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The prosess of peroxisome proliferation in rodent liver by hypolipidemic compounds and related substances has recently been shown to be
rescptor-mediated. In the present study, we have examined the effect of oral administrution of the strong peroxisome proliferator fenofibrate on
the hepatis expression level of the peroxisome proliferator activated receptor (PPAR) in cats, Immunablois of rat liver cytosols and nuslear extracts
using antibodies raised against recombinant PPAR/f.galactosidase fusion proteins revealed a pronounced increase in the amount of PPAR protcin
in response 1o fenofibrate treatment. This induction could also be confirmed ut the lsvel of RNA by Nerthern blotting. A time-course investigation
showed a delayed accumulation of mMRINA in response to the treutment, starting on day 2 after a latency period of at least one day. Thus, industion
of the PPAR as a response to peroxisome proliferators represents one important dimension of the pleiotropic effects of peroxisome proliferators.

PPAR! Fusion protein; Antibody; mRNA; Hypolipidemic ecompound

1. INTRODUCTION

Peroxisome proliferation is a process frequently ob-
served in the livers of rats and mice in response to the
administration of a specific class of non-genotoxic car-
cinogens, the so-called peroxisome proliferators (e.g.
fibrates such as clofibrate, phthalates such as diethyl-
hexylphthalate, tiadenol) [1]. After oral administration,
these substances evoke a pleiotropic response in the
main target organ liver, including an increase of the
number and size of peroxisomes, induction of per-
oxisomal and non-peroxisomal enzymes, liver hypertro-
phy and hyperplasia, and, as a long-term effect, hepa-
tocarcinogenesis [2-5]. Because of the structural diver-
sity of the different peroxisome proliferators, the exis-
tence of a specific receptor mediating their effects was
a matter of controversy for several years [6-8). In 1990,
the cloning of a gene belonging to the steroid hormone
receptor family was reported and its expression product
was proven to enhance the transcription of respective
genes in response to the application of peroxisome pro-
liferators [9,10). However, no direct binding of these
compounds to this new receptor has been shown until
now. With respect to these findings this protein has been
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termed peroxisome proliferator activated reseptor
(PPAR). Recently, the identification of three closely re-
lated members of the hormone receptor superfamily
that share extensive homology with the mouse PPAR
has been reported for Xenopus laevis (11]. All the three
new receptors seem to be stimulated in their biological
activity upon addition of peroxisome proliferators to
the test system.

To further investigate the signal cascade leading to
the multiple effects in the liver after application of per-
oxisome proliferators, we decided to raise antibodies
against the PPAR in order to obtain a direst spesifie
probe for the receptor. In the present paper, we report
on the preparation of a PPAR-specific antiserum and
its use for the detection of PPAR protein in different
preparations of rat livers. In particular, evidence for the
induction of the PPAR by fenofibrate, a strong per-
oxisome proliferator, is presented.

2. MATERIALS AND METHODS

2.1. Muaterials

Fenofibrale was provided by Laboratoires Fournier (Fontaine les
Dijon, France). Primer oligonusleatides were synihesized on a Gene
Assembler Plus (Pharmacia, Freiburg, Germany). Tag polymerase
was obtained from Perkin-Elmer (Uberlingen, Germany). The first
strand cDNA synthesis kit was purchased from Pliarmacia (Freiburg,
Germuny). The nonradicactive DNA labeling and detection kit, 4-
nitro blue tetrazolium chloride and S-bromo«4-chloro-3-indolyl-phos-
phate were obtained from Boshringer Mannheim {Mannheim, Ger-
many). Biodyne A and Flugrotrans membranes, the sesond antibody
and the blue marker were from Pall (Dreicich, Germany), Sigma
(Deisenhofen, Germany) and Biorad (Minchen, Germany), respec-
tively,
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2.2, Genvration of PPA Respecific antisera

Tatal RNA was isolated from poaled livers af udult male BALBR
and C57BL/6N mice wecording to Chomezynski nnd Sacchi [12), und
PCR [13] (thirty eycles, 1 min 94°C, | min 48°C, 3 min 72°C, euch)
was performed alter mRNA selection und reverse trunseription, using
the oligonucleotides AACCCGGGACAATGAACCCTTTC wnd
TTCCCGGGCGGAGTGAAGA us PPAR-specific §-sense- und 3'-
antisense-primer, The EcoRUKpal (FP 1) andd Bglil/Ball (FP 2) re-
striction frupments of the amplifled PPAR cDNA were fused to the
lacZ gene of the bacteriul expression vector pEX2 ax detailed in Fig.
1, After trunsformation of these constructs into the £ eoli sirain pop
2138, the corresponding f-gulactosiduse/PPAR fusion proteins were
obtained und purified essentiully us described [14.15]). New Zealand
white rabbits were immunized with the obtuined preparations necord-
ing to stundurd procedures (o yield two polyctonul antisera,

2.3, Sumple preparntion

For prepuration of eytosols and nuekeur extrieis, male ruts were fed
a diet containing 0.25% (wiw) fenafibrate for seven days. For preparus
tion of RNA, male rats were fedd the same diet for one (o twelve days,
Al animals were sturved 12 h before sacrifice except for those treated
for one duy only, Livers were excised after cervieul dislocution and
were either frozen immediutely in fiquid nitrogen to preserve them for
the isolation of RNA ar proceised directly to oblain eytosols and
nuclear extracts as follows: livers were homogenized in three volumes
of hownogenizution bufller (20 mM Tris-HCl, pH 7.4, containing | mM
EDTA. 25 mM KCL | mM PMSF, | mM DTT und 10% (v/v) glycerol)
using 10 strokes of u drilling Teflon pestle. The obtuined homogenutes
were centrifuged for § min at 1,000 x 2. After resuspension of the
pellets in homogenizution buller (three volumes), centrifugation wus
repedted to remove remuinders of eytosol. The resulting sediments
were resuspended in homogeniaation bulfer (two volumes) containing
0.4 M NacCl, using s glasx hamogenizer. The suspensions were stirred
gently for 20 min on ice with u mugnetic stir bar followed by centrif-
ugution at 100.000 x g far | h. The recovered supernatunts capresent-
ing the nuclear extracts were frozen in tiquid nitrogen and slored at
=30*C until use. The 1,000 x ¢ supernatunts of the first centrifugation
were centrifuged at 10,000 x ¢ for 15 min and the resulting supsroa-
tants were centrifuged at 100,000 % g for 1 I to yield the eytosalic
fractions that were preserved und stored like the nuclear extracts.
RNA was prepared from the frozen livers as detailed by Chomezynski
und Succhi [2].

2.4, Analytical pracecheres

Protein concentrutions were determined according to Beadlord (16).
Cytosols and nucleir extraets were subjected to SDS-PAGE on 8=
25% gradient gels uxing the Phast System (Phurmacia), Subsequent
clectrotransfer to Fluoratrans membranes wus performed on the same
upparatus necording to the manufucturers recommendations far 3 Vh,
Immunodetection was curried out by the method of Towbin et al. (17)
using one of the PPAR-specific untiseri (1:200) us the first antibody
and an alkaling phosphituse-coupled second antibody (1:1000). 4-
nitro blue tetruzolium ehlaride and S-broma-4-chlora-3-indolyl-phos.
phate served ux chromaogenic substrittes for the final visunlization,

Total RNAs were run on 1% denaturing agurose gels containing
formaldehyde and were subsequently transferred to Biodyne A mem-
branes by standird capillary blotting {18). PPAR mRNA was detected
by hybridizution with a digoxigenin«labelled PPAR-cDNA (50 ng/ml)
followed by immunostaining according to the protocol of the kit
supplier. Prehybridization was curried out at 55°C for 4 h in u solution
containing 10x Denhardt's (aqueous solution of Ficoll, polyvinyl-
pyrrolidone and bovine serum albumin, 0.2% cuech). 2 x SSC (0.3 M
NuCl, 30 mM sodium citrate, pH 7.0), 0.5%: SDS, 0.01 M EDTA and
100 pi/ml salmon sperm DNA. After addition of the denatured probe
hybridizution was conlinued overnight under the same conditions. The
filters were washed In 2 x SSC, 0.5% SDS (2 times, 15 min each) at
room lemperiture and 0.1 x 88C, 0.5% SDS (2 times, 15 min each)
at 535°C and subjected to immunastaining. Color development wus
allowed overnight,
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Fig. 1. Construction of the PPAR-expression vectars, Frugments FP
| and FP 2 of the PPAR cDNA were ligated into the EcoR1/8amH]I-
site located in the 3%-terminal region of the lueZ gene of the bacterial
expression vecior pEX2, To yield computible ends both fragments
were first ¢loned into the plasmid pUC 19, FP | wus obtuined by
EcalklIKpn! digest of the PPAR ¢DNA und was set into the EcoRl/
Kpul-site of the plusmid. FP 2 was oblained by Bg/li/Bafl digest of
the PPAR ¢DNA and was ligated into the Smeal-site of the plasmid
after blunt-end generation using the Klenow fragment of DNA polym.
eruse [. Separate restriction digesis of both construcls with EeoRl/
BumHI resulted in Mragments that could be integrated into the EcoR 1/
BamHl-site of pEX2 in the correct orientution and frame to yield
B-gulactosiduse/PPAR fusion proteins on industion. RDBD, putative
DNA binding domain; LBD, putative ligund binding domain.

3. RESULTS

The amplification of the PPAR ¢DNA starting from
reverse transcribed mRINA of mouse liver resulted in
the isolation of the expected 1.4 kb cDNA fragment in
good yields (2-3 ug per 50 ul). The EcoRI/Kpnl-frag-
ment (FP 1) and the Bg/ll/Ball.fragment (FP 2) of this
¢DNA were chosen for the expression in bacteria be-
cause both show low homology to the corresponding
sequences of other members of the steroid hormone
receptor family. After expression as B-galactosidase fu-
sion proteins and subsequent purification, thes¢ prepa-
rations were used to raise antibadies in rabbits. The
resulting antisera both displayed high titers towards the
fusion proteins, However, only the FP 2-antiserum
showed specific immunoreactions with rat liver pro-
teins. Thus, only experiments using the FP 2-antiserum
are reported in the following, Immunaoblot analysis of
hepatic cytosols (Fig. 2) and nuclear extracts (data not
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Fig. 2. Rat liver eytosols (10 4 per lane) were electrophoresed, blotted

and immunostained with the FP 2 antiserum as deseribed in Section

3, SD, male Spraguc-Dawley rats; F, male Fischer ruts; +. fenofibrate-

treated: —, untreated; M, prestained moleculur weight marker (106

kDa, B0 kDu, 49.5 kDu, 32.5 kDa, 27.5 kDa, 18.5 kDa). The nrraw
marks the position of the PPAR (53 kDa).

shown) obtained from untreated rats did not show spe-
cific signals in the expected molecular weight runge of
52-53 kDa. Instead, two moderately immunoreactive
proteins with apparent molecular weights of about 33
and 38 kDa were detected.

In contrast, cytosols as well as nuclear extracts pre-
pared from rats after fenofibrate treatment for one week
displayed a strongly immunoreactive species with an
apparent molecular weight of about 53 kDa. In addi-
tion, a number of less prominent bands appeared in the
higher molecular weight range. A typical result with rat
cytosol is shown in Fig. 2.

Northern blot analysis of rat hepatic RNA from ani-
mals that were treated with fenofibrate for 0-12 days
indicated a low constitutive expression of PPAR
mRNA in rat liver. After a latency period of at least one
day the level of PPAR mRNA was significantly in-
creased and the signal remained enhanced for all 12
days (Fig. 3). Surprisingly, we determined the size of the
rat PPAR mRNA to be close to 6 kb whereas the size
of mouse PPAR mRNA was reported to be 1.8 and 2
kb [9].

4. DISCUSSION

Starting from the published cDNA sequence of the
mouse PPAR [9] we have generated fusion proteins and
with their aid antisera against defined regions of the
protein that we have designated FP 1 and FP 2. Com-
parison of the deduced amino acid sequence of mouse
PPAR to those of the different Xenopus PPAR-related
nuclear hormone receptors that have recently been
cloned {11] revealed a sequence homology of FP 2
among the mPPAR and the orthologous Xenopus gene
xPPARa of 82% from which an interspecies immuno-
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Fig. 3. Northern blot of liver RNA from fenofibrate-treated rats, Rat
liver total RNA (10 ug per lane) was elecirophoresed, blotted and
hybridized with a digoxigenin-lubefled PPAR ¢DNA probe as de-
scribed in Section 2. The figure below cach lune gives the duration of
the fenofibrate treutment of the respective rat in days. The urrows
mark the positions of the ribosomal RNAs,

logical cross-reaction may reasonably be expected. At
the same time, the homology to the other members of
this gene subfamily does not exceed 50%. Therefore, we
conclude that the 53 kDa protein that strongly interacts
with our FP 2 antiserum is indeed the rat PPAR. The
nuture of the other, less prominent signals obtained with
this antiserum is yet unclear. Like the PPAR, most of
thern appear to be fenofibrate-treatment dependent and
we thus speculate that they might represent either proc-
essed variunts of the PPAR or other members of a puta-
tive PPAR-fumily [11].

The FP | protein sequence homology among mPPAR
and xPPARe of only 53% suggests a lower degree of
conservation of the PPAR N-terminus, which could
serve as an explanation for the fuilure of our FP 1-
antiserum (anti-mouse PPAR) to detect the rat PPAR
srotein.

Our present data clearly indicate the induction of the
PPAR in rat liver on the level of mRNA and protein on
administration of fenofibrate, a strong peroxisome pro-
liferator, while the constitutive expression appeared to
be very low, The transcription-stimulating activity of
the PPAR is significantly enhanced by peroxisome pro-
liferators as clearly demonstrated by Green and co-
workers [9.10]. However, they also reported on some
basal transcriptional activity of the PPAR in the ab-
sence of peroxisome proliferators that was apparently
dependent on the intracellular concentration of PPAR
(10]. Since the responsive elements of the differ-nt genes
that are targets for the PPAR may be differentially sus-
ceptible to this receptor in the presence and absence of
its ligand, the level of receptor expression could repre-
sent a second dimension in the regulation of PPAR-
dependent gane transcription,
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