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A c c e p t e d M a n u s c r i p t 2 Abstract Somatostatin acts through binding and activation of five G protein coupled receptors (GPCRs) termed somatostatin receptors or ssts (sst1-sst5). These receptors, as many other GPCRs are not just monomers but display a differential tendency to homodimerize, which varies depending on the sst subtype. Moreover, there is evidence that pairs of distinct receptors such as ssst2-sst3 and sst1-sst5 crosstalk by establishing a physical interaction, which results in altered pharmacological or/and functional properties. In addition, ssts can also heterodimerize with other families of GPCRs, as opioid and dopamine receptors, originating heterodimers which properties are different to those of their separated receptors. The present review summarizes the current knowledge on ssts homodimerization, heterodimerization, and interaction with other GPCRs, as well as how interactions affect different aspects of the normal functioning of these receptors. G protein coupled receptors comprises a large family of membrane proteins characterized by their seven-transmembrane structure. Originally thought to act always as monomers, it is now widely accepted that GPCRs interact to form dimers and supramolecular entities of higher order of complexity (multimers), although the precise contribution of such interactions to receptor function remains somewhat elusive [START_REF] Bai | Dimerization of G-protein-coupled receptors: roles in signal transduction[END_REF][START_REF] Terrillon | Roles of G-protein-coupled receptor dimerization[END_REF][START_REF] Bulenger | Emerging role of homo-and heterodimerization in G-protein-coupled receptor biosynthesis and maturation[END_REF][START_REF] Pfleger | Monitoring the formation of dynamic G-protein-coupled receptor-protein complexes in living cells[END_REF][START_REF] Prinster | Heterodimerization of g protein-coupled receptors: specificity and functional significance[END_REF][START_REF] Milligan | G protein-coupled receptor dimerisation: molecular basis and relevance to function[END_REF].

The study of GPCR dimerization received special attention in 1998, when researchers from different groups, while studying GABAβ receptor, realized that the functional receptor was in fact assembled from two different genetic products and was not a monomer as initially believed [START_REF] Marshall | GABAB receptors -the first 7TM heterodimers[END_REF][START_REF] Mohler | GABAB receptors make it to the top--as dimers[END_REF]. More recently, development of atomic force microscopy techniques enabled visualization of rhodopsin molecules in native membranes, and thereby provided unequivocal evidence that receptor dimers and multimers exist [START_REF] Fotiadis | Atomic-force microscopy: Rhodopsin dimers in native disc membranes[END_REF][START_REF] Liang | Organization of the G protein-coupled receptors rhodopsin and opsin in native membranes[END_REF][START_REF] Fotiadis | Structure of the rhodopsin dimer: a working model for G-protein-coupled receptors[END_REF]. Moreover, an increasing number of studies point at the receptor dimer as the basic signalling structure [START_REF] Bai | Dimerization of G-protein-coupled receptors: roles in signal transduction[END_REF][START_REF] Terrillon | Roles of G-protein-coupled receptor dimerization[END_REF][START_REF] Bulenger | Emerging role of homo-and heterodimerization in G-protein-coupled receptor biosynthesis and maturation[END_REF][START_REF] Pfleger | Monitoring the formation of dynamic G-protein-coupled receptor-protein complexes in living cells[END_REF][START_REF] Prinster | Heterodimerization of g protein-coupled receptors: specificity and functional significance[END_REF][START_REF] Milligan | G protein-coupled receptor dimerisation: molecular basis and relevance to function[END_REF]. In fact, this basic signalling structure composed of a dimer of GPCRs and the trimeric G protein was proposed few years ago from data obtained from the solving of GPCR crystals, which revealed that the size of the cytosolic interface of a monomeric GPCR is much smaller than that required to contact simultaneously with the α, ß and γ subunits of the trimer of G proteins, whereas it fits that of the dimeric receptor [START_REF] Hamm | How activated receptors couple to G proteins[END_REF][START_REF] Baneres | Structure-based analysis of GPCR function: evidence for a novel pentameric assembly between the dimeric leukotriene B4 receptor BLT1 and the G-protein[END_REF].

Dimerization of GPCRs has been shown to occur constitutively in the endoplasmic reticulum early after receptor synthesis, and seems to be a prerequisite for their correct targeting and specific subcellular localization [START_REF] Bulenger | Emerging role of homo-and heterodimerization in G-protein-coupled receptor biosynthesis and maturation[END_REF]. Although the precise A c c e p t e d M a n u s c r i p t 4 mechanism of assembly of these monomers to form dimers is relatively unknown, it has been proposed to involve molecular chaperones like 14-3-3, HSP70 or receptor activity modifying proteins (RAMPs) [START_REF] Bulenger | Emerging role of homo-and heterodimerization in G-protein-coupled receptor biosynthesis and maturation[END_REF]. Actually, GPCRs are not the only molecules that dimerize after their synthesis, since other proteins, such as insulin receptors, TGF receptors and K + channels also dimerize, thereby suggesting that a common and conserved control mechanism may operate at a posttranslational level, even for different families of unrelated proteins [START_REF] Bulenger | Emerging role of homo-and heterodimerization in G-protein-coupled receptor biosynthesis and maturation[END_REF].

Interestingly, although constitutive dimerization appears to be essential for GPCR functioning, not all GPCRs exhibit the same degree of dimerization, which is variable and depends on the type of receptor [START_REF] Milligan | G protein-coupled receptor dimerization: function and ligand pharmacology[END_REF][START_REF] Bulenger | Emerging role of homo-and heterodimerization in G-protein-coupled receptor biosynthesis and maturation[END_REF][START_REF] Pfleger | Monitoring the formation of dynamic G-protein-coupled receptor-protein complexes in living cells[END_REF]. For example, when β-adrenergic receptors are transfected in the HEK-293 AD cell line at a "physiological level", around 85% are forming dimers [START_REF] Mercier | Quantitative assessment of beta 1-and beta 2-adrenergic receptor homo-and heterodimerization by bioluminescence resonance energy transfer[END_REF]. In contrast, a variable percentage of dimers ranging from 26-44% was found for neuropeptide Y receptors [START_REF] Dinger | Homodimerization of neuropeptide y receptors investigated by fluorescence resonance energy transfer in living cells[END_REF]. Moreover, GPCRs dimerization is also regulated by ligand binding, yet, again, not all receptors operate similarly [START_REF] Milligan | G protein-coupled receptor dimerization: function and ligand pharmacology[END_REF][START_REF] Pfleger | Monitoring the formation of dynamic G-protein-coupled receptor-protein complexes in living cells[END_REF]. Actually, behaviour of receptors belonging to the same family can be opposite, as reported for somatostatin receptors sst2 and sst5, whose dimerization decreases or increases, respectively, after ligand binding (Grant et al., 2004;Grant et al., 2004). Furthermore, whereas binding of adenosine A1 and purine P2Y1 increases receptor oligomerization from a dimeric basal state [START_REF] Yoshioka | Agonist-promoted heteromeric oligomerization between adenosine A(1) and P2Y(1) receptors in living cells[END_REF], binding of chemokines to CXCR4 promotes oligomerization from a monomeric basal state [START_REF] Vila-Coro | The chemokine SDF-1alpha triggers CXCR4 receptor dimerization and activates the JAK/STAT pathway[END_REF]. On the other hand, it has also been reported that ligand binding induces the converse effect, so that binding of NPY, TRH and cholecystokinin to their respective receptors induces the dissociation of the assembled dimers/oligomers [START_REF] Cheng | Agonist-dependent dissociation of oligomeric complexes of G protein-coupled cholecystokinin receptors demonstrated in living cells using bioluminescence resonance energy transfer[END_REF][START_REF] Latif | Oligomerization of the human thyrotropin receptor: fluorescent protein-tagged hTSHR reveals post-translational complexes[END_REF][START_REF] Berglund | Neuropeptide Y Y4 receptor homodimers dissociate upon agonist stimulation[END_REF] which might be related to further endocytic processes [START_REF] Gregan | Ligand-dependent differences in the internalization of endothelin A and endothelin B receptor heterodimers[END_REF]. Finally, dimeric state of some receptors remains constitutive and insensitive to ligand binding, as reported for the MTR1 receptor or the murine sst2 and sst3 [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF][START_REF] Ayoub | Monitoring of ligand-independent dimerization and ligand-induced conformational changes of melatonin receptors in living cells by bioluminescence resonance energy transfer[END_REF]. If homodimerization seems essential for the correct functionality of GPCRs, heterodimerization results in the diversification of their functioning, in terms of ligand binding, signalling, control of endocytic processes, etc., [START_REF] Milligan | G protein-coupled receptor dimerisation: molecular basis and relevance to function[END_REF]. In some instances, heterodimerization becomes critical for the normal functionality of the GPCR, as is the case of the GABAβ receptor [START_REF] Marshall | GABAB receptors -the first 7TM heterodimers[END_REF][START_REF] Mohler | GABAB receptors make it to the top--as dimers[END_REF]. An extreme example is the family of opioid receptors, composed of three members, κ, δ and µ, whose heterodimerization properties confer the family an extremely complex pharmacology, difficult to understand as a mere result of the three isolated genetic products, κ, δ and µ receptors [START_REF] Jordan | G-protein-coupled receptor heterodimerization modulates receptor function[END_REF][START_REF] Jordan | Opioids and their complicated receptor complexes[END_REF][START_REF] Levac | Oligomerization of opioid receptors: generation of novel signaling units[END_REF][START_REF] Snyder | Historical review: Opioid receptors[END_REF].

Thus, functional capabilities of GPCRs are diversified by interaction between receptors of the same or different families, which is rather common. Indeed, different receptors coexpressed in the same cell present certain promiscuity to heterodimerize [START_REF] Jordan | Oligomerization of opioid receptors with beta 2-adrenergic receptors: a role in trafficking and mitogenactivated protein kinase activation[END_REF][START_REF] Mcvey | Monitoring receptor oligomerization using time-resolved fluorescence resonance energy transfer and bioluminescence resonance energy transfer. The human deltaopioid receptor displays constitutive oligomerization at the cell surface, which is not regulated by receptor occupancy[END_REF][START_REF] Pfeiffer | Heterodimerization of somatostatin and opioid receptors cross-modulates phosphorylation, internalization, and desensitization[END_REF][START_REF] Salim | Oligomerization of G-protein-coupled receptors shown by selective co-immunoprecipitation[END_REF].

Heterodimerization between two GPCRs belonging to the same or different families can affect diverse aspects of receptor functioning. For instance, it can modify ligand binding affinity as described for the adrenergic A1 and purinergic P2Y1 receptors. Specifically, interaction between this couple of receptors reduces the affinity for the A1 receptor specific ligands, while increases the affinity for the P2Y1 receptor selective ligands [START_REF] Yoshioka | Heteromeric association creates a P2Y-like adenosine receptor[END_REF].

Interaction between two receptors can also block the normal function of a receptor. For example, interaction of a truncated variant of the receptor for chemokines CCR2 with CCR5 or CXCR4 receptors result in a blockade of HIV infection due to the inability of the virus to bind these latter receptors [START_REF] Mellado | Chemokine control of HIV-1 infection[END_REF]. Similarly, interaction between sst2 and sst3 receptors results in the inactivation of this latter sst [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF]. Additionally, heterodimerization can alter the endocytic properties of GPCRs, as it is the case for angiotensin AT1 and bradykinin B2 receptors, wherein the heteroreceptor is endocyted by a A c c e p t e d M a n u s c r i p t 6 dynamin dependent pathway, while the homodimers internalize following pathways independent of clathrin and dynamin [START_REF] Abdalla | AT1-receptor heterodimers show enhanced Gprotsein activation and altered receptor sequestration[END_REF].

Heterodimerization can also influence signal transduction though a change in G protein coupling. For instance, coexpression of µ and δ opioid receptors results in a heterodimer insensitive to pertusis toxin treatment, whereas their corresponding homodimers are sensitive to this toxin [START_REF] George | Oligomerization of mu-and delta-opioid receptors. Generation of novel functional properties[END_REF]. Similarly, interaction between A1 and purinergic P2Y1 receptors results in a preferential signalling via G i protein rather than the normal G q signalling of the homodimers [START_REF] Yoshioka | Heteromeric association creates a P2Y-like adenosine receptor[END_REF]. Likewise, the CCR2/CCR5 heterodimer is preferentially coupled to G q/11 proteins, which leads to a delay in phosphatidyl inositol 3-kinase activation and in an induction of cell adhesion instead of chemotaxis, and thereby entail important functional consequences [START_REF] Mellado | Chemokine receptor homo-or heterodimerization activates distinct signaling pathways[END_REF]. Thus, when taken together, the results reported hitherto clearly demonstrate that homo-and heterodimerization processes comprise a set of powerful mechanisms to modulate GPCR functioning, which provides an additional step of complexity and versatility in this large family of receptors. In this scenario, it seems of interest to look at the studies that have examined these processes in the case of the somatostatin receptors.

DIMERIZATION OF SOMATOSTATIN RECEPTORS

Homodimerization of somatostatin receptors

The family of somatostatin receptors (ssts) comprises five different class A peptide receptors, sst1-sst5, encoded by five genes, wherein one of them, sst2A, has been shown to have a splice variant, sst2B, bearing a distinct carboxy terminal domain [START_REF] Olias | Regulation and function of somatostatin receptors[END_REF].

The main structural and functional features of ssts, including their pharmacology, signalling, endocytosis and recycling, have been extensively characterized using both primary cell cultures and, specially, cell lines stably transfected with different receptors from diverse species, and this information has been carefully reviewed [START_REF] Moller | Somatostatin receptors[END_REF][START_REF] Jacobs | Intracellular trafficking of somatostatin receptors[END_REF][START_REF] Schonbrunn | Selective agonism in somatostatin receptor signaling and regulation[END_REF]Siehler et al., 2007, in this issue). On the other hand, two A c c e p t e d M a n u s c r i p t 7 important processes such as sst homo-and heterodimerization still remain relatively unexplored, in spite of the fact that coexpression of two or more sst in a given cell type appears to be the rule rather than the exception [START_REF] Moller | Somatostatin receptors[END_REF][START_REF] Olias | Regulation and function of somatostatin receptors[END_REF]. In line with this, work by different groups has evidenced that, as for other GPCRs, some ssts are capable to form homo-and heterodimers, yet not all the isoforms possess the same ability to interact.

Amongst ssts, sst2 is the most abundantly expressed and widely distributed receptor subtype [START_REF] Moller | Somatostatin receptors[END_REF][START_REF] Olias | Regulation and function of somatostatin receptors[END_REF]. This receptor has been also the subject of most studies carried out on sst homodimerization, yet information reported regarding sst2 from different species refers to data obtained using disparate biochemical and biophysical approaches, thereby rendering comparisons somewhat difficult [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF]Grant et al., 2004;[START_REF] Duran-Prado | Porcine somatostatin receptor 2 displays typical pharmacological sst2 features but unique dynamics of homodimerization and internalization[END_REF]. To study dimerization of human sst2 a double approach consisting of immunoprecipitation assays combined with fluorescence resonance energy transfer (FRET) measurements was carried out (Grant et al., 2004). Use of these techniques revealed that the human receptor, transfected in either CHO-K1 or HEK-293 T cells, forms constitutive homodimers, showing a FRET efficiency close to 12%, which was consistent, at least in part, with immunoprecipitation assays. Moreover, its dimeric state was irreversibly diminished by treatment with increasing concentrations of somatostatin and independent of the expression level of the receptor (Grant et al., 2004). Similarly, the rat sst2 homologue transfected in HEK-293 T cells forms dimers as demonstrated by immunoprecipitation assays [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF]. However, treatment with somatostatin did not appear to alter its dimeric state, albeit the time-window tested may have precluded the observation of changes in dimerization of the receptor. More recently, studies on porcine sst2 transfected in CHO-K1 showed, by FRET, that as for its human and murine counterparts, around 50% of porcine sst2 form dimers constitutively, an observation that was also reproduced in HEK-293 AD cells [START_REF] Duran-Prado | Porcine somatostatin receptor 2 displays typical pharmacological sst2 features but unique dynamics of homodimerization and internalization[END_REF]. Moreover, monitoring of FRET in living cells demonstrated that treatment with somatostatin promotes a rapid dissociation of the dimers, similar to that found A c c e p t e d M a n u s c r i p t 8 for its human counterpart, but the original dimeric state of porcine sst2 is subsequently recovered, just few seconds after dissociation, a phenomenon that is in clear contrast to that observed for its human homologue [START_REF] Duran-Prado | Porcine somatostatin receptor 2 displays typical pharmacological sst2 features but unique dynamics of homodimerization and internalization[END_REF]. Although these apparent discrepancies could be due to the different methodological approaches used in each study, it is also plausible that the precise spatial and temporal dynamics of ligand-induced receptor dimerization, dissociation and internalization of sst2 are subject to interspecies-dependent variations.

Analysis of the dimerization of human sst5 in the same cell lines used for sst2 has shown that each receptor displays a different behaviour (Grant et al., 2004). More specifically, while sst2 forms constitutive dimers, sst5 does not seems to dimerize after its synthesis. On the other hand, treatment with somatostatin induces human sst5 dimerization, opposite to that found for human sst2, which dissociates after ligand binding (Grant et al., 2004).

Nevertheless, there is evidence that homodimerization of the receptor could be influenced by its expression level. In particular, sst5 homodimerizes at high expression levels but does not seem to aggregate at lower levels, which are considered physiological (Rocheville et al., 2000;[START_REF] Patel | Ligand binding to somatostatin receptors induces receptor-specific oligomer formation in live cells[END_REF]. Dimerization of rat sst3 has been studied by immunoprecipitation and western blot [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF]. This showed that, similar to rat sst2, the receptor transfected in the HEK-293 T cell line forms constitutive dimers, which does not appear to be altered by ligand binding [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF]. However, since the methodology used in these studies on rat receptors can not detect rapid temporal dissociation-association events, as those described for the porcine sst2 [START_REF] Duran-Prado | Porcine somatostatin receptor 2 displays typical pharmacological sst2 features but unique dynamics of homodimerization and internalization[END_REF] it can not be excluded that the short-term, ligand-induced dynamics of both murine sst2 and sst3 are similar to those of porcine sst2.

Available information, obtained through different technical approaches, indicates that human sst1 never forms homodimers [START_REF] Patel | Ligand binding to somatostatin receptors induces receptor-specific oligomer formation in live cells[END_REF]. Specifically, sst1 dimerization was first evaluated by photobleaching FRET in transfected CHO-K1 cells, using different A c c e p t e d M a n u s c r i p t 9 somatostatin derivatives labelled with FITC and rhodamine, an indirect approach that revealed that this receptor, at the expression level assayed, remains monomeric [START_REF] Patel | Ligand binding to somatostatin receptors induces receptor-specific oligomer formation in live cells[END_REF].

These results were further corroborated by immunoprecipitation and western blot using the same cell line stably transfected with the receptor (Grant et al., 2004). Thus, sst1 appears to be synthesized as a monomer, an this state would not be altered by ligand binding [START_REF] Patel | Ligand binding to somatostatin receptors induces receptor-specific oligomer formation in live cells[END_REF]Grant et al., 2004). Intriguingly, the monomeric receptor is functional, indicating that dimerization or oligomerization does not seem to be a requisite for the correct functioning of this specific human sst subtype.

Heterodimerization of somatostatin receptors

The process of heterodimerization by which individual sst interact to form hetero-dimeric or heteromultimeric complexes could be of particular importance in the sst family, since, as mentioned above, it is quite frequent that two or more sst receptor subtypes are coexpressed in a given cell type. Interestingly, interactions among sst, rather than random seem to be highly selective, as not all the potential combinations occur. However, not all the possibilities of sst heterodimers have been explored hitherto, since the interactions characterized so far are between murine sst2 and sst3 [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF] and human sst1 and sst5 couples (Rocheville et al., 2000). Nevertheless, results reported to date clearly indicate that heterodimerization among these sst subtypes causes distinct effects on sst functioning. Thus, heterodimerization between rat sst2 and sst3 receptors results in the inactivation of the sst3, while the function of the sst2 remains unaltered [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF]. Furthermore, this heterodimer is unable to bind selective ligands for the sst3 subtype [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF]. In addition, the endocytic process of these receptors is modified after heterodimerization: while sst2 endocytosis is not affected, sst3 internalization is drastically impaired. In line with this, the sst2-sst3 heterodimer also shows certain resistance to desensitisation, as it does so at a smaller rate than the sst2 or sst3 homodimers [START_REF] Pfeiffer | Homo-and heterodimerization of somatostatin receptor subtypes. A c c e p t e d M a n u s c r i p t 16 Inactivation of sst(3) receptor function by heterodimerization with sst(2A)[END_REF].

A c c e p t e d M a n u s c r i p t 10 Interaction between human sst1 and sst5 also affects some functional properties of the isolated monomers/homodimers (Rocheville et al., 2000). Accordingly, their cotransfection in CHO-K1 cells results in an increased ligand affinity for somatostatin. Moreover, the heterodimer is also unique regarding to the endocytic process, because it retains a smaller tendency to internalize than the sst5 homodimer in response to a specific sst5 ligand, whereas it internalizes better than the sst1 monomer in response to a sst1 specific ligand (Rocheville et al., 2000). In addition, interaction between sst1 and sst5 results in the upregulation of the latter at the plasma membrane in response to sst5 specific ligands, which does not occur in sst5 monotransfected cells (Rocheville et al., 2000). Moreover, though not proven, this interaction is thought to alter signalling in terms of cAMP modulation (Rocheville et al., 2000).

Ssts heterodimerization with opioid and dopamine receptors

Functioning of ssts can also be altered as a consequence of these receptors physically interacting with other families of GPCRs as opioid [START_REF] Pfeiffer | Heterodimerization of somatostatin and opioid receptors cross-modulates phosphorylation, internalization, and desensitization[END_REF] and dopamine receptors (Rocheville et al., 2000;[START_REF] Baragli | Heterooligomerization of human dopamine receptor 2 and somatostatin receptor 2 Co-immunoprecipitation and fluorescence resonance energy transfer analysis[END_REF], a phenomenon that originates new receptors with altered pharmacological and/or functional properties.

In particular, murine sst2 has been shown to heterodimerize with the µ-opioid receptor, MOR1 in cotransfected HEK-293T cells [START_REF] Pfeiffer | Heterodimerization of somatostatin and opioid receptors cross-modulates phosphorylation, internalization, and desensitization[END_REF]. Interestingly, their physical interaction neither alters their pharmacology nor their signalling properties. However, while treatment with a selective sst2 ligand, L-779,976, promotes phosphorylation, desensitisation and endocytosis of both, sst2 and MOR1 receptors, treatment with the MOR1 specific ligand DAMGO induces phosphorylation and desensitisation of both receptors, but it does not lead to sst2 internalization [START_REF] Pfeiffer | Heterodimerization of somatostatin and opioid receptors cross-modulates phosphorylation, internalization, and desensitization[END_REF].

Interaction between ssts and dopamine receptors provided the first evidence that sst could undergo heterodimerization with non-sst receptors. Human sst5 and dopamine 2 receptor (D2R) interaction was initially suspected because both receptors colocalized in some cortical neurons (Rocheville et al., 2000). Their interaction was demonstrated by 12 what is their precise functional relevance. In fact, although available data already indicates that the pattern of dimer formation and its dynamic behaviour after ligand binding is subtype specific and can also be species-dependent, there is still no evidence to support that (and how) these differences can influence some aspects of sst functioning, as seemingly simple as the different subcellular localization of sst1, sst2 and sst5 transfected in CHO-K1 cells, or their dissimilar ability to desensitize after ligand binding.

Most importantly, sst heterodimerization, specially with other GPCRs can represent a versatile mechanism whereby the cell generates a new "receptor" with specific properties distinct from those of their monomers/homodimers, which provides additional functional resources to the cell. For example, it is conceivable that this type of homo/heterodimerizations are involved in the differential actions of somatostatin and a closely related peptide cortistatin in processes where this two structurally similar peptides exert disparate effects, like slow-wave sleep induction and locomotor activity reduction or in the specific role of cortistatin as a potent immunomodulator (de [START_REF] De Lecea | Cortistatin: not just another somatostatin analog[END_REF]Gonzalez-Rey and Delgado, 2007, this issue). In this same context, heterodimers may also represent a new drug target with potential clinical applications in the future. Thus, the precise identification and functional characterization of sst homo-and heterodimers constitutes a promising goal that could open new avenues to understand the physiology of somatostatin receptors and their natural and synthetic ligands in health and disease. 
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A c c e p t e d M a n u s c r i p t 11 complementation assays and photobleaching FRET in CHO-K1 cells cotransfected with both receptors. Interestingly, at basal state, in the absence of ligands, these receptors do not interact: D2R forms dimers and sst5 remains monomeric. However treatment with ligands for any of the receptors dramatically induces heterodimerization (Rocheville et al., 2000). The sst5-D2R heterodimer is pharmacological and functionally different from the sst5 or D2R.

Thus, binding of quinpirole, a D2R agonist, increases binding affinity of somatostatin by 3000%, whereas a D2R antagonist, sulpiride, decreases binding affinity for the peptide in an 80%. This enhanced or decreased affinity for somatostatin is translated in an amplified or diminished ability to inhibit forskolin-stimulated cAMP levels after treatment with the peptide (Rocheville et al., 2000).

Very recently, interaction between the D2R and the human sst2 has been also reported [START_REF] Baragli | Heterooligomerization of human dopamine receptor 2 and somatostatin receptor 2 Co-immunoprecipitation and fluorescence resonance energy transfer analysis[END_REF]. As for the sst5-D2R heterodimer, sst2 and D2R do not heterodimerize under basal conditions, but their interaction is induced by ligand binding [START_REF] Baragli | Heterooligomerization of human dopamine receptor 2 and somatostatin receptor 2 Co-immunoprecipitation and fluorescence resonance energy transfer analysis[END_REF].

Their interaction results in a heterodimer with an increased affinity for dopamine, which is also accompanied by an increased signalling via D2R receptor. Conversely, sst2 pharmacology and signalling are not altered by heterodimerization with the D2R, but its endocytic rate is increased as consequence of this interaction [START_REF] Baragli | Heterooligomerization of human dopamine receptor 2 and somatostatin receptor 2 Co-immunoprecipitation and fluorescence resonance energy transfer analysis[END_REF].

Concluding remarks

There is an increasing body of evidence indicating that, as for other GPCRs, ssts do not "live" as isolated, simple monomers in the plasma membrane of the cells, but that they associate with other receptors to form molecular complexes of hierarchically higher magnitude, whose binding, pharmacological and signalling properties can diverge substantially from those of the corresponding single receptors. For each sst subtype, a wide range of potential interactions could be expected, from the more simple homodimer to the highly complex heterodimer with a non-sst receptor. However, we are still far form elucidating whether all those potential interactions do occur in the native cell, and, if so, from assessing