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ABSTRACT

Somatostatin has been discovered as a somatotroph release inhibitory factor (SRIF), and, 

indeed, it has been demonstrated that SRIF and its analogs can inhibit pituitary tumor hormone 

secretion and control neoplastic bulk. Several in vitro studies have contributed to the current 

knowledge of the mechanisms by which SRIF and its analogs may influence pituitary adenomas, 

opening the way to new possible therapeutic strategies. 

This review focuses on the results obtained by testing several SRIF analogs in vitro on 

pituitary adenomas, concerning both secretory activity and cell viability. These studies provide the 

basis for further investigations, both at basic and clinical level, of the application of SRIF analogs in 

the pituitary field.

The discovery of the antisecretory properties of somatostatin (SRIF) on normal and 

neoplastic pituitary cells prompted many in vitro studies investigating the possible effects of new   

SRIF analogs on pituitary adenomas.

It has been indeed demonstrated that native SRIF inhibits secretion and proliferation of both 

normal and neoplasic pituitary cells by inducing several intracellular pathways, depending on 

receptor subtype and target tissue (Ferjoux et al. 2000). Therefore, many studies subsequently 

explored SSTR subtype expression in pituitary adenomas, demonstrating that SSTR2 is the most 

frequently expressed subtype (Panetta and Patel, 1995). This evidence provided the basis for the use 

of SRIF analogs in medical therapy of pituitary adenomas, in the attempt to restrain tumor growth 

and function. 

In vitro data, however, clarified that old and new SRIF analogs might differently influence 

pituitary cell functions in vitro. Danila et al. studied 15 GH-secreting pituitary adenomas, where 
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SSTR 2 and 5 mRNA were always expressed, while SSTR1 and 3 mRNA were expressed in 11 and 

12 tumors, respectively. Primary cultures deriving from these tumors were tested with 1 M SRIF 

or lanreotide (Lan), a SRIF analog preferentially binding with high affinity SSTR2 and less affinity 

SSTR5, or with SSTR2- and SSTR5-selective analogs. After 24 hours no effect was observed in 

some cultures, but in others (as well as in the GH3 rat cell line) a parallel reduction in cell viability 

and DNA synthesis was observed. This study also highlighted a dissociation between the in vitro 

effects of SRIF analogs on tumor cell proliferation and on GH secretion. In nearly 60% of the 

tumors, treatment with SRIF, Lan, SSTR2- or SSTR5-selective agonists significantly inhibited GH 

secretion.by a median of 33%. However, not all these primary cultures responded to SRIF and its 

analogs in terms of cell viability reduction, suggesting that inhibition of cell proliferation occurs 

independently of the effects on GH secretion (Danila et al. 2001). Similarly, an important tumor 

shrinkage has been described in an acromegalic patient during primary therapy with SRIF analogs, 

in the absence of hormonal normalization (Casarini et al. 2006). In this case, the lack of 

antisecretory action of octreotide, a SRIF analog preferentially binding with high affinity SSTR2 

and less affinity SSTR5, was in keeping with the absence of SSTR2 and SSTR5 expression by the 

tumor, which expressed almost exclusively SSTR3. The latter SSTR subtype has been indeed 

demonstrated to transduce important antiproliferative signals, since its activation causes apoptosis 

in heterlogous expression systems (Sharma et al. 1996). Further support to the hypothesis that 

antiproliferative effects are independent of antisecretory actions of SRIF analogs is provided by a 

recent report, describing the case of an acromegalic patient displaying dramatic tumor shrinkage 

during primary therapy with octreotide, without hormonal normalization. Again, in vitro SRIF and 

its analogs at 10 nM induced a scant antisecretory effect, but potently inhibited thymidine 

incorporation. This effect was evident for compounds interacting with SSTR5, in keeping with the 

finding that SSTR5 expression levels were greater than SSTR2 in the tissue (Resmini et al. 2007). 

These findings further underline that activation of multiple receptors by new analogs may better 
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control tumor cell activity and that SRIF analogs may induce tumor shrinkage despite the lack of 

effect on GH secretion.

Further studies highlighted the importance of SSTR expression pattern in GH-secreting 

pituitary adenomas in respect to the inhibitory effects of SRIF analogs. In a series of 16 adenomas a 

selective SSTR5 agonist (BIM-23268 at 0.01-1 M) was more potent of a selective SSTR2 agonist 

(NC-4-28B at 0.01-1 M) in reducing GH secretion in primary cultures not responding to SRIF 

(Tulipano et al. 2001). These results suggest that SRIF analogs with greater affinity for SSTR5 

might enhance treatment potency and spectrum in acromegaly, especially in octreotide-resistant 

patients.

The mechanism by which SRIF inhibits pituitary cell proliferation has been investigated in 

the GH3 rat pituitary cell line, where 10 g/ml octreotide and a chimeric compound, formed by GH 

releasing peptide linked to SRIF, significantly inhibited cell proliferation by activating tyrosine 

phosphatases (PTP), involving a cGMP-dependent pathway (Dasgupta et al. 1999). There is also 

evidence that PTP-dependent apoptotic changes can be induced by treatment of somatotroph 

pituitary adenoma cells by octreotide and by a selective SSTR2 agonist, BIM-23120 at 10 nM 

(Ferrante et al. 2006). PTPs are indeed listed among the pathways activated by SSTRs triggering 

cell proliferation inhibition (Weckbecker et al. 2003), especially SHP-1, which we demostrated to 

control cell proliferation in a human medullary thyroid carcinoma cell line upon SSTR2 activation 

(Zatelli et al. 2005a). In somatotroph pituitary adenomas showing clearly detectable levels of 

SSTR2 and SSTR5 mRNA and proteins, selective SSTR2 activation causes growth arrest by an 

increase in p27 and a decrease in cyclin D1 expression, promoting apoptosis (Ferrante et al. 2006). 

Previous studies by Luciani et al. (Luciani et al. 2005) showed that 10 nM octreotide treatment 

induces apoptosis in GH-secreting adenomas expressing SSTR2 and SSTR5 at the same level, 

where a reduced expression of the anti-apoptotic gene seladin-1 was found as compared to non 

functioning pituitary adenomas (NFA). In addition, SRIF analogues have been shown to produce 

their antiproliferative action by acting on the PI3K/Akt signaling pathway and increasing Zac1 gene 
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expression at 1-100 nM in GH3 cells. Zac1 induces cell cycle arrest and apoptosis and is highly 

expressed in normal pituitary, mammary, and ovarian glands but is down-regulated in pituitary, 

breast, and ovarian tumors, suggesting that it might act as an oncosuppressor gene (Theodoropoulou 

et al. 2006). Taken together, these results confirm that SSTR2 is an important receptor subtype to 

transduce the antiproliferative signals of SRIF, but also suggest that more than one SSTR is able to 

induce antiproliferative effects. At the same time, multiple subtypes may co-operate to induce 

growth arrest, also in the light of the recent advances on SSTR biology, indicating the possibility 

for these receptors to homo- and hetero-dimerize with other G-Protein coupled receptors (GPCRs) 

(Rocheville et al. 2000). It has indeed been recently demonstrated that, in an animal model, in basal 

conditions SSTR2 forms constitutive homodimers/homomultimers, which rapidly dissociate upon 

ligand binding. In addition, porcine SSTR2 displays peculiar agonist-dependent dimerization, 

dissociation, internalization, and reassociation (Duran-Prado et al. 2007). Tulipano et al. also 

demonstrated that, after ligand binding, SSTR2 is phosphorylated by G protein-coupled receptor 

kinase 2, forms a stable complex with beta-arrestin and then internalizes into endocytic vesicles. 

However, SSTR2 is rapidly resensitized and recycled to the plasma membrane. Conversely, after 

activation, SSTR3 and SSTR5 rapidly dissociate from beta-arrestin and undergo ubiquitin-

dependent lysosomal degradation, preventing plasma membrane recycling (Tulipano et al. 2004).

These findings might explain the different down-stream effects observed in different experimental 

settings.

In light of the recent discoveries concerning SSTR biology, we attempted to clarify the 

possible functional interaction between SSTR and dopamine (DA) receptor subtype 2 (DR2). To 

this aim, we investigated DR2 and SSTR2 and 5 expression in 25 GH-secreting pituitary adenomas, 

which were tested in primary culture with the SSTR2-selective agonist (BIM-23120), the SSTR5-

selective agonist (BIM-23206), or the dual SSTR2/5 bi-selective agonist (BIM-23244) at 10 nM. 

Expression studies showed that all samples expressed SSTR2; 8 samples expressed both SSTR5 and 

DR2, 8 expressed SSTR5 and 8 expressed DR2. GH secretion was inhibited by BIM-23120 in all 
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samples, while it was reduced by BIM-23206 only in adenomas not expressing DR2. The inhibitory 

effects of the SSTR2-selective agonist directly correlated with SSTR2 and DR2 expression, 

whereas DR2 expression inversely correlated with the inhibitory effects of the SSTR5-selective 

agonist on GH secretion. In 7 mixed GH-/PRL-secreting pituitary adenomas, PRL secretion was 

inhibited in SSTR5-expressing tumors by the SSTR5-selective agonist, but not by SSTR2-selective 

agonist. The dual SSTR2/5 bi-selective agonist, BIM-23244, was capable of inhibiting PRL 

secretion only in adenomas expressing SSTR2, SSTR5 and DR2. In addition, we found that SSTR5 

and DR2 expression directly correlated with the inhibitory effects ot the SSTR5-selective agonist on 

PRL secretion. These results suggest that GH-secreting pituitary adenomas expressing DR2 are less 

likely to respond to clinically available SRIF analogs in terms of GH secretion inhibition. 

Therefore, drugs interacting also with DR2 might better control secretion of pituitary adenomas 

(Zatelli et al. 2005 b). In addition, the reported evidence suggests that the simultaneous expression 

of different SSTRs and DRs might deeply influence the effects of receptor ligands, likely modifying 

receptors dynamic interactions.

In order to clarify the role of SSTR different from SSTR2 in transducing SRIF inhibitory 

effects, we investigated SSTR1 activation in pituitary adenomas. A group of 15 GH-secreting 

pituitary adenomas expressing SSTR1 was therefore selected and treated with SRIF or with a 

SSTR1 selective agonist, BIM-23926 at 10 nM, in primary culture. Treatment with SRIF or with 

the SSTR1 selective agonist significantly inhibited GH and PRL secretion as well as cell viability. 

Moreover, a significant positive correlation between the inhibitory effects of BIM-23926 on GH 

and PRL secretion and SSTR1 mRNA expression was found. However, such correlation was not 

apparent concerning the antiproliferative effect, suggesting that even very low SSTR1 expression 

levels migh trasduce SSTR1 selective agonist inhibitory effects on cell viability in GH-secreting 

pituitary adenomas (Zatelli et al. 2003). These results indicate that also SSTR1 may mediate SRIF 

actions at pituitary level, identifying SSTR1 as a potential target for new therapies aimed at 

controlling growth and hormonal secretion of pituitary tumors. This hypothesis is further supported 
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by the finding that a SSTR1 selective agonist at 10-100 nM significantly inhibits GH secretion in 

vitro also in tumors from acromegalic patients resistant to octreotide or Lan therapy (Matrone et al. 

2004). The importance of SSTR1 as a possible target for medical therapy of pituitary adenomas was 

further underlined by a study performed on a selected group of 12 NFA, all expressing SSTR1, 

SSTR2, and SSTR5, as well as Chromogranin A (CgA) and -subunit. In these settings, SSTR1 and 

SSTR2 selective agonists at 10 nM were found to significantly inhibit both -subunit and CgA 

secretion by NFA primary cultures. Moreover, only the SSTR1 selective agonist was capable of 

significanly reducing in vitro cell viability. Again, the inhibitory effects of the SSTR1 selective 

agonist did not correlate with the extent of SSTR1 expression, further supporting the hypothesis that 

even very low SSTR1 expression might transduce the inhibitory effects of the SSTR1 selective 

agonist (Zatelli et al. 2004). These results suggest that SRIF analogs with enhanced potency for 

SSTR1 could offer useful tools for NFA medical therapy. On the other hand, this study showed that 

treatment of the selected NFA with the SSTR5 selective agonists, BIM-23206, at 10 nM did not 

influence the secretory activity, but significantly promoted cell viability. Previous data showed that 

SSTR5 mediates PRL secretion inhibition induced by SRIF and its analogs at 100 nM in pure PRL-

and in mixed GH/PRL- secreting adenomas, as well as the suppression of GH secretion in 

somatotroph cells, together with SSTR2 (Shimon et al. 1997a, Shimon et al. 1997b). Moreover, 

Jaquet et al demonstrated that SSTR2 and SSTR5 selective agonists have additive effects (Jaquet et 

al. 2000), and a bi-selective SSTR2/SSTR5 agonist has enhanced efficacy in suppressing GH 

secretion from octreotide-resistant human GH-secreting adenomas (Saveanu et al. 2001). In 

addition, a functional association between SSTR2 and SSTR5 in inhibiting GH secretion has been 

suggested (Ren et al. 2003). On the contrary, our data show that the SSTR2 selective agonist did not 

influence NFA cell viability, which was promoted by the SSTR5 selective agonist. This effect 

might explain the lack of efficacy of medical treatment by means of octreotide or Lan, compounds 

mainly interacting with SSTR2 and less with SSTR5, in some NFA (Oppizzi et al. 1998, Andersen 

et al. 2001, Colao et al. 2000, Gasperi et al. 1993). Moreover, our findings might provide a possible 
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explanation for the increase in tumor volume rarely observed during such therapy (Andersen et al. 

2001). These results suggest that indication for medical therapy with octreotide or Lan in NFA 

patients with SSTR5 expressing tumors should be critically discussed until clinical evidence for 

beneficial effects has clearly been demonstrated. Selective SSTR5 activation has previously been 

demonstrated to promote cell proliferation in a medullary thyroid carcinoma (MTC) cell line 

(Zatelli et al. 2001), but not in GH-secreting pituitary adenomas in primary culture (Danila et al. 

2001). Therefore, it is likely that SSTR agonists differently affect hormone secretion and cell 

proliferation depending not only on the activated receptor subtype, but also on the specific tissue. 

And indeed there is evidence indicating that SSTR5 is important in transducing SRIF inhibitory 

effects in a  mouse ACTH-secreting pituitary adenoma cell line, the AtT20 cells (Richardson et al. 

1981; van der Hoek et al. 2005). Indeed, upon SRIF treatment, SSTR5 persists at the membrane 

level while SSTR2 rapidly internalizes and desensitizes (Ben-Shlomo et al. 2005). Further studies 

on human ACTH-pituitary adenomas in vitro demonstrated that pasireotide (SOM230, a novel SRIF 

analog interacting with all SSTRs except for SSTR4) at 10 nM significantly inhibits ACTH release 

in primary cultures predominantly expressing SSTR5. In addition, in these settings octreotide was 

less effective in reducing ACTH secretion, and dexamethasone (10 nM) pre-treatment did not 

influence the sensitivity of the cells to the inhibitory effect of SOM230. These data indicate that 

SSTR5 is relatively resistant to negative control by glucocorticoids (Hofland et al 2005), as also 

suggested by an animal model. Indeed, treatment with pasireotide significanlty down-regulated 

SSTR2 but not SSTR5 expression. in the AtT20 cell line (van der Hoek et al. 2005). These results 

have been further strengthened by the recent evidence that pasireotide is capable of reducing both 

ACTH secretion and cell proliferation of human corticotroph pituitary adenoma cultures, where 

receptor expression has been characterized at protein level (Batista et al. 2006). All together, these 

results provide further support to the hypothesis that SSTR5 has an inhibitory activity on 

corticotroph cell functions and is required to warrant efficacy of SRIF analogs in the treatment of 

patients with ACTH-secreting pituitary adenomas. 
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It has been recently demonstrated that treatment of dispersed GH-secreting pituitary 

adenoma cells, having a variable SSTR expression pattern, with octreotide at 10 nM, as well as with 

pasireotide at 10 M, up-regulates the expression of a cyclin-dependent kinase inhibitor, p27, 

possibly resulting in cell cycle inhibition (Hubina et al. 2006). Besides the antiproliferative effects, 

previous studies showed that pasireotide at 10 nM is capable of significantly inhibiting GH 

secretion in primary cultures deriving from human GH-secreting pituitary adenomas, mainly 

expressing SSTR2 and SSTR5 (Hofland et al. 2004; Murray et al. 2004). SSTR2 expression was 

found to be crucial, as underlined by the  positive correlation between SSTR2 mRNA levels and 

pasireotide effects in vitro. Such correlation was not found for SSTR5, suggesting that pasireotide 

exerts its inhibitory effects on GH-secreting pituitary adenomas mainly interacting with SSTR2 

(Hofland et al. 2004). This finding is in keeping with a previous report showing that SSTR2 but not 

SSTR5 mRNA expression correlates with the extent of GH inhibition induced by SRIF in GH-

secreting pituitary adenomas (Jaquet et al. 2000). On the other hand, there is evidence indicating 

that in prolactinomas and in mixed GH/PRL pituitary adenomas, PRL secretion inhibition is mainly 

transduced by SSTR5 (Jaquet et al. 1999; Jaquet et al. 2000). And indeed, studies employing 

pasireotide demonstrated that this compound is effective in reducing the secretory activity of 

octreotide-resistant GH-omas and of prolactinomas (Murray et al. 2004), where the inhibitory effect 

correlates with SSTR5 expression. (Hofland et al. 2004). These data suggest a possible clinical 

application for pasireotide in octreotide-resistant pituitary adenomas, in keeping with the greater 

affinity of this compound with SSTR5.

Besides the direct actions on pituitary cells, SRIF and its analogs also have indirect effects, 

since they inhibit production and secretion of many angiogenic factors, therefore reducing tumor 

growth rate (Barrie et al. 1993). Neoangiogenesis is fundamental for tumor growth and one of the 

main factors promoting this process is vascular endotelial growth factor (VEGF). Previous evidence 

indicated that VEGF expression may be related to pituitary tumor growth (McCabe et al. 2002). A 

recent study investigated the possible effects of the multireceptor SRIF ligand, pasireotide, on 
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VEGF secretion and cell viability in 25 human NFA primary cultures (Zatelli et al. 2007). 

Expression analysis showed that all the samples expressed, besides -subunit, also VEGF and 

VEGFR-1 or 2 (or both). On the contrary, SSTR expression pattern was highly variable. According 

to VEGF secretion response to SRIF, two different groups were identified: the “responder” group, 

where VEGF secretion was reduced by at least 15% after treatment with SRIF at 10 nM, and the 

“non responder” group which failed to respond to SRIF. Pasireotide at 10 nM was effective in 

reducing VEGF secretion in the first group, but was completely ineffective in the latter. In addition, 

SRIF and pasireotide completely abrogated Forskolin-induced VEGF secretion and prevented the 

promoting effects of VEGF on NFA cell viability in the responder group. Moreover, these primary 

cultures had a reduced SSTR5 expression as compared to the “non responders”. These data suggest 

that SSTR5 is not involved in transducing the inhibitory effects of pasireotide on NFA. On the other 

hand, pasireotide can reduce NFA cell viability by inhibiting VEGF secretion, likely interacting 

with SSTR subtypes different from SSTR5. Furthermore, these data suggest that the multireceptor-

SSTR agonist might be useful in medical therapy of selected NFA.

In conclusion, the inhibitory effects of SRIF analogs in vitro depend on tissue SSTR 

expression pattern, on agonists binding profile, and on SSTR effector coupling. Further studies are 

therefore needed to elucidate the mechanisms underlying such effects and to verify possible clinical 

applications.
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List of changes made to Ms # MCE-D-07-00116

1. Page 3, paragraph 1, line 3: the words “a SRIF analog preferentially binding with high affinity 

SSTR2 and less affinity SSTR5” have been added instead of the words “a SRIF analog 

interacting with both SSTR2 and SSTR5”.

2. Page 3, paragraph 1, line 11: the following paragraphs have been added: “Similarly, an 

important tumor shrinkage has been described in an acromegalic patient during primary therapy 

with SRIF analogs, in the absence of hormonal normalization (Casarini et al. 2006). In this case, 

the lack of antisecretory action of octreotide, a SRIF analog preferentially binding with high 

affinity SSTR2 and less affinity SSTR5, was in keeping with the absence of SSTR2 and SSTR5 

expression by the tumor, which expressed almost exclusively SSTR3. The latter SSTR subtype 

has been indeed demonstrated to transduce important antiproliferative signals, since its 

activation causes apoptosis in heterlogous expression systems (Sharma et al. 1996). Further 

support to the hypothesis that antiproliferative effects are independent of antisecretory actions of 

SRIF analogs is provided by a recent report, describing the case of an acromegalic patient 

displaying dramatic tumor shrinkage during primary therapy with octreotide, without hormonal 

normalization. Again, in vitro SRIF and its analogs at 10 nM induced a scant antisecretory 

effect, but potently inhibited thymidine incorporation. This effect was evident for compounds 

interacting with SSTR5, in keeping with the finding that SSTR5 expression levels were greater 

than SSTR2 in the tissue (Resmini et al. 2007). These findings further underline that activation 

of multiple receptors by new analogs may better control tumor cell activity and that SRIF 

analogs may induce tumor shrinkage despite the lack of effect on GH secretion. 

Further studies highlighted the importance of SSTR expression pattern in GH-secreting pituitary 

adenomas in respect to the inhibitory effects of SRIF analogs. In a series of 16 adenomas a 

selective SSTR5 agonist (BIM-23268 at 0.01-1 M) was more potent of a selective SSTR2 

agonist (NC-4-28B at 0.01-1 M) in reducing GH secretion in primary cultures not responding 

to SRIF (Tulipano et al. 2001). These results suggest that SRIF analogs with greater affinity for 

SSTR5 might enhance treatment potency and spectrum in acromegaly, especially in octreotide-

resistant patients.

3. Information concerning concentration of use of SRIF analogs as well as SSTR expressiion 

pattern in each experimental setting have been added throughout the manuscript.

4. Page 4, paragraph 1, line 14: the following paragraph has been added: “Tulipano et al. also 

demonstrated that, after ligand binding, SSTR2 is phosphorylated by G protein-coupled receptor 

kinase 2, forms a stable complex with beta-arrestin and then internalizes into endocytic vesicles. 

* Revision Notes
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However, SSTR2 is rapidly resensitized and recycled to the plasma membrane. Conversely, 

after activation, SSTR3 and SSTR5 rapidly dissociate from beta-arrestin and undergo ubiquitin-

dependent lysosomal degradation, preventing plasma membrane recycling (Tulipano et al. 

2004). These findings might explain the different down-stream effects observed in different 

experimental settings.”

5. Page 6, paragraph 1, line 14: the paragraph “This effect might explain the lack of efficacy of 

medical treatment by means of octreotide or Lan, compounds mainly interacting with SSTR2 

and less with SSTR5, in some NFA (Oppizzi et al. 1998, Andersen et al. 2001, Colao et al. 

2000, Gasperi et al. 1993). Moreover, our findings might provide a possible explanation for the 

increase in tumor volume rarely observed during such therapy (Andersen et al. 2001). These 

results suggest that indication for medical therapy with octreotide or Lan in NFA patients with 

SSTR5 expressing tumors should be critically discussed until clinical evidence for beneficial 

effects has clearly been demonstrated.” has been addaed instead of the paragraph “This effect 

might explain the lack of efficacy of medical NFA treatment by means of Octreotide or 

Lanreotide, compounds mainly interacting with SSTR2 and SSTR5 (Oppizzi et al. 1998, 

Andersen et al. 2001, Colao et al. 2000, Gasperi et al. 1993). Moreover, our findings could 

explain the increase in the tumor volume observed in some cases during such therapy (Andersen 

et al. 2001). These results suggest that indication for medical therapy with Octreotide or 

Lanreotide in NFA patients should be critically discussed until clinical evidence for beneficial 

effects has clearly been demonstrated”.

6. Page 7, paragraph 2, line 1: the paragraph “Selective SSTR5 activation has previously been 

demonstrated to promote cell proliferation in a medullary thyroid carcinoma (MTC) cell line 

(Zatelli et al. 2001), but not in GH-secreting pituitary adenomas in primary culture (Danila et al. 

2001). Therefore, it is likely that SSTR agonists differently affect hormone secretion and cell 

proliferation depending not only on the activated receptor subtype, but also on the specific 

tissue. And indeed there is evidence indicating that SSTR5 is important in transducing SRIF 

inhibitory effects in a  mouse ACTH-secreting pituitary adenoma cell line, the AtT20 cells 

(Richardson et al. 1981; van der Hoek et al. 2005). Indeed, upon SRIF treatment, SSTR5 

persists at the membrane level while SSTR2 rapidly internalizes and desensitizes (Ben-Shlomo 

et al. 2005). Further studies on human ACTH-pituitary adenomas in vitro demonstrated that 

pasireotide (SOM230, a novel SRIF analog interacting with all SSTRs except for SSTR4) at 10 

nM significantly inhibits ACTH release in primary cultures predominantly expressing SSTR5. 

In addition, in these settings octreotide was less effective in reducing ACTH secretion, and 

dexamethasone (10 nM) pre-treatment did not influence the sensitivity of the cells to the 
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inhibitory effect of SOM230. These data indicate that SSTR5 is relatively resistant to negative 

control by glucocorticoids (Hofland et al 2005), as also suggested by an animal model. Indeed, 

treatment with pasireotide significanlty down-regulated SSTR2 but not SSTR5 expression. in 

the AtT20 cell line (van der Hoek et al. 2005). These results have been further strengthened by 

the recent evidence that pasireotide is capable of reducing both ACTH secretion and cell 

proliferation of human corticotroph pituitary adenoma cultures, where receptor expression has 

been characterized at protein level (Batista et al. 2006). All together, these results provide 

further support to the hypothesis that SSTR5 has an inhibitory activity on corticotroph cell 

functions and is required to warrant efficacy of SRIF analogs in the treatment of patients with 

ACTH-secreting pituitary adenomas.”has been added instead of the paragraph “Selective 

SSTR5 activation has previously been demonstrated to promote cell proliferation in a medullary 

thyroid carcinoma (MTC) cell line (Zatelli et al. 2001), but not in GH-secreting pituitary 

adenomas in primary culture (Danila et al. 2001). Therefore, it is likely that SSTR agonists 

differently affect hormone secretion and cell proliferation depending not only on the specific 

activated receptor subtype, but also on the specific tissue”.

7. Page 8, paragraph 2, line 1: the paragraph “It has been recently demonstrated that treatment of 

dispersed GH-secreting pituitary adenoma cells, having a variable SSTR expression pattern, 

with octreotide at 10 nM, as well as with pasireotide at 10 M, up-regulates the expression of a 

cyclin-dependent kinase inhibitor, p27, possibly resulting in cell cycle inhibition (Hubina et al. 

2006). Besides the antiproliferative effects, previous studies showed that pasireotide at 10 nM is 

capable of significantly inhibiting GH secretion in primary cultures deriving from human GH-

secreting pituitary adenomas, mainly expressing SSTR2 and SSTR5 (Hofland et al. 2004; 

Murray et al. 2004). SSTR2 expression was found to be crucial, as underlined by the  positive 

correlation between SSTR2 mRNA levels and pasireotide effects in vitro. Such correlation was 

not found for SSTR5, suggesting that pasireotide exerts its inhibitory effects on GH-secreting 

pituitary adenomas mainly interacting with SSTR2 (Hofland et al. 2004). This finding is in 

keeping with a previous report showing that SSTR2 but not SSTR5 mRNA expression 

correlates with the extent of GH inhibition induced by SRIF in GH-secreting pituitary adenomas 

(Jaquet et al. 2000). On the other hand, there is evidence indicating that in prolactinomas and in 

mixed GH/PRL pituitary adenomas, PRL secretion inhibition is mainly transduced by SSTR5 

(Jaquet et al. 1999; Jaquet et al. 2000). And indeed, studies employing pasireotide demonstrated 

that this compound is effective in reducing the secretory activity of octreotide-resistant GH-

omas and of prolactinomas (Murray et al. 2004), where the inhibitory effect correlates with 

SSTR5 expression. (Hofland et al. 2004). These data suggest a possible clinical application for 



Page 21 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

4

pasireotide in octreotide-resistant pituitary adenomas, in keeping with the greater affinity of this 

compound with SSTR5” has been added instead of the paragraph “It has been recently 

demonstrated that treatment of dispersed GH-secreting pituitary adenoma cells with octreotide, 

as well as pasireotide (SOM230, a novel SRIF analog interacting with all SSTRs except for 

SSTR4), up-regulates the expression of a cyclin-dependent kinase inhibitor, p27, possibly 

resulting in cell cycle inhibition (Hubina et al. 2006).”

8. Page 8, paragraph 2, line 1: the sentences “. In addition, SRIF and pasireotide completely 

abrogated Forskolin-induced VEGF secretion and prevented the promoting effects of VEGF on 

NFA cell viability in the responder group. Moreover, these primary cultures had a reduced 

SSTR5 expression as compared to the “non responders”. These data suggest that SSTR5 is not 

involved in transducing the inhibitory effects of pasireotide on NFA. On the other hand, 

pasireotide can reduce NFA cell viability by inhibiting VEGF secretion, likely interacting with 

SSTR subtypes different from SSTR5. Furthermore, these data suggest that the multireceptor-

SSTR agonist might be useful in medical therapy of selected NFA.” have been added instead of 

“In addition, SRIF and pasireotide completely abrogated Forskolin-induced VEGF secretion and 

prevented the promoting effects of VEGF on NFA cell viability. These data indicate that 

pasireotide can reduce NFA cell viability by inhibiting VEGF secretion, and suggest that the 

multireceptor-SSTR agonist pasireotide might be useful in medical therapy of selected NFA.”

9. The following references have been added: 
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Hedley-Whyte, E.T., Stratakis, C.A., Klibanski, A., 2006. The effects of SOM230 on cell 

proliferation and adrenocorticotropin secretion in human corticotroph pituitary adenomas. J. Clin. 

Endocrinol. Metab., 91, 4482-4488.
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