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Abstract

Medullary thyroid carcinoma (MTC) is a rare neurdecrine neoplasm of the parafollicular thyroid
C cells. Although somatostatin receptors are eggedy MTCs, treatment with octreotide has
shown poor efficacy, whereas recently pasireotide demonstrated antiproliferative effects in
persistent postoperative MTCs.

Aim of this study was to test the effects of octid® and pasireotide on MTC cells proliferation,
cell cycle proteins expression, MAPK activationopjwsis, calcitonin secretion, migration and
invasion in TT cell line as well as in primary MT&iltured cells. Our results showed that both
octreotide and pasireotide reduced TT cell pradien (-35.2+12.1%, p<0.001, and -25.3+24.8%,
p<0.05, at 1§ M, respectively), with concomitant inhibition ofRK phosphorylation and cyclin
D1 expression. This cytostatic effect was accongzhbly a proapoptotic action, with an increase of
caspase3/7 activity of 1.5-fold. Moreover, bothreatide and pasireotide inhibited cell migration (-
50.94£11.3%, p<0.01, and -40.5+17%, p<0.05, respelgh and invasion (-61.3+35.1%, p<0.05,
and -49.7+18%, p<0.01, respectively). No effect waserved on calcitonin secretion. We then
tried to extend these observations to primary cestun=5). Octreotide and/or pasireotide were
effective in reducing cells proliferation in 3 aft5 tumors, and to induce cell apoptosis in lajut

3 MTCs. Both octreotide and pasireotide were ableetluce cell migration in all MTC tested.
SST2, SST3 and SST5 were expressed in all MTC, aitendency to increased expression of
SST2 in RET mutated vs wild type MTCs. In agreementtibition of mutated RET in TT cells
reduced SST2 expression.

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

invasiveness in a subset of MTC, supporting theieptial use in the control of tumor growth.

1. Introduction
MTC is a rare neuroendocrine neoplasm (NEN), reprasg 5% of thyroid malignancies, that

results from the malignant transformation of negrabt derived, calcitonin-secreting, parafollicula
2
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thyroid C-cells (Romanet al. 2006). Activating mutations of RET (REarrangedrimiy
Transfection) proto-oncogene are the cause of 98BPemeditary MTC and of 56% of the sporadic
tumors (Ciampet al. 2019), with a striking genotype/phenotype cotieta MTC displays a highly
variable biological behavior, with mean survivaleraf 65% after 5 years (Elisei al. 2012). The
treatment of choice is complete surgical resectiomosine kinase inhibitors (TKI) showed only
moderate effects and their use is restricted teemtst with significant tumor burden and well-
established tumor progression (Wedlsl. 2012, Eliseet al. 2013).

Somatostatin (SS) analogs (SSAs) are used in drapi of other NENs, and the expression
of SS receptors (SSTs) subtype 1, 2, 3 and 5 (Mdadb 1998, Kendleet al. 2017) in MTCs has
suggested the possibility to treat these tumordh vVBSAs. However, first-generation SSAs
octreotide and lanreotide, specific for SST2, destrated poor antiproliferative effects in MTC
patients. In particular, Modigliani and coworkeosifd that in 4/14 thyroidectomized MTC patients
with persistently elevated plasma calcitonin leyelsreotide treatment reduced calcitonin, but did
not induced morphological improvement (Modigliaati al. 1992). Another study in 7 patients
showed a remission in 2 patients after octreotrdatinent (Frank-Rauet al. 1995). Disease
stabilization, minor tumor regression and calcitomeduction were induced by lanreotide in
combination with interferon-alphf2n 3/7, 2/7 and 6/7 patients, respectively (Vitelel. 2000).
Octreotide effects in inducing subjective and hiital partial remission (Vainag al. 2004) and in
reducing calcitonin (Mahlest al. 1990, Canet al. 2017) have been reported.

A recent study demonstrated that pasireotide, ansegeneration, multi-receptor targeted
SSA with preferential binding to SST5, exerted pnutiferative effects in persistent postoperative
MTC (Faggiancet al. 2018).

In vitro data have demonstrated that human MTC cells Ti€rdiftially responded to SSAs
selective for different SST subtypes, being respent the antiproliferative effects of SST2 and
SST1 but not SST5-specific analogs (Zatetllal. 2001, 2008). Moreover, a selective analog for

SST1, but not for SST2 and 5, was able to redutstaain secretion in TT cells (Zatelgt al.
3
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20023,b), and only a subset of primary cultured MTC celias responsive to SSAs antisecretory
activity (Zatelli et al. 2006). Notably, SSA antiproliferative and antistary effects were not
correlated (Zatellet al. 2002, 2006). However, no data are available on thectffef octreotide
and pasireotide in MTC cells.

Overall, these results underline the need for aebeknowledge of the molecular
mechanisms specifically activated by the differefihically available SSAs, acting through
different SSTs subtypes in MTC cells.

In addition to antimitotic effects, SSAs have shopmapoptotic effects (Ferrantt al.
2006) and more recently anti-invasive effects ituifary (Peverelliet al. 2018) and pancreatic
(Vitali et al. 2016) NENs, but no data are available in MTC.

In the present study the effects of octreotide @aslreotide on MTC cells proliferation, cell
cycle proteins expression, MAPK activation, apotosalcitonin secretion, migration and invasion
have been tested in TT cell line, the most widedgdicell model for MTC, harboring the RET

mutation C634W, as well as in primary MTC cultucedls.

2. Material and methods

2.1 Cdll cultures
Human TT cells were obtained from ATCC (CCL-82.fgsted and authenticated by genetic
profiling using polymorphic short tandem repeat RpTloci with PowerPlex Fusion system
(Promega, BMR Genomics Cell Profile service, ltalthat allows to amplify 23 loci STR
(D3S1358, D1S1656, D2S441, D10S1248, D13S317, PENt®16S539, D18S51, D2S1338,
CSF1PO, Penta D, THO1, VWA, D21S11, D7S820, D5S8BP&X, DYS391, D8S1179, D12S391,
D19S433, FGA, D22S1045) and Amelogenin, AMEL, fax sdetermination. Results were
compared to reference cell line databases (ATCBIDSCRB and RIKEN).

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

and antibiotics (Gibco, Invitrogen, Life Technolegilnc., Carlsbad, CA, USA).
4
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Human MTC tissue samples were obtained at the dinsergery, and immediately dissected
by the pathologist under sterile conditions. Fregacimens (n=5) were partly stored at -80°C for
nucleic acids and proteins extraction and partgsaltiated to obtain primary cell cultures as
previously described (Giarding al. 2019). Briefly, tissues were digested in Dulbescnbdified
Eagle's medium (DMEM) with 3.5 mg/mL collagenas&ggsa Aldrich, St. Louis, MO, USA) at
37°C for 90 min, passed on a 1(f filter (nylon cell strainer, BD Transduction Labtories,

Lexington, UK) and cultured in TT medium.

2.2 SSTsexpression level analysis

Analysis of SSTs protein expression levels wasgoeréd on frozen samples of MTC tissues (n=5)
and TT cells by western blotting. TT cells wereubated when indicated with RPI-1 (Cayman
Chemical Company, Michigan, USA) for 24h. Total tefos were extracted with lysis buffer (Cell
Signaling, Danvers, MA, USA), and 3@g were separated on sodium dodecyl sulfate
(SDS)/polyacrylamide gels and transferred to aooélulose filter. To detect the total levels of
receptor proteins, we used specific antibodiesrasjcdST1 (Abcam, Cambridge, UK) (1:1000),
SST2 (Santa Cruz Biotechnology, Dallas, TX, USARQD), SST3 (Abcam, Cambridge, UK)
(1:1000), SST5 (Abcam, Cambridge, UK) (1:1000). ddelary anti-mouse and anti-rabbit
horseradish peroxidase-linked antibodies (Cell 8ligg, Danvers, MA, USA) were used (1:2000).
GAPDH was used as housekeeping gene (antibody fAambion, Austin, TX, USA).
Chemiluminescence was detected using the ChemiDdmbkging System (UVP, Upland, CA,
USA) and the resulting bands were analyzed with ithage analysis program NIH ImageJ

software.

2.3 Genetic analysis
To perform RET genetic analysis, DNA was extrackesm MTC tissue samples with Gentra

Puregene Tissue Kit (QIAGEN, Hilden, Germany) armht peripheral blood lymphocytes with
5
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FlexiGene DNA Kit (QIAGEN, Hilden, Germany). RET é8Bank accession no. NG_007489.1)
exons 10, 11, 12, 13, 14, 15, and 16 were amplifiedPCR. Direct sequencing of the amplified
exons was then performed using the BigDye Termimedl Cycle Sequencing Kit and the 3130xI

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

2.4 Cdl proliferation assay

Cell proliferation was assessed by colorimetric sneament of 5-bromo-2-deoxyuridine (BrdU)
incorporation in newly synthesized DNA according e manufacturer’s instructions (GE
Healthcare, Life Science, Buckinghamshire, UK) (@Giiao et al. 2019). Cells were plated at 3X10
cells/well and treated with octreotide or pasir@eti(both from Novartis Pharma AG, Basel,
Switzerland) at different concentrations for 48fv@h.Cells were then incubated with BrdU for 2 h
(TT cells) or 24h (primary cultured MTC cells) at°®. All experiments were repeated at least 3

times and each determination was done in triplicate

2.5Western blot analysis

For cyclin D1 expression analysis, cells were sédde6-well plate at a cell density of 4x10
cells/well, starved 18 h at 37°C and incubated witkwithout octreotide and pasireotide for 3h, 8h,
18h or 24h in complete medium. ERK1/2 phosphomytatstatus was evaluated after starvation
followed by 10 min octreotide and pasireotide inatidn in complete medium. Total proteins were
extracted from cells, quantified by BCA assay, sefgal by SDS-polyacrylamide gels, and
transferred to a nitrocellulose filter. Cyclin Ditdbody (Cell Signaling, Danvers, MA, USA) was
used at 1:1000 dilution. To detect phosphorylatB&KE2, 1:1000 dilution of anti-phospho p42/44
antibody (Immunological Science, Italy) was uselde Ppresence of total ERK1/2 was analyzed by
stripping and reprobing with anti-total p42/44 aoty (1:1000 dilution, Immunological Science,
Italy). Secondary HRP-linked antibodies were uskedQ00 dilution, Cell Signaling, Danvers, MA,

USA). GAPDH was used as housekeeping gene (antithamg Ambion, Austin, TX, USA).
6
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Chemiluminescence was detected using the ChemiDdmbkging System (UVP, Upland, CA,
USA) and the resulting bands were analyzed withgedasoftware. Experiments were repeated 3

times.

2.6 Caspase-3/7 activity

To test cell apoptosis, caspase-3/7 enzymaticigctiwas measured using Apo-ONE Homogenous
Caspase-3/7 assay (Promega, Madison, WI, USA) @squisly reported (Peverelt al. 2018).
Cells were seeded at a cell density of 3xtélls/well in 96-well plate and incubated with
octreotide or pasireotide Foand 16 M for 48 h at 37°C. The amount of fluorescent preid
generated from a profluorescent caspase-3/7 conseubstrate is representative of the amount of
active caspase-3/7 present in the sample. Eachndetgion was done in quintuple. Experiments

were repeated 3 times.

2.7 Calcitonin assay
Calcitonin was measured in culture medium by a ifipechemiluminescence immunoassays
(Immulite 2000 Calcitonin, Siemens Healthcare Gmidtdangen, Germany), according to the

manufacturer’s instructions.

2.8 Transwell migration and invasion assays

Cell migration was tested by transwell assays &vipusly described (Giardinet al. 2019).
Briefly, 3x10 cells were suspended in 2Q0 of serum-free F12K medium and seeded into the
upper chamber of a nanoporous transwell insertMIWDRIX, Inocure, Czech Republic), whereas
complete medium was added in the lower chamber.3hstructure of INOMATRIX allows cell
cultures to develop into tissues closely resembfiative tissue. Cells were incubated at 37°C for

18 h, and migrated cells were stained with crystalet, extracted with 10% acetic acid, and
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measured using a plate reader at a wavelength @fns6 A negative control with serum-free
medium in lower chamber was used in each experiment

For cell invasion experiments, cell suspension 8xklls/insert) was seeded in the upper
chamber of a transwell insert porous polycarbomatmbrane (pore diameterur@) (Merck
Millipore, Darmstadt, Germany) coated with Matrigel3 mg/ml, diluted in DMEM) (Corning, BD
Transduction Laboratories, Lexington, U.K.), asvppasly described (Giardinet al. 2019). Cells

that invaded on the lower surface of the membragre \uantified as described above.

2.9 Statistical analysis

The results are expressed as the mean + SD. Adpaietailed Student's t test was used to assess
the significance between two series of data. SSFsitbmetric data were analyzed by the non-
parametric Mann-Whitney U test. In all analysesprabability value p<0.05 was accepted as

statistically significant. Data were analyzed bingsGraphPad Prism 5.0.

3. Resaults
3.1 Octreotide and pasireotide effects on cell proliferation in TT and primary cultured MTC
cells
We first assessed the ability of octreotide andirpasde to affect TT cell proliferation, by
measuring BrdU incorporation in newly synthesizeNAD After 24h starvation, TT cells were
incubated in medium containing 10% FBS with or with octreotide or pasireotide at increasing
concentrations (from 1¥ to 10° M). Our results (Fig. 1A) showed that both octigetand
pasireotide were able to reduce BrdU incorporatiomewly synthesized DNA after 48 h incubation
(-35.2+12.1%, p<0.001, and -25.3+24.8%, p<0.051@% M, respectively), without significant
differences between the two drugs. A sustained ateztu of cell proliferation was observed at

longer times of incubation (72h), although to a&rextent (data not shown).
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These effects were accompanied by a reduced exmmes$ cyclin D1, as revealed by
western blot analysis performed in TT cells stinedafor 3 h with octreotide or pasireotide (Fig.
1B). We observed a -40+24% reduction of cyclin BD{) in cells stimulated with octreotide 30
M (p<0.01) and -29+12% with pasireotide®® (p<0.01). This effect was maintained after 8h
incubation, whereas no change in CD1 level was uredsafter 18h and 24h incubation (data not
shown).

Accordingly, both octreotide and pasireotide reduE®RK phosphorylation (-35.4+25.2%,

p<0.01 vs basal, and -20.9+9.6%, p<0.001 vs basal}® M, respectively) (Fig. 1C).
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Figure 1. Octreotide and pasireotide treatment effects oh greliferation in TT cells. A) Proliferation
assay. TT cells were incubated with octreotide asineotide at the indicated concentrations for 4ariu
BrdU incorporation in newly synthesized DNA was swa&d. Experiments were repeated 3 times. Each
determination was done in triplicate. B) Cyclin @%say. Cell were incubated 3h with octreotide or
pasireotide 10 nM or UIM. The graph shows the quantification of cyclin Dikmalized to GAPDH (mean
value = S.D. from 3 independent experiments). Rapr@ative immunoblots are shown. C) ERK
phosphorylation assay. Cells were incubated witheotide or pasireotide 10 nM orpM for 10 min. The
graph shows the quantification of p-ERK1/2 normalize total ERK1/2 (mean value + S.D. from 3
independent experiments). Representative immurelaliet shown. * = p < 0.05, * = p < 0.01, ** =p <

0.001 vs corresponding basal.

The effects of octreotide or pasireotide on callifgration have also been tested in primary
MTC cultured cells. We used primary cells deriveahf 5 MTCs, 3 bearing wild type RET gene
(#1-3), and 2 bearing mutated RET (sample #4: somatitation M918T; #5: germinal mutation
C611F). Due to the limited and variable number elfscderived from each tumor, we couldn’t
perform the complete set of dose-response expetinfi@nall MTCs.

To test cell proliferation, we decided to first Biz@ CD1 expression, when possible
accompanied by the BrdU incorporation assay, anchese to test I0M as single dose, since

lower concentrations were not effective in preliarynexperiments.

11
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We found a reduction in cyclin D1 after 24 h inctiva with octreotide (-52.6%) or

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

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

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

significant inhibitory effect of pasireotide on Ridncorporation was found (-16.2+4%, p<0.05)

(Fig.2E). This discrepancy might be due to the @&igkensitivity of the proliferation assay.

Similarly, in mutated MTC#5, only pasireotide, matt octreotide, reduced CD1 levels (-36%) and

cell proliferation (-27.9+10%, p<0.05) (Fig. 2F,G).
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Figure 2. Octreotide and pasireotide treatment effects ohpreliferation in primary cultured MTC cells.
AB,D,F) CD1 assay. Cells were treated withyuld octreotide or pasireotide. The graphs show the
quantification of CD1 normalized to GAPDH. Repreaémé immunoblots are shown. C,E,G) Proliferation
assays. Cells were treated with octreotide or easidte 10 nM or 1uM at 37°C for 48 h, and BrdU
incorporation in newly synthesized DNA was measuEsth determination was done in triplicate. * < p

0.05 vs corresponding basal.

3.2 Octreotide and pasireotide induced apoptosisin TT and primary cultured MTC cells
We then tested the proapoptotic effects of octdeosind pasireotide. Cells were incubated

with octreotide or pasireotide for 48 h and casgiaad -7 activity was measured.

13
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In TT cells, both drugs were able to increase aptiptosis. Octreotide induced an increase
of caspase 3/7 activity of 136+10% (p<0.001 vs babka® M), and pasireotide of 149.2+20%
(p<0.001 vs basal, ToM) (Fig. 3A).

In primary cultured cells from wild type MTC#3 amdutated MTC#4 (RET M918T), no
effect was observed after octreotide or pasireatdebation, whereas in MTC#5 (RET C611F),
octreotide induced an increase of cell apoptosi®20+7% (p<0.001 vs basal, 1aM), and

pasireotide of 182+19% (p<0.05 vs basal® M) (Fig. 3B-D).
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Figure 3. Octreotide and pasireotide treatment induced gadiptosis in TT cells and in MTC primary
cultures. TT cells (A) and a primary cultured MTélls (B-D) were incubated with octreotide or pasiige
10 nM or 1uyM at 37°C for 48 h. Caspase-3/7 enzymatic actwiég measured. Graphs show the percentage

of caspase-3/7 enzymatic activity vs basal (me#dmeva S.D. from 3 independent experiments for Tilsce
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and mean £ S.D. of an independent experiment foCNdfimary cultures). Each determination was done in

quintuple. * = p < 0.05, * = p < 0.01, *** = p <.001 vs corresponding basal.

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

To test the effects of octreotide and pasireotiealcitonin secretion, cells were incubated
with the SSAs and cell media were collected focibahin assay.

No changes in calcitonin secretion were observddr ahcubation with octreotide or
pasireotide in TT cells after 3 h (Fig. 4A) or 24data not shown) nor in primary cultured MTC
cells from wild type (MTC#3) (Fig. 4B) and mutateemors (MTC#4 and #5) (data not shown),

after 24 h incubation.
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Figure 4. Octreotide and pasireotide treatment did not aifabtitonin secretion in TT and primary cultured
MTC cells. TT cells (A) and a primary cultured MTElls (B) were incubated with octreotide or padid
10 nM or 1uM at 37°C for 3 h (A) or 24 h (B). Calcitonin setioa in cell media was measured. Graphs
show the percentage of calcitonin secretion veesith basal (A) (mean value = S.D. from 3 independen
experiments in TT cells) and the concentration a€itonin in cell media of primary cultured MTC Il

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

3.4 Octreotide and pasireotide inhibited migration and invasion of MTC cells
To test the effects of SSAs on cell motility, werfpemed transwell assays. In TT cells,
FBS-induced chemotactic migration was strongly ceduafter 18 h of octreotide or pasireotide
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incubation (-50.9+11.3%, p<0.01 vs basal, and 4D7%6, p<0.05 vs basal, respectively, at M
(Fig. 5A). Moreover, octreotide or pasireotide ibation significantly inhibited TT cell invasion
through Matrigel (-61.3+£35.1%, p<0.05 vs basal, a#@l7+18%, p<0.01 vs basal, respectively, at
10® M) (Fig. 5B). Remarkably, octreotide reached 81shibition of cell invasion at 10 M
(p<0.001 vs basal).

This strong antimigratory effect of octreotide wamhfirmed in all primary cultured MTC
cells, both from RET wild type (MTC#3) or mutatdd {C#4, #5) tumors (Fig. 5C-E), reaching an
inhibition of 94.6%, at a concentration of 4™ in MTC#5. Pasireotide efficiently reduced cell

migration in MTC#4 and #5, but was ineffective imU#3.
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302 Figure 5. Octreotide and pasireotide treatment inhibited oafjration and invasion in TT and primary
303 cultured MTC cells. TT cells (A, B) and primary tukes (C-E ) were incubated with octreotide or
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experiments on 3 MTC primary cultures). * = p <8).6* = p < 0.01, ** = p < 0.001 vs corresponding

basal.

3.5 SSTsexpression in MTC tissues. correlation with RET mutations and SSA responsiveness

By western blot analysis, we tested the expressfoBST1,2,3 and 5 (Fig.6A-D). We found that
SST2, SST3 and SST5 were expressed in all sampédgzad. SST1 was highly expressed in TT
cells, but nearly undetectable in all MTC samplealyed. SST2 expression was higher in MTC
tissues than in TT cells, and highly variable amdiffgrent samples. An high variability between
MTC samples was also observed for SST3 expresSiHBn5 was expressed at comparable levels in
MTCs with respect to TT cells.

Despite the low sample size, we tried to correl@a®&Ts expression to RET mutational status.
Although mean expression of SST2, SST3 and SSThwasignificantly different in the group of
the MTCs with wild type RET vs the group with RETutations, we observed a tendency to
increased SST2 expression in mutated vs wild tyge&€M(mean SST2/GAPDH ratio, normalized
on TT cells, 14.7+8 vs 41.3+22, respectively) (6iG). To test whether oncogenic RET might
affect SST2s expression, we blocked the constélytiactive C634W RET endogenously expressed
by TT cells using the RET inhibitor RPI-1, as pasly described (Giardingt al., 2009). RPI-1 is
an indolinone-based selective inhibitor of RET kmaactivity (Lanziet al., 2000), that inhibited
RET tyrosine phosphorylation, expression, and diggan TT cells (Cuccurwet al., 2004). Our
results showed that RPI-1 incubation reduced SS{ftession (-32+10%, p<0.01 at 50 nM)
(Fig.6H), but not SST3 and SST5 (data not shown).

Regarding then vitro responsiveness to octreotide and pasireotidepwedfa tendency to a lower
SST2 expression in MTC unresponsive to pasiredid®, mean SST2/GAPDH 2.06+1.09) with
respect to responsive ones (n=3, mean SST2/GAPMA+3.82), although we didn't find a
statistical significance probably due to the lowmer of samples (Fig.6l). In contrast, mean

expression level of SST5 was nearly identical betwdhe MTC responsive or not to pasireotide.
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333 Interestingly, the only MTC responsive to proapiotaffect of both octreotide and pasireotide

334 (MTC#5) showed the highest expression of both S&IRSST5, but not SST3 (Fig.6A-D).
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Figure 6. SSTs protein expression in MTC. A) SST1,2,3 andfassion levels were analyzed by western
blot in TT and 5 MTC samples. RET mutational stasusidicated. Representative immunoblots are shown
B-G) The graphs show SST2 (B), SST3 (C) or SST5effpyression levels normalized to GAPDH, and mean
SST2/GAPH (E), SST3/GAPDH (F) or SST5/GAPDH (G)disvin RET wild type (n=3) vs mutated MTCs
(n=2). H)TT cells were treated with increasing concentratiohRPI-1, a selective inhibitor of RET kinase
activity, for 24h. The graph shows the quantificatof SST2 normalized to GAPDH vs untreated c&lla

are plotted as mean + SD of 3 independent expetsn&np < 0.05, **, p < 0.01 vs untreated cellsThe
graph shows SST2 expression normalized to GAPDHafx®.D.) in pasireotide responsive (n=3) vs

resistant MTCs (n=2).

4. Discussion
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The expression of SSTs in MTC represents the ralgofor the therapy with SSAs, but
contrasting data are present in literature on thépmiliferative effects of first-generation
(octreotide) and second-generation (pasireotid&)sSS MTC patients.

In the present work, we analyzed the antitumoraot$ of octreotide and pasireotide in TT
cells and in primary cultured cells obtained froomtan sporadic or hereditary MTCs.

Regarding the antimitotic effects of octreotide guasireotide in TT cells, we found that
both drugs were able to inhibit cell proliferatima similar extent.

This antimitotic effect is accompanied by a deoeeas ERK1/2 phosphorylation and a
reduction of cyclin D1 levels, as previously dentosted by Zatelliet al. with SS and SST2-
selective agonist BIM23120 (Zateéi al. 2005, 2006), although the molecular mechanismluab
has not been dissected. Zatelli and co-authorsdfdlat in TT cells, only SST2- and SST1- but not
SST5-selective agonists exerted an antiprolifeea@ffect (Zatelliet al. 2001, 2003). Since
pasireotide, compared with octreotide, displaysDa 8- and 30-fold higher binding affinity for
SST5, SST3 and SST1, respectively, and 2.5-folcetaatfinity for SST2 (Brungt al. 2002), we
can hypothesize that the resulting inhibitory eleon cell proliferation, MAPK activation and
cyclin D1 expression derive from the simultaneocisvation of different SST subtypes, which are
all expressed in TT cells (Zatekt al. 2001) rather than from the higher SST5 activationthe
present work, we decided to use octreotide andguzgie being these two drugs already commonly
used in clinical practice.

Although MTC are very rare tumors, we were abldetst the effects of SSAs in a small
group of surgically removed human MTC. In primamitared MTC cells, we found variable
efficacy of SSAs in reducing cell proliferation, itvg pasireotide effective in 3/5 tumors, and
octreotide in 1/5 tumors. Interestingly, pasireetekerted an antiproliferative effect in both mediat
tumors, that were resistant to octreotide. Howepasijreotide was also effective in one wild type

tumor, with an effect similar to octreotide. It wgorth noting that the inhibitory effect on cell
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proliferation in primary cultured MTC was reacheadhggh concentrations of SSAs, whereas TT
cells were responsive starting from°1.

Despite the small sample size, we found a tendémey higher SST2 expression in MTC
responsive to pasireotide with respect to resisiaas, but further experiments are required toaest
possible correlation between SSAs efficacy ancepression of SST2 and SST5.

Beside SSTs expression, other molecular factorqimigluence MTC responsiveness to
SSAs. In the past years, several studies have tigatesd the molecular determinants possibly
involved in the resistance to SSAs. For example,gsaup has found that in pituitary NENs the
expression and activity of cytoskeleton actin bmgdprotein filamin A is crucial for an efficient
SST2 intracellular signal transduction (Pevewtlal. 2014, 2018). In MTC, it has been found that
the expression of the truncated isoform of SST5t5794D4) prevented SST2-agonist
antiproliferative effects (Molét al. 2015). Further studies in a high number of MTGs raquired
to identify post-receptor alterations inducing sémnce to SSAs.

The present study first demonstrated that in MT{s agctreotide and pasireotide exerted
proapoptotic effects. It is well known that SSTh&8naet al. 1996, Waret al. 2011) and SST2
(Ferranteet al. 2006) are the SST subtypes mainly involved in i@ftced cell death. The apoptotic
effect of pasireotide, that was comparable to thfabctreotide, might be mediated by SST3
activation, as suggested in ACTH-secreting pityitamors (Treppiedét al. 2019). However, SSTs
expression data revealed that the MTC with thedsgl®ST3 expression level was unresponsive to
proapoptotic effects of both octreotide and pasidep and that the only MTC responsive to
proapototic effect of both octreotide and pasid®mtshowed the highest expression of both SST2
and SST5, suggesting that the latter two mightieentain mediators of apoptosis in MTC cells.

Calcitonin secretion was not affected by octreote#her by pasireotide in TT cells and
primary cultured MTC cells, regardless their resgoeness to SSAs antiproliferative effects. These
data are in agreement with the previously obserdes$ociation between antimitotic and

antisecretive effects of SSAs in TT cells (Zatellal. 2001, 2008) and in primary cultured MTC
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cells (Zatelliet al. 2006). Accordingly, Faggianet al. found no concordance between serum
marker and radiological changes and concluded th&ther calcitonin nor CEA serum
concentrations can be reliable predictor of MTCpoesiveness to pasireotide (Faggiaeical.
2018).

Our data provide new evidence for a strong inhigieffect of SSAs on MTC chemotactic
cell migration and invasion. The ability of the S5dgonist BIM23120 to inhibit cell motility has
been previously demonstrated both in pituitary @PeNi et al. 2018) and pancreatic (Vitakt al.
2016) NENs, whereas no data are available aboueffieets of SSAs in MTC. In TT cells, we
found a stronger inhibition of cell migration amd/asion with octreotide than pasireotide, that may
be explained by the higher octreotide affinity 86T2 (Brunset al. 2002). Similarly, octreotide
was effective in inhibiting cell migration in all MC primary cultured cells tested, both RET
mutated and RET wild type.

Interestingly, in MTC#3, SSAs reduced cell migratiout not cell proliferation, suggesting
that the proliferative and migratory responses digsociated and involves distinct cellular
pathways, although further experiments will be regfito confirm this hypothesis.

Since the molecular mechanism by which SST2 inhibéll migration in pituitary tumors
involves cytoskeleton protein cofilin (Peveredtial. 2018), crucial in mediating RET-promoted
MTC cells migration (Giardinoet al. 2019), we can hypothesize the involvement of this
cytoskeleton protein in modulating the intraceliulesponse to SSAs in MTC cells.

The analysis of the SSTs expression in MTC tisseegaled a tendency to increased
expression of SST2 in mutated vs wild type MTCsisTobservation is in agreement with the
results obtained in TT cells, showing that RET Ioifor RPI-1 induced a reduction of SST2
expression. These data suggest that oncogenic tmRE&R exerted a positive effect on SST2
expression. Further experiments are required tbites large cohort of patients an association

between RET mutations and SST2 expression, asaséfie molecular mechanism involved.
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Overall, our data demonstrated a similar efficatypareotide and pasireotide in reducing
cell growth, by both cytostatic and cytotoxic etfecand cell invasiveness in TT cell line. In
contrast, only a subset of primary cultured ceksivied from MTC patients were responsive to
antiproliferative effects of octreotide and pasii@® suggesting the need for new biomarkers
useful to stratify patients for therapeutic resgotts SSAs. RET mutated tumors seems to be more
responsive to pasireotide than to octreotide, afhdurther studies with a large number of tumors
are required to establish a correlation betweensS8sponsivity and RET mutational status.

In addition, we first reported antiinvasive projestof octreotide and pasireotide that may
suggest the use of these drugs at an early stagdjsezfse to prevent the subsequent development of

distant metastases.
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Highlights

« Octreotide and pasireotide reduced with similar efficacy TT cell growth

» Only asubset of primary MTC cells were responsive to octreotide and pasireotide
« Octreotide and pasireotide exerted cytostatic and cytotoxic effectsin MTC cells

«  Wefirst showed antiinvasive properties of octreotide and pasireotidein MTC cells

*  Oncogenic mutant RET induced an increase of SST2 expression.



