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A dynamic production of insulin is necessary for proper glucose homeostasis. In order to generate enough insulin available for exocytosis in response to the demands of the organism, the level of preproinsulin mRNA in the pancreatic -cell needs to fluctuate. In animal models for type 2 diabetes the contents of preproinsulin mRNA are lowered, which might suggest that an impaired metabolism of preproinsulin mRNA contributes to the development of glucose intolerance and diabetes. Thus, it is of importance to understand the mechanisms by which preproinsulin mRNA levels are regulated. Although extensively studied, there are aspects of the regulation of insulin gene expression that still remain enigmatic. Our understanding of insulin gene transcription has improved considerably the last 20 years, but less effort has been

A c c e p t e d M a n u s c r i p t 2 invested into the control of preproinsulin mRNA stability. The preproinsulin mRNA has a long half-life and changes in preproinsulin mRNA stability, induced by glucose, are likely to be regulated through specific mechanisms. Recent findings indicate that the poly-pyrimidine tract binding protein (PTB), also named hnRNP I, by binding to the 3'-UTR (untranslated region) of the preproinsulin mRNA molecule, stabilizes the messenger, thereby participating in the glucose-induced increase in preproinsulin mRNA. This review will focus both on recent findings pertinent to PTB function in general, and on the specific role of PTB on the production of insulin in -cells. We will also discuss the putative co-operativity between PTB and other proteins in the control of preproinsulin mRNA stability, and review beta-cell signaling events that may control the mRNA stabilizing effect of PTB.

Insulin biosynthesis as a limiting factor in diabetes

Diabetes mellitus is a group of metabolic disorders, which all lead to hyperglycemia through defective insulin secretion or defective insulin action. A better understanding of the relative or absolute lack of insulin, which is observed in most cases of diabetes, requires the elucidation of mechanisms that control not only insulin secretion, but also insulin biosynthesis. As an augmented insulin biosynthesis is an absolute prerequisite for extended periods of insulin hypersecretion [START_REF] Ozcan | Chemical chaperones reduce ER stress and restore glucose homeostasis in a mouse model of type 2 diabetes[END_REF], it is likely that disturbances in insulin biosynthesis could contribute to the insulin deficiency observed in diabetes mellitus. The rates of insulin biosynthesis are controlled by multiple mechanisms, for example by insulin gene transcription giving rise to sufficient levels of primary transcripts [START_REF] Nielsen | Control of insulin gene expression in pancreatic beta-cells and in an insulin-producing cell line, RIN-5F cells. I. Effects of glucose and cyclic AMP on the transcription of insulin mRNA[END_REF] and preproinsulin mRNA splicing and translation [START_REF] Shalev | A proinsulin gene splice variant with increased translation efficiency is expressed in human pancreatic islets[END_REF]. Furthermore, the capacity of the A c c e p t e d M a n u s c r i p t 3 endoplasmic reticulum to synthesis insulin and its regulation by the unfolded protein response has attracted much attention recently [START_REF] Kaneto | Role of oxidative stress, endoplasmic reticulum stress, and c-Jun N-terminal kinase in pancreatic beta-cell dysfunction and insulin resistance[END_REF]. Early work from the beginning of the 1970s revealed that the rates of insulin biosynthesis are potently modulated by the surrounding concentration of glucose (Permutt and Kipnis, 1972a, Permutt and Kipnis, 1972b[START_REF] Permutt | Effect of glucose on initiation and elongation rates in isolated rat pancreatic islets[END_REF]. For example, a short-term (0-3 hours) glucose-induced stimulation was found to result in a pronounced increase in insulin biosynthesis rates, which did not require de novo synthesis of preproinsulin mRNA [START_REF] Brunstedt | Direct effect of glucose on the preproinsulin mRNA level in isolated pancreatic islets[END_REF][START_REF] Itoh | Translational control of proinsulin synthesis by glucose[END_REF][START_REF] Itoh | Glucose stimulates proinsulin synthesis in pancreatic islets without a concomitant increase in proinsulin mRNA synthesis[END_REF]. Furthermore, a long term glucose stimulation (>3h), enhanced insulin biosynthesis even further by increasing not only the efficiency of translation, but also by inducing a specific increase in preproinsulin mRNA levels available for translation (Welsh et al., 1985). Also, preproinsulin mRNA levels are diminished in animal models for Type 2 diabetes [START_REF] Giddings | Effects of glucose on proinsulin messenger RNA in rats in vivo[END_REF] and it is believed that glucotoxicity and lipotoxicity contribute to the worsening of beta-cell function in type 2 diabetes in part by inhibition of insulin gene expression [START_REF] Poitout | Regulation of the insulin gene by glucose and fatty acids[END_REF]. Thus, both insulin gene expression and translational control participate in the enhanced insulin production that is required to meet a long-term increase in insulin requirement. In addition, preproinsulin mRNA levels are dictated by both insulin gene transcription and mRNA degradation rates, and these two processes has been been found to be of comparable importance for maintenance of adequate preproinsulin messenger levels [START_REF] Nielsen | Control of insulin gene expression in pancreatic beta-cells and in an insulin-producing cell line, RIN-5F cells. I. Effects of glucose and cyclic AMP on the transcription of insulin mRNA[END_REF], Welsh et al., 1985). A single insulin gene is present in all species but certain rodents that have two active insulin genes [START_REF] Steiner | Structure and evolution of the insulin gene[END_REF]. Although of great importance, control of transcription of the insulin gene(s) is reviewed by others and not within the scope of this paper. Instead, we will focus upon the control of preproinsulin mRNA stability and the role of PTB in this process.

PTB -chromosomal localization and protein structure

In the beginning of the 1990s polypyrimidine tracts in RNA-molecules were emerging as regulatory sites for post-transcriptional modifications. At that time PTB was identified as the heterogeneous nuclear ribonucleoprotein I (hnRNP I) [START_REF] Garcia-Blanco | Identification and purification of a 62,000-dalton protein that binds specifically to the polypyrimidine tract of introns[END_REF][START_REF] Ghetti | hnRNP I, the polypyrimidine tract-binding protein: distinct nuclear localization and association with hnRNAs[END_REF], and has since then been demonstrated to participate in RNA splicing [START_REF] Wagner | Polypyrimidine tract binding protein antagonizes exon definition[END_REF], cap-independent translation [START_REF] Kim | Polypyrimidine tract-binding protein inhibits translation of bip mRNA[END_REF], RNA polyadenylation (Moriera et al., 1998), RNA localization [START_REF] Cote | A Xenopus protein related to hnRNP I has a role in cytoplasmic RNA localization[END_REF] and mRNA stabilization [START_REF] Fred | The role of PTB in insulin mRNA stability control[END_REF].

The chromosomal localization of the human PTB gene (PTBP1) is 19p13.3. The primary transcript of this gene is alternatively spliced giving rise to four transcript variants, PTBP1a -PTBP1d, which are also known as PTB1, PTB2, PTB3, PTB4 and PTB-T [START_REF] Gil | Characterization of cDNAs encoding the polypyrimidine tract-binding protein[END_REF][START_REF] Hamilton | Delineation of a novel pathway that regulates CD154 (CD40 Ligand) Expression[END_REF][START_REF] Wollerton | Differential alternative splicing activity of isoforms of polypyrimidine tract binding protein (PTB)[END_REF]. In addition, there is also a neuronal form of A c c e p t e d M a n u s c r i p t 4 PTB (PTBP2) [START_REF] Ashiya | A neuron-specific splicing switch mediated by an array of pre-mRNA repressor sites: evidence of a regulatory role for the polypyrimidine tract binding protein and a brain-specific PTB counterpart[END_REF] and the gene coding for PTBP2 is localized to 1p22.1. It deserves to be mentioned that the several different nomenclatures for PTB can be quite confusing and sometimes misleading. For the remaining part of this review we will focuse on PTBP1, and abbreviate it as PTB.

PTB levels are controlled by an auto-regulatory feed back loop involving alternative splicing and the nonsense-mediated decay pathway [START_REF] Wollerton | Autoregulation of polypyrimidine tract binding protein by alternative splicing leading to nonsense-mediated decay[END_REF]). It appears that overexpression of PTB promotes a splicing pathway that results in exclusion of exon 11 and a generation of a targeting signal to the nonsense-mediated decay pathway. This pathway is responsible for the destruction of mRNAs that have either been transcribed from genes with nonsense mutations or that are incorrectly spliced. This auto-regulation may serve to prevent high levels of PTB or to restore nuclear levels during nucleocytoplasmic shuttling [START_REF] Wollerton | Autoregulation of polypyrimidine tract binding protein by alternative splicing leading to nonsense-mediated decay[END_REF].

The PTB protein contains four RNA recognition motifs (RRMs). The function of the four RRMs named one through four has not been entirely understood, but RRM2 may be required for PTB oligomerization and RRM3 and RRM4 for RNA binding [START_REF] Perez | Mutation of PTB binding sites causes misregulation of alternative 3' splice site selection in vivo[END_REF]. Later reports on the structure of PTB, however, demonstrated that not only RRM3 and RRM4 bind to RNA, but that also the RRMs 1 and 2 contribute substantially to RNA binding [START_REF] Simpson | Structure and RNA interactions of the Nterminal RRM domains of PTB[END_REF]. In addition, it was observed that the full-length PTB is indeed monomeric and that all four RRMs are involved in the RNA binding. Previous indications of PTB existing as dimer in vivo have been explained as non-specific binding reactions promoted by the oxidative environment in vitro [START_REF] Monie | The polypyrimidine tract binding protein is a monomer[END_REF].

PTB post-translational modification and subcellular localization

Being a protein with important functions both in the nucleus and the cytoplasm, PTB requires signals for nucleocytoplasmic shuttling. PTB contains a nuclear export signal (NES) located to the first 25 residues of the N-terminal region, with amino acids 11-16 being the most important [START_REF] Li | Characterization of the nuclear export signal in polypyrimidine tract-binding protein[END_REF]. The first 60 amino acids of the N-terminal part of both PTB and PTBP2 also contain a nuclear localization sequence (NLS) [START_REF] Perez | Mutation of PTB binding sites causes misregulation of alternative 3' splice site selection in vivo[END_REF][START_REF] Romanelli | Importin alpha binds to an unusual bipartite nuclear localization signal in the heterogeneous ribonucleoprotein type I[END_REF]. The PTBP2 NLS sequence has been reported to bind to the import receptor importin- [START_REF] Romanelli | Importin alpha binds to an unusual bipartite nuclear localization signal in the heterogeneous ribonucleoprotein type I[END_REF], indicating that PTB and PTBP2 entry into the nucleus follows the classic nuclear import pathway. It has also been shown that the export of PTB, unlike other hnRNPs, is uncoupled from RNA export. Instead, the lack of binding to RNA (through deletion mutagenesis) increased the nucleocytoplasmic shuttling.

Moreover, this export was energy dependent and not affected by transcription [START_REF] Kamath | Nucleocytoplasmic shuttling of polypyrimidine tract-binding protein is uncoupled from RNA export[END_REF].

A c c e p t e d M a n u s c r i p t

The nuclear export of PTB appears to occur in response to phosphorylation. The 3'-5' cAMP dependent protein kinase A phosphorylates PTB at Ser-16, which facilitates the relocalization of PTB from the nucleus to the cytoplasm [START_REF] Xie | Protein kinase A phosphorylation modulates transport of the polypyrimidine tract-binding protein[END_REF]. This was observed in HeLa and HEK 293 cells, and recent studies indicated that a similar mechanism is operational also in insulin producing cells. Here it was shown that glucose stimulated PTB phosphorylation by PKA is mediated by increased cAMP levels and that this was potentiated by the glucagon-like peptide 1. [START_REF] Knoch | Polypyrimidine tract-binding protein promotes insulin secretory granule biogenesis[END_REF][START_REF] Knoch | cAMP-dependent phophorylation of PTB1 promotes the expression of insulin secretory granule proteins in beta cells[END_REF]. In one of these studies more or less the entire pool of PTB was exported into the cytoplasm in response to stimulation with a high glucose concentration. This is a rather surprising finding that we have not been able to reproduce in our own experimental system (unpublished results). Thus, further studies are warranted for clarification of this particular point. Sumolyation is a recently described post-translational modification, which involves the tagging of target proteins with small ubiquitin-related modifiers (SUMO). This process is quite similar to ubiquitination, but leads to altered protein function and localization rather than degradation [START_REF] Melchior | SUMO-nonclassical ubiquitin[END_REF]. It has recently been shown that hnRNP C and hnRNP M are substrates for SUMO modification. In both cases the SUMO modification occurred at the nuclear pore complexes and facilitated the nucleocytoplasmic transport of mRNA. Many other hnRNPs including PTB contain the SUMO target sequence (KXE/D), which opens the possibility that part of the nuleocytoplasmic transport of PTB is influenced by SUMO modification. SUMO modification is, however, difficult to show and not all proteins that contain the target sequence become SUMOylated [START_REF] Vassileva | SUMO modification of heterogeneous nuclear ribonucleoproteins[END_REF]).

Yet another post-translational modification that might regulate PTB function is arginine methylation. Indeed, it is known that the RNA-binding activity of several hnRNP proteins is regulated by protein methylase catalyzed arginine N-methylation [START_REF] Gary | RNA and protein interactions modulated by protein arginine methylation[END_REF].

PTB is, however, methylated to a lower extent than several of the other family members [START_REF] Liu | In vivo and in vitro arginine methylation of RNA-binding proteins[END_REF], which questions the importance of this particular post-translation modification in the control of PTB activity.

Control of preproinsulin mRNA levels

The precise events that mediate increased levels of preproinsulin mRNA in response to glucose are still largely unknown. Preproinsulin mRNA is highly abundant in -cells ranging from 20,000, at a low glucose concentration, to 100,000 molecules per cell, at a high glucose concentration (Tillmar et al., 2002). This would represent approximately 30% of the total mRNA pool. The very high preproinsulin mRNA content of beta-cells is mainly achieved by a low turn-over rate. In a particular study, the half-life of preproinsulin mRNA was 29 hour at A c c e p t e d M a n u s c r i p t 6 low glucose and 77 hour at high glucose [START_REF] Welsh | Control of insulin gene expression in pancreatic beta-cells and in an insulin-producing cell line, RIN-5F cells[END_REF]. Typically, both insulin gene transcription and mRNA stability are increased 2-3 fold, resulting in an approximate 5 fold increase in preproinsulin mRNA levels in response to glucose [START_REF] Welsh | Control of insulin gene expression in pancreatic beta-cells and in an insulin-producing cell line, RIN-5F cells[END_REF]. However, as de novo transcription of the insulin gene(s) contributes very little to the huge pool of preexisting mRNA molecules in the short-term, it is likely that a glucose-induced change in preproinsulin mRNA stability mediates the bulk of the increase observed the first 24 hours following stimulation (Tillmar et al., 2002).

PTB and preproinsulin mRNA stability

It is likely that there exists a group of cis-acting elements as well as trans-acting factors specifically regulating the constitutive as well as the glucose-induced stability of the preproinsulin mRNA molecule. It has been shown that both the 3' and the 5' UTR could act cooperatively in promoting glucose-induced proinsulin biosynthesis [START_REF] Wicksteed | Cooperativity between the preproinsulin mRNA untranslated region is necessary for glucose-stimulated translation[END_REF].

But more specifically, it has also been observed that the 3'-UTR of preproinsulin mRNA is critical in the control of messenger stability. The UUGAA sequence, located between the polyadenylation signal and the polyadenylation site, was suggested to be important because of its conservancy [START_REF] Wicksteed | Cooperativity between the preproinsulin mRNA untranslated region is necessary for glucose-stimulated translation[END_REF]. Alternatively, there is also a pyrimidine-rich sequence just down-stream of the termination codon and up-stream of the polyadenylation signal with similarities with the poly-pyrminidine-tract binding protein (PTB) and poly(C)binding protein (PCBP) consensus binding sites (Tillmar et al., 2002). Indeed, PTB was recently shown to bind this sequence thereby mediating increased preproinsulin mRNA stability and levels (Tillmar et al., 2002). Interestingly, PTB has been demonstrated to bind similar pyrimidine-rich sequences located to the 3'-UTR regions of other insulin granule proteins, such as ICA512, PC1/3 and PC2, indicating that the biosynthesis of secretory granule proteins in general is controlled by one unifying mechanism [START_REF] Knoch | Polypyrimidine tract-binding protein promotes insulin secretory granule biogenesis[END_REF]. This notion is further extended by a recent genome wide screen for functional subsets of mRNAs that associate with PTB in HeLa cells [START_REF] Gama-Carvalho | Genome-wide identification of functionally distinct subsets of cellular mRNAs associated with two nucleocytoplasmic-shuttling mammalian splicing factors[END_REF]. It was observed that mRNAs belonging to the following gene ontology groups -Ubiquitin conjugation enzyme activity, Small GTPase mediated signal transduction, Intracellular protein transport, Vesicle-mediated transport, Golgi apparatus and Golgi trans face -were preferentially associated to PTB. Thus, it may be that PTB promotes stabilization of mRNAs not only coding for insulin and other insulin granule proteins, but also components comprising the entire secretory pathway. Using bioinformatic methods, it would be interesting to perform an assessment of pyrimidine rich PTB-binding consensus sequences in 3'-UTR mRNA regions of the different gene ontology groups.

A c c e p t e d M a n u s c r i p t PTB co-operativety with other mRNA-binding proteins

It is generally agreed that PTB binds to the mRNA as part of a larger protein complex and there have been previous attempts to identify other proteins in this complex. Possible, but unconfirmed, candidates to be present in the PTB complex are for example hnRNP L and hnRNP C and hnRNP K [START_REF] Hahm | Polypyrimidine tract-binding protein interacts with HnRNP L[END_REF][START_REF] Pickering | Bag-1 internal ribosome entry segment activity is promoted by structural changes mediated by poly(rC) binding protein 1 and recruitment of polypyrimidine tract binding potein 1[END_REF][START_REF] Irwin | Identification of two proteins that bind to a pyrimidine-rich sequence in the 3'-untranslated region of GAP-43 mRNA[END_REF]. Other candidates that might interact with PTB are the cold shock domain (CSD) containing protein, which was found in complex with PTB on vascular endothelial growth factor mRNA [START_REF] Coles | A multi-protein complex containing cold shock domain (Ybox) and polypyrimidine tract binding proteins forms on the vascular endothelial growth factor mRNA[END_REF] and PSH, p54(nrb) and U1A, which bind together with PTB to the COX-2 3'-UTR [START_REF] Hall-Pogar | Specific trans-acting proteins interact with auxillary RNA polyadenylation elements in the COX-2 3'-UTR[END_REF]. In addition, it has been observed that PTB bind together with La to the 3'-UTR of the Norwalk virus RNA [START_REF] Gutiérrez-Escolano | La, PTB, and PAB proteins bind to the 3(') untranslated region of Norwald virus genomic RNA[END_REF]. It is therefore likely that the cooperate binding of PTB and various other RNA-binding proteins results in stabilization of the mRNAs. We have in preliminary experiments observed in vitro binding of not only PTB, but also hn RNP C, hnRNP K, hnRNP E and TiaR to preproinsulin mRNA 3'-UTR [START_REF] Fred | Affinity binding analysis shows that hnRNP K and hnRNP E, in cytosolic extracts from human islets, binds specifically to the stabilizing segment of insulin mRNA[END_REF]. Both hnRNP K and hnRNP E are know to modulate mRNA stability and translation by binding to 3'-UTR regions [START_REF] Messias | The DICE-binding activity of KH domain 3 of hnRNP K is affected by c-Srcmediated tyrosine phosphorylation[END_REF], and TiaR participates in stress granule formation [START_REF] Parker | P bodies and the control of mRNA translation and degradation[END_REF]. Stress granules are subcellular organelles/compartments which contain mRNAs and initiation factors that are translationally inactive. Interestingly, it has been observed that PTB and TiaR compete for RNA-binding to specific pyrimidine-rich sequences thereby achieving opposite effects on RNA-splicing [START_REF] Shukla | Competition of PTB with TIA proteins for binding to a U-rich cis-element determines tissue-specific splicing of the myosin phosphatase targeting subunit 1[END_REF]. It is therefore tempting to speculate that PTB and TiaR also compete for binding to the preproinsulin mRNA 3'-UTR and that when PTB binds the messenger is stabilized and used for translation, whereas if TiaR binds the mRNA, it is relocalized to stress granules and possibly also to P-bodies, organelles at which mRNAs are decapped, deadenylated and degraded [START_REF] Parker | P bodies and the control of mRNA translation and degradation[END_REF].

Signals that promote PTB binding to preproinsulin mRNA

PTB has been identified to bind to the pyrimidine-rich sequence of not only the insulin 3´-UTR, but also other mRNAs coding for insulin granule proteins [START_REF] Knoch | Polypyrimidine tract-binding protein promotes insulin secretory granule biogenesis[END_REF]. This protein/mRNA interaction is present in islets cultured at basal conditions, but can be further stimulated with a high glucose concentration or hypoxia (Tillmar and Welsh, 2002).

Interestingly, the hypoxia-induced PTB/insulin 3'-UTR interaction was prevented by hydrogen peroxide (Tillmar and Welsh 2002), implicating the involvement of reactive oxygen species and/or the importance of the redox status (NADPH/GSH) for regulated PTB-activity.

To closer study mechanisms of PTB activation, we recently investigated the putative A c c e p t e d M a n u s c r i p t importance of different glucose-induced signaling pathways in the control of PTB activity [START_REF] Tillmar | Glucose-induced binding of the polypyrimidine tract-binding protein (PTB) to the 3'-untranslated region of the insulin mRNA (ins-PRS) is inhibited by rapamycin[END_REF]. In this study islets incubated in the presence of rapamycin failed to induce PTB-binding in response to glucose. This was paralleled by a rapamycin-induced reduction of glucose-induced preproinsulin mRNA levels [START_REF] Tillmar | Glucose-induced binding of the polypyrimidine tract-binding protein (PTB) to the 3'-untranslated region of the insulin mRNA (ins-PRS) is inhibited by rapamycin[END_REF]. This points to the involvement of mammalian target of rapamycin (mTOR). mTOR is a phosphatidylinositol kinase-related kinase [START_REF] Schmelzle | TOR, a central controller of cell growth[END_REF], which is involved in the control of beta cell growth [START_REF] Dickson | Differential activation of protein kinase B and p70(S6)K by glucose and insulin-like growth factor 1 in pancreatic beta-cells (INS-1)[END_REF], insulin gene transcription [START_REF] Briaud | Differential activation mechanisms of Erk-1/2 and p70(S6K) by glucose in pancreatic betacells[END_REF] and insulin biosynthesis [START_REF] Xu | Insulin mediates glucose-stimulated phosphorylation of PHAS-I by pancreatic beta cells. An insulin-receptor mechanism for autoregulation of protein synthesis by translation[END_REF]. Thus, it may be that not only beta-cell proliferation, insulin gene transcription and initiation of protein translation, but also preproinsulin mRNA stability are all regulated by rapamycin-sensitive pathways, suggesting a central role for mTOR as a nutrient sensor and in the regulation of beta cell function. mTOR was recently shown to be down-regulated in response to activation of the AMPactivated protein kinase (AMPK) [START_REF] Bolster | AMP-activated protein kinase suppresses protein synthesis in rat skeletal muscle through down-regulated mammalian target of rapamycin (mTOR) signaling[END_REF][START_REF] Kimura | A possible linkage between AMP-activated protein kinase (AMPK) and mammalian target of rapamycin (mTOR) signalling pathway[END_REF]. This is a very interesting link between the cellular energy status and the mTOR pathway. AMPK is activated by an increase in the ADP/ATP ratio, caused by a decreased cellular metabolism in response to a low glucose supply or in response to cellular stress [START_REF] Hardie | Roles of the AMP-activated/SNF1 protein kinase family in the response to cellular stress[END_REF]. In addition, activated AMPK seems to inhibit glucose metabolism, insulin gene transcription and insulin secretion [START_REF] Da Silva Xavier | Role of AMP-activated protein kinase in the regulation by glucose of islet beta cell gene expression[END_REF]. Considering the close link between mTOR and AMPK, it is possible that the pathway that controls preproinsulin mRNA stability in response to nutrient supply involves also AMPK. Thus, further experimentation to establish whether PTB is phosphorylated/translocated, either directly or indirectly, in response to mTOR or AMPK activation is warranted.

PTB gene expression in insulin producing cells

Islet PTB protein levels are unaffected in response to a one hour glucose stimulation (Tillmar et al., 2002). However, using a gene array approach, it has been reported that a 24-hour glucose stimulation up-regulates PTB mRNA levels in insulin producing MIN6 cells about five fold [START_REF] Webb | Expression profiling of pancreatic beta cells: Glucose regulation of secretory and metabolic pathway genes[END_REF]. More recently, we observed that a 24 hour exposure to glucose increased both preproinsulin mRNA and PTB mRNA levels [START_REF] Fred | Increased expression of polypyrimidine tract binding protein results in higher insulin mRNA levels[END_REF]. To further test the hypothesis that PTB controls insulin gene expression, TC-6 cells were treated with a PTB-specific small interfering RNA sequence (siRNA) to modify the -cell content of PTB. Surprisingly, we observed an increase in both PTB mRNA and PTB protein levels in response to the siRNA treatment. Possible explanations for this could be that the siRNA molecule, by binding to a critical region of the PTB mRNA molecule, protects, rather than promotes, against degradation, or that the siRNA molecule modulates PTB mRNA A c c e p t e d M a n u s c r i p t splicing so that a more stable mRNA is generated [START_REF] Wollerton | Autoregulation of polypyrimidine tract binding protein by alternative splicing leading to nonsense-mediated decay[END_REF]. In this context it is noteworthy that expression of nPTB is silenced during muscle development by a specific miRNA (miR-133) [START_REF] Boutz | MicroRNAs regulate the expression of the alternative splicing factor nPTB during muscle development[END_REF]. Furthermore, we also observed that the PTB-siRNA treatment of TC-6 cells resulted in increased preproinsulin mRNA. These findings were interpreted to support a role of PTB in the control of preproinsulin mRNA stability and that PTB-activity is regulated over prolonged time periods by PTB gene expression.

Future Perspectives

It is now clear that the binding of PTB to preproinsulin mRNA is a complex process involving an array of different factors. Hopefully the signaling pathway that leads from increased glucose concentration to increased activity of PTB and subsequently enhanced preproinsulin mRNA stability will be better elucidated. Further goals would be to identify additional proteins that bind to the preproinsulin mRNA either in complex with PTB or by themselves.

By identifying these components it is reasonable to believe that our understanding of preproinsulin mRNA stability control would be improved. This might also serve to increase our knowledge about certain forms of diabetes mellitus. For example, the chromosomal localization of the PTBP1 gene has been assigned to 19p13.3, which is a locus closely linked to Type 2 diabetes associated with the polycystic ovary syndrome [START_REF] Urbanek | Variation in resistin gene promoter not associated with polycystic ovary syndrome[END_REF]. Furthermore, a model for increased insulin secretion in vivo displays signs of increased PTB binding to messengers for insulin and other secretory granule proteins [START_REF] Kuwahata | Characterization of the molecular mechanisms involved in the increased insulin secretion in rats with acute liver failure[END_REF]. Thus, genetic studies aiming at establishing whether any putative polymorphisms of the PTB genes associate with either Type 1 or Type 2 diabetes may be warranted. 
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