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Abstract

Background Primary biliary cholangitis (PBC) is an autoimmune liver disease. The aetiology of PBC remains unclear,
and its pathogenesis is complex. Animal models are essential to clarify the pathogenesis of PBC and explore

the occurrence of early events.

Main body Herein, we review recent research progress in PBC animal models, including genetically modified, chemi-
cally inducible, biologically inducible, and protein-immunised models. Although these animal models exhibit several
immunological and pathological features of PBC, they all have limitations that constrain further research and weaken
their connection with clinical practice.

Conclusion The review will benefit efforts to understand and optimise animal models in order to further clarify PBC

pathogenesis and molecular targets for therapeutic interventions.

Keywords Primary biliary cholangitis, Genetically modified models, Chemically inducible models, Biologically

inducible models, Challenges

Background

Primary biliary cholangitis (PBC), known as primary
biliary cirrhosis until 2016, is an autoimmune liver dis-
ease [1]. The prevalence of PBC is increasing worldwide.
China has the second-highest incidence rate of PBC in
the Asia—Pacific region [2, 3], where the primary patients
are 40—-60-years-old women [2, 4]. Genetic susceptibility
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and environmental factors result in the loss of tolerance
to self-antigens and multilineage immune dysregula-
tion, inducing targeted damage in bile duct epithelial
cells (BECs) [5, 6]. Multiple immune cells are involved
in the pathogenesis of PBC. CD8'T cells target and
destroy BECs, while CD4*T cells induce an inflam-
matory microenvironment around BECs by producing
multiple cytokines, which recruit CD8*T cells. Further,
in the early phase of the disease, Th1 cells are predomi-
nantly pro-inflammatory, and Thl responses have been
shown to predominate over Th2 responses in PBC. Thl
cytokines, such as interleukin(IL)-12, tumour necrosis
factor(TNF)-a, and interferon (IFN)-y, play an important
role in the initiation and development of the disease. IL-
12A and IL-12RB2 gene variants are strongly associated
with PBC. Th17 cells are predominantly pro-fibrotic in
the later phase of the disease. Th17 cells have the abil-
ity to produce high levels of IL-17, which accumulates
around BECs. Moreover, IL-17 receptor and IL-23 recep-
tor expression is upregulated in BECs [7]. Regulatory
T cells (Tregs) maintain immune tolerance, but their
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numbers and inhibitory functions are down-regulated
in PBC. Natural killer (NK) cells, NKT cells, dendritic
cells, macrophages, and mucosal-associated invariant T
cells are also important in the pathogenesis of PBC [8, 9].
Additionally, B cells produce antimitochondrial antibody
(AMA) and infiltrate around BECs [10]. Elevated titres
of AMA, which mainly targets the inner lipoyl domain
within the E2 subunit of pyruvate dehydrogenase com-
plex (PDC-E2), can be detected in 90-95% of patients
[11]. Patients may also present with elevated alkaline
phosphatase(ALP), Gamma-Glutamyl Transferase(GGT)
and immunoglobulin(Ig)M. Histologically, PBC is char-
acterised by intrahepatic BEC destruction and a dense
lymphocytic infiltrate in the portal area. Granuloma
formation and eosinophilic infiltration may occur early
in PBC, which gradually progresses to liver fibrosis and
cirrhosis in advanced stages [12]. Current therapies tar-
get the regulation of bile acid secretion [13]. However,
whether BEC damage is the cause or result of autoim-
mune dysfunction remains unclear [14].

Animal models are important for research on early
events and pathogenesis of PBC [15]. Various animal
models have been developed, including genetically modi-
fied, chemically inducible, biologically inducible, and
protein-immunised models. However, no single animal
model completely simulates the clinical processes and
pathogenetic mechanisms of PBC. These drawbacks
restrict research and weaken links to clinical prac-
tice. Herein, we focus on the immune mechanisms and
molecular targets of animal models, highlighting the
shortcomings that require further optimisation. We
also summarise and compare the differences in mouse
strain, experimental period, modelling principle, model-
ling methods, serological, and histological characteristics
among genetically modified mouse models, inducible
mouse models, and protein-immunised mouse mod-
els (Table 1). We further summarise the advantages and
disadvantages of genetically modified models of PBC
(Fig. 1), and the disease characteristics in spontane-
ous and inducible animal models of PBC are also shown
(Fig. 2).

Genetically modified models

Dominant-negative transforming growth factor (TGF)-f3
receptor Il mice

The regulatory activity of circulating Tregs is dependent
on TGE-P. A defect in T-cell TGF-f signalling is associ-
ated with down-regulation of T cell microRNA expres-
sion, thereby inducing cytotoxic T cell proliferative
capacity and function [16, 17]. Gorelik et al. first devel-
oped dominant-negative TGF-p receptor type II (dnTGF-
BRII) transgenic mice on a C57BL/6 background by
overexpressing a dominant-negative form of TGF-BRII
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with the CD4 promoter, which lacks a CD8 silencer [18].
Oertelt et al. first reported that these mice spontaneously
develop the key characteristics of PBC at 4-5 weeks,
and the experimental period can be up to 40 weeks. The
characteristics include 100% AMA-positivity and portal
lymphocyte infiltration dominated by CD4* and CD8*T
cells, bile duct destruction, and Thl cytokine profiles
such as IFN-y and TNF-« [19].

PBC development involves multiple immune disor-
ders. CD8™T cells are key to pathogenesis in dnTGF-BRII
mice. KLRGI +lymphocytes exhibit strong cytotoxic-
ity and positively correlate with disease severity [20].
The proportion of terminally differentiated hepatic
(KLRG1+) CDS8™T cells is elevated in dnTGF-BRII mice
[21]. Different proteins involved in chemokine signalling,
focal adhesion, T cell receptors, and NK cell-mediated
cytotoxicity pathways are expressed by hepatic CD8*T
cells [22]. Among these cells, terminally differenti-
ated CD8aaT cells exhibit a higher cytokine-producing
capacity and cytotoxicity, whereas the terminally dif-
ferentiated CD8afT cells retain a proliferative profile
[23]. CXC chemokine receptor 3(CXCR3) is mainly
expressed on T cells. CXCR3-knockout dnTGF-BRII mice
develop aggravated PBC and show increased frequency
of KLRG1 +terminally differentiated effector memory T
cells [24]. Interestingly, restoration of CD4™T cells can
ameliorate PBC, even in the presence of pathogenetic
CDS8™T cells [25]. Hepatic NK cells differ from conven-
tional NK cells[26]. Effector B cells generate high AMA
titres [27], but the use of anti-CD20/CD79 to deplete B
cells worsens PBC [28]. Thus, regulatory B cells (Bregs)
play a critical role in the disease. Indeed, anti-drug anti-
bodies that emerge in the late stages of the disease appear
to be responsible for the incomplete depletion of hCD20™"
B cells [29].

Although PBC targets cholangiocytes, the cells
are safeguarded against damage by the ‘bicarbonate
umbrella’ Twelve-week-old dnTGF-BRII mice exhibit
elevated secretin/secretin receptor (Sct/SR) axis acti-
vation and Sct secretion. These pathways mediate bil-
iary proliferation or senescence, as well as liver fibrosis
[30]. In late disease-stage mice (32 weeks), a loss of
Sct/SR signalling leads to a malfunctioning ‘bicarbo-
nate umbrella’ [31]. Furthermore, both gut microbiota
richness and diversity decrease in dnTGF-BRII mice.
Translocation of gut microbiota exacerbates disease.
TLR2-deficient dnTGF-BII mice exhibit down-regu-
lated intestinal barrier function and severe cholangitis,
both reversible with antibiotic treatment [32]. Anti-
biotics also abolish distinctions between female and
male mice in terms of hepatic inflammation, suggest-
ing that gut microbiota may drive sex differences in
disease [33]. Autoimmune regulator (Aire) also plays
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Advantages and disadvantages of genetically modified models of PBC |Characteristics of PBC animal models
Animal models Advantages Disadvantages
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Fig. 1 Advantages and disadvantages of genetically modified models of primary biliary cholangitis (PBC). Six genetically modified mouse models
are available (dnTGF-3RII, IL-2Ra™~, NOD.c3c4, AE2a’b’/’, ARE-Del™~, and Scurfy mice). Each animal model has advantages and disadvantages (left).
Animal models of PBC have the following characteristics: female predominance, antimitochondrial antibody production, lymphocytic inflammation,
bile duct destruction, granuloma formation, eosinophilia, and liver fibrosis (right)
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Fig. 2 Disease characteristics in genetically modified and inducible animal models of PBC. Establishment of genetically modified models is based
on genetic factors or Treg dysfunction. Chemical and infectious agents can also induce PBC development in mice. Pyruvate dehydrogenase
complex (PDC)-E2 mimics or modified PDC-E2 can induce a loss of autoantigen tolerance and multilineage immune dysregulation. The main
pathogenic mechanisms of PBC are between bile acid (BAH)-induced epithelial damage and autoimmune attack of bile duct epithelial cells (BECs),

eventually progressing to liver fibrosis and cirrhosis

a role in immune tolerance. dnTGFBRII Aire™’~ mice
exhibit the major histological and serological features
of autoimmune hepatitis (AIH)-PBC overlap syndrome,
providing new ideas on the pathogenic mechanism of
ATH-PBC [34]. dnTGF-BRII mice can also express core
genes found in high-risk PBC patients, supporting the
application of the mice to the research of PBC patho-
genesis [35].

In recent years, dnTGF-BRII mice have been increas-
ingly utilised in PBC studies. Based on the above stud-
ies, it can be inferred that dnTGF-BRII mice are essential
for causal event analysis and investigation of key steps in
PBC pathogenesis. While dnTGF-BRII mice show sero-
logical and histological features similar to those of PBC,
they lack female predominance, eosinophilic infiltration,
and granuloma formation. Additionally, dnTGEF-BRIL



Wang et al. Cell & Bioscience (2023) 13:214

mice present with inflammatory bowel disease, which is
rare in human PBC.

IL-2Ra~'~ mice

IL-2/IL-2R regulates Treg differentiation, and defects in
IL-2Ra induce Treg dysfunction [36]. Using a C57BL/6
mouse strain, Wakabayashi et al. first demonstrated
that IL-2Ra~’~ mice developed PBC-like features at
4-28 weeks of age. Historically, these mice have exhib-
ited portal inflammation and biliary damage domi-
nated by CD4" and CD8" T cells. Serologically, the
mice are 100% AMA- and 80% antinuclear antibody
(ANA)-positive, without changes in IgM levels; they
produce Thl cytokines, including IFN-y, TNF-a, IL-2,
and IL-12p40 [37]. CDS'T cells are the major patho-
genic cells responsible for PBC in these mice. Dele-
tion of CXCR3 resultes in enhanced liver inflammation
[38]. IL-12p40 negatively regulates liver inflammation
in PBC. IL-12p40~/"IL-2Ra~'"mice show manifesta-
tions of severe disease [39]. A lower number of Bla cells
results in defective Treg function and worsens autoim-
mune response in p40~/~IL-2Ra~'"mice [40]. Further-
more, in this model, up-regulated IL-18, IL-21, and IFN-y
expression is involved in PBC progression. However, only
IFN-y deletion relieves both AMA and liver inflamma-
tion [41]. Antibiotic treatment mitigates splenomegaly in
p40~/7IL-2Ra~/~ mice, thus reducing the associated liver
inflammation [42]. IL-2Ra™/~“mice develop colitis and
severe anaemia, both of which are absent in human PBC.

NOD.c3c4 mice

The non-obese diabetic (NOD) mouse is a commonly
used animal model for human type 1 diabetes mellitus.
Understanding the genetic background of NOD mice is
essential for clarifying PBC development. Koarada et al.
demonstrated that NOD.c3c4 mice are resistant to type I
diabetes but prone to developing autoimmune biliary dis-
ease. In these mice, multiple insulin-dependent diabetes-
protective alleles derived from B6 and B10 are present
on chromosomes 3 and 4 [43]. Irie et al. were the first to
establish a spontaneous PBC model of NOD.c3c4 mice.
The mice can develop the disease at 9—10 weeks. These
mice present with 50-60% AMA and 80-90% ANA.
Histology shows eosinophil infiltration, granuloma for-
mation, and lymphocyte peribiliary infiltration domi-
nated by CD4% and CD8'T cells [44]. Adoptive transfer
experiments have shown that only CD4% or CD8'T cells
can trigger liver inflammation. Igu™'~ NOD.c3c4 mice
deficient in B cells exhibit attenuated hepatic inflamma-
tion [45]. Gut microbiota influences spontaneous bile
duct inflammation in mice [46]. Human B retroviruses,
which can be isolated from PBC, have approximately
95% nucleotide homology with mouse mammary tumour
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virus (MMTYV) [47]. MMTYV protein has been detected in
damaged BECs of NOD.c3c4 mice, and MMTYV infection
may trigger AMA production [48]. Combined retrovi-
ral treatment to inhibit MMTYV replication substantially
ameliorates intrahepatic cholangitis in NOD.c3c4 mice
[49, 50].

The autoimmune biliary disease of NOD.c3c4 mice dif-
fers from PBC in the site of initial autoimmune attack,
occurring in the common bile duct rather than intra-
hepatic BECs. Older mice (30 weeks) develop common
bile duct dilation and biliary polycysts, which even mask
the nonsuppurative destructive cholangitis-like lesion.
Some mice produce systemic lupus erythematosus (SLE)-
specific anti-Smith antibodies, an uncommon feature of
human PBC.

AE2, "~ mice

CI"/HCO;™ anion exchanger 2 (AE2), expressed on
cholangiocytes, is involved in the maintenance of biliary
intracellular pH (pHi) and ‘bicarbonate umbrella’ home-
ostasis. If the ‘bicarbonate umbrella’ is destroyed, toxic
bile salts penetrate cholangiocytes and induce apoptosis
[51]. AE2,,”"~ mice have an FVB/N background stud-
ied at 3—-15 months. Serologically, most AE2,,~'~ mice
are AMA-positive and exhibit elevated IgM and ALP.
Histology shows that approximately one-third of these
mice develop lymphocytic infiltration around the bile
duct and mild fibrosis [52]. AE2 is also expressed in lym-
phocytes, and CD8'T cells are heavily dependent on
AE2 to regulate pHi. CD8*T cell-deficiency in AE2 mice
increases IL-2 production, promoting cellular prolifera-
tion and activation upon stimulation [53]. AE2 deficiency
in young AE2,, ™'~ mice leads to intrahepatic T cell acti-
vation; however, PD-1/PD-L1 promotes T cell apoptosis,
thereby preventing autoimmune damage. DNA methyla-
tion of liver CD8*T cells in older mice weakens the effect
of PD1/PD-L1 [54].

In contrast to human patients with PBC, AE2, ™/~
mice exhibit delayed disease onset and slow progression.
Furthermore, reproduction of these animals is difficult,
restricting their application.

ARE-Del™'~ mice

Thl cytokines are involved in PBC progression. IFN-y
levels are elevated in the serum of patients with PBC.
Hodge et al. generated a PBC mouse model on a C57BL/6
background by deleting the 3’ -untranslated region of the
uridylate-rich adenylate element of IFN, resulting in long-
term and chronic IFN-y overexpression. These ARE-
Del™/~ mice exhibit serological and pathologic features
of PBC at experimental periods of 8—40 weeks, but more
importantly, the features are female-dominant [55]. Key
pathogenic cells in ARE-Del™~ mice are CD4™T cells,
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indicating that IFN-y is important during the early stages
of PBC development. Downstream signalling molecules
of IFNs are JAK1 and JAK2. The United States Food and
Drug Administration-approved JAK1 inhibitor ruxoli-
tinib improves liver pathology and AMA levels [56]. Type
I IFN signalling may also be a contributing factor in the
mouse model of PBC. Indeed, the disease is substan-
tially ameliorated in ARE-Del™"IFN-aR1~/~ mice, and
sex differences are diminished [57]. Furthermore, failure
to treat human PBC with rituximab is associated with
elevated levels of B-cell activating factor (BAFF). When
treated with anti-BAFF and anti-CD20 monoclonal anti-
bodies, the disease is alleviated in ARE-Del ™~ mice [58].
These features indicate that ARE-Del™’~ mice can be
used to explore the underlying mechanisms of sex dif-
ferences in PBC. However, ARE-Del™'~ mice produce
anti-DNA antibodies while displaying typical serum and
cellular abnormalities in systemic lupus erythematosus.

Chemically inducible models

2-Octynoic acid (2-OA)-immunised mice

2-OA is a synthetic chemical mimic of the lipoic acid-
lysine located in the PDC-E2 domain. Mice from the
C57BL/6 background immunised with 2-OA exhibit the
majority of PBC characteristics, including 100% AMA,
elevated IFN-y and TNF-a levels, portal inflammation,
granuloma formation, and biliary damage dominated by
CD4*1T and CDS8*T cells [59]. 8—9-week-old mice can be
studied at 4—24 weeks after immunisation.

Thl cells and IFN-y are the major contributors dur-
ing early-stage PBC development. In this stage, 2-OA-
conjugated ovalbumin immunised mice injected with
adeno-associated virus (AAV)-IFN-y exhibit enhanced
liver inflammation. However, as the disease progresses,
an increase in the IL-30 level alleviates chronic inflam-
mation [60]. Notably, another study showed that IL-30
treatment inhibits both CD4"T cells and Tregs [61].
Transplantation of human umbilical cord-derived mes-
enchymal stem cells into 2-OA-bovine serum albumin
(BSA) mice considerably ameliorates hepatic inflam-
mation by dampening the Th1/Thl7 response [62].
Moreover, the absence of Th17 cells inhibits hepatic
accumulation of IFN-y-producing cells, but IL-23/Th17
cells promote Thl-mediated immunopathology [63].
Th2 cells and their secreted cytokines are also impli-
cated in PBC pathogenesis. Endogenous IL-10 is one
such immunosuppressive anti-inflammatory cytokine.
Administration of exogenous AAV-IL-10 promotes
lymphocyte infiltration and collagen deposition [64].
The injection of the IL-10 member AAV-IL-22 pre-
vents clinical autoimmune cholangitis and substan-
tially ameliorates portal inflammation, even in mice
with pre-existing clinical pathology [65]. In addition to
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adaptive immunity, mice with mononuclear phagocyte-
restricted IL-23 deficiency exhibit lower disease sever-
ity, because fewer CD4*T cells are present in the liver
to produce IL-17A and IL-23/IL-17 [66]. Another study
showed that infiltrating Ly6C™ monocytes in 2-OA-
BSA mice are recruited to the portal area in the form
of C-C motif chemokine receptor 2, worsening histo-
pathological symptoms [67].

In summary, 2-OA immunised mice can be used to
explore the association between environmental factors
and PBC progression. However, the natural history of
disease is less severe than that of human PBC.

Polyinosine polypeptidic acid (poly I:C)-sensitised mice

Poly I:C can mimic viral RNA and induces type 1 IFN
production. High IFN expression is linked to the pro-
gression of autoimmune disease. Okada et al. gener-
ated poly I:C sensitised mice with lesions resembling
PBC. The lesions appear earlier in the liver than those
in spontaneous models [68]. However, these mice also
exhibit extrahepatic inflammatory lesions in the salivary
glands, pancreas, and kidneys. In addition to inhibit-
ing the inflammatory response, TGF-B1 promotes fibro-
sis in poly I:C mice [69]. Research using these mice has
revealed that nuclear factor kappa B (NF-«kB) is involved
in PBC pathophysiology. Activation of TLR4/MyD88/
NEF-kB signalling promotes the release of inflammatory
cytokines, subsequently leading to apoptosis [70]. How-
ever, p65 subunit deacetylation and dephosphorylation
block NF-«B activity in poly I:C mice [71].

2-0A and poly I:C co-immunised mice

The introduction of poly I:C into 2-OA mice worsens
autoimmune cholangitis, increasing eosinophil infiltra-
tion and evidence of fibrosis. Alkaline phosphatase and
Thl cytokine levels increase substantially, along with
alanine transaminase and aspartate transaminase levels
[72]. Approximately 5% of lymphocytes infiltrating the
bile ducts are NK and NKT cells. Tim-3 regulates the
local liver immune microenvironment through modulat-
ing CXCR3 and CXCR1 expression in NK cells of 2-OA/
poly I:C co-immunised mice. Furthermore, liver Kupffer
cells interact with NK cells via NKG2D/RAE-1 to induce
NK cell-mediated injury in these mice [73]. The Clostrid-
ium metabolite p-Cresol sulphate can lower PBC-related
inflammation by altering Kupffer cell polarisation [74].
Additionally, dysregulation of Treg/Thl7 cells is impli-
cated in damage to the liver microenvironment [75].
FoxP3 demethylation mediated by 5-aza-2-deoxycytidine
restores Treg/Th17 balance, relieving portal infiltration
and liver damage [76].
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Biologically inducible models

Escherichia coli-infected mice

Several studies have confirmed that a history of urinary
tract infection increases the risk of PBC [77]. The causa-
tive agent of most urinary tract infections is E. coli. As the
bacterium mimics the mechanism of cross-recognition
induced by the PDC-E2 epitope in PBC [78, 79], infec-
tion decreases organ specificity. The PDC-E2-associated
TCRp repertoire features of memory T cells are nearly
identical between E. coli and human PBC [80]. Similarly,
the AMA levels peak at 4 weeks in E. coli-infected NOD.
B6-1dd10/1dd18 mice; portal inflammation and granu-
loma formation are observed at 26 weeks, along with
extensive biliary damage [81].

Protein-immunised models

Bile duct protein(BDP)-immunised mice

Mouse models of xenobiotic and infectious agents are
generated from molecular simulation or modification of
PDC-E2. Ma et al. generated the classical break-tolerance
model with a C57BL/6 background via immunisation
with bile duct protein. After one week of bile duct pro-
tein immunity, the mice can initiate lymphocytic infiltra-
tion and elevate AMA levels. However, experiments have
demonstrated that inducing autoimmune cholangitis in
male mice is difficult [82].

Other mouse models

Scurfy mice from a C57BL/6 background are deficient
in normal functional Tregs because of mutations in the
gene encoding the Foxp3 transcription factor. Unfortu-
nately, most mice die at 4 weeks, limiting their applica-
tion in long-term studies of PBC [83].

Novosphingobium aromaticivorans is a bacterium
belonging to a strictly aerobic gram-negative genus with
amino acid sequences highly homologous to those of
PDC-E2 [84]. Compared to chemically inducible models,
N. aromaticivorans-infected mice exhibit characteristics
that are more similar to the natural history of PBC [85].
Accumulation of N. aromaticivorans in the liver causes
chronic inflammation, accounting for the organ specific-
ity of PBC.

The activation of inflammatory cells is controlled at
both transcriptional and post-transcriptional levels
by monocyte chemotactic protein-induced protein 1
(MCPIP1). Recently, Kotlinowski et al. demonstrated that
the phenotype of Mcpipl?AIb™® mice is similar to the
serological and histological characteristics of PBC. Addi-
tionally, aging aggravated the disease’s progression, with
the mice showing substantial cholestasis and progressive
liver fibrosis [86].
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Summary

Selecting an appropriate animal model enables conveni-
ent causal analysis and further research when studying
PBC as well as evaluation of the efficacy of new treat-
ments. The characteristics of an ideal PBC animal model
include female predominance, AMA production, intra-
hepatic bile duct destruction, lymphocytic infiltration,
granuloma formation, eosinophilia, and liver fibrosis.
Genetically modified models reveal the important role of
genetic factors and provide ideas for studying the early
events and pathogenic mechanisms of PBC, but most of
them lack organ specificity or have no female dominance.
In recent years, dnTGF-PRII mice have been used more
often for PBC studies. dnTGF-BRII mice enable causal
analysis and elucidation of the key steps in the patho-
genesis of PBC, allowing for a deeper understanding of
the disease. These mice can represent PBC better, but
still have limitations. Chemically and biologically induc-
ible models are suitable for exploring early pathogenic
processes caused by environmental factors. Protein-
immunised models provide a basis for bile duct antigenic
pathogenesis. These inducible models have a short mod-
elling time, but the experimental costs and conditions
are stringent. They rarely progress to advanced stages.
However, improvement options for the shortcomings of
the animal models still need to be further explored, and a
new mouse model that completely mimics human PBC is
yet to be developed.

Perspectives and challenges

Genetic susceptibility does not fully explain the risk of
PBC, indicating that the involvement of environmental
factors. Despite the clear involvement of the immune
system, PBC treatments are aimed at regulating bile
acid metabolism rather than the immune effector path-
way. Therefore, the immune mechanisms require further
elucidation. Although several animal models have been
studied, no single animal model can completely mimic
the complex aetiologies and mechanisms. In particu-
lar, because patients are asymptomatic during the early
stages of PBC, studying early pathogenesis is extremely
challenging in humans. This difficulty should motivate
the construction and optimisation of PBC animal mod-
els, a critical element to advance research on early-stage
pathogenesis of PBC and the molecular targets for thera-
peutic intervention. We can attempt to discover novel
susceptibility genes within PBC patient pedigrees and
then construct a genetically modified mouse model based
on the gene, which can help to effectively explore the
relationship between susceptibility genes and the patho-
genesis of PBC. Using this approach, our team is cur-
rently studying a new animal model of PBC.
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2-0A 2-Octanoic acid

AAV Adeno-associated virus

AE2 Anion exchanger 2

ALP Alkaline phosphatase

AMA Antimitochondrial antibody

ANA Antinuclear antibody

BAFF B-cell activating factor

BDP Bile duct protein

BECs Bile duct epithelial cells

BSA Bovine serum albumin

dnTGF-BRII Dominant-negative TGF-f receptor type Il
Ig M immunoglobulin

PDC-E2 E2 subunit of pyruvate dehydrogenase complex

IFN Interferon

pHi Intracellular pH

MCPIP1 Monocyte chemotactic protein-induced protein 1
MMTV Mouse mammary tumour virus

NK Natural killer

NOD Non-obese diabetic
NF-kB Nuclear factor kappa B
poly I:C Polyinosine polypeptidic acid

PBC Primary biliary cholangitis

Breg Regulatory B cell

Treg Regulatory T cell

Sct/SR Secretin/secretin receptor
TGF-B Transforming growth factor
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