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Abstract
AIM: Human hepatitis B virus enhancer II B1 binding factor
(hB1F) was cloned and characterized as a novel member of
the Ftz-F1 (NR5A) nuclear receptor subfamily. Although
progresses have recently been made, its biological function
remains largely unidentified. The aim of this study was to
establish an hB1F transgenic mouse model to promote the
functional study of hB1F.

METHODS: Transgene fragments were microinjected into
fertilized eggs of mice. The manipulated embryos were
transferred into the oviducts of pseudopregnant female mice.
The offsprings were identified by PCR and Southern blot
analysis. Transgene expression was analyzed with RT-PCR
and Western blot analysis. Transgenic founder mice were
used to establish transgenic mouse lineages. The F1 and F2
mice were identified by PCR analysis.

RESULTS: Seven mice were identified as carrying copies
of transgene. RT-PCR and Western blotting results showed
that the transgene was expressed in heart, liver, lung, kidney
and stomach in one of the transgenic mouse lineages.
Genetic analysis of the transgenic mice demonstrated that
the transgene was integrated into the chromosome at a
single site, and was transmitted stably.

CONCLUSION: In this study we established an hB1F
transgenic mouse model, which will facilitate the investigation
of the biological function of hB1F in vivo.
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INTRODUCTION
Nuclear receptor (NR) is a superfamily of eukaryotic
transcription factors that are crucial for gene regulation and

development. Members of this superfamily include receptors
for steroid and non-steroid hormones as well as a large number
of orphan receptors whose regulatory ligands have not been
identified[1,2]. Fushi tarazu factor 1 (Ftz-F1) is one of the six
subfamilies of the NR superfamily[3], which has been nominated
as NR5[4]. Members of the Ftz-F1 subfamily all possess a particular
Ftz-F1 box located at the C-terminal of the DNA-binding domain
(DBD) and bind to their response elements as monomer.
    Human hepatitis B virus (HBV) enhancer II B1 binding
factor (hB1F) has been cloned and characterized as a novel
member of the Ftz-F1 subfamily[5]. hB1F (also known as NR5A2,
CPF, and hFTF) binds specifically to the B1 element in the
enhancer II of HBV and activates its function, thus regulating
the viral gene expression and replication. RT-PCR and 3’-RACE
have previously revealed that utilization of two polyadenylation
signals results in the 3.8 and 5.2 kb transcripts[6,7]. hB1F is the
human homologue of the mouse transcription factor mLRH-1.
It has been reported that NR5A2 may play an important role in
regulating the liver-specific expression of several genes[8]. Recent
findings demonstrate that NR5A2 is a critical transcription factor
in the bile acid biosynthesis pathway[9,10] and may also regulate
the expression of bile acid and cholesterol transporters in the
liver and intestine[11,12].
     To facilitate the functional studies of hB1F, we reported
here the establishment of transgenic mice carrying hB1F gene.
7 transgenic mice were identified by PCR and Southern blotting
and used as founders to establish transgenic mouse lineages.
The results of the F1 identification with PCR showed that the
transgenes could be transmitted stably. RT-PCR and Western
blotting analysis demonstrated that the transgenes expressed
in multiple tissues of transgenic mice.

MATERIALS AND METHODS

Plasmid
pcDNA3-hB1F contains the full length hB1F cDNA under the
control of CMV promoter. A Flag tag was placed upstream to
the hB1F coding sequence to facilitate the characterization of
the expressed protein.

Animals
C57 and CBA mice were maintained by Shanghai Nanfang
Research Center for Model Organisms. Transgenic mice were
raised, and bred in the Laboratory Animal Centre of Second
Military Medical University.

Generation of transgenic mice
The 6.9 kb linearized pcDNA3-hB1F was purified from agarose
gel with QIAGEN gel extraction kit (Qiagen, CA, USA),
adjusted to a final concentration of 1 µg/ml in TE buffer and
used as the DNA solution in microinjection. The F1 female
hybrids of C57 and CBA mice were hormonally superovulated
and mated with F1 male hybrids. Next morning the fertilized
one-cell eggs were collected from the oviduct. The eggs were
microinjected with the DNA solution under a microscope. The
injected fertilized eggs were transplanted into the oviduct of
pseudo-pregnant F1 hybrids of C57 and CBA mice.
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Identification of transgenic mice
Founder (G0) mice were identified by PCR and Southern
blotting analysis. For PCR, DNA was extracted from tails
with Genomic DNA MINIPREPES kit (Sangon Inc. China).
PCR amplification was performed with hB1F primers (P1: 5’-
C C G A C A A G T G G T A C A T G G A A - 3 ’  P 2 :  5 ’ -
CTGCTGCGGGTAGTTACACA-3’) and pcDNA3 primers
(P3 :  5 ’-ATGCGGTGGGCT CTATG-3’  P4 :  5 ’-
CGGCTTCCATCCGAGTA-3’) which would produce 300 bp
and 1 353 bp fragments from mice carrying the transgene,
respectively. For Southern blotting, genomic DNA was
digested overnight with HindIII and subjected to
electrophoresis on a 1.0 % agarose gel. DNA was transferred
onto nylon membrane (MILLIPORE Co., Ltd, London, UK).
Hybridization was performed under a stringent condition with
a randomly-primed (α-32P)-labeled hB1F probe.

Expression of the transgene
One of the transgenic mouse lineages was used to study the
expression of transgene. Total RNA was isolated from tissues
with the TRIzol reagent (Invitrogen, CA, USA), according
to manufacturer’s instructions. First strand cDNA was
synthesized by reverse transcription (Promega, USA).
Semiquantitative RT-PCR reactions were performed using
primer pairs 5’-CCGACAAGTGGT ACATGGAA-3’ and 5’-
CTGCTGCGGGTAGTTACACA-3’ for hB1F cDNA, and 5’-
A A C T T T G G C A T T G T G G A A G G - 3 ’  a n d  5 ’ -
T GT GA GG GA GA T GC TC AG T G- 3 ’  fo r  m o u s e
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
cDNA, which resulted in the generation of 300 bp and 600
bp products, respectively. PCR was performed for 30 cycles
at 94  for 1 min, at 57  for 1 min, and at 72  for 1 min.
PCR products were electrophoresed on 1.5 % agarose gels.
Signals were quantified by density analysis of the digital
images using BioStar image software,version 2.
     For Western blotting, protein samples from tissues were
prepared according the protocols by the manufacturer (Santa
Cruz Biotechnology, Inc. WA, USA). 50 µg protein of each
sample was electrophoresed on 10 % SDS-polyacrylamide gel
and transferred to PVDF membrane. Membranes were blocked
with 5 % (w/v) non-fat milk in Tween-TBS (TBST) overnight
at 4  and incubated with anti-Flag antibody (Sigma, USA)
at a dilution of 1:500 in TBST for 2 h at room temperature.
Membranes were washed three times with TBST and incubated
with a secondary antibody (horseradish peroxidase-conjugated
anti-mouse IgG) at a dilution of 1:2 000 at room temperature
for 1 h. Immunodetection was carried out with an enhanced
chemiluminescence kit (Amersham Pharmacia Biotech, USA).

Transmission of transgene
To study the transmission of transgene in mice, transgenic
founder mice were mated to normal C57 mice to produce the
first generation (F1) transgenic mice which were identified by
PCR analysis using hB1F primers P1 and P2, and primers P5
(5’-GTTGGAGGTCGCTGAGTA-3’) and P6 (5’-
AGTAGGAAAGTCCCATAAGGTC-3’), yielding 300 bp and
500 bp products, respectively, from mice carrying the
transgene. The F1 mice of the same founder carrying the
transgene were mated between brother and sister mice to produce
the second generation (F2). The F2 transgenic mice were
identified by the same methods  for the F1 transgenic mice.

RESULTS

Establishment of hB1F transgenic mice
The transgene fragment containing the full length hB1F cDNA
was microinjected into the male pronucleus of 653 fertilized

oocytes of F1 hybrids between C57 and CBA mice. The
injected eggs were implanted into the oviducts of 24 pseudo-
pregnant foster mothers, of which 13 mice became pregnant
and gave birth to 97 offsprings. Eleven offspring mice were
identified to carry the hB1F cDNA as demonstrated by PCR
analysis (Figure 1), seven out of which were further confirmed
by Southern blotting analysis (Figure 2). The ratio of transgene
integration was 11.3 % and 7.2 %, respectively, by PCR and
Southern blotting analysis.

Figure 1  PCR results of transgenic mice. 1: DNA molecular
weight marker, up 100bp ladder,down 1kb ladder; 2: Positive
control (pcDNA3-hB1F); 3: Negative control (normal mouse);
4: Water as template;  5­15: Transgenic founder mice; Up: P1-
P2 primers amplified; Down: P3-P4 primers amplified.

Figure 2  Genonic DNA Southern blotting results of transgenic
mice. 1: Positive control (pcDNA3-hB1F); 2: Negative control
(normal mouse); 3­13: Transgenic founder mice.

hB1F transgene expressed in multiple tissues of transgenic mice
As the transgene was driven by the CMV promoter, to study if
it can express in multiple tissues of transgenic mice, we analysed
the tissue expression profile of the hB1F transgene by RT-PCR
and Western blot. The results (Figure 3, Figure 4) showed that
the hB1F transgene was expressed in the heart, liver, lung,
stomach and kidney, but not in intestine and encephalon.

Figure 3  RT-PCR results of transgene expression. 1: DNA mo-
lecular weight marker DL 2000; 2: Positive control (pcDNA3-
hB1F); 3: Negative control (non-reversely transcribed RNA);
4: C57 mouse liver; 5­11: Transgenic mice tissues. aP<0.05.
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Figure 4  Western blotting analysis of transgene expression.

Genetics of transgenic mice
To establish the transgenic mouse lineages, founder mice were
mated to C57 mice to produce F1 mice. Among 128 mice of
the first generation, 60 were identified as carrying hB1F cDNA
transgene by PCR analysis (Figure 5). The ratio of transgene
transmission was 46.9 %. The F1 mice from the same founder
were mated each other to produce the F2 mice. 45 out of 64 F2
mice were hB1F transgenic mice, with a ratio of transgene
transmission of 70.3 %. These results showed that the
inheritance of hB1F transgene was in accordance with
Mendel’s laws, and the transgene was integrated into the
chromosome in a single site and could be transmitted stably.

Figure 5  Partial PCR results of F1 transgenic mice. 1: DNA
molecular weight marker, up DL 2000, down 100bp ladder; 2:
Positive control (pcDNA3-hB1F); 3: Negative control (normal
mouse); 4: Water as control; 5­12: F1 mice; Up: P1-P2 primers
amplified; Down: P5-P6 primers amplified.

DISCUSSION
hB1F (NR5A2) is a novel member of the FTZ-F1 nuclear
receptor subfamily. It was originally cloned based on its
interaction with hepatitis B virus (HBV) enhancer II B1
element[5]. It has been shown to be a critical regulator of HBV
gene expression and replication. Recent studies have revealed
that hB1F is mainly involved in the regulation of cholesterol
related gene expresssion in the hepatic-intestinal system. hB1F
and its mouse homolog mLRH-1 are essential for the
transcription of the gene encoding cholesterol 7a hydroxylase
(CYP7A1), the first and rate limiting enzyme in bile acid
biosynthesis[6,9,10]. Together with two other nuclear receptors,
FXR and SHP, and hB1F/ mLRH-1 can mediate the feedback
effect of bile acids on the transcription of CYP7A1. Moreover,
hB1F/mLRH-1 can also regulate the expression of sterol 12α-
hydrolyase (CYP8B1)[13], multidrug resistance protein-3
(MRP-3)[11], cholesterol ester transport protein (CETP)[12] and
aromatases[14]. There is evidence that mLRH-1 may also
regulate the expression of several critical transcritional
factors, such as HNF1, HNF3β and HNF4[15]. It is possible
that hB1F/mLRH-1 may exert broad influences on many
genes by regulating these important factors. Since the
regulation of cholesterol and bile acid homeostats is
complicated, prone to be influenced by various genetic and
environmental factors, it is vital to establish a transgenic or
knock-out animal model for the studies of the biological role

that hB1F plays in a living organism. The strategy to knock
out mLRH-1 in mice has not been successful, due to early
embryo lethality (personal communication), which suggests
that hB1F/mLRH-1 has yet unidentified crucial functions
during embryogenesis. The attempt to generate hB1F
transgenic mice has not been reported either. To our
knowledge, we have generated the first transgenic mice
carrying and expressing the hB1F transgene.
     In vivo hB1F/mLRH-1 is mainly expressed in the liver and
pancreas. However, weak expression of hB1F has also been
detected in other tissues such as heart, lung, skeletal muscle
and intestine[5,6]. Recent studies have also demonstrated that
hB1F is expressed abundantly in human ovary, testis[16] and
preadipocytes[14], as well as in human adrenal and placenta
in small amount[16], thus hB1F has a broader expression
tissue profile than previously thought. In this study, the
hB1F transgene was expressed in multiple tissues, most of
which are capable of expressing endogenous hB1F in vivo.
Therefore, the hB1F transgenic mice we generated in this
study is an invaluable animal model, for investigating hB1F
function not only in hepatic tissues, but also in other tissues,
which may ultimately reveal the yet unidentified biological
functions of hB1F.
     In conclusion, we reported here the successful generation
of a transgenic mouse model expressing the orphan nuclear
receptor hB1F (NR5A2). Future studies will focus on the
physiological and pathological changes in this mouse model
using powerful analytic methods e.g. microarray comparisons
of gene expression profiles between normal and transgenic
mice.
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