cyclooxygenase-2 
(COX-2) is related to the progression of fibrosis[16]. Therefore, we hypothesized that 
COX-2 plays an important role in the formation of liver fibrosis, and selective COX-2 
inhibitors may have antifibrotic effects[17]. Our previous studies have shown that 
inhibition of COX-2 alleviates liver fibrosis and portal hypertension[18]. However, the 
mechanism by which inhibition of COX-2 alleviates liver fibrosis is still unclear. 
Celecoxib is a common selective COX-2 inhibitor, and due to its safety and 
effectiveness, it is currently widely used in the treatment of rheumatism and 
osteoarthritis[7]. Moreover, celecoxib has a pro-apoptotic effect on HSCs, the 
mechanism of which is to inactivate Akt in response to bile duct ligation and 
thioacetamide (TAA)[19,20]. Our previous study showed that long-term use of celecoxib 
effectively improves portal hypertension in a rat model of TAA-induced cirrhosis 
because it has dual inhibitory effects on intrahepatic angiogenesis and fibrosis[18]. In the 
present study, we explored the effects of celecoxib in reducing liver fibrosis by 
inhibiting the expression of biomarkers in the ER stress signaling pathway and 
reducing hepatic apoptosis in a rat model of TAA-induced cirrhosis.

MATERIALS AND METHODS
Animals
Sprague–Dawley rats were provided by the Experimental Animal Center of Sichuan 
University, which were reared under conditions of constant temperature and humidity 
with a 12-h light-dark cycle. Animal experiments were approved by the Animal Use 
and Nursing Committee of Sichuan University and conducted according to regulations 
formulated by Sichuan University.

Treatments
TAA (Sigma Chemical Company, St. Louis, Missouri, United States) was used to 
induce cirrhosis. The dose was 200 mg/kg per 3 d for 16 wk by intraperitoneal 
injection (i.p). Thirty-six male Sprague-Dawley rats weighing 180-230 g were 
randomly divided into three groups: Control, TAA, and TAA + celecoxib groups (12 
rats per group). The administration of TAA + celecoxib (20 mg/kg per day, Pfizer, 
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New York, NY, United States) began with TAA administration. The TAA group was 
injected with TAA + placebo, and the control group was injected with normal saline (1 
mL, i.p., every 3 d). One week after the last treatment, all rats were anesthetized to 
avoid acute toxic effects. After the rats were sacrificed, the liver was cut into two parts. 
One part was fixed in 4% neutral buffered paraformaldehyde for histopathological and 
immunohistochemical analysis, and the other part was frozen at -80°C for further 
analysis. Serum samples were also collected and frozen at -80 °C for further analysis.

Morphological study
The general morphology of the liver at the time of sacrifice was observed, and the 
degree of cirrhosis was evaluated. The liver tissue was embedded in paraffin, 
sectioned (3 μm thick), and stained with hematoxylin-eosin (HE) for histological 
evaluation and with Sirius red for assessment of collagen deposition. The Ishak scoring 
system was used to randomly evaluate the fibrosis degree in three randomly selected 
fields (100 × magnification) per section. Liver tissue for transmission electron 
microscopy (TEM; H-600IV, Hitachi, Tokyo, Japan) was processed according to 
standard methods for observing morphological changes.

Immunohistochemical study
Paraffin sections were incubated with 3% H2O2 at 37°C for 10 min. After blocking for 
20 min at room temperature, the sections were incubated overnight with primary 
antibody at 4°C, followed by incubation with a secondary antibody for 30 min at 37°C. 
Finally, a signal detection system (ZSGB-BIO) with diaminobenzidine was used as the 
substrate for coloration, with brown staining indicating positive staining. Five fields 
were randomly selected from each group, with six rats in each group. Antibodies to 
GRP78, CHOP, ATF6, ATF4, PERK, IRE1, and X-box binding protein-1 (XBP1) were 
purchased from Santa Cruz Biotechnology (CA, US) and Proteintech Group, Inc. 
(Wuhan, China). The secondary antibodies were purchased from Santa Cruz 
Biotechnology.

Serum biochemistry for liver and renal function parameters
The Olympus AU2700 analyzer (Olympus, Hamburg, Germany) was used to detect 
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin, 
creatinine, and bilirubin levels according to the recommendations of the International 
Federation of Clinical Chemistry.

Hydroxyproline detection
Hydroxyproline is the main component of collagen, and the content of which is an 
important indicator of the degree of collagen metabolism and fibrosis. In this study, 
the modified classical acid decomposition method was used to calculate the 
hydroxyproline content, and the specific steps were carried out according to the kit 
instructions.

Western blot analysis of liver protein expression
The frozen liver tissue was homogenized in ice-cold RIPA buffer (Biosharp, 
Guangzhou, China) to prepare total protein extracts. Equal amounts (50 μg) of protein 
in each container were separated by 10% or 12% SDS-PAGE, and then transferred to 
PVDF membranes (Millipore, Billerica, MA, United States), followed by incubation 
with 2.5% skimmed milk powder in TBST Block (20 mmol/L Tris-HCl pH 7.5, 150 
mmol/L NaCl and 0.1% Tween-20). Using glyceraldehyde 3-phosphate 
dehydrogenase as an internal reference, the expression of immunoreactive protein was 
detected using an ECL detection kit (Beyotime).

Confirmation at the cellular level
The hepatocyte cell line L02 was cultured, and the COX–2 plasmid and vacuolar 
plasmid (control) were added after the cells were attached to the wall. After 24 h of 
transfection, tunicamycin (Tu) and thapsigargin (TG) were separately added to induce 
the occurrence of ER stress, followed by determination of ER stress channel–associated 
proteins (GRP78, XBP1, ATF4, ATF6, PERK, and IRE1), thereby inferring the 
relationship between COX–2 and ER stress. Meanwhile, the expression of ER stress 
pathway–associated proteins was detected as well after intervention with celecoxib.

Statistical analysis
All results are expressed as the mean ± SD and analyzed with SPSS 20.0 software 
(SPSS, Chicago, IL, United States). One–way ANOVA was applied for comparisons 
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among three or more groups. The Student-Newman-Keuls test was used to compare 
the difference between two groups. A P value < 0.05 was considered significant.

RESULTS
Celecoxib reduces hepatocyte damage and inhibits liver fibrosis
The effect of TAA on liver damage was evaluated by measuring the serum levels of 
AST and ALT. As shown in Figure 1A, the serum concentrations of AST and ALT in 
the TAA group were significantly increased compared with those in the control group, 
while the levels of both AST and ALT in the TAA group were higher than those in the 
TAA + celecoxib group, indicating that celecoxib significantly attenuated TAA-
induced hepatocyte injury. In addition, the increased hydroxyproline concentration in 
the TAA group was significantly decreased in the TAA + celecoxib group. Severe 
pathological changes, such as structural rearrangement of hepatic lobules and 
formation of bridging fibrosis around cells, were shown by HE staining in the liver 
tissue of the TAA group, while these changes were significantly reduced in the TAA + 
celecoxib group. This result was also evidenced by damage to or the death of 
hepatocytes (Figure 1).

Liver sections of both the TAA group and TAA + celecoxib group showed a 
significant increase in collagen around the extracellular space, especially in the portal 
vein[18]. However, compared with the TAA group, the collagen concentration in the 
TAA + celecoxib group was significantly reduced (Figure 1B)

Celecoxib reduces liver fibrosis and cirrhosis
Compared with the control group, a large amount of ECM accumulated in the liver of 
animals in the TAA group, causing structural disruption and destruction, and 
hepatocytes were lost, forming continuous fibrous septa, central venous distortion, 
and regenerative nodules, although celecoxib treatment reduced the progression of 
liver fibrosis significantly. The Ishak score and percentage of fibrotic area in the TAA 
group were significantly higher than those of the TAA + celecoxib group (P < 0.05 and 
P < 0.01). The liver of animals in the normal control group was soft and red in color, 
while the liver of animals in the TAA group showed cirrhosis that was characterized 
by extensive nodular and continuous fibrotic septa. These cirrhotic lesions were 
significantly relieved after treatment with celecoxib, resulting in a nearly normal liver 
appearance in the TAA + celecoxib group.

Celecoxib inhibits hepatocyte apoptosis by inhibiting caspase-12 and caspase-3 
expression
As shown in Figure 2A and B, compared with the control group, the protein level of 
COX-2 was significantly increased in the TAA group, while COX-2 expression was 
significantly reduced after celecoxib administration. In addition, the collagen III 
protein level was examined by immunohistochemical staining and Western blot 
analysis, which showed that the collagen III-positive area was significantly reduced by 
celecoxib treatment. After TAA treatment, the expression of caspase-12 and caspase-3 
increased in liver tissue, while it decreased significantly in the TAA + celecoxib group. 
These results indicated that celecoxib inhibits hepatocyte apoptosis by inhibiting the 
expression of caspase-12 and caspase-3 in fibrotic liver tissue and further suppresses 
the progression of liver fibrosis.

TEM analysis of liver sections showed severe damage to the mitochondria and ER in 
the TAA group, and the ER was swollen. In addition, broken ER and turbulent internal 
structures were observed in damaged hepatocytes (Figure 3A). After treatment with 
celecoxib, the mitochondria and ER of hepatocytes were protected, and the structure 
and morphology of the ER in hepatocytes were intact (Figure 3A). In addition, the 
marker proteins of ER stress were further examined by Western blot analysis, which 
showed that the expression levels of GRP78 and CHOP in the TAA group were 
obviously increased (Figure 3B), while their expression levels were obviously 
decreased after treatment with celecoxib. Collectively, these findings suggest that 
celecoxib inhibits ER stress in hepatocytes and further inhibits liver fibrosis by 
inhibiting the expression of GRP78 and CHOP.

Celecoxib attenuates hepatocyte apoptosis by inhibiting the expression of UPR-
related pathway proteins
ER stress seems to exert its effects by activating the UPR signaling pathway. Therefore, 
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Figure 1  Effect of thioacetamide and celecoxib on liver fibrosis. A: Macroscopic analysis of liver tissue. Celecoxib improved pathological changes in the 
liver, as shown by hematoxylin-eosin and Sirius red (SR) staining (original magnification: × 100; scale bar = 400 μm); B: Ishak’s score based on histology and SR 
staining as well as alanine aminotransferase, aspartate aminotransferase, and hydroxyproline levels. The data are expressed as the mean ± SD (n = 15, aP < 0.05 vs 
TAA + celecoxib group; bP < 0.01 vs control group). TAA: Thioacetamide; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HE: Hematoxylin-eosin 
staining.

the expression of UPR-related pathway proteins PERK, XBP1, ATF4, IRE1 and ATF6 
was detected. The results showed that the expression levels of PERK, XBP1, ATF4, 
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Figure 2  Celecoxib inhibits apoptosis of hepatocytes and expression of caspase-3 and caspase-12 in thioacetamide-induced liver 
fibrosis. A: Immunohistochemical staining (100 ×) for collagen III, cyclooxygenase-2 (COX-2), caspase-12, and caspase-3 in the three groups of rats. Positive rates 
were analyzed using Image-Pro Plus 6.0. The data are expressed as the mean ± SD (n = 15, aP < 0.05 vs TAA + celecoxib group; bP < 0.01 vs control group). The 
scale bar is 200 μm; B: Western blot results showing collagen III, COX-2, caspase-3, and caspase-12 expression in the three groups. aP < 0.05 vs TAA + celecoxib 
group; bP < 0.01 vs control group. TAA: Thioacetamide; COX-2:Cyclooxygenase-2; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

IRE1, and ATF6 were significantly increased in the TAA group than in the control 
group (Figure 4). After celecoxib treatment, the expression levels of these proteins 
were significantly reduced (Figure 4), suggesting that celecoxib inhibits hepatocyte 
apoptosis by inhibiting the expression of UPR-related pathway proteins in liver tissue.

Celecoxib inhibits ER stress in normal hepatocytes (L02) by regulating the 
expression of biomarkers in the ER stress signaling pathway
Liver fibrosis is a chronic inflammatory process with significantly increased expression 
of COX-2. Celecoxib, a selective COX-2 inhibitor, significantly attenuates liver fibrosis. 
However, it is worth exploring whether celecoxib plays a therapeutic role by 
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Figure 3  Celecoxib inhibits endoplasmic reticulum stress. A: Hepatocytes in the thioacetamide (TAA) and TAA + celecoxib groups (transmission electron 
microscopy, × 6000-10000); B: Hepatic glucose-regulated protein 78 and CCAAT/enhancer binding protein homologous protein expression measured by Western 
blot. n = 6/group; C and D: Quantitative Western blot results. aP < 0.05 vs TAA + celecoxib group; bP < 0.01 vs the control group. GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase; GRP78: Glucose-regulated protein 78; CHOP: CCAAT/enhancer binding protein homologous protein. TAA: Thioacetamide.

influencing ER stress-related signaling pathways at the cellular level. To verify the 
correlation between COX-2 and ER stress, we transfected a COX-2 expressing plasmid 
into a cell model and added the ER stress inducers chlamycin and carotene to induce 
ER stress. The results showed that the ER stress level and the expression of proteins of 
related signaling pathways were obviously increased in the COX-2-pIRES2 group 
compared with those of the DMSO group and Empty-pIRES2 group (Figure 5A). After 
celecoxib treatment, the expression of GRP78 was significantly decreased in the Tu + 
celecoxib and TG + celecoxib groups (Figure 5B). In addition, celecoxib significantly 
decreased the expression of ATF6, PERK, and IRE1, but did not affect the expression of 
ATF4 in the Tu + celecoxib and TG + celecoxib groups, which strongly suggested that 
celecoxib may have a significant effect on the expression of biomarkers in the ER stress 
signaling pathway.

DISCUSSION
Several potential therapies have been proposed in the study of the mechanism of 
fibrogenesis using in vitro and in vivo models[13,21,22]. Although treatments for 
underlying disease processes have been shown to be effective in reversing or reducing 
fibrosis, such as viral infections; however, no effective antifibrotic drugs have been 
found for humans[23].

Therefore, it is essential to update our understanding of the mechanism of fibrosis 
and translate these findings to the development of new treatment options. First, 
animal models, especially rodent models, are still used to determine the target 
correlation, and an antifibrotic drug with a curative effect is an important tool[24]. The 
animal models of liver fibrosis induced by chemicals such as carbon tetrachloride have 
been popular in previous studies[25]. However, that model has serious hepatocyte 
necrosis and is dependent on a large amount of oxidative stress, which has not been 
found to be so severe in human chronic liver disease. Another chemical, TAA, is a 
hepatotoxin that induces apoptosis of hepatocytes. It has been shown to be helpful in 
detecting the protective effects of drugs, and the pattern of fibrosis is very similar to 
that of substantial fibrosis in humans[26]. After 16 wk of intraperitoneal injection of 
TAA, the liver tissue of SD rats showed obvious inflammatory cell infiltration, 
disordered hepatocyte structure, hepatocyte degeneration and necrosis, and large 
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Figure 4  Celecoxib attenuates hepatocyte apoptosis by inhibiting the expression of unfolded protein response-related pathway proteins. 
A: Hepatic activating transcription factor 6 (ATF6), PKR-like endoplasmic reticulum protein kinase, ATF4, X-box binding protein-1, and inositol-requiring enzyme 1 
protein expression measured by Western blot. n = 6/group; B: Quantitative Western blot results. aP < 0.05 vs TAA + celecoxib group; bP < 0.01 vs control group. 
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; ATF6: Activating transcription factor 6; PERK: PKR-like endoplasmic reticulum protein kinase; XBP1: X-box 
binding protein-1; IRE1: Inositol-requiring enzyme 1; TAA: Thioacetamide.

amounts of collagen fiber deposition. The degree of liver fibrosis increased 
significantly, which indicated that the model of liver fibrosis was successfully 
established in this study. In addition, the expression levels of caspase-3 and caspase-12 
in this liver fibrosis model increased significantly, suggesting that hepatocyte 
apoptosis occurs during liver fibrosis[27].

The hepatocyte ER is the main place for cells to process proteins and store Ca2+ and 
closely related to substance transport, exchange, and detoxification[28].Protein 
misfolding and the accumulation of unfolded proteins in the lumen as well as 
disorders in Ca2+ balance have been observed when ER stress occurs[29]. Several studies 
have demonstrated that ER stress is related to the progression of liver fibrosis and its 
recovery[30]. Although GRP78, XBP1, and CHOP are not unique, these are all known 
indicators of the activation of the ER stress pathways[31]. We revealed that the ER stress 
marker proteins GRP78 and CHOP increased significantly, indicating that an ER stress 
reaction occurred in the liver tissue of rats with liver fibrosis. ER stress exerts its 
physiological function mainly by activating the UPR signaling pathway. Our study 
also revealed that the expression of UPR signaling proteins in liver tissue of rats with 
liver fibrosis was significantly increased, which was consistent with the results 
reported by Volmer et al[32].

The expression of COX-2 is significantly increased in the fibrotic liver tissues of 
animals and humans, and its expression level is positively correlated with the degree 
of fibrosis[7]. Our previous studies confirmed that celecoxib can effectively alleviate 
liver fibrosis, but whether its mechanism is related to mediating the ER stress response 
has not been reported. Liver fibrosis is a chronic liver injury that is characterized by 
abnormal deposition of the ECM, which can progress to cirrhosis or even liver 
cancer[33]. Therefore, it is of great significance to find drugs that can effectively alleviate 
liver damage. Celecoxib is a highly selective COX-2 inhibitor that has been shown to 
have antiproliferative effects in synovial fibroblasts as well as in human tumor 
xenograft models of breast, colon, lung, and prostate cancers and hepatocellular 
carcinoma[34]. However, the principal mechanism by which celecoxib affects hepatocyte 
proliferation remains unclear. The results of this study indicated that the levels of 
ALT, AST, albumin, and hydroxyproline, the proportion of fibrotic liver tissue, Ishak 
score, and the expression levels of caspase-3 and caspase-12 were significantly 
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Figure 5  Celecoxib regulates the endoplasmic reticulum stress signaling pathway. A: Western blot analysis of glucose-regulated protein 78 
(GRP78), inositol enzyme 1 (IRE1), X-box binding protein 1 (XBP1), activated transcription factor 6 (ATF6), PKR-like endoplasmic reticulum protein kinase (PERK), 
and ATF4 levels in L02 cells transfected with a cyclooxygenase 2 (COX-2) expressing plasmid and treated with endoplasmic reticulum stress inducers tunicamycin 
(Tu) and thapsigargin (TG); B: Western blot analysis of GRP78, IRE1, XBP1, ATF6, PERK and ATF4 levels in LO2 cells treated with celecoxib and/or Tu and TG. aP < 
0.05 between Tu group and control group, cP < 0.05 between Tu group and Tu + celecoxib group, eP < 0.05 between TG group and control group, gP < 0.05 between 
TG group and control group TG + celecoxib group (n = 6). Con: Control; Tu: Tunicamycin; TG: Thapsigargin; Tu + Cel: Tu + celecoxib; TG + Cel: TG + celecoxib; 
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; GRP78: Glucose-regulated protein 78; ATF6: Activating transcription factor 6; PERK: PKR-like endoplasmic 
reticulum protein kinase; XBP1: X-box binding protein-1; IRE1: Inositol-requiring enzyme 1; TAA: Thioacetamide; COX-2: Cyclooxygenase-2.

decreased after celecoxib intervention, which strongly suggested that celecoxib 
attenuates liver fibrosis and inhibits hepatocyte apoptosis, thereby protecting 
hepatocytes.

CHOP is considered the major determinant of cell fate and ER stress-induced 
apoptosis[35]. It is a short-lived protein, and so under mild or transient ER stress, the 
expression of CHOP will not change, and cells adapt and recover[36]. But if the ER 
stress intensity is strong or duration is long, persistent CHOP expression and cell 
death will occur[37]. In the present study, we revealed for the first time that the 
expression of key ER stress molecules, such as CHOP, was obviously decreased after 
celecoxib treatment, indicating that celecoxib plays a role in inhibiting ER stress in rat 
liver fibrosis by inhibiting the expression of CHOP and the ER stress signaling 
pathway.

Liver fibrosis is an important sign of chronic liver diseases, which could be treated 
and even reversed at early stage[19]. At present, the gold standard method for 
diagnosing liver fibrosis is liver biopsy[38]. However, sampling error and potential 
complications are the limitations of this method. In recent years, non-invasive 
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diagnostic techniques and molecular imaging quantitative detection technology have 
developed rapidly, and their application in quantitative detection of liver fibrosis has 
also received more and more attention[39]. It is well known that the apparent diffusion 
coefficient (ADC) decreases during liver fibrosis, and hepatic ADC value is a good 
predictor of fibrosis stage[40]. Recent studies showed that the ADC value is an effective 
non-invasive parameter for diagnosing and grading inflammation and liver fibrosis in 
children with chronic hepatitis, indicating that this method is of great significance in 
the diagnosis and classification of inflammation and liver fibrosis in children with 
chronic hepatitis[41,42]. Moreover, splenic ADC value can predict esophageal varices in 
patients with liver cirrhosis and has a good correlation with laboratory biomarkers 
and clinical features of esophageal varices[43], which provides new ideas for early 
diagnosis of esophageal varices in patients with chronic liver diseases.

Celecoxib is currently widely used in the clinical treatment of rheumatoid arthritis 
and osteoarthritis[17]. Some researchers have shown that celecoxib can effectively 
improve portal hypertension and fibrosis in animal models. However, whether 
celecoxib relieves liver fibrosis by inhibiting ER stress still needs further exploration. 
This study proposed for the first time that celecoxib affects the progression of liver 
fibrosis by inhibiting ER stress, and we hope that this result can provide new targets 
for the treatment of liver fibrosis. However, multiple complex signaling pathways are 
regulated by ER stress, and whether other signals are involved in this process still 
needs further investigation. Second, when studying ER stress, it is necessary not only 
to investigate the related biochemical indicators, but also study it from a physiological 
perspective. Third, the imaging technology for liver fibrosis is developing rapidly, 
which has the advantages of high accuracy and little invasiveness. However, such 
technology was not utilized in the diagnosis of liver fibrosis in our animal model, and 
we should be in full consideration of it in our future work.

In conclusion, celecoxib reduces the severity of liver damage, improves the 
pathological changes of liver tissue, and has a beneficial effect on experimental liver 
fibrosis. Celecoxib treatment effectively reduces hepatocyte apoptosis in TAA-induced 
cirrhotic rats, which may be achieved by inhibiting the expression of CHOP after ER 
stress induction.

ARTICLE HIGHLIGHTS
Research background
Liver fibrosis is a significant sign of chronic liver diseases, which could be treated and 
even reversed in the early stage. Inhibition of hepatocyte apoptosis is an important 
cause of reversal of liver fibrosis. Endoplasmic reticulum (ER) stress-mediated 
apoptosis is one of the important mechanisms of liver fibrosis. The cyclooxygenase-2 
inhibitor celecoxib can improve the thioacetamide (TAA)-induced liver fibrosis in rats, 
and thus reverse the development of liver fibrosis. Whether celecoxib can inhibit 
apoptosis by inhibiting ER stress and further reverse liver fibrosis remains to be 
further studied.

Research motivation
Celecoxib has been widely used in the clinical treatment of rheumatoid arthritis and 
osteoarthritis. However, whether celecoxib can suppress apoptosis by inhibiting ER 
stress and further reverse liver fibrosis remains to be further studied.

Research objectives
This study aimed to explore the important role of celecoxib in modulating hepatocyte 
apoptosis during the development of liver fibrosis, and to clarify whether its 
regulatory mechanism is mediated by ER stress.

Research methods
Cirrhosis was induced by intraperitoneal injections of thioacetamide (TAA) for 16 wk 
(200 mg/kg per 3 d for the first 8 wk and 100 mg /kg per 3 d after 8 wk). Thirty-six 
male Sprague-Dawley rats were randomly divided into three groups: control, TAA, 
and TAA + celecoxib groups. In the last 8 wk, TAA-induced cirrhotic rats received 
celecoxib (20 mg/kg/day) or the vehicle by gastric gavage. After 16 wk, the rats were 
sacrificed, and serum alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), and albumin (ALB) were detected. The hepatic fibrosis areas were evaluated by 
Sirius red staining and the degree of fibrosis was assessed by measuring the level of 
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hydroxyproline. ER stress levels were evaluated by detecting the marker proteins 
glucose-regulated protein 78 (GRP78), CCAAT/enhancer binding protein homologous 
protein (CHOP), PKR-like ER protein kinase (PERK), activating transcription factor 6 
(ATF6), and inositol-requiring enzyme 1 alpha (IRE1α). Apoptosis levels were 
evaluated by detecting caspase-12 and caspase-3.

Research results
The serum ALT and AST levels in the liver were significantly reduced by celecoxib; 
however, the serum ALB had no significant changes. Celecoxib significantly reduced 
the degree of liver fibrosis and the levels of hydroxyproline (-38% and -25.7%, 
respectively, P < 0.01). Celecoxib ameliorated ER stress by reducing the level of GRP78 
compared to the TAA group (P < 0.05). Consistently, after celecoxib administration, 
the upregulation of TAA-induced hepatic apoptosis markers (caspase-12 and caspase-
3) and CHOP was significantly inhibited. In addition, after celecoxib treatment, the 
expression of key molecules associated with ER stress (PERK, ATF6, and IRE1) was 
decreased (P < 0.05).

Research conclusions
Therapeutic administration of celecoxib effectively reduces hepatic apoptosis in TAA-
induced cirrhotic rats. The mechanism of action may be attributed to the suppression 
of CHOP expression, which subsequently inhibits ER stress.

Research perspectives
Our results indicate that celecoxib may play a role in inhibiting ER stress in rat liver 
fibrosis by inhibiting the expression of CHOP in the ER stress signaling pathway. Our 
data provide a new target for the treatment of liver fibrosis.
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