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Peroxisome proliferator–activated receptor delta (PPARδ)
agonists have been shown to exert beneficial effects in liver
disease and reduce total bile acid levels. The mechanism(s)
whereby PPARδ agonism reduces bile acid levels are, however,
unknown, and therefore the aim of the present study was to
investigate the molecular pathways responsible for reducing
bile acid synthesis in hepatocytes, following treatment with the
selective PPARδ agonist, seladelpar. We show that adminis-
tration of seladelpar to WT mice repressed the liver expression
of cholesterol 7 alpha-hydroxylase (Cyp7a1), the rate-limiting
enzyme for bile acid synthesis, and decreased plasma 7α-hy-
droxy-4-cholesten-3-one (C4), a freely diffusible metabolite
downstream of Cyp7a1. In primary mouse hepatocytes, sela-
delpar significantly reduced the expression of Cyp7a1 inde-
pendent of the nuclear bile acid receptor, Farnesoid X receptor.
In addition, seladelpar upregulated fibroblast growth factor 21
(Fgf21) in mouse liver, serum, and in cultured hepatocytes. We
demonstrate that recombinant Fgf21 protein activated the c-
Jun N-terminal kinase (JNK) signaling pathway and repressed
Cyp7a1 gene expression in primary hepatocytes. The suppres-
sive effect of seladelpar on Cyp7a1 expression was blocked by a
JNK inhibitor as well as in the absence of Fgf21, indicating that
Fgf21 plays an indispensable role in PPARδ-mediated down-
regulation of Cyp7a1. Finally, reduction of CYP7A1 expression
by seladelpar was confirmed in primary human hepatocytes. In
conclusion, we show that seladelpar reduces bile acid synthesis
via an FGF21-dependent mechanism that signals at least
partially through JNK to repress CYP7A1.

Disrupted bile acid metabolism is closely associated with the
development of metabolic and liver diseases, including
nonalcoholic fatty liver disease (1), alcohol-associated liver
disease (2), primary biliary cholangitis (PBC), and primary
sclerosing cholangitis (3, 4). Farnesoid X receptor (FXR) and
small heterodimer partner (Shp) play a key role in regulating
bile acid synthesis in the liver. Bile acid–activated FXR induces
Shp which acts as a corepressor of liver X receptor alpha,
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hepatic nuclear factor 4 alpha, and liver receptor homolog 1 to
reduce the expression of cholesterol 7 alpha-hydroxylase
(Cyp7a1) (5), which catalyzes the rate-limiting step in the
conversion of cholesterol to bile acids (6). Although FXR/Shp
pathway plays a central role in the negative feedback regula-
tion of bile acid synthesis, dietary feeding of bile acid to Shp-
null mice results in further reduction of Cyp7a1 expression
(7, 8), implying that the FXR/Shp cascade may not be the only
pathway for downregulating bile acid synthesis.

Peroxisome proliferator–activated receptors (PPARs) are
members of the nuclear receptor family of ligand-activated
transcription factors and include PPAR-alpha (PPARA),
PPAR-delta (PPARD), and PPAR-gamma (PPARG). A
PPARA agonist inhibits bile acid synthesis (9) by attenuating
the transcription of Cyp7a1 (10). Our previous study showed
that the selective PPARD agonist seladelpar (MBX-8025) al-
leviates ethanol-induced liver disease in mice by reducing the
total bile acid pool and bile acid concentrations in the liver,
small intestine, and systemic circulation, and changes bile
acid composition (11). Seladelpar significantly decreased bile
acid precursor 7 alpha-hydroxy-4-cholesten-3-one (C4) and
total bile acids in patients with PBC (12, 13), indicating that
PPARD reduces bile acid synthesis, in humans. The aim of
our present study was to investigate the molecular mecha-
nism(s) whereby seladelpar, a selective PPARD agonist, de-
creases bile acid synthesis.
Results

The selective PPARD agonist seladelpar reduces hepatic
Cyp7a1 expression in mice

To examine the effect of the selective PPARD agonist
seladelpar on bile acid homeostasis in vivo, the expression of
genes involved in bile acid synthesis was investigated in the
liver and small intestine 6 h after oral administration of sela-
delpar in mice. Seladelpar reduced serum 7α-hydroxy-4-
cholesten-3-one (C4) (Fig. 1A), a marker for de novo bile
acid synthesis, and hepatic expression of Cyp7a1 (Fig. 1B),
which encodes the rate-limiting enzyme for bile acid synthesis.
No significant change was observed in hepatic Cyp7b1
(Fig. 1C), Cyp8b1 (Fig. 1D), or Cyp27a1 (Fig. 1E), which are
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Figure 1. Effect of seladelpar on gene expression in vivo. Male WT C57BL/6 mice were gavaged with seladelpar (10 mg/kg body weight) and harvested
after 6 h. A, serum C4. B–J, gene expression in the liver. K–N, gene expression in the ileum. O, Fgf15 in mouse serum. Results of gene expression were
obtained from two technical replicates. Data are presented as mean ± S.E.M., *p < 0.05 and **p < 0.01 denotes the significant difference between PBS and
seladelpar.

PPAR-delta agonist suppresses CYP7A1
responsible for alternative pathways for bile acid synthesis.
PPARD target genes pyruvate dehydrogenase kinase 4 (Pdk4)
and angiopoietin-like 4 (Angptl4) were significantly induced by
seladelpar in liver and terminal ileum (Fig. 1, F, G, K, and L),
whereas Ppard expression was unchanged (Fig. 1H). FXR
target genes Nr0b2 (encoding Shp) or ATP binding cassette
subfamily B member 11 (Abcb11) (known as bile salt export
pump) in the liver were not significantly changed (Fig. 1, I and
J), indicating that the FXR pathway is not affected by sela-
delpar. Slc10a2 (also known as apical sodium-dependent bile
acid transporter), which is responsible for the uptake of con-
jugated bile acids into enterocytes of the terminal ileum,
2 J. Biol. Chem. (2022) 298(7) 102056
showed no significant difference between the groups (Fig. 1M).
Fibroblast growth factor 15 (Fgf15), which negatively regulates
bile acid synthesis in hepatocytes, was unchanged following
seladelpar administration (Fig. 1, N and O). These results
suggest that seladelpar regulates bile acid synthesis in the liver
without affecting the gut-liver FXR-Fgf15 axis and enter-
ohepatic circulation.

Seladelpar reduces Cyp7a1 expression in primary mouse
hepatocytes

To evaluate the direct effect of seladelpar on Cyp7a1, pri-
mary hepatocytes isolated from WT C57BL/6 mice were



PPAR-delta agonist suppresses CYP7A1
treated with seladelpar. Seladelpar significantly reduced the
expression of Cyp7a1 (Fig. 2A) and slightly decreased the
expression of Cyp27a1, whereas Cyp7b1 and Cyp8b1 were not
significantly affected (Fig. 2, B–D). PPARD target genes Pdk4
and Angptl4 were induced by seladelpar (Fig. 2, E and F),
whereas Ppard, Ppara, and Pparg expression was unchanged
(Fig. S1). Immunoblot analysis confirmed that Cyp7a1 protein
was downregulated by seladelpar (Fig. 2G). The down-
regulation of Cyp7a1 gene expression in primary mouse he-
patocytes was confirmed by other PPARD agonists, REN001
and ASP0367 (Fig. S2, A and B).
Seladelpar reduces Cyp7a1 gene expression independent of
the FXR pathway

Since the FXR pathway plays an important role in the
negative feedback of bile acid synthesis, we next examined
whether modulation of the FXR pathway is involved in the
effect of seladelpar on Cyp7a1 expression. The FXR agonist,
GW4064, repressed Cyp7a1 gene expression (Fig. 3A)
accompanied with a significant increase in FXR target genes,
Nr0b2 and Abcb11 (Fig. 3, C and D), while seladelpar reduced
Cyp7a1 expression (Fig. 3A) without changing FXR target
genes (Fig. 3, C and D). The suppressive effect of GW4064 on
Cyp7a1 expression was blocked by the treatment with the FXR
antagonist, DY268 (Fig. 3A). On the other hand, seladelpar still
decreased Cyp7a1 expression in the presence of DY268
Cyp7a1
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Figure 2. Effect of seladelpar on gene expression in primary mouse he
(3–30 μM) for 48 h, and gene expression analysis was performed. G, Western bl
72 h. qPCR data are presented as mean ± S.E.M. of at least three independent r
seladelpar.
(Fig. 3A), indicating that seladelpar downregulates Cyp7a1
gene expression independent of the FXR pathway.

Fgf21 expression is induced by seladelpar independent of
PPARA

Since Fgf21 negatively regulates Cyp7a1 expression (14) and
Fgf21 is induced by PPARA activation (15–18), we hypothe-
sized that Fgf21 may play an important role in the effect of the
PPARA agonist on inhibiting Cyp7a1. The effect of seladelpar
was compared with that of a PPARA agonist. Gene expression
of Fgf21 in the liver (Fig. 4A) and serum Fgf21 (Fig. 4B) were
significantly increased following gavage of seladelpar to WT
C57BL/6 mice. Fgf21 concentration was higher in the super-
natant of primary mouse hepatocytes stimulated with sela-
delpar (Fig. 4C). The gene expression of Fgf21 in primary
hepatocytes was significantly upregulated by seladelpar, the
PPARA agonist Wy14643, and other PPARD agonists REN001
and ASP0367 (Figs. 4D, and S2C). To rule out the possibility
that Fgf21 induction by seladelpar was based on the activation
of PPARA, primary hepatocytes isolated from Ppara-deficient
mice were treated with seladelpar or Wy14643. As a result,
only seladelpar induced the expression of Fgf21 and Pdk4 and
inhibited Cyp7a1 (Fig. 4, G–I). In addition, the effect of sela-
delpar was still observed in the presence of the selective
PPARG antagonist GW9662 (Fig. S3). Furthermore, the effect
of seladelpar on the expression of Cyp7a1 and Fgf21 was
abolished by gene knockdown of Ppard (Fig. S4). These results
C
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Figure 3. Effect of seladelpar on the FXR pathway in primary mouse hepatocytes. Primary mouse hepatocytes were treated with either seladelpar
(10 μM) or the FXR agonist GW4064 (10 μM) in combination with either DMSO or the FXR antagonist DY268 (10 μM) for 48 h, and gene expression analysis
was performed. Data are presented as mean ± S.E.M. of at least three independent replicates. *p < 0.05 and **p < 0.01 denote the significant difference
between control and seladelpar or GW4064 in each condition. FXR, Farnesoid X receptor.

PPAR-delta agonist suppresses CYP7A1
indicate that seladelpar induces Fgf21 through PPARD
activation.

Fgf21 activates JNK signaling pathway to inhibit Cyp7a1
expression

Recombinant Fgf21 protein repressed the gene expression of
Cyp7a1 in primary mouse hepatocytes (Fig. 5A). In addition,
Fgf21 activated the c-Jun N-terminal kinase (JNK) signaling
pathway (Fig. 5B). The suppressive effect of Fgf21 on Cyp7a1
expression was abolished by the JNK inhibitor SP600125
(Fig. 5C). Furthermore, SP600125 blocked the effect of sela-
delpar on Cyp7a1 expression (Fig. 5D). Recombinant Fgf21 did
not change the gene expression of Ppard or Pdk4 (Fig. S5).
These results indicate that PPARD-induced Fgf21 activates the
JNK signaling pathway, which plays a role in reducing Cyp7a1
in hepatocytes.

Seladelpar is unable to reduce Cyp7a1 in Fgf21-deficient mice

To determine the importance of Fgf21 in mediating the
inhibitory effect of seladelpar on Cyp7a1 expression, primary
hepatocytes isolated from WT and Fgf21-deficient (Fgf21-/-)
mice were treated with seladelpar, Wy14643, or GW4064.
While seladelpar concentration dependently downregulated
Cyp7a1 gene expression in the WT hepatocytes, no significant
change was observed in the cells isolated from Fgf21-/- mice
4 J. Biol. Chem. (2022) 298(7) 102056
(Fig. 6A). Pdk4 was induced by seladelpar in both cells
(Fig. 6B), confirming PPARD activation. Fgf21 was induced by
seladelpar only in WT but not in Fgf21-/- hepatocytes (Fig. 6C).
Oral administration of seladelpar to WT mice significantly
reduced hepatic expression of Cyp7a1, whereas no effect of
seladelpar was observed in Fgf21-/- mice (Fig. 6D). Similarly,
the PPARA agonist Wy14643 suppressed the expression of
Cyp7a1 only in WT hepatocytes but not in Fgf21-/- hepatocytes
(Fig. 6E). The FXR agonist GW4064 reduced the expression of
Cyp7a1 in WT and Fgf21-/- hepatocytes (Fig. 6F). These results
indicate that Fgf21 plays an essential role in mediating the
suppressive effect of seladelpar on Cyp7a1 expression.

Seladelpar reduces CYP7A1 expression in primary human
hepatocytes

To confirm our findings in human cells, primary human
hepatocytes were treated with seladelpar. Seladelpar signifi-
cantly reduced the gene expression of CYP7A1 (Fig. 7A) and
slightly downregulated CYP7B1 (Fig. 7B), without affecting
CYP8B1 or CYP27A1 (Fig. 7, C and D) and increased the
expression of PDK4 and FGF21 (Fig. 7, E and F).

Discussion

As a selective agonist of PPARD, seladelpar has demon-
strated multiple beneficial effects in patients with either
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PPAR-delta agonist suppresses CYP7A1
NASH (19) or PBC (12). Changes in bile acid composition
and an increase in systemic bile acids are associated with both
diseases (20, 21) and seladelpar decreased total bile acids in
patients with PBC (12, 13). In humans, seladelpar adminis-
tration decreases plasma C4 levels (12, 13, 19). Our present
study is the first to describe that PPARD agonism decreases
bile acid synthesis by repressing the expression of Cyp7a1,
without affecting the alternative bile acid synthesis pathway
and independent of the FXR pathway. We propose that
seladelpar-mediated induction of Fgf21 plays an important
role in reducing bile acid synthesis following PPARD agonism
(Fig. 8).

Activation of PPARA strongly induces Fgf21 in the liver
(15–18). By contrast, less is known about PPARD regulating
hepatic Fgf21 expression. The PPARD receptor antagonist
GSK0660 abolishes leptin-induced Fgf21 expression in the
adipose tissue of rats (22). In human subjects, plasma Fgf21
levels increase after the treatment with PPARD agonist
GW590735 or PPARA agonist GW501516 (23). These
6 J. Biol. Chem. (2022) 298(7) 102056
studies indicate that PPARD activation induces hepatic
expression of Fgf21. Contrary to these findings, PPARD
deficiency results in increased serum and liver Fgf21 levels in
mice (24). This discrepancy may be explained by an indirect
mechanism of Fgf21 induction in PPARD-deficient mice.
Two potential mechanisms can be postulated whereby Fgf21
is induced in PPARD KO mice. First, PPARD deficiency re-
sults in a reduction of peroxisome proliferator–activated
receptor-gamma coactivator (Pgc)-1a expression and hemin
levels, which, in turn, activates the heme-regulated eukary-
otic translation initiation factor 2a (eIF2a) kinase. Phos-
phorylated elF2a increases activating transcription factor 4
(ATF4), which is responsible for inducing the hepatokine
(25), resulting in enhanced expression of Fgf21. Second,
PPARD binds B-cell lymphoma-6 (BCL-6), in an agonist
independent manner, reducing BCL-6–mediated gene tran-
scription. In PPARD-/- animals or cells, BCL-6 is now
available to maximize gene transcription (26–28). In our
study, seladelpar induced Fgf21 expression in vivo and in
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Figure 6. Effect of seladelpar on Cyp7a1 expression in Fgf21 deficient hepatocytes. A–C, primary mouse hepatocytes isolated from WT or Fgf21-/- were
treated with seladelpar (0.1–10 μM). E, Wy14643 (10 μM) or F, GW4064 (10 μM) for 48 h. D, littermate WT and Fgf21-/- were gavaged with PBS or seladelpar
(10 mg/kg body weight) and harvested after 6 h. Hepatic expression of Cyp7a1 was examined. qPCR data are presented as mean ± S.E.M. of at least three
independent replicates. Two technical replicates were performed for mouse experiments. *p < 0.05 and **p < 0.01 denote the significant difference
between control and treatment in each condition.

PPAR-delta agonist suppresses CYP7A1
primary mouse and human hepatocytes. Importantly, hepa-
tocytes isolated from PPARA-/- mice, seladelpar still induced
Fgf21 and repressed Cyp7a1. Even though small differences
in Cyp7a1 expression between control and seladelpar were
noted, seladelpar clearly induced the expression of Fgf21
independent of PPARA.

Fgf21 has been shown to negatively regulate Cyp7a1
expression in human hepatocytes and some rodent models
(14). Consistent with this, we showed treatment with recom-
binant Fgf21 protein downregulated the gene expression of
Cyp7a1 in primary mouse hepatocytes. However, the effect of
Fgf21 on bile acid homeostasis might vary depending on the
experimental condition, since chronic overexpression of Fgf21
in mice increases the expression of Cyp7a1 in the liver,
resulting in an increased bile acid pool (29). Fgf21 shares the
binding site to βKlotho with FGF15/19 (30, 31), and Fgf21 can
J. Biol. Chem. (2022) 298(7) 102056 7
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Figure 7. Effect of seladelpar on CYP7A1 expression in primary human hepatocytes. Primary human hepatocytes were treated with seladelpar (10 μM)
for 48 h and gene expression was analyzed by qPCR. Data are presented as mean ± S.E.M. of two independent replicates. *p < 0.05 and **p < 0.01 denote
the significant difference between control and seladelpar.

PPAR-delta agonist suppresses CYP7A1
antagonize the function of Fgf15-mediated inhibition of bile
acid synthesis. Taking into account that Fgf15 more potently
downregulates the expression of Cyp7a1 than Fgf21 does in
human hepatocytes (14), chronic overexpression of Fgf21
Figure 8. Schematic diagram. PPARD and PPARA agonists induce Fgf21 to
activate JNK signaling pathway in hepatocytes, subsequently suppressing
the transcription of Cyp7a1, which is independent from FXR/Shp pathway.
Cartoon was created with BioRender.com . FXR, Farnesoid X receptor; JNK, c-
Jun N-terminal kinase; PPARD, peroxisome proliferator–activated receptor
delta; PPARA, peroxisome proliferator–activated receptor alpha; Shp, small
heterodimer partner.
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might work in favor of inhibiting the function of Fgf15 as a
negative regulator of Cyp7a1 expression in the latter study,
resulting in an increase in Cyp7a1 expression. On the other
hand, a marker for de novo synthesis of bile acids and serum
bile acids were decreased after 52 w of treatment with sela-
delpar in PBC patients (13), suggesting that transient induction
of Fgf21 affects bile acid synthesis differently from chronic
overexpression of Fgf21. Further studies are required to better
understand the interaction between Fgf21- and Fgf15/19-
mediated bile acid regulation.

JNK signaling regulates bile acid homeostasis independent
of Shp in hepatocytes. For example, inflammatory cytokines,
such as Interleukin 1 beta and tumor necrosis factor activate
JNK signaling in hepatocytes to inhibit Cyp7a1 expression (32,
33). Hepatic JNK deficiency alters bile acid homeostasis,
causing cholestasis and liver damage (34). In our present study,
Fgf21 activated JNK, while a JNK inhibitor blocked the sup-
pressive effect of Fgf21 and seladelpar on Cyp7a1 transcrip-
tion, indicating that Fgf21 also regulates bile acid homeostasis
through the JNK signaling pathway, and the effect of PPARD
agonist on bile acid synthesis is at least partially mediated by
the Fgf21/JNK cascade.

In summary, the selective PPARD agonist seladelpar reduces
CYP7A1 in both mouse and human hepatocytes via induction

http://BioRender.com


PPAR-delta agonist suppresses CYP7A1
of FGF21, not via PPARD repressive elements in the CYP7A1
promotor. Hepatic expression of FGF21 is induced by PPARD
agonism, and FGF21 plays a key, perhaps exclusive, role in the
PPARD-mediated repression of CYP7A1 in the liver.

Experimental procedures

Reagents

Seladelpar (MBX-8025) was provided by CymaBay Thera-
peutics. Wy14643 (PPARα agonist) and GW4064 (FXR
agonist) were purchased from MilliporeSigma. DY268 (FXR
antagonist) was from Axon Medchem. PPARG antagonist
GW9662 was from Tocris Bioscience. FGF21 recombinant
protein was from Thermo Fisher Scientific (8409FG025). Anti-
Cyp7a1 antibody was obtained from abcam (ab65595). Anti-
GAPDH antibody was purchased from GeneTex
(GTX100118, GeneTex). pJNK antibody (9251S) and SAPK/
JNK antibody (9252S) were purchased from Cell Signaling.
SP600125 (JNK inhibitor) was purchased from AdooQ
BIOSCIENCE. ON-TARGET plus Mouse Ppard siRNAs and
Non-targeting Control siRNA were purchased from Horizon
Discovery.

Mice

WT C57BL/6 mice were bred in the vivarium at UCSD.
PPARα-deficient mice were purchased from The Jackson
Laboratory. Fgf21-deficient mice and their WT littermate mice
have been described (35). Male mice were gavaged with vehicle
(PBS) or seladelpar (10 mg/kg body weight), and liver and
ileum were harvested 6 h later. Mice had free access to food
and water and were maintained on 12 h artificial light and dark
cycle. All animal studies were reviewed and approved by the
Institutional Animal Care and Use Committee of the Univer-
sity of California (UCSD).

C4 measurement

C4 levels were determined using a tandem LC/MS/MS at
Quintara Discovery as described (11).

Isolation and culture of primary mouse hepatocytes

Primary mouse hepatocytes were isolated from 9- to 15-
week-old mice. After mice were anesthetized using a keta-
mine/xylazine mixture, the vena cava was cannulated, and the
liver was perfused for 5 min at 10 ml/min with perfusion
buffer, followed by the buffer containing collagenase D and
collagenase P (Roche Diagnostics) at 10 ml/min for 7 min. The
liver was dissected from the mice and ruptured with forceps in
Dulbecco’s modified Eagle’s medium (DMEM) containing 10%
fetal bovine serum (FBS). The cells were filtered through a
70 μm cell strainer. Hepatocytes were obtained by centrifu-
gation at 84g for 1 min. Isolated cells were plated in 6-well
collagen-coated plates in DMEM containing 10% FBS,
0.35 μM insulin, and 0.1 μM dexamethasone. After a 3-h
attachment, the cell medium was changed, and cells were
treated with tested compounds in the medium with 10% FBS.
Except for a dose response experiment in Figs. 2 and 6, a
seladelpar concentration of 10 μM was used to treat isolated
hepatocytes. This is similar to plasma concentrations in clin-
ical trials (36).
Isolation of primary human hepatocytes

Deidentified livers declined for transplantation were used
in this study; the patient’s consent was obtained by www.
lifesharing.org. This project (171883XX) has been
reviewed by the Director of the UCSD HRPP, IRB Chair or
the IRB Chair’s designee and is certified as not qualifying as
human subjects research according to the Code of Federal
Regulations, Title 45, Part 46 and UCSD Standard Oper-
ating Policies and Procedures and therefore does not
require IRB review. Livers were graded for steatosis,
inflammation, and fibrosis by a pathologist using a double-
blinded method. Primary human hepatocytes were isolated
as described (37).
Real-time quantitative PCR

Total RNA was extracted from frozen tissue or hepatocytes
using Trizol (Invitrogen). Complementary DNAs (cDNAs)
were generated using the high-capacity cDNA reverse tran-
scription kit (Applied Biosystems). The cDNA was amplified
and quantified using SYBR Green (Bio-Rad Laboratories).
Relative gene expression was determined by CT value and
normalized to Gapdh as the housekeeping gene. Primer se-
quences are listed below:

Mouse Gapdh forward TTGATGGCAACAATCTCCAC
Mouse Gapdh reverse CGTCCCGTAGACAAAATGGT
Mouse Cyp7a1 forward GGGAATGCCATTTACTTGGA
Mouse Cyp7a1 reverse GTCCGGATATTCAAGGATGC
Mouse Cyp7b1 forward TCCTAGGCCTTCTCTTTGCC
Mouse Cyp7b1 reverse TTATCAAGGGTGGTTCACGA
Mouse Cyp8b1 forward TCCTCAGGGTGGTACAGGAG
Mouse Cyp8b1 reverse GATAGGGGAAGAGAGCCACC
Mouse Cyp27a1 forward CTATGTGCTGCACTTGCCC
Mouse Cyp27a1 reverse ACTTGCCCTCCTGTCTCATC
Mouse Nr0b2 forward TCTGCAGGTCGTCCGACTATTC
Mouse Nr0b2 reverse AGGCAGTGGCTGTGAGATGC
Mouse Pdk4 forward GGGTCTCAATAGTGTCACC
Mouse Pdk4 reverse GTGGGCCTGGGCATTTAGCA
Mouse Angptl4 forward AAGATGACCCAGCTCATTGG
Mouse Angptl4 reverse GGAAAAGTCCACTGTGCCTC
Mouse Abcb11 forward AAGGACAGCCACACCAACTC
Mouse Abcb11 reverse CCAGAACATGACAAACGGAA
Mouse Fgf21 forward CCTGGGTGTCAAAGCCTCTA
Mouse Fgf21 reverse CTCCAGCAGCAGTTCTCTGA
Mouse Fgf15 forward GAGGACCAAAACGAACGAAATT
Mouse Fgf15 reverse ACGTCCTTGATGGCAATCG
Mouse Slc10a2 forward TGGTGTAGACGAAGAGGCAA
Mouse Slc10a2 reverse GCCTATTGGATAGATGGCGA
Human GAPDH forward GTCTCCTCTGACTTCAA

CAGCG
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Human GAPDH reverse ACCACCCTGTTGCTGTA
GCCAA

Human CYP7A1 forward GAGAAGGCAAACGGG
TGAAC

Human CYP7A1 reverse GGATTGGCACCAAATT
GCAGA

Human CYP7B1 forward GCTTCCTTATCTTGGA
GTGG

Human CYP7B1 reverse GAGCTGCAGAATGGATACAG
Human CYP8B1 forward GCCGACTCCAGCGTCTCTC
Human CYP8B1 reverse GCCCGCCGTTGCTGAGCT
Human CYP27A1 forward TGCGCCAGGCTCTGAA

CCAG
Human CYP27A1 reverse TCCACTTGGGGAGGAA

GGTG
Human PDK4 forward AGAGCCTGATGGATTTGGTG
Human PDK4 reverse GCTTGGGTTTCCTGTCTGTG
Human FGF21 forward CTGTGGGTTTCTGTGCTGG
Human FGF21 reverse CCGGCTTCAAGGCTTTCAG

Immunoblotting

Cell lysate was prepared with RIPA buffer (Thermo Fisher
Scientific) containing protease inhibitors (Roche Diagnostics)
and Halt phosphatase inhibitors (Thermo Fisher Scientific).
Proteins were separated by SDS-PAGE and transferred to
polyvinylidene difluoride membranes (Bio-Rad Laboratories).
Immunoblot analysis was performed using antibodies dis-
solved in 5% bovine serum albumin in TBS containing 0.05%
Tween 20. Protein bands were detected with ECL (Thermo
Fisher Scientific) using an Imaging System (Bio-Rad
Laboratories).

ELISA

Mouse serum samples were prepared by centrifugation at
4000g for 20 min, and serum Fgf21 and Fgf15 were detected
using the Mouse/rat Fgf21 Quantikine ELISA Kit (MF2100,
R&D Systems) and the Mouse Fgf15 ELISA Kit (LS-F11446,
LSBio) respectively, according to the manufacturer’s
instructions.

siRNA mediated Ppard knockdown study

Three hours after the isolation, primary mouse hepatocytes
were transfected with control siRNA or mouse Ppard siRNA
using Lipofectamine 3000 Transfection Reagent (Invitrogen)
according to the manufacturer’s instruction. After 24-h incu-
bation, cells were treated with seladelpar for 48 h and then
used for qPCR.

Statistical analysis

All data are expressed as mean ± S.E.M. For comparison of
two groups, an unpaired Student’s t test was performed. For
multiple groups comparison within one experimental setting,
one-way ANOVA with Dunnett’s post hoc test or Tukey’s post
hoc test was conducted. Statistical analyses were performed
with GraphPad Prism (V.9.2.0). A p value < 0.05 was
considered significant.
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Supporting information—This article contains supporting
information.

Acknowledgments—This study was supported by a laboratory ser-
vice agreement from CymaBay to the University of California San
Diego. This work was supported by the services provided by the
National Institutes of Health centers P30 DK120515 and P50
AA011999.

Author contributions—B. S. conceptualization; T. K., X. L., and H. Z.
investigation; T. K. writing-original draft; T. K. and B. S. supervision;
E. E. C. resources; B. S. funding acquisition; B. S. writing–review and
editing.

Funding and additional information—This study was supported in
part by National Institutes of Health grants R01 AA24726, R37
AA020703, U01 AA026939, and U01 AA026939-04S1, by Award
Number BX004594 from the Biomedical Laboratory Research &
Development Service of the VA Office of Research and Develop-
ment and a Biocodex Microbiota Foundation Grant (to B. S.),
R01DK101737, U01AA022614, R01DK099205, R01DK111866,
R01AA028550, U01AA018663, U01AA029019, R01DK091183, and
R01DK09920 (to Tatiana Kisseleva). The content is solely the re-
sponsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

Conflicts of interest—E. E. C. is employee of CymaBay. All other
authors declare that they have no conflicts of interest with the
contents of this article.

Abbreviations—The abbreviations used are: FBS, fetal bovine serum;
FXR, Farnesoid X receptor; JNK, c-Jun N-terminal kinase; PBC,
primary biliary cholangitis; PPAR, peroxisome proliferator–
activated receptor; PPARA, PPAR-alpha; PPARD, PPAR-delta;
PPARG, PPAR-gamma; Shp, small heterodimer partner.

References

1. Gottlieb, A., and Canbay, A. (2019) Why bile acids are so important in
non-alcoholic fatty liver disease (NAFLD) progression. Cells 8, 1358

2. Brandl, K., Hartmann, P., Jih, L. J., Pizzo, D. P., Argemi, J., Ventura-Cots,
M., et al. (2018) Dysregulation of serum bile acids and FGF19 in alcoholic
hepatitis. J. Hepatol. 69, 396–405

3. Kaplan, M. M., and Gershwin, M. E. (2005) Primary biliary cirrhosis. N.
Engl. J. Med. 353, 1261–1273

4. Trottier, J., Białek, A., Caron, P., Straka, R. J., Heathcote, J., Milkiewicz, P.,
et al. (2012) Metabolomic profiling of 17 bile acids in serum from patients
with primary biliary cirrhosis and primary sclerosing cholangitis: A pilot
study. Dig. Liver Dis. 44, 303–310

5. Petrescu, A. D., and DeMorrow, S. (2021) Farnesoid X receptor as target
for therapies to treat cholestasis-induced liver injury. Cells 10, 1846

6. Chiang, J. Y. L., and Ferrell, J. M. (2020) Up to date on cholesterol 7
alpha-hydroxylase (CYP7A1) in bile acid synthesis. Liver Res. 4, 47–63

7. Kerr, T. A., Saeki, S., Schneider, M., Schaefer, K., Berdy, S., Redder, T.,
et al. (2002) Loss of nuclear receptor SHP impairs but does not elimi-
nate negative feedback regulation of bile acid synthesis. Dev. Cell 2,
713–720

8. Wang, L., Lee, Y. K., Bundman, D., Han, Y., Thevananther, S., Kim, C. S.,
et al. (2002) Redundant pathways for negative feedback regulation of bile
acid production. Dev. Cell 2, 721–731

http://refhub.elsevier.com/S0021-9258(22)00496-3/sref1
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref1
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref2
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref2
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref2
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref3
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref3
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref4
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref4
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref4
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref4
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref5
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref5
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref6
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref6
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref7
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref7
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref7
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref7
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref8
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref8
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref8


PPAR-delta agonist suppresses CYP7A1
9. Chiang, J. Y. (1998) Regulation of bile acid synthesis. Front. Biosci. 3,
d176–193

10. Marrapodi, M., and Chiang, J. Y. (2000) Peroxisome proliferator-activated
receptor alpha (PPARalpha) and agonist inhibit cholesterol 7alpha-hy-
droxylase gene (CYP7A1) transcription. J. Lipid Res. 41, 514–520

11. Chu, H., Jiang, L., Gao, B., Gautam, N., Alamoudi, J. A., Lang, S., et al.
(2021) The selective PPAR-delta agonist seladelpar reduces ethanol-
induced liver disease by restoring gut barrier function and bile acid ho-
meostasis in mice. Transl Res. 227, 1–14

12. Jones, D., Boudes, P. F., Swain, M. G., Bowlus, C. L., Galambos, M. R.,
Bacon, B. R., et al. (2017) Seladelpar (MBX-8025), a selective PPAR-δ
agonist, in patients with primary biliary cholangitis with an inadequate
response to ursodeoxycholic acid: a double-blind, randomised, placebo-
controlled, phase 2, proof-of-concept study. Lancet Gastroenterol. Hep-
atol. 2, 716–726

13. Kremer, A. E., Mayo, M. J., Hirschfield, G., Levy, C., Bowlus, C. L., Jones,
D. E., et al. (2022) Seladelpar improved measures of pruritus, sleep, and
fatigue and decreased serum bile acids in patients with primary biliary
cholangitis. Liver Int. 42, 112–123

14. Chen, M. M., Hale, C., Stanislaus, S., Xu, J., and Véniant, M. M. (2018)
FGF21 acts as a negative regulator of bile acid synthesis. J. Endocrinol.
237, 139–152

15. Badman, M. K., Pissios, P., Kennedy, A. R., Koukos, G., Flier, J. S., and
Maratos-Flier, E. (2007) Hepatic fibroblast growth factor 21 is regulated
by PPARalpha and is a key mediator of hepatic lipid metabolism in ketotic
states. Cell Metab. 5, 426–437

16. Inagaki, T., Dutchak, P., Zhao, G., Ding, X., Gautron, L., Parameswara, V.,
et al. (2007) Endocrine regulation of the fasting response by PPARalpha-
mediated induction of fibroblast growth factor 21. Cell Metab. 5, 415–425

17. Gälman, C., Lundåsen, T., Kharitonenkov, A., Bina, H. A., Eriksson, M.,
Hafström, I., et al. (2008) The circulating metabolic regulator FGF21 is
induced by prolonged fasting and PPARalpha activation in man. Cell
Metab. 8, 169–174

18. Lundåsen, T., Hunt, M. C., Nilsson, L. M., Sanyal, S., Angelin, B., Alex-
son, S. E., et al. (2007) PPARalpha is a key regulator of hepatic FGF21.
Biochem. Biophys. Res. Commun. 360, 437–440

19. Harrison, S. A., Gunn, N. T., Khazanchi, A., Guy, C. D., Brunt, E. M.,
Moussa, S., et al. (2020) A 52-week multi-center double-blind random-
ized phase 2 study of seladelpar, a potent and selective peroxisome pro-
liferator-activated receptor delta (PPAR-delta) agonist, in patients with
nonalcoholic steatohepatitis (NASH). Hepatology 72, 1042A

20. Ferslew, B. C., Xie, G., Johnston, C. K., Su, M., Stewart, P. W., Jia, W.,
et al. (2015) Altered bile acid metabolome in patients with nonalcoholic
steatohepatitis. Dig. Dis. Sci. 60, 3318–3328

21. Li, Z., Lin, B., Lin, G., Wu, Y., Jie, Y., Li, X., et al. (2017) Circulating
FGF19 closely correlates with bile acid synthesis and cholestasis in pa-
tients with primary biliary cirrhosis. PLoS One 12, e0178580

22. Mazuecos, L., Pintado, C., Rubio, B., Guisantes-Batán, E., Andrés, A., and
Gallardo, N. (2021) Leptin, acting at central level, increases FGF21
expression in white adipose tissue via pparβ/δ. Int. J. Mol. Sci. 22, 4624

23. Christodoulides, C., Dyson, P., Sprecher, D., Tsintzas, K., and Karpe, F.
(2009) Circulating fibroblast growth factor 21 is induced by peroxisome
proliferator-activated receptor agonists but not ketosis in man. J. Clin.
Endocrinol. Metab. 94, 3594–3601

24. Zarei, M., Barroso, E., Leiva, R., Barniol-Xicota, M., Pujol, E., Escolano, C.,
et al. (2016) Heme-regulated eIF2α kinase modulates hepatic FGF21 and
is activated by pparβ/δ deficiency. Diabetes 65, 3185–3199

25. De Sousa-Coelho, A. L., Marrero, P. F., and Haro, D. (2012) Activating
transcription factor 4-dependent induction of FGF21 during amino acid
deprivation. Biochem. J. 443, 165–171

26. Sommars, M. A., Ramachandran, K., Senagolage, M. D., Futtner, C. R.,
Germain, D. M., Allred, A. L., et al. (2019) Dynamic repression by BCL6
controls the genome-wide liver response to fasting and steatosis. Elife 8,
e43922

27. Ravaux, L., Denoyelle, C., Monne, C., Limon, I., Raymondjean, M., and El
Hadri, K. (2007) Inhibition of interleukin-1beta-induced group IIA
secretory phospholipase A2 expression by peroxisome proliferator-
activated receptors (PPARs) in rat vascular smooth muscle cells: Coop-
eration between PPARbeta and the proto-oncogene BCL-6. Mol. Cell
Biol. 27, 8374–8387

28. Lee, C. H., Chawla, A., Urbiztondo, N., Liao, D., Boisvert, W. A., Evans,
R. M., et al. (2003) Transcriptional repression of atherogenic inflamma-
tion: modulation by PPARdelta. Science 302, 453–457

29. Zhang, J., Gupte, J., Gong, Y., Weiszmann, J., Zhang, Y., Lee, K. J., et al.
(2017) Chronic over-expression of fibroblast growth factor 21 increases
bile acid biosynthesis by opposing FGF15/19 action. EBioMedicine 15,
173–183

30. Wu, X., Lemon, B., Li, X., Gupte, J., Weiszmann, J., Stevens, J., et al.
(2008) C-terminal tail of FGF19 determines its specificity toward Klotho
co-receptors. J. Biol. Chem. 283, 33304–33309

31. Goetz, R., Ohnishi, M., Ding, X., Kurosu, H., Wang, L., Akiyoshi, J., et al.
(2012) Klotho coreceptors inhibit signaling by paracrine fibroblast growth
factor 8 subfamily ligands. Mol. Cell Biol. 32, 1944–1954

32. Li, T., Jahan, A., and Chiang, J. Y. (2006) Bile acids and cytokines inhibit
the human cholesterol 7 alpha-hydroxylase gene via the JNK/c-jun
pathway in human liver cells. Hepatology 43, 1202–1210

33. Miyake, J. H., Wang, S. L., and Davis, R. A. (2000) Bile acid induction of
cytokine expression by macrophages correlates with repression of hepatic
cholesterol 7alpha-hydroxylase. J. Biol. Chem. 275, 21805–21808

34. Manieri, E., Folgueira, C., Rodríguez, M. E., Leiva-Vega, L., Esteban-
Lafuente, L., Chen, C., et al. (2020) JNK-mediated disruption of bile acid
homeostasis promotes intrahepatic cholangiocarcinoma. Proc. Natl.
Acad. Sci. U. S. A. 117, 16492–16499

35. Potthoff, M. J., Inagaki, T., Satapati, S., Ding, X., He, T., Goetz, R., et al.
(2009) FGF21 induces PGC-1alpha and regulates carbohydrate and fatty
acid metabolism during the adaptive starvation response. Proc. Natl.
Acad. Sci. U. S. A. 106, 10853–10858

36. Lily, Z., Mao, C. L. B., Levy, C., Odin, J. A., Stanca, C., Trivedi, P., et al.
(2019) Pharmacokinetics of seladelpar in patients with primary biliary
cholangitis (PBC) with or without cirrhosis. Hepatology 70, 807A

37. Ma, H. Y., Yamamoto, G., Xu, J., Liu, X., Karin, D., Kim, J. Y., et al. (2020)
IL-17 signaling in steatotic hepatocytes and macrophages promotes he-
patocellular carcinoma in alcohol-related liver disease. J. Hepatol. 72,
946–959
J. Biol. Chem. (2022) 298(7) 102056 11

http://refhub.elsevier.com/S0021-9258(22)00496-3/sref9
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref9
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref10
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref10
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref10
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref11
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref11
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref11
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref11
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref12
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref12
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref12
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref12
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref12
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref12
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref13
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref13
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref13
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref13
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref14
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref14
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref14
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref15
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref15
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref15
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref15
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref16
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref16
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref16
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref17
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref17
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref17
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref17
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref18
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref18
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref18
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref19
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref19
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref19
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref19
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref19
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref20
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref20
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref20
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref21
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref21
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref21
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref22
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref22
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref22
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref23
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref23
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref23
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref23
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref24
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref24
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref24
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref25
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref25
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref25
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref26
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref26
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref26
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref26
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref27
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref27
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref27
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref27
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref27
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref27
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref28
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref28
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref28
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref29
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref29
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref29
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref29
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref30
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref30
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref30
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref31
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref31
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref31
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref32
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref32
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref32
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref33
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref33
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref33
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref34
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref34
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref34
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref34
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref35
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref35
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref35
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref35
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref36
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref36
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref36
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref37
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref37
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref37
http://refhub.elsevier.com/S0021-9258(22)00496-3/sref37

	Selective PPARδ agonist seladelpar suppresses bile acid synthesis by reducing hepatocyte CYP7A1 via the fibroblast growth f ...
	Results
	The selective PPARD agonist seladelpar reduces hepatic Cyp7a1 expression in mice
	Seladelpar reduces Cyp7a1 expression in primary mouse hepatocytes
	Seladelpar reduces Cyp7a1 gene expression independent of the FXR pathway
	Fgf21 expression is induced by seladelpar independent of PPARA
	Fgf21 activates JNK signaling pathway to inhibit Cyp7a1 expression
	Seladelpar is unable to reduce Cyp7a1 in Fgf21-deficient mice
	Seladelpar reduces CYP7A1 expression in primary human hepatocytes

	Discussion
	Experimental procedures
	Reagents
	Mice
	C4 measurement
	Isolation and culture of primary mouse hepatocytes
	Isolation of primary human hepatocytes
	Real-time quantitative PCR
	Immunoblotting
	ELISA
	siRNA mediated Ppard knockdown study
	Statistical analysis

	Data availability
	Supporting information
	Author contributions
	Funding and additional information
	References


