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Localization and characterization of evolutionarily conserved chromogranin A-derived peptides in the rat and human pituitary and adrenal glands
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Introduction

Chromogranin A (CgA) is a member of the granin family of acidic secretory polypeptides that are present in large dense-core vesicles of neurons and neuroendocrine and endocrine cells. Chromogranin A is widely used as a marker for the identification of neuroendocrine cells and for the diagnosis of neuroendocrine tumors [START_REF] Deftos | Chromogranin A: its role in endocrine function and as an endocrine and neuroendocrine tumor marker[END_REF][START_REF] Rosa | The granin protein family: markers for neuroendocrine cells and tools for the diagnosis of neuroendocrine tumors[END_REF][START_REF] Helle | The chromogranins. Historical perspectives[END_REF]). It has recently been shown that CgA plays a fundamental role in the biogenesis of secretory granules since depletion of this protein provoked a marked reduction of the number of these dense-core vesicles in neuroendocrine cells [START_REF] Kim | Chromogranin A, an "on/off" switch controlling dense-core secretory granule biogenesis[END_REF]. The cloning of mammalian granins, including CgA, chromogranin B (CgB), and secretogranin II (SgII), uncovered the existence of several potential cleavage sites for prohormone convertases [START_REF] Iacangelo | Bovine chromogranin A sequence and distribution of its messenger RNA in endocrine tissues[END_REF]Benedum et al. 1987;[START_REF] Gerdes | The primary structure of human secretogranin II, a widespread tyrosine-sulfated secretory granule protein that exhibits low pH-and calcium-induced aggregation[END_REF]), suggesting that granins represent precursor proteins that may give rise to biologically active peptides. In fact, sev-eral CgA-derived peptides endowed with biological activities have been described, including pancreastatin, a polypeptide isolated from the pancreas which inhibits glucose-stimulated insulin secretion [START_REF] Tatemoto | Pancreastatin, a novel pancreatic peptide that inhibits insulin secretion[END_REF][START_REF] Iacangelo | The sequence of porcine chromogranin A messenger RNA demonstrates chromogranin A can serve as the precursor for the biologically active hormone, pancreastatin[END_REF]) and two N-terminal processing products of CgA, named vasostatin I and II (VS I and VS II) in consideration of their vasoconstriction inhibitory effect on human blood vessels, which have been identified in the adrenal medulla (Aardal et al. 1993;[START_REF] Stridsberg | Characterisation of N-terminal chromogranin A and chromogranin B in mammals by region-specific radioimmunoassays and chromatographic separation methods[END_REF]. Recently, it has been shown that VS I possesses potent antibacterial and antifungal activities [START_REF] Lugardon | Antibacterial and antifungal activities of vasostatin-1, the N-terminal fragment of chromogranin A[END_REF]. Chromogranin A is also the precursor protein of catestatin, a 21-amino acid peptide which inhibits catecholamine release from adrenochromaffin cells [START_REF] Mahata | Primary structure and function of the catecholamine release inhibitory peptide catestatin [chromogranin A(344-364)]: identification of amino acid residues crucial for activity[END_REF].

Characterization of the cDNAs encoding CgA, CgB, and SgII in the frog Rana ridibunda (Anouar et al. 1996;[START_REF] Turquier | Frog chromogranin A messenger ribonucleic acid encodes three highly conserved peptides. Coordinate regulation of proopiomelanocortin and chromogranin A gene expression in the pars intermedia of the pituitary during background color adaptation[END_REF][START_REF] Turquier | Characterization of chromogranins in the frog Rana ridibunda. Structure, expression, and functional implications[END_REF]Aït-Ali et al. 2002), the toad Xenopus laevis [START_REF] Holthuis | The neuroendocrine proteins secretogranin II and III are regionally conserved and coordinately expressed with proopiomelanocortin in Xenopus intermediate pituitary[END_REF], and the goldfish Carassius auratus [START_REF] Blazquez | γ-Aminobutyric acid up-regulates the expression of a novel secretogranin-II messenger ribonucleic acid in the goldfish pituitary[END_REF]) has revealed the existence of sequences that have been selectively conserved in phylogenetically distant species. For example, the sequence of the SgII-derived peptide secretoneurin (SN) has been strongly preserved during evolution [START_REF] Vaudry | Identification of a peptide arising from the specific post-translation processing of secretogranin II[END_REF][START_REF] Leitner | Formation and sequence analysis of secretoneurin, a neuropeptide derived from secretogranin II, in mammalian, bird, reptile, amphibian and fish brains[END_REF]) and SN appears to be involved in endocrine-immune system interactions [START_REF] Wiedermann | Secretoneurin: a functional neuropeptide in health and disease[END_REF]. The conserved sequences within CgA encompassed the N-terminal bioactive peptide VS I, a 14-amino acid peptide named WE14 which corresponds to a peptide previously identified in pheochromocytoma [START_REF] Conlon | Isolation of peptides arising from the specific posttranslational processing of chromogranin A and chromogranin B from human pheochromocytoma tissue[END_REF]) and ileal [START_REF] Curry | Isolation and primary structure of a novel chromogranin A-derived peptide, WE-14, from a human midgut carcinoid tumour[END_REF]) tumors, and a putative C-terminal 35-amino acid peptide, that we named EL35 (Fig. 1A), which had never been described before. These peptides show 70-97% amino acid sequence identity between the different species (Fig. 1B) and may represent ancient, evolutionarily conserved, bioactive domains of CgA. In the present study, we sought to characterize WE14 and EL35 in rat and human endocrine tissues in order to gain insight into the possible function of these peptides.

Materials and methods

Animals and tissue samples

Three-month-old male Wistar rats, weighing 250-300 g, were maintained under controlled conditions of temperature (22°C) and an established photoperiod (lights on, 0700-1900 hours daily). Rats had free access to laboratory chow (UAR, Epinay-sur-Orge, France) and water. All manipulations were performed according to the recommendations of the French ethics committee and under the supervision of authorized investigators. The animals were killed by decapitation between 0830 and 0930 hours, and the adrenal glands and pituitaries were quickly removed. Fetal human adrenal glands were collected from 20-week-old fetuses, after therapeutic abortion. Adult adrenal glands were obtained from patients undergoing expanded nephrectomy for kidney cancer. After surgery, the glands were frozen at -80°C. The protocols of collection of the tissues were approved by the human subject ethics committee of our institutions.

Peptide synthesis

Human CgA fragments WE14 and EL35 (Fig. 1B), and their N-terminally tyrosylated variants, [Tyr 0 ]WE14 and [Tyr 0 ]EL35, were synthesized by the solid-phase methodology using a 433A Applied Biosystems peptide synthesizer and standard manufacturer's procedures as previously described [START_REF] Leprince | Structure-activity relationships of a series of analogues of the octadecaneuropeptide ODN on calcium mobilization in rat astrocytes[END_REF]. Synthetic peptides were purified by reversed-phase high-perfor- The percentages of amino acid identity are indicated. Amino acid substitutions are highlighted by bold letters mance liquid chromatography (RP-HPLC) on a semipreparative 1×25-cm Vydac C 18 column (Touzart et Matignon, Courtaboeuf, France) using a linear gradient (10-50% over 50 min) of acetonitrile/trifluoroacetic acid (TFA) (99.9:0.1 v/v) at a flow rate of 5 ml/min. Analytical RP-HPLC was performed on a Vydac C 18 column (0.45×25 cm) using a linear gradient (10-40% over 30 min) of acetonitrile/TFA at a flow rate of 1 ml/min. The purified peptides were characterized by fast atom bombardment mass spectrometry on a conventional EB geometry mass spectrometer Jeol model AX-500 equipped with a DEC data system (Jeol-Europe SA, Croissy-sur-Seine, France).

Antibodies

Synthetic WE14 and EL35 (human sequences) were covalently linked to bovine thyroglobulin using glutaraldehyde as a coupling agent. Briefly, 6 mg of each peptide was dissolved in 4 ml 50 mM phosphate buffer (PB), pH 7.5, containing 50-100 mg thyroglobulin, and incubated with 8 mM glutaraldehyde for 2 h. The conjugates were dialyzed against PB for 24 h and kept frozen at -20°C. New Zealand rabbits were injected intradermally, at 1-month intervals, with the conjugates emulsified with Freund's adjuvant.

The mouse monoclonal antibody against LHβ subunit (code number 518 B7) was a generous gift from Dr. J.F. Roser [START_REF] Matteri | Characterization of a monoclonal antibody which detects luteinizing hormone from diverse mammalian species[END_REF]. The ACTH antibody raised in sheep against ACTH 1-24 (code number 105-10) was a generous gift from Dr. J. Cote [START_REF] Jégou | Immunological characterization of endorphins, adrenocorticotropin, and melanotropins in frog hypothalamus[END_REF]. The mouse monoclonal antibody against tyrosine hydroxylase (TH) was purchased from Chemicon International (Temecula, Calif., USA). The rabbit antiserum against human CgA was from Dako (Glostrup, Denmark). Fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse γ-globulins (GAM/FITC), FITC-conjugated donkey anti-sheep γ-globulins (DAS/FITC), and Texas red-conjugated donkey anti-rabbit γ-globulins (DAR/TXR) were from Amersham International (Aylesbury, UK). Alexa-488conjugated goat anti-rabbit γ-globulins (GAR/Alexa-488) were from Molecular Probes (Leiden, The Netherlands).

SDS-PAGE and Western blot analysis

Whole rat adrenals and pituitaries were homogenized in 10 mM TRIS-HCl, pH 7.4, containing 0.05% Triton X-100 and 1 mM phenylmethylsulfonyl fluoride. After centrifugation (12,000 g for 10 min at 4°C), the soluble proteins were precipitated by trichloroacetic acid (10% final concentration) and electrophoresed on a 10% polyacrylamide gel in denaturing conditions (SDS-PAGE). Proteins were electroblotted onto a nitrocellulose sheet and revealed with antibodies against WE14 and EL35, using a chemiluminescence detection kit (Amersham).

Immunohistochemical procedure

Rat adrenal and pituitary glands were dipped overnight in Stefanini's fixative (4% paraformaldehyde, 0.2% picric acid in PB, pH 7.4), rinsed with PB, and frozen at -80°C in Tissue-Tek (Leica, Nussloch, Germany). Frozen glands were sliced into 10-µm sections in a cryomicrotome (Frigocut; Reichert-Jung, Nussloch, Germany). Frozen human adrenal glands were sliced into 10-µm sections, collected on gelatin-coated slides, and dipped into Stefanini's fixative at 4°C for 30 min. After several rinses in PB, sections were processed for indirect immunofluorescence microscopy. Tissue slices were incubated overnight at 4°C with one of the primary antibodies (or simultaneously with two primary antibodies for double-labeling experiments), i.e., the WE14 antiserum (code number 333-1506) diluted 1:500, the EL35 antiserum (code number 555-1506) diluted 1:200, the CgA antiserum diluted 1:500, the monoclonal TH antibody diluted 1:200, the monoclonal LHβ antibody diluted 1:300, or the ACTH antiserum diluted 1:1,000 in PB containing 0.3% Triton X-100 and 1% bovine serum albumin (BSA; Roche Diagnostics, Mannheim, Germany). Tissue sections were rinsed in PB for 30 min and incubated at room temperature for 90 min with the appropriate secondary antibody, i.e., GAR/Alexa-488 diluted 1:100, DAS/FITC diluted 1:100, GAM/FITC diluted 1:100, or DAR/TXR diluted 1:50. Finally, slices were rinsed, mounted in PB/glycerol (1:1), coverslipped, and examined using a confocal laser scanning microscope (Leica, Heidelberg, Germany) equipped with a diaplan optical system and an argon/krypton ion laser (excitation wavelengths: 488/568/647 nm). To verify the specificity of the immunoreaction, the following controls were performed: (1) substitution of the primary antibodies with PB, (2) incubation with non-immune rabbit serum instead of the primary antisera, and (3) preincubation of the WE14 or EL35 antisera (diluted 1:500 and 1:200, respectively) with the corresponding synthetic peptides (10 -6 M).

Tissue extraction

Frozen tissues were immersed for 10 min in a cooled solution of 75% ethanol-18% HCl (10 N). The tissue samples were sonicated and centrifuged (10,000 g for 30 min at 4°C). The supernatants were collected and dried by vacuum centrifugation (Speed-Vac Concentrator; Savant AES 2000, Hicksville, N.Y., USA). The samples were reconstituted in 0.1% TFA in water and loaded onto three Sep-Pak C 18 cartridges. The bound material was eluted with a solution of acetonitrile-water-TFA (56:43.9:0.1 v/v/v). The solvent was evaporated by vacuum centrifugation and the samples were kept dry until direct RIA or chromatographic analysis.

High-performance liquid chromatography analysis

Dried samples were reconstituted in 1 ml 0.1% TFA and centrifuged (10,000 g for 10 min at 4°C). The supernatants were injected onto a 0.45×25-cm Vydac C 18 column equilibrated with a solution of acetonitrile-water-TFA (9.9:90:0.1 v/v/v) at a flow rate of 1 ml/min. The concentration of acetonitrile in the eluting solvent was raised to 56% over 60 min using a linear gradient. Synthetic human WE14 and EL35 (1 µg each) were chromatographed in the same conditions. One-milliliter fractions were collected, evaporated, and kept dry until RIA.

Radioimmunoassays

The concentrations of WE14-and EL35-like material in the human and rat tissues were measured by RIA. Synthetic [Tyr 0 ]WE14 and [Tyr 0 ]EL35 were iodinated by the chloramine-T method and separated from free iodine on Sep-Pak C 18 cartridges using a step gradient of acetonitrile (20-50% and 30-60%, respectively) in 0.1% TFA. The radioiodinated [Tyr 0 ]WE14 and [Tyr 0 ]EL35 eluted at 26% and 42% acetonitrile, respectively. The RIAs were performed in 20 mM veronal buffer, pH 9.1, containing 3% BSA. The WE14 and EL35 antisera, used at a final dilution of 1:120,000 and 1:48,000, respectively, were incubated with 7,000 cpm of tracer/ tube in the presence of the synthetic peptide, tissue extracts, or HPLC fractions. After a 2-day incubation at 4°C, the antibodybound fraction was immunoprecipitated by the addition of 200 µl goat anti-rabbit γ-globulins (1:30), 200 µl normal rabbit serum (1:150), and 500 µl of 5% polyethylene glycol 8,000. After a 2-h incubation at room temperature, the mixture was centrifuged (5,000 g for 30 min at 4°C) and the pellet containing the bound fraction was counted on a gamma-counter (LKB Wallack, Rockville, Md., USA).

Results

Characterization of the WE14 and EL35 antibodies

Western blot analysis of rat adrenal and pituitary extracts was performed to determine the respective cross-reactiv-ity of the WE14 and EL35 antibodies with CgA and its intermediate processing products (Fig. 2A,B). The WE14 antiserum revealed, in addition to rat CgA which migrates to an apparent molecular mass of 97 kDa, several bands of lower molecular mass ranging from about 80 to 40 kDa in the pituitary (Fig. 2A lane 1) and from 80 to 25 kDa in the adrenal gland (Fig. 2A lane 2). The EL35 antiserum also stained the precursor protein and several intermediate processing products with a lower molecular mass ranging from about 80 to 40 kDa in the pituitary (Fig. 2B lane 1) and from 80 to 30 kDa in the adrenal gland (Fig. 2B lane 2). Worthy of note, the WE14 and EL35 antibodies revealed different intermediate products in the pituitary and adrenal extracts (Fig. 2A,B compare lanes 1 and 2), indicating that distinct processing mechanisms of CgA occur in these two endocrine tissues. In addition, the WE14 antibody labeled more immunoreactive bands than the EL35 antibody (Fig. 2 compare A andB), suggesting a more efficient cleavage of EL35 than WE14.

The specificity of the WE14 and EL35 antibodies was also assessed by RIA. Synthetic WE14 and EL35 displaced, respectively, antibody-bound 125 I-[Tyr 0 ]WE14 and 125 I-[Tyr 0 ]EL35 in a dose-dependent manner (Fig. 2C,D). The WE14 antibody did not exhibit any cross-reac-tivity with EL35 or SgII-derived peptides such as SN or EM66 (Fig. 2C). Similarly, the EL35 antibody did not cross-react with WE14, SN, or EM66 (Fig. 2D).

WE14 and EL35 immunoreactivity in the rat pituitary and adrenal

The WE14 and EL35 antibodies strongly labeled scattered cells in the anterior lobe of the rat pituitary and moderately stained most melanotropes in the intermediate lobe (Fig. 3A,B). Preabsorption of the primary antibodies with 10 -6 M WE14 (Fig. 3C) and 10 -6 M EL35 (Fig. 3D) totally abolished the labeling, thus confirming the specificity of the immunoreactions. No staining was observed when the WE14 or EL35 antisera were substituted with non-immune rabbit serum or PB (data not shown). Co-incubation of pituitary sections with the anti-WE14 and anti-LHβ antibodies revealed that most gonadotropes contain WE14-like immunoreactivity (li; Fig. 4A-C). Likewise, co-incubation of pituitary slices with the anti-EL35 and anti-LHβ antibodies showed the presence of EL35-li in gonadotropes (Fig. 4D-F). However, some WE14-or EL35-immunoreactive cells did not exhibit any LHβ-li (red cells in Fig. 4C,F), indicating that CgA-derived peptides may occur in cells other than gonadotropes. Reciprocally, a few gonadotropes did not stain for CgA-derived peptides (green cells in Fig. 4F), suggesting that these peptides are not present in all gonadotropes of the male rat pituitary. In contrast to gonadotropes, corticotropes that were immunostained with the ACTH antibodies, were totally devoid of WE14-li (Fig. 5A-C) and EL35-li (Fig. 5D-F).

In the rat adrenal gland, all cells that were immunolabeled with the WE14 (Fig. 6A) and EL35 (Fig. 6D) antisera were stained with the TH antibodies (Fig. 6B,E) as shown by the composite images (Fig. 6C,F), indicating that the CgA-derived peptides are present in chromaffin cells. Cortical cells were totally devoid of labeling (Fig. 6A-F).

WE14 and EL35 immunoreactivity in the human adrenal gland

Labeling with the antisera against WE14 and EL35 revealed the presence of clusters of positive cells in the fetal human adrenal gland (Fig. 7A,B). Incubation of consecutive sections with an antiserum against CgA, which is a selective and commonly used marker of chromaffin cells, produced immunostaining of similar groups of cells (Fig. 7C), indicating that CgA and CgA-derived peptides are produced in human chromaffin progenitor cells. Immunolabeling was also observed in the central region of the adult adrenal gland using antisera against WE14 (Fig. 7D) and EL35 (Fig. 7E). Staining of a consecutive section with the TH antiserum showed that WE14 and EL35 were exclusively present in chromaffin cells, whereas adrenocortical cells were totally devoid of labeling (Fig. 7F).

Because CgA is an established marker of pheochromocytoma, we sought to characterize WE14 and EL35 in these human tumors. Immunohistochemical labeling revealed the occurrence of clusters of WE14-(Fig. 8A) and EL35-immunoreactive (Fig. 8B) cells. The same groups of cells were also labeled by the antiserum directed against CgA (Fig. 8C).

WE14 and EL35 concentrations in tissue extracts

Serial dilutions of extracts from the rat adrenal and pituitary glands generated displacement curves that were parallel to that obtained with synthetic human WE14 (Fig. 9A). In contrast, the displacement curves obtained Fig. 3A-D Immunofluorescence labeling of WE14 and EL35 in the rat pituitary. Antisera against WE14 (A) and EL35 (B) produced intense labeling of scattered cells in the anterior lobe (AL) and moderate labeling of melanotropes in the intermediate lobe (IL). Consecutive sections were incubated with the WE14 and EL35 antisera preabsorbed, respectively, with 10 -6 M WE14 (C) or 10 -6 M EL35 (D). Bars 100 µm with these tissue extracts were not parallel to that obtained with synthetic human EL35 (Fig. 9B). The apparent concentrations of WE14-and EL35-immunoreactive material were 3 and 513 pg per mg proteins, respectively, in the adrenal gland and 91 and 564 pg per mg proteins, respectively, in the pituitary gland.

Characterization of WE14 and EL35 immunoreactivity in rat pituitary and adrenal gland extracts

Reversed-phase HPLC analysis combined with RIA detection was conducted to compare the retention time of WE14-and EL35-immunoreactive materials in rat tissue extracts with those of the synthetic peptides. The HPLC profile of synthetic WE14 revealed the existence of two peaks (noted I and II) exhibiting retention times of 26 and 33 min (Fig. 10A). As the WE14 molecule possesses a methionine residue which is highly susceptible to oxidation, we suspected that one of the two peaks might correspond to an oxidized form. To test this hypothesis, we incubated the synthetic peptide with hydrogen peroxide under conditions previously shown to oxidize methionine residues [START_REF] Tranchant-Bunel | Isolation and structural characterization of peptides related to αand γ-melanocyte-stimulating hormone (MSH) from the frog brain[END_REF]). This treatment led to an increase of peak II (oxidized form) and a concomitant decrease of peak I (non-oxidized form) (data not shown). The HPLC profile of synthetic EL35 revealed a single immunoreactive peak which eluted with a retention time of 50-51 min (Fig. 10B). Analysis of adenohypophyseal extracts showed the occurrence of two major WE14-immunoreactive peaks which co-eluted with those obtained with the synthetic peptide (Fig. 10C). The EL35-immunoreactive material in the anterior lobe was also resolved as two major peaks, one of which (peak I) co-eluted with the synthetic peptide (Fig. 10D). Similar chromatographic profiles were observed with neurointermediate lobe extracts (Fig. 10E,F).

In the adrenal gland extract, two WE14-immunoreactive peaks co-eluting with synthetic standards were detected (Fig. 11A), whereas only one large EL35-immunoreactive peak, which overlapped with peak II resolved from pituitary extracts, was observed (Fig. 11B).

Characterization of WE14 and EL35 immunoreactivity in human adrenal gland extracts

Human fetal adrenal extracts displayed a major WE14immunoreactive peak which exhibited the same retention time as the non-oxidized form of the synthetic peptide (Fig. 12A) and two EL35-immunoreactive peaks, one of which (peak I) co-eluted with the synthetic standard (Fig. 12B). In adult adrenal extracts, a major WE14immunoreactive peak co-eluting with non-oxidized WE14 (Fig. 12C) and a prominent EL35-immunoreactive peak co-eluting with synthetic EL35 (Fig. 12D) were detected. Finally, analysis of a pheochromocytoma extract revealed the occurrence of a high amount of the WE14 peptide (Fig. 12E). In contrast, the EL35 peptide was almost undetectable (peak I) and two other major peaks (peaks II and III) with shorter retention times than EL35 were observed (Fig. 12F).

Discussion

The cloning of frog CgA [START_REF] Turquier | Frog chromogranin A messenger ribonucleic acid encodes three highly conserved peptides. Coordinate regulation of proopiomelanocortin and chromogranin A gene expression in the pars intermedia of the pituitary during background color adaptation[END_REF]) has recently revealed the phylogenetic conservation of three peptides located in the N-and C-terminal regions of the protein, as well as the dibasic sites that can be cleaved by prohormone convertases to generate the free peptides. The fact that evolutionary pressure has acted to preserve the structure of discrete domains of CgA in species that have diverged some 350 million years ago suggests that the corresponding peptides may represent functional determinants of this protein.

Antibodies were raised against the human amino acid sequences of WE14 and EL35 which both differ by only one amino acid substitution from the rat sequences. Each antibody specifically recognized its cognate peptide and did not exhibit any cross-reactivity with unrelated peptides as determined by RIA. Western blot analysis of rat pituitary and adrenal gland extracts showed that WE14 and EL35 antibodies also recognized to some extent CgA and derived intermediate processing products. Interestingly, different immunoreactive products were resolved in the pituitary and adrenal extracts, indicating that the processing of CgA in endocrine glands is tissuespecific. This observation is in line with previous studies on CgA proteolytic cleavage in the digestive tract, the anterior pituitary, the thyroid [START_REF] Curry | The tissue distribution of rat chromogranin A-derived peptides: evidence for differential tissue processing from sequence specific antisera[END_REF][START_REF] Norlén | Cell-specific processing of chromogranin A in endocrine cells of the rat stomach[END_REF], and in different tumor cell lines [START_REF] Deftos | Distinct patterns of chromogranin A-related species can be demonstrated in endocrine cells[END_REF][START_REF] Portel-Gomes | Chromogranin A in human neuroendocrine tumors: an immunohistochemical study with region-specific antibodies[END_REF]). The differential processing of CgA may be ascribed to the effect of a cellspecific repertoire of enzymes or to the same enzymes whose activity varies depending on the cell type. In addition, the cleavage efficacy at the various dibasic sites may differ in a given cell type, leading to different amounts of mature peptides. As a matter of fact, RIA quantification showed that EL35 is produced at a much higher rate than WE14 in both the adrenal and the pituitary. This result is consistent with the observation that the cleavage of CgA occurs preferentially at the N-and C-terminal extremities of the protein [START_REF] Wohlfarter | Processing of chromogranin A within chromaffin granules starts at C-and N-terminal cleavage sites[END_REF][START_REF] Deftos | Distinct patterns of chromogranin A-related species can be demonstrated in endocrine cells[END_REF][START_REF] Curry | The tissue distribution of rat chromogranin A-derived peptides: evidence for differential tissue processing from sequence specific antisera[END_REF][START_REF] Metz-Boutigue | Intracellular and extracellular processing of chromogranin A. Determination of cleavage sites[END_REF]. The HPLC characterization of WE14 immunoreactivity revealed that this peptide is formed in the anterior and neurointermediate lobes of the rat pituitary as well as in the adrenal gland. Recently, WE14 has been also characterized in the gastro-entero-pancreatic system [START_REF] Gleeson | Occurrence of WE-14 and chromogranin A-derived peptides in tissues of the human and bovine gastro-entero-pancreatic system and in human neuroendocrine neoplasia[END_REF][START_REF] Norlén | Expression of the chromogranin A-derived peptides pancreastatin and WE14 in rat stomach ECL cells[END_REF][START_REF] Norlén | Cell-specific processing of chromogranin A in endocrine cells of the rat stomach[END_REF] and in human pituitary adenoma [START_REF] Heaney | Immunohistochemical evaluation of the post-translational processing of chromogranin A in human pituitary adenomas[END_REF]. Along with the present results showing that WE14 is also generated in both the adenohypophysis and the pars intermedia of the normal pituitary, and in the adrenal gland, these data indicate that WE14 could be formed in a variety of endocrine and neuroendocrine cells.

Two EL35 molecular forms were detected in the anterior and neurointermediate lobes of the rat pituitary, one of which co-eluted with synthetic human EL35. In the rat adrenal gland, only the form with a shorter retention time than EL35 was observed. These findings are in line with the RIA analysis which showed that the displacement curves obtained with crude pituitary and adrenal extracts were not parallel to that produced by the synthetic peptide, indicative of the existence of several EL35-immunoreactive forms. The identity of the other immunoreactive material could not be determined from our data but it should be mentioned that EL35 possesses an internal pair of basic residues which could be cleaved in a cell-specific manner to give rise to a shorter peptide. Alternatively, this additional form may represent a larger CgA-derived fragment encompassing the EL35 sequence.

Co-localization studies in the rat adenohypophysis using confocal microscopy showed that WE14 and EL35 are present in gonadotropes of the pituitary, although some gonadotropes do not produce these peptides. Previous studies have shown that CgA expression is strongly regulated by steroid hormones in gonadotropes [START_REF] Fischer-Colbrie | Dexamethasone induces an increased biosynthesis of chromogranin A in rat pituitary gland[END_REF]Anouar et al. 1991;[START_REF] Watanabe | Effects of sex steroids on secretory granule formation in gonadotropes of castrated male rats with respect to granin expression[END_REF]. It would be interesting to determine the influence of these hormones on the production of CgA-derived peptides such as WE14 and EL35 from these cells. These studies may help to understand the role of WE14 and EL35 in gonadotrope function. However, WE14 and EL35 are not present exclusively in gonadotropes since certain WE14-and EL35-positive cells were negative for LHβ staining. Corticotropes did not exhibit any WE14or EL35-li in accordance with the report of Fischer- [START_REF] Fischer-Colbrie | Dexamethasone induces an increased biosynthesis of chromogranin A in rat pituitary gland[END_REF] showing that CgA is not expressed in the rat corticotropes. The other pituitary cells that were immunostained for WE14 and EL35 could be thyrotropes, which have been shown to contain CgA immunoreactivity [START_REF] Cohn | Selective localization of the parathyroid secretory protein-I/adrenal medulla chromogranin A protein family in a wide variety of endocrine cells of the rat[END_REF], lactotropes and/or somatotropes which are also known to contain several granins [START_REF] Winkler | The chromogranins A and B: the first 25 years and future perspectives[END_REF][START_REF] Rosa | The granin protein family: markers for neuroendocrine cells and tools for the diagnosis of neuroendocrine tumors[END_REF]). In addition to adenohypophyseal cells, we found that melanotropes of the intermediate lobe of the pituitary are also able to produce WE14 and EL35, thus revealing the expression of CgA and processed peptides in rat melanotropes. The cleavage of the dibasic sites at the boundaries of WE14 and EL35 in the pituitary is probably performed by the subtilisin-kexin-like prohormone convertases PC1 and PC2 whose expression in pituitary cells is well documented [START_REF] Marcinkiewicz | Ontogeny of the prohormone convertases PC1 and PC2 in the mouse hypophysis and their colocalization with corticotropin and α-melanotropin[END_REF][START_REF] Eskeland | Chromogranin A processing and secretion. Specific role of endogenous and exogenous prohormone convertases in the regulated secretory pathway[END_REF]. In support of this hypothesis, it has been shown by overexpression or by antisense reduction of PC1 and PC2 that these enzymes are involved in the processing of CgA in tumoral corticotrope AtT-20 cells [START_REF] Eskeland | Chromogranin A processing and secretion. Specific role of endogenous and exogenous prohormone convertases in the regulated secretory pathway[END_REF].

We also demonstrated the occurrence of WE14 and EL35 in the rat and human adrenal glands. The processing mechanism of CgA in the adrenal gland is not fully understood. Chromogranin A is less processed in the adrenal medulla than in other tissues such as the intestine, peripheral nerves, or pancreas [START_REF] Winkler | The chromogranins A and B: the first 25 years and future perspectives[END_REF][START_REF] Iacangelo | Chromogranin A: current status as a precursor for bioactive peptides and a granulogenic/sorting factor in the regulated secretory pathway[END_REF]. However, it has been shown that depletion of catecholamine stores from adrenochromaffin cells by reserpine treatment is accompanied by an increase of the rate of CgA processing and that high concentrations of catecholamines inhibit PC1 activity in vitro [START_REF] Wolkersdorfer | Processing of chromogranins in chromaffin cell culture: effects of reserpine and α-methyl-p-tyrosine[END_REF]. These observations suggest that, under certain circumstances, CgA could be efficiently cleaved in the adrenal, probably by prohormone convertases, to generate fully processed peptides. Immunohistochemical labeling showed that WE14-and EL35-li are present in all THpositive, i.e., adrenergic and noradrenergic, cells of the rat adrenal gland. Staining of human adrenal slices with WE14 or EL35 antisera revealed intense labeling of adrenomedullary cells in the adult gland and nests of chromaffin progenitor cells in the developing adrenal. Together with the HPLC data, these observations indicate that production of WE14 and EL35 occurs early during embryogenesis of the adrenal gland and is maintained in adulthood. Consistently, ontogenetic studies in the rat neuroendocrine system have shown that the immunoreactivity of CgA and derived peptides could be detected early during fetal development of several endocrine and neuroendocrine cells (Barkatullah et al. 1997). However, our studies reveal that, while WE14 occurs as a single molecular form in both rat and human adrenal gland extracts, the novel peptide EL35 exhibits distinct elution profiles depending on the tissues, indicating the existence of closely related but different forms of EL35 in these tissues.

At present, the physiological significance of the occurrence of WE14 and EL35 in the pituitary and adrenal is not known. It has recently been shown that depletion of CgA provokes the disappearance of secretory granules in neuroendocrine cells, indicating that CgA plays a fundamental role in the biogenesis of dense-core vesicles [START_REF] Kim | Chromogranin A, an "on/off" switch controlling dense-core secretory granule biogenesis[END_REF]. The fact that evolutionary pressure has acted to conserve peptides such as WE14 and EL35 which are selectively produced in rat and human endocrine cells, even at early stages of development as shown in the present study, suggests that these peptides may play specific functions in the endocrine and neuroendocrine systems. The WE14 and EL35 sequences could represent structural determinants for an intravesicular role of CgA. Alternatively, WE14 and EL35 may play a role as autocrine, paracrine, or endocrine regulatory peptides.

Chromogranin A has proven to be a useful histological marker for neuroendocrine tumor identification [START_REF] Deftos | Chromogranin A: its role in endocrine function and as an endocrine and neuroendocrine tumor marker[END_REF][START_REF] Rosa | The granin protein family: markers for neuroendocrine cells and tools for the diagnosis of neuroendocrine tumors[END_REF]. Chromogranin A has been originally purified from catecholamine storage vesicles of pheochromocytoma (O'Connor et al. 1984) and circulating levels of CgA are elevated in patients with this type of tumor [START_REF] O'connor | Radioimmunoassay of chromogranin A in plasma as a measure of exocytotic sympathoadrenal activity in normal subjects and patients with pheochromocytoma[END_REF][START_REF] Eriksson | Chromogranins: new sensitive markers for neuroendocrine tumors[END_REF][START_REF] Deftos | Chromogranin A: its role in endocrine function and as an endocrine and neuroendocrine tumor marker[END_REF]. Our immunohistochemical data show the occurrence of clusters of WE14-and EL35-immunoreactive cells in a pheochromocytoma. As had been previously reported by [START_REF] Conlon | Isolation of peptides arising from the specific posttranslational processing of chromogranin A and chromogranin B from human pheochromocytoma tissue[END_REF], HPLC analysis confirmed the presence of WE14 in pheochromocyto- ma tissue. In contrast, only minute amounts of authentic EL35 could be detected and other EL35-immunoreactive forms were observed. Since the EL35 peptide is present in the adult human adrenal gland, it can be hypothesized that the processing of this peptide is altered in tumorous tissue. It has been recently shown that the immunoreactivity of the N-terminal portion of CgA (VS I) can discriminate metastatic deposits of ileum or lung carcinoids [START_REF] Cunningham | Immunostaining for vasostatin I distinguishes between ileal and lung carcinoids[END_REF]. Similarly, the concentration of the SgII-derived peptide SN is markedly increased in endocrine tumors such as gut carcinoids, endocrine pancreatic tumors, lung carcinomas, and pheochromocytomas, but not in neuroblastomas, insulinomas, pituitary adenomas, and non-endocrine tumors [START_REF] Ischia | Levels and molecular properties of secretoneurin-immunoreactivity in the serum and urine of control and neuroendocrine tumor patients[END_REF]. Collectively, these observations suggest that assessment of granin-derived peptides, such as VS I, SN, or EL35, in tissues and/or in the plasma of patients may represent a valuable approach for the diagnosis and prognosis of neuroendocrine tumors.

Fig. 1 A

 1 Fig. 1 A Schematic representation of the structure of human, rat, and frog chromogranin A (CgA) showing the location of the conserved regions (shaded zones) and potential dibasic cleavage sites. These regions give rise to vasostatin I and II (VS I/VS II), WE14, and EL35. The numbers indicate the positions of the N-and C-terminal residues of the peptides delimited by dibasic motifs. B Alignment of the sequences of WE14 and EL35 in different species. The percentages of amino acid identity are indicated. Amino acid substitutions are highlighted by bold letters

Fig

  Fig. 2A-D Characterization of the antibodies directed against WE14 and EL35. A, B Western blot analysis of rat pituitary (lane 1) and adrenal gland (lane 2) extracts using WE14 (A) and EL35 (B) antibodies. Molecular mass markers in kilodaltons are indicated. C, D Radioimmunoassay of WE14 and EL35. Antibodybound 125 I-labeled [Tyr 0 ]WE14 or [Tyr 0 ]EL35 was displaced by increasing concentrations of synthetic human WE14 (C) or EL35 (D). EM66 (X), SN (solid triangles), and WE14 (solid diamonds) or EL35 (solid squares) were tested for crossreactivity

Fig. 4A -FFig

 4A Fig. 4A-F Confocal laser scanning microscope photomicrographs comparing the distribution of WE14, EL35, and LHβ immunoreactivity in the rat pituitary. Sections through the anterior lobe were labeled with the rabbit antiserum against WE14 (A) or EL35 (D) revealed with Texas red-conjugated donkey anti-rabbit γ-globulins (DAR/TXR), and with the monoclonal antibody against the LHβ subunit (B, E) revealed with fluorescein isothiocyanate (FITC)conjugated goat anti-mouse γ-globulins (GAM/FITC). Combination of the two images acquired in A and B, and in D and E showed the presence of the two CgA-derived peptides in gonadotropes (C, F). A few cells which were stained by the WE14 or EL35 antibodies (arrowheads) were not LHβ immunoreactive (open arrows). Reciprocally, a few gonadotropes were not stained by the EL35 antibodies (arrows). Bars 10 µm
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 7A Fig. 7A-F Immunofluorescence labeling of WE14 and EL35 in human adrenal glands. A-C Consecutive sections through a fetal adrenal gland were incubated with antisera against WE14 (A), EL35 (B), and CgA (C). D-F Consecutive sections through an adult adrenal gland were incubated with antibodies against WE14 (D), EL35 (E), and TH (F). All four antibodies specifically stained cells of the medullary zone (M), whereas adrenocortical cells (cx) were devoid of labeling. Bars 25 µm in A-C; 200 µm in D-F

Fig

  Fig. 8A-C Immunofluorescence labeling of WE14 and EL35 in a human pheochromocytoma. Consecutive sections were incubated with antisera against WE14 (A), EL35 (B), and CgA (C). All three antisera specifically labeled tumoral chromaffin cells. Bars 60 µm

Fig. 10A -

 10A Fig. 10A-F Reversed-phase high-performance liquid chromatography (RP-HPLC) analysis of WE14-and EL35-like immunoreactivity (li) in the rat pituitary. A, B Elution profiles of synthetic WE14 (A) and EL35 (B). C, D Extracts of 20 anterior lobes were prepurified on Sep-Pak cartridges and chromatographed onto a Vydac C 18 column. Fractions (1 ml each) were collected, dried, and radioimmunoassayed for WE14 (C) or EL35 (D). E, F Extracts of 36 neurointermediate lobes were analyzed as described above and radioimmunoassayed for WE14 (E) or EL35 (F). The bars above the peaks indicate the elution position of synthetic non-oxidized WE14 (peak I), oxidized WE14 (peak II), and EL35 (peak I) as determined in A and B, respectively

Fig

  Fig. 11A, B Reversed-phase HPLC analysis of WE14-and EL35like immunoreactivity (li) in the rat adrenal gland. Extracts of 40 whole rat adrenals were prepurified on Sep-Pak cartridges, analyzed by HPLC, and radioimmunoassayed for WE14 (A) or EL35 (B). The bars above the peaks indicate the elution position of synthetic non-oxidized WE14 (peak I), oxidized WE14 (peak II), and EL35 (peak I). See legend to Fig. 10 for other designations
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