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Abstract: Primary biliary cholangitis (PBC) is a chronic cholestatic disease whose pathogenesis involves a complex interplay of genetic 

predisposition, environmental triggers, and aberrant activation of the immune system. It is characterized by immune-mediated bile duct 
injury and chronic intrahepatic cholestasis, which ultimately leads to biliary cirrhosis and even liver failure. Cholestasis is an important 

pathogenetic feature and pathophysiological alteration of PBC, in which toxicity accumulation, inflammatory activation, fibrosis drive, 

and immunomodulatory abnormalities combine to drive disease progression. In addition, targeted bile acid (bile acid) therapy has shown 
therapeutic efficacy in improving liver biochemistry and survival in the majority of patients, and the current first-line therapy for PBC is 

bile acid therapy, with bile acids thought to play an important role in disease progression and treatment. This review focuses on the 

potential impact of bile acids in the disease process of PBC and its treatment, and discusses the current state of research with a view to 
informing further studies in PBC.  

 

Keywords: Primary Biliary Cholangitis, Bile Acid, Therapy.  

 

1. Introduction 
 

Primary biliary cholangitis (PBC) is a chronic autoimmune 

liver disease characterized by T-lymphocyte-mediated 

destruction of the interlobular bile ducts and the presence of 

autoantibodies against mitochondria (AMA), which, if left 

untreated, can ultimately progress to hepatic fibrosis and 

cirrhosis [1]. PBC is prevalent in females over the age of 40 

years [2], and recent epidemiologic data suggest that the male 

The prevalence has increased from previous studies [3], and 

the clinical manifestations are mainly fatigue and depression. 

 

labor, malaise, and pruritus, and liver function tests are 

dominated by elevated cholestatic enzyme profiles. The 

pathogenesis of PBC is complex and involves a complex 

interplay of genetic susceptibility, environmental triggers, and 

aberrant activation of the immune system, leading to biliary 

epithelial cell (BEC) injury and finally to the development of 

a chronic cycle of cholestasis and hepatic fibrosis [4,5]. Thus, 

in addition to the autoimmune response, metabolic imbalance 

of bile acids has been shown to be a key driver of PBC 

progression. Currently, the first-line treatment for PBC is bile 

acid therapy, with ursodeoxycholic acid (UDCA) and 

obeticholic acid (OCA) being the cornerstones of PBC 

therapy [6,7], which improves clinical symptoms and 

biochemical abnormalities and delays disease progression in 

the majority of patients. UDCA is the standard therapeutic 

agent in PBC, and is thought to act through a number of 

mechanisms, including protection of bile duct cells from toxic 

bile acids, stimulation of secretion of bile acids by 

hepatocytes and bile ducts, etc. [8]. OCA, an agonist of 

farnesol X receptor (FXR), is a new drug for patients who are 

unresponsive to or intolerant of UDCA [9]. This shows that 

bile acids not only play an important role in the progression of 

PBC, but also play a key role in the therapeutic process, and 

an in-depth analysis of the role of bile acids in PBC can 

provide a theoretical basis for novel therapeutic strategies. 

 

Bile acids are the major lipid component of bile and are 

synthesized from cholesterol in the liver, which converts 

cholesterol to bile acids and subsequently excretes them in the 

feces Bile acids represent the major pathway of cholesterol 

excretion [10]. Bile acids can be categorized into two groups 

according to their origin: primary and secondary bile acids. 

Bile acids synthesized directly in hepatocytes from 

cholesterol are called primary bile acids and include bile acids, 

goose deoxycholic acid, and their combination products with 

glycine or taurine. The bile acids generated by deoxygenation 

of the 7th alpha hydroxyl group of primary bile acids by the 

action of enterobacteria are called secondary bile acids, which 

mainly include deoxycholic acid and lithocholic acid and their 

conjugation products generated in the liver by binding to 

glycine or taurine, respectively [11]. Bile acids are important 

physiological agents for intestinal nutrient absorption and bile 

secretion of lipids, toxic metabolites, and exogenous 

substances. In addition, bile acids function as signaling 

molecules and metabolic regulators, maintaining metabolic 

and immune homeostasis, primarily through the activation of 

farnesol X receptor (FXR) and G protein-coupled bile acid 

receptor Gpbar1 (TGR5) signaling [12,13]. Disruption of bile 

acid transport, metabolism, and physiological signaling 

functions leads to the development of a variety of liver 

diseases, including cholestatic diseases and metabolic 

dysfunction-associated steatohepatopathy (MASLD) [14,15]. 

In this review, we discuss the biological role of bile acids in 

PBC disease, and understanding the characterization and 

function of bile acids may further clarify the pathogenesis of 

the disease as well as provide new options for disease 

therapeutic approaches. 

 

2. Altered Bile Acid Metabolic Profile in 

Patients with PBC 
 

Bile duct injury in PBC patients leads to downregulation of 

FXR expression and negative feedback failure of bile acid 

synthesis, which ultimately leads to bile acid metabolism 

disorder [16]. The proinflammatory and anti-inflammatory 

effects of bile acids vary with different components and 

concentrations. Chen et al. found that the serum levels of total 

bile acids in PBC patients were significantly higher than those 

in healthy subjects, and the total bile acid levels showed a 

positive correlation with the clinical indexes and the severity 
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of the disease in patients with PBC. The serum levels of total 

primary bile acids (bile acids, taurocholic acid, 

glycine-ammonia bile acids, goose deoxycholic acid, 

taurogoose deoxycholic acid, and glycoammonium goose 

deoxycholic acid) were significantly elevated, with a lower 

percentage of total serum secondary bile acids (deoxycholic 

acid, taurodeoxycholic acid, glycoammonium deoxycholic 

acid, lithocholic acid, and taurolithocholic acid). In feces, 

total bile acid levels in patients with PBC differed from the 

changes in serum total bile acids, not showing a significant 

increase, but also showing a change in compositional 

proportions, with an increased proportion of primary bile 

acids and a decreased proportion of secondary bile acids [17] . 

These results suggest that changes in bile acid fractions play 

an important role both as an etiology and outcome of PBC 

disease. Therefore, exploring PBC from the perspective of 

bile acids has important theoretical and practical implications 

for a deeper understanding of disease progression and targeted 

interventions. 

 

3. Toxic Effects of Bile Acids and Their 

Mediated Inflammatory Response 
 

In patients with PBC, bile excretion is impeded due to bile 

duct destruction, and toxic bile acids (e.g., hydrophobic bile 

acids) accumulate in the liver, leading to hepatocellular injury 

[18]. Continued bile acid toxicity triggers recurrent liver 

injury and eventual progression to cirrhosis [19]. 

Hydrophobic bile acids induce mitochondrial dysfunction and 

abnormalities in the electron transport chain (ETC), inducing 

the production of MPT and reactive oxygen species (ROS), 

which oxidize mitochondrial membrane lipids and proteins, 

disrupting the integrity of mitochondria and further 

exacerbating oxidative stress and mitochondrial damage 

[20,21]. Hydrophobic bile acids partially activate the death 

receptor-dependent survival pathway, whereas hydrophilic 

bile acids do not induce apoptosis because they 

simultaneously activate the survival signaling pathway, 

preventing mitochondrial dysfunction and apoptosis [22]. 

Chlorine/hydrochloric acid-3-anion exchanger 2 (AE2) is a 

widely expressed membrane solute carrier that is expressed in 

BEC and regulates intracellular pH and biliary HCO3 

secretion [23]. AE2 protects BEC from toxic hydrophobicity 

by forming a bicarbonate-rich "umbrella" structure on the 

apical surface of bile duct cells. hydrophobic bile acids. 

However, when AE2 is deficient, the bile salts become 

acidified and transformed into hydrophobic bile acids, which 

eventually penetrate the cell membrane and lead to apoptosis 

[24,25]. Cell death and inflammation play a key role in 

chronic tissue damage in cholestatic liver injury leading to 

fibrosis and cirrhosis, and bile acids are the major triggers of 

cell death and inflammation in cholestatic liver disease. Allen 

et al. suggest that bile acids can stimulate the production of 

inflammatory mediators to induce liver injury, including 

cytokines, chemokines, and adhesion molecules [26]. 

Interferon regulatory factor 3 (IRF3) regulates apoptosis and 

inflammation, and it has been found that IRF3 

phosphorylation is increased in the livers of patients with PBC, 

and bile acids induce IRF3 phosphorylation and mediate cell 

death, inflammatory response, and fibrosis in 

cholestasis-induced hepatic and renal injuries by regulating its 

target gene, Z-DNA binding protein-1 (ZBP1) [27]. Bile acids 

induce the release of inflammatory factors by activating 

receptors (e.g. TGR5, FXR) on the surface of hepatocytes and 

cholangiocytes. Under conditions of high concentrations of 

hydrophobic bile acids, TGR5 signaling may be inhibited, 

leading to overactivation of NLRP3 inflammatory vesicles 

and inflammatory factor release [28]. The release of 

inflammatory factors leads to inhibition of hepatic bile salt 

efflux pump (BSEP) expression, which exacerbates 

cholestasis [29,30]. In addition, downregulation of FXR 

expression or impaired function results in bile acids 

promoting inflammatory responses via TGR5 or other 

receptors [31]. In immunomodulation, bile acids affect T cell 

differentiation by modulating Treg/Th17 cell balance, which 

in turn promotes activation of immune responses [32]. In 

liver-gut interactions, abnormal bile acid metabolism alters 

gut flora composition, leading to gut barrier disruption and 

bacterial product translocation, among other things, activating 

hepatic immune responses [33,34]. Therefore, modulation of 

bile acid-immune interactions provides PBC therapy. New 

targets, combined with immunomodulation and bile acid 

metabolism modulation may better improve the therapeutic 

efficacy. 

 

4. Bile Acids and PBC Treatment 
 

The current first-line therapy for PBC is bile acid therapy, and 

UDCA is the cornerstone of PBC treatment [6,35]. UDCA is a 

hydrophilic bile acid that promotes the excretion of toxic bile 

acids, decreases the proportion of hydrophobic bile acids, and 

reduces the damage they cause to hepatocytes and bile duct 

cells [17]. Just as toxication of the bile acid pool leads to cell 

death, detoxification of the bile acid pool reduces cell death. 

UDCA treatment significantly reduces serum alkaline 

phosphatase (ALP), γ-glutamyltransferase (GGT), and 

bilirubin levels, delaying the progression of hepatic fibrosis, 

and decreasing the need for liver transplantation and the risk 

of death [36]. UDCA can reduce the risk of liver 

transplantation and death by inhibiting the NF-κB signaling 

pathway and the NLRP3 inflammasome and down-regulate 

the release of pro-inflammatory cytokines, thereby reducing 

intrahepatic lymphocyte infiltration and attenuating hepatic 

inflammatory responses [37,38], and inhibiting the 

development of hepatic fibrosis by affecting the TGFβ1/Smad 

signaling pathway [39]. However, there are still about 40% of 

PBC patients with poor biochemical response to UDCA in the 

clinic, and the risk of disease progression and poor prognosis 

are significantly increased in these patients. Based on the 

available evidence-based medical evidence, international 

guidelines recommend obeticholic acid (OCA) as a 

second-line therapeutic agent for patients with poor response 

to UDCA therapy [40,41]. OCA is a potent agonist of the FXR 

receptor, which reduces bile acid synthesis by inhibiting the 

key enzyme of bile acid synthesis, cholesterol 7α-hydroxylase 

(CYP7A1) [42]. In addition, OCA reduced inflammatory 

factor release and HSC activation by inhibiting the NF-κB and 

TGF-β signaling pathways, improved clinical biochemical 

indices in PBC patients, delayed the progression of hepatic 

fibrosis, and reduced the need for liver transplantation [43]. 

OCA exerts better hepatoprotective effects than UDCA due to 

induction of signaling pathways that regulate fibroblast 

growth factor-19 (FGF-19) activity [44,45]. OCA in 

combination with UDCA significantly reduces hepatic 

biochemical markers but does not differ significantly from 

monotherapy in terms of improvement in bound bilirubin, 
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IgM, or adverse events [46]. With the exception of UDCA and 

OCA, drugs for the treatment of PBC are still in the 

experimental or clinical phase [47,48]. Currently, drugs 

targeting bile acid metabolism, including FXR agonists [16], 

apical sodium-dependent bile acid transporter protein (ASBT) 

inhibitors [49], and peroxisome proliferator-activated 

receptor (PPAR) agonists [48], slow down the disease 

progression of PBC by reducing cytotoxicity and 

inflammation. In addition to conventional drug therapy, novel 

therapies based on modulating the enterohepatic circulation 

are being explored. For example, regulating the balance of 

intestinal flora by means of specific probiotic preparations or 

fecal bacteria transplantation improves bile acid metabolism 

and plays an adjunctive therapeutic role [50]. In addition, 

Kennedy et al. demonstrated that glucagon treatment 

promotes bicarbonate and mucin secretion as well as hepatic 

bile acid excretion and attenuates cholestasis-induced injury 

in a mouse model of advanced PBC [18,51]. With in-depth 

studies on the bile acid signaling pathway and gut flora 

interaction mechanisms, individualized treatment and novel 

drug development will bring more hope to PBC patients. 

 

5. Conclusion 
 

Bile acids contribute to disease progression in PBC through a 

variety of mechanisms, acting not only as a pathogenetic 

factor in PBC, but also as a concomitant of disease 

progression and a significant contributor to poor outcomes. 

Treatment targeting bile acids remains a central strategy in the 

current management of PBC. Therapeutic strategies targeting 

bile acid metabolism show good potential for treating PBC, 

especially in modulating the inflammatory response and 

preventing disease progression. However, some patients still 

respond poorly to bile acid therapy and have a poor clinical 

prognosis. In the future, it is necessary to further analyze the 

bile acid-immune-gut flora interactions network and develop 

more efficient and low-toxicity combination therapeutic 

regimens in order to ultimately achieve the goal of curing 

PBC. 

 

References 
 

[1] Etherington RE, Millar B, Innes BA, Jones D, Kirby JA, 

Brain JG. Bile acid receptor agonists in primary biliary 

cholangitis: regulation of the cholangiocyte secretome 

and downstream T cell differentiation. FASEB Bioadv. 

2019. 1(5): 332-343. 

[2] Sun Y, Haapanen K, Li B, Zhang W, Van de Water J, 

Gershwin ME. Women and primary biliary cirrhosis. 

Clin Rev Allergy Immunol. 2015. 48(2-3): 285-300. 

[3] Trivella J, John BV, Levy C. Primary biliary cholangitis: 

epidemiology, prognosis, and treatment. Hepatol 

Commun. 2023. 7(6): e0179. 

[4] Davies SP, Ronca V, Wootton GE, et al. Expression of 

E-cadherin by CD8(+) T cells promotes their invasion 

into biliary epithelial cells. Nat Commun. 2024. 15(1): 

853. 

[5] Zhao SX, Li WC, Fu N, et al. Emperipolesis mediated by 

CD8(+) T cells correlates with biliary epithelia cell 

injury in primary biliary cholangitis. J Cell Mol Med. 

2020. 24(2): 1268-1275. 

[6] EASL Clinical Practice Guidelines: the diagnosis and 

management of patients with primary biliary cholangitis. 

j Hepatol. 2017. 67(1): 145-172. 

[7] Hirschfield GM, Dyson JK, Alexander G, et al. The 

British Society of Gastroenterology/UK-PBC primary 

biliary cholangitis treatment and management guidelines. 

gut. 2018. 67(9): 1568-1594. 

[8] Tang R, Wei Y, Li Y, et al. Gut microbial profile is 

altered in primary biliary cholangitis and partially 

restored after UDCA therapy. gut. 2018. 67(3): 534 

-541. 

[9] Hirschfield GM, Mason A, Luketic V, et al. Efficacy of 

obeticholic acid in patients with primary biliary cirrhosis 

and inadequate response to ursodeoxycholic acid. 

gastroenterology. 2015. 148(4): 751-61. e8. 

[10] Russell DW. The enzymes, regulation, and genetics of 

bile acid synthesis. Annu Rev Biochem.. 2003. 72: 

137-74. 

[11] Chiang JY. Bile acid metabolism and signaling. Compr 

Physiol. 2013. 3(3): 1191-212. 

[12] Castellanos-Jankiewicz A, Guzmán-Quevedo O, 

Fénelon VS, et al. Hypothalamic bile acid-TGR5 

signaling protects from obesity. Cell Metab. 2021. 33(7). 

1483-1492.e10. 

[13] Wang MQ, Zhang KH, Liu FL, et al. Wedelolactone 

alleviates cholestatic liver injury by regulating the 

FXR-bile acid-NF-κB/NRF2 axis to reduce bile acid 

accumulation and its subsequent inflammation and 

oxidative stress. Phytomedicine. 2024. 122: 155124. 

[14] Li J, Zhu X, Zhang M, et al. Limb expression 1-like 

(LIX1L) protein promotes cholestatic liver injury by 

regulating bile acid metabolism. j Hepatol. 2021. 75(2): 

400-413. 

[15] Zheng C, Wang L, Zou T, et al. Ileitis promotes MASLD 

progression via bile acid modulation and enhanced 

TGR5 signaling in ileal CD8(+) T cells. j Hepatol. 2024. 

80(5): 764-777. 

[16] Schramm C, Wedemeyer H, Mason A, et al. Farnesoid X 

receptor agonist tropifexor attenuates cholestasis in a 

randomised trial in patients with primary biliary 

cholangitis. jHEP Rep. 2022. 4(11): 100544. 

[17] Chen W, Wei Y, Xiong A, et al. Comprehensive 

Analysis of Serum and Fecal Bile Acid Profiles and 

Interaction with Gut Microbiota in Primary Biliary 

Cholangitis. Clin Rev Allergy Immunol. 2020. 58(1): 

25-38. 

[18] Kennedy L, Carpino G, Owen T, et al. Secretin alleviates 

biliary and liver injury during late-stage primary biliary 

cholangitis via restoration of secretory processes. j 

Hepatol. 2023. 78(1): 99-113. 

[19] Farooqui N, Elhence A, Shalimar. A Current 

Understanding of Bile Acids in Chronic Liver Disease. J 

Clin Exp Hepatol. 2022. 12(1): 155-173. 

[20] Abdulazeez MA, Jasim HA, Bashir M, Ross K, Fatokun 

AA. Peristrophe bicalyculata (Retz) Nees contains 

principles that are cytotoxic to cancer cells and induce 

caspase-mediated, intrinsic apoptotic death through 

oxidative stress, mitochondrial depolarization and DNA 

damage. Biomed Pharmacother. 2022. 147: 112597. 

[21] Iruzubieta P, Goikoetxea-Usandizaga N, Barbier-Torres 

L, et al. Boosting mitochondria activity by silencing 

MCJ overcomes cholestasis-induced liver injury. jHEP 

Rep. 2021. 3(3): 100276. 

101



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 7 Issue 1 2025Volume 7 Issue 2 2025    

    
 

               

                  
                 
                

       

[22] Rust C, Karnitz LM, Paya CV, Moscat J, Simari RD, 

Gores GJ. The bile acid taurochenodeoxycholate 

activates a phosphatidylinositol 3-kinase-dependent 

survival signaling cascade. j Biol Chem. 2000. 275(26): 

20210-6. 

[23] Arenas F, Hervías I, Sáez E, et al. Promoter 

hypermethylation of the AE2/SLC4A2 gene in PBC. 

JHEP Rep. 2019. 1(3): 145-153. 

[24] Hisamoto S, Shimoda S, Harada K, et al. Hydrophobic 

bile acids suppress expression of AE2 in biliary 

epithelial cells and induce bile duct inflammation in 

primary biliary cholangitis. J Autoimmun. 2016. 75: 

150-160. 

[25] Banales JM, Sáez E, Uriz M, et al. Up-regulation of 

microRNA 506 leads to decreased Cl-/HCO3- anion 

exchanger 2 expression in biliary epithelium of patients 

with primary biliary cirrhosis. Hepatology. 2012. 56(2): 

687-97. 

[26] Allen K, Jaeschke H, Copple BL. Bile acids induce 

inflammatory genes in hepatocytes: a novel mechanism 

of inflammation during obstructive cholestasis. Am J 

Pathol. 2011. 178(1): 175-86. 

[27] Zhuang Y, Ortega-Ribera M, Thevkar Nagesh P, et al. 

Bile acid-induced IRF3 phosphorylation mediates cell 

death, inflammatory responses, and fibrosis in 

cholestasis-induced liver and kidney injury via 

regulation of ZBP1. Hepatology. 2024. 79(4): 752-767. 

[28] Guo C, Xie S, Chi Z, et al. Bile Acids Control 

Inflammation and Metabolic Disorder through 

Inhibition of NLRP3 Inflammasome. Immunity. 2016. 

45(4): 802- 816. 

[29] Pauli-Magnus C, Kerb R, Fattinger K, et al. BSEP and 

MDR3 haplotype structure in healthy Caucasians, 

primary biliary cirrhosis and primary sclerosing 

cholangitis. Hepatology. 2004. 39(3): 779-91. 

[30] Chen RR, Li YJ, Zhou XM, et al. The association 

between bile salt export pump single-nucleotide 

polymorphisms and primary biliary cirrhosis 

susceptibility and ursodeoxycholic acid response. dis 

Markers. 2014. 2014: 350690. 

[31] Wang YD, Chen WD, Wang M, Yu D, Forman BM, 

Huang W. Farnesoid X receptor antagonizes nuclear 

factor kappaB in hepatic inflammatory response. 

Hepatology. 2008. 48(5): 1632-43. 

[32] Hang S, Paik D, Yao L, et al. Bile acid metabolites 

control T(H)17 and T(reg) cell differentiation. nature. 

2019. 576(7785): 143-148. 

[33] Liu Q, Huang B, Zhou Y, et al. Gut microbiome pattern 

impacts treatment response in primary biliary 

cholangitis. med. 2025. 6(1): 100504. 

[34] Umemura M, Honda A, Yamashita M, et al. High-fat 

diet modulates bile acid composition and gut microbiota, 

affecting severe cholangitis and cirrhotic change in 

murine primary biliary cholangitis. J Autoimmun. 2024. 

148: 103287. 

[35] Tanaka A. New Therapies on the Horizon for Primary 

Biliary Cholangitis. drugs. 2024. 84(1): 1-15. 

[36] Namisaki T, Fujinaga Y, Moriya K, Yoshiji H. The 

association of histological progression with biochemical 

response to ursodeoxycholic acid in primary biliary 

cholangitis. Hepatol Res. 2021. 51(1): 31-38. 

[37] Beuers U, Trauner M, Jansen P, Poupon R. New 

paradigms in the treatment of hepatic cholestasis: from 

UDCA to FXR, PXR and beyond. j Hepatol. 2015. 62(1 

Suppl): s25-37. 

[38] Yu K, Li P, Xu T, et al. Decreased infiltration of CD4(+) 

Th1 cells indicates a good response to ursodeoxycholic 

acid (UDCA) in primary biliary cholangitis Pathol Res 

Pract. 2021. 217: 153291. 

[39] Liang TJ, Yuan JH, Tan YR, et al. Effect of 

ursodeoxycholic acid on TGF beta1/Smad signaling 

pathway in rat hepatic stellate cells. chin Med J (Engl). 

2009. 122(10): 1209-13. 

[40] You H, Duan W, Li S, et al. Guidelines on the Diagnosis 

and Management of Primary Biliary Cholangitis (2021). 

J Clin Transl Hepatol. 2023. 11(3): 736-746. 

[41] Chascsa D, Lindor KD. Emerging therapies for PBC. J 

Gastroenterol. 2020. 55(3): 261-272. 

[42] Trivedi PJ, Hirschfield GM, Gershwin ME. Obeticholic 

acid for the treatment of primary biliary cirrhosis. Expert 

Rev Clin Pharmacol. 2016. 9(1): 13-26. 

[43] Murillo Perez CF, Fisher H, Hiu S, et al. Greater 

Transplant-Free Survival in Patients Receiving 

Obeticholic Acid for Primary Biliary Cholangitis in a 

Clinical Trial Setting Compared to Real-World External 

Controls. gastroenterology. 2022. 163(6): 1630-1642.e3. 

[44] Zhang Y, Jackson JP, St Claire RL 3rd, Freeman K, 

Brouwer KR, Edwards JE. Obeticholic acid, a selective 

farnesoid X receptor agonist, regulates bile acid 

homeostasis in sandwich-cultured human hepatocytes. 

Pharmacol Res Perspect. 2017. 5(4): e00329. 

[45] Li X, Lu W, Kharitonenkov A, Luo Y. Targeting the 

FGF19-FGFR4 pathway for cholestatic, metabolic, and 

cancerous diseases. J Intern Med. 2024. 295(3): 292 

-312. 

[46] Li X, Liao M, Pan Q, et al. Combination therapy of 

obeticholic acid and ursodeoxycholic acid in patients 

with primary biliary cholangitis who respond 

incompletely to ursodeoxycholic acid: a systematic 

review. Eur J Gastroenterol Hepatol. 2020. 32(9): 

1116-1122. 

[47] Karatza E, Swift B, Carreño F, et al. Serum bile acid 

change correlates with improvement in pruritus in 

patients with primary biliary cholangitis receiving 

linerixibat. Liver Int. 2024. 44(9): 2293-2302. 

[48] Kremer AE, Mayo MJ, Hirschfield GM, et al. Seladelpar 

treatment reduces IL-31 and pruritus in patients with 

primary biliary cholangitis. Hepatology. 2024. 80(1): 

27-37. 

[49] Al-Dury S, Wahlström A, Wahlin S, et al. Pilot study 

with IBAT inhibitor A4250 for the treatment of 

cholestatic pruritus in primary biliary cholangitis. Sci 

Rep. 2018. 8(1): 6658. 

[50] Han W, Song T, Huang Z, Liu Y, Xu B, Huang C. 

Distinct signatures of gut microbiota and metabolites in 

primary biliary cholangitis with poor biochemical 

response after ursodeoxycholic acid treatment. Cell 

Biosci. 2024. 14(1): 80. 

[51] Kennedy L, Francis H, Invernizzi P, et al. 

Secretin/secretin receptor signaling mediates biliary 

damage and liver fibrosis in early-stage primary biliary 

cholangitis. faseb j. 2019. 33(9): 10269-10279. 

102 


