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Abstract: The endoplasmic reticulum plays a key role in protein synthesis, peptide chain 

folding and processing, post-translational modifications, lipid biosynthesis, calcium storage, 

and detoxification. When endoplasmic reticulum homeostasis is affected by a variety of 

physiopathological factors, such as nutritional deficiencies, excessive protein synthesis, 

hypoxia, abnormal endoplasmic reticulum calcium content, lipid overload, oxidative stress, 

and infections, unfolded or misfolded proteins can accumulate excessively in the 

endoplasmic reticulum lumen, which can lead to ERS. In recent years, it has been found 

that the three types of ERS not only are highly correlated with liver diseases but also 

suppress apoptosis by regulating related pathways to inhibit apoptosis. In addition, the 

regulation of these pathways and their associated factors is also closely related to immune 

system diseases and metabolic diseases. In this paper, we review the important roles of 

endoplasmic reticulum stress-related mechanisms in liver diseases in recent years, which 

will provide some ideas and insights for future researchers to carry out related studies. 

1. Introduction 

The endoplasmic reticulum is one of the largest organelles in eukaryotic cells and plays an 

important role in protein synthesis, processing and transport, in which the process is regulated by a 

large number of molecular chaperone proteins, glycosylases and oxidoreductases to maintain a 

certain homeostasis. When endoplasmic reticulum homeostasis is affected by a variety of 

physio-pathological factors (nutrient deficiencies, over-synthesis of proteins, hypoxia, abnormal 

calcium content in the endoplasmic reticulum, lipid overload, oxidative stress and infection, etc.), it 

results in excessive accumulation of unfolded or misfolded proteins in the lumen of the endoplasmic 

reticulum, which in turn triggers ERS[1]. And the cell reduces protein synthesis and decreases the 

amount of protein entering the endoplasmic reticulum by altering the transcriptional and 

translational processes; at the same time, it upregulates the expression of molecular chaperones in 

the endoplasmic reticulum and enhances the protein folding function of the endoplasmic reticulum; 

and it can also accelerate the degradation process of the unfolded proteins through the upregulation 

of the expression of genes involved in the endoplasmic reticulum-associated protein degradation 

pathway. Such adaptive responses generated by the endoplasmic reticulum are collectively known 
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as the unfolded protein response (UPR)[2]. The UPR needs to be mediated mainly by three 

transmembrane proteins IRE1a, PERK and ATF6a in the endoplasmic reticulum membrane. Under 

normal conditions, the molecular chaperone BiP (i.e., GRP78) in the lumen of the endoplasmic 

reticulum is bound to all three pressure sensing molecules, and when the endoplasmic reticulum is 

overloaded BiP dissociates from them to activate the three major signalling pathways, IRE1/XBP1, 

PERK /eIF2a/ ATF4, and ATF6 [3]. The UPR, as a complex signalling network, restores 

endoplasmic reticulum protein homeostasis and cellular function by increasing protein degradation 

and decreasing protein synthesis to restore endoplasmic reticulum homeostasis and cellular function. 

However, chronic ERS induces apoptosis. ERS occurs in the liver when hepatocytes are subjected 

to lipid metabolism disorders, stress, viral and other damages. 

2. Endoplasmic reticulum stress and alcoholic/non-alcoholic liver disease 

Non-alcoholic fatty liver disease (NAFLD) is prevalent worldwide and is characterised by an 

abnormal accumulation of lipids in the liver, often accompanied by insulin resistance, enhanced 

hepatic inflammation and apoptosis. Recent studies have shown that endoplasmic reticulum stress 

(ERS) at the subcellular level underlies these characteristic pathologies in the development of 

NAFLD. Zou Yong found that exercise not only enhances hepatic tolerance to ERS, but also 

prevents the malignant development of steatosis due to ERS excess and alleviates NAFLD by 

reducing lipid accumulation, insulin resistance, hepatocyte fat apoptosis, and inflammatory 

responses[4]. When ERS is activated by PERK-eIF2a-ATF4, ATF4 activates the transcription of the 

CHOP gene, which contains binding sites associated with unfolded proteins such as (ATF4, ATF6, 

and XBP1) and can promote apoptosis by regulating the coding of unfolded proteins in the process 

of apoptosis[5]. Many studies have demonstrated that homocysteine (Hcy) metabolism, oxidative 

stress, acetaldehyde adducts and other pathways induce elevated Hcy in the blood, a condition 

known as hyperhomocysteinemia (HHcy). Intragastric alcohol feeding showed a more than fivefold 

increase in plasma Hcy in mice, and HHcy is a component of several diseases including 

cardiovascular disease, diabetes mellitus, and alcoholic liver disease[6]. HHcy enhances the 

production of NF-kB, IL-1b, IL-6 and IL-8, and induces endoplasmic reticulum stress, which could 

explain many processes of Hcy-promoted cellular injury, such as apoptosis, fat accumulation and 

inflammation, and the expression of these genes correlates with poor protein folding as well as 

apoptosis and lipid synthesis, and Hcy activates the GRP78, CHOP, IRE1a, sterol Regulatory 

Element Binding Protein (SREBP) and JNK pathways[7]. Excessive ethanol intake results in the 

formation of adducts such as malondialdehyde-acetaldehyde heterodimer and a-hydroxyethyl 

protein adducts. Studies have shown that malondialdehyde-acetaldehyde adducts increase the 

induction of IRE1, eIF-2a, GRP78 and CHOP. Furthermore, in a mouse model of acute ethanol 

intoxication, inhibition of antidiuretic hormone may lead to downregulation of glucose-regulated 

protein 78 mRNA levels[8]. This suggests a causal relationship between hepatic metabolism of 

ethanol ERS. 

3. Endoplasmic reticulum stress and viral hepatitis 

According to the latest Global Burden of Disease report, the morbidity and mortality of chronic 

hepatitis B have decreased over the past decade, but are still at a high level[9].  HBV infection is a 

global public health problem, with at least one-third of patients with cirrhosis developing chronic 

hepatitis B, and a large proportion of patients with chronic hepatitis B eventually progressing to 

hepatocellular carcinoma. In China, there are about 100 million HBV-infected patients and carriers, 

and about 500,000 people die prematurely each year from liver failure, cirrhosis, hepatocellular 

carcinoma and other complications of HBV infection. Although China has made great achievements 
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in the prevention and control of hepatitis B, the country still has one of the highest numbers of 

HBsAg-positive people[10]. Currently, the treatment and control of hepatitis B mainly rely on 

antiviral therapy. In recent years, with the in-depth study of ERS, it has been found that ERS is 

closely related to viral replication, inflammatory changes and apoptosis in hepatocytes[11]. It is also 

related to the pathogenesis of viral hepatitis[12-13]. ERS induces a complex homeostatic signalling 

pathway that maintains physiological homeostasis and protects cells from damage. However, 

prolonged ERS can lead to apoptosis, which is an important factor in the pathogenesis of many 

diseases. When viruses infect cells, the endoplasmic reticulum is easily affected by viral replication 

and synthesis of viral proteins, and a large number of unfolded or misfolded proteins accumulate in 

the ERS, resulting in ERS. In recent years[14], it has been found that the onset, progression, and 

regression of a variety of liver diseases are related to ERS, and it has been found that HBV, HCV, 

and so on, can induce the ERS response in hepatocytes, which is related to viral replication, 

hepatocyte injury, and the development of hepatocellular carcinoma. HBV and HCV can induce 

ERS response in hepatocytes and are related to virus replication, hepatocyte damage and liver 

cancer. In recent years, many scholars have confirmed that HBV itself, HBV-related proteins, as 

well as inflammatory responses and oxidative stress generated during the disease process can lead 

to the occurrence of ERS[15-18]. Prolonged or excessive ERS induces apoptosis by inducing a 

series of biological effect signals from survival to apoptosis, such as CHOP expression, activation 

of GRP78 and Caspase-12.It has been found[19]. Significant hepatocyte apoptosis and ERS 

occurred during CCL4-induced hepatic fibrosis (HF), and hepatic GRP78 expression was 

significantly increased in the HF group of rats. This suggests that the infection process of HBV 

involves ERS, and ERS induces hepatocyte apoptosis. This in turn indicates that ERS is 

significantly correlated with the degree of liver inflammation and is involved in the occurrence and 

development of hepatitis B-related diseases[20]. 

4. Endoplasmic reticulum stress and liver fibrosis 

Liver fibrosis is a reversible process of repair and remodelling after liver injury caused by 

various factors, and is a common pathological process in various chronic liver diseases[21]. When 

liver fibrosis occurs, hepatic extracellular matrix (ECM) accumulates excessively in tissues, leading 

to structural and functional abnormalities in the liver. The endoplasmic reticulum (ER) is an 

important site for protein synthesis, folding and transport, as well as a key organelle for maintaining 

calcium homeostasis. Disturbance of the normal function of the endoplasmic reticulum induces 

endoplasmic reticulum stress (ER stress, ERS), which is a series of pathological processes to restore 

endoplasmic reticulum homeostasis. PERK is a classical pathway of the UPR, which has multiple 

roles in liver fibrosis. According to Jo et al[22], ERS increased the expression of dual-specificity 

phosphatase 5 (DUSP5) in hepatocytes via the PERK/ eIF2a/CHOP pathway, and the induction of 

DUSP5 was not affected by IRE1 or ATF6 silencing. Overexpression of DUSP5 inhibited 

extracellular-signal-regulated kinase (ERK) by decreasing its phosphorylation level and increased 

the level of intracellular activated caspase-3, which ultimately induced hepatocyte death and liver 

fibrosis. This provides a new molecular basis for ERS-mediated cell death and liver disease. In a 

study by Lee et al [23], deletion of the transcription factor Krüppel-like factor 10 (KLF10) was 

shown to be more susceptible to inducing hepatic oxidative stress and ERS in mice fed a high 

sucrose diet, and the PERK/eIF2a/CHOP signaling pathway was over-activated in hepatocytes of 

KLF10 knockout mice, resulting in hepatocyte apoptosis, as compared to wild-type mice fed a high 

sucrose diet. Signalling pathway was over-activated, leading to hepatocyte apoptosis. This suggests 

a protective role for KLF10 in the progression of hepatic steatosis to fibrosis. He et al[24]showed 

that the nuclear damage-associated molecular pattern HMGB1 (high-mobility group box 1) could be 
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released from damaged hepatocytes, activate the TLR4 and RAGE signalling pathways in HSC, and 

dose-dependently increase the expression of BiP, PERK, and IRE1a to induce HSC activation. In 

addition, HMGB1 can promote the release of IL-1βand IL-18 inflammatory factors in HSC and 

induce liver fibrosis.Certain active substances can regulate the PERK pathway and exert antifibrotic 

activity. gamma-tocotrienol (γT3) was able to reduce the liver function of BiP, CHOP, p-JNK, 

p-eIF2, p-JNK, and p-eIF2 in mice on high fat and high cholesterol diet along with sucrose drink 

(HFCS) and methionine and choline deficient diet (MCD), which are the most effective antifibrotic 

substances. ) and methionine and choline deficient diet (MCD) mice, thereby inhibiting ERS and 

reducing hepatic inflammation and fibrosis by reducing the levels of BiP, CHOP, p-JNK, p-eIF2α 

and p-p38 proteins in the liver[25]. Liao et al[26]used a small molecule peptide hormone, irisin, to 

treat CCl4-induced hepatic fibrosis model mice and primary HSC isolated from this model mice, 

and found that the degree of liver fibrosis and ERS was reduced in the model mice, and the 

activation of HSC was inhibited in vitro, and found that irisin reduced hepatic nuclear protein 

through the inhibition of PERK/ eIF2a/CHOP pathway-mediated hepatic nucleoprotein in the HSC 

HNRNPA1 imbalance to reduce collagen accumulation and alleviate liver fibrosis. These provide 

new ideas for our treatment of liver fibrosis. 

5. Endoplasmic reticulum stress and hepatocellular carcinoma/liver failure 

Hepatocellular carcinoma (HCC) is the main form of primary liver cancer and one of the most 

common fatal malignancies worldwide[27]. The incidence of HCC has gradually increased 

worldwide in recent years[28], and epidemiological studies have found that the five-year survival 

rate of HCC is only 18%[29]. Currently, systemic antitumour therapy, especially the combination 

therapy based on immune checkpoint inhibitors (ICIs), has become the most common and primary 

treatment for unresectable hepatocellular carcinoma [30-31]. However, hepatocellular 

carcinoma-related immune-combination therapy is still in its infancy, and research on biomarkers or 

clinicopathological features predictive of efficacy, as well as related aspects such as the selection of 

immune-combination regimens and the emergence of clinical resistance, are still being explored. 

For patients with HCC, the selection of new therapeutic options is necessary. Studies have shown 

that ERS is closely associated with tumour growth, metastasis and recurrence, and its related genes 

play a crucial role in tumour progression[32-33]; therefore, researchers generally believe that ERS 

receptors and their downstream signalling channels play a crucial role in tumour growth, 

proliferation, and response to chemotherapy, targeted therapies, and immunotherapies[34]. The 

activation of the UPR by the three downstream general pathways can, on the one hand, reduce ER 

load and restore ER homeostasis, and, on the other hand, promote malignant cell transformation, 

such as malignant proliferation, invasion, and metastasis, affecting tumour formation and 

progression. Numerous tumour-specific genetic, transcriptional and metabolic abnormalities result 

in an unfavourable local environment, which maintains tumour cells in an ERS state, impairing their 

function and survival. Despite its deleterious health effects, ER has attracted much attention for its 

therapeutic applications in cancer treatment, particularly in the induction of apoptosis. ERS-induced 

UPR has occupied an important place in oncology-related research. In recent years, compounds 

capable of inducing ERS have attracted attention in HCC research, and the ERS pathway is 

emerging as a promising target for oncological intervention [35]. An increasing number of scientific 

studies have highlighted that factors such as adenosine triphosphate (ATP) depletion, abnormal 

ROS accumulation and radiation exposure exacerbate the ERS response and its induction of 

apoptosis[36]. In the event that the UPR fails to restore ER homeostasis and alleviate stress, 

activation of the UPR directs cells towards apoptosis, an apoptotic cascade hypothesised to be 

associated with the production of Caspase 9 and Caspase-3 in the mitochondrial pathway [37]. For 
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example, imatinib has been shown to trigger apoptosis in gastric cancer cells via the ERS 

pathway[38]. It reveals that it exerts its cancer inhibitory effect through the ERS-mediated apoptosis 

mechanism. It has been shown that ATF6 negatively regulates downstream genes 

Proteinphosphatase 1H (PPM1H),PPMIF regulates hepatocellular carcinoma cell migration and 

invasion by dephosphorylating Ribosomal Protein S6 Kinase BL (RPS6KBI), while ATF6 

overexpression significantly promoted the proliferation, migration and invasion of hepatocellular 

carcinoma cells[39].  In order to further confirm that ATF6 is a promoter of HCC, 

immunohistochemical analysis of ATF6 protein in hepatocellular carcinoma tissues and 

paracarcinoma microarrays of 124 patients with HCC has demonstrated that ATF6 is closely related 

to the prognosis of patients with HCC, and that an abnormal increase in the expression of ATF6 is a 

hallmark of poor prognosis of patients [40]. 

6. Summary and Prospect 

As a big country with hepatitis B, HBV persistent activity in hepatitis B patients can develop into 
cirrhosis, and patients with hepatitis B cirrhosis who do not receive timely and standardised 
antiviral treatment will eventually lead to liver failure, portal hypertension and other serious 
complications, while drug therapy for liver fibrosis caused by hepatitis B mainly focuses on treating 
the cause of the disease and reducing liver damage by inhibiting viral replication and reducing 
inflammatory responses. Currently, there is a lack of direct antihepatic fibrosis drugs in the clinic, 
and more effective treatments are urgently needed to slow down the progression of fibrosis or to 
promote hepatic fibrosis regression; therefore, the medical demand for the development of more 
effective and safer antifibrotic drugs remains high. And further research and investigation of how 
endoplasmic reticulum stress-related mechanisms play a role in liver diseases may provide some 
new ideas and insights for future researchers when conducting related studies. 
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