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Abstract 26 

Medullary thyroid carcinoma (MTC) is a rare neuroendocrine neoplasm of the parafollicular thyroid 27 

C cells. Although somatostatin receptors are expressed by MTCs, treatment with octreotide has 28 

shown poor efficacy, whereas recently pasireotide has demonstrated antiproliferative effects in 29 

persistent postoperative MTCs.  30 

Aim of this study was to test the effects of octreotide and pasireotide on MTC cells proliferation, 31 

cell cycle proteins expression, MAPK activation, apoptosis, calcitonin secretion, migration and 32 

invasion in TT cell line as well as in primary MTC cultured cells. Our results showed that both 33 

octreotide and pasireotide reduced TT cell proliferation (-35.2±12.1%, p<0.001, and -25.3±24.8%, 34 

p<0.05, at 10-8 M, respectively), with concomitant inhibition of ERK phosphorylation and cyclin 35 

D1 expression. This cytostatic effect was accompanied by a proapoptotic action, with an increase of 36 

caspase3/7 activity of 1.5-fold. Moreover, both octreotide and pasireotide inhibited cell migration (-37 

50.9±11.3%, p<0.01, and -40.5±17%, p<0.05, respectively) and invasion (-61.3±35.1%, p<0.05, 38 

and -49.7±18%, p<0.01, respectively). No effect was observed on calcitonin secretion. We then 39 

tried to extend these observations to primary cultures (n=5). Octreotide and/or pasireotide were 40 

effective in reducing cells proliferation in 3 out of 5 tumors, and to induce cell apoptosis in 1 out of 41 

3 MTCs. Both octreotide and pasireotide were able to reduce cell migration in all MTC tested. 42 

SST2, SST3 and SST5 were expressed in all MTC, with a tendency to increased expression of 43 

SST2 in RET mutated vs wild type MTCs. In agreement, inhibition of mutated RET in TT cells 44 

reduced SST2 expression.   45 

In conclusion, we demonstrated that octreotide and pasireotide inhibited cell proliferation and 46 

invasiveness in a subset of MTC, supporting their potential use in the control of tumor growth. 47 

 48 

1. Introduction 49 

MTC is a rare neuroendocrine neoplasm (NEN), representing 5% of thyroid malignancies, that 50 

results from the malignant transformation of neural crest derived, calcitonin-secreting, parafollicular 51 
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thyroid C-cells (Roman et al. 2006). Activating mutations of RET (REarranged during 52 

Transfection) proto-oncogene are the cause of 98% of hereditary MTC and of 56% of the sporadic 53 

tumors (Ciampi et al. 2019), with a striking genotype/phenotype correlation. MTC displays a highly 54 

variable biological behavior, with mean survival rate of 65% after 5 years (Elisei et al. 2012). The 55 

treatment of choice is complete surgical resection. Tyrosine kinase inhibitors (TKI) showed only 56 

moderate effects and their use is restricted to patients with significant tumor burden and well-57 

established tumor progression (Wells et al. 2012, Elisei et al. 2013).  58 

Somatostatin (SS) analogs (SSAs) are used in the therapy of other NENs, and the expression 59 

of SS receptors (SSTs) subtype 1, 2, 3 and 5 (Mato et al. 1998, Kendler et al. 2017) in MTCs has 60 

suggested the possibility to treat these tumors with SSAs. However, first-generation SSAs 61 

octreotide and lanreotide, specific for SST2, demonstrated poor antiproliferative effects in MTC 62 

patients. In particular, Modigliani and coworkers found that in 4/14 thyroidectomized MTC patients 63 

with persistently elevated plasma calcitonin levels, octreotide treatment reduced calcitonin, but did 64 

not induced morphological improvement (Modigliani et al. 1992). Another study in 7 patients 65 

showed a remission in 2 patients after octreotide treatment (Frank-Raue et al. 1995). Disease 66 

stabilization, minor tumor regression and calcitonin reduction were induced by lanreotide in 67 

combination with interferon-alpha2β in 3/7, 2/7 and 6/7 patients, respectively (Vitale et al. 2000). 68 

Octreotide effects in inducing subjective and biological partial remission (Vainas et al. 2004) and in 69 

reducing calcitonin (Mahler et al. 1990, Cano et al. 2017) have been reported.   70 

A recent study demonstrated that pasireotide, a second generation, multi-receptor targeted 71 

SSA with preferential binding to SST5, exerted antiproliferative effects in persistent postoperative 72 

MTC (Faggiano et al. 2018). 73 

In vitro data have demonstrated that human MTC cells TT differentially responded to SSAs 74 

selective for different SST subtypes, being responsive to the antiproliferative effects of SST2 and 75 

SST1 but not SST5-specific analogs (Zatelli et al. 2001, 2002a). Moreover, a selective analog for 76 

SST1, but not for SST2 and 5, was able to reduce calcitonin secretion in TT cells (Zatelli et al. 77 
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2002a,b), and only a subset of primary cultured MTC cells was responsive to SSAs antisecretory 78 

activity (Zatelli et al. 2006). Notably, SSA antiproliferative and antisecretory effects were not 79 

correlated (Zatelli et al. 2002b, 2006). However, no data are available on the effects of octreotide 80 

and pasireotide in MTC cells. 81 

Overall, these results underline the need for a better knowledge of the molecular 82 

mechanisms specifically activated by the different clinically available SSAs, acting through 83 

different SSTs subtypes in MTC cells. 84 

In addition to antimitotic effects, SSAs have shown proapoptotic effects (Ferrante et al. 85 

2006) and more recently anti-invasive effects in pituitary (Peverelli et al. 2018a) and pancreatic 86 

(Vitali et al. 2016) NENs, but no data are available in MTC. 87 

In the present study the effects of octreotide and pasireotide on MTC cells proliferation, cell 88 

cycle proteins expression, MAPK activation, apoptosis, calcitonin secretion, migration and invasion 89 

have been tested in TT cell line, the most widely used cell model for MTC, harboring the RET 90 

mutation C634W, as well as in primary MTC cultured cells. 91 

 92 

2. Material and methods 93 

2.1 Cell cultures 94 

Human TT cells were obtained from ATCC (CCL-82.1), tested and authenticated by genetic 95 

profiling using polymorphic short tandem repeat (STR) loci with PowerPlex Fusion system 96 

(Promega, BMR Genomics Cell Profile service, Italy), that allows to amplify 23 loci STR 97 

(D3S1358, D1S1656, D2S441, D10S1248, D13S317, Penta E, D16S539, D18S51, D2S1338, 98 

CSF1PO, Penta D, TH01, vWA, D21S11, D7S820, D5S818, TPOX, DYS391, D8S1179, D12S391, 99 

D19S433, FGA, D22S1045) and Amelogenin, AMEL, for sex determination. Results were 100 

compared to reference cell line databases (ATCC, DSMZ, JCRB and RIKEN). 101 

TT cells were cultured in F12K medium, 10% fetal bovine serum (FBS), 2 mM glutamine 102 

and antibiotics (Gibco, Invitrogen, Life Technologies Inc., Carlsbad, CA, USA). 103 
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Human MTC tissue samples were obtained at the time of surgery, and immediately dissected 104 

by the pathologist under sterile conditions. Fresh specimens (n=5) were partly stored at -80°C for 105 

nucleic acids and proteins extraction and partly dissociated to obtain primary cell cultures as 106 

previously described (Giardino et al. 2019). Briefly, tissues were digested in Dulbecco's modified 107 

Eagle's medium (DMEM) with 3.5 mg/mL collagenase (Sigma Aldrich, St. Louis, MO, USA) at 108 

37°C for 90 min, passed on a 100 μm filter (nylon cell strainer, BD Transduction Laboratories, 109 

Lexington, UK) and cultured in TT medium. 110 

 111 

2.2 SSTs expression level analysis 112 

Analysis of SSTs protein expression levels was performed on frozen samples of MTC tissues (n=5) 113 

and TT cells by western blotting. TT cells were incubated when indicated with RPI-1 (Cayman 114 

Chemical Company, Michigan, USA) for 24h. Total proteins were extracted with lysis buffer (Cell 115 

Signaling, Danvers, MA, USA), and 30 μg were separated on sodium dodecyl sulfate 116 

(SDS)/polyacrylamide gels and transferred to a nitrocellulose filter. To detect the total levels of 117 

receptor proteins, we used specific antibodies against SST1 (Abcam, Cambridge, UK) (1:1000), 118 

SST2 (Santa Cruz Biotechnology, Dallas, TX, USA) (1:200), SST3 (Abcam, Cambridge, UK) 119 

(1:1000), SST5 (Abcam, Cambridge, UK) (1:1000). Secondary anti-mouse and anti-rabbit 120 

horseradish peroxidase-linked antibodies (Cell Signaling, Danvers, MA, USA) were used (1:2000). 121 

GAPDH was used as housekeeping gene (antibody from Ambion, Austin, TX, USA). 122 

Chemiluminescence was detected using the ChemiDoc-IT Imaging System (UVP, Upland, CA, 123 

USA) and the resulting bands were analyzed with the image analysis program NIH ImageJ 124 

software.  125 

 126 

2.3 Genetic analysis 127 

To perform RET genetic analysis, DNA was extracted from MTC tissue samples with Gentra 128 

Puregene Tissue Kit (QIAGEN, Hilden, Germany) and from peripheral blood lymphocytes with 129 
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FlexiGene DNA Kit (QIAGEN, Hilden, Germany). RET (GenBank accession no. NG_007489.1) 130 

exons 10, 11, 12, 13, 14, 15, and 16 were amplified by PCR. Direct sequencing of the amplified 131 

exons was then performed using the BigDye Terminator v3.1 Cycle Sequencing Kit and the 3130xl 132 

Genetic Analyzer (Applied Biosystems, Foster City, CA USA). Primers are shown in Suppl. Tab.1.  133 

 134 

2.4 Cell proliferation assay 135 

Cell proliferation was assessed by colorimetric measurement of 5-bromo-2-deoxyuridine (BrdU) 136 

incorporation in newly synthesized DNA according to the manufacturer’s instructions (GE 137 

Healthcare, Life Science, Buckinghamshire, UK) (Giardino et al. 2019). Cells were plated at 3x104 138 

cells/well and treated with octreotide or pasireotide (both from Novartis Pharma AG, Basel, 139 

Switzerland) at different concentrations for 48h or 72h. Cells were then incubated with BrdU for 2 h 140 

(TT cells) or 24h (primary cultured MTC cells) at 37°C. All experiments were repeated at least 3 141 

times and each determination was done in triplicate. 142 

 143 

2.5 Western blot analysis 144 

For cyclin D1 expression analysis, cells were seeded in 6-well plate at a cell density of 4x105 145 

cells/well, starved 18 h at 37°C and incubated with or without octreotide and pasireotide for 3h, 8h, 146 

18h or 24h in complete medium. ERK1/2 phosphorylation status was evaluated after starvation 147 

followed by 10 min octreotide and pasireotide incubation in complete medium. Total proteins were 148 

extracted from cells, quantified by BCA assay, separated by SDS-polyacrylamide gels, and 149 

transferred to a nitrocellulose filter. Cyclin D1 antibody (Cell Signaling, Danvers, MA, USA) was 150 

used at 1:1000 dilution. To detect phosphorylated ERK1/2, 1:1000 dilution of anti-phospho p42/44 151 

antibody (Immunological Science, Italy) was used. The presence of total ERK1/2 was analyzed by 152 

stripping and reprobing with anti-total p42/44 antibody (1:1000 dilution, Immunological Science, 153 

Italy). Secondary HRP-linked antibodies were used (1:2000 dilution, Cell Signaling, Danvers, MA, 154 

USA). GAPDH was used as housekeeping gene (antibody from Ambion, Austin, TX, USA). 155 
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Chemiluminescence was detected using the ChemiDoc-IT Imaging System (UVP, Upland, CA, 156 

USA) and the resulting bands were analyzed with ImageJ software. Experiments were repeated 3 157 

times. 158 

 159 

2.6 Caspase-3/7 activity 160 

To test cell apoptosis, caspase-3/7 enzymatic activity was measured using Apo-ONE Homogenous 161 

Caspase-3/7 assay (Promega, Madison, WI, USA) as previously reported (Peverelli et al. 2018b). 162 

Cells were seeded at a cell density of 3×104 cells/well in 96-well plate and incubated with 163 

octreotide or pasireotide 10-8 and 10-6 M for 48 h at 37°C. The amount of fluorescent product 164 

generated from a profluorescent caspase-3/7 consensus substrate is representative of the amount of 165 

active caspase-3/7 present in the sample. Each determination was done in quintuple. Experiments 166 

were repeated 3 times. 167 

 168 

2.7 Calcitonin assay 169 

Calcitonin was measured in culture medium by a specific chemiluminescence immunoassays 170 

(Immulite 2000 Calcitonin, Siemens Healthcare GmbH, Erlangen, Germany), according to the 171 

manufacturer’s instructions. 172 

 173 

2.8 Transwell migration and invasion assays 174 

Cell migration was tested by transwell assays as previously described (Giardino et al. 2019). 175 

Briefly, 3x104 cells were suspended in 200 μl of serum-free F12K medium and seeded into the 176 

upper chamber of a nanoporous transwell insert (InoMATRIX, Inocure, Czech Republic), whereas 177 

complete medium was added in the lower chamber. The 3D structure of InoMATRIX allows cell 178 

cultures to develop into tissues closely resembling native tissue. Cells were incubated at 37°C for 179 

18 h, and migrated cells were stained with crystal violet, extracted with 10% acetic acid, and 180 
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measured using a plate reader at a wavelength of 560 nm. A negative control with serum-free 181 

medium in lower chamber was used in each experiment. 182 

For cell invasion experiments, cell suspension (3x105 cells/insert) was seeded in the upper 183 

chamber of a transwell insert porous polycarbonate membrane (pore diameter: 8μm) (Merck 184 

Millipore, Darmstadt, Germany) coated with Matrigel (0.3 mg/ml, diluted in DMEM) (Corning, BD 185 

Transduction Laboratories, Lexington, U.K.), as previously described (Giardino et al. 2019). Cells 186 

that invaded on the lower surface of the membrane were quantified as described above. 187 

 188 

2.9 Statistical analysis 189 

The results are expressed as the mean ± SD. A paired two-tailed Student's t test was used to assess 190 

the significance between two series of data. SSTs densitometric data were analyzed by the non-191 

parametric Mann-Whitney U test. In all analyses, a probability value p<0.05 was accepted as 192 

statistically significant. Data were analyzed by using GraphPad Prism 5.0. 193 

 194 

3. Results 195 

3.1 Octreotide and pasireotide effects on cell proliferation in TT and primary cultured MTC 196 

cells 197 

We first assessed the ability of octreotide and pasireotide to affect TT cell proliferation, by 198 

measuring BrdU incorporation in newly synthesized DNA. After 24h starvation, TT cells were 199 

incubated in medium containing 10% FBS with or without octreotide or pasireotide at increasing 200 

concentrations (from 10-10 to 10-6 M). Our results (Fig. 1A) showed that both octreotide and 201 

pasireotide were able to reduce BrdU incorporation in newly synthesized DNA after 48 h incubation 202 

(-35.2±12.1%, p<0.001, and -25.3±24.8%, p<0.05, at 10-8 M, respectively), without significant 203 

differences between the two drugs. A sustained reduction of cell proliferation was observed at 204 

longer times of incubation (72h), although to a lesser extent (data not shown). 205 
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These effects were accompanied by a reduced expression of cyclin D1, as revealed by 206 

western blot analysis performed in TT cells stimulated for 3 h with octreotide or pasireotide (Fig. 207 

1B). We observed a -40±24% reduction of cyclin D1 (CD1) in cells stimulated with octreotide 10-8 208 

M (p<0.01) and -29±12% with pasireotide 10-8 M (p<0.01). This effect was maintained after 8h 209 

incubation, whereas no change in CD1 level was measured after 18h and 24h incubation (data not 210 

shown). 211 

Accordingly, both octreotide and pasireotide reduced ERK phosphorylation (-35.4±25.2%, 212 

p<0.01 vs basal, and -20.9±9.6%, p<0.001 vs basal, at 10-8 M, respectively) (Fig. 1C). 213 
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 215 

 216 

Figure 1. Octreotide and pasireotide treatment effects on cell proliferation in TT cells. A) Proliferation 217 

assay. TT cells were incubated with octreotide or pasireotide at the indicated concentrations for 48 h, and 218 

BrdU incorporation in newly synthesized DNA was measured. Experiments were repeated 3 times. Each 219 

determination was done in triplicate. B) Cyclin D1 assay. Cell were incubated 3h with octreotide or 220 

pasireotide 10 nM or 1 µM. The graph shows the quantification of cyclin D1 normalized to GAPDH (mean 221 

value ± S.D. from 3 independent experiments). Representative immunoblots are shown. C) ERK 222 

phosphorylation assay. Cells were incubated with octreotide or pasireotide 10 nM or 1 µM for 10 min. The 223 

graph shows the quantification of p-ERK1/2 normalized to total ERK1/2 (mean value ± S.D. from 3 224 

independent experiments). Representative immunoblots are shown. * = p < 0.05, ** = p < 0.01, *** = p < 225 

0.001 vs corresponding basal. 226 

 227 

The effects of octreotide or pasireotide on cell proliferation have also been tested in primary 228 

MTC cultured cells. We used primary cells derived from 5 MTCs, 3 bearing wild type RET gene 229 

(#1-3), and 2 bearing mutated RET (sample #4: somatic mutation M918T; #5: germinal mutation 230 

C611F). Due to the limited and variable number of cells derived from each tumor, we couldn’t 231 

perform the complete set of dose-response experiments for all MTCs.  232 

To test cell proliferation, we decided to first analyze CD1 expression, when possible 233 

accompanied by the BrdU incorporation assay, and we chose to test 10-6 M as single dose, since 234 

lower concentrations were not effective in preliminary experiments.  235 
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We found a reduction in cyclin D1 after 24 h incubation with octreotide (-52.6%) or 236 

pasireotide (-66.1%) in cells derived from one wild type tumor (MTC#1, Fig.2A), but not from wild 237 

type MTC #2 (data not shown) and #3, accordingly to BrdU incorporation assay (Fig.2B,C). In RET 238 

mutated tumor MTC#4, no effect was observed on CD1 expression (Fig.2D), whereas a slight but 239 

significant inhibitory effect of pasireotide on BrdU incorporation was found (-16.2±4%, p<0.05) 240 

(Fig.2E). This discrepancy might be due to the higher sensitivity of the proliferation assay. 241 

Similarly, in mutated MTC#5, only pasireotide, but not octreotide, reduced CD1 levels (-36%) and 242 

cell proliferation (-27.9±10%, p<0.05) (Fig. 2F,G).  243 

 244 
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 245 

 246 

Figure 2. Octreotide and pasireotide treatment effects on cell proliferation in primary cultured MTC cells. 247 

A,B,D,F) CD1 assay. Cells were treated with 1 µM octreotide or pasireotide. The graphs show the 248 

quantification of CD1 normalized to GAPDH. Representative immunoblots are shown. C,E,G) Proliferation 249 

assays. Cells were treated with octreotide or pasireotide 10 nM or 1 µM at 37°C for 48 h, and BrdU 250 

incorporation in newly synthesized DNA was measured. Each determination was done in triplicate. * = p < 251 

0.05 vs corresponding basal. 252 

 253 

3.2 Octreotide and pasireotide induced apoptosis in TT and primary cultured MTC cells 254 

We then tested the proapoptotic effects of octreotide and pasireotide. Cells were incubated 255 

with octreotide or pasireotide for 48 h and caspase-3 and -7 activity was measured.  256 
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In TT cells, both drugs were able to increase cell apoptosis. Octreotide induced an increase 257 

of caspase 3/7 activity of 136±10% (p<0.001 vs basal, 10-8 M), and pasireotide of 149.2±20% 258 

(p<0.001 vs basal, 10-8 M) (Fig. 3A). 259 

In primary cultured cells from wild type MTC#3 and mutated MTC#4 (RET M918T),  no 260 

effect was observed after octreotide or pasireotide incubation, whereas in MTC#5 (RET C611F), 261 

octreotide induced an increase of cell apoptosis of 220±7% (p<0.001 vs basal, 10-6 M), and 262 

pasireotide of 182±19% (p<0.05 vs basal, 10-6 M) (Fig. 3B-D).  263 

 264 

Figure 3. Octreotide and pasireotide treatment induced cell apoptosis in TT cells and in MTC primary 265 

cultures. TT cells (A) and a primary cultured MTC cells (B-D) were incubated with octreotide or pasireotide 266 

10 nM or 1 µM at 37°C for 48 h. Caspase-3/7 enzymatic activity was measured. Graphs show the percentage 267 

of caspase-3/7 enzymatic activity vs basal (mean value ± S.D. from 3 independent experiments for TT cells 268 
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and mean ± S.D. of an independent experiment for MTC primary cultures). Each determination was done in 269 

quintuple. * = p < 0.05, ** = p < 0.01, *** = p < 0.001 vs corresponding basal. 270 

 271 

3.3 Octreotide and pasireotide did not affect calcitonin secretion in TT and primary cultured 272 

MTC cells 273 

To test the effects of octreotide and pasireotide on calcitonin secretion, cells were incubated 274 

with the SSAs and cell media were collected for calcitonin assay. 275 

No changes in calcitonin secretion were observed after incubation with octreotide or 276 

pasireotide in TT cells after 3 h (Fig. 4A) or 24 h (data not shown) nor in primary cultured MTC 277 

cells from wild type (MTC#3) (Fig. 4B) and mutated tumors (MTC#4 and #5) (data not shown), 278 

after 24 h incubation.  279 

 280 

Figure 4. Octreotide and pasireotide treatment did not affect calcitonin secretion in TT and primary cultured 281 

MTC cells. TT cells (A) and a primary cultured MTC cells (B) were incubated with octreotide or pasireotide 282 

10 nM or 1 µM at 37°C for 3 h (A) or 24 h (B). Calcitonin secretion in cell media was measured. Graphs 283 

show the percentage of calcitonin secretion versus each basal (A) (mean value ± S.D. from 3 independent 284 

experiments in TT cells) and the concentration of calcitonin in cell media of primary cultured MTC cells 285 

(ng/L) (B). Each determination was done in triplicate. 286 

 287 

3.4 Octreotide and pasireotide inhibited migration and invasion of MTC cells 288 

To test the effects of SSAs on cell motility, we performed transwell assays. In TT cells, 289 

FBS-induced chemotactic migration was strongly reduced after 18 h of octreotide or pasireotide 290 
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incubation (-50.9±11.3%, p<0.01 vs basal, and -40.5±17%, p<0.05 vs basal, respectively, at 10-8 M 291 

(Fig. 5A). Moreover, octreotide or pasireotide incubation significantly inhibited TT cell invasion 292 

through Matrigel (-61.3±35.1%, p<0.05 vs basal, and -49.7±18%, p<0.01 vs basal, respectively, at 293 

10-8 M) (Fig. 5B). Remarkably, octreotide reached 81% inhibition of cell invasion at 10-6 M 294 

(p<0.001 vs basal). 295 

This strong antimigratory effect of octreotide was confirmed in all primary cultured MTC 296 

cells, both from RET wild type (MTC#3) or mutated (MTC#4, #5) tumors (Fig. 5C-E), reaching an 297 

inhibition of 94.6%, at a concentration of 10-8 M in MTC#5. Pasireotide efficiently reduced cell 298 

migration in MTC#4 and #5, but was ineffective in MTC#3. 299 
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300 

 301 

Figure 5. Octreotide and pasireotide treatment inhibited cell migration and invasion in TT and primary 302 

cultured MTC cells. TT cells (A, B) and primary cultures (C-E ) were incubated with octreotide or 303 

pasireotide 10 nM or 1 µM at 37°C for 18 h. Transwell migration (A, C-E ) or invasion on matrigel (B) were 304 

performed. Graphs show the quantification of migration or invasion (A-B, percentage vs corresponding 305 

basal, mean value ± S.D. from 3 independent experiments on TT cells; C-E, mean ± S.D. of independent 306 
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experiments on 3 MTC primary cultures). * = p < 0.05, ** = p < 0.01, *** = p < 0.001 vs corresponding 307 

basal.  308 

 309 

3.5 SSTs expression in MTC tissues: correlation with RET mutations and SSA responsiveness 310 

By western blot analysis, we tested the expression of SST1,2,3 and 5 (Fig.6A-D). We found that 311 

SST2, SST3 and SST5 were expressed in all samples analyzed. SST1 was highly expressed in TT 312 

cells, but nearly undetectable in all MTC samples analyzed. SST2 expression was higher in MTC 313 

tissues than in TT cells, and highly variable among different samples. An high variability between 314 

MTC samples was also observed for SST3 expression. SST5 was expressed at comparable levels in 315 

MTCs with respect to TT cells.  316 

Despite the low sample size, we tried to correlate SSTs expression to RET mutational status. 317 

Although mean expression of SST2, SST3 and SST5 was not significantly different in the group of 318 

the MTCs with wild type RET vs the group with RET mutations, we observed a tendency to 319 

increased SST2 expression in mutated vs wild type MTCs (mean SST2/GAPDH ratio, normalized 320 

on TT cells, 14.7±8 vs 41.3±22, respectively) (Fig.6E-G). To test whether oncogenic RET might 321 

affect SST2s expression, we blocked the constitutively active C634W RET endogenously expressed 322 

by TT cells using the RET inhibitor RPI-1, as previously described (Giardino et al., 2009). RPI-1 is 323 

an indolinone-based selective inhibitor of RET kinase activity (Lanzi et al., 2000), that inhibited 324 

RET tyrosine phosphorylation, expression, and signaling in TT cells (Cuccuru et al., 2004). Our 325 

results showed that RPI-1 incubation reduced SST2 expression (-32±10%, p<0.01 at 50 nM) 326 

(Fig.6H), but not SST3 and SST5 (data not shown).  327 

Regarding the in vitro responsiveness to octreotide and pasireotide, we found a tendency to a lower 328 

SST2 expression in MTC unresponsive to pasireotide (n=2, mean SST2/GAPDH 2.06±1.09) with 329 

respect to responsive ones (n=3, mean SST2/GAPDH 7.03±3.82), although we didn’t find a 330 

statistical significance probably due to the low number of samples (Fig.6I). In contrast, mean 331 

expression level of SST5 was nearly identical between the MTC responsive or not to pasireotide. 332 
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Interestingly, the only MTC responsive to proapototic effect of both octreotide and pasireotide 333 

(MTC#5) showed the highest expression of both SST2 and SST5, but not SST3 (Fig.6A-D).   334 

 335 
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 336 

Figure 6. SSTs protein expression in MTC. A) SST1,2,3 and 5 expression levels were analyzed by western 337 

blot in TT and 5 MTC samples. RET mutational status is indicated. Representative immunoblots are shown. 338 

B-G) The graphs show SST2 (B), SST3 (C) or SST5 (D) expression levels normalized to GAPDH, and mean 339 

SST2/GAPH (E), SST3/GAPDH (F) or SST5/GAPDH (G) levels in RET wild type (n=3) vs mutated MTCs 340 

(n=2). H) TT cells were treated with increasing concentrations of RPI-1, a selective inhibitor of RET kinase 341 

activity, for 24h. The graph shows the quantification of SST2 normalized to GAPDH vs untreated cells. Data 342 

are plotted as mean ± SD of 3 independent experiments. *, p < 0.05, **, p < 0.01 vs untreated cells. I) The 343 

graph shows SST2 expression normalized to GAPDH (mean±S.D.) in pasireotide responsive (n=3) vs 344 

resistant MTCs (n=2). 345 

 346 
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The expression of SSTs in MTC represents the rationale for the therapy with SSAs, but 348 

contrasting data are present in literature on the antiproliferative effects of first-generation 349 

(octreotide) and second-generation (pasireotide) SSAs in MTC patients. 350 

In the present work, we analyzed the antitumoral effects of octreotide and pasireotide in TT 351 

cells and in primary cultured cells obtained from human sporadic or hereditary MTCs. 352 

Regarding the antimitotic effects of octreotide and pasireotide in TT cells, we found that 353 

both drugs were able to inhibit cell proliferation to a similar extent.  354 

This antimitotic effect is accompanied by a decrease of ERK1/2 phosphorylation and a 355 

reduction of cyclin D1 levels, as previously demonstrated by Zatelli et al. with SS and SST2-356 

selective agonist BIM23120 (Zatelli et al. 2005, 2006), although the molecular mechanism involved 357 

has not been dissected. Zatelli and co-authors found that in TT cells, only SST2- and SST1- but not 358 

SST5-selective agonists exerted an antiproliferative effect (Zatelli et al. 2001, 2002a). Since 359 

pasireotide, compared with octreotide, displays a 40-, 5- and 30-fold higher binding affinity for 360 

SST5, SST3 and SST1, respectively, and 2.5-fold lower affinity for SST2 (Bruns et al. 2002), we 361 

can hypothesize that the resulting inhibitory effects on cell proliferation, MAPK activation and 362 

cyclin D1 expression derive from the simultaneous activation of different SST subtypes, which are 363 

all expressed in TT cells (Zatelli et al. 2001) rather than from the higher SST5 activation. In the 364 

present work, we decided to use octreotide and pasireotide being these two drugs already commonly 365 

used in clinical practice. 366 

Although MTC are very rare tumors, we were able to test the effects of SSAs in a small 367 

group of surgically removed human MTC. In primary cultured MTC cells, we found variable 368 

efficacy of SSAs in reducing cell proliferation, being pasireotide effective in 3/5 tumors, and 369 

octreotide in 1/5 tumors. Interestingly, pasireotide exerted an antiproliferative effect in both mutated 370 

tumors, that were resistant to octreotide. However, pasireotide was also effective in one wild type 371 

tumor, with an effect similar to octreotide. It is worth noting that the inhibitory effect on cell 372 
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proliferation in primary cultured MTC was reached at high concentrations of SSAs, whereas TT 373 

cells were responsive starting from 10-8 M. 374 

Despite the small sample size, we found a tendency to a higher SST2 expression in MTC 375 

responsive to pasireotide with respect to resistant ones, but further experiments are required to test a 376 

possible correlation between SSAs efficacy and the expression of SST2 and SST5.  377 

Beside SSTs expression, other molecular factors might influence MTC responsiveness to 378 

SSAs. In the past years, several studies have investigated the molecular determinants possibly 379 

involved in the resistance to SSAs. For example, our group has found that in pituitary NENs the 380 

expression and activity of cytoskeleton actin binding protein filamin A is crucial for an efficient 381 

SST2 intracellular signal transduction (Peverelli et al. 2014, 2018b). In MTC, it has been found that 382 

the expression of the truncated isoform of SST5 (sst5TMD4) prevented SST2-agonist 383 

antiproliferative effects (Molè et al. 2015). Further studies in a high number of MTCs are required 384 

to identify post-receptor alterations inducing resistance to SSAs. 385 

The present study first demonstrated that in MTC cells octreotide and pasireotide exerted 386 

proapoptotic effects. It is well known that SST3 (Sharma et al. 1996, War et al. 2011) and SST2 387 

(Ferrante et al. 2006) are the SST subtypes mainly involved in SS-induced cell death. The apoptotic 388 

effect of pasireotide, that was comparable to that of octreotide, might be mediated by SST3 389 

activation, as suggested in ACTH-secreting pituitary tumors (Treppiedi et al. 2019). However, SSTs 390 

expression data revealed that the MTC with the highest SST3 expression level was unresponsive to 391 

proapoptotic effects of both octreotide and pasireotide, and that the only MTC responsive to 392 

proapototic effect of both octreotide and pasireotide showed the highest expression of both SST2 393 

and SST5, suggesting that the latter two might be the main mediators of apoptosis in MTC cells. 394 

Calcitonin secretion was not affected by octreotide neither by pasireotide in TT cells and 395 

primary cultured MTC cells, regardless their responsiveness to SSAs antiproliferative effects. These 396 

data are in agreement with the previously observed dissociation between antimitotic and 397 

antisecretive effects of SSAs in TT cells (Zatelli et al. 2001, 2002b) and in primary cultured MTC 398 
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cells (Zatelli et al. 2006). Accordingly, Faggiano et al. found no concordance between serum 399 

marker and radiological changes and concluded that neither calcitonin nor CEA serum 400 

concentrations can be reliable predictor of MTC responsiveness to pasireotide (Faggiano et al. 401 

2018). 402 

Our data provide new evidence for a strong inhibitory effect of SSAs on MTC chemotactic 403 

cell migration and invasion. The ability of the SST2 agonist BIM23120 to inhibit cell motility has 404 

been previously demonstrated both in pituitary (Peverelli et al. 2018a) and pancreatic (Vitali et al. 405 

2016) NENs, whereas no data are available about the effects of SSAs in MTC. In TT cells, we 406 

found a stronger inhibition of cell migration and invasion with octreotide than pasireotide, that may 407 

be explained by the higher octreotide affinity for SST2 (Bruns et al. 2002). Similarly, octreotide 408 

was effective in inhibiting cell migration in all MTC primary cultured cells tested, both RET 409 

mutated and RET wild type. 410 

Interestingly, in MTC#3, SSAs reduced cell migration but not cell proliferation, suggesting 411 

that the proliferative and migratory responses are dissociated and involves distinct cellular 412 

pathways, although further experiments will be required to confirm this hypothesis. 413 

Since the molecular mechanism by which SST2 inhibits cell migration in pituitary tumors 414 

involves cytoskeleton protein cofilin (Peverelli et al. 2018a), crucial in mediating RET-promoted 415 

MTC cells migration (Giardino et al. 2019), we can hypothesize the involvement of this 416 

cytoskeleton protein in modulating the intracellular response to SSAs in MTC cells. 417 

The analysis of the SSTs expression in MTC tissues revealed a tendency to increased 418 

expression of SST2 in mutated vs wild type MTCs. This observation is in agreement with the 419 

results obtained in TT cells, showing that RET inhibitor RPI-1 induced a reduction of SST2 420 

expression. These data suggest that oncogenic mutant RET exerted a positive effect on SST2 421 

expression. Further experiments are required to test in a large cohort of patients an association 422 

between RET mutations and SST2 expression, as well as the molecular mechanism involved.   423 
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Overall, our data demonstrated a similar efficacy of octreotide and pasireotide in reducing 424 

cell growth, by both cytostatic and cytotoxic effects, and cell invasiveness in TT cell line. In 425 

contrast, only a subset of primary cultured cells derived from MTC patients were responsive to 426 

antiproliferative effects of octreotide and pasireotide, suggesting the need for new biomarkers 427 

useful to stratify patients for therapeutic response to SSAs. RET mutated tumors seems to be more 428 

responsive to pasireotide than to octreotide, although further studies with a large number of tumors 429 

are required to establish a correlation between SSAs responsivity and RET mutational status.  430 

In addition, we first reported antiinvasive properties of octreotide and pasireotide that may 431 

suggest the use of these drugs at an early stage of disease to prevent the subsequent development of 432 

distant metastases. 433 
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Highlights 

• Octreotide and pasireotide reduced with similar efficacy TT cell growth 

• Only a subset of primary MTC cells were responsive to octreotide and pasireotide 

• Octreotide and pasireotide exerted cytostatic and cytotoxic effects in MTC cells  

• We first showed antiinvasive properties of octreotide and pasireotide in MTC cells  

• Oncogenic mutant RET induced an increase of SST2 expression.   
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