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A B S T R A C T

Cholestasis is one of the most challenging diseases to be treated in current hepatology. However little is known
about the adaptation difference and the underlying mechanism between acute and chronic cholestasis. In this
study, wild-type and Pparα-null mice were orally administered diet containing 0.05% ANIT to induce chronic
cholestasis. Biochemistry, histopathology and serum metabolome analysis exhibited the similar toxic phenotype
between wild-type and Pparα-null mice. Bile acid metabolism was strongly adapted in Pparα-null mice but not in
wild-type mice. The Shp and Fxr mRNA was found to be doubled in cholestatic Pparα-null mice compared with
the control group. Western blot confirmed the up-regulated expression of FXR in Pparα-null mice treated with
ANIT. Inflammation was found to be stronger in Pparα-null mice than those in wild-type mice in chronic cho-
lestasis. These data chain indicated that bile acid metabolism and inflammation signaling were different between
wild-type and Pparα-null mice developing chronic cholestasis, although their toxic phenotypes could not be
discriminated. So basal PPARα cross-talked with FXR and inhibited bile acid metabolism adaptation in chronic
cholestasis.

1. Introduction

Cholestasis is a disease caused by impaired balance among bile acid
synthesis, conjugation, uptake and excretion (Ofliver, 2009). Primary
sclerosing cholangitis (PSC) and primary biliary cirrhosis (PBC) are the
most common cholestatic liver diseases in the clinic (Nguyen et al.,
2014). The prevalence of PSC was as high as 162 per million in US
(Molodecky et al., 2011). For PBC, the prevalence was reported to be
492 and 208 cases per million people in southern China and South
Asian countries respectively (Sood et al., 2004; Liu et al., 2010).
Clinically, cholestasis caused secondary organ dysfunctions in gastro-
enterology (Gubergrits and Lukashevich, 2014). Liver transplantation
became necessary for more than 50% of PSC patients 10–15 years after

symptom development (Kubitz et al., 2015; Stephanie et al., 2018).
Thus, cholestasis is still one of the most challenging diseases to be
treated in current hepatology.

Cholestatic models used in basic studies were usually induced by
alpha-naphthylisothiocyanate (ANIT), lithocholic acid (LCA) and 3, 5-
diethoxycarbonyl-1, 4-dihydrocollidine (DDC) (Marhenke et al., 2014;
Wang et al., 2014; Zhang et al., 2015). The pathological and physio-
logical reactions of ANIT-induced cholestasis were considered the most
similar to intrahepatic cholestasis in human (Tjandra et al., 2000). So
this cholestatic model was used very often in toxicological and phar-
macological researches (Ding et al., 2012; Wang et al., 2014; Chen
et al., 2016). In 129/Sv mice treated with single dose of ANIT
(75mg kg−1), the liver injury was most obvious 48 h later (Dai et al.,
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2018). In rats treated with single dose of ANIT (50mg kg−1), the liver
injury and bile duct proliferation were observed after 3 days (Chen
et al., 2015). However, cholestatic liver diseases in the clinic were
mostly chronic (Ferreira et al., 2003). It is necessary to investigate more
about the pathophysiology of chronic cholestasis.

When 75mg/kg−1 ANIT (ig) was administered to Sprague-Dawley
rats, the Cyp7a1, Cyp8b1, Cyp27a1 and Oatp2 were down-regulated,
while the Ostb, Mdr1 and Mdr2 were up-regulated (Yuan et al., 2017).
In Wistar rats treated with a dose of ANIT 50mg/kg−1, the OATP1 was
down-regulated, but MRP2 and BSEP were up-regulated (Zhang et al.,
2016). In C57BL/6 mice treated with a single dose of ANIT (75mg/
kg−1, ig), the Bsep, Mdr2 and Mrp3 mRNAs were increased. Similarly
the Nctp and Oatp1 mRNAs were decreased (Tanaka et al., 2009). These
responses of bile acid synthesis and transport in the acute models result
in decrease of bile acid load and toxicity risk in hepatocytes, which
were considered as adaptation (Jang et al., 2012; Firrincieli et al.,
2013). However, in a rat model dosed ANIT (80mg/kg−1, once a week)
for 8 weeks, the Mrp3 and Mrp4 expression only increased 0.8-fold (Cai
et al., 2014). In a mouse model treated with DDC for 5 months, the
Mdr2 mRNA only increased 1.8-fold compared with the control
(Marhenke et al., 2014). Thus bile acid metabolism exhibited very
milder modifications in chronic cholestatic models than those in acute
models. But it is not well known why this difference occurs and what its
contribution to toxicity in cholestasis is.

Peroxisome proliferator-activated receptor alpha (PPARα) played
an important role in bile acid homeostasis (Zhou et al., 2014; Luo et al.,

2017). In mice treated with WY-14,643 for 1 week, an increase of
gallbladder cholic acid was observed, which did not occur in the Pparα-
null mice (Hunt et al., 2000). In another study where mice were dosed a
gemfibrozil-containing diet for 14 days, PPARαmediates hepatotoxicity
in part by disrupting bile acid homeostasis in wild-type mice (Liu et al.,
2014a). Similarly, PPARα agonist ciprofibrate reduced CYP7A1 and
CYP27A1 activity and mRNA levels in wild-type mice, not Pparα-null
mice (Post et al., 2001). In contrast, when mice were treated with a
cholic acid diet, neither metabolic disorder nor the regulation of bile
acid synthesis was noted in wild-type mice (Li et al., 2012). In our
previous study, the basal PPARa also played a protective role in acute
cholestatic model (Dai et al., 2017). So PPARα, activated and basal
level, are protective or disruptive for bile acid homeostasis, suggesting
its involvement in disease development and potential for clinical ther-
apeutics. However, it was still uncertain what the role of PPARα in
chronic cholestatic models was.

In this study, wild-type and Pparα-null mice were fed a diet con-
taining ANIT (0.05%) to induced chronic cholestasis and liver injury.
The different adaptation of bile acid metabolism and inflammatory
response between wild-type and Pparα-null mice were revealed, sug-
gesting the potential cross-talk between PPARα and Farnesoid X re-
ceptor (FXR).

Fig. 1. Biochemical analysis of liver tissues after ANIT treatment. (A) TBA in wild-type and Pparɑ-null mice respectively. (B) ALP in the wild-type and Pparɑ-null
mice. (C) TBIL in wild-type and Pparɑ-null mice. (D) DBIL in wild-type and Pparɑ-null mice. (E) ALT in wild-type and Pparɑ-null mice respectively. (F) AST in the
wild-type and Pparɑ-null mice. The data were expressed as mean ± SD (n= 5, *: compared with WT-C/KO-C; *P < 0.05).
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2. Materials

2.1. Chemicals and reagents

Assay kits for the liver injury markers alkaline phosphatase (ALP),
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
cholestasis markers total bile acid (TBA) were purchased from Ruiyuan
Biotechnology (Ningbo, China). ANIT, tauroursodeoxycholic acid
(TUDCA), taurodeoxycholic acid (TDCA), tauro-α-muricholic acid
(TαMCA), tauro-ω-muricholic acid (TωMCA), taurocholic acid (TCA)
and taurochenodeoxycholic acid (TCDCA) were purchased from Sigma-
Aldrich (St Louis, MO). Antibodies against Cholesterol 7α hydroxylase

(Cyp7A1), sterol 12α-hydroxylase (Cyp8B1) and GAPDH were acquired
from Abcam (MA, USA). TRIzol solution was purchased from Invitrogen
(Dalian, China). BCA protein assay kit was from Beyotime Biotech Co.
Ltd (Nantong, China) and PMSF was bought from Solarbio (Shanghai,
China). The reverse transcription kit and LightCycle 480 SYBR Green I
Master Mix were purchased from Roche Diagnostics (Mannheim,
Germany). Ultrapure water was freshly prepared using a Milli-Q50 SP
Water System (MA, USA). All the other chemicals were of the highest
grade available from commercial sources.

Fig. 2. Hepatotoxicity analysis of liver tissues after ANIT treatment. (A) HE staining of liver tissues in the WT-C group (40X). (B) HE staining of liver tissues in the
WT-A group (40X). (C) HE staining of liver tissues in the KO-C group (40X). (D) HE staining of liver tissues in the KO-A group (40X). (E) HE staining of liver tissues in
the WT-C group (400X). (F) HE staining of liver tissues in the WT-A group (400X). (G) HE staining of liver tissues in the KO-C group (400X). (H) HE staining of liver
tissues in the KO-A group (400X). Arrows: exhibited a loss of cellular boundaries, degenerative changes and marked necrosis.
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2.2. Animals and treatments

The Pparα-null mice were gifted by Dr. Frank J. Gonzalez at
Laboratory of Metabolism, National Cancer Institute, NIH. They were
hybrid with local 129/Sv wild-type mice for several generations, and
then genotype was performed to choose out those homozygote. This
made sure the Pparα-null and wild-type mice used in this study shared
the same genetic background. Animal procedures followed the Institute
of Laboratory Animal Resource guidelines, and the protocols were ap-
proved by the Animal Care and Use Committee of Ningbo University.
Before the experiments, 24 to 28 g male wild-type and Ppara-null mice
were housed at the Medical School of Ningbo University Animal Center
for 7 days of acclimation at 23 ± 1 °C, with a humidity of 60− 70%.
The mice were maintained under a standard 12 h light/12 h dark cycle
with free access to water and a commercial diet (20708660330000)

purchased from Zhejiang Institute of Laboratory Animal Resource.
Two mouse lines were randomly assigned into four groups: wild-

type/vehicle (WT-C), wild-type/ANIT (WT-A), Pparα-null/vehicle (KO-
C), and Pparα-null/ANIT (KO-A). The positive groups were treated with
commercial diet contained ANIT (0.05%) (The daily dose was estimated
as 60mg/kg−1). Tail bleeding was performed to collect blood for bio-
chemical analysis. When the serum TBA and liver injury biomarkers
became stable, the model was considered established. It took 15 days
for the wild-type mice and 8 days for the Pparα-null mice respectively to
induce this chronic model. All mice were weighed and killed using
carbon dioxide asphyxiation. Blood and liver tissues were collected for
mechanism investigation. A section of freshly isolated liver tissues was
excised and immediately fixed in 10% neutral buffered formalin after a
brief wash using phosphate-buffered saline (PBS). The remaining tis-
sues were flash-frozen and stored at −80 °C pending analysis.

Fig. 3. Multivariate data analysis of serum metabolome in mice dosed ANIT.
(A) Score plot of serum metabolite in ANIT treated wild-type (WT) and Pparα-
null (KO) mice versus their control groups by PCA. (B) S scatter plot of OPLS-DA
recognized serum metabolome in ANIT-treated WT mice versus WT-C mice, in
which contribution of identified bile acids were indicated. (C) S scatter plot of
OPLS-DA recognized serum metabolome in ANIT-treated KO mice versus KO-C
mice, in which contribution of identified bile acids were indicated. The t[1]and
t[2] represent principal components 1 and 2, respectively. The p(corr)[1] re-
presents the interclass difference, and p[1] represents the relative abundance of
the ions (PCA, principal component analysis; OPLS-DA, orthogonal projection
to latent tructures discriminant analysis).

Fig. 4. Different expression of FXR pathway in two mouse lines. (A) Cyp7a1
mRNA levels in the wild-type and Pparɑ-null mice. (B) Cyp8b1 mRNA in wild-
type and Pparɑ-null mice. (C) SHP mRNA levels in the wild-type and Pparɑ-null
mice. (D) FXR mRNA levels in the wild-type and Pparɑ-null mice respectively.
The mRNA levels were measured by Q-PCR and normalized by 18SrRNA. (E)
Western-blot analysis of differential CYP7A1, CYP8B1 and FXR signaling
mediated by PPARα. (F) The Western-blot intensity of CYP7A1, CYP8B1 and
FXR in the wild-type and Pparɑ-null mice respectively. Data were from liver
samples collected 48 h after ANIT treatment and 2/5 of the liver tissues were
randomly selected for western-blot analysis. The mRNAs levels in the vehicle-
treated control mice were set as 1 and the results expressed as mean ± SD
(n= 5, *: compared with WT-C/KO-C; *P < 0.05).
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2.3. Biochemical analysis

The liver tissues from different groups were accurately quantified
and then homogenized by MagNALyser (Roche, USA). TBA, ALP, TBIL,
DBIL, ALT, and AST in serum were assayed by the Multiskan GO
(Thermo, USA). The measurements were carried out following proto-
cols in the kits.

2.4. Histopathological assessment

Formalin fixed liver tissues were dehydrated in alcohol and xylene
following the standard procedures and embedded by paraffin for pre-
paration of four-micrometer sections. After staining with hematoxylin
and eosin, the liver sections were examined under a microscope
(Olympus BX41). 10 serial sections per preparation were imaged, and
all images were analyzed blindly.

2.5. Quantitative polymerase chain reaction (Q-PCR) analysis

The total RNA extraction, the reverse transcription of cDNA, the
amplification program was the same as published procedures (Tan
et al., 2016). The primer sequences extracted from a public database
(http://mouseprimerdepot.nci.nih.gov) were listed in Supplementary
table 1. A 5 μL PCR system was designed for the 384 plate that included
1 μL of total cDNA, 2.5 μL of LightCycle 480 SYBR Green I Master Mix,
0.2 μL of forward and reverse primer, and 1.1 μL of nuclease-free water.

2.6. Western blot analysis

Liver tissues were homogenized using RIPA buffer (1:10, g/v) con-
taining 1% PMSF. Tissue debris was removed by centrifugation at
10,000 g and 4 °C for 15min. The total protein was quantified using a
BCA protein assay kit. An equivalent volume of 5 X SDS-PAGE sample
loading buffer was added to the tubes that were then boiled for 5min.
The samples were loaded and separated on 10% SDS-polyacrylamide
gels and then transblotted onto PVDF membranes. The membranes
were blocked with 5% fat-free milk at 37 °C for at least 2 h followed by
incubation overnight with primary antibodies against the indicated
antigens. After secondary antibody incubation for 1 h, the blotted
membranes were exposed to ECL substrates and the signals were de-
tected by Tanon 4200SF (Shanghai, China).

2.7. Analysis of serum metabolome

In the metabolomic analysis, the serum samples were processed and
infused into the Ultra Performance Liquid Chromatography-Time of
Flight Mass (UPLC-TOFMS) detection system following previously
published procedures (Dai et al., 2018). After being processed by
Marker Lynx, a data matrix of peak areas organized by retention time
and m/z was generated and then exported into SIMCA 13.0.3 (Umetrics,
Kinnelon, NJ) for pareto transformation. Then unsupervised principal
component analysis (PCA) was used to produce score plots. Orthogonal
projection to latent structures discriminant analysis (OPLS-DA) was
exploited to produce the loading S-plot of ANIT-treated mice versus the

Fig. 5. Different regulated expression of genes involved in bile
acid canalicular efflux transporters and basolateral efflux
transporters transport. (A) Ostb mRNA levels in the wild-type
and Pparɑ-null mice respectively. (B) Bsep mRNA levels in the
wild-type and Pparɑ-null mice respectively. (C) Mrp3 mRNA
levels in the wild-type and Pparɑ-null mice respectively. (D)
Mrp4 mRNA levels in the wild-type and Pparɑ-null mice re-
spectively. (E) Mdr2 mRNA levels in the wild-type and Pparɑ-
null mice respectively. (F) Mdr1a mRNA levels in the wild-
type and Pparɑ-null mice respectively. The mRNAs levels in
the vehicle-treated control mice were set as 1 and the results
expressed as mean ± SD (n=5, *: compared with WT-C/KO-
C; *P < 0.05).
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control mice, in which the BAs contributing to the pattern recognition
were exhibited.

To quantitatively show the similarity of the above metabolome shift,
the contributing items were compared with authentic BA compounds.
Some of them were identified as TUDCA, TDCA, TCDCA, TCA and T-α/
ωMCA by comparison of the tandem mass spectrometry (MS/MS)
spectra. The relative abundance of these BAs in the serum was nor-
malized by comparing their peak areas with those of internal standard.
Fold changes versus the wild-type control group were used to express
their systemic abundance in the ANIT-treated mice.

2.8. Statistical analysis

All the data were expressed as the mean ± SD. SPSS 23 (IBM) for
Windows was used for the data analysis. The two-sample t-test was used
to compare the diff ;erences between the ANIT treatment and control

Fig. 6. Differential expression of pro-inflammatory factors
associated with JNK and STAT3 signaling. (A, B) c-Jun and c-
Fos mRNA levels in the wild-type and Pparɑ-null mice re-
spectively. (C) Il6mRNA levels in the wild-type and Pparɑ-null
mice. (D, E and F) Socs3, Fga and Fgg mRNA levels in the wild-
type and Pparɑ-null mice respectively. (G) Ilβ mRNA levels in
the wild-type and Pparɑ-null mice respectively. (H) Il10mRNA
levels in the wild-type and Pparɑ-null mice. The mRNA levels
were measured by Q-PCR and normalized by 18SrRNA mRNA
levels in the vehicle-treated control mice were set as 1 and the
results expressed as mean ± SD(n= 5, *: compared with WT-
C/KO-C; *P < 0.05).

Fig. 7. Proposed action mode of basal PPARa inhibiting bile acid metabolism
adaptation in chronic cholestatic model induced by ANIT. Wild-type and Pparα-
null mice were orally administered commercial diet containing 0.05% ANIT to
induce chronic cholestasis. The FXR pathway was found to be activated in
Pparα-null mice but not in wild-type mice. So basal PPARα cross-talked with
FXR and inhibited bile acid metabolism adaptation in chronic cholestasis.
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groups respectively, and no comparison between two mouse lines was
made. Significant diff ;erence was decided when P<0.05 and was
marked with asterisks in the graphs accordingly.

3. Results

3.1. Toxic phenotypes between wild-type and Pparα-null mice were similar

The serum TBA was increased by 19-fold and 24-fold in wild-type
and Pparα-null mice treated with ANIT compared with control mice
(Fig. 1A). The ALP in this model exhibited no change after treatment
with ANIT (Fig. 1B). The TBIL and DBIL were both sharply increased in
two mouse lines after treatment with ANIT (P values were below 0.05,
Fig. 1C and D). The ALT and AST were increased by 9-fold and 12-fold
respectively in WT-A mice. In KO-A mice, they were increased by 20-
fold and 5-fold compared with KO-C group (P values were below 0.05,
Fig. 1E and F).

Pathological analysis of the hepatic tissues in both WT-C and KO-C
groups exhibited normal histology. In WT-A and KO-A groups, a loss of
cellular boundaries, degenerative changes and marked necrosis were
observed (Fig. 2A to H). The histopathological observations were not
different between WT-A and KO-A mice.

3.2. Serum metabolome comparison between wild-type and Pparα-null mice

In an unsupervised PCA analysis of the data sets from 4 groups of
mice, the samples in WT-A and KO-A mice clustered together respec-
tively but closed to each other. They both moved rightward in parallel
compared with the control mice. This change indicated the metabolome
difference in two mouse lines was weakened by ANIT and they were
modified in a quite similar manner (Fig. 3A).

In S-plots produced by OPLS-DA analysis between ANIT-treated
groups vs control groups of two mouse lines (Fig. 3B, C), 6 contributing
ions were identified as TCA, TUDCA, TCDCA, TDCA, T-αMCA and T-
ωMCA by comparison with authentic standards. After normalization
and relative quantification of peak areas of the above components, their
relative abundance in serum was found to be quite similar between two
mouse lines (Supplementary Fig. 1).

3.3. PPARα inhibited bile acid metabolism adaptation via cross-talk with
FXR

The Cyp7a1 and Cyp8b1 mRNAs level in the WT-A groups was not
different from those in the WT-C groups. But the Cyp7a1 and Cyp8b1
mRNAs level in the Pparα-null mice was decreased by 96.47% and
79.28% respectively (P values were below 0.05, Fig. 4A and B). Shp
mRNA was increased by 1-fold (P values were below 0.05) in the KO-A
group, but no increase in the WT-A group was observed (Fig. 4C). For
FXR, its mRNA level in WT-A was similar as the WT-C group, but in
Pparα-null mice, its mRNA level was also doubled compared with KO-C
group (Fig. 4D).

In western blot analysis, the CYP7A1 and CYP8B1 were inhibited in
the KO-A group, but no inhibition was observed in wild-type mice
(Fig. 4E and F). The protein level of FXR was obviously up-regulated in
KO-A group, which did not occur in WT-A group. Combining the above
Q-PCR analysis and WB results, the bile acid metabolism adaptation
was strongly adapted in Pparα-null mice and it was supposed to be
mediated by FXR pathway. The expression of PPARα target genes
(Ehhadh and Acox1) were not increased in two mouse lines (data not
shown), but the adaptation was almost totally inhibited in wild-type
mice. So the bile acid metabolism was inhibition in wild-type mice was
mediated by cross-talk between basal PPARα and FXR signaling.

The OstbmRNA in WT-A group was increased by 8-fold (P < 0.05).
But in the KO-A group, the level of OstbmRNA was increased by 41-fold
compared with the control mice (P < 0.05) (Fig. 5A). Bsep, Mrp3,
Mrp4, Mdr2 and Mdr1a were increased by 4-fold, 2-fold, 4-fold, 5-fold

and 7-fold respectively in KO-A group (P values were below 0.05). But
in wild-type mice, their increases were not observed (Fig. 5B, C, D. E
and F). However, there was an exception, the oatp1 mRNA decreased in
two mouse lines and showed no difference between WT-A and KO-A
group (85.32% and 92.53%, P values were below 0.05) (Supplementary
Fig. 2). Taken together, the Ostb, Besp, Mrp3, Mrp4, Mdr2 and Mdr1a
were adaptively modified in Pparα-null mice, not the wild-type mice,
indicating their adaptation was also inhibited by PPARα.

3.4. Basal PPARa inhibited inflammation in chronic cholestasis

c-Jun and c-Fos mRNAs were increased by 3-fold and 4-fold in the
WT-A group compared with WT-C group (P values were below 0.05). In
Pparα-null mice, c-Jun and c-Fos were not changed by ANIT (Fig. 6A and
B). Il6 was increased by 5-fold and 3-fold in wild-type mice and Pparα-
null mice respectively. It was obviously increased compared with con-
trol group (P values were below 0.05), but there was no difference
between two mouse lines (Fig. 6C). Socs3, Fga and Fgg mRNAs were
increased obviously in the KO-A group (2.12-fold, 1.9-fold and 1.8-fold,
P values were below 0.05), and no change in the WT-A group (Fig. 6D, E
and F). These data indicated the STAT3 pathway was activated in
Pparα-null mice, not the wild-type mice. Il1β and Il10 mRNAs were
increased by 6-fold and 12-fold in the KO-A group compared with KO-C
group (P values were below 0.05), but the difference of Il1β and Il10
between WT-C and WT-A were very slight (Fig. 6G and H).

4. Discussion

In this study, chronic cholestatic model was successfully induced by
feeding the wild-type mice and Ppara-null mice ANIT (0.05%)-con-
taining diet. Serum TBA, ALT and AST increased similarly in two mouse
lines treated with ANIT. However, the ALP in this model was not
modified by ANIT treatment in two mouse lines. In previous studies
(Dai et al., 2017; Luo et al., 2017), the ALP was sharply increased in
acute cholestasis models. This difference was supposed to relate with
adaptation of bile duct injury in chronic cholestasis. In the results of
pathological analysis, no obvious difference was observed. Bile acid
component TCA, TUDCA, TCDCA, TDCA, T-αMCA and T-ωMCA were
also similarly abundant between wild-type mice and Ppara-null mice.
So, the toxic phenotypes induced by ANIT in chronic cholestasis were
the same between two mouse lines (Fig. 7).

In acute cholestatic model induced by perfluorodecanoic acid, the
Cyp8b1 and Oatp1 mRNAs were decreased by 71%, 53% and 99%, 50%
in wild-type mice and Ppara-null mice respectively (Luo et al., 2017). In
wild-type mice and Ppara-null mice treated with single dose of ANIT
(75mg/kg−1, ig), the Cyp7a1, Cyp8b1, Oatp1 and Oatp2 were decreased
by 96.74%, 94.22%, 53.83% and 56.25% in wild-type mice at 48 h. In
Ppara-null mice, these genes were decreased by 99.87%, 92.85%,
82.37% and 85.52%. The level of Ostb increased by 204-fold and 225-
fold respectively, the Mrp4 increased by 6.2-fold and 5.3-fold respec-
tively in wild-type mice and Ppara-null mice. The two mouse lines ex-
hibited the same change (Dai et al., 2018). In this study, Cyp7a1 and
Cyp8b1 were decreased by 96.47% and 79.28% respectively in KO-A
mice, the Besp, Mrp3, Mrp4, Mdr2 and Mdr1a genes were all increased
by 4.27-fold, 2.37-fold, 4.31-fold, 5.69-fold and 7.62-fold respectively
in KO-A group. But in wild-type mice, all these genes were exhibited no
difference between control and ANIT-treated mice. These data in-
dicated the strong potential of PPARa to inhibit adaptation in chronic
cholestasis.

FXR is a master regulator maintaining the homeostasis of bile acids
(Sinal et al., 2000). FXR induced small heterodimer partner (SHP) and
FGF15 in the liver to inhibit the expression of CYP7A1, OSTB, MDR1
and MDR2 involved in bile acid synthesis and transport (Arrese and
Karpen, 2001; Inagaki et al., 2005; Modica et al., 2012). In this study,
Fxr mRNA was doubled in Ppara-null mice by ANIT, and the WB result
confirmed this up-regulation. Shp mRNA was found a 1.06-fold
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increase. However, these modifications did not occur in wild-type mice.
The expression of Cyp7a1, Cyp8b1 and transport genes (Besp, Mrp3,
Mrp4, Mdr2 and Mdr1a) were also up-regulated in Ppara-null mice, not
in wild-type mice, which were confirmed by WB. These differences
were all supposed to be regulated by the cross-talk between the basal
PPARa and FXR signaling.

Liver injury was associated with inflammation pathways including
JNK, NF-κB and STAT3 in acute models (Li et al., 2006; Liu et al.,
2014b; Ghonem et al., 2015). In mice treated with ANIT, the activation
of PPARα by Wy-14, 643 decreased the NF-κB/IL-6/STAT3 signaling,
and reduced liver injury (Fang et al., 2017). In acute cholestatic model
induced by ANIT (75mg/kg, ig), basal PPARa inhibited NF-κB/STAT3
signaling leading to decreased toxic response (Dai et al., 2018). In this
study, the inflammation was also obviously increased in KO-A mice and
no obvious change was observed in WT-A mice. The expression of
STAT3 target genes Socs3, Fga and Fgg mRNAs was increased in the KO-
A mice but not in the wild-type mice. These data supported that basal
PPARa played an anti-inflammation role in chronic cholestasis,
agreeing with that in acute cholestatic models.

Conclusively, the toxic phenotypes were similar between wild-type
and Pparα-null mice in chronic cholestatic model. Cross-talk between
basal PPARα and FXR inhibited bile acid metabolism adaptation
(Fig. 7). However, underlying the similar toxic phenotypes, basal
PPARα played a more important role in anti-inflammation than reg-
ulating adaptation to decrease toxicity.
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