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Table 11.2 Selected list of probe sets induced by estragole.
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proliferation. Agonists of this receptor are carcinogenic towards rodent liver via
mechanisms related to peroxisome proliferation.® At the same time, since
peroxisome proliferation leads to lowering of serum triglyceride levels, PPAR-
alpha is a molecular target for hypolipidemic drugs, such as clofibrate.

Here, we found that estragole induces a considerable number of genes
known to be regulated by PPAR-alpha. The Percellome Explorer (PE)
program, which automatically compares probe set lists, has identified clo-
fibrate (81 probe sets), followed by di(2-ethylhexyl) phthalate (DEHP) (126
probe sets) as the two chemicals causing changes most similar to those
evoked by estragole upon testing with the same experimental protocol
(Figure 11.4) (the absolute numbers of common probe sets were normalized
to the product of the numbers of altered probe sets in each study). The PE
program also compares probe sets on the basis of time, in the present case 2
hours after administration. Such early-responding genes are considered to be
direct or almost direct targets of a receptor(s) that is activated by the test
chemicals. Again, the similarity of its pattern to those of clofibrate and
DEHP"® confirms that one of the primary receptors that binds estragole is
the PPAR-alpha. Isozyme 4 of pyruvate dehydrogenase kinase (Pdk4),
shown in Figure 11.4, has already been reported to be regulated by this
latter compound. Ingenuity pathway analysis was then applied for com-
parison with reported information (Figure 11.5). Two hours after adminis-
tration, TXNIP, KIf10, and KLF11 did not appear to be directly regulated
by PPAR-alpha, even though these three genes have recently been reported
to be under the regulation of this receptor,”'® albeit with no clear rela-
tionship to liver function. Dynein, axonemal, and intermediate chain 1
(Dnaicl) 1s induced 8 and 24 hours after administration of estragole and
clofibrate, respectively, as well as by DEHP and its metabolite mono(2-
ethylhexyl) phthalate (MEHP) at later time-points (Figure 11.6). Dnaicl
appears to play an important role in peroxisome biogmlesi:s.l1’12 This
delayed induction, compared to that of early-response genes such as Pdk4,
might indicate that several mediators are located between PPAR-alpha and
this gene. The nature of the pathway, together with a literature search,
indicate that HNF4A and PEX13" may be involved, since the latter is
induced slightly by estragole (not significantly) and clearly by clofibrate,
DEHP, and MEHP (Figure 11.6).

Among the many isozymes of cytochrome P-450, Cyp4al0, Cyp4al4, and
Cyp4a31l are induced significantly by estragole, as well as by clofibrate and
DEHP. On the other hand, Cypla2, which is induced slightly by phenobarbital,
was not up-regulated by estragole. All three of these Cyp4a's are considered to
be regulated by PPAR-alpha. Whereas DEHP also induces Cyp2bl0 and
CypS5l1, estragole and clofibrate do not. Phenobarbital also induces Cyp2b10
and Cyp51, but not the Cypda's. Thus, the present Percellome analysis
indicates (Figure 11.7) that DEHP activates at least two receptors, both PPAR-
alpha and the constitutive androstane receptor (NR113 or CAR), which reg-
ulates Cyp2b'* and probably Cyp351.151¢ In contrast, estragole and clofibrate
activate PPAR-alpha, but not CAR.
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Figure 11.4 Comparison of the similarity between various Percellome studies utiliz-

ing the Percellome Explorer program. The upper figure shows the cal-
culations that identify clofibrate and DEHP as the top chemicals most
similar to estragole. The lower figure illustrates the similar peak times of
the probe sets common to estragole and clofibrate, using Pdk4
(1417273_at) as an example.
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Figure 11.5 Ingenuity pathway analysis of the probe sets common to estragole and
clofibrate. Those elevated by both chemicals are highlighted in red.
Among the four 2-h probe sets (green asterisk), only Pdk4 appears to be
a direct target, whereas TXNIP, KIf10, and KIfl1 appear to be influ-
enced indirectly.

Expression of the drug and/or metal transporters Slc12a7, Slc14a2, Slclé6al,
Slcl6a5, Slc22a5, Slc23a2, Slc25a20, Sic25a42, Sic27al, and Slc29a3 appeared
here to be altered by estragole. Again, PE analysis reveals that most of these
same Slc transporters are also induced by DEHP and clofibrate (not shown).
Among these, only Slc27al has so far been reported to be regulated by PPAR-
alpha.!”!® However, expression of most of these Slc transporters, including
Slc27al, peaked after 8 hours, indicating that these genes may be activated
indirectly.

Our novel finding that estragole activates PPAR-alpha signaling may help
elucidate the mechanism(s) underlying estragole-induced carcinogenesis, i.e.
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peroxisome proliferation may be involved. Indeed, estragole increases liver
weight at a dose lower than the carcinogenic dose.'

An important advantage in determining the actual average number of
mRNA molecules per cell is that the responses obtained in different studies can
be compared directly. As shown in Figures 11.6 and 11.7, the magnitude of the
up-regulation of PPAR-alpha-inducible genes by estragole was comparable to
that of clofibrate, since, at the same doses (i.e. 0, 10, 30, and 100 mg-kg™")
employed, estragole appears to be as potent as clofibrate in activating PPAR-
alpha signaling.

Estragole Clofibrate DEHP Phenobarbital

Cypdai4d
cytochrome P450,
family 4,
subfamily a,
polypeptide 14

Cyp4ai0l
cytochrome P450,
family 4,
subfamily a,
polypeptide 10 ///
polypeptide 31 ///
LOC100044218

Cyp2b10
cytochrome P450,
family 2,
subfamily b,
polypeptide 10

Cyp51
cytochrome P450,
family 51

Figure 11.7 Percellome analysis of representative P450s induced by estragole, clofi-
brate, DEHP, and phenobarbital. DEHP appears to induce P450s via at
least two different pathways, i.e. PPAR-alpha and CAR. whereas
estragole, clofibrate, and phenobarbital induce only PPAR-alpha or
CAR, respectively.
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11.5 Conclusions

Our present observations that estragole appears to be as potent an agonist of
PPAR-alpha as clofibrate (on a mg -kg~1 basis) should now be confirmed by
actual binding and signaling studies. If confirmed, the hepatocarcinogenic
potential of this compound should be reevaluated accordingly. Although recent
reports on estragole carcinogenicity suggest involvement of its metabolites® or
glucocorticoid pathways,”! our Percellome data support neither the involve-
ment of such pathways or pronounced genotoxicity (which can be monitored
indirectly as an enhancement in DNA repair and responses to oxidative stress).
Interestingly, DEHP and Wyeth 14,643, well-characterized non-genotoxic
rodent hepatocarcinogens that evoke tumors through peroxisome proliferation,
gave mutation in Lac Z transgenic mice.?
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ABSTRACT — The human steroid and xenobiotic receptor (SXR), (also known as pregnane X receptor
PXR, and NR112) is a low affinity sensor that responds to a variety of endobiotic, nutritional and xenobi-
otic ligands. SXR activates transcription of Cytochrome P450, family 3, subfamily A (CYP3A) and oth-
er important metabolic enzymes to up-regulate catabolic pathways mediating xenobiotic elimination. One
key feature that demarcates SXR from other nuclear receptors is that the human and rodent orthologues
exhibit different ligand preference for a subset of toxicologically important chemicals. This difference
leads to a profound problem for rodent studies to predict toxicity in humans. The objective of this study
is to generate a new humanized mouse line, which responds systemically to human-specific ligands in
order to better predict systemic toxicity in humans. For this purpose, the ligand binding domain (LBD) of
the human SXR was homologously knocked-in to the murine gene replacing the endogenous LBD. The
LBD-humanized chimeric gene was expressed in all ten organs examined, including liver, small intestine,
stomach, kidney and lung in a pattern similar to the endogenous gene expressed in the wild-type (WT)
mouse. Quantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis showed that the
human-selective ligand, rifampicin induced Cyp3all and Carboxylesterase 6 (Ces6) mRNA expression in
liver and intestine, whereas the murine-selective ligand, pregnenolone-16-carbonitrile did not. This new
humanized mouse line should provide a useful tool for assessing whole body toxicity, whether acute,
chronic or developmental, induced by human selective ligands themselves and subsequently generated
metabolites that can trigger further toxic responses mediated secondarily by other receptors distributed
body-wide.

Key words: Steroid and xenobiotic receptor, Pregnane X receptor, Humanized mouse,
Ligand binding domain, Knock-in mouse

INTRODUCTION

Most orally administered xenobiotics are metabo-
lized first by the intestine and then by the liver after por-
tal transport. The expression levels of enzymes involved
in xenobiotic metabolism are regulated at the transcrip-
tional level by key xenobiotic sensors including the ster-

oid and xenobiotic receptor (SXR), also known as the
pregnane X receptor (PXR), pregnane activated receptor
(PAR) and NR112 (Bertilsson ef al., 1998; Lehmann ez
al., 1998; Blumberg ef al., 1998). SXR is important in the
field of toxicology for at least two reasons. Firstly, this
receptor system induces the expression of CYP3A and
CYP2B enzymes, the major metabolizers of pharmaceu-
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ticals and xenobiotics. Therefore, SXR is a key mediator
of drug- and chemical-induced toxicity as well as drug-
drug and drug-nutrient interactions (Zhou ef af., 2004).
Secondly, the orthologous rodent and human receptors
exhibit differential sensitivity for a subset of chemical
ligands important in the field of toxicology. For exam-
ple, rifampicin (RIF) is a specific and selective activator
of human SXR, whereas pregnenolone 16a-carbonitrile
(PCN) is selective for the rodent orthologue.

Rodent-human differences in CYP3A and CYP2B-
mediated responses to xenobiotics can be a profound
problem in toxicologic studies where rodents are used
to predict the toxicity of a compound in humans (Ma er
al., 2007). Therefore, development of a murine model
that reconstructs the SXR-mediated systemic response of
humans is of a great significance in toxicology.

Human and rodent SXRs share ~95% amino acid
sequence identity in the DNA-binding domain (DBD)
but only about 77% identity in the LBD. Tirona et al.
(2004) analyzed the ligand selectivity of a human-rat
chimeric protein and showed that the species differenc-
es are primarily defined by sequence differences in the
LBD. Watkins and colleagues showed that the key resi-
dues responsible for the majority of the ligand selectiv-

- ity were Leu 308 (human) and Phe305 (rat and mouse).
Crystallographic analysis located these amino acids with-
in or neighboring the flexible loop that forms a part of the
pore to the ligand-binding cavity. Swapping the rodent
and human-specific residues was shown to modulate the
activation by the human-selective activator RIF in vitro
(Watkins et al., 2001). According to those findings, a
simple replacement of the mouse LBD with the human
sequence should be sufficient to “humanize” the lig-
and binding properties as well as activation of the down-
stream target genes.

Three kinds of humanized mice have already been
generated. One is the SXR-null/Alb-SXR mouse
(Alb-SXR mouse) made by crossing the SXR knockout
mice with a transgenic mouse line that expresses human
SXR in liver under the control of the albumin promot-
er (Xie er al., 2000). Gonzalez and colleagues gener-
ated a transgenic mouse expressing a human BAC con-
taining the entire hSXR gene in a SXR null background,
thus controlled under human SXR promoter (SXR BAC
mouse) (Ma et al., 2007). Another mouse is the human
SXR genome knock-in mice (hSXR genome mouse)
(Scheer et al., 2008). The human SXR genomic region
from exon 2 to exon 9 was knocked-in to mouse SXR
exon 2. This mouse expresses the human full length SXR
mRNA under the control of mouse SXR promoter regu-
lation. Although useful for toxicology studies, these mice
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have disadvantages in that the human SXR is expressed
only in the liver (Alb-SXR mouse), hSXR mRNA is not
expressed in all of the tissues where SXR is known to be
expressed (SXR BAC mouse), and there might be poten-
tial differences in the binding affinities of hSXR DNA-
binding domain (DBD) to cis-acting elements in mouse
SXR target genes (hRSXR genome mouse).

As noted above, it is known that the critical differences
between human and rodent ligand-selectivity reside in the
LBD. Therefore, when our project to generate a human-
ized SXR mouse was initiated, we reasoned that altering
the LBD would be sufficient to generate a humanized lig-
and selectivity. We decided to retain the mouse DBD to
avoid any potential differences between the binding affin-
ities of the chimeric receptor for cis-acting elements in the
mouse genome. To maintain the tissue-specific expression
pattern of the endogenous gene, we inserted the human
¢DNA encoding the region carboxyl-terminal to the DBD
into the mouse gene. This retains all of the 5’ and 3’ reg-
ulatory elements in the mouse gene, as well as introns 1
and 2, which contain important elements for regulating
SXR expression (Jung et al., 2006).

Here we report a new line of mouse (hSXRki mouse)
in which a ¢cDNA encoding the human LBD is homolo-
gously recombined into the mouse gene after exon 3.
The tissue distribution of the resulting chimeric mouse
DBD-human LBD mRNA is comparable to that of the
WT mouse. The hSXRki mouse showed a fully human-
ized response to the human-selective activator RIF in that
the Cyp3all mRNA was induced in liver and mucosa
of small intestine in response to RIF, but not the rodent-
selective compound PCN. This new mouse line should
provide a useful tool for assessing the whole body toxici-
ty induced by a human selective SXR ligand itself and its
subsequently generated metabolite(s) that can trigger fur-
ther toxic responses through other pathways body-wide.

MATERIALS AND METHODS

Generation of hSXRki knock-in mice

A DNA fragment of mouse SXR intron 2 to exon 3
was PCR amplified using mouse BAC DNA (BAC clone
No. RP23-351P21) as a template. Primers used were
BAC39486FW and mSXR462RV (for sequences of the
primers see Tablel). This fragment was connected to the
LBD of human SXR ¢DNA from amino acid 105 through
the carboxyl terminus amplified by the PCR primers:
hSXR904FW and hSXR 1887RVEcoRI (template; human
SXR ¢cDNA). The 3°’UTR of bovine growth hormone
(BGH) was added to 3’ to the terminal codon. This con-
catenated fragment was introduced to a vector, which
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Table 1. List of primer pairs

Purpose Primer name Sequence (5' to 3")

Targeting vector construction BAC39486FW CCATGGGTACCACGAATAACAA
mSXR462RV CATGCCACTCTCCAGGCA
hSXRO04FW AAGAAGGAGATGATCATGTCCG
hSXR1887RVEcoRI CCGAATTCTCATCATCAGCTACCTGTGATACCGAACA

Genotyping NeoAL2 GGGGATGCGGTGGGCTCTATGGCTT
SXR RC RV5S TGAGAGTGCACAAGTTCAAGCT
WTntS AGTGATGGGAACCACTCCTG
WTEx6RV TGGTCCTCAATAGGCAGGTC
mhSXRE4 GTGAACGGACAGGGACTCAG
mhSXRSARV CTCTCCTGGCTCATCCTCAC

Percellome quantitative RT-PCR~ Cyp3all FW CAGCTTGGTGCTCCTCTACC
Cyp3all RV TCAAACAACCCCCATGTTTT
Ces6 FW GGAGCCTGAGTTCAGGACAGAC
Ces6 RV ACCCTCACTGTTGGGGTTC
mouse SXR FW AATCATGAAAGACAGGGTTC
mouse SXR RV AAGAGCACAGATCTTTCCG
human SXR FW ATCACCCGGAAGACACGAC
human SXR RV AAGAGCACAGATCTTTCCG
mouse-human SXR FW CCCATCAACGTAGAGGAGGA

has the neomycin resistance gene with loxP sequence
at both ends, removable with Cre recombinase (Saga et
al., 1999). A 7kb Kpnl fragment containing intron 2 was
used as a long arm and 1.3kb Pstl-EcoRI fragment con-
taining from exon 8 to intron 8 was used as a short arm
for homologous recombination (Fig. 1). The resulting tar-
geting vector was linearized with Sacll and introduced
by electroporation to TT2 ES cell line (Yagi et al., 1993)
and neomycin resistant clones were selected, PCR geno-
typed, and confirmed by the Southern blotting. For gener-
stion of chimeric mice, these ES clones were aggregated
with ICR 8-cell embryos and transferred to pseudopreg-
nant female recipients. The chimeric mice born were bred
with ICR females. Germ line transmission of the targeted
allele was confirmed by PCR. A mouse was crossed with
a CAG-Cre transgenic mouse (Sakai and Miyazaki, 1997)
to evict the neomycin resistance gene, and back crossed
to C57BL/6 CrSlc (SLC, Inc., Shizuoka, Japari) at least 6
generations and used for the analysis.

PCR Genotyping
(See Table 1 for primer sequences)

Primers for identification of homologously recom-
bined ES clones were NeoAL2 and SXR RC RV5. DNA
purified from the tail of each mouse was used for PCR
genotying. Primers for WT detection were WTIntS and
WTEx6RV amplifying a product of 755 bp. Primers for

confirmation of removal of the neomycin resistance gene
were mhSXRE4 and mhSXRSARV amplifying a product
0f 1,223 bp.

Southern blot analysis

To confirm homologous recombination, DNA from
ES cell cultures was purified and digested with BamHI
and Xhol, then electrophoresed and analyzed by South-
ern hybridization (Saga er al., 1997). Mouse SXR exon
9 region which remains after homologous recombination
was used for the probe. The restriction fragments from the
WT allele and targeted allele are 2,305 bp and 1,925 bp,
respectively.

Chemicals

RIF (molecular weight 822.95) and PCN (molecu-
lar weight 341.49) were purchased from Sigma-Aldrich
(8t. Louis, MO, USA). Corn oil was purchased from
Wako Pure Chemical Industries (Osaka, Japan).

Quantitative RT-PCR (Percellome PCR)
(See Table 1 for primer sequences)

The method for Percellome quantitative RT-PCR
was described previously (Kanno et al., 2006). Brief-
ly, tissue pieces stored in RNAlater (Ambion, Austin,
TX, USA) were homogenized and lysed in RLT buffer
(Qiagen GmbH., Germany) and 10 pl aliquots were used

Vol. 37 No. 2

-235-



376

K. Igarashi ez al.

A. mMSXR
Exon2-Esond Exon4-Exong
hSXR LBD
hSXRki LBD
Long arm Short arm
7kbp 1.3kkp
 —
B. R W . e I. B
i3 g 5% 2 g &8s
I B ; bl 1 | ; ;
Wild type allele 4 e 1 l~|»~~-|H--l——;§L—
5 ~ o N "
B2 B3 B4 W5 EBGET S // ot
E

Targeting vector

. - Vs
/ / IR wpschy

Nea I8 PGR-NITA

i ,
Y —
Humay PXR LBD to C terminue

Targeted allele

T Neo

EX | E9
= i NeoAL2 ;‘XR RC RV%
—
Sauthern Proke
Cre-'recombined allele H—‘W_
B2 E3 E9
mhXR “Siesnsany
C #4  H25 #32 #77 #B82 #10 WT

- WT
“ Kl

Neo* WT Neo

D. ..
- %k

Fig. 1. Targeting strategy used to generate the hSXRki mouse. A) Diagram of hSXRki chimeric protein. Hinge region and ligand
binding domain (LBD) of human SXR are knocked-in to mouse SXR, resulting in chimeric protein having murine N-temnial
domain and DNA binding domain (DBD). B) Targeting strategy used to generate the hSXRki mouse. The chimeric mouse
DBD and human LBD fragment, followed by the BGH 3 UTR were knocked-in to the mouse SXR gene. The genomic
region spanning from exon 3 to exon 8 was substituted by the inserted fragment with the remainder of the gene remaining
intact. C) Confirmation of homologous recombination by southern blot analysis. Six ES clones positive for recombination
by PCR genotyping were further analyzed by southern blot (clones #4 ~ #101). Lower bands (1925 bp) indicate successful
homologous recombination; upper bands (2305 bp) correspond to WT allele. Clones #4, #25, #32, #77 and #101 were con-
firmed as homologous recombinants; clones #4 and #25 were used for the generation of chimeric mice. D) Confirmation of
Cre-mediated removal of the neomycin resistance gene. Mouse tail genome DNA was PCR amplified with the primer set,
mhSXRE4 and mhSXRSARV. *: 2,858 bp (for the mice having the neomycin resistance gene), **: 1,223 bp (for the mice
without the neomycin resistance gene).
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for genomic DNA quantification with PicoGreen flu-
orescent dye (Invitrogen, Carlsbad, CA, USA). A pre-
pared spike mRNA cocktail solution containing known
quantity of five mRNAs of bacillus subtilis was add-
ed to the tissue lysate in proportion to the DNA quan-
tity. Total RNA was purified from the lysate using the
RNeasy kit (Qiagen). One microgram of total RNA was
reverse-transcribed with SuperScript II (Invitrogen).
Quantitative real time PCR was performed with an ABI
PRISM 7900 HT sequence detection system (Applied
Biosystems) using SYBR Green PCR Master Mix
(Applied Biosystems), with initial denaturation at 95°C
for 10 min followed by 40 cycles of 30 sec at 95°C and
30 sec at 60°C and 30 sec at 72°C, and Ct values were
obtained. Primers for Cyp3all were Cyp3all FW and
Cyp3all RV. Primers for Ces6 were Ces6 FW and Ces6
RV. Primers for mouse SXR selective quantification were
mouse SXR FW and mouse SXR RV. Primers for hSXRki
selective quantification were human SXR FW and human
SXR RV. Primers for both mouse SXR and hSXRki quan-
tification were mouse-human SXR FW and mouse-human
SXR RV that amplify the DBD region of the chimera.

In Situ Hybridization analysis

Digoxigein-labeled cRNA probe for Cyp3all was syn-
thesized according to Suzuki e ol. (2005) by RT-PCR
using mouse liver cDNA as a template. The primers used
were as follows: forward 5’-GATTGGTTTTGATGCCT-
GGT-3’ and reverse 5°~-CAAGAGCTCACATTTTTCAT-
CA-3’. The amplified product was sequence confirmed

100,00
< Wild Type (n=2, —:mean)

and ligated with Block-iT T7-TOPO (Invitrogen) Link-
er, which contains the T7 promoter site. A secondary PCR
was performed to generate the sense and antisense DNA
templates. For antisense template, Block-iT T7 Primer
and Cyp3all forward primer (or reverse primer for gen-
eration of sense DNA template), the same primer as for
the first PCR amplification, were used. With these DNA
templates, both sense and antisense digoxigenin-labeled
riboprobes were synthesized using a DIG RNA labeling
kit (Roche Diagnostics, Germany) according to the manu-~
facturer’s protocol.

ISH on paraffin sections was carried out according to
Suzuki ef al. with a modification; permeabilization con-
dition 98°C for 15 min in HistoVT One (Nacalai tesque,

Japan).

Animals experiments

Male hSXRki and WT mice were maintained under a
12 br light/12 hr dark cycle with water and chow (CRF-1,
Oriental Yeast Co. Ltd., Tokyo, Japan) provided ad libi-
tum. The animal studies were conducted in accordance
with the Guidance for Animal Studies of the National
Institute of Health Sciences under Institutional approval.
The expression level of the hSXRki and WT SXR mRNA
of ten organs (brain, thymus, heart, lung, liver, stomach,
spleen, kidney, small intestine and testis) were analyzed
on 15 weeks old male mice (n = 2) by the Percellome
quantitative RT-PCR,

For the demonstration of selective gene induction by
RIF and PCN in hSXRki and WT male mice on 13 weeks

= + h8XRki (n=2, —:mean) >
£ 100 oo oL A B
o P
& R
o s
E 1.00 § i
E 9% _____
2 L
2 610 el
O
(&)
0.01
Brain  Thymus Heart Lung Liver

Fig. 2.

Stomach Spleen Kidney  Small Testis
Intestine

* DL PCR detection limits of each organ

Conservation of tissue expression patterns of hSXRki mRNA in the knock-in mouse. Percellome quantitative RT-PCR anal-

ysis was performed to meastre the absolute expression levels of WT SXR mRNA and hSXRki mRNA in ten organs of WT
and hSXRki mice. The expression levels of hSXRki mRNA among organs were comparable to WT.
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old, three mice per group were singly dosed orally with
vehicle (corn 0il+0.1% DMSO), 10, 30, or 100 mg/kg of
RIF, or 20, 70, or 200 mg/kg PCN (approximately equiva-
lent in molar dose). Eight hours later, mice were sacrificed
by exsanguination under ether anesthesia and the liver
and the small intestine mucosa were sampled. Liver sam-
ples in small pieces were stored in RNA later (Applied
Biosystems, Foster City, CA, USA) for further analysis.
The small intestine under ice-cooled condition was lon-
gitudinally opened, gently rinsed with RNase-free saline
and the epithelium was scraped with a glass slide and
immersed in RNAlater. For in situ hybridization (ISH)
of Cyp3all in the liver, 15 weeks old male hSXRki and
WT mice were dosed orally with vehicle (corn oil), RIF
(10 mg/kg), or PCN (40 mg/kg) daily for 3 days and liv-
er sampled 24 hr later. All mice were sacrificed by exsan-
guination under ether anesthesia.

Statistical analysis

All values are expressed as the means % S.D. and group
differences analyzed by unpaired Student’s ¢ test or one-
way ANOVA followed by Dunnett’s post hoc compari-
son. Level of significance was set at p < 0.05.

RESULTS

Generation of hSXRki knock-In mice

Among 144 neomycin resistant TT2 ES clones, six
PCR positive clones were further submitted to Southern
blotting for the confirmation of homologous recombina-
tion. As shown in Fig. 1C, five clones were confirmed,
and two (#4 and #25) were used to generate chimeric
mice. The resulting mice were backcrossed to ICR strain
to confirm germline transmission. One clone (#4) was
crossed to a mouse constitutively expressing Cre recom-
binase to remove the neomycin resistance gene (Fig. 1D)
and backcrossed to C57BL/6 CrSlc for at least 6 genera-
tions before further analysis.

Tissue distribution of hSXRki mRNA

Ten tissues, i.e., brain, thymus, heart, lung, liver, stom-
ach, spleen, kidney, small intestine and testis from both
hSXRki and WT mice were measured for hSXRki or
WT SXR mRNA expression by the Percellome quantita-
tive RT-PCR. As shown in Fig. 2, the levels of hSXRki
mRNA are comparable to that of SXR in WT mouse and
expressed in all tissues analyzed.

Humanized responses in hSXRki mouse

Humanized response of hSXRki was demonstrated by
administration of the mouse-specific ligand PCN and the
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Humanized response of hSXRki mice to RIF and
PCN; Percellome quantitative RT-PCR. WT mice
and hSXRki mice (n = 3 each) were singly dosed
orally with vehicle (com 0il+0.1% DMSO0), 20, 70,
or 200 mg/kg PCN, or 10, 30, or 100 mg/kg of RIF
(approximately equivalent in molar dose each other).
Percellome quantitative RT-PCR data of Cyp3all and
Ces6, both known as SXR target genes, in liver and
small intestinal mucosa showed humanized respons-
es in hSXRki, Bars = S.D., *; p < 0.05, **; p < 0.01
compared with vehicle group of WT, #; p < 0.05, ##;
p < 0.01 compared with vehicle group of hSXRki.
Analyzed by one-way ANOVA followed by Dunnett’s
post hoc comparison. Level of significance was set at
p <0.05.
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ISH of Cyp3a11
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Fig. 4.

hSXRKi

Humanized response of hSXRki mice to RIF and PCN; In situ hybridization for Cyp3all mRNA in liver. A DIG-labeled

cRNA probe for Cyp3all was hybridized and developed for purplish blue chromogenic reaction. Histologically, Cyp3all
induction was localized around the central veins in both mice with species-specific ligands, respectively.

human-specific ligand RIF to the mice. Induction of the
well-known SXR-regulated genes, Cyp3all and Ces6
was monitored by Percellome quantitative RT-PCR. As
shown in Fig. 3, in the liver and small intestinal mucosa,
RIF, but not PCN, induced Cyp3all and Ces6 in hSXRki
mice (closed column), whereas PCN exclusively induced
these genes in WT mice (open column). ISH of Cyp3all
of the liver also showed humanized responses in hSXRki
mice (Fig. 4).

DISCUSSION

We generated a new humanized mouse model in which
the ligand binding domain (LBD) of human SXR was
homologously knocked-into the murine SXR gene so that
systemic response induced by human-selective SXR lig-
ands can be monitored in mice. Firstly, we showed that
mRNA from this chimeric gene was expressed at appro-
priate levels in the same tissues as the endogenous mouse
SXR gene in WT mice. Then the humanized response
of the mouse was confirmed by monitoring its response
to the human-selective activator RIF, and the lack of
response to the rodent-selective activator PCN.
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