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Abstract

Hepatocyte nuclear factorad HNF-4a) modulates the expression of liver-specific genes that control the production (e.g. apolipoprotein
[apo] A-I and apo B) and clearance (e.g. apo C-lll) of plasma lipoproteins. We reported that the CoA thioesters of amphipathic carboxyli
hypolipidemic drugs (e.g. clofibric acid analogues currently used for treating hyperlipidemia in humans and substituted long-chail
dicarboxylic acids) were formeéh vivo, bound to HNF-4, inhibited its transcriptional activity, and suppressed the expression of
HNF-4a-responsive genes. Hypolipidemic PPARperoxisome proliferator-activated receptor alpha) activators that were not endogenously
thioesterified into their respective acyl-CoAs were shown to be effective in rats but not in humans, implying that the hypolipidemic activity
transduced by PPARIn rats was PPAR-independent in humans. The suppressed acyl-CoA synthase of &Radtkout mice left
unresolved the contribution made by the acyl-CoA/HNFghthway to the hypolipidemic effect of PPARagonists in rodents. Hence,
suppression of HNFd activity by the CoA thioesters of hypolipidemic “peroxisome proliferators” may account for their hypolipidemic
activity independently of PPA&R activation by their respective free carboxylates. The hypolipidemic activity of peroxisome proliferators
is mediated in rats and humans by the PRA&d HNF-4 pathways, respectively. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction affinity for its cognate responsive enhancer, or in shifting
its oligomeric—dimeric equilibrium as a function of the
HNF-4« [1] controls the expression of liver genes chain length and degree of saturation of these fatty acyl-
coding for apolipoproteins (Al, All, AlV, B, C-Ill), co- CoAs [3]. Binding of saturated (C14:0)-CoA or (C16:0)-
agulation factors (VII, IX, X), transcription factors CoA results in HNF-4 activation, whereasa{-3) poly-
(HNF-1), and others [2]. Transcriptional activation by unsaturated (C18:3)-CoA, (C20:5)-CoA, or (C22:6)-CoA
HNF-4a is mediated by its binding as homodimer to suppresses its transcriptional activity. Activation of
DR-1 promoter sequences of target genes. Fatty acyl-HNF-4a by its agonists may account for the reported
CoAs longer than C12 specifically bind to the LBD of increase in blood lipids induced by dietary saturated fatty
HNF-4«, resulting in modulating its transactivation or acids of C12-C16, while suppression of HNE-dctivity
by its antagonists may account for the hypolipidemic
effect exerted by dietarya(-3) polyunsaturated fatty ac-
ids [4]. Since hypolipidemic PP (e.g. clofibric acid ana-
1105, logues currently used for treating hyperlipidemia in hu-
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2. Materials and methods

2.1. Recombinant proteins

The GST-rHNF-41(LBD) recombinant protein was
prepared as previously described [3]. The full-length rHNF-
4al was derived by incubating His-rHNFx4 [7] (10 Q)
with 0.19 units of human thrombin in 2QL of 50 mM
Tris—HCI (pH 7.4), 150 mM NacCl, 2.5 mM Cagfor 30
min at 25° followed by the addition of 80 ng of antithrombin
Il and a further incubation for 5 min at room temperature.

Bound ["C)(C16:0)-CoA (%)
Bound ["“C)(C16:0)-CoA (%)

2.2. PP-CoA thioesters in cultured cells

Cultured COS-7 cells (20-38 10°) were washed with 0 20 40 60 80 100120140 o 2 40 w0 a0 100
saline and scraped into methanol. The dry residue was Ligand (uM) Ligand (uM)
extracted with chloroform:methanol;® 4:2:1.5 (Folch ex _ . o . .

. . . .., Fig. 1. Acyl-CoA thioesters of hypolipidemic peroxisome proliferators are
traction). The interphase protein was further extracted with ligands of HNF-4.. Binding of (C16:0)-CoA @), M14-COA (¥), M16-
methanol:2 M ammonium acetate 4:1, and the extract com-coA (), M18-CoA (A), nafenopin-CoA @) or bezafibroyl-CoA #) to
bined with the upper Folch phase was evaporated to dry- fuII-IEngth HNF-4x (IA) forh GST-HNF-4(LBD) b(B) was determirr\]ed by |

; ; incubating 100 pmol of the respective recombinant protein with 24 pmo
ness, suspended I.n 50 mM TrIS_HCI. buffer pH 8.0, and [14C](016g:0)-C0pA (57 mCi mn?o‘ll) and with increzsing non-IabeIgd
loaded onto a SO“d'phase Cis Cart”dge (Va”an) equ'“' acyl-CoA [3]. One hundred percent specific binding represents 8 pmol of
brated with 50 mM Tris—HCI pH 8.0. The column was [%C](C16:0)-CoA. One representative experiment out of 4—5 independent
washed with water and the acyl-CoAs were eluted in meth- experiments for each acyl-Cokcs, values (effective concentrations-re
anol and subjected to m/e 339 parent ion Scanning within sulting in 50% specific competition) of M14-CoA, M16-CoA, and M18-

. . CoA for the full-length HNF-4 amounted to 3G+ 5, 11+ 3, and 14+
the 450-720 m/e range using negative ESI/MS/MS. 4 uM respectively, as compared with 40 1.5 uM for palmitoyl-CoA.

ECso Values of M14-CoA, M16-CoA, M18-CoA, nafenopin-CoA, and
; ; bezafibroyl-CoA for GST-HNF-«(LBD) amounted to 16.0- 3.0, 4.5+
2.3. Liver I-CoA thi r . )
3 er acyl-CoA thioesters 1.0, 5.3+ 1.4, 71+ 10, and>100 uM, respectively, as compared with
. ) 1.8 = 0.2 uM for palmitoyl-CoA.
Freeze-clamped livers were extracted essentially as de-

scribed in [8] and the extract loaded onto an oligonucleotide

purification cartridge. Acyl-CoAs were eluted by 0.4 mL of 2.5. Statistics

60% acetonitrile in 200 mM KEPQ,, dried under nitrogen,

and suspended in 2Q@L of 2-propanol: 1 mM acetic acid Significance was evaluated by applying multiple com-
8:2. The salt precipitate was discarded and thedNed parison one-way Anova _and then by analyzing the differ-
extract was resuspended in 150 acetonitrile:HO 6:4 and ~ €NC€ between means using Student-Newman-Keuls test.
subjected to m/e 339 parent ion scanning within the 450—

580 m/e range using negative ESI/MS/MS. ) )
3. Results and discussion

2.4. ESUMS/IMS 3.1. Binding studies
Samples were analyzed in the negative mode by the VG

. Binding of acyl-CoA thioesters of hypolipidemic PP to
Quatro Tandem ESI/MS/MS mass spectrometer using coney inding 4 I ypo'p! I

. ull-length recombinant HNF- or to the LBD of HNF-4x
voltage of 35 V and collision energy of 30 eV. The elec- fused to GST (GST-HNF«{LBD]) was evaluated by com-
trospray source temperature was maintained at 75°, a”dpetition with [14C]-palmitoyl-CoA binding (Fig. 1, A and
argon gas pressure inside the collision cell was adjusted toB). The apparent binding affinity of the CoA thioesters of
5.5 x 10~2 mbr. The mass spectrometer was operated first pepICA homologues was in the range of 55l i.e. one

in the parent ion scan followed by quantitation of individual order of magnitude higher as compared with fibrate-CoA
acyl-CoAs by the Multiple Reaction Monitoring (MRM)  thioesters. Binding of xenobiotic acyl-CoAs was further
mode, with 15 channels selected and set to predefined nomwerified by protection of HNF-4 from limited proteolysis
inal m/e values. MRM values for xenobiotic acyl-CoAs by chymotrypsin [9] (Fig. 2). Binding and protection were
were normalized by spiking with authentic acyl-CoAs. Data specific for the acyl-CoAs, whereas the respective xenobi-
were processed by the Masslynx program. otic free acids or free CoA did not bind or protect. Further-
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Fig. 2. HNF-4x protection from limited proteolysis by its acyl-CoA li-
gands. $°S]Methionine-labeled rHNF-#was synthesized using the rabbit
reticulocyte lysate transcription/translation kit TnT/T7(Promega). Lysate
(0.4 ul) was preincubated for 30 min at 22° in 10 mM KPi buffer (pH 7.4)
containing 5% glycerol in the absence (lanes 1,2) or presence ol /DO
myristoyl-CoA (lane 3), 100 and 20@M M16-CoA (lanes 4,5), 20.M

M16 free acid (lane 6), 50 and 1Q£M bezafibroyl-CoA (lanes 7,8), and
100 uM bezafibrate free acid (lane 9), followed by 10 min chymotrypsin
(10 pg/mL) digestion (lanes 2-9) and analysis by 10% SDS—-PAGE. Lane
1: undigested protein—¢): Ligand-protected HNF- fragment(s).

more, protection was not observed with either Nonidet P-40
or Triton X-100, thus indicating lack of a detergent effect.

3.2. Transcriptional modulation

The effect of HNF-4 xenobiotic ligands on its transcrip-
tional activity was evaluated in COS-7 cells cotransfected
with an expression vector for HNFedand with a CAT
reporter plasmid fused to the HNFe4&ognate enhancer of
the human apo C-1ll gene promoter [3]. Incubating the cells
in the presence of added M16, M18, nafenopin or bezafi-
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Fig. 3. Suppression of HNFedactivity by hypolipidemic PP in transient
transfection. £) COS-7 cells cotransfected for 6 hr with (C3®(thymi-

dine kinase)-CAT [3] (5x.g) and with either pSG5-HNFe4{12] (0.2 ug)

or pSG5 (0.2ug) were cultured for 40 hr in Dulbecco’s modified Eagle’s
medium containing 10% fetal bovine serum and increasing concentrations
of M18 (A), M16 (m), nafenopin @), bezafibrate€), or CI-DICA (V) free
acids. Percentage CAT activity refers to HN&-dependent CAT activity,
where 100% activity amounts to 224 2.8-fold activation in cells trans-
fected with pSG5-HNF-d as compared with pSG5. Mean SD for 3—-4
independent experiments for each PP. (B) COS-7 cells transfected as
described in (A) were cotransfected with an expression vector encoding
long-chain fatty acyl-CoA synthase [3] {&) ((J) or the empty vectom().

One hundred percent CAT activity amounts to .2.9-fold activation in

cells transfected with pSG5-HNFedis compared with pSG5. MeanSD

for 3 independent experiments. (C) HepG2 cells cotransfected with human
(—854/+22) apo C-llI-CAT [12] (5ng) and with either pSG5-HNFe4

[12] (0.2 ng) or pSG5 (0.2ug) were cultured with increasing concentra-

brate free acids resulted in dose-dependent suppression Ofions of M16 in the absencar] and presence) of triacsin C (10uM).

HNF-4« transcriptional activity (Fig. 3A). The specific re-
quirement for intracellular acyl-CoAs to modulate the tran-
scriptional activity of HNF-4 in transfection studies was
verified by the lack of effect of CI-DICA (HOOC—CGH
(CH,),—CClL—COOH) (Fig. 3A), which due to its inter

One hundred percent CAT activity amounts to 3.®.3-fold activation in
cells transfected with pSG5-HNFxdis compared with pSG5. MeanSD
for 3 independent experiments.

3.3. Intracellular xenobiotic acyl-CoAs

fering a-chlorine atoms does not serve as substrate for CoA

thioesterification as shown below. The specific requirement  Intracellular acyl-CoAs were identified by negative ESI/
for the CoA thioester was further verified by studying the MS/MS mass spectrometry as parent ions of the dehydrated
inhibitory effect of M16 in cells cotransfected with long- phosphopantetheine fragment (m/e 339) common to all
chain acyl-CoA synthase (Fig. 3B) or incubated in the acyl-CoAs [11]. The three MEDICA homologues or
presence of added triacsin C (Fig. 3C), serving as inhibitor nafenopin added to COS-7 cells cultured under transfection
of long-chain acyl-CoA synthase [10]. Suppression of conditions as described above yielded parent ions of 653.6,
HNF-4« transcriptional activity by M16 was more pro- 681.7, 709.6, and 649.7 m/e, representing the hydrated
nounced and required lower concentrations of the addedacylphosphopantetheine fragments generated from the mo-
M16 free acid in cells cotransfected with long chain fatty lecular ions of M14-CoA, M16-CoA, M18-CoA, and
acyl-CoA synthase, while being partially eliminated by nafenopin-CoA, respectively, by loss of,3-diphosphoad-
added triacsin C, thus indicating that the inhibitory effect of enosine (m/e 426) (Fig. 4). The liver acyl-CoA profile in
xenobiotic amphipathic carboxylates in transfected cells rats treated with hypolipidemic PP was determined by neg-
was limited by their intracellular conversion to the respec- ative ESI/MS/MS mass spectrometry under conditions
tive acyl-CoA. where acyl-CoA molecular ions could be identified (Fig.
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Fig. 4. PP-CoA thioesters in cultured cells. COS-7 cells (20<300°) frao o i ] ’3'“ l |52:anao e
were cultured with 20uM M18, M16, M14, or nafenopin as described in o —
. . . . . . 5140
Fig. 3. PP-CoA thioesters in cultured cells were determined as described in 1 Control smo o
Methods. One representative experiment out of 5 independent experiments so20
for each PP. e o0 so10_ || o0 530
oL | | [ . | oue

475 480 485 490 495 500 505 510 515 520 525 530 535 540 545 550
. . . Fig. 5. Liver endogenous fatty acyl-CoA and xenobiotic PP-CoA thioesters
5A) and quantified (Fig. 5B). Treatment with M16 resulted in rats treated with hypolipidemic PP. (A) Male albino rats weighing
in a dramatic increase in M16-CoA (m/e 545) content that 150-200 g were treated for 3 days with 0.25% (w/w) M16, 0.25% (w/w)
amounted to about 2-fold total fatty acy|_CoA content of nafenopin, or 0.5% (w/w) bezafibrate mixed in the diet. Acyl-CoA thio-

; i dinating i ; ined in freeze-clamped livers as described in Materials
non-treated animals, thus indicating its dominant abundance®Ste's Were determine
9 and Methods. (C17:0)-CoA (20 nmol) (m/e 509.1) served as internal

as cqmpared Wlth any other endernous fatty. aCyI'COA' standard. (B) Endogenous fatty acyl-CoA and xenobiotic acyl-CoA mo-
The increase in liver M16-CoA was accompanied by the |ecular ions determined as described in (A) were quantified by their
appearance of a nuclear M16-CoA (not shown). Similarly, respective Multiple Reaction Monitoring (MRM) values. MRM values for
treatment with nafenopin or bezafibrate resulted in a signif- xenobiotic acyl-CoAs were normali_ze_d by _the (C17:0)-COA internal stan-
icant increase in liver nafenopin-CoA (Fig. 5, A and B) or dard and further. normalized by splklng with authentic acyl-CoAs. Total

. . . fatty acyl-CoAs in non-treated animals amounted to 68.@.8 nmol/g
bezafibroyl-CoA (not shown), respectively. The COA thio- i xenobiotic acyl-CoAs amounted to 112:723.9, 100.1= 30.0, and
esters of CI-DICA or its related daughter ions were absent in 40,0 + 4.5 nmol/g (meant SEM [N = 3-5]) for M16-CoA, nafenopin-
the ESI/MS/MS spectra of cells incubated with CI-DICA up CoA, and bezafibroyl-CoA (not shown), respectively.

to 200 uM or in livers of rats treated with CI-DICA up to
0.4% (w/w) for 14 days, in line with the lack of effect of genes (e.g. apo C-lll) by CI-DICA is PPARspecific,

CI-DICA in HNF-4« transfection studies (Fig. 3A). whereas suppression by MEDICA homologues or fibrates
may be mediated both by the indirect PPARNd the direct

3.4. HNF-4/PPARv interplay in rodents and human HNF-4«a pathways. The contribution made by each may

liver cells depend on the prevailing composition of nuclear PP-CoAs

as compared with the respective free PP as well as on the

Inhibition of HNF-4« activity by PP capable of being prevailing content and transcriptional activity of PPAR
thioesterifiedn vivo into their respective CoA thioesters as and HNF-4x within a specific cell type.
reported here offers a direct mode of transcriptional sup-  The role played by the indirect PPARpathway in sup-
pression of HNF-4-controlled genes in addition to the pressing the transcription of apo C-lll by hypolipidemic PP
previously reported indirect mode due to HNk-displace- in rodents [12,15,16] was evaluated by exploiting the
ment from its cognate enhancer by non-productive binding PPARx specificity of CI-DICA. Thus, treating rats with
of PP-activated PPARTretinoid X receptor [12] (Fig. 6).  CI-DICA or M16 results in a decrease in liver apo C-llI
Since the direct and indirect modes require the CoA thio- mRNA, plasma apo C-lll, plasma VLDL half-life, and
ester (Fig. 3) and the free acid [13,14] of a given PP, plasma lipids (Table 1), with a concomitant induction of
respectively, and as CI-DICA does not serve as substrate forperoxisomal activities. Furthermore, tisB’'-methyl-sub-
CoA thioesterification, suppression of HNk-4esponsive stituted anda,a’-chloro-substituted dioic acids similarly
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—>  PPARwRXR activation ——»
by PP

HNF-4a displacement
by PP-activated PPARa/RXR \
Suppression of HNF-do.
responsive genes
PP-CoA —» HNF-4c binding
of PP-CoA

. HNF-4o inhibition

by bound PP-CoA

Fig. 6. Suppression of HNFedresponsive genes by peroxisome prolifera-
tors. Suppression of HNFedresponsive genes by PP may be mediated
directly or indirectly by HNF-4 suppression (lower line) or by PPAR
activation (upper line), respectively. The indirect pathway requires the free
PP acid and is mediated by HNFe4lisplacement of its cognate enhancer
by binding of PP-activated PPARRXR (retinoid X receptor) under con-
ditions where PPAR/RXR binding is transcriptionally non-productive.
The direct pathway requires PP-CoA and is mediated by PP-CoA inhibition
of the transcriptional activity of HNF« The two pathways may either
complement or prevail independently of each other in respective species.

activate PPAR in COS-7 cells cotransfected with a
PPARx expression plasmid and a CAT reporter plasmid
promoted by the PPARcognate enhancer of the peroxiso-
mal acyl-CoA oxidase (AOX) promoter [13] (not shown).
Since CI-DICA fails to yield the respective acyl-CoA and
therefore to suppress HNFxd(Fig. 3A), suppression of
liver apo C-llI transcription by CI-DICA in rats is HNFe4
independent and may be accounted for by PRARtiva-
tion. Hence, the hypolipidemic activity of peroxisome pro-
liferators (e.qg. fibrates, MEDICA homologues, CI-DICA) is
mediated in rodents by the PPARransduction pathway.
Evaluation of the PPAR-independent pathway in ro-
dents was attempted in PPARnockout [17] as compared
with PPARx +/+ mice treated with M16 or bezafibrate.

However, doses required to decrease plasma triglycerides

by M16 or bezafibrate in PPAR+/+ mice were excep-
tionally high =0.5% [w/w]), and the observed lipid-low-
ering effect of both was unaccompanied by a decrease in
liver apo C-lll mRNA. Moreover, liver steady-state M16-
CoA levels in PPAR knockout mice were 5-fold lower as
compared with liver M16-CoA levels in rats treated with
similar doses, thus limiting the availability of the putative
acyl-CoA ligands of HNF-4 in PPARx knockout mice
treated with hypolipidemic PP. The decrease in liver acyl-
CoAs presumably reflects the lower expression of the long

Table 1
Hypolipidemic effect of CI-DICA in rats

Nontreated CI-DICA M16
Plasma triglycerides (mg %) 618135 16.8+=1.9* 12.7+ 4.0*
Plasma VLDL triglyceride 0.07+ 0.01 0.17+ 0.02* 0.43* 0.11*
clearance (min?)
Plasma apo C-IIl (mg %) 3310 7+ 2* 11 + 4*
Liver apo C-lll mRNA? 1.0+0.2 0.4+ 0.1* 0.3+ 0.3*

Male albino rats were treated for 5 days with 0.09% (w/w) of either M16
or CI-DICA mixed in the diet non-fasting plasma triglycerides, plasma
VLDL triglyceride clearance, plasma apo C-lll, and liver apo C-1ll mMRNA
were determined as previously described [12,16]. MeaiSEM (N =
3-5).

#Non-treated liver mRNAs were arbitrarily presented as 1.0.

* Significantly differs from the respective non-treated value by one-way
ANOVA (P < 0.05).

1061

I apo-Clil

125 +

Inhibition (%)

non
treated
M18
M14

Fig. 7. Suppression of apo C-lll and apo A-I mRNAs by HN&-4eno-
biotic ligands in human liver cells. Apo C-lll and apo A-l mRNA were
determined in HepG2 cells incubated for 48 hr in the absence or presence
of 250 uM each of CI-DICA, M16, M18, or M14 as previously described
[12]. Hep G2 apo C-lll mRNA was probed using the 500gs restriction
fragment of h-apo C-1ll cDNA. HepG2 apo A-l mRNA was probed using
the 900 base papst restriction fragment of h-apo A-I cDNA. The extent
of hybridization was normalized to the signal obtained with glyceraldehyde
3-phosphate dehydrogenase (GAP). MeaS8EM of the apo C-lll mRNA/
GAP mRNA ratio and of the apo A-l mMRNA/GAP mRNA ratio for 4
independent experiments. *Significantly differs from the respective non-
treated value by one-way ANOVAP(< 0.05).

chain fatty acyl-CoA synthase gene in PPARnockout
mice [18]. Hence, the species background and the sup-
pressed acyl-CoA synthase in PPARnockout mice made

it impossible to evaluate the contribution made by the
PPARux-independent pathway to the hypolipidemic effect of
PP in rodents.

The roles played by the indirect PPARand the direct
HNF-4a pathways in humans were evaluated by studying
the effect of MEDICA homologues as compared with Cl-
DICA on mRNA levels of HNF-4-responsive genes (e.g.
apo C-lll, apo A-l) in human liver cells. In contrast to
MEDICA homologues, which yield the respective CoA
thioesters and suppress the expression of the HixFe4
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sponsive apo C-lll and apo A-l genes in HepG2 cells, [4] Grundy SM, Denke MA. Dietary influences on serum lipids and

CI-DICA was ineffective (Fig. 7). Hence, the hypolipidemic ngPTrOte'”JS-}é' h‘p'g Res(;lgsgo?slfié“?—gi;t_ od evnthesis b

effect of PP in humans based on transcriptional suppression 2} Bar-Tana J. Kahn-Rose G, Srebnik B. Inhibition of lipid synthesis by
. . ) B,B’-tetramethyl-substituted C14—-C22w dicarboxylic acids in the

of liver apo C-lll [12,15] is PPAR-independent and me- ratin vivo. J Biol Chem 1985;260:8404-10.

diated by the PP-CoA/HNFe4 transduction pathway. [6] Bronfman M, Morales MN, Amigo L, Orellana A, Nunez L, Cardenas

Plasma apo C-lll suppression by MEDICA homologues as L, Hidalgo PC. Hypolipidaemic drugs are activated to acyl-CoA esters in

contrasted with the hypolipidemic inefficacy of CI-DICA isolated rat hepatocytes. Detection of drug activation by human liver
was confirmed in human clinical trials homogenates and by human platelets. Biochem J 1992;284:289-95.

[7] Malik S, Karathanasis SK. TFIIB-directed transcriptional activation

None of the characteristic liver activities induced by by the orphan nuclear receptor hepatocyte nuclear factor 4. Mol Cell
PPARx activators (PP) in rodents (e.g. peroxisome prolif- Biol 1996;16:1824-31.
eration, peroxisomalB-oxidation activities, cytochrome [8] Deutsch J, Grange E, Rapoport SI, Purdon AD. Isolation and quan-
P-450) are induced in humans chronically treated with hy- titation of Iong-chain acyl'-coenzyme A esters in brain tissue by solid
polipidemic PP [19,20]. The molecular basis for the lack of phase extraction. Anal Biochem 1994;220:321-3.

! . . . . [9] Leid M. Ligand-induced alteration of the protease sensitivity of ret-

effect of PPARv activators in the human liver still remains inoid-X receptor alpha. J Biol Chem 1994;269:14175—81.
to be investigated. As long as the hypolipidemic activity of [10] Tomoda H, Igarashi K, Omura S. Inhibition of acyl-CoA synthetase
PP was exclusively ascribed to PPARctivation [12,15], by triacsins. Biochim Biophys Acta 1987;921:565-98.

the discrepancy between the hypolipidemic efficacy of PP in [11] Zirrolli JA, Wheelan P, Murphy RC. Analysis of long chain fatty acyl

. g . i coenzyme A thioesters by negative ion fast-atom bombardment mass
humans as opposed with their inefficacy as PRARtiva spectrometry and tandem mass spectrometry. J Am Soc Mass Spec-

tors in the human liver remained unsolved. The direct PP- trom 1994:5:416—24.

CoA/HNF-4a pathway offers a hypolipidemic mode of ac- [12] Hertz R, Bishara-Shieban J, Bar-Tana J. Mode of action of peroxi-
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