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Gene expression profile in liver of hB1F transgenic mice
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Abstract

AIM: To analyze the tissue morphologic phenotype and liver
gene expression profile of hB1F transgenic mice.

METHODS: Transgene expression was analyzed with RT-
PCR and Western blotting. For one of the transgenic mouse
lines, tissue expression pattern of the transgene was also
examined with immunochemical methods. Pathological analysis
was used to examine the tissue morphologic phenotype of
established transgenic mice. The liver gene expression profile
of transgenic mice was analyzed with microchip, and some
of the differentially expressed genes were verified with RT-PCR.

RESULTS: The expressions of hB1F were shown in livers
from 6 of 7 transgenic mouse lines. The overexpression of
hB1F transgene did not cause pathological changes. Expressions
of three genes were up-regulated, while down-regulation
was observed for 25 genes.

CONCLUSION: The overexpression of hB1F transgene may
cause changes of gene expression profiles in the liver of
transgenic mice.
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INTRODUCTION

Human hepatitis B virus enhancer 1 B1 binding factor (hB1F,
aso known as LRH-1, hFTF, CPF) belongsto the fushi tarazu
factor 1 (FTZ-F1) nuclear receptor subfamily, whichwasformaly
designated as NR5A 2*31. ike other FSTZ-F1 receptors, hB1F
contains a particular FTZ-F1 box which is located at the C-
terminus of the DNA-binding domain (DBD) and binds to the
response element as monomer!Y. The biological function of

hB1F isjust being unveiled. It has been reported that hB1F
and/or itsrodent homologs play an important rolein regulating
the liver-specific expression of several genes“®. Recent
findings pinpoint hB1F as a critical transcription regulator in
bile acid biosynthesis?57, cholesterol homeostasis®?, sex
hormone biosynthesis™*3, and lipid metabolismf*.

To facilitate the study on the function of hB1F, we have
established 7 transgenic mouse lineages carrying hB1F
transgene®®. In this study, we analyzed the expression of the
transgenein livers of these transgenic mouse lines with RT-
PCR and Western blotting. Tissue expression pattern of the
transgenein one of the transgenic mouse lineswas aso examined
with immunochemical methods. The results of pathological
anaysisdemongtrated that the overexpression of hB1F transgene
did not cause pathological changes. We then analyzed the
gene expression profile in the liver of transgenic mice with
microchip and found that the expression of 3 genes was up-
regul ated while the expression of 25 geneswas down-regulated.
Some of the differentially expressed genes were verified with
RT-PCR. The expression of farnesyl pyrophosphate synthase,
akey enzymein cholesterol biosynthesis, wasinhibited in hB1F
transgenic mice.

MATERIALS AND METHODS

Animals

C57 mice were maintained by Shanghai Nanfang Research
Center for Modd Organisms (SNRCMO). hB1F transgenic mice
wereproduced in SNRCM O, maintained and bredinthe Laboratory
Anima Center of the Second Military Medical University.

Expression of the transgene

Total RNA wasisolated from tissues with the TRIzol reagent
(Invitrogen) according to the manufacturer’s instructions.
Semiquantitative RT-PCR reactionswere performed with primer
pair sets 5'-CCGACAAGTGGTACATGGAA-3 and 5’-
CTGCTGCGGG TAGTTACA CA-3 for hB1FcDNA, and 5'-
AACTTTGGCATTGTGGAAGG-3 and 5 -TGTGAGGGAG
ATGCTCAGTG-3 for mouse glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) cDNA, which resulted in the
generation of 300 bp and 600 bp products, respectively. PCR
reactions were performed 30 cyclesat 94 °C for 1 min, at 57 C
for Lmin,andat 72 °C for 1 min. PCR productswered ectrophoresed
on 15 g/L agarose gels.

For Western blotting, protein samples from tissues were
prepared according to the protocol from Santa Cruz Biotechnology,
Inc. Each protein sample (50 pg) was dectrophoresed on 100 g/L
SDS-polyacrylamide gel and transferred to PV DF membrane.
Membranes were blocked with 50 g/L non-fat milk in Tween-
TBS(TBST) overnight at 4 'C and incubated with the anti-Flag
antibody (Sigma) at adilution of 1:500in TBST for 2 h at room
temperature. Membranes were washed three timeswith TBST
and incubated with a horseradish peroxidase-conjugated anti-
mouse 1gG at adilution of 1:2 000 at room temperaturefor 1 h.
Immunodetection was carried out with an enhanced chemilu-
minescence kit (Amersham Pharmacia Biotech) according to
the manufacturer’ sinstructions.

Immunochemistry and pathological analysis
Tissue samples were fixed in 10% (vol/vol) neutral formalin,
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embedded in paraffin, and sectioned for staining. Immunohisto-
chemistry was performed on deparaffinized sections. Tissue
sectionswere permeabilized with 3 g/L Triton X-100in PBSfor
30 min. After washed with PBS, sections were saturated for
30 minat room temperaturewith PBS containing 50 mL/L milk and
then incubated for 1 h at room temperature with the anti-Flag
antibody (1/250 dilution). Thisincubation wasfollowed by five
washesfor 5minin PBS-10 mL/L milk and then incubated with
asheep anti-mouse 1gG (1/100 dilution) in PBS-milk for 1 h at
room temperature. Sectionswerethen washed fivetimesfor 5min
in PBS and coverdlipped with 500 mL/L glycerol in PBS and
examined under amicroscope and photographed. Immunochemigtry
and pathol ogical analyses were carrried out at the Department
of Pathology, Changhai Hospital of the Second Military Medical
University.

Microchip analysis of gene expression profile change

RNAs wereisolated from livers of two male transgenic mice
(TGM-4) and amae C57 mouse. Expressions of 8, 315 genes of
the mice were analyzed by using BiostarM-80s cDNA arrays
(Biostar genechip Inc., Shanghai, China). Control C57 mouse
liver cDNA waslabeled with fluorescence Cy3 and TGM-4 liver
cDNA waslabeled with fluorescence Cy5. Cy3 intensity values
wereadjusted to Cy3" by multiplying anormalization coefficient.
The ratios of Cy5/Cy3* were calculated and genes were
identified as either up-regulated when the ratio >2, or down-
regulated when theratio <0.5.

Semi-quantitative RT-PCR analysis
Primersusedin PCRfor CBG genewere5' -TGTCGTCGCTGCA
CTTAATC-3 and5'-AGCACATTCCCTTCATCCAG-3', and

Table 1 Genes up- or down-regulated in liver of TGM-4

for FPPS gene 5'-GGCCATGTGGATCT TGGTAG-3 and5'-
GAGGAGAGGCTCGTAGCAGA-3', which resulted in
generations of 255 bp and 301 bp products, respectively. The
cycling parameters were at 94 °C for 5 min, followed by 30
cyclesat 94 °C for 1 min, at 57 °C for 1min,andat 72 °C for 1 min.
The PCR productswere separated on 1.5% agarose gels. Signals
were quantified by density analysis of the digital images using
Alphaimage software (Alpha Co., Ltd).

Statistical analysis

Differencesin CBG and FPPS mRNA expressions (comparing
CBG/GAPDH or FPPSIGAPDH ratios) wereandyzed usng one-way
ANOVA and by the Student-Newman- Keulsmultiplerangetest.

RESULTS

Transgene expression in livers of transgenic mice
Sincetheliver isthe main organ that expresses hB1F which is
involved in the regulation of the liver-specific expression of
severa important genes, the overexpression of hB1F transgene
in mouse liver may serve as an in vivo model to study the
function of hB1F in liver. We examined the expression of hB1F
transgene in livers of seven transgenic mouse lines. RT-PCR
results showed that except TGM-2, six out of seven transgenic
mouse lines examined had expression of the transgene (Figure 1).
Western blot results demonstated the expression of the
transgenewasfoundin liversof al lineswith arelatively higher
expressoninlinesTGM-3, TGM-6, and TGM-7 (Figure 2).

Morpholgy of TGM tissues
Pathological analysis was performed to examine whether the

Gene Ratio 1 Ratio 2 Average Ratio GenBank ID
Down-regulated: Trypsin 4 0.279 0.355 0.317 NM_011646
PAS Ser/Thr kinase 0.223 0.412 0.318 NM_080850
Elongation of very long chain fatty acids-like 3 0.274 0.402 0.338 NM_007703
4933406J07Rik RIKEN cDNA 0.363 0.352 0.358 AKO016694
Similar to hypothetical protein MGC3169 0.367 0.372 0.369 BC014728
clone MGC:25675

Farnesyl pyrophosphate synthase 0.328 0.419 0.374 AF309508
Similar to hypothetical protein 0.422 0.328 0.375 BC016095
DKFZp434G2226 clone MGC:27627

T cell immunoglobulin mucin-3 0.333 0.434 0.384 AF450241
Malate dehydrogenase mitochondrial 0.419 0.350 0.385 NM_008617
1810009A17Rik RIKEN cDNA 0.362 0.430 0.396 AKO007392
Tetratricopeptide repeat domain 0.386 0.412 0.399 NM_009441
1810007A24Rik RIKEN cDNA 0.342 0.461 0.402 NM_026925
1810015P03Rik RIKEN cDNA 0.371 0.432 0.402 NM_025458
4930563E19Rik RIKEN cDNA 0.424 0.394 0.406 AKO016201
1700030E05Rik RIKEN cDNA 0.400 0.422 0.411 BC017608
2700007P21Rik RIKEN cDNA 0.364 0.458 0.411 AKO012215
Capping protein alpha 3 0.455 0.383 0.419 NM_007605
Trefoil factor 1 0.378 0.464 0.421 NM_009362
Ketohexokinase 0.447 0.444 0.446 NM_008439
Mus musculus cDNA 0.429 0.467 0.448 AV079172
Amylase 1 salivary 0.430 0.470 0.450 NM_007446
Elastase 2 0.495 0.448 0.472 NM_007919
Transient receptor protein 2 0.446 0.499 0.472 NM_011644
Clone IMAGE:3587716 0.491 0.458 0.474 BC012849
Heavy polypeptide 8 skeletal muscle 0.486 0.489 0.488 M12289
Up-regulated:

602390464F1 Mus musculus cDNA 2.097 2.512 2.305 BG293529
Corticosteroid binding globulin 2.154 2.577 2.366 NM_007618
602843872F1 Mus musculus cDNA 3.259 2.292 2.775 BG974154
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expression of hB1F transgene might cause any pathological
changesin tissues of the transgenic mice. Asshown in Figure 3,
no obvious pathological change was observed in all tissues
from the transgenic mouse line TGM-4. Therefore, asfar asthe
tissues were examined, the expression of hB1F transgene did
not result in pathological consequencesin TGM-4. Similar
results were obtained with other lines (data not shown).

Gene expression profile in livers of TGM-4

Microchip analysis was perfomed to investigate whether the
gene expression profile of the host mice might be altered inthe
transgenic lines due to the expression of hB1F transgene. The
geneexpression profilesof cellsfromtheliversof two independent
TGM-4 mice were compared with that of the non-transgenic
control mouse. Figure 4 represents a visual demonstration of
the comparison of gene expression profiles between TGM-4
and C57. The expressions of 28 genesin the livers of TGM-4
mice were found to have changed compared with the C57
control mouse. Among them, 25 genes were down-regulated
and 3 genes were up-regulated (Table 1).

mGAPDH
hB1F

Figure 1 Semi-quantitative RT-PCR results of transgene ex-
pression in livers of TGMs lane 1: DNA molecular weight
marker DL2 000 (Takara Inc.); lane 2: Positive control, pcDNA3-
hB1F; lane 3: Negative control, liver of C57 mouse; lanes 4-10:
livers of different lines of transgenic mice, TGM-1to 7.
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Figure 3 Morphology of TGM-4 tissues A: liver; B: heart; C:
testicle; D: stomach; E: lung; F: kidney.
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Figure 2 Western blot analysis of hB1F transgene expression
in livers of TGMs.

A

Figure 4 Visual demonstration of gene expression profiles
between C57 control mouse and hB1F TGM4 A. chip 1; B. chip
2. Red signals stand for the up-regulated genes and green ones
for the down-regulated genes. Yellow signals stand for non-
differentially expressed genes.

RT-PCR analysis of diffentially expressed genes

Based on the results of the microchip analysis, some of the
differentially expressed genesincluding corticosteroid-binding
globulin (CBG) and farnesyl pyrophosphate synthase (FPPS)
were subjected to further analysis. Semi-quantitative RT-PCR
was performed with samples used in the microchip analysis
and also with additional samples from other transgenic lines,
TGM-1, TGM-3, TGM-6,and TGM-7. Thecorticosteroid binding
globulin (serine/cysteine proteinase inhibitor) gene was up-
regulated in the liver of TGM-4 (Figure 5) and the farnesy!l
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Figure 5 Semi-quantitative RT-PCR results of CBG expression in livers of TGM-4 and C57 control mouse. A: lane 1: DNA
molecular weight marker DL2 000; lane 2: C57 control mouse; lane 3: TGM-4. B: The ratio of CBG/GAPDH was caclutated for each
sample and used as an indication for the relative expression of CBG. The average value for the control was taken as 1. RT-PCR
was repeated three times and the results were presented as mean+£SE. Statistical significance was subjected to one-way ANOVA
and Student-Newman-Keuls multiple range test. 2P<0.05 vs control.
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Figure 6 Semi-quantitative RT-PCR results of FPPS expression in livers of TGMs and C57 control mouse. A: lane 1: DNA
molecular weight marker DL2000; lane 2: TGM-1; lane 3: TGM-3; lane 4: TGM-4; lane 5: TGM-6; lane 6: TGM-7; lane 7: C57 control
mouse. B: The ratio of FPPS/GAPDH was caclutated for each sample and used as an indication for the relative expression of FPPS.
The average value for the control was taken as 1. RT-PCR was repeated three times and results were presented as mean+SE.
Statistical significance was subjected to one-way ANOVA and Student-Newman-Keuls multiple range test. 2P<0.05 vs control.

pyrophosphate synthase gene was down-regulated in all
transgenic mouse lines (Figure 6). These results were well
consistent with the microchip analysis data.

DISCUSSION

In thisreport, we verified the expression of hB1F transgenein
several transgenic lines we have constructed previously.
Results from RT-PCR and Western blotting analysisindicated
that hB1F transgene was expressed in livers of all transgenic
lines but with different expression levels. Besides liver, the
transgene was also expressed in other organs such as stomach
and testis (data not shown). The tissue expression pattern of
hB1F transgene was expected since the transcription of thet
ransgene was under the control of the CMV early promoter which
has a relative broad tissue expression range. Although hB1F
was thought previously to be present mainly in liver and
pancreas, recent data revealed that it could be expressed in
many types of tissues, such as intesting’®¥, ovary!*?, adrenal
gland*?, and preadipocytes**®. Therefore, the transgenic lines
established and verified in this study would provide a valuable
anima modd for studying the function of hB1Finmultipletissues.

Given that hB1F plays an important role in cholesterol
homeostasis and bile acid biosynthesis, it is somewhat
unexpected that no discernable pathological changes resulting
from the overexpression of hB1F transgene have occurred in
these transgenic lines. It is possible that the overexpression of
hB1F might negatively feedback on the expression of the
endogenous mouse counterpart of hB1F, mLRH-1. It remains
to determine whether the expression of the enodgeous mLRH-1
changesin cells overexpressing hB1F. On the other hand, itis
apparent from the microchip analysis that the expression of
some genes were altered in livers of these transgenic lines.
Sincedisturbance to metabolic pathways such asthe cholesterol
homeostasis might require along incubation time before any
pathological phenotypes could be observed, it is necessary to
perform along term follow-up investigation on the possible
pathological changes.

Among the genesidentified to exhibit altered expressions
in hB1F transgenic mice, the gene that encodes the farnesyl
pyrophosphate synthase (FPPS) is the most interesting one.
FPPS could catalyse the formation of farnesyl pyrophosphate
(FPP) through the condensation of dimethylallyl pyrophosphate
with two molecules of isopentenyl pyrophosphate. FPP is a
key cellular intermediate for the biosynthesis of isoprenoids
and a precursor of cholesterol, steroid hormones, dolichols,
haem A and ubiquinone. Furthermore, it has been found that
FPP and its derivative geranylgeranyl pyrophosphate are
involved in prenylation, a post-translational modification of a
variety of cellular proteins that influence their proper cellular

localizations and biologica functions®. The semi-quantitative
RT-PCR results confirmed the down-regulated expression of
FPPSin all transgenic lines, suggesting that inhibition of the
expression of FPPS has a general effect on hB1F transgenic
mice, unrelated to other reasons such as the position effect
dueto theintegration of the transgene. Given the complexity of
the regulatory network for the cholesterol homeostasis, it is
still early to speculate on the molecular mechanism underlying
theinhibition of expression of FPPS in hB1F transgenic mice.
Whether hB1F directly or indirectly inhibits the expression of
FPPS awaits future study.
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