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DOWN-REGULATION OF HEPATIC LIPASE EXPRESSION BY ELEVATION OF cAMP IN HUMAN HEPATOMA BUT NOT ADRENOCORTICAL CELLS
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Expression of hepatic lipase (HL) in the liver is reduced during prolonged fasting. This effect is mainly mediated via catecholamines, which signal through elevation of Ca 2+ i as well as cAMP. We have studied the effect of cAMP on HL expression in cell culture. Overnight incubation of HepG2 cells with 10-300 µM 8-bromo-cyclic AMP resulted in a dose-dependent, up to 50% reduction in secretion of HL, but had no effect on secretion of α 1 -antitrypsin or overall protein synthesis. HL mRNA levels were decreased 1.5 fold, as determined by semi-quantitative and real-time RT-PCR.

In HepG2 cells transiently transfected with human HL (-685/+13) or rat HL (-446/+9) promoter-reporter constructs, cAMP induced a similar dose-dependent suppression of HL promoter activity. cAMP responsiveness in HepG2 cells was mediated by a conserved 10-bp response element at -45/-36, that represents a potential binding site for CCAAT/enhancer-binding protein beta (C/EBPβ). cAMP reduced expression of the 45kDa C/EBPβ protein and binding of C/EBPβ to the proximal promoter region of the human HL gene by 50%, as determined by immunoblotting and chromatin immunoprecipitation assay, respectively. In human H295R adrenocortical cells, cAMP failed to suppress HL promoter activity, and only slightly reduced C/EBPβ expression. We conclude that the fall in HL expression during prolonged fasting may be mediated through elevation of cAMP and lowering of C/EBPβ expression.

Introduction

Hepatic lipase (HL; EC 3.1.1.3) is a lipolytic enzyme that is synthesized and secreted almost exclusively by liver parenchymal cells (reviewed in [START_REF] Jansen | Hepatic lipase: a pro-or anti-atherogenic protein?[END_REF][START_REF] Perret | Hepatic lipase: structure/function relationship, synthesis, and regulation[END_REF]. The protein is bound extracellularly to the liver at heparin-sensitive sites, where it plays an important role in the metabolism of plasma lipoproteins. HL mediates the conversion of cholesterol-enriched HDL 2 to cholesterol-poor HDL 3 and the formation of small dense LDL from large buoyant LDL, and HL plays a role in postprandial lipid transport by facilitating the clearance of remnant lipoproteins by the liver [START_REF] Jansen | Hepatic lipase: a pro-or anti-atherogenic protein?[END_REF]. Hepatic lipase activity is also expressed in adrenals and ovaries, where the enzyme may play a role in delivery of HDL cholesterol for steroidogenesis [START_REF] Jansen | L-type lipase activity in ovaries of superovulated rats. Relation to cholesterol homeostasis[END_REF]Vieira-van Bruggen et al., 1998). The amount of HL in human post-heparin plasma is influenced by genetic [START_REF] Isaacs | The -514 C->T hepatic lipase promoter region polymorphism and plasma lipids: a meta-analysis[END_REF][START_REF] Jansen | Common C-to-T substitution at position -480 of A c c e p t e d M a n u s c r i p t 19 the hepatic lipase promoter associated with a lowered lipase activity in coronary artery disease patients[END_REF], hormonal and nutritional factors [START_REF] Perret | Hepatic lipase: structure/function relationship, synthesis, and regulation[END_REF], as well as by body composition [START_REF] Carr | A hepatic lipase gene promoter polymorphism attenuates the increase in hepatic lipase activity with increasing intra-abdominal fat in women[END_REF][START_REF] Despres | Role of hepatic-triglyceride lipase activity in the association between intra-abdominal fat and plasma HDL cholesterol in obese women[END_REF][START_REF] Nie | Body mass index and hepatic lipase gene (LIPC) polymorphism jointly influence postheparin plasma hepatic lipase activity[END_REF].

Several studies in humans suggest that HL activity varies in parallel with insulin levels [START_REF] Perret | Hepatic lipase: structure/function relationship, synthesis, and regulation[END_REF]. HL activity increases with fasting plasma insulin levels in non-diabetic, normocholesterolemic coronary artery disease patients [START_REF] Jansen | Common C-to-T substitution at position -480 of A c c e p t e d M a n u s c r i p t 19 the hepatic lipase promoter associated with a lowered lipase activity in coronary artery disease patients[END_REF], and plasma HL activity is positively correlated with increased plasma insulin levels in response to an oral glucose load [START_REF] Katzel | Reduced HDL2 cholesterol subspecies and elevated postheparin hepatic lipase activity in older men with abdominal obesity and asymptomatic myocardial ischemia[END_REF][START_REF] Pollare | Lipoprotein lipase activity in skeletal muscle is related to insulin sensitivity[END_REF]. HL activity is elevated under conditions with high plasma insulin, such as in type 2 diabetes [START_REF] Baynes | The role of insulin insensitivity and hepatic lipase in the dyslipidaemia of type 2 diabetes[END_REF] and obesity-related hyperinsulinaemia [START_REF] Cominacini | High-density lipoprotein cholesterol concentrations and postheparin hepatic and lipoprotein lipases in obesity: relationships with plasma insulin levels[END_REF]. However, in glycemic clamp studies with normal and type 2 diabetic men insulin administration caused a decrease in hepatic lipase activity [START_REF] Baynes | The response of hepatic lipase and serum lipoproteins to acute hyperinsulinaemia in type 2 diabetes[END_REF]. In vitro studies have not shown a clear upregulation of HL expression by insulin [START_REF] Jensen | Cell-density-dependent release of hepatic lipase from cultured rat hepatocytes[END_REF]. Hence, there is currently no evidence for a direct upregulation of human HL expression by insulin.

In rats, post-heparin plasma HL activity is strongly depressed during fasting [START_REF] Peinado-Onsurbe | Involvement of catecholamines in the effect of fasting on hepatic endothelial lipase activity in the rat[END_REF][START_REF] Roesler | What is a cAMP response unit?[END_REF]. This effect has been attributed to the increased catecholamine levels during fasting [START_REF] Peinado-Onsurbe | Involvement of catecholamines in the effect of fasting on hepatic endothelial lipase activity in the rat[END_REF]. Indeed, in vitro studies with rat hepatocytes show an acute inhibition of HL secretion by α 1Badrenergic agonists at the post-transcriptional level [START_REF] Neve | Maturation and secretion of rat hepatic lipase is inhibited by alpha1B-adrenergic stimulation through changes in Ca2+ homoeostasis: thapsigargin and EGTA both mimic the effect of adrenaline[END_REF]Peinado-A c c e p t e d M a n u s c r i p t 4 [START_REF] Peinado-Onsurbe | Involvement of catecholamines in the effect of fasting on hepatic endothelial lipase activity in the rat[END_REF][START_REF] Peinado-Onsurbe | Effect of fasting on hepatic lipase activity in the liver of developing rats[END_REF], mainly through the mobilization of intracellular Ca 2+ [START_REF] Neve | Acute effects of adrenaline on hepatic lipase secretion by rat hepatocytes[END_REF][START_REF] Neve | Maturation and secretion of rat hepatic lipase is inhibited by alpha1B-adrenergic stimulation through changes in Ca2+ homoeostasis: thapsigargin and EGTA both mimic the effect of adrenaline[END_REF]. However, α 1B -adrenergic agonists also increase the generation of cAMP in liver cells [START_REF] Morgan | Characterisation of the alpha 1-adrenergic control of hepatic cAMP in male rats[END_REF][START_REF] Nomura | Alpha 1B-adrenoceptor-mediated stimulation of Ca2+ mobilization and cAMP accumulation in isolated rat hepatocytes[END_REF], and cAMP elevation in rat hepatocytes has been shown to inhibit secretion of HL activity [START_REF] Klin | Abnormalities in hepatic lipase in chronic renal failure: role of excess parathyroid hormone[END_REF]. In addition, overnight but not short-term treatment of freshly isolated rat hepatocytes with glucagon, which predominantly signals through elevation of cAMP, has been shown to decrease HL secretion [START_REF] Jensen | Cell-density-dependent release of hepatic lipase from cultured rat hepatocytes[END_REF][START_REF] Peinado-Onsurbe | Involvement of catecholamines in the effect of fasting on hepatic endothelial lipase activity in the rat[END_REF]Schoonderwoerd et al., 1984). In vivo, glucagon levels in portal blood vary oppositely to insulin levels, and catecholamines increase glucagon secretion into portal blood. We hypothesize therefore, that hepatic lipase secretion is increased in parallel with insulin, due to the opposite changes in catecholamines and glucagon, and through signaling via intracellular cAMP. In this study, we examined the mechanism by which elevation of cAMP reduces human hepatic lipase expression using HepG2 hepatoma cells as model system. HepG2 cells express only few α 1B -or β-receptors [START_REF] Kost | Patterns of alpha-1-adrenergic receptor expression in regenerating and neoplastic hepatic tissue[END_REF]Sanae et al., 1992). In addition, most studies suggest that glucagon receptors are markedly downregulated in hepatoma cells [START_REF] Hornbuckle | Selective stimulation of G-6-Pase catalytic subunit but not G-6-P transporter gene expression by glucagon in vivo and cAMP in situ[END_REF][START_REF] Mirel | Membrane receptor function and the loss of glucagon-stimulated adenylate cyclase activity in hepatomas[END_REF]. We therefore used membrane-permeant cAMP to study the effect of receptors that signal through this second messenger.
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Materials and methods

Materials

8-Bromo-cAMP (Br-cAMP) and 8-bromo-cGMP (Br-cGMP) were purchased from Sigma (St. Louis, IL, USA), and dibutyryl-cAMP (db-cAMP), cycloheximide, Trasylol and restriction enzymes were from Roche (Germany). PMSF was from Merck (Darmstadt, Germany). Media, fetal bovine serum and Tran 35 S label (1100 Ci/mmol) were from ICN (Costa Mesa, CA, USA). Glycerol trioleate (50-80 mCi/mmol), [α-32 P]dCTP, the Megaprime DNA labelling kit, Hybond-filters, and horseradish peroxidase-conjugated donkey anti-rabbit IgG and Hyper ECL film were all from Amersham Pharmacia Biotec (Amersham, U.K.). Heparin was obtained from Leo Pharmaceuticals (Weesp, Holland). Rabbit antibodies against human α 1antitrypsin and Zysorbin (formaldehyde-fixed Staphylococcus aureus membranes) were from Dakopatts (Glostrup, Denmark) and Zymed Laboratories (San Francisco, CA, USA), respectively. Rabbit antibodies against C/EBPβ (C-19) and B23 (nucleophosmin, a nucleolar marker protein) were from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Super Signal West Pico Chemiluminescent Substrate was from Pierce, Rockford, IL, USA). Oligonucleotides were custom-made by Eurogentec (Seraing, Belgium). Other chemicals were from Sigma.

HepG2 cell culture and hepatic lipase secretion

Human hepatoma HepG2 cells were grown as monolayer cultures in DMEM supplemented with 10 % (by vol) fetal bovine serum at 37 o C in a humidified air/CO 2 (19:1) atmosphere. The cells were split 1:10 into new flasks once a week. Medium was refreshed once a week. For secretion experiments, cells were seeded into six-well plates. At confluence, the medium was replaced by 1 ml of fresh medium containing 25 U/ml heparin. Incubations were started with the addition of Br-cAMP and continued for 16 h, unless otherwise stated. Then, the medium was collected on ice for analysis of secreted HL activity.

HL activity was determined by a triacylglycerol hydrolase assay at pH 8.5 in 0.6 M NaCl with a gum acacia-stabilized glycerol [ 14 C]trioleate emulsion as substrate A c c e p t e d M a n u s c r i p t 6 (Verhoeven and Jansen, 1990). Activities are expressed as m-units (nmol of free fatty acids released per min). Of total lipase activity in the media, more than 95 % was sensitive to inhibition by polyclonal anti-human HL IgG's (Verhoeven and Jansen, 1990).

α 1 -Antitrypsin and total protein synthesis

Synthesis and secretion of α 1 -antitrypsin was measured by the incorporation of [ 35 S]methionine into immunoprecipitated protein (Verhoeven et al., 1999). HepG2 cells were incubated overnight in normal medium containing 80 µCi/ml of Tran 35 Slabel with or without Br-cAMP. Then, the culture plates were put on ice, and the medium was collected into vials containing unlabelled methionine (1 mM final concentration) and a cocktail of protease inhibitors (1 mM EDTA, 10 units/ml Trasylol, 0.1 mM benzamidine, 2 µg/ml leupeptin, 2 µg/ml antipain, 2 µg/ml chymostatin and 2 µg/ml pepstatin; all final concentrations). The medium was incubated for 15 min (on ice) with Zysorbin in the presence of 0.2 mg/ml human serum albumin and centrifuged (10 min 10,000g) to remove material that bound nonspecifically to the Protein A. The supernatants were then incubated for 1 h (4 o C) with rabbit anti-human α 1 -antitrypsin (1:100), followed by overnight incubation with Zysorbin. After centrifugation, the pellets were washed twice in phosphate-buffered saline (PBS) containing 1% (v/v) Triton X-100, 0.25% sodium deoxycholate and 1 mM PMSF, and twice in PBS. The pellets were resuspended in Laemmli's sample buffer, and after boiling for 5 min, the precipitated proteins were separated by SDS/PAGE (7.5% gel). The 35 S-labelled proteins were visualized by exposure of the dried gels to a phosphor screen (GS-393 Molecular Imaging System; Bio-Rad, Hercules, CA, USA).

Incorporation of [ 35 S]methionine into trichloroacetic acid-precipitable material was taken as a measure of total protein synthesis. HepG2 cells were incubated with Tran 35 S-label, and cell-free medium was prepared, as described above. The cells in the wells were washed twice in PBS, then lysed in PBS containing 1% Triton X-100, 1% sodium deoxycholate, 1 mM methionine, 10 mM Hepes (pH 7.4) and the protease inhibitor cocktail described above. After 30 min on ice, the lysate was collected from the wells, and the lysate was cleared by centrifugation for 10 min at 10,000g. Aliquots (5 µl) of the cell-free medium and the cleared lysate were spotted in triplicate onto Whatmann 3MM filters, and the radioactivity on the filters was quantified by phosphor imaging, without or with treatment with boiling trichloroacetic acid (Verhoeven and Jansen, 1990).

Quantification of HL mRNA.

Total RNA was isolated from the HepG2 cells with phenol/guanidinium isothiocyanate [START_REF] Chomczynski | Single-step method of RNA isolation by acid guanidinium thiocyanate-phenol-chloroform extraction[END_REF]. RNA was quantified by spectrophotometry at 260 nm. The amount of HL mRNA was determined by semiquantitative and by real-time RT-PCR. For the former method, a single-tube RT-PCR was performed using 5'-GTG GGC ATC AAA CAG CCC-3' as forward and 5'-CAG ACA TTG GCC CAC ACT G-3' as reverse primer, and known amounts of in-vitro generated HL cRNA lacking an internal 80 bp-fragment, as described previously (Verhoeven et al., 1994). Real-time quantitative PCR analysis was performed using the MyIQ single color real-time PCR Detection system (Bio-Rad). First, 4 µg total RNA was reverse transcribed using random hexamer primers and M-MLV Reverse Transcriptase (Promega, Leiden, Netherlands) in a final volume of 50 µl. cDNA (2 µl) was added in a 25 µl final volume containing 0.2 mM dNTPs, 0.5 U Platinum Taq DNA polymerase (Invitrogen), 3 mM MgCl 2 , 0.4 µM of forward and reverse primers, and 0.15xSYBR Green I (Sigma). The PCR program consisted of a denaturing step (3 min 95 o C), followed by 40 cycles of 15 sec at 95 o C and 45 sec at 60 o C. The relative abundance of HL mRNA was determined by the ∆C T method using the efficiency of amplification derived from the log-linear part of the PCR. HL mRNA levels were normalized to acidic ribosomal phosphoprotein PO (36B4) mRNA. Primers used were: HL forward: 5'-ATC GCC GTC CGC AAC ACC-3' (nt 394-411, numbering according to the coding sequence [START_REF] Datta | Human hepatic lipase. Cloned cDNA sequence, restriction fragment length polymorphisms, chromosomal localization, and evolutionary relationships with lipoprotein lipase and pancreatic lipase[END_REF]); HL reverse: 5'-ACC CAG CTG TAC CCA ATT AGG-3' (nt 510-489); 36B4 forward: 5'-CCT TCT TGG CTG ATC CAT CTG C-3' (nt 877-898, numbering according to the cDNA sequence [START_REF] Rich | Human acidic ribosomal phosphoproteins P0, P1, and P2: analysis of cDNA clones, in vitro synthesis, and assembly[END_REF]); 36B4 reverse: 5'-CCG ACT CCT CCG ACT CTT CC-3'(nt 980-999).
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Human and rat HL promoter-reporter constructs

Human and rat HL promoter fragments were generated and subcloned into the pGL3basic luciferase or the pCAT-Basic reporter vector (Promega) as detailed elsewhere (van Deursen et al., 2007). All human and rat HL promoter fragments extended to +13 and +9 at their 3'-end, respectively. From the human HL-685 luciferase plasmid, a promoter construct lacking the internal -45/-36 sequence was generated by the PCR overlay technique [START_REF] Higuchi | A general method of in vitro preparation and specific mutagenesis of DNA fragments: study of protein and DNA interactions[END_REF], using 5'-TTA TTA AAT GGG CAG T-A AAG TAT CTA ATA GGC-3' and 5'-ATT AGA TAC TTT -AC TGC CCA TTA ATA ATT A-3' as forward and reverse mutagenic primers, respectively, in combination with two plasmid specific primers. All inserts in pGL3-Basic and pCAT-Basic were verified by cycle sequencing using the Thermo Sequenase dye terminator kit (Amersham) and the ABI 377 sequencer. Plasmid DNAs were isolated with the Wizard Midiprep System (Promega).

Transfection assays in HepG2 cells

Transfection of HepG2 cells with CAT-reporter constructs was performed by the calcium-phosphate co-precipitation method. At 24 h before transfection, the cells were plated in 6-wells plates at 30 % confluence. At 3 h before transfection, the medium was refreshed. Cells were co-transfected with 2.5 µg/well of the CAT reporter test plasmid and 0.2 µg/well of control RSV β-galactosidase expression plasmid (Promega) [START_REF] Botma | Hepatic lipase promoter activity is reduced by the C-480T and G-216A substitutions present in the common LIPC gene variant, and is increased by Upstream Stimulatory Factor[END_REF]. Parallel transfections with SV40-CAT-Control and empty pCAT-Basic plasmids were used as positive and negative controls, respectively. At 3 h and 24 h after transfection, the medium was refreshed and test agents were added to the fresh medium. Fourty-eight hours post-transfection, cell lysates were prepared. CAT and β-galactosidase were determined by ELISA (Roche).

Promoter activity was expressed as pg CAT/ng β-galactosidase to correct for differences in cell number and transfection efficiency.

Transfections of HepG2 cells with the luciferase-reporter constructs were performed in 24-wells plates with Lipofectamine Plus (Invitrogen, Groningen, Netherlands) using 0.4 µg of the luciferase-reporter construct and 20 ng of pRL-SV40 (Promega) per well [START_REF] Botma | Sterolregulatory-element binding protein inhibits upstream stimulatory factor-stimulated hepatic lipase gene expression[END_REF]. At 3 h and 24 h after transfection, the 

Transfection assays with NCI-H295R cells

The human adrenocortical cell line NCI-H295R was obtained from Dr. B. Staels, Lille, France. Cells were cultured as described previously [START_REF] Botma | Cloning, expression, and promoter analysis of hepatic lipase derived from human hyperplastic adrenals: evidence for alternative mRNA splicing[END_REF]. At 24 h before transfection, cells were plated in 6-well plates at 50 % confluence.

Transfections were performed with Lipofectamine-Plus using 1.0 µg CAT reporter and 0.25 µg/well RSV β-galactosidase expression plasmid per well. The cells were incubated with Br-cAMP, and promoter activity was determined as described above for the HepG2 cells.

Immunoblotting

Near-confluence cultures of HepG2 and NCI-H295R cells were incubated for 24 h with or without Br-cAMP. Nuclear extracts were prepared according to (Schreiber et al., 1989). The amount of protein in each extract was determined with the DC protein assay (Bio-Rad), using bovine serum albumin as standard. Extracts (50 µg) were electrophoresed on denaturing 10% SDS/polyacrylamide gels [START_REF] Laemmli | Cleavage of structural proteins during the assembly of the head of bacteriophage T4[END_REF], and the separated proteins were transferred to a nitrocellulose membrane (Protean, Schleicher & Schuell, Düsseldorf, Germany). The membrane was blocked overnight with 4% milk powder/0.05% Tween-20 in Tris-buffered saline, and then incubated for 2 h with either anti-C/EBPβ (1:1000) or anti-B23 (1:10000), respectively, followed by a 1h incubation with secondary antibody at 1:8000, all in blocking buffer. The secondary antibody was visualised by enhanced chemiluminescence. The images were quantified by densitometry using the GS-800 Calibrated Densitometer from BioRad.

A c c e p t e d M a n u s c r i p t 10 2.9. Chromatin immunoprecipitation assays These assays were performed according to the instructions of Upstate Biotechnology (Lake Placid NY, USA) with some modifications, using a single 10-cm culture dish of HepG2 cells for each immunoprecipitation reaction. At near-confluence, cross-links were formed with 1 % formaldehyde. Thereafter, cell lysates were prepared and sonicated until DNA was sheared into <1000 bp fragments. An aliquot of sheared chromatin was used as input control, the remainder was diluted 10-fold in immunoprecipitation buffer (1% Triton X-100, 2 mM EDTA, 150 mM NaCl, 20 mM Tris-HCl; pH 8.0). After preclearing for 30 min at 4°C with 60 µl protein A-Sepharose beads preabsorbed with salmon sperm DNA (Upstate), the chromatin solution was incubated overnight at 4°C with 4 µl anti-C/EBPβ antibodies. As negative control, a chromatin fraction was incubated in parallel without antibody.

Then, 60 µl protein A-Sepharose beads were added. After 1 h incubation at 4°C, the beads were collected by centrifugation. After extensive washing, bound material was eluted with 1% SDS; 0.1 M NaHCO 3 . Cross-links were reversed by incubation for 4h at 65 o C in the presence of 0.2 M NaCl, followed by incubation for 30 min at 65 o C with 2 µg/ml RNase A in 10 mM EDTA; 40 mM Tris (pH 6.8). The DNA was isolated with a QIAquick PCR purification kit (QIAGEN, Hilden, Germany) and subjected to real-time quantitative PCR analysis, as described above. Amplification was done with the proximal HL promoter specific primers 5'-GGC AGT CTT CCC TAA CAA AGT ATC-3' (nt -51/-28) and 5'-TGT CCA TTT CTC CGT TTC ACC-3' (nt +30/+50) and the distal HL gene specific primers 5'-CTT GGG ATT TGC TTG CTT TAT C-3' (nt -6071/-6050) and 5'-ATT TGA TGA CCT GAG AAT GAC C-3' (nt -5965/-5986). Quantitation was done by the ∆C T method using the 1% inputreaction as a reference.

Statistics

Experimental data are expressed as mean ± SD. Differences were tested for statistical significance by paired Student's t-test. 

Effect of cAMP on HL secretion and HL mRNA.

Overnight incubation of HepG2 cells with db-cAMP and Br-cAMP resulted in a dosedependent decrease in secretion of hepatic lipase activity (Fig. 1A). With Br-cAMP, maximal inhibition of about 50% was observed at a final concentration of 0.3 mM, and a half-maximal effect was reached at less than 0.03 mM. Db-cAMP was less effective, with a similar maximal inhibition observed at about 3 mM, and a halfmaximal effect at about 0.3 mM. Over the same concentration range, 8-bromo-cGMP did not affect hepatic lipase secretion. The inhibition of hepatic lipase secretion induced by Br-cAMP was not paralleled by a significant reduction of α 1 -antitrypsin secretion (Fig. 1B), or by an inhibition of overall protein synthesis or secretion (Fig. 1C). This suggests that the inhibitory effect of cAMP was rather specific for hepatic lipase.

With 0.3 mM Br-cAMP, secretion of hepatic lipase initially proceeded unaffected. Only after 4 h of incubation with the cAMP homolog, hepatic lipase activity in the extracellular medium became significantly lower than in parallel controls (Fig. 2A). Between 8 and 24 h, secretion of hepatic lipase activity continued but at a much lower rate than in control incubations. Simultaneously, intracellular HL activity was reduced from 0.68 ± 0.08 to 0.54 ± 0.04 mU/well (mean ± SD, n = 3; p<0.05). For comparison, we also incubated cells with cycloheximide, which instantaneously and completely inhibited overall protein synthesis (Verhoeven et al., 1999). Here, inhibition of hepatic lipase secretion became apparent between 4 and 8 h, and was complete thereafter (Fig. 2A). This delayed inhibition is interpreted to indicate maturation and secretion of hepatic lipase that was already present in the cells at the start of the incubation with cycloheximide (Verhoeven et al., 1999). These data suggest therefore, that synthesis and secretion of hepatic lipase continues in the presence of Br-cAMP, but at a much reduced rate. By semi-quantitative RT-PCR, HL mRNA expression was 1.5-to 2-fold less in cells incubated overnight with 0.3 mM Br-cAMP than in parallel controls (Fig. 2B). By real-time PCR, HL mRNA in Br-cAMP treated cells was 1.38 ± 0.13 fold less than in control cells (mean ± SD, n=3;
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Effect of cAMP on HL promoter activity in HepG2 cells.

To test whether reduced HL mRNA expression is the result of reduced transcription, we performed promoter-reporter assays in transiently transfected HepG2 cells. We used the proximal -685/+13 and -446/+9 promoter region of the human and rat HL gene, cloned in front of a luciferase and CAT reporter gene, respectively. As shown in Fig. 3A, the activity of both HL promoter-reporter constructs was 60-75 % lower in cAMP-treated cells than in parallel controls. In contrast, the activity of reporter constructs containing the viral SV40 control promoter (Fig. 3A) or the CMV control promoter (data not shown), were not reduced but rather increased by cAMP treatment.

With the human HL promoter construct, maximal inhibitory effect was observed with 0.1 mM Br-cAMP, and half-maximal effect was reached at about 0.01 mM (Fig. 3B).

Hence, HL promoter activity is similarly, or even slightly more, sensitive to inhibition by Br-cAMP as secretion of HL activity. We conclude therefore, that the inhibitory effect of cAMP elevation on HL secretion is largely explained by reduced transcription of the HL gene.

Identification of a cAMP-responsive element in the HL promoter.

In the best-studied cAMP responsive liver gene PEP-CK, the cAMP effect is mediated through CREB-, AP1-and C/EBP-like transcription factors [START_REF] Roesler | What is a cAMP response unit?[END_REF].

Recently, HNF4α has been shown to mediate cAMP responsiveness to the CYP7A1 gene (Song and Chiang, 2006). With the Match program [START_REF] Kel | MATCH: A tool for searching transcription factor binding sites in DNA sequences[END_REF], a number of consensus binding sites for these cAMP-sensitive transcription factors were found in both the proximal human (Fig. 4A) and rat HL promoter region (Fig. 4C). To test through which of these elements cAMP may affect HL promoter activity, serial 5'deletion constructs were generated, and tested for their ability to respond to cAMP.

Statistically significant inhibition of human HL promoter activity by 0.3 mM Br-cAMP was observed with the 5'-deleted fragments up till -79 (Fig. 4B). This ruled out a major role for the putative CREB, AP1 and HNF4 consensus binding sites in A c c e p t e d M a n u s c r i p t 13 this part of the human HL promoter. Further deletion to -39 removed the HNF1 and a putative C/EBPβ binding site, and completely abolished the Br-cAMP-induced inhibition (Fig. 4B). Instead, HL promoter activity was slightly increased by Br-cAMP, similar to the empty control vector. For the rat HL promoter, statistically significant inhibition of promoter activity by Br-cAMP was observed with serial 5'deletions from -446 to -75 (Fig. 4D). The rat HL promoter contains a HNF1 site and an adjacent C/EBPβ binding site at a similar position as the human HL promoter.

Further deletion of the rat HL promoter to -39, thereby removing the HNF1 site but not the adjacent C/EBPβ binding site, did not affect responsiveness to Br-cAMP.

However, Br-cAMP no longer inhibited transcriptional activity when the rat HL promoter was shortened to -23, which removed this C/EBPβ binding site and the TATA box.

Comparison of the activity of 5'-deletion constructs of the human and rat HL promoter pinpointed cAMP responsiveness to a 10bp sequence consisting of the potential C/EBPβ binding site (Fig. 5A). Deletion of this -45/-36 sequence from the human HL -685 promoter-reporter construct completely abolished responsiveness to Br-cAMP (Fig. 5B). To test whether C/EBPβ binds to this site in HepG2 cells, we performed chromatin immunoprecipitation assays using anti-C/EBPβ antibodies.

When compared to the distal HL promoter fragment, and to no-antibody controls (mock), the proximal promoter region of the HL gene (-51/+30) encompassing the putative C/EBPβ binding site was specifically amplified from immunoprecipitated DNA (Fig. 5C). Moreover, the amount of proximal HL promoter that was immunoprecipitated from the chromatin of Br-cAMP-treated cells was reduced to approximately 50 % of parallel controls (p<0.05; n = 3). These data suggest an important role for the potential C/EBPβ site immediately 3' of the HNF1 site in effecting cAMP responsiveness to the human and rat HL promoter.

Next, we tested the effect of cAMP on expression of C/EBPβ protein in nuclear extracts of HepG2 cells, using the nucleolar protein nucleophosmin (B23) as loading control. C/EBPβ ran as a 45kDa protein, with a minor band at 20 kDa, corresponding to LAP and LIP isoforms, respectively (Fig. 6). The amount of the 45kDa C/EBPβ protein was reduced by approximately 50 % after 24 h incubation of the cells with 0.3 mM Br-cAMP. This coincided with the increased abundance of a 32 

Effect of cAMP on HL promoter activity in adrenocortical cells.

The human HL gene is also transcribed in human adrenocortical cells [START_REF] Botma | Cloning, expression, and promoter analysis of hepatic lipase derived from human hyperplastic adrenals: evidence for alternative mRNA splicing[END_REF]. In contrast to the HepG2 cells, treatment of H295R adrenocortical cell line with 0.3 mM Br-cAMP was shown to increase HL promoter activity [START_REF] Botma | Cloning, expression, and promoter analysis of hepatic lipase derived from human hyperplastic adrenals: evidence for alternative mRNA splicing[END_REF]. Upon transient transfection into the H295R cells, the hHL-685 and hHL-325 constructs both showed significantly higher promoter activity when incubated with than without Br-cAMP (p<0.05; n=3). Qualitatively similar results were obtained for the rat HL-446 reporter construct (Fig. 7). In nuclear extracts of the H295R cells, both 45 and 20kDa C/EBPβ isoforms were expressed (Fig. 6). After correction for B23 in the loading control, the abundance of the 45 kDa isoform in the H295R cells was twice as high as in HepG2 cells, whereas the abundance of the 20 kDa isoform was slightly lower than in HepG2 cells. Incubation of the H295R cells with Br-cAMP only slightly reduced the relative amount of the 45kDa isoform to 90 % of control, whereas the abundance of the 20kDa isoform and the immuno-reactive 32 kDa protein remained unaffected. 

Discussion

Here we show that the synthesis and secretion of HL by human hepatoma HepG2 cells is strongly inhibited by prolonged incubation with membrane-permeant cAMP homologs, which mimics fasting conditions. To the best of our knowledge, HL expression in the fasted versus the well-fed state has not been compared in human individuals. In rats, expression of HL has been shown to be lower in the fasting than in the well-fed state [START_REF] Peinado-Onsurbe | Involvement of catecholamines in the effect of fasting on hepatic endothelial lipase activity in the rat[END_REF][START_REF] Roesler | What is a cAMP response unit?[END_REF]Stam et al., 1984), an effect that is shown to be mediated by adrenaline through α 1B adrenergic receptors [START_REF] Neve | Maturation and secretion of rat hepatic lipase is inhibited by alpha1B-adrenergic stimulation through changes in Ca2+ homoeostasis: thapsigargin and EGTA both mimic the effect of adrenaline[END_REF]. In freshly isolated rat hepatocytes, α 1B agonists acutely reduce hepatic lipase secretion [START_REF] Neve | Acute effects of adrenaline on hepatic lipase secretion by rat hepatocytes[END_REF][START_REF] Peinado-Onsurbe | Involvement of catecholamines in the effect of fasting on hepatic endothelial lipase activity in the rat[END_REF]Schoonderwoerd et al., 1984) by inhibiting the intracellular maturation of newly synthesized hepatic lipase protein, an effect that is mediated by the increase in intracellular Ca 2+concentration [START_REF] Neve | Maturation and secretion of rat hepatic lipase is inhibited by alpha1B-adrenergic stimulation through changes in Ca2+ homoeostasis: thapsigargin and EGTA both mimic the effect of adrenaline[END_REF]. This acute, post-translational effect of adrenaline on HL secretion is paralleled by a similar fall in albumin secretion, and is therefore not considered to be specific for HL [START_REF] Galan | Acute regulation of hepatic lipase secretion by rat hepatocytes[END_REF]. α 1B adrenergic agonists also elevate intracellular cAMP, which may result in an acute increase in HL secretion [START_REF] Morita | Stimulatory release of hepatic lipase activity from cultured rat hepatocytes by sodium orthovanadate: rapid increase in cyclic adenosine monophosphate content[END_REF]. However, we show here that elevation of cAMP results in reduction of hepatic lipase secretion. In contrast to the acute effects of elevated Ca 2+ i , the effect of elevated cAMP occurs at the level of transcription. This appears to be specific for HL, as secretion of α 1 -antitrypsin is not affected, and transcriptional activity of some viral promoters is increased rather than reduced by cAMP. A similar reduction in rat hepatic lipase expression has been described for glucagon [START_REF] Jensen | Cell-density-dependent release of hepatic lipase from cultured rat hepatocytes[END_REF] or parathyroid hormone [START_REF] Klin | Abnormalities in hepatic lipase in chronic renal failure: role of excess parathyroid hormone[END_REF], which both act through elevation of cAMP. We cannot exclude the possibility that these effects are the result of crosstalk between cAMP and Ca 2+ signaling pathways. However, the finding that cAMP responsiveness is mediated through the well-known cAMP responsive transcription factor C/EBPβ (reviewed in Wilson and Roesler, 2002) suggests that the effects are mediated through cAMP itself.

Our study pinpoints cAMP responsiveness of the human and rat HL promoter to a potential C/EBPβ binding site. This C/EBPβ site is contiguous with the functionally important HNF1 binding site, and is conserved not only among human and rat, but also in the mouse, rabbit and rhesus monkey HL genes (van Deursen et As in liver tissue [START_REF] Carmona | Defective thermoregulation, impaired lipid metabolism, but preserved adrenergic induction of gene expression in brown fat of mice lacking C/EBPbeta[END_REF][START_REF] Manchado | CCAAT/enhancer-binding proteins alpha and beta in brown adipose tissue: evidence for a tissue-specific pattern of expression during development[END_REF], LIP expression in HepG2 cells is rather low compared to LAP. Although 20kDa LIP expression is not markedly affected by cAMP, its expression relative to 45-kDa LAP is increased. The resulting increase in repressor activity of LIP may further attribute to the observed reduction in HL gene expression.

Our results indicate that C/EBPβ is a positive transactivator of the HL gene, and that the inhibition of HL gene expression by cAMP is mediated by decreased nuclear expression of C/EBPβ. Surprisingly, cAMP failed to suppress HL promoter activity in human adrenocortical H295R cells. We show here that C/EBPβ expression in these cells is hardly affected by cAMP elevation, which may be related to the lack of CREB activity in these cells [START_REF] Groussin | Loss of expression of the ubiquitous transcription factor cAMP response element-binding protein (CREB) and compensatory overexpression of the activator CREMtau in the human adrenocortical cancer cell line H295R[END_REF]. The mechanism by which If the in vitro observations also hold in vivo, several mechanisms appear to exist that ensure that HL expression is reduced during prolonged fasting. One wonders therefore, why it is physiologically important to lower HL expression during fasting. HL is involved in the clearance of chylomicron remnants by the liver, and indirectly in the removal of surface fragments that are generated by lipolysis of chylomicrons and VLDL (reviewed in [START_REF] Jansen | Hepatic lipase: a pro-or anti-atherogenic protein?[END_REF]. Therefore, it makes sense that HL expression is higher in the prandial fase than in the fasting state. In the prandial fase, adrenaline and glucagon levels fall, which will result in a fall in intrahepatocyte cAMP levels and thus, HL expression will rise. Although there may be an A en C give a schematic representation of the human and rat HL promoter constructs, respectively. The orientation and approximate binding sites for putative cAMPresponsive transcription factors identified by the Match program (core similarity > 0.85; matrix similarity > 0.90) [START_REF] Kel | MATCH: A tool for searching transcription factor binding sites in DNA sequences[END_REF] are indicated by the arrows. In addition, the DR1 and DR4 sites involved in HNF4α binding are also indicated [START_REF] Rufibach | Transcriptional regulation of the human hepatic lipase (LIPC) gene promoter[END_REF]. Based on the locations of these binding sites, 5'-deletions were generated and tested for promoter activity in the absence and presence of 0.3 mM Br-cAMP. B and D show the cAMP effect on the 5'-deletion constructs made from the human and rat HL promoter region, respectively. Promoter activity in the presence of Br-cAMP was expressed as percentage of promoter activity in its absence.

Data are mean ± SD for 3-5 independent experiments. *: statistically significant effect of Br-cAMP (p<0.05) 

  A c c e p t e d M a n u s c r i p t 9 medium was refreshed and test agents were added to the fresh medium. Cell extracts were prepared at 48 h post-transfection. The luciferase activity in the cell extracts was determined with the FireLight kit (Perkin-Elmer, Boston MA, USA) and the Packard Top Count NXT luminometer. Data were normalized for the Renilla activity measured in the same sample.

  kDa immuno-reactive protein. The expression of the 20 kDa isoform of C/EBPβ was A c c e p t e d M a n u s c r i p t 14 not affected by cAMP. Taken together, the cAMP induced reduction in HL gene expression may be mediated by the decreased nuclear expression of the 45 kDa C/EBPβ isoform.

  2007). C/EBPβ is highly expressed in liver, intestine, adipose and lung tissue[START_REF] Lekstrom-Himes | Biological role of the CCAAT/enhancer-binding protein family of transcription factors[END_REF], as well as in adrenocortical cells (this paper). We show here that cAMP-treatment reduces the nuclear expression of active C/EBPβ protein and simultaneously lowers C/EBPβ binding to the proximal HL promoter region in HepG2 cells. This may therefore, explain the reduced HL gene expression in the hepatoma cells. Besides active 45kDa C/EBPβ protein (termed LAP), the C/EBPβ gene also translates into a truncated 20kDa protein (termed LIP) that lacks the activation domain of LAP, and acts as a dominant-negative repressor.

  cAMP reduces C/EBPβ expression in HepG2 cells remains unknown. One possibility is that phosphorylation of C/EBPβ by CREB may result in increased degradation of C/EBPβ protein. Alternatively, CREB may phosphorylate and activate another transactivator protein, thereby displacing C/EBPβ from the proximal promoter region of the HL gene.

Fig. 1 :

 1 Fig. 1: Effect of cAMP homologs on protein synthesis and secretion of HL and α α α α 1 -antitrypsin by HepG2 cells. In A, HepG2 cells were incubated overnight with medium containing heparin and the indicated final concentration of Br-cAMP (•), Br-cGMP (ο) or dibutyryl-cyclic AMP (□). At the end of the incubation, HL activity was determined in the extracellular medium. Data are expressed as % of the HL activity in the extracellular medium of parallel control incubations (100% = 0.79 ± 0.05 mU/well; mean ± SD, n=3), and are mean ± SD for three independent experiments. In B and C, HepG2 cells were incubated with the indicated concentration of Br-cAMP in the presence of 80 µCi/ml Tran 35 S-label. At the end of the incubation, cell-free media and cell lysates were prepared. In B, α 1 -antitrypsin was immunoprecipitated from the cell-free media, and the 35 S-label was quantified after SDS-PAGE by phosphorimaging. In C, incorporation of 35 S-label in total protein in cell free media (•) and cell lysates (ο) was determined by TCA precipitation, and expressed as percentage of total 35 S radioactivity in each fraction. Data are mean ± SD; n =3.

Fig. 2 :

 2 Fig. 2: Effect of Br-cAMP on HL secretion and HL mRNA in HepG2 cells.In A, HepG2 cells were incubated for the indicated time with heparin without further additions (ο), or with 0.3 mM Br-cAMP (•) or 10 µg/ml cycloheximide (□). Hepatic lipase activity was determined in the extracellular medium. Data are mean ± SD for three independent experiments. In B, cells were incubated for 24 h without or with 0.3 mM Br-cAMP (upper and lower lane, respectively), and then total cell RNA was prepared. HL mRNA expression was determined by semiquantitative RT-PCR, in which 0.5 µg total cell RNA was mixed with known amounts of a HL cRNA (given in attomoles) that lack an internal 80nt fragment(Verhoeven et al., 1994). After RT-PCR, the amplimers of HL mRNA and the HL-cRNA (596 and 516 bp, respectively) were separated by agarose gel electrophoresis. When signal intensities of both amplimers within a single RT-PCR mixture are identical, the amount of HL mRNA is identical to the amount of added HL-cRNA (indicated by the arrows). Data are representative of two similar experiments.

  Fig. 3: Inhibition of HL promoter activity by Br-cAMP in transfected HepG2 cells.In A, HepG2 cells were transfected with the indicated promoter-CAT constructs, and then incubated without or with 0.3 mM Br-cAMP for 44 h (open and hatched bars, respectively). Then, cell lysates were prepared and analysed for CAT and βgalactosidase levels. In B, HepG2 cells were transfected with the hHL-685 reporter construct, and then incubated for 44 h with the indicated concentration of Br-cAMP.Promoter activities were expressed as the ratio between CAT and β-galactosidase level measured in the lysate, except for the data with the SV40-promoter constructs, which are expressed as the ratio divided by 10. Data are mean ± SD for three independent experiments, each performed in quadruplicate.

Fig. 4 :

 4 Fig. 4: Identification of the cAMP-responsive elements in the human and rat HL promoter region by serial 5'-deletions.

Fig. 5 :Fig. 6 :

 56 Fig. 5: cAMP responsiveness of the HL gene resides in a potential C/EBPβ β β β consensus-binding site.In A, the proximal promoter region of the human and rat HL gene (-66/-20 and -58/-15 region, respectively) was aligned, and conserved nucleotides were indicated by the asterisks. The TATA box is given by a horizontal line. The HNF1α and C/EBPβ consensus binding site is taken from the Transfac database[START_REF] Matys | TRANSFAC: transcriptional regulation, from patterns to profiles[END_REF], and given in the IUPAC 15-letter code on top of the aligned sequence. The upstream part and the exact 5'-end of the various human and rat promoter fragments used in reporter assays is aligned to the sequence, and drawn schematically by the horizontal bars. Open bars indicate constructs whose promoter activity is inhibited by cAMP (+), whereas closed bars indicate the constructs that are no longer responsive to cAMP (-). In B, cAMP responsiveness of human HL (-685/+13)-reporter plasmid and two independent clones with an internally deleted C/EBPβ binding site (-45/-36) was determined as described in the legends to Fig. 4B. Data are expressed as percentage of luciferase activity in control cells, and are means ± SD for three independent experiments each performed in quadruplicate. In C, binding of C/EBPβ to a distal (left panel) and proximal (right panel) part of the upstream region of the HL gene in control cells (open bars) and 0.3 mM Br-cAMP-treated HepG2 cells (closed bars) was determined by chromatin immunoprecipitation assays using anti-C/EBPβ antibodies (αC/EBPβ) or no antibodies (mock). Data are expressed as % of input DNA, and are means ± SD for three independent experiments. *: statistically significant effect of Br-cAMP (p<0.05)

Fig. 7 :

 7 Fig. 7: Effect of Br-cAMP on HL promoter activity in transfected H295R cells.Experiments were performed as described in the legends to Fig.3. Promoter activities are expressed relative to the CAT/β-galactosidase ratio observed with the empty promoter construct, and are mean ± SD for three independent experiments, each performed in triplicate.
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