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Abstract
Aberrant epigenetic alterations during development may result in long-term epigenetic memory
and have a permanent effect on the health of subjects. Constitutive androstane receptor (CAR;
NR1I3) is a central regulator of drug/xenobiotic metabolism. Here, we report that transient
neonatal activation of CAR results in epigenetic memory and a permanent change of liver drug
metabolism. CAR activation by neonatal exposure to a CAR-specific ligand, 1,4-bis[2-(3,5-
dichloropyridyloxy)] benzene (TCPOBOP) led to persistently induced expression of the CAR
target genes Cyp2B10 and Cyp2C37 throughout the life of exposed mice. These mice showed a
permanent reduction in sensitivity to zoxazolamine treatment as adults. Compared with control
groups, the induction of Cyp2B10 and Cyp2C37 in hepatocytes isolated from these mice was more
sensitive to low concentrations of the CAR agonist TCPOBOP. Accordingly, neonatal activation
of CAR led to a permanent increase of histone 3 lysine 4 (H3K4) mono-, di- and trimethylation
and decrease of H3K9 trimethylation within the Cyp2B10 locus. Transcriptional coactivator
ASC-2 and histone demethylase JMJD2d participated in this CAR-dependent epigenetic switch.

Conclusion—Neonatal activation of CAR results in epigenetic memory and a permanent change
of liver drug metabolism.
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Introduction
Epigenetic modifications play important roles in controlling gene expression and
orchestrating various biological processes such as cellular differentiation and physical
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integrity of genome 1, 2. It is widely accepted that epigenetic process is one of the underlying
mechanisms that leads to developmental plasticity 3–5. Aberrant epigenetic alterations at
early-life stages, mediated by environment and stochastic events such as drugs or
xenobiotics exposure, may cause epigenetic memory, which probably induces aberrant gene
expression throughout an individual’s life span and have a permanent effect on the risk of
certain diseases during later life 1, 6, 7–9.

The constitutive androstane receptor (CAR, NR1I3), a central regulator of drug/xenobiotic
metabolism in liver, is a member of the nuclear hormone receptor superfamily of ligand-
activated transcription factors 10, 11. In response to specific xenobiotic or endobiotic
inducers, CAR translocates from the cytoplasm to the nucleus and binds to the
phenobarbital-responsive enhancer module (PBREM) as a heterodimer with its partner,
retinoid X receptor (RXR, NR2B1) to regulate the levels of various gene transcripts
involved in liver drug metabolism in response to a variety of therapeutic agents 12–17.
Epigenetic changes at the promoter of the CAR target gene Cyp2B10 after CAR activation
have been reported 18. However, after clearance of CAR activators in the liver, CAR is
inactivated and the expression of its target genes returns to basal levels.

In the current study, we demonstrate that, in mice, transient activation of CAR by neonatal
exposure to the specific CAR agonist 1,4-bis[2-(3,5-dichloropyridyloxy)] benzene
(TCPOBOP) results in long-term epigenetic memory. These mice showed persistently
induced expression of the CAR target genes Cyp2B10 and Cyp2C37 throughout their life,
and displayed a permanent change of drug metabolism.

Materials and Methods
Reagents

TCPOBOP was purchased from Sigma Chemicals (St. Louis, MO) and Zoxazolomine (2-
amino-5-chlorobenzoxazole) was obtained from Bioscience (Ellisville, MO).

Animal treatment
Wild type (WT) C57Bl/6 mice and CAR−/− mice 10 on the third day after birth were injected
intraperitoneally with a single dose of either corn oil (vehicle) or TCPOBOP (3 mg per kg
body weight) (3–5 mice per group). At 12 weeks after injection, mice were sacrificed, and
livers were removed for gene expression and chromatin immunoprecipitation (ChIP) assays.
As positive control, 12-week-old WT mice were pretreated with TCPOBOP. On the third
day after treatment, these mouse livers were collected for gene expression analysis.

Zoxazolamine paralysis assay
Twelve-week-old mice (with neonatal exposure to corn oil or TCPOBOP) were
administered a single intraperitoneal injection of zoxazolamine (250 mg per kg body
weight), and paralysis time was measured as described previously 10. Mice were placed on
their backs and paralysis time was defined as the time required for they being able to
consciously right themselves. As positive and negative controls, 12-week-old WT and
CAR−/− mice were pretreated with TCPOBOP. On the third day after treatment, these mice
were given a single injection of zoxazolamine and paralysis time was measured.

Primary hepatocyte culture
Primary hepatocytes from 12-week-old male mice were prepared as described previously 19.
Hepatocytes were treated with TCPOBOP (1–500 nM) for 24 h prior to RNA isolation.
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RNA isolation and quantitative real-time PCR
Total RNA was isolated from mouse livers or primary hepatocytes using Tri-Reagent
(Molecular Research Center, Inc., Cincinnati, OH). Quantitative real-time PCR was
performed as described previously 20, 21. Amplification of β-actin was used as an internal
reference. β-actin primers were obtained from Ambion, Inc. (Austin, TX). Primer sequences
are listed in Supporting Table 1.

ChIP assays
ChIP assays were performed according to the protocol of a kit (Upstate, Lake Placid, NY).
DNA was purified by one extraction with phenol-chloroform followed by ethanol
precipitation and used for quantitative real-time PCR. Anti-trimethylated histone 3 lysine 4
(H3K4), anti-dimethylated H3K4, and anti-monomethylated H3K27 antibodies were
purchased from Millipore (Temecula, CA). Anti-monomethylated H3K4, anti-trimethylated
H3K9, anti-dimethylated H3K9, anti-monomethylated H3K9, anti-trimethylated H3K27,
anti-trimethylated H3K20, anti-monomethylated H3K20, and anti-JMJD2c antibodies were
purchased from Abcam (Cambridge, MA). Anti-JMJD2a and anti-activating signal
cointegrator-2 (anti-ASC-2) antibodies were purchased from Bethyl Laboratories
(Montgomery, TX), anti-JMJD2b antibody was purchased from Cell Signaling (Danvers,
MA), and anti-JMJD2d antibody was purchased from Abgent (San Diego, CA). Sequences
of the primers used for ChIP assays are available upon request.

Statistics
All data represent at least three independent experiments and are expressed as the mean ±
SD. Student’s t test was used to calculate P values. P less than 0.05 was considered
significant.

Results
Transient activation of CAR on the third day after birth causes permanently induced
expression of the CAR target genes Cyp2B10 and Cyp2C37 in mouse liver

Drug-mediated CAR activation during development may result in a persistent change of its
target gene expression. To test this hypothesis, mice on the third day after birth (neonates)
were administered a single intraperitoneal injection of either corn oil or the specific CAR
agonist TCPOBOP. At 12 weeks (adult) after injection, these mice were sacrificed and the
mRNA levels of 21 target genes of CAR in liver were examined (Supporting Table 1).

Compared with control groups, neonatal exposure to the CAR agonist resulted in a 4750-
fold induction of Cyp2B10 and a 3.8-fold induction of Cyp2C37 in adult WT mouse livers
(12-week-old). Deletion of the CAR gene (CAR−/−) completely abolished the induction of
these genes (Fig. 1). In response to transient activation of CAR on the third day after birth,
the up-regulation of Cyp2B10 and Cyp2C37 was also observed in aged (23-month-old) WT
but not CAR−/− mouse livers (data not shown). These data indicate that transient activation
of CAR by neonatal exposure to TCPOBOP specifically induces the expression of the CAR
target genes Cyp2B10 and Cyp2C37 in mouse livers throughout their lives.

In addition, the expression levels of these genes in adult mice that were neonatally exposed
to TCPOBOP were compared with those in adult mice pretreated with TCPOBOP three days
before RNA isolation. Twelve-week-old mice were treated with a single dose of TCPOBOP,
which dramatically induced the expression of Cyp2B10 and Cyp2C37 in liver. Levels of
Cyp2B10 and Cyp2C37 were 8.6-fold and 2.0-fold, respectively, higher than those caused
by neonatal exposure to TCPOBOP (Fig. 1).
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Neonatal CAR activation results in permanently increased drug resistance in mouse livers
We then asked whether this persistent induction of CAR target genes resulted in a
physiological increase in drug clearance. The muscle relaxant zoxazolamine, a substrate of
several cytochrome P450 enzymes, is a simple indicator of drug clearance 10, 35. Decreased
zoxazolamine-induced paralysis time indicates induction of cytochrome P450 enzyme
activities and increased metabolic inactivation of this compound. Compared with control
groups, neonatal CAR activation significantly decreased zoxazolamine-induced paralysis
time (from >12 h to less than 1 h) of adult WT but not CAR−/− mice (Table 1). CAR−/− mice
exhibited a longer paralysis time compared with WT mice with or without neonatal CAR
activation. These results indicate that transient activation of CAR during the neonatal stage
results in permanently increased drug resistance in mouse livers.

Hepatocytes from adult mice with neonatal CAR activation are more sensitive to low
concentrations of CAR agonist

We then asked whether the hepatocytes isolated from adult mice with neonatal CAR
activation were sensitive to low concentrations of drugs/xenobiotics (i.e., a dose that does
not significantly activate CAR signaling in control hepatocytes). A dose of 500 nM
TCPOBOP is not enough to dramatically induce the expression of CAR target genes in
control hepatocytes. Therefore, the effects of 1–500 nM TCPOBOP on the expression of
Cyp2B10 and Cyp2C37 in hepatocytes were examined. As expected, TCPOBOP
administration activated these genes in a dose-dependent manner, and hepatocytes from
mice with neonatal CAR activation were more sensitive to low concentrations of CAR
ligand than that of control groups (Fig. 2). These results suggest that the hypersensitivity of
hepatocytes to drugs/xenobiotics may account for the increased drug resistance observed in
mice with neonatal CAR activation.

Neonatal CAR activation leads to epigenetic switches at the promoters of CAR target
genes

Growing evidence has demonstrated that chromosomal regions can adopt stable and
heritable alternative states resulting in bistable gene expression without changes to the DNA
sequence. Such epigenetic control is often associated with DNA methylation and histone
modifications. To investigate whether neonatal CAR activation affects epigenetic
modifications, we first compared DNA methylation in the promoter region of Cyp2B10 in
mouse livers with neonatal CAR activation because it is relatively clear of CAR binding
sequences in Cyp2B10 gene. Sequence analysis of bisulfite-converted DNA revealed that
neonatal CAR activation did not lead to significant changes of DNA methylation (data not
shown).

To gain further insights into the molecular mechanisms that result in long-lasting
transcriptional activation of Cyb2B10, we profiled active and inactive histone modifications
in the promoter regions of Cyp2B10 and Cyp3A11. Overall, the Cyp3A11 promoter
displayed high amounts of the active histone modification H3K4 methylation, but low levels
of the repressive histone modifications H3K9 and H3K27 methylation. These modifications
are consistent with the high basal expression level of Cyp3A11. In contrast, the Cyp2B10
promoter was enriched in histone modifications implicated in gene repression (H3K9 and
H3K27), but deficient in histone modifications implicated in gene activation (H3K4) (Fig.
3).

Intriguingly, a single neonatal exposure to TCPOBOP led to a significant decrease of tri-
H3K9 and increase of tri-H3K4 within the Cyp2B10 promoter in WT mice but not CAR−/−

mice (Fig. 3A and C). However, such changes were not observed at the Cyp3A11 promoter
(Fig. 3B and D), a CAR target that does not show long-term transcriptional activation,

Chen et al. Page 4

Hepatology. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



indicating that H3K4 and H3K9 tri-methylation may be involved in CAR-mediated long-
term transcriptional activation of Cyp2B10. Of note, mono-, di- and tri-H3K4 methylation
were increased, suggesting the existence of de novo H3K4 methylation process induced by
CAR activation. No obvious change was observed for either tri- or mono-H3K20
methylation (Fig. 3E and F). Tri-H3K27 methylation was decreased within the Cyp2B10
promoter in WT mice that received neonatal CAR activation, but not in CAR−/− mice.
However, this decrease was also displayed in Cyp3A11, indicating that H3K27
demethylation induced by TCPOBOP exposure may be mediated by CAR, but it is not
involved in specific long-term activation of Cyp2B10. Together, these results suggest that
H3K4 methylation and H3K9 demethylation are likely to play a role in long-term activation
of Cyp2B10 mediated by CAR.

Dynamic alteration of H3K9 demethylation and gene-specific H3K4 methylation
To understand the underlying mechanism of selective long-lasting gene activation after a
single neonatal exposure to TCPOBOP, we then further asked what causes developmental-
specific gene activation and gene-specific long-term activation?

To address this, we compared H3K9 and H3K4 trimethylation in the promoters of several
CAR targets in livers from WT mice that received TCPOBOP injection on the third day after
birth. In livers harvested 3 months post-TCPOBOP treatment on postnatal day 3 [3d (3M)],
H3K9 trimethylation was significantly decreased within the promoters of long-lasting genes,
namely Cyp2B10 and Cyp2C37, but not in non-long-lasting genes, including Cyp3A11 and
GAST1 (Fig. 4A). However, in livers harvested 3 days post-TCPOBOP treatment on
postnatal day 3 [3d (3d)], H3K9 trimethylation was decreased within the promoters of all
tested CAR targets (Fig. 4B). These results suggest that neonatal exposure to TCPOBOP
causes dynamic H3K9 demethylation, and the suppressed H3K9 trimethylation could be
reversed in tested CAR target genes, except for Cyp2B10 and Cyp2C37, in 12-week-old
mouse livers.

On the other hand, in 3d (3M) livers, H3K4 trimethylation was increased in the promoters of
Cyp2B10 and Cyp2C37, but not in the Cyp3A11 and GAST1 promoters (Fig. 4C). A similar
pattern of H3K4 trimethylation recurred in 3d (3d) livers (Fig. 4D). Together, these results
suggest that H3K4 trimethylation is restricted to long-lasting CAR targets (Cyp2B10 and
Cyp2C37) upon TCPOBOP treatment.

Locus-wide alterations of the H3K9 and H3K4 methylation patterns within Cyp2B10 were
investigated. In response to transient activation of CAR during development, the Cyp2B10
PBREM, promoter, first intron and last exon displayed significant enrichment of tri- and
monomethylation of H3K4, and dramatically lower levels of H3K9 trimethylation compared
with controls (Fig. 5A–D). Moreover, in 3d (3d) livers, H3K9 trimethylation was
significantly decreased, but H3K4 trimethylation was significantly elevated within the
Cyp2B10 locus (Fig. 5E and F). This demonstrates that neonatal exposure to TCPOBOP can
lead to locus-wide epigenetic memory on long-lasting genes.

ASC-2 and/or JMJD2d are involved in CAR-mediated epigenetic alterations
ASC-2, a coactivator of numerous nuclear receptors including CAR 36, and other
transcription factors, has been shown to be associated with cofactors involved in H3K4
methylation 37. ChIP assays revealed persistently increased association of ASC-2 with the
promoter and PBREM of Cyp2B10 in livers harvested from WT mice 3 months after
neonatal activation of CAR, but not in livers from similarly treated CAR−/− mice (Fig. 6A
and B). These results suggest that ASC-2 may be involved in CAR-mediated H3K4
methylation.
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In addition, we screened known histone H3K9 demethylases, including LSD1, JHDM2a,
JHDM2b, JMJD2a–c, by ChIP assays using available antibodies. Unexpectedly, in livers
from 3-month-old neonatally-treated WT and CAR−/− mice, a significant decrease in the
amount of JMJD2a associated with the PBREM and promoter of Cyp2B10 was seen for
both genotypes, indicating that the disassociation of JMJD2a is independent on CAR (Fig.
6C and D). No obvious change was observed for other histone H3K9 demethylases (data not
shown). We further confirmed the disassociation of JMJD2a from CYP2B6, a human
relative of Cyp2B10, in HepG2 cells that constitutively expressed murine CAR (mCAR)
(Fig. 6E). Furthermore, along with JMJD2a disassociation, there was an increased
association of JMJD2d, another histone H3K9 demethylase, within the CYP2B6 locus,
indicating the replacement of JMJD2a with JMJD2d may be responsible for H3K9
demethylation within Cyp2B10/CYP2B6 upon TCPOBOP stimulation. These data indicate
that ASC-2 and/or JMJD2d may be involved in CAR-mediated epigenetic alterations.

We further investigated the effects of siRNA knockdown of ASC-2, JMJD2a and JMJD2d
on CYP2B6 expression in HepG2 (mCAR) cells. Protein levels of ASC-2, JMJD2a and
JMJD2d were decreased by transfection with anti-ASC-2, JMJD2a and JMJD2d siRNAs,
respectively (Supporting Fig. 1). The expression of CYP2B6 induced by TCPOBOP was
suppressed by siRNA knockdown of ASC-2 or JMJD2d but not JMJD2a (Fig. 7A). It was
found that siRNA knockdown of ASC-2 or JMJD2d reduced the association of both ASC-2
and JMJD2d with CYP2B6 (Fig. 7B and C). Consistent with these results, the suppressed
H3K4 trimethylation and the increased H3K9 trimethylation were observed in response to
siRNA knockdown of ASC-2 or JMJD2d (Fig. 7D and E). These results suggest that CAR
activation probably mediates epigenetic alterations and Cyp2B10/CYP2B6 induction in an
ASC-2- and/or JMJD2d-dependent manner.

Discussion
Environment and drug/xenobiotic-mediated aberrant epigenetic alterations during
development may result in epigenetic memory and have a permanent effect on the health of
individuals 1, 6, 7. In this work, we demonstrate that transient activation of CAR by neonatal
exposure to the CAR-specific agonist TCPOBOP results in long-term epigenetic memory
and a permanently increased drug resistance in mouse livers.

It was recently reported that long-term activation of CAR with phenobarbital treatment can
lead to epigenetic changes at the promoter of the CAR target gene Cyp2B10 in adult mouse
livers 18. Here our results reveal that transient activation of CAR during the neonatal stage is
sufficient to generate a long-term epigenetic memory, which permanently changes drug
metabolism in mouse livers. CAR is a central regulator of drug/xenobiotic metabolism, and
CAR activation is frequently detected in a variety of therapeutics. Therefore, our results
provide new insights into the potential effect of CAR activation during development on
health issues for adults, such as drug metabolism.

We examined the expression of 21 CAR target genes in mouse livers harvested 3 months
after neonatal CAR activation, and found that transient activation of CAR during
development specifically induced the mRNA levels of two CAR target genes Cyp2B10 and
Cyp2C37. Consistent with these results, we found that neonatal exposure to TCPOBOP
specifically caused a strong epigenetic switch from a repressive to an active chromatin
configuration at the Cyp2B10 and Cyp2C37 promoters, but not at the promoters of other
CAR target genes (see Figs. 3 and 4). ChIP assays suggest that H3K4 trimethylation is
induced in Cyp2B10 and Cyp2C37 but not other CAR target genes at the developmental
stage tested (third day after birth), and that H3K9 detrimethylation is mediated at this early
developmental stage in all CAR target genes tested (Fig. 4). Interestingly, our data also
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suggest that the suppressed H3K9 trimethylation could be reversed in tested CAR target
genes, except for Cyp2B10 and Cyp2C37, in 12-week-old mouse livers. It will be interesting
to reveal the mechanism of H3K4 trimethylation and reversed H3K9 demethylation in
selective genes in future studies.

Ligand-activated xenobiotic receptor CAR plays important roles in drug/xenobiotic
detoxification, acetaminophen-induced hepatotoxicity, and hepatocyte proliferation 10, 15, 31.
We found that transient activation of CAR by neonatal exposure to TCPOBOP resulted in a
permanent increase in drug resistance in mouse livers (see Table 1) but did not affect
acetaminophen-induced hepatotoxicity and hepatocyte proliferation (data not shown). This
may be due to the selective/permanent induction of CAR target genes in response to
transient activation of CAR during development. Indeed, CAR activation on the third day
after birth permanently induced the expression of Cyp2B10 and Cyp2C37, but not
expression of acetaminophen-metabolizing enzymes (Cyp1A2, Cyp3A11 and GSTPi) and
hepatocyte proliferation-related transcription factors c-Myc and Foxm1b (see Supporting
Table 1).

It has been well known that H3K4 trimethylation is tightly associated with transcriptional
activation, and counters the repressive chromatin environment imposed by H3K9
methylation 38. In the present work, our data show that neonatal CAR activation mediates
suppression of H3K9 trimethylation and enhancement of H3K4 trimethylation by altering
the association of ASC-2 and/or JMJD2d with Cyp2B10 locus. ASC-2 belongs to a Set1-like
H3K4-methyltransferase complex named ASCOM 38. JMJD2d is a JmjC histone
demethylase that catalyzes the demethylation of tri-, di-, and monomethylated H3K9 39.
Further investigations into the chromatin composition changes in the promoters of CAR
target genes may reveal the molecular mechanism of the selective gene induction (that is,
specific epigenetic modifications of these genes) in response to neonatal CAR activation.

In conclusion, this work reveals that neonatal CAR activation results in long-term epigenetic
memory and a permanent change of drug metabolism in mouse livers. It provides a typical
example for a dramatic effect of developmental epigenetic disturbance on an adult health
problem.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

Alas1 5-aminolevlinic acid synthase 1

Aldh1 aldehyde dehydrogenase 1

ASC-2 activating signal cointegrator-2

CAR Constitutive androstane receptor

ChIP chromatin immunoprecipitation

D1 type 1 deiodinase
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Es1 esterase 1

Gsta1 glutathione S-transferase α 1 (Ya)

Mrp multidrug resistance-associated protein

Oatp2 organic anion-transporting polypeptide 2

PBREM phenobarbital-responsive enhancer module

RXR retinoid X receptor

Sult1A1 sulfotransferase 1A1

Sult2A1 sulfotransferase 2a1

Sultn amine N-sulfotransferase

TCPOBOP 1, 4-bis[2-(3,5-dichloropyridyloxy)] benzene

Ugt1A1 UDP-glucoronosyltransferase-1A1
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Fig. 1. Neonatal CAR activation specifically induces hepatic Cyp2B10 and Cyp2C37 mRNA
levels in 12-week-old mice
WT and CAR knockout (CAR KO) mice were injected with either TCPOBOP or corn oil
(vehicle) on the third day after birth (3–5 mice per group). Liver total RNA was isolated
when mice were 12-weeks old. Cyp2B10 (A) and Cyp2C37 (B) mRNA levels were
measured by real-time quantitative PCR and normalized to β-actin mRNA levels. As a
positive control, 12-week-old WT mice were pretreated with TCPOBOP. On the third day
after treatment, these mouse livers were collected for gene expression analysis (right). Data
are expressed as fold change over the control (left) or neonatal exposure to TCPOBOP
(right). *P < 0.05 versus control group.
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Fig. 2. Hepatocytes isolated from adult mice with neonatal CAR activation are sensitive to low
concentrations of the CAR agonist TCPOBOP
WT and CAR KO mice were injected with either TCPOBOP or corn oil (vehicle) on the
third day after birth (3–5 mice per group). When mice were 12-weeks old, primary
hepatocytes were isolated and treated with 1–500 nM TCPOBOP for 24 h. Total RNA was
extracted. Cyp2B10 (A) and Cyp2C37 (B) mRNA levels were measured by real-time
quantitative PCR and normalized to β-actin mRNA levels. Data are expressed as fold
change over the control.
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Fig. 3. Histone methylation patterns within Cyp2B10 and Cyp3A11 genes
ChIP assays were performed with anti-tri, di, and mono-H3K9 methylation (A and B),
H3K4 methylation (C and D) and H3K20 and H3K27 methylation (E and F) antibodies on
WT and CAR KO livers 3 months post-TCPOBOP treatment on postnatal day 3. The
fraction of immunoprecipitated DNA was calculated as a percentage of input DNA.

Chen et al. Page 13

Hepatology. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4. Distinct alterations of H3K9 and H3K4 trimethylation within CAR target genes after
TCPOBOP treatment on the third day after birth
ChIP assays were performed with anti-H3K9 trimethylation (A and B) and anti-H3K4
trimethylation (C and D) antibodies on WT livers. 3d(3M): 3 months post-TCPOBOP
treatment on postnatal day 3; 3d(3d): 3 days post-TCPOBOP treatment on postnatal day 3.
The graphs show the relative intensities of the PCR products from three mice.
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Fig. 5. Locus-wide alterations of H3K9 and H3K4 methylation patterns within the Cyp2B10
locus
ChIP assays were performed with anti-tri and mono-H3K9 (A and B) and H3K4 (C and D)
methylation antibodies on WT livers 3 months post-TCPOBOP treatment on postnatal day 3.
H3K9 trimethylation (E) and H3K4 trimethylation (F) patterns in WT livers harvested 3
days post-TCPOBOP treatment on postnatal day 3. The graphs show the relative intensities
of the PCR products from three mice. Abbreviations: PBREM or PBR, phenobarbital-
responsive enhancer module; NR, nuclear receptor.
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Fig. 6. TCPOBOP-induced alterations of the association of ASC-2 and JMJD2a within the
Cyp2B10 locus
ChIP assays were performed with anti-ASC-2 (A and B) and anti-JMJD2a (C and D)
antibodies on WT and CAR KO livers. 3d(3M): 3 months post-TCPOBOP treatment on
postnatal day 3. The graphs show the relative intensities of the PCR products from three
mice. E. A stable cell line of HepG2 that expressed murine CAR was treated with
TCPOBOP (250 nM) for 24 h. Cells were collected for ChIP assays with anti-JMJD2a
antibody (left) and anti-JMJD2d antibody (right). The graphs show the relative intensities of
the PCR products from three independent experiments. Motif map of CYP2B6 is indicated
(upper). Abbreviation: OARE, okadaic acid response element.
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Fig. 7. ASC-2 and JMJD2d affect CYP2B6 expression through modulation of histone
modifications
A. HepG2 (mCAR) cells were transfected with siRNAs for ASC-2, JMJD2a or JMJD2d,
respectively. After 24 h, cells were treated with TCPOBOP (250 nM) for 24 h. Total RNA
was isolated and CYP2B6 mRNA levels were measured by real-time quantitative PCR (A).
B–E. After the same treatment as Fig. 7A, ChIP assays were performed with anti-ASC-2 (B)
or anti-JMJD2d (C) antibodies. H3K4 (D) and H3K9 (E) trimethylation of the CYP2B6
promoter were also measured by ChIP assays.
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Table 1

Zoxazolamine paralysis test

Treatment Survival Mean paralysis time

Male WT Control/corn oil 5/5 >12h

TCPOBOP 4/4 43min±26min

CAR KO Control/corn oil 5/5 >12h

TCPOBOP 4/5 >12h

Female WT Control/corn oil 5/5 >12h

TCPOBOP 3/3 55min±51min

CAR KO Control/corn oil 5/5 >12h

TCPOBOP 5/5 >12h

WT and CAR knockout (CAR KO) mice were injected with either TCPOBOP or corn oil (vehicle) on the third day after birth. When mice were 12-
weeks old, these mice were given a single intraperitoneal injection of zoxazolamine (250 mg/kg body weight). Paralysis duration was recorded as
the time when the mice were able to right themselves repeatedly (3–5 mice per group).
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