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ABBREVIATIONS

ACTH Adrenocorticotropic Hormone

CCL39 Chinese Hamster lung fibrobtzl line

CHO Chinese Hamster Ovary caceétine

CNS Central nervous system

DCM Dichloromethane

DMF Dimethylformamide

DOTA 1,4,7,10-tetraazacyclododeehde7,10-tetraacetic acid
DTPA Diethylentriaminepentaacetida

EGF Epidermal growth factor

GEP Gastroentropancreatic

GF Growth factor

GH Growth hormone

GPCR G-protein coupled receptor

HEK Human embryonic kidney (cElls

hSSTR Human somatostatin receptor

HYNIC 2-hydrazinonicotinic acid

IFN-y Interferony

IGF-1 Insuline-like growth factor

IL-1 Interleukine-1

MEN Multiple endocrine neoplasia

MRNA Messenger ribonucleic acid

MTC Medullary thyroid cancer

NET Neuroendocrine tumor

nNOS Neuronal Nitric Oxide Synthas

p.i. Post injection

PTP Phoshotyrosine phosphatases

RCCC Renal clear cell carcinoma

RT-PCR Reverse Trascrittase Polymethae reaction
PDGF Platelet-derived growth facto

PET Positron emission tomogsaph

PRRT Peptide receptor radionuciidapy
RP-HPLC Reverse phase-high performamgedicromatography
SPECT Single photon emission comptaterography
SRIF Somatotropin release-iningitfactor

SHP-1 SH2 domain-containing phospsed

SST Somatostatin

SSTR Somatostatin receptor

TSH Thyroid-stimulating hormone

TUNEL Terminal deoxynucleotidyl traasdise dUTP nick end labeling

VEGF Vascular endothelial growthtta



Introduction

INTRODUCTION

1. Somatostatin and its receptor family.

1.1 Somatostatin and it actions.

Somatostatin (somatotropin release-inhibiting fact®RIF or SST) was
identified in the hypothalamus as a tetradecapeptidth the goal of
inhibiting the release of growth hormone (GH)Subsequently it was
discovered that the human SST gene encodes a poequohormone, that is
enzimatically cleaved to yield the two bioactiveris of SST: the first is
composed by 14 aminoacids (SST-14), while the sedyn28 aminoacids
(SST-18). Both SST-14 and SST-28 are found in atmn, secreted not
only from hypothalamus but, from gastrointestinact, the central and
peripheral nervous system and to a lesser extdmy endocrine glands and
reproductive orgaris SST functions as a neurotransmitter in the centra
nervous system (CNS) and as a regulator of endoenmd gastrointestinal
functions. SST inhibits hormone release, in particular GISHT insulin
and gut hormones, affects gastrointestinal funcfiomhibits gut exocrine
secretion, regulates intestinal absorption, and redses mucosal
proliferation) and serves as neurotransmitter arromodulator. SST also
blocks the release of growth factors (IGF-1, EGBGEF) and cytokines (IL-
6, IFN-y)*>%



Introduction

These actions are mediated by a family of sevarstn@mbrane domain G-
protein coupled receptors composed by five differambtypes of SSTR.
These are termed Somatostatin receptors 1-5 (SSHHRIR5) and are
encoded on five different chromosoffieThese receptor subtypes all share
common signal pathways of signal transduction ivivigl adenylate cyclase,
C&*-K* channels and N&H* exchanger and protein dephosphoryldtiand
bring to inhibitory effects on cellular processegls as secretion and cell
proliferatior.

1.2 Somatostatin receptors and their expression in norad
tissues.

SSTR1-5 are five different receptors belonginghi® $ame family, encoded
by five different genes located on separate chromes. SSTR2 can be
found in two different isoforms: SSTR2a or SSTR@tained by two forms
of alternative splicing, that led to a long varid®STR2a) or a short one
(SSTR2b). The two isoforms differs only in the ldn@f the cytoplasmic
tail. The two variants are present in human too.

Thus, there are six putative SSTRs subtypes comdpdse 356-391
aminoacid residues. Each receptor is composed bgnse-helix trans-
membrane domains typical of G-protein coupled remsp The individual
subtypes display a remarkable degree of structoosmservation across
species. SSTR1 presents 94-98% sequence identiyed® human, rat and
mouse isoforms; SSTR2 presents 93-96% sequencttydeetween human
rat, mouse, porcine and bovine isoforms. SSTR4epites38% of sequence
identity between the rat and the human isoform3.R&5and SSTR5 are less
conserved and show an homology of 82%-83% betweemah and rodent

isoforms.
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The transmembrane domains have a great similarisequence, while the
carboxy- and amino-terminal sequences are diftdrem each othéf.
Somatostatin receptors were identify in differergsde using different
technologies such as receptor binding studies, €R-P and
immunohistochemistry and it was determined that FsSThre expressed
throughout the body including the CRSparticularly in brain and in
peripheral organs including Gl tratt® endocrine and exocrine
pancrea¥ ! kidney®, pituitary, thyroid, adrenals and immune
cells!®1718192021 SqTR2, s the most expressed SST receptor and
particularly, there is a very high expression imgraatic islet and in
peripheral nervous system, but also in adrenalsnune system and in
kidney. SSTR4 is expressed in foetal and adult dunghile a good
expression of SSTR3-5 was demonstrated in T-lymytiesc

1.3 Somatostatin receptor subtypes expression in human
cancers.

Several studies demonstrated that different tumexipsess or overexpress a
particular or several membrane receptor subtypdbancellular membrane
compared to the correspondent healthy orfarSSTRs were the first
receptor family to be identify in tumors. In padiar, it is now well
described and documented their expression in soalgmancie&* The
majority of human SSTR-positive tumors simultandépexpress multiple
SSTR subtypes, although there is a considerablatiom in SST subtype
expression between the different tumor types anongntumors of the same
type. The presence of SSTRs in cancers was deratetstby molecular
biology with mRNA level usingn situ hybridazatioA**>, RNase protection
assays methodologies and RT-PER or by immunohistochemistry

10
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adopting specific antibody against synthetic peptsequences of the
SSTR1-5". It is by the combination of these different teicjue that more
accurate results are obtained. SSTR2 is the mpsessed receptor subtype
in the majority of tumors.

There are some malignancies that express SSTRsndésecommon SSTRs
expressing tumors are: neuroendocrine tumors (KET)and
gastroenteropancreatic tumors (GEP) Characteristic of these cancer
types is the interface between the endocrine (hoathosystem and the
nervous system. NETs derive from diffused neuroende system and, this
is the consequence because, NETs can spreaddredifparts of the body.
NETs are a heterogeneous group of neoplasm, ofilggntom neural crest,
that can be classified in two different sub-groupise first and most
common, is composed by well-differentiated and $fegvowing tumors, the
second composed by rare pathologies, is made bgtypdidferentiated and
malignant tumors with an aggressive behaviour. NEMmMors includes:
pituitary tumord**® pheochromocytonfd meningiom&, glioma®, head
and neck tumourd paragangliomd§ medullary thyroid carcinomas
(MTCs)*®, small cell lung cancét

Endocrine tumors of the gastroenteropancreatic {GE#s (involving the
gastrointestinal system, stomach, and pancreasyaaee generally slow-
growing tumors that occur in the pancreas and thErgintestinal tract,
which includes the stomach, small and large ine&ti

They have a common embryologic origin, indicated Hye term
“protodifferentiated stem cell,” and it is now leled to derive from the
endoderm and capable of giving rise to a varietiyofors.

GEP tumors include carcinoid tumors and pancreattocrine tumors (also
called pancreatic islet cell tumors). GEP tumodudes: carcinoid tumors,
islet cells carcinomds of the pancreas such as gastrinomas, glucoganomas,

11
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GRFomas, vipomas, insulinomas, non functioningtiskels carcinomas,
midgut and gastrointestinal tumors.

Moreover, there are two hereditary pathologies taate as consequent the
establishment of different kinds of expressing SSTRET. These are:
Multiple Endocrine Neoplasia, type 1 (MEN-1) anduliple Endocrine
Neoplasia type lla-b (MEN-2a/b).

MEN-1 is a hereditary syndrome and is characterizgdhe presence of

&*4*tumors.

parathyroid glands, pancreatic islet cells, anditaity glan
These tumor insurance is associated with the Ibasgumor suppressor gene
on chromosome 11q1%"". Moreover, it seems that allelic loss might be
responsible for sporadic parathyroid and pituitamyors as well as stomach,
pancreas, and intestif{é**°NETs.

The second is Multiple Endocrine Neoplasia typdMEN-2a) syndrome is
characterized by the occurrence of the following maus:
pheochromocytomas, medullary thyroid carcinomas QY1&nd parathyroid
hyperplasia.

Multiple endocrine neoplasia type Ilb (MEN-2b), leggmata of cutaneous
and mucosal neuromas and is not associated witithyaoid hyperplasia.
MEN-2a, MEN-2b and familial MTCs are associated hwitRET
protooncoger >’ mutations, a conventional dominant oncogene located
10g11.2 chromosome. Although mutations in this aegihave been
associated with sporadic MTC, the role of this gensporadic GEP tumors
is not known.

Finally, the presence of SSTRs have been demoadthaithin vitro andin
vivo in some other not endocrines malignancies suadasocarcinomas of
the breast, kidney**® prostat&*, de-differentiated papillary and follicular
thyroid cancet’, ovary, lymphomas.

12
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De-differetiated thyroid cancer includes papillényroid cancer (PTC). This
pathology is usually curable by the combinationsafgery, radioiodine
ablation, and thyroid-stimulating hormone suppnessitherapy, but
recurrence occurs in 20-40% of patiéhtsDuring tumor progression,
cellular dedifferentiation occurs in up to 5% ofsea and it is usually
accompanied by more aggressive growth, metastatiead, and loss of
iodide uptake ability, making the tumor resistantite traditional therapeutic
modalities and radioiodine. Along with the lossradlioiodine concentrating
ability, de-differentiated thyroid cells developnse features typical of other
tumors such as NETs. Beside the occurrence ofiti@mdrom follicular
epithelial thyroid cancer to medullary thyroid cancthe expression of
SSTRs on thyroid cells has recently been documemteshonstrating that
these tumors highly express SSTR-1, SSTR-3, SSTR-5

In conclusion, from the current scientific litereguit can be asserted that:

* SSTR2 is the most frequently expressed SSTR sulatypemajority
of cancers;

* There is a high heterogeneity in the expressiomaividual SSTR
within and between different tumors;

* SSTR1-2-3-5 are often found in GEP tumors, MTCs iargphitelial
ovarian cancers;

» SSTR3 is overexpressed in thymomas and inactiveitgmy
adenomas;

* Human cervical and endometrial cancers has a grgatession of
SSTR1-2-3;

e SSTR2-3-5 were found in human lung cancers;

» GH-secreting pituitary adenomas express SSTR2-5;

13
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* non-iodophil follicular epithelial thyroid cancexmesses SSTR-1,
SSTR-3, SSTR-5.

The predominant expression of SSTR2 in so diffekemds of tumor threw
the basis of the successful clinical applicatiorradiolabelled or not SST

analogs (octapeptide) [see section 2.3].

1.4 Incidence and mortality.

NET has a low incidence on population (about 5esasn 100,000
inhabitants that is 0.5% of the total of malignasgibut, in the last 30 years,
incidence is growing up of about five times, wtslavival is the same.

Both men and women can be affected by NETSs, butigimer frequency is
recorded in middle age (40-45 years old) and o7 years old) mafé
Children are attacked too.

In Italy, every year 1,200 new NET diagnosis argistered. Diagnosis is
often difficult, because typical symptoms are lavd aometimes difficult to
understand. These include: diffuse rash, abdonursahps accompanied by
diarrhoea.

GEP tumors are the most frequent type of SSTRsessprg tumors,
corresponding to the 70% of the totality, whiletchopulmonary carcinoids
represent more than 25%. Regarding entero-pancrehsirict, enteron
carcinoids represent 29% of the patients, whilgawnd gastric carcinoids
are less common. Finally, appendicular and paticrearcinoid§’ are quite

rare.

14
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1.5 Neuroendocrine tumors aetiology.

NETs aetiology still remains unknown. Carcinoidgidence is mainly
considered sporadic.

Hereditary proneness is observed in MEN-1 syndrofdesimink?® reports
that less than 1% of Swedish has a carcinoid lyistotheir family.

However, it seems that some ethnic groups arelynpiedisposeded to be
affected by neuroendocrine tumors. This suggestisitbrmonal and ethnic

factors have an influx on the neuroendocrine tumagsowth.

1.6 Gastroenteropancreatic tumors aetiology.

Around 80% of GEP NETSs express somatostatin rece¢85TRs) on their
cellular membrane. Tumours expressing SSTRs oftertam one or more
receptor subtypes. In addition, recent studies ls&aosvn that such receptors
are preferably expressed in well-differentiatednfsy that some advanced

tumours can loose a particular receptor subtypéeviieieping othef3.
Stomach

Stomach NETSs correspond to 5% of all GEP tufffplsut a more accurate
data were obtained after endoscopy technique using.
The most diffused stomach NETs are carcinoids taat be divided into
three groups, where prognosis represents the niémemice between these
groups.
These are:

- type 1 where the pathology is associated with chronropdtic

gastritis: it constitutes 70-80% of gastric caotits. Old women

15
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(60-80 years) are prevalently attacked. It is aigretumor. Only in
rare cases show metastasis;

- type 2,it is associated with MEN-1: men and women arechkéd
with the same incidence;

- type 3, it is a sporadic tumor: it has a predilection ricale. 70% of
the cases are associated with metastasis and rag stinerapeutic

approach is required. It has a poor prognosis.

Appendix.

Appendix is a frequent site for carcinoids insukenbut Modlif?
demonstrated a progressive decrease of appendidds in last years.
Appendicular carcinoids rapresent 60-70% of alleajicular tumors, but
only 0.3-0.5% of all the appendicectotily

Only in rare cases, appenicular NETs symptoms khosvis and a precise
diagnosis come out with histological examinatiofteraappendicectomy.
Appendicular tumor onset age is between the settordl/life decade.
Another incidence spike was observed between Aedrs.

Appendicular carcinoids incidence is 2.1 higherwomen compared to
merf”.

Mayo Clinic case-report reported that only 4% opepdicular carcinoids
has metastasis insurgence. This is the reason $®cauvive rate is about 5

years in 95% of patients.

Oesophaghagus.

Primitive oesophaghagus NET are extremely rares@0.0f all GEP tumors
and less than 1% of the neoplasia of this organ8)-70 year old men are

16
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the most attacked.

Oesophaghagus tumors are divided in typical caid&atypical carcinoids
and neuroendocrine carcinoids with small or bigs€elThe last one is very
rare. Atypical carcinoids and small cells oesoplaggis NET have poor

prognosis.
Enteron

Enteron NETs are more frequent. Black people, @agily male, are
predominantly predisposed in this tumor growth.

Duodenum and proximal jejunum carcinoids are assediwith Zollinger-
Ellison syndrome, a pathology that demonstratediah® years of survival
in 84% of the cases.

Other histotypes are: SST secreting tumors neufiatosis 1 associated or
not, poorly differentiated carcinoids and ganglyiaragangliomas.

Distalis and ileal jejunum carcinoids are assodiatith carcinoid
syndromé®.

At diagnosis, about 60% of patients shows distagtastasis. Five years is

the average of survival prognosis in 60% of pasien
Colon and rectus.

If colon NETs are extremely rare, rectus NETs repne about 20% of all
GEP tumor®. In western counties, colon NETs are diagnoseihguthe
seventh decade of life, while rectal carcinoidsmythe sixtf.

Poorly differentiated colon tumors are typical andle are mostly attacked,
while rectus tumors usually present differentictt@doral cells. It is rare that
colon and rectus syndromes could be associateartmoids.

17
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Pancreas.

Pancreas NETSs incidence is about 10/1.000.000 ptpualyear. Women are
mainly attacked, particularly during the third/fdudecade of life. Pancreas
NET are 2% of all the pancreas neopl¥sia

Pancreas NETs are divided into two groups: funeali@nd not-functional,
depending on whether a clinical syndrome resultiogh the autonomously
released hormone is present (gastrinoma, insulinglaacagoma, VIPoma,
somatostinoma, GRFHoma, ACTHoma). Not-functionahadus frequently
release hormones and peptides (chromogranin A,reaic polypeptide,
neurotensin, enolase) that do not cause distimaical syndromes. 90% of
not-functional pancreatic NETs are malignant.

Not-functional pancreas NET corresponds to 15% llopancreas tumors.
Clinical showing is due to the tumoral mass eftatinearer organs. Cellular
proliferation is usually slow but, at diagnosis, mdhan 50% of patients
presents liver and lymph nodes metastatic diffusion

Insulinomas are the most frequent functional paasceETs (about 70% of
all pancreas NETSs). 40-60 years old female showshigh insulinoma
incidence. Diagnosis occurs early, because patishtsv an incorrect
glucidic metabolism. 10% of insulinomas are incldide MEN-1 panel.

20% of pancreas NETs are gastrinomas (incidenc@® 4&ke/1,000,000
persons/year). Maximal incidence are registereéthduhe fourth decade of
life. Symptoms are poor. 25-50% of the patientsfiscted by MEN-1.
VIPomas corresponds to 2-8% of pancreatic NETs, @%atients are
women.

Glucoganomas represent 5% of all pancreatic NE@s8&t of all functional
tumors. Even in this last case females are mosithgled, incidence spike is

obseved at 40 years.
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Pancreatic cancers demonstrated an heterogenequesg®wn profile of
SSTR subtyp®. Somatostatin receptors have been extensively etapp
different pancreatic tumours by means of autoradiolgy, reverse-
transcription polymerase chain reaction, in situbridization and
immunohistochemistry; SSTR-1, -2, -3 and -5 areallguexpressed in
pancreatic NETs. Pancreatic insulinomas had heteemus SSTRs
expression while 100% of somatostatinomas expreS&IR 5 and 100%

gastrinomas and glucagonomas expressed S&TR 2

1.7 Medullary thyroid carcinoma.

Medullary thyroid carcinoma (MTC) arises from thigts parafollicular C
cells. MTCs correspond to 5% of all thyroid cancdtsmay occur as
sporadic, as a component of the MEN-2b syndromasdamiliar medullary
thyroid cancer syndrome. These hereditary syndrores autosomal
dominant disorder and are caused by mutation afethygroto-oncogene.
MTC patients typically present thyroid nodule, ¢ea¥ adenopathy, distant
disease, high level of circulating calcitonin amhsequent flushing, pruritus
and diarrhea. Other elements and typical featuredMBN-2a/-2b are

observed.

MTC demonstrated a coexpressaimrmore than one SSTR. The presence of
different SSTR subtypes mRNA were observed by RRP@ith the
exception of SSTR4 mRNA

1.8 Follicular and Papillary Thyroid Cancer.

Thyroid cancer incidence increased 2.6-fold froni3 8 2006. This change

can be attributed primarily to an increase in papjiland follicular thyroid
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carcinoma, which increased 3.2-fold (P<0.0681Follicular and papillary
thyroid cancers are generally characterised by liexdteclinical outcome
after conventional treatment (thyroidectomy dnfl treatment). But during
tumor progression, cellular dedifferentiation oscur up to 5% of cases and
is usually accompanied by more aggressive growttastatic spread, and
loss of iodide uptake ability, making the tumorisent to the traditional
therapeutic modalities and radioiodine. Conventioclaemotherapy and
radiotherapy have a modest, if any, effect on adedndedifferentiated
thyroid cancer, which is responsible for a largenbar of deaths attributed
to thyroid cancer. Various recent studies have ritestt the visualization of
metastases from follicular cell-derived thyroid @aomas by means of
somatostatin receptor scintigraphy although, intrast to medullary thyroid
carcinoma, these tumors are not of neuroendocrigenoThese findings are
in agreement with thie vitro demonstration of specific somatostatin binding
receptors in thyroid carcinoma cells. In the mayoof these tumors, the
expression of SSTR-1 seems to predominate, butgh positivity was
observed in SSTR-3, and SSTR-5 expressioff.too

1.9 Lung.

Lung cancer is the most common cause of cancehdesh in men and
women throughout the word. The two main lung cangpe are: small cell
lung cancer and non-small cell lung cancer and raisig occurs by
microscopy. The American Cancer Society estimiuas219,440 new cases
of lung cancer were diagnosed in the U.S. and B89deaths due to lung
cancer occur in 2009. In U.S., incidence on poparat one out of every 14
men (almost 70% of people diagnosed with lung caace over 65 years of
age, while less than 3% of lung cancers occur owplgeunder 45 years of

age). The management of pulmonary neuroendocrin@uts is poorly
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standardised and data about somatostatin rece(8&¥ER) expression or
therapeutic guidelines for somatostatin analogumimdtration are still
debated. From a study it was demonstrated that 3&TWas strikingly
overexpressed in metastatic typical carcinoids @spared with atypical

carcinoids and clinically benign typical carcindits

1.10 Breast.

Breast cancer is the most common cancer diseasagamomert®. Each
year 210,000 new cases are diagnosed in U.S., @hwb0,000 are ductal
carcinomain situ and 41,000 dies. Incidence continues to increbmselys
but mortality started to decrease from 1990s, thattk mammographic
screening, improvement of surgical techniques, atamwh therapy and
systemic adjuvant therapy, but about 1,000,000 nases are diagnosed
worldwide each year and death incidence dramajicellanges in each
nation. 5% of breast cancer are hereditary, howeter majority of breast
cancer§’ are sporadic and are critically influenced by homai exposure to
ovarian steroidS. Normal breast development, breast carcinogerssigell
as growth and progression of breast cancer depemdseveral hormones
produced by the ovary (estrogens, progesteronyjtamy (GH, prolactin),
and endocrine pancreas (insulin), as well as grofatitors (epidermal
growth factor, transforming growth factor, insulike growth factor)
synthesized locally by normal or cancerous epidhedells and by stromal
cells. SSTR1-5 expression were determined in pgrdactal breast tumors
through semi-quantitative RT-PCR and immunocytodeagn All five

SSTR subtypes are variably expressed at the mRM& le breast tumors
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are localized to both tumor cells and the surronggieritumoral regions as

detected by immunocytochemistfy

1.11 Kidney.

Renal cell carcinoma (RCC) corresponds of about @Poall cancer
worldwide, and thanks to the increasing use of im@agechniques diagnosis
occurs easily and it incidence is increasing tifl-8.5%°. RCC has a major
lethality if compared to the other urinary tractmirs. Metastatic disease
occurs in 30-40% of RCC patients, and metastatic disease occumsagsy
after partial or total nephrectofify while not treated metastatic RCC
patients have a 5 years survival of 0-f&%t was demonstrated by
immunohistochemistry that not pathological kidnepress SSTRs, SSTR-1
and 2a in glomus, while SSTR1-2-2a-2b-4-5 in tulfule

1.12Lymphoma.

Lymphoma is a cancer in the lymphatic cells of thenune system and
presents as a solid tumor of lymphoid cells. Thesgdignant cells often
originate in lymph nodes, presenting as an enlaege¢nof the node.
Lymphomas are closely related to lymphoid leukemidsch also originate
in lymphocytes but typically involve only circulag blood and the bone
marrow (where blood cells are generated in a ppomed haematopoesis)
and do not usually form static tumors. There arayrtgpes of lymphomas,
and in turn, lymphomas are a part of the broad groli diseases called
hematological neoplasms. Lymphomas represent 538 cancers in the
United States and 55.6% of all blood cancers. Rysigndepends to the
lymphoma type and stage. In particular, SSTRs aqgessed in non-

Hodgkin's lymphom%¥, lymphomas of the mucosa-associated lymphoid
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tissue (MALT)-type arise in the stomach, but exaistge locations are also

frequently encounter&d

2 Somatostatin and it actions.
2.1 Somatostatin and it activation.

SST is encoded by a single gene and it mature ferwbtained by two
subsequent proteolitic cleavages that bring frone tbrimitive pre-
prosomatostatin to the prosomatostatin that is yewbdified in the two
final and mature products: 14 amino acids SST ($&Tand 28 amino acids
SST (SST-28) (Figure 1). Pharmacological studies reveals ti%#-$4 and
SST-28 binds to SSTR1-5 receptors with high affinut SST-28 has a 10
times higher affinity for SSTR-5 respect to SST-14.

SST functions were discovered in 1973 by Guillemimd Gericf*. It was
isolated in the hypothalamus and researchers ligitigpothesized that the
only own function was to inhibit growth hormoneaas$e by pituitary gland.
Subsequently, SST was discovered in most brairomegand in peripheral
organs, but SST is typically contained in neuronsdocrine-like cells,
such as central and peripheral nervous system#heirendocrine pancreas
and the gut, and in small number in the thyroidendls, submandibular
glands, kidney, prostate and placenta, where itiexs different functioris

2.2 Somatostatin functions.

SST action is executed when it binds to it spec#iceptor. There are five
SSTRs subtypes, composed by seven transmembrarandoand coupled
by G-protein (Figure 2).
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Figure 1. SST-28 and SST-14. The two forms have the samiroacidic
sequence, with the length is the only exceptiom® yellow dots represent
the pharmacophore.

When the SST-SSTR binding occurs, the second mgssegystems is
activated. This system includes: inhibition of Agligth Cyclase, inhibition of
calcium channels and activation of phospholipas@dt.these processes
bring to the inhibition of the hormone secretiorrgover, phosphotyrosine
phosphatases (PTPs) are activated by SST. PTPactiaate two different
pathways: the first shows as consequence cytostfiicts by the inhibition
of the Mitogen Activated Protein Kinase, the secteus to the apoptosis
activation, having as last event cell d&&ft{Figure 3).

Because SST is involved in the inhibition of horra@ecretion and brings to
cytostatic or cytotoxic effects and because SSTRsoaer-expressed in
different types of tumors, SST and it activatechpatys are the most studied

processes for cancer treatment and diagnosis.

2.3 Somatostatin and its analogues.

2.3.1 Agonists.

When a SST-analogue with an agonist behaviour hioadsspecific SSTR
subtype, G-protein are activated by phosphorilatloough protein kinases
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A/C and G-protein coupled receptors (GPCR) kinas®s the mechanism

that derives is the internalisation of the SSTRragt complex.

MN-terminal =—

Plasmal el & oA i v
membrades o = et bt =

b by Bty b b

Intracellular

Figure 2: G-protein coupled receptdr

Internalisation occurs with the formation of clathcoated pits (involving-
arrestins). The internalised complex is then chhtmeendosomes, where
dephosphorilation occurs. Finally, the receptoesracycled and go back to
the membrane as functional receptd(Eigure 4). GPCR down-regulation
results from lysozomal degradation of intracellulaceptors, this led to a
decrease of MRNA and protein synthesis.

Due to its actions, SST started to be studied mtiquéar for the therapy of
SSTR-expressing tumors. Native SST has a very gfaiftlife in human
serum (about 3 minutes), because it is rapidlyckétd and degraded by
endogen reducing agent as glutathione oxidaseretfoain reductase or
basic and nucleophilic agents, thus preventingieation to the clinic. In
order to get over this difficulty, SST-analogs wdtiferent affinity to each
SSTR subtypes and with different behaviour werdrsgized.
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Figure 3: SST mechanism of actiois

The first and well known SST-analogue is Octreqtalso named SMS 201-
995 or Sandostatine®. It is a cyclic octapeptidat tmaintain the SST
pharmacophore together with a protection againgradiation, that are
represented by the presence of a D-Phe residuetetniihus together with
an alcoholic residue (Thr-ol) at C-terminus. Metabstability was given by
the presence of a disulphide bridge betweerf-Cys’ (Figure 5). Octreotide
has an half life of 117 minutes in human serumgteat affinity for SSTR-2
and a moderate affinity for SSTR-3/5 (Table 1).

Later, new peptides with different affinity proffleand different behaviour
were synthesised, but Octreotide is still considéhe milestone in the SST-
analogues history. For example, other analoguets d@fea now in clinical
trials are Lanreotide and Vapreotide but, evenhiasé cases the main
limiting factor remains the affinity to each SSTl&bg/pes. Because SST has
a large spectra of action and in particular foantisecretory action, the
potential of SST analogues in cancer treatmenery high, especially for
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those tumors such as pituitary tumors, gastroim@stract, acromegaly,

prevention and treatment of pancreatic surgery t¢ioatpns.

RECYCLING

(resensitization)

via clathrin-

S u', coated pits?
(l DOWN-
-/ E‘EGULAHON Endosome
V r d - —— (receptnr deplumphnrylalion)
Degradation
synthesis ¥
Lysosome mRNA levels ¥
(stability)

Figure 4: Rapresentation of intracellular routing of GPC&iger agonist
activation (L= ligand, PP= phosphate grdiip)

Even if these drugs are very promising, an impanaablem to underline is
the typical behaviour of SSTRs. In fact, this reoep have the particularity
to create homo- and heterodimers with the receptdrother system
(dopamininergic and opioid receptors), becoming fficult to predict the

therapeutic potential of SST-analogues.

Compound hsstrl hsstr2 hsstr3 thés hsstrb

SS-14 1.1 1.3 1.6 0.53 0.9
SS-28 2.2 4.1 6.1 1.1 0.07
Octreotide > 1000 2.1 4.4> 1000 5.6
Lanreotide > 1000 1.8 43 66 0.62
Vapreotide > 1000 54 31 45 0.7

Table 1 Binding affinities (Ki, nM) to hSSTR of clinicall used SST-

analogue®.
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Figure 5: Octreotide. Pharmacophore corresponds to thamedoacids.

2.4 Somatostatin analogues and cancer.

Due to it antisecretory activity, the therapeutatgmtial of SST in cancer
treatment is multiple.

Different neoplasms express a particular SSTR egxgyess more than one
SSTR subtypes. This was abundantly studied duhegldst twenty years.
For example, pituitary adenomas express SSTR-2-3nckceptors that are
important in inhibiting the excessive GH secretioracromegaly. Since GH
stimulates production of IGF-I, that has been icgied in promoting
cancef’, SST-analogues may retard additional cancers hbgredsing
systemic GH/IGF levefé,

Another important mechanism of anti-neoplastic actiof these drugs
appears to be the inhibition of neoangiogenesis.

Angiogenesis is a fundamental process in the cowtetumourgrowth, and
one of the main factors involved in the appearariceew tumour vessels is
vascular endothelial growth factq/EGF). SST-analogues inhibit the
production andsecretion of many angiogenic facftrs It has been
demonstrated thaictreotide induced inhibition of angiogenesis byacess

that is G-proteincalcium- and cAMP dependent and is protein protein-
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kinase C (PKC) andPTP independefft SSTRs expressiomas been
demonstrated in peritumoral vessels in differentdurtypes, and it appears
to be unrelated to the receptor expressinthe tumour celfd. SSTR2 is
expressed when the endothelial cells begin growirg fact, SSTR2 gene is
expressedn proliferating angiogenic vesselfese data were confirmed by
immunohistochemistry anich vivo scintigraphy. This is the reason, because
SSTR2 may be a specific target for anti-angiogéimezapy with SSTR2-
binding SST conjugated to radioisotopes (sectidbhd.cytotoxic agents.
Preclinical studies on the potentiality of SST agales in inhibiting
angiogenesis were performed in different experiedembdels, including the
chicken chorioallantoic membrane model, the humanbilical vein
endothelial cell proliferation model and the humaacental vein
angiogenesis model.

Recent studies have focused on SSTRs signallingitandffects on cell
growth, because it is recognized that SST has igctas endogenous
antiproliferative agent in many different experirtedrtumor models botim
vivo and in vitro®>. However, these effects, that are highly signiftcan
preclinical study, become much more questionablenwithe data are
translated to clinical trials, so that the reseaschtill moving further and a
significant progress is doing in understandingrtteechanism by witch SSTR
activation may lead to cytostatic or apoptotic effe In particular, it is now
accepted that, the main transduction system indoinghe antiproliferative
activity of SST is represented by the activation af subset of
phosphotyrosine phosphota¥e%

Therefore, the effects of SST on tumor cell gromtlay take place at
different level€® directly blocking the cell cycle progression thgh the
binding to SSTRs expressed on cell and the aatwatf PTPs, and
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indirectly through the modulation of tumor growthedmted by the

inhibition of the production of GF, or vien antiangiogenic effect.

Figure 6: Somatostatin receptors characterisfics

Frequently, the activation of SSTRs causes cytiostftects, with cell’'s
block in the G1 phase. The role of SST as an emageregulator of cell
cycle is a recognised activity and, using differemtvitro and in vivo
experimental models, all the five SSTR subtypesewelported to induce
arrest of cell proliferatiotf or induce apoptosistoo.

Different SSTRs (SSTR1, SSTR2, SSTa&¥ SSTR5) have been implicated
in vitro in the G1-GQell cycle blockade, while the apoptotic effectS8T
being mediatethrough SSTR3 and less througBTR2.

SSTR-3 was shown to increase wild type p53 thraauglephosphorylation-
dependent conformational change and to induce MBa, not p21, in
apoptosis caused by octreotide treatment of Chikizsaster Ovary cancer
(CHO) cell line stably transfected with human-SSTasl MCF-7 human
breast adenocarcinoma c&ljswhere transient G2/M blockadedapoptosis
were demonstratéd In these cells, octreotide had cytotoxic effectmliag

toapoptosis, with a rapid time-dependent inductiowitd-typep53.
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In human pancreatic adenocarcinomaydis demonstrate that, during the
tumoral progression, the cellese the ability to express SSTR2 but,
reintroducing this receptomto the pancreatic cancer cellsy stable
expression, leads a constitutive activation of tIl®TR2 gene and evokes a
negative feedback loop, inhibiting celtoliferation. Thismay suggest that
SSTR2 gene transfer mighe considered as possible novel therapy for

pancreatic cancéf (Figure 6; Table 2).

SSTR1 SSTR2 SSTR3 SSTR4 SSTRS
Chromosome 14913 17924 22913 20pl11 16pl13|3
Aminoacid sequencep 391 369 418 384 363
MAPK modulation + + + + +
Signalling via PTP 1 1 1 1 1
Effect on CAMP i ! ! ! !
Functions lAngiogenesis | |hormonal | tapoptosis Tcell Jhormonal

1cell cycle secretion cycle secretion
arrest 1cell cycle arrest 1cell cycle
arrest arrest

Table 2 Somatostatin receptors characteristics (chromastoualisation of

the genes encoding the five SSTR subtypes; amideatiucture; G-protein
coupling and activation; effect on CcAMP; signallingia tyrosine

phosphatases and receptor-specific functins)

Even if, the cytotoxic and cytostatic effects of TS@nalogues were
abundantly studiedh vitro, currently, no consistent results were proved in
patients to inhibit cell proliferation or metassam NETS. In fact, treatment
with SST-analogues has produced variable resultslimcal practice
especially when used as single agent. Poor reste seen with rapidly
progressive tumors, with high proliferation cappdespite the presence of
SSTRE’. Conversely, well-differentiated tumors such asl-guit carcinoids
respond well, with stabilization of tumor growthesvmany years.

What is well established is that SST can decreaseimor growth from

indirect effects, through suppression of synthasid secretion of GFs and
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some hormones (insulin, prolactin, IGF-1, EGF, Té&F-gastrin,
cholecystokinin and GH). An important example is\gtttuted by IGF-1,
that plays as modulator of many neoplasms, beca83eanalogues suppress
the GH-IGF-1 axis by both central and peripheratia@isms.

Experimental studies of combinations of octreotwdéh antimitotic drugs
resulted in slightly additive actiotf§**

Furthermore, somatostatin analogs have also bemhasscarriers to deliver
cytotoxic agents to cancer cells.

2.5 Radiolabeled Somatostatin-analogs.

The presence of SSTRs in different neoplasm caexp#ited, not only in
long term therapy with not-cytotoxic SST-analogst lalso in tumor
diagnosis and therapy with radioactive analoguég. Use radiolabeled SST
analogues derives from the necessity to obtainistamd inhibition of cell
proliferation or metastasis in NETS, exploiting atgixic effects due to
radiation.

Thus, basic knowledge of SSTR subtype profilesiffer@nt neoplasm, the
affinity profile, binding/internalization of SST alogues-carried
radionuclides features are critical for the evabratof the potential
usefulness of receptor-mediated radiotherapy. Tptake of radiolabeled
SST-analogues depends on the number of SSTR ocethenembrane, on
the internalization rate and on the of the recygrclime and mass of the
radiolabeled peptide.

In nuclear medicine, two are the techniques forgumisis using
radionuclidesy-scintigraphy and positron emission tomography (PHhe
main differences between the two technologies stingi in the different

emission spectra of the radionuclides exploitedfalet, it is necessary to
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adopt radiopharmaceuticals containing a radionaslithat emitg-radiation
with an energy between 100-250 KeV yrscintigraphy and the required
instrumentations are camera and SPECT camera. PET camera requires
pharmaceuticals radiolabeled with" emitting radionuclides (positron
emission) and a PET or PET-CT camera.

The first radiolabeled SST-analogue was?i{Tyr’]-octreotide, a
radiopharmaceutical witly-emissiont®’. The radiopeptide was used for
vivo localisation of tumors, but although the pharmagual profile was
optimal with a very high SSTR2 affinity (§¢= 2.0:t0.7 nM) and a very high
internalisation rate in tumoral cells, the radiophaceutical was turned out
be useful as a diagnostic tool. This was due tdigophilic feature of -
Tyrl-octreotide, that bring to an hepatobiliary extitne, with the
consequence that abdomen imaging results with énsigvity.

Subsequently, a first chelator was united to otidleo DTPA
(Diethylentriaminepentaacetic acid). This chelatiows the radiolabelling
with 111-Indium, giving a hydrophilic feature toetihadiopeptide and a renal
excretion."*in-DTPA-Octreotide gave a better biodistributiorofile, even

if affinity for SSTR2 was reduced (& 22t3.6 nM). Yin-DTPA-
Octreotide was the first commercialized radiopepfiol diagnostic imaging
in nuclear medicine (Octreoscan®'in-pentereotide, Millinckrodt Med., St.
Louis, MO, USA).

Subsequently, new strategies were developed armrds was moved to
find new solutions to allow the radiolabelling o§B-analogues with other
radionucides, both for-scintigraphy and PET.

Particularly, DTPA was substituted by HYNIC ( 2-lgdinonicotinic acid)
to be possible radiolabeling witi™Tc. This radiometal has a very low cost
production and a short half life (6 h). At mometitere are two different

successful **™Tc-radiolabeled SST-analogue: these radioconjugates
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demonstrated good results if compared to Octre@cahese aré*™Tc-N,-
Tyr®-Octreotide and®™™ c-HYNIC-Tyr*-Octreotide (HYNIC-TOC). Tyt
Octreotide is synthesised in a more recent timespaoed to octreotide and
presents the octreotide skeleton, but of the thmidnoacid is a Tyrosine
instead of a Phenilalanine (Phe is replaced byra Ty

SST-analogues were radiolabeled Wit too. In this case, inconveniences
are a rapid washout of the radiopeptide, an higterliuptake and a
consequent not clear imaging of the abdominal*&teAnother radiometal
with B* emission i*Cu, that is also used for SST-analogues radioliaigell
and from preclinical data, particularly biodistrilmn profile on animal
model seems favourabfé

The introduction of the macrocyclic chelator DOTA1,4,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acidje gadvances in this
technology. The obtained metal complex is kinelycal and
thermodynamically stable. This radiometal is enalgied and embedded
inside the macrocyclic cage which protects it frira attack of competing
ligands present in the human tissues and the bloiysf DOTA chelator
makes possible the radiolabelling with differerdicenetals, such as*in,
086y 177 y and®**"®%Ga. *®Ga-Tyr-octreotide {Ga-DOTATOC) is a very
successful radiopeptide for tumor imaging with PEdan, in fact the
radiopharmaceutical offers a very high quality imnggand a very high
tumor-to-background ratt6>1%*

Consequence of peptide receptor mediated scinhgrajas peptide receptor
mediated radionuclide therapy (PRRT). To have aessful PRRT, four

requirements are necessary. These are:

* The number of receptors on tumoral cells have thige in number.

» The radiopeptide needs to be internalised in tuhuedés.
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» The radionuclides have to emit radiations with ahHinear energy
transfer (LET), in order to destroy the tumor tessu
» The whole metal-chelator-peptide complex must hawgtable

pharmacokinetics.

There are three types of therapeutic radionuclidesnitters,-emitters and
Auger-electron emitters, each one with differemtge of energy deposition
and LET properties (Figure 7). Radionuclides witemission are the most
used in the current clinical practise for theramewpplications. The
advantage foB—emitters is that it is not required to targettal tumoral
cells for their killing (crossfire effect, low LET)There are different type of
B-emitters radionuclides and are classified consideitheir energy of
emission. So, there afgemitters radionuclides with a low range (mean
range <200pm, as'Lu), with a medium range (mean range between 200pm
and less than 1 mm, &Cu, ***m) and high range (mean range >1 mm, as
%Y). Moreover, for those cases whefreemissions are present too,
biodistribution profile is reproducible, for exarepi’’Lu has ay-emissions
(160-202 KeV), while Y-90 is a pufEe emitter.

a-emitters particles emits with an high LET overatplength of 3-4 cells
diameters.

Auger-electron emitters have an electron energwéent 10 KeV and
several eV. This type of radionuclides have a ot effect range (several
nanometers) and high toxicity, giving them ideal $mall cluster metastatic
cells therapy.

The first widely used radiolabelled SST-analogues PRRT was®Y-
DOTA-Tyr*-octreotide {°Y-DOTATOC)'**'%” Studies have demonstrated
that °°Y-DOTA-Tyr?-octreotide is successful for the therapy of matist
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NETSs, in particular in pancreatic tumors and canitls, but some evidences
are described for other NETs 3%

Another radiopharmaceutical used for PRRT is DOTASTThr®-octreotide
(DOTATATE), which differs from DOTA-Tyt-octreotide by a aminoacidic
modification in the aminoacid number 8 (the alcahwoholecule was take
off: Thr (ol) became Thr) (Figure 8). The peptigtains high affinity for
human SSTR2 as demonstrated BY-¥OTATATE binding studies (7-fold
higher compared to'Y-DOTATOC) (Table 3).

Despite this higher affinity for SSTR2, biodistrttmn profiles of *in-
DOTATOC and *in-DOTATATE are very similar. Further, preclinical
studies on nude mice bearing SSTR2-xenograft tudewnonstrated that
" u- has performed better compared®® in small or medium tumors.
This behaviour is related to Lutetium-177 maximussue range of 2 mm
compared to 11 mm of Yttrium-90. Additionally’’Lu emits y-radiation,

giving the possibility to obtain the biodistributiprofile after the PRRT.

Compound hSSTR1 hSSTR2 hSSTR &$%TR4 hSSTR5
SS-28 5.2+0.3 2.3t0.7.720.9 5.6+x0.4 4.0+0.3
InllI-DTPA-octreotide > 10,000 22+3.6 182+13-1,000 237452
YIII-DOTA-OC >10,000 20+2 27+8 >10,000 57+22
YII-DOTA-TOC >10,000 11+1.7 389+13%10,000 114+29

YIII-DOTA-TATE >10,000 1.6+0.4 >1,00623+239 187+50
YllI-DOTA-Lanreotide >10,000 2345 290+10510,000 16+3.4
YIlI-DOTA-Vapreotide >10,000 12+2 102+25/8+225 20+2.3

Table 3:Affinity profiles for human SSTR1-5 of a seriesSdmatostatin
analogues (values are expressed as4GEM, in nM):°°.

Summarizing, it is important to underline that wizechelator is added to the

peptide, some changing in affinities profile areaited. For example, it can

be present a loss of affinity for a particular sylet receptor, especially for
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SSTRS5, but also for SSTR3 and SSTR2. Not only, gimgnin affinity
profiles are obtained when a metal is present apdréicular metal instead
of another.

Although thein vivo metabolism, excretion pathway and retention tinfes o
molecule are important parameters for its evalmads a new tracer for
diagnosis or therapy, there is no doubt thainheétro characterization of the
receptor binding affinity of such a molecule is @al information,
particularly nowadays when several studies on theeptor expression

pattern on tumors are available.

Enidermis Dermis Subcutaneous tissue

t

Alpha particles

Beta particles |

i
LA

< i

Gamma rays

Figure 7: Penetration of Particulate and Electromagne#idi&ion.

Therefore, the conclusion from the informationsspreed here is that the
efficacy of the currently used radiolabeled somatos analogues derives
mainly from their moderate to high affinity for SBZ, the receptor with the

widest distribution among the SSTR family.
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Having complex structures, in which every componarituences the
biological efficacyin vivo, it is still a challenge to find the best metal-
chelator-SST analogue structure with not only $litapharmacological
properties, but also with optimal pharmacokinetind pharmacodynamics.

- N I 1
[T vr’]loctreotide D-Phe-Cys-Tyvr-D-Trp-L¥vs-Thr-Cys-Thr{ol)

. I |
[T vr’]octrectate D -Phe Cvs-Tvr-D-Trp-Lvs-Thr-Cwvs-Thr

DOTA HOOC COOHE
Ln 4!
L~ ]

(— |
HOOC COOH

Figure 8: Structures of the somatostatin analogues-®ytreotide and Ty
octreotate and of the chelator DOA

3 Strategies to improve pharmacological profile of
radiolabeled Somatostatin analogues.

3.1 Characteristics of Somatostatin analogues for Nucte
Medicine.

Summarizing, the factors limiting therapeutic edfig of SST analogues are
their selectivity for a particular SSTR, requiriagprecise determination of
receptor subtypes expression in tumor tissue bef@epy and their partial
answer in therapeutic protocols used in clinic lumbw, consisting in their
antisecretory activity. On the other hand, nati&T Svith great affinity for

all five SST receptors, are not practise in clihiteecause SST has a short
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plasma half-life (1-3 minutes in humans), givingcessary continues
infusion on treated patients.

Mainly for this reasons and for the unsuccessfdults in therapeutic
protocols in the last years oncologic research wiavoted to the
development and synthesis of new pharmaceuticalshwbnce radiolabeled
and injectedn vivo, can be used in for imaging and therapy of tumours
For this purpose, labelled molecules must possigs delectivity towards
tumour cells or tissues to reach efficient targgtutivity.

At moment, in nuclear medicine the current SST @gas used both for
diagnosis and therapy shows good affinity for SST&®%I a moderate
affinity for SSTR3-5 (Table 4).

SST-14 served as model for all the analogues ssiite over the years and
all the radiolabeled somatostatin based compounssd uin clinical
applications are derivates of octreotide. Octrentidve a critical position
between two aminoacids, that is maintained fromnidieve molecule and, if
it is replaced, it could give modification in thé@lwmgical properties of the
molecule. This sequence corresponds to thé-LYsThr® where aB-turn is
present. The main modifications present in the S8alogues in clinical
practise are: a changing in position 3 (Phe >Tgr)apreotide, lanreotide
and TOC and a substitution of the sixth aminoagiar$Val) for lanreotide
and vapreotide.

Other modifications could are present at C-termimus at N-terminus of the
peptide and of course each of these modificatiodside changing in the
affinity profiles (Table 4).

Even if some important results are obtained by PRIV SST analogues
with high affinity for a particular SSTR subtype @STR3 and SSTR5 or a
pan-SST analogue (analogues that possess higlityaffon all the subtype
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receptors) are required, so that PRRT with maximatapeutic effects can

be performed on patients.

Compound hSSTR1 hSSTR2 HE83 hSSTR4 hSSTR5
SST-28 52+0.3 #B  7.7t0.9 5.6+0.4 4.0+0.3
In"-DTPA-OC > 10,000 22+3.6 82%13 >1,000 237452
Y"-DOTA-OC >10,000 20+2 2748 >10,000 57+22
Y"-DOTA-TOC >10,000 11+1.7 3835 >10,000 114+29
Y"-DOTA-TATE >10,000 1.6+0.4 800 523+239 187450
Y"-DOTA-Lanreotide >10,000 23+5 29051 >10,000 16+3.4
Y".DOTA-Vapreotide >10,000 12+2  1Q@8+ 7784225 20+2.3

Table 4: Affinity profiles for human SSTR1-5 of a series sgmatostatin
analogues (values are expressed gs4GEM, in nM)}%,

3.2 Modification of pharmacokinetics/pharmacodynantcs of
radiolabeled Somatostatin analogues.

Affinity is a crucial parameter for a new peptidevdlopment, in fact this
parameter corresponds to the tendency of a drugnib to a binding site
including specific receptor. Affinity can be evaled at equilibrium by the
affinity or association constant (sometimes givengymbol K), which is the
reciprocal of the dissociation constantpjKor it can be measured in pD
units, that corresponds to the negative logaritlirthe concentration of the
agonist that produce half of the maximal response.

So, the molar concentration of a drug inducing Sfi%he maximal response
is considered the affinity between a drug to itgemoreceptor (I6) and it is
expressed as the negative logarithm of the coretgorof the agonist that
produce half of the maximal response.

Affinity studies are the first step of a very lostudy, if a new drug is the

target of the research.
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If affinity profile is favourable, the next step lWbe performed. In nuclear
medicine, it is usual that the new peptide is lthke a chelator molecule that
allows the radiolabeling with different radiometsd, it is important to
perform affinity assay even after the chelatoriligk because this molecule
can induce some modifications in binding assagsits. After this passage,
radiolabeling and stability tests are to be perfdmAnother important step
consisting in the measurement of human serum g{abidin vitro assays
on an adapt cell line. This last step is importanestablish an eventually
biological effect of the new radiopeptide. Afterstiphase, experiments will
be performed on animal models. Objective of thiagghis to establish the
biodistribution profile of the radiopharmaceutidélthe radiopharmaceutical
goes to it target, the washout, if there are agosdary effects (kidney
burning, for example).

After all these evaluations, a clinical phase otigpé could be started. Of
course, it could be that a very promising radioptareutical from
preclinical data gives unlucky results on men, ¢tiféen vivo studies on
animals can not predict the drug behaviour in husndmis is the case of
123[3-iodo-Tyr’]-octreotide where, despite the very spectacutat fesults,
the radiopharmaceutical was abandoned, becaudeedfigh hepatobiliary
excretion, with the consequence that abdomen imgagasults with low
sensitivity.

There are a lot of different SST analogues, ea&hvdth a different affinity
and different behaviour and, for researchers, thpgse still remains to
design new pharmaceuticals with a more electivemca better affinity for
a particular SSTR subtype and a prolonged actiplacang the others in the

current trade.
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3.3 Modulation in hydrophilicity/lipophilicity.

Clearance refers to the volume of blood or plaskeared of a drug in a unit
time. It is defined as the product of the volumedistribution rate constant
and only unbound proteins are available for clesgaR®hysiologic excretion
pathway of the drugs are mainly through liver adriay, it depend by the
characteristic of the pharmaceutical.

For radiopharmaceuticals, the excretion pathwayf irucial importance for
both the diagnostic performances (high tumor/bamkgd ratios, thus signal
intensity in diagnostic by PET or SPECT) and lowiddy profile in therapy.
Regarding SST analogues, particularly the DOTA atieel analogues, the
hydrophilic characteristic of these peptides deteerra predominant renal
clearance making the kidney the dose limiting tibxiorgan for PRRT. For
this reason, efforts are directed to increase lgpiogty of the compounds.
Of course, these modifications have not to infleetihe affinity profile.

The current radiolabeled SST analogugdn/°®v-DOTA-octreotide and
octreotide derivates demonstrated an increasedbwoigteclearance with a
gallbladder accumulation. The same was observ&iGa-DOTA-octreotide
derivates, where the abdominal uptake did not detnaie any refinement.
This problem can be crossed adding an hydrophpiacer, hoping that

pharmacological performance will be maintained.

3.4 Lowering the kidney uptake .

The treatment of patients with SSTR positive tursawith peptide receptor
radionuclide therapy (PRRT) has with no doubt bieradfeffects. One of the
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limits of this therapy is represented by kidney rdg. In fact, the
radiolabelled peptides are rapidly cleared via gtammeruli in the kidneys
into the urine, but a low percentage is reabsodetretained in the cortical
proximal tubules. After glomerular filtration a @ton of the administered
peptides is internalized via endocytic receptorsgatin is responsible to this
process. Transfer of the radiopeptides to the bywes is followed by
degradation of the peptide, after which aminoadeélate conjugates are
trapped in the lysosomes of the tubular cellsvaeing a high radiation dose
to the renal cortex during PRRT. In PRRT, the maximmolerated dose in
patients is not exactly known, but dosimetric stsdapplying the principle
of the biological equivalent dose (correcting fdret effect of dose
fractionation) suggest that a dose of about 37 &yhe threshold for
development of kidney toxicity. This threshold asvier when risk factors for
development of renal damage exist: age over 6Gybgpertension, diabetes
mellitus and previous chemotherapy, but the upipat for kidney safety is
fixed to 27 Gy**.

In Erasmus Medical Centre in Rotterdam, co-infusibysine and arginine
(Lys/Arg) has become a standard procedure durini@P®ith *""Lu- or *°y-
labelled somatostatin analogues, reducing the ree&ntion of the
radiopeptides by approximately 3%

3.5 Targeting the cell nucleus.

To have a successful PRRT, there are some parantb#tra clinician have
to consider. Of course the presence of an highityeoisSSTRs on tumoral
cells is the first one, but it is not the unique.fact it has to consider if the
radiopeptide has a very high affinity for the exgs®d SSTR subtype and if
the SSTR are functional. After these consideratioothers important
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reflections have to be done: is the receptor-peptidernalised into the
tumoral cells? And in case of affirmative answeiowhlong is the
radiopharmaceutical retention time in cells? Rétentime is a very crucial
parameter, because if it is very long, the radioplageutical have a
maximal therapeutic effect. In PRRT, the radionstakinly used aré®Y
and’Lu, these shows respectively an intermediate agid @nergy, making
fruitful a therapy on medium or large tumor diamgtghere the cytotoxic
effect is due to the cross-fire effect. The problisnthatp-emitters do not
show any effectiveness on small metastasis cedteiubut the problem can
be easily surpassed using radiometals with diftecbaracteristics. The ideal
radioemitters are Auger-electron emitters, becaidigbeir high toxicity and
short effect range (several nanometers).

There are some radionuclides that emits Auger relest(Table 5), some of
them are currently used in the routine clinical cise. Auger electron
emitters, inducing DNA damage by indirect mechanited to cell death.
Moreover, a prolonged retention of the radiopeptid¢he target cells will
bring to an unquestionable success of PRRT.

Auger-electron emitter antibodies conjugates demnatexl positive results
for the therapy of different pathologies, in pautar for B-cell lymphomas?®
and some preclinicals studies were also started5®F analogues and the
results seem encouraging.

Finally, it is important to point the attention tbose SST analogues that
demonstrated an antagonist behaviour, where thegoitance in PRRT
seems to be controversial.

The rationale is that agonists, after high-affinilmding to the receptor,
usually trigger internalization of the ligand—ret®p complex**. The
internalization process is the basis for an efficiaccumulation of the

radioligand in a cell over time and it has beensodered a crucial step in the
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process ofn vivo receptor targeting with radiolabeled peptides. tBete are

few information about those SST analogues thatdeotonstrated the ability
to trigger receptor internalization. This molecuddows an antagonist
behaviour, stably binding to their specific SSTRtgpes, but not activating
any biological answer and this is the reason becamagonists were not
considered in for therapy. However, antagonists fnaye characteristics
other than those related to internalization thay mmake their radiolabeled

derivatives suitable tools for in vivo receptomgeting>.

Radionuclide  Half-life Auger yield Auger energy

(KeV
Sicr 27.7d 45 3.65
=) 2.73d 15 4.17
*Ga 3.26d 7 4. 6.26
*Se 120 d 47 5.74
9mre 6.01 h 4.0 0.89
1n 2.8d 14. 6.75
13mMp 1.66 h 4.3 2.04
115mp 4.5d 6.1 2.84
123 13.2 h a4. 7.42
129 60.1 d Q4. 12.24
193mpy 4.33d 26.4 10.35
195mpy 4.02d 32.8 22.52
203py, 2.16 d 23.3 11.63

Table 5: Characteristics of some Auger-emitting radionwedit . The
Auger vyield is the mean number of Auger and Coktenig electrons
emitted per decay. The Auger energy is the avetaige kinetic energy of
Auger and Coster-Kronig electrons emitted per decay

Most relevant is thein vitro evidence that, in certain circumstances,
antagonist radioligands may label an higher nunobeeceptor-binding sites
than agonist radioligands, in fact Ginj et2ldemonstrated that adequately
labelled SSTR2-3 antagonists, even though theyalanternalize, may be
useful radioligands to target tumarsvivo. More importantly, it also shows
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that antagonists may be even better candidatesdetttumors than agonists
with comparable binding characteristics becauser#ukopeptide remains

stably bound to it proper receptor bathvitro andin vivo experiments.

3.6 Understanding the post-endocytic pathway @SRs.

When a G-protein coupled receptor is activated, dbevated molecular
mechanism requires some minutes because the signainsduction starts.
The processes of internalization and desensitizatie adaptive mechanisms
that prevent persistent receptor stimulation fronedpcing detrimental
cellular effects. Internalization may also play @ler in receptor
resensitization. A critical first step in both Goepgin coupled receptors
internalization and desensitization is believeteaeceptor phosphorylation
by G-protein kinases and second messenger actikatedes. In case of
SSTR2, it was demonstrated that there are someoagids at carboxyl-
terminus that are phophorylated after the agoestptor binding. Then
phosphorylated receptors bind regulatory proteiabed arrestins, which
inhibit further signaling by blocking receptor-Gopein interactiofi-" '8
Several studies have proved the phosphorylatiatifffrent SSTR subtypes
upon agonist activatidi’*?°*?! Special attention has been given to SSTR2
subtypé?*'?® pecause, due to its presence in a wide range rabrs)
modulation of SSTR2 receptor function is likely twave important
therapeutic consequences and possibly may be &gbltw improve SSTR2
receptor-mediated radioligand internalization. Efiere, elucidation of early
events, which occur after exposure to agonist al ase heterologous
hormones, may provide new strategies to enhancecltheal utility of

SSTR2 receptor-target drug.
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AIMS OF THE PROJECT

Aim of the study is to evaluate new SST-analoguesemtly prepared
through a ring-closing metathesis of the on-resiadr octapeptide carrying
two allil-glycine in the place of the correspondiogsteine residues. These
molecules keep the same sequence of the parergotde with some
modifications. These new molecules were developedl synthesized in
Laboratory of Peptides and Proteins, Chemistry Biotbgy (University of
Florence).

In order to evaluate the affinity of new compounalshe different subtypes
of human SSTRs, the radioligand binding assays vpemormed. First
results of binding assays gave the possibilityoimug the attention on two of
these SST analogues and in particular for those deenonstrated high
affinity for SSTR2, SSTR5 or both of them. Thes® 85T analogues, that
were called Peptide 1 and Peptide 2. After theuptiog with DOTA,
binding profile was re-tested. DOTA-Peptide 1 wassen for this study
since the chelation with DOTA does not alteredaitfnity to SSTR2 (1Go
was even increased) while affinity for SSTR5 was.IDOTA-Peptide 2 lost
it affinity for SSTR5.

The program takes advantage of synergic researategies addressing
pharmacological, biological, radiochemical, radiaphacological and
radiodosimetrical issues with the final objective develop new suitable

radiolabelled octreotide analogues for PRRT andrfeivo imaging.
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The project is focused on the evaluation of the aealogue after labelling
with radiometals '("Lu, **in). Internalisation and cellular retention on cell
lines expressing SSTR2 and of the biodistribupioofiles are performed.
The dynamic binding of the radiolabelled analogwees wvaluated real-time
by a new methodology, the LigandTracer® for intécacanalysis.
Immunofluorescence studies were performed, treatiegcells with a fixed
concentration of the SST analogue for establislmeest to visualize the
intracellular localization of the SSTR-peptide cdexp

Finally, the proapoptotic effect of the SST analegvas studied performing
TUNEL assay.
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MATERIALS AND METHODS

1 Peptides Synthesis.

Peptide was synthesised in a Teflon reactor fitéd a polystyrene porous
frit. Peptide was prepared using the general FnRRSS strategy on pre-
swelled H+-Thr(tBu)—ol-2—chlorotrityl resin (0.5 mmol/g). Couplinggere
performed by adding two equivalents of protectednanacid activated by
HATU and four equivalents NMM in DMF, stirring fet5 minutes for each
coupling and monitoring by the qualitative ninhyd(Kaiser) test. The resin
aliquot containing the linear epta-peptide was &swolfor 2 hours in
anhydrous DCM. After two hours, the vessel wasdwtd 45°C and a DCM
solution of 29 generation Grubbs catalyst (0.5 mole equiv. catedl on the
basis of 0.5 mmol/g of peptide) was addféd®> The suspension was then
stirred for 48 h at 45 °C. The resin aliquot wasked with DCM, DMF,
and MeOH, then swelled for 45 min at room tempegain DMF-2°1%’
Fmoc—-Hag was deprotected (2.5 mL of 20% piperidmeDMF for 5
minutes, 4 time repeated) and coupled with Froelehe as described above,
affording the on-resin cyclic octapepttd®™®® Activated DOTAfert-Bu)s
was added to the on resin-cyclic peptide affordithg peptide-DOTA
conjugate 1, which was then deprotected and cleaved with
TFA/H,O/EDT/phenol (94:2:2:2, 3 h). The resin was filtedf, the solution
was concentrated under reduced pressure and thidge@s precipitated by
adding E£O. The collected solid was dissolved in water, hibped and re-
dissolved in HO. The aqueous solution was pre-purified by SPHtirg
with an increased percentage of LMl in H,O (from 0% to 100%). The
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fractions enriched of compouridwere then subjected to the purification by
semi-preparative RP-HPLC and characterized by ESI-Whe MS spectrum
of the pure compound showed a major peak of m/z2M% ion and
another small peak corresponding to [M¥HThe peptide-DOTA conjugate
had a chromatographic purity > 97% (Table 1).

Compound Compound Mass HPLC
number
name Spectrum
Purity
Calculated Observed T (min)
(%)
1 DOTA-Peptide 1  1416,71 709.79 14.050 97

Table 1: Characteristic of DOTA-Peptide 1.

2 Determination of Somatostatin Receptor Affinity Rofiles.

CHO-K1 and CCL39 cells stably expressing human SISFReceptors were
grown, as described previous Cell membrangellets were prepared and
receptor autoradiography was done2@um thick pellet sections (mounted
on microscope slides), atescribed in detail previousfi. For each of the
tested compoundsomplete displacement experiments were done wih th
universal SST radioligand 3]-[Leu® D-Trp?’ Tyr*°-SST-28 using
increasingconcentrations of the unlabeled compounds rangiogn 0.1 to
1000 nmol/L. SST-28 was run in parallel as contusing the same
increasing concentrations. g&values were calculated aftgnantification of

the data using a computer-assisted image processystem. Tissue
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standards containing known amounts of isotopesss-calibrated to tissue-

equivalent ligand concentrations, wersed for quantification”.

3 Studies performed with*”'Lu-DOTA-Peptide 1.

3.1 Peptide radilabeling.

The radiolabelling procedure was optimized as fedio 10ug DOTA-
Peptide-1 was diluted in 300ul ammonium acetatéeb(pH 5; 0,4M) and 1
mCi *LuCl; was added foin vitro studies. It was increased the specific
activity by adding 2.9 mCt""LuCl; for serum stability assay ard vivo

biodistribution studies. The solution was heate85aC for 30 minutes.
3.2 Quality control.

A quality control check was performed using analygversed phase high-
performance liquid chromatography (RP-HPLC) wittadiometric detector,
before adding 0.1% Human Serum Albumin, in 0.9% NaC

3.3 Serum Stability and Identification of Metabolites.

Serum stability test were performed on 1 ml freeman serum, previously
equilibrated in a 5% C£O(95% air) environment at 37°C, 100 pl of
radiopeptide (corresponding to 30 pmol) were addHie mixture was
incubated at 37°C, 5% GCenvironment. At different time points, 100 pl
aliquots were removed and treated with 200 pl EtCBamples were

centrifuged for 5 minutes 1300 rpm to precipitaggusn protein. The
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supernatant was removed and collected to be chdokexhalytical HPLC
and the pellets were washed twice with EtOH. Theviag of the ethanolic
phase and the precipitate were measured {¢@unter. Both counts were
compared to give the percentage GEu complexes not bound to proteins or

the percentage of radiometal transferred to semateins.

3.4 Cells line and culture conditions.

Human Embryonic Kidney (HEK-293) cell lines stabdxpressing T7-
epitope tagged SSTR2 (HEK-SSTR2) were preparecessribed before®,
and maintained by serial passage on monolayer inEMMcontaining
10%FBS, L-glutamine, penicillin-streptomycin and 0§0nl G418 in a
humidified 5% CQ atmosphere at 37°C.

The viability of the cells was assessed using tnyplue stain and counted

under a microscope with a “Neubauer’s counting diexth
3.5 Radioligand Internalisation Studies

For all cell experiments, 0.8-1.1 million HEK-SST Rells were distributed
in six-well plates pre-treated with poly-Lysine amtubated overnight at
37°C in a 5% Cgair atmosphere with internalization buffer (DMEM
containing 1%FBS, L-glutamine, penicillin-streptacinyand 500g/ml G418)
to obtain good cell adherence.

Further more, the internalisation rate was lineadgrected to 1 million cells
per well in all cells experiments.

On the next day, the medium was removed, cells werghed twice with
PBS and incubated for 1 h with fresh internalisatieedium. Approximately
0.02 MBq per well of thé’"™Lu-DOTA Peptide 1 (2.5 pmol per well) to a
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final concentration of 1.67 nmol/l (correspondittg 500,000 cpm) were
added to the medium and the cells were incubat&V &, 5% CQ, with
and without an excess of the DOTA Peptide lufiol/l) to determine non-
specific internalisation. At appropriate time peso(30 minutes, 1-2-4-24
hours), the internalisation was stopped by removihg medium and
washing the cells with ice-cold PBS. To remove tleeeptor-bound
radiopeptide, an acid wash was carried out wittMOglycine buffer pH 2.8
for 10 minutes on iceThis procedure was performed to distinguish betwee
membrane-bound (acid-releasable) and internaliseatid-fesistant)
radioligand. Finally, the cell&ere solubilised with 1M aqueous NaOH and
incubated for 10 min at 37°.0he culture medium, the receptor-bound and
the internalised fractions were measured radiocglyiin ay-counter .

3.6 Cellular Retention Studies.

For cellular retention studies, HEK-SSTR2 celldbbtdaransfectedabout 1
million per well) were incubated with 2.5 pmol peell (1.67 nmol/l) of
1773} \1-labeled DOTA-Peptide 1 with and without an exce$the DOTA-
Peptide 1 (umol/l) for 120 minutes; then, the medium wasmoved and the
wells were washed twice with 1 ml of ice-cd¥BS. In each experiment, an
acid wash for 5 minutes on ice with gH8 glycine buffer was performed
twice to remove the receptor-boulgiand. Cells were then incubated again
at 37°C with fresh internalization buffer (DMEM coméig 1% FBS, pH
7.4). After different time points, the externadedium was removed for
guantification of radioactivity in g-counter and replaced with fresh 37°C
medium. Finally, the cells wemsolubilised in 1IN NaOH and removed, and
the internalized radioactivityvas quantified in a-counter. The recycled
fraction wasexpressed as the percentage of the total inteetbimount per
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1 million cells, and the internalization rate waselnly corrected to 1 million

cells per well in all cell experiments.
3.7 Biodistribution studies in tumor bearing nude mice

Animals were kept, treated and cared for in conmgkawith the guidelines
of the Swiss regulations (approval #789).

Athymic female nude mice were implanted s.c. wibowt 10-12 million
HEK-SSTR2cells freshly suspended in sterile PBS. About sendays
after the inoculation, mice showed solid palpahiendr masses (tumor
weights: 60-150 mg), and were usedifovivo biodistribution experiments.
Each animal was injected into the tail vein with gidol *’""Lu-DOTA-
Peptide 1 (0.15-0.2 MBq). To determine the non-sgjgeaptake of
radiolabelled peptide, a group of mice were injécteith 20 nmol of
DOTA-Peptide 1, 5 minutes before the injectionied tadiopeptide.

The animals were sacrificed at 1, 4 and 24 houtsr dhe injection of
1773} | _DOTA-Peptide 1. The organs of interest were emtd and

weighed; their radioactivity was measured, andtie/g was calculated.

4 Studies performed with*in-DOTA-Peptide 1.

4.1 Peptide radiolabeling.

10 pg DOTA-Peptide 1 was dissolved in 10 pL,@Hadding CHCOONH,
buffer 0.4M (pH 5) and*inCl; was added, particularly 1 mCi fam-vitro
assays and 2.9 mCi fam-vivo tests. The solution was heated at 95°C for 30

minutes, before adding human serum albumin.
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4.2 Quality control.

Quiality control was obtained using Sep-Pak C18rciget. After the column
preparation, 0.05-0.1 ml indiuf#in-DOTA-SST analog was pushed by a
syringe into the Sep-Pak. After this passage, Sofmvater were slowly
pushed into the column and collected as “Fractiomd§drophilic impurities
are contained in this fraction. Similarly, 5 ml methanol were pushed into
the column, using a 5 ml syringe. This second ivactthat was collected as
“Fraction 2" corresponds to the labeled peptidee Tdartridge is also
collected in a tube and counted, in fact all tlw-elutable impurities
remains into the column. The three tubes were @uuimt a gamma-counter

and the radiolabeling purity was calculated as:

% "in-DOTA-SST analogue = ( Fraction 2 activity/Tosativity)

Where Total activity corresponds to the sum of &oacl, Fraction 2 and the

activity remaining in Sep-Pak.

4.3 Cells line and culture conditions.

Rat pancreatic adenocarcinoma cell line (AR4-2aplgt expressing wild
type rat-SSTR2 were maintained by serial passagearlayer in DMEM
containing 20% FCS and L-glutamine in a humidifi@d CQ atmosphere at
37°C.

The viability of the cells was assessed using tnyplue stain and counted

under a microscope with a “Neubauer’s counting diexth
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4.4 Radioligand Internalisation Studies

Cells were seeded a density of 0.9 to 1.1 milpen well in six-well plates
and incubated overnight at 37°C in a 5% Jfa@® atmosphere in growth
medium to obtain good cell adherence.

The loss of cells during the internalization expemts was <10%. Further
more, the internalisation rate was linearly comdcto 1 million cells per
well in all cells experiments.

This assay was performed maintaining the same tondipreviously
described in the session 3.5, both for the radwolity concentration and time

points.
4 .5 Cellular Retention Studies.

For cellular retention studies, AR4-2J (about 1lioml per well) were
incubated with 2.5 pmol per well (1.67 nmol/l)’8inDOTA-Peptide 1 with
and without an excess of not radiolabeled pepfide procedure adopted

was the same described in 3.6 section.
4.6 Biodistribution studies on balb-c mice.

Groups of healthy balb-c mice were injected with dr@ol **in-DOTA-

Peptide 1 and sacrificed at 1, 4, and 24 hours ipgsttion. To evaluate the
non-specific uptake of radiolabelled peptide, augrof mice were injected
with 20 nmol of not radiolabeled DOTA-Peptide 1.eTbrgans of interest
were dissected, weighed, their radioactivity wasasoeed by a gamma

counter and the %ID/g was calculated.
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5 Ligand Tracer®.

5.1 Cell culture and conditions.

A human papillary thyroid cancer cell line (NPA-8Was culturedand
maintained by serial passage on monolayer at 3% CRPMI 1640
supplemented with 10% FBS, sodium pyruvate, nardggd amino acidg,-
glutamine and penicillin/streptomycin, in a humiel incubatorwith 5%

COo.

The viability of the cells was assessed using tnyplue stain and counted

under a microscope with a “Neubauer’s counting dierh

5.2 Characterization of NPA-87.

NPA-87 cell line was characterized by Western Blmtalysis and
immunofluorescence studies for the determinatiorexgression of all the
five SSTRs subtypes.

5.2.1 Western Blot analysis.

Cells were maintained in a dish. When confluencs veached, cells were
washed with ice-cold PBS and treated by ice-cadtslpuffer. After scraping
adherent cells off the dish, the cells suspensiereviransferred into a pre-
cooled microfuge tube, maintaining a constant #gitafor 30 minutes at
4°C and centrifuged in a microcentrifuge at 4°C f@@utes at 12,000 rpm).
After discarding the pellet, Bradford assay wasfgrared, using BSA as

protein standard.
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Sample of about 20-25 pg protein were used for evesblot analysis.
Sample were separated by electrophoresis on 10%pBacrylamide gel
and transferred onto polyvinylidene difluoride meares (BioRad). The
membranes were probed with rabbit polyclonal amlié® anti SSTR1-5
(Santa Cruz Biotechnology) 1:1000 and horseradesioqidase-conjugated
anti-rabbit antibodies (1:2000; Santa Cruz) wereedusas secondary
antibodies. The peroxidase reaction products wengalized by LumiGLO
chemiluminescent substrate (Pierce Chemicals).

5.2.2 Immunofluorescence studies.

25,000-35,000 NPA-87 cell were seeded on chamimbr 8twell plates and
incubated overnight at 37°C in a 5% &&r atmosphere with the growth
medium. On the next day, cells were washed twiceélzold PBS and pre-
warm growth medium were added. Cells were re-dujailed at 37°C in a
5% CQy/air atmosphere.

Therefore, the cells were processed for immunoélsoence microscopy.
After fixation and permeabilization for 7 minutestiwice-cold methanol-(
20°C), cells were rinsed twice with PS (100mM PB&ad with 0.15M
sucrose), and blocked for 60 minutes at room teatper with PS containing
0.1% BSA. The cells were subsequently incubateds@minutes at room
temperature with a rabbit polyclonal primary antipanti SSTR1-5 (Santa
Cruz Biotechnology) diluted 1:200 in PS containcantaining 0.1% BSA
and then washed three times for 5 min each with PS.

The cells were then incubated for 60 minutes atréemperature in the dark
with the secondary antibody Alexa Fluor 488 godi-abbit 1IgG (H+L)
diluted in PS (1:150). Thereafter, the cells wersked three times for 5
minutes each with PS containing 0.1% BSA, embeddétt mounting
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media, and covered with a glass coverslip. Thesog#ire imaged using a
immunofluorescence microscope (Leica, Wetzlar, Geryh and a DP10

camera (Olympus, Tokyo, Japan).

5.3 Ligand Tracer®.

LigandTracer Instruments rely on a simple and rokeshnology for

detecting protein-cell interactions in real-timé&eTl key function is the
possibility to detect interactions during incubatidhis is made possible by
including one active area (the seeded target cafid)one in situ reference
area in the cell-dish. The cell-dish is then placed a inclined, slowly

rotating support. A solution containing a precigamaentration of labeled
protein is added to the dish and accumulates inbibttom part. Each
revolution the cells will get in contact with theguid. The detector is
mounted over the upper part, collimated to read tre part of the dish that
is essentially liquid-free.

When running, the activity is measured several $iper revolution. If the
protein binds to the cells, clear peaks will bensaethe graph. The peak
height from each revolution is automatically exteacand can be followed
over time (as in uptake/retention measurementsgriddtively, peak heights
obtained from different concentrations of radiolableprotein can be used to
calculate the affinity of the interaction.

In particular, LigandTracer Yellow was adopted lmststudy. In fact, this
instrumentation depicts how PET/SPECT markers biadcells. The
instrument preparation can be made well in advantethe actual
measurement, which allows for unmet time-efficiendyen working with

rapidly decaying nuclides.
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Ligand Tracer Yellow is mainly used for uptake/rgten measurements,
which reveals the kinetics of the PET/SPECT-mankiraction with cells.

5.4 Affinity assays with Ligand Tracer® and pharmaological studies.

NPA-87 cells were seeded (about 1,000,000 per dista) local part of a
poly-Lysine pre-treated cell dish (diameter= 89 may indicated in Figure
1.

The seeded cells were allowed to attach firmlyhe dish surface for 24
hours maintaining inclined the dish at 37°C in anidified incubatomwith
5% CQ.

The dish was then placed on an inclined, rotatuqgpsrt where a radiation
detector was mounted over the elevated part. Q#lire medium containing
a low concentration (0.1 nM) of"*in-DOTA Peptide 1 or OctreoScan®
were added to the dish and the detector registeeedhtensity as a function
of rotational position. Every about 20 minutese tboncentration was
increased by addition of a small amount of radanilid) stock solution to the
medium already present in the dish. During the lasubation, it was
obtained a concentration of 550 nM on the cultuedionm. The procedure
was repeated until a sufficiently high concentmatittad been reached. No
washes of the cell dish were performed throughloeitaffinity measurement.
The affinity of the interaction was obtained bytifig an interaction model
(monovalent binding) to the measured peak heights.

In a parallel experiments, NPA-87 cells were seq@&d000 cells per well)
on chamber slide 8-well plates and incubated ogétnat 37°C in a 5%
COy/air atmosphere with the growth medium. On the =g, cells were
treated with 100 nM DOTA-Peptide 1 or DTPA-Octreetiat 37C and 5%
CQO; in growth medium for 0, 30, 60 and 120 minutes.
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Target cells =

Cell culture with bound %
medium antibodies %
[a]

Cell-dish

Figure 1: The principle of rotating RIA.

At the end of incubation times, incubations werepped placing the
chamber slide on ice. Therefore, the cells were cgesed for
immunofluorescence microscopy. After fixation aretrpeabilization for 7
minutes with ice-cold methanol20°C), cells were rinsed twice with PBS,
and blocked for 60 minutes at room temperature WI#S containing 1%
BSA. The cells were subsequently incubated for 6@utes at room
temperature with an SSTR2a-specific primary antypd&S-8000-RM
BioTrend Chemikalien GmbH) diluted 1:500 in PS dhdn washed three
times for 5 minutes each with PS containing 0.19ABS

The cells were then incubated for 60 minutes atréemperature in the dark
with the secondary antibody Alexa Fluor 488 godi-abbit 1IgG (H+L)
diluted in PS (1:600). Thereatfter, the cells weesked three times for 5 min
each with PS containing 0.1% BSA, embedded with mting media, and
covered with a glass coverslip. The cells were imdagusing a
immunofluorescence microscope (Leica, Wetzlar, Geryh and a DP10

camera (Olympus, Tokyo, Japan).
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6 Pharmacological studies.

6.1 Immunofluorescence studies: SSTR2 internalisation.

25,000-35,000 AR4-2J cell line expressing nativédwwype SSTR2 were
seeded on chamber slide 8-well plates and inculmatechight at 37°C in a
5% CQy/air atmosphere with the growth medium. On the eyt cells were
washed twice by ice/cold PBS and pre-warm growthliome were added.
Cells were re-equilibrated at 37°C in a 5% A0 atmosphere.

One hour later, cells were treated with 100 nM DGHdptide 1 at 3T and
5% CQ in growth medium for 0, 5, 15, 30 minutes. Addiiadly, in parallel
experiments, cells treated with 100 nM DOTA Peptldior 30 minutes at
37°C and 5% C@and were subsequently washed with PBS and inadibate
for 30 minutes in an agonist-free medium at@Gand 5% CQ@ At the end of
incubation times, incubations were stopped platiegchamber slide on ice.
Therefore, the cells were processed for immunoélsoence microscopy.
After fixation and permeabilization for 7 minutestiwice-cold methanol-(
20°C), cells were rinsed twice with PS, and block@ad60 minutes at room
temperature with PS containing 0.1% BSA. The celese subsequently
incubated for 60 minutes at room temperature with SSTR2a-specific
primary antibody (SS-8000-RM BioTrend Chemikaliermisd) diluted
1:500 in PS and then washed three times for 5 m&aach with PS
containing 0.1% BSA.

The cells were then incubated for 60 minutes atréamperature in the dark
with the secondary antibody Alexa Fluor 546 godi-gabbit IgG (H+L)
diluted in PS (1:600). Thereafter, the cells wersked three times for 5
minutes each with PS containing 0.1% BSA, embeddéti mounting
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media, and covered with a glass coverslip. Thesog#ire imaged using a
immunofluorescence microscope (Leica, Wetzlar, Geryh and a DP10

camera (Olympus, Tokyo, Japan).

6.2 Immunofluorescence studies: investigation of ftracellular
localization of the internalized SSTR2.

To investigate the intracellular localization oétimternalized SSTR2, it was
examined its colocalization with the M6PR, a markar the trans-Golgi
network (TGN)/late endosomal compartment.

About 25,000-35,000 AR4-2J cells per well were seleoh chamber slide 8-
well plates and incubated overnight at 37°C in a 6@/air atmosphere
with the growth medium, cells were treated withwothout 1 uM for 20
minutes at room temperature. Then the reactionblasked and cells were
fixed and permeabilized as described above.

The cells were subsequently incubated for 60 mgateroom temperature
with the SSTR2a-specific antibody SS8000-RM (1:508S) together with
the monoclonal antibody to Mannose 6 Phosphate fRace(cation
independent)-late endosome marker (M6PR abcam 2®) 23 pg/ml in PS).
The cells were washed and then incubated sequgmidih Alexa Fluor 546
goat anti-rabbit IgG (H+L) diluted in PS (1:600)dathen, after further
washing, with the Alexa Fluor 488 goat antimous® [@H+L) diluted in PS
(1:400), each for 60 minutes at room temperatutaerdark.

Thereafter, the cells were washed three times famiftutes each with PS
containing 0.1% BSA, embedded with mounting medraj covered with a
glass coverslip.

The cells were imaged using a immunofluorescencerascope (Leica,
Wetzlar, Germany) and a DP10 camera (Olympus, Tokgpan).
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7 Investigation of the activation of the apoptotic pthway.

7.1 TUNEL assay.

Apoptotic cells were visualized by direct fluoresce fragment end labelling
of DNA breaks (TUNEL) using a commercially availalkit (Fluorescein-
FragEL; Calbiochem).

About 150,000 AR4-2J cells expressing native wiltet SSTR2 were seeded
on chamber slide 4-well plates and incubated ogétnat 37°C in a 5%
COy/air atmosphere with the growth medium. On the =g, cells were
washed twice by ice/cold PBS and pre-warm growthliore were added.
Cells were re-equilibrated at 37°C in a 5% A2 atmosphere.

One hour later, cells were treated with differeahaentrations of DOTA-
Peptide 1 (from 0.1nM to 1000nM) at°®7 and 5% C@in growth medium.
Incubations were stopped 16-18 hours after, plategchamber slides on
ice. Cells were washed twice by PBS, then cellsewixed in 4%
formaldehyde (in 1X PBS) for 15 minutes at room penature. After this
passage, cells were washed twice with PBS and m@difized with
proteinase K (1:100 in 10 mM Tris HCI buffer, pHf8f 20 minutes at room
temperature. Subsequently, a 30 minutes of incobaflidT Equilibration
buffer (1:5 with dHO CalbioChem) at room temperature was performed.
The next passage corresponds to the labelling iogacThe cells were
incubated with the TdT Labelling Reaction mixturenposed by
Fluorescein-Fragel™ TdT labelling reaction mix and TdT enzyme. Cells
were covered with 60 pl of the mixture and incutlabe a humidified
chamber at 37°C for 90 minutes. To visualise thiéreerellular population
on Sytox® Orange Nucleic Acid Stain (0.1 uM MoleauProbes) were

incubated at room temperature for 10 minutes.
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Thereafter, the cells were washed three times WB%, embedded with
mounting media, and covered with a glass covershg cells were imaged
using a immunofluorescence microscope (Leica, VeetZbermany) and a
DP10 camera (Olympus, Tokyo, Japan).
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RESULTS

1 Peptide synthesis.

In the method here reported it was used the-Far(tBu)—ol—2-chlorotrityl
resin (0.5 mmol/g) which already contains the @nieal [Thr(ol)*’]. The
elongation of the peptide sequence was stopped thftecoupling of Hay
residue, with the aim of removing any possibleriigt@nce of the aromatic
ring of the N-terminab-Phé on the correct orientation of the allylglycine
side chains required by the next ring-closing fieactThe linear hepta-
peptide washenconverted by RCM with a"2 generation Grubbs catalyst to
the corresponding cyclic analogée!?>126:27

The b-Phé terminal residue was added only after the cydbrasteg?®**
The last step was the coupling of the prochelatdm B (tert-Bu); to the N-
terminus of the peptide, affording compoudd Cleavage of the fully
protected conjugates from the resin was obtainedhbycleavage mixture
TFA/H,O/EDT/phenol (94:2:2:2, 3 h) which afforded alsoe ttiree
carboxylic groups of the DOTA moiety.

2 Determination of Somatostatin Receptor AffinityProfiles:
Binding Affinity to SSTR1-5 Receptors.

All compounds were tested for their ability to bitalthe five human SST
receptor subtypes in complete displacement expetsngsing the universal
SST radioligand 2]-[Leu® D-Trp? Tyr*]-SST-28. SRIF-28 was run in
parallel as control. I§; values were calculated after quantification ofdiaéa
using a computer assisted image processing syJteendata are shown in
Table 1
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Peptide hSSTR1 hSSTR2 hSSTR3 hSSTR4 hSSTR5

Peptide 1 >1000 9.6+0,9 >1000 249451 8.7+3.9
DOTA- >1000 8 >1000 >1000 100
Peptidel

SRIF-28  2.3+0.4%'  3.0:0.2* 3.6+0.5% 1.6+0.3% 2.1+0.2%

Table 1: ICso (nM) values performed on membranes prepared fronOBH cells stably
expressing each human-SSTRs.

3 '"Lu-DOTA Peptide 1.

3.1 Peptide radiolabeling and Quality Control

Quality control was performed by RT-HPLC with a ictetector and
demonstrated highly pure radioligands (98-100%).

3.2 Serum Stability and Identification of Metaboltes

The compound is stable in human serum. After 6sday metabolites
(<10%) were observed for this time period. No mdhan 10% of
radioactivity was found in the protein fraction p8 at the first time points
of the study (1, 2, 4 hours). A slide increase wlaserved up to 6 days when

<15% of radioactivity was found in the protein tiao.

3.3 Radioligand Internalisation Studies

The uptake of"”""Lu-DOTA-Peptide 1, evaluated on HEK-SSTB&Is,
demonstrated a time-dependent uptake in cells waitthigh specific

internalization rate after 4 and 24 hours of indidma (Graph 1 andTable
2). In particular, the internalised fraction 6f"™Lu-DOTA-Peptide 1 after 4
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and 24 hours incubation in HEK-SSTR2 correspontie®8,63+3,26% and
57,68+3,00% respectively (2.5 pmolfi@ells). These experiments were
done using’’Lu-DOTA-Tyr*-octreotide as reference and it seemed that the

two radiopharmaceuticals have similar behaviour.

70,00

Time Non Total-Non
60,00
é (min) Total specific Specific
e 0 0 0 0
4000'4% 30 | 8,49+1,240,17+0,038,33+1,25
8000 " 60 [15,52+3,8:0,21+0,0215,32+3,84

8- non-specific

20,00 A—-T-N

120 (27,41+4,4£0,26+0,0427,16+4,50

-

10,00

240 |38,95+3,2¢0,32+0,0438,63+3,26

% specific internalisation of added dose

o
=3
S

O!

P

—M )
10 5 20 25 30
Time (hr)

1440|58,69+3,171,01+0,2157,68+3,00

Graph 1 and Table 2:Radioligand internalisation studies were perforrmedHEK-293 cell
line, stably expressing human SSTR2. Values anda&Dthe results of two independent
experiments (each experiment was performed indetes).

3.4 Cellular Retention Studies.

In efflux studies, the radiopeptide was allowed imbernalize for 120
minutes; the medium was removed and the cells weshed twice by cold
PBS and two cold glycine buffer pH 2.8 washes wedormed to remove
the receptor-bound ligand. Warm medium was addé&tl (3 and after 15,
30, 60, 90, 240 minutes removed again, measuredaiioactivity and
replaced with a fresh one.

As shown inGraph 2 andTable 3 the externalization results showed time
dependence: cells retained more than 50%’i-DOTA-Peptide 1 after

four hours of incubation.
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% Retained i
120 Time points cells/total
Té 100 (min.) internalized
s3 ® 0 100,00+0,00
ST 60| \‘\‘\“\, 15 88,47+0,44
22 30 81,42+0,78
% 2 60 73,9+1,46
) 0 : : : : ‘ 90 68,63+1,74
0 50 100 150 200 250 300 120 63,89+1,97
Time (minutes) 240 55,40+2,07

Graph 2- Table 3: Efflux studieswere performed on HEK-293 cell line, stably expitegs
human SSTR2. Values and SD are the results of twdependent experiments (each
experiment was performed in triplicates).

3.5 In vivo biodistribution.

The pharmacokinetic studies were performed in nuite bearing HEK-
SSTR2 tumor animal model. The results are givemahle 4 and5 and in
Graph 3 as a percentage of injected dose per gram ok&ti@slD/q).

The biodistribution studies demonstrated, by theasneement of blood
samples taken at each time point, that the radiikzdb peptide was cleared
rapidly from the circulation. The highest tissudiaty is in the kidney
which can be explained by the renal excretion bémegphysiological way
for the elimination of this radiopharmaceutical. eThother organs
demonstrated a very low uptake, except for the atbimand the pancreas,
but it is well known that these organs express S$TR ™ 4 At 24 hours
time point more than 50% of the radiopharmaceutic cleared from these
organs.

A high radioligand accumulation was observed in tinmors at 1 and 4
hours post injection (22.69+5.36 and 23.69x1.74 fli@spectively).
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Organ | 1 h (hours) 4h 4 h blocking 24 h
Blood 0,55+0,19 0,12+0,02 0,10+0,01 0,04+ 0,00
Heart 0,23+ 0,09 0,08+0,02 0,09+0,01 0,06+ 0,01
Liver 0,80+0,16 0,68+0,06 0,73+ 0,06 0,46 +0,00
Spleen 0,50 0,05 0,39+ 0,05 0,28 +0,05 0,34 +0,05
Lung 0,91+ 0,3 1,04+0,55 0,20 +0,03 0,26 +0,08
Kidney | 10,63+2,03 11,16+1,19 9,85 10,91 6,69 10,7
Stomach| 5,04+2,05 3,29 0,86 0,25+0,04 2,43+ 0,12
Intestine | 0,65+0,25 0,39+0,11 0,13 +0,01 0,22+ 0,08
Adrenal 0,44+0,19 0,59+0,26 0,38 0,21 0,52 0,21
Pancrea§ 2,87+0,61 1,85+0,32 0,16 +0,02 0,95+ 0,15
Pituitary | 0,80+0,64 1,25+0,89 0,08 0,01 0,04 +0,00
Muscle 0,11+0,04 0,05+0,02 0,05 +0,00 0,03+0,02
Bone 0,71+0,09 0,65%0,2 0,22 +0,08 0,66 +0,07
Tumor | 22,90+5,36 23,69+1,74 4,95 +1,54 12,87+1,85
30,00
25,00 -
20,00
2 15,00
S
10,00
5,00
0,00
0
O 1h
O 4h ) Organs
O 4h blocking
@ 24h

Table 4 and Graph 3: Biodistribution of*’’Lu-DOTA Peptide 1 in a HEK-SSTR2 animal
model (1, 4 and 24 hours post injection of theapbarmaceutical).

Ratio 1lh 4h 24 h
Tumor/kidney 2.15 2.12 1.92
Tumor/liver 28.66 34.86 27.86
Tumor/pancreas 7.98 12.79 13.51
Tumor/blood 41.82 195.07 361.27
Tumor/muscle 212.42 521.38 377.44

Table 5: Tumor/normal tissue radioactivity ratios. Resulte the mean of groups of 4
animals, except for the 4 hours blocking (n=3).
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4 "In-DOTA Peptide 1.

4.1 Peptide radiolabelling and quality control.

Radiolabelling yielddemonstrated nosuccessful results during the first
phase of the study (55-76% of pure radiopeptidéf)jtwas obtained 92% of

pure radiopeptide during the last experiments.
4.2 Radioligand internalisation studies.

The uptake of*in-DOTA-Peptide 1 was evaluated on AR4-2J cells &nd
was demonstrated a time-dependent uptake in celith wpecific
internalization rate after 4 hours of incubation,5@8846+0,92). The
experiments were continued till 24 hour time palatnonstrating high dose
of internalised radioligand (27,23%z1,6) Graph 4, Table 6). This
experiments were performed usiftfin-DOTA-Tyr*-octreotide and™!in-

DOTA-Tyr*-octreotate as controls.
4 .3 Cellular Retention Studies.

In efflux studies, the radiopeptide was allowed imbernalize for 120
minutes; the medium was removed and the cells waskhed twice by cold
PBS and two cold glycine buffer pH 2.8 washes wmdormed to remove
the receptor-bound ligand. Warm medium was addé&tl (3 and after 15,
30, 60, 90, 240 minutes removed again, measuredaiioactivity and
replaced with a fresh one. As shown @Graph 5 and Table 7 the

externalization results showed time dependencds cetained more than
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50% of *in-DOTA-Peptidel after four hours of incubation, intaining
similar behaviour ot ’Lu-DOTA-Peptide 1.

%specific internalisation of added dose

Time Total Non T-N
50,00 (min) Specific
' { 0 0,00 0,00 0,00
25,00 30
0,75+0,11 0,1+0,14 0,50+0,1p6
20,00 +
60
15,00 1,70+0,24 0,2+0,09 1,61+0,2[7
10,00 : :z:lspecific 120
' TN 3,35+0,26 0,23+0,1 3,160,238
5,00 - I 240
'* 7,16x0,77 0,22+0,56 6,59+0,92
0,00 — T T o
0 500 1000 1500 2000 1440
Time (min) 27,31+1,61 0,09+0,01 27,23+1,6

Graph 4, Table 6: : Radioligand internalisation studies were perfornoedAR4-2J cell
line, stably expressing SSTR2. Values and SD aee résults of three independent
experiments (each experiment was performed indet#s).

Time | %Retained in
- 12000 points | cells/total
3 (min.) | internalized
= 100,00 4
= 80009 0 0,00
G 6000 15 90,67+0,32
= 400 30 80,80+1,81
£ 60 77,76+1,56
£ 20,00
< 90 68,63+1,74
0,00 : : : : :
0 50 100 150 200 250 300 120 68,56+2,89
Time (minutes) 240 62,75+3,04

Graph 5, Table 7 Efflux studieswere performed on AR4-2J cell line, stably expmgsi
native SSTR2. Values and SD are the results ofetlinelependent experiments (each
experiment was performed in triplicates).
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4.4 In vivo biodistribution.

Results

Pharmacokinetic studies were performed in balb-althg mice. Results

(%1D/g) showed high radioligand accumulation in giitary gland at 1, 4

and 24 hours post injection, but the stomach aeg#mcreas demonstrated a

good uptake of the radiopharmaceutical too. Theselts are compatible

with normal SSTRs expression with exception of tkielneys that

demonstrated not specific uptake, because of tltkophaarmaceutical

clearance. The other organs demonstrated a loakept®t the 24 hours

time point a good clearance was observed forialués, the only exception

are constituted by kidneys and pituitary gland, sghthe uptake remained
high (Graph 6, Table 8).

Organs 1h 4h 4h blocking 24 h
blood 0,95+7,8E-05 0,67+0,0014 0,10+0,0008 0,183090
heart 0,42+0,0003 0,29+0,0002 0,08+0,0005 0,108E835
Liver 0,82+0,0008 0,76+0,0015 0,52+0,0032 0,44+030

spleen 0,51+0,0010 0,41+0,0005 0,15+0,0010 0,284,205
lung 1,87+0,0005 1,48+0,0035 0,27+0,0022 0,49+07001
kidney 13,39+0,0011 13,57+0,0057 7,15+0,0596 4,88+0,0009
stomach 1,13+0,0032 1,04+0,0025 0,29+0,0016 0,480,
intestine 0,43+0,0026 0,44+0,0008 0,22+0,0016 0010204
adrenal 0,33+0,0117 0,15+0,0003 0,02+4,75E-05 @1
pancreas 0,57+0,0022 0,43+0,0021 0,17+0,0010 0,2060
pituitary 14,93+0,008 7,45+0,0024 7,99+0,080 8,10800
muscle 0,26+0,0015 0,20+0,0006 0,10+0,0007 0,1%#180
bone 0,75+0,0006 0,54+0,0023 0,16+0,001 0,27+0,0012

Table 8: Biodistribution of"*in-DOTA Peptide 1 in healthy balb-c mice (1, 4 @#dhours
post injection of the radiopharmaceutical).
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18,00%
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Graph 6: Biodistribution of"*in-DOTA Peptide 1 in healthy balb-c mice (1, 4 @adhours
post injection of the radiopharmaceutical).

5 Ligand Tracer®.

5.1 Characterization of NPA-87.

5.1.1 Western Blot analysis.

Western Blot evidenced the presence of SSTR-2 sgjue in NPA-87 cell
line with a concomitant presence of other SSTRypas, particularly, it

was demonstrated the expression of SSTR3 and SE§Ji&Gre 1).

5.1.2 Immunofluorescence studies.

Immunofluorescence studies confirmed the resultaioed by Western Blot
analysis. Even in this case it was observed aipitgifor the expression of

SSTR2, SSTR3 and SSTRBi¢ture 2).
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SSTR2 SSTR3 SSTR5

75-85KDa 46KDa 54-63KDa

Picture 1: SSTR2-3-5 expression on NPA-87 cell line by WesRint Analysis.

SSTR2 SSTR3 SSTRS

Picture 2: SSTR2-3-5 expression on NPA-87 cell line by Immiumrfescence studies.
5.2 Affinity assays with Ligand Tracer® and pharmaological studies.

Radiolabeling and quality control 6tin-DOTA-Peptide 1 were performed
as previously described and the same results vixtaéned.

OctreoScan® and™in-DOTA-Peptide 1 affinity were measured with
LigandTracer® on NPA87 cells. In parallel, pharmagaal studies were
performed, demonstrating a precise different imlatar localization of
SSTR2 after the treatment with the cold peptidesaah time point of the
study.
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DTPA-Octreotide and the DOTA-Peptide 1 have geeédratmilar answer if
compared to the affinity results obtained with lodaracer® experiments
with the same radiolabeled peptides. Preliminargulte of the affinity
studies with LigandTracer® on NPA-87 are reportedsraph 7 both for
OctreoScan® and™inDOTA-Peptide 1, where By and K, are reported.
MnDOTA-Peptide 1 has similar pharmacological prepes as
OctreoScan® on cell lines and these results sughgattfter radiolabelling
the peptide retain affinity and uptake in seleaelllines.

Pharmacological assays by immunofluorescence ddrated that there is a
precise localisation of the ligand-receptor compdxdifferent time points

(Picture 3) and it seems that the process ends after twehaduncubations.

Saturation binding ***In DOTA-peptidel o
Saturation binding OCTREOTIDE

= 20+ BMAX | 445.7
BMA><| 29.88 35( kD |33L8

KD 110.0

CPS (reference corrected
=
o
CPS (reference corrected)

=]

T T T T T 1 v T T T T T ]
25 50 75 100 125 150 0 100 200 300 400 500 600
nM nM

o

Graph 7: Saturation binding witi"inDOTA-Peptide 1 and Octreoscan® on NPA-87 cell
lines.

Basal condition 30’ after treatment Basal condition

1h after treatment 2h after treatment 1h after treatment 2 h after treatment

Picture 3: Sequential intracellular localization of SSTR2 afteatment with cold peptides.
DTPA-Octereotide (on the left) and DOTA-Peptideoh the right) have generated similar
response.
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6 Pharmacological studies.

6.1 Immunofluorescence studies: SSTR2 internalisation.

The internalization assay was validated througlerees of experiments in
AR4-2J cells showing that SSTR-2 is membrane bdanthe absence of
agonist; that there is a time, temperature, andniagoconcentration
dependency for SSTR2 internalizatidhdture 4 A-E).

Picture 4B illustrates that an early phase of agonist-indu@8TR2
internalization is noticeth vitro at 5 minutes, as shown by the monitoring of
SSTR2 trafficking with immunofluorescence microsgopurthermore, this
in vitro SSTR2 internalization is also rapidly completedhwi minutes, as
seen in the 15- and 30-minutes timBg{ure 4C and4D). Finally, when the

agonist is removed from the medium (washing std@,SSTR2 receptors

are relocated to the cell surface as soon as 30tesimafter washing{cture
4E).
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E

Picture 4 A-E: Agonist-induced internalization of SSTR2 recepitoAR4-2J. AR4-2J were
treated either with vehicle alone (A) or with 100 DOTA- Peptide 1 for 5 (B), 15 (C), or
30 min (D) at 37°C and 5% GOMoreover, in parallel experiments, cells treatgth 100
nM DOTA-Pepide 1 for 30 min at 37° C and 5% Lf&kre subsequently washed with PBS
and then incubated for 30 min in agonist-free medat 37° C and 5% CQE). Cells were
then fixed, permeabilized, labeled with SSTR2 primantibody, and processed for
immunofluorescence. Internalization is already o= at 5 min and is completed at 30
min. After subsequent washing and incubation imigiefree medium, SSTR2 receptors are
back at plasma membrane.

6.2 Immunofluorescence studies: investigation of ftracellular
localization of the internalized SSTR2.

In this session, it was demonstrated that SSTR2tésnalized via clathrin-
coated vesicles and localizes to mannose 6-phaspieateptor—positive
(M6PR) intracellular compartments, most likely ttrans-Golgi network
(TGN)/late endosome.

In Picture 5, it was allowed to observe the 1 uM internalisataf SST

analogue after an incubation of 20 minutes at re@mperature. SSTR2 and
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M6PR are not completely overlapping, but it was destrated SSTR2 is

internalized via clathrin-coated vesicles.

M6PR SB82Za

Picture 5: Agonist-induced internalization of SSTR2 in AR4-2R4-2J were treated with
1 uM DOTA- Peptide 1 for 20 min at room temperat@8TR2 is internalized via clathrin-
coated vesicles and localizes to mannose 6-phasphateptor—positive (M6PR)
intracellular compartments, most likely the transigb network (TGN)/late endosome.
Merge corresponds to the M6PR and SSTR2 picturedapping.

7 Investigation of the activation of the apoptat pathway.

7.1 TUNEL assay.
TUNEL assay did not demonstrate any positivity.|I€ebiuvesly appered

stressed and probably the pharamcological treatmwéhtan high dose of

SST analogues induced a cytostatic effect on cé&lés experiment was
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performed using DOTA-Tyroctreotide as control, that demonstrated to
have the same behaviour of DOTA-Peptide 1.

This are only a preliminary results, most probatdlger cellular pathways
are involved, particularly the actention have tofeus on cytostatic effect
due to the activation of SSTR2 by a SST analogusedms that apoptosis is
not the predominantly activated pathway by SSTR, this reason this
experimental session has to be considered onlyrsh $tep of another
important session that have to be studied in furéx@erimental protocols.
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DISCUSSION

The importance of peptides probes in diagnosistbepy is growing up in
the last decade. Receptors, and in particular GP&@Resxpressed with high
density in tumoral cells. For this reason, in reédeanes, regulatory peptides
receptors became an interesting and importantttangeancer imaging and
treatment. This is possible, because cellular manereceptors (GPCRS)
have the peculiarity to be overexpressed in tummet$, while their density
is quite low in physiologic healthy organs, avoglangeneral toxicity.
SSTRs represented the first example of peptidecbgsebe for cancer
imaging and for PRRT, since these receptors are-ex@essed on most
neuroendocrine tumors, GEP and other cancers ssicbranchial NET,
breast cancer, RCC and some lymphomas. In morentrdsees, other
receptors have been used as targets for canceringndary regulatory
peptides. This is the case of cholecystochkininfgasand GLP-1*
analogues for NETs, bombe&ih and neuropeptide * analogues for
prostate and breast cancers, Arg-Gly-Asp peptidesnéoangiogenesis.
Even if all these analogues are still in preclihioa early stage clinical
development, some of them seem very promising.

Specific target of tumors through selective molesukither for diagnostic or
therapeutic reasons, are promising in oncology, paoed with earlier less
specific approaches. In fact, peptides demonstrstete features that make
them very attractive and advantageous comparetetother molecules used
in clinic. For example, full molecules antibodiegegents some problems due

to poor diffusion and target accessibility, whileppides have small size
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(<10,000 Da), good tissue diffusion and target ssitdity, but also no
antigenicity, easy synthesis and easy adequatelaaeéiling.

The action of these peptides depend, first ofaall affinity for specific cell
membrane surface receptors that, once bound te tlgasds, transfer them
to within the cell (peptide-receptor internalizaioand eventually to the
perinuclear and nuclear location, where they perkis relatively long
periods. Hence, hypothetically once firmly labelletthe radioligand is
thereby useful for imaging and therapy

Therefore, principle of peptide-based cancer inggmmesumes that an
analogue, linked to a chelator that allows a stedud@labeling with different
radiometals *in, ®®Ga and®*™Tc) for in vivo imaging is injected to the
patient intravenously. The radiopharmaceutical witribute through the
body. In case of the high expression of the speodteptor on tumoral cells,
the radiopeptide will bind to them and a subsedueénternalisation of the
radiolabeled peptide-receptor complex will occumisTprocess will allow to
y-camera in and *™c- SST analogues) or PET scarf§Ga SST
analogues) to underline the high specific uptaketh&f tumoral masses
compared with the other organs, that demonstratdova or none
accumulation of radioactivity. Kidneys or liver dtee other organs that will
record a consistent accumulation of radioactivitihis is due to the
physiological excretion of the radiopharmaceutic®ST analogues
demonstrated a predominantly renal excretion, thighexception of the first
radiolabeled SST-analogue further abandoned inic¢clithe very high
lipophilic *?3-[3-iodo-Tyr]-octreotide, characterized by high accumulation
in liver, thus perform poorly when imaging abdontiagea.

The gold standard fan vivo imaging of SSTR2 expressing tumors is now

represented by OctreoScan®n-DTPA-octreotide). In this case, excretion
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pathway is predominantly by kidneys, but it canobserved an epatobiliary
excretion of low entity, giving sometimes a notyulear abdomen imaging.
Common indications for OctreoScan® scintigraphyude the detection and
localization of a variety of NET, other tumors atiteir metastases, the
staging of patients with neuroendocrine tumors, ftiilow-up of patients
with known disease, and lastly the selection ofiepéd with inoperable
and/or metastatic tumors for PRRT.

Subsequently, new analogues were studied. In p&ticthe new peptides
have maintained octreotide as skeleton, introdusmme modifications, as
aminoacidic substitutions or the introduction ofyathetic aminoacids. The
choice of adopting DOTA (1,4,7,10-tetraazacyclod@ohe-1,4,7,10-
tetraacetic acid) as chelator brought some advastagmpared to DTPA.
DOTA forms a kinetically and thermodynamicallyld@ametal complexes,
because the radiometal is encapsulated and embedthelDOTA-skeleton,
where it is protected by the attack of competiggrid present in human
tissue and body fluids.

Limit of DOTA-SST analogues is their hydrophyligityesulting in a
predominantly renal excretion and a potentially neg damage. It is
important to avoid kidneys injure, especially fonse patients where PRRT
is required. This inconvenience is now gets ovesp#dg two strategies:
kidneys protection by ramified amino acids infusiom patients and
introduction of some modifications in the octapdetamino acidic sequence,
improving in lipophilicity and maintaining the afity profiles previously
obtained.

%y and '"Lu radiolabeled SST-analogues, particularly DOTAZfyr
octreotide and DOTA-TYroctreotate, are currently adopted for PRRT in
different clinical setting among the word. This twadiopharmaceuticals
have an important background and important presdinand clinical studies
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are performed until now. Most consistent clinicaludses have been
performed in the nuclear medicine centre at the (Ean, Italy) and in
Rotterdam. Paganelli et al. published that padra complete remissions
were obtained in 28% @7 patients with neuroendocrine tumidfdgreated
by *Y-DOTA-Tyr*octreotide. A multicenter phase-1 study perforned
Rotterdam (The Netherlands), Brussels (Belgiumyi @ampa (USA) with
%y_.DOTA-Tyr*-octreotide demonstrated in 58 patients receivealasng
doses up to 400 mCi (14.8 GBqf/nim four cycles or up to 250 mCi (9.3
GBq)/nt single dose, no maximum tolerated single &&s@he cumulative
radiation dose to kidneys was limited to 27 Gy. Adiceived ramified
aminoacids concomitant with®Y-DOTA? Tyr’-octreotide for kidney
protection. Three patients had dose-limiting tdyicone had liver toxicity,
one had thrombocytopenia grade 4, and one had'#DS
DOTA-Tyr*-octreotate has demonstrated very successful sesirit
preclinical studies, in particular in terms of tunregression and animal
survival in a rat modét®. The affinity results performed by Reustial. and
published in 2008, demonstrated a nine fold increase in affinity foe
SSTR subtype 2 for DOTA-TSxoctreotate if compared with DOTA-Tr
octreotide, and a six- to sevenfold increase imigyf for their Yttrium-
loaded counterparts, and clinical studies perfornmegatients with large
NET demonstrated that DOTA-Tyoctreotate gave a partial tumor
remission of 35% and complete remission in“%%

17 u-DOTA-Tyr*-octreotate allow to obtain a higher absorbed diose®ost
of the tumors with about equal doses to potentidibge-limiting organs.
Because of the lower tissue penetration rangé’bfi if compared with°Y,

it may be especially important for small tumors. retover, if it are
compared the residence time in tumors*fdtu-DOTA-Tyr*-octreotide and
" u DOTA-Tyr*-octreotate in the same patients in a therapeusieting,
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we found a factor 2.1 in favour of'Lu-DOTA-Tyr*-octreotat&*’; and at
the moment?’'Lu-DOTA-Tyr*-octreotate seems to be the radiolabeled SST-
analog of choice when performing PRRT.

In more recent studies, new SST-analogs with adamoaeceptor subtype
affinity profile has been initiated. These new campds, DOTA-NOC and
DOTA-BOC, present a substitution in position numiBeof the peptide,
where Tyrosine are replaced by synthetic alanifiagaftil-alanine (DOTA-
NOC) or a benzothienyl-alanine (DOTA-BOC) and destmted high
affinity for h\SSTR2-5%*? and DOTA-NOC for SSTR-3 td¢.

This two radiopeptides are now in clinical phasedtintigrafic acquisition,
but their availability is difficult, because aretran the trade, consequently
their utilise is limited to a small numbers of diagtic centres.

Studies performed by?Ga-DOTANOC demonstrated a very successful
imaging for the detection of small tumor lesionspexially for lymph nodes
and bones which is attributable to the high tatgetot-target ratios obtained
to this SST-analogue with a broader receptor swstyaffinity profiled*®
For the peculiarities of this radiopeptide, DOTA-8O0seems a good
candidate for PRRT.

At moment, clinical protocols foresee that malignegils of tumoral masses
are highlighted with**in-DTPA-octreotide (OctreoScan®) enabi@svivo
imaging tumors and metastdéfs*> Thanks to the develop 8fGef’Ga
generators and PET-CT scans, a more accurate ignagitumors is now
obtained by the use 8fGa-DOTA-SST analogues. A study performed in a
small group of patients by Gabriel &t.al**® demonstrated th4iGa-DOTA-
Tyr3-octreotide performed better results compared watventional nuclear
medicine examinations. In particular, the betteagmg properties are based

on the higherspatial resolution of PET and somesfi@al pharmacokinetic
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properties of°Ga-DOTA-Tyr-octreotide. Anyway®Ga may not be used
for dosimetric estimates.

The idea of this project derives from a precisaiclhecessity, consisting in
the research of new radiopharmaceuticals that eaadopted in the PRRT,
in particular all those SSTRs expressing tumorgd tlade from any
therapeutic plan. This is the case of thyroid cesmace they presented
dedifferentiation. In fact, papillary e folliculathyroid cancers after the
conventional treatment, develop locoregional remwe (20%) and distant
metastasis (10%), loosing the ability to uptdR# and showing elevated
serum tireogloguline (Tg) concentratféh Different studies have
demonstrated that specific SST binding to membrafesormal thyroid
tissues and thyroid carcinoma cell lines as welldesparate proliferative
effects of different SST analogs on cell lines ionolayer cultures. To date,
human carcinomas have been reported to expres®rpneahtly SSTR2,
with limited expression of SSTR1, SSTR3, and SSTERITR5 expression
in human cancers appears unique to thyroid caegegpt for a preliminary
report of expression in human breast carcinomasolMsrecent studies have
described the visualization of metastases fronicidlr cell-derived thyroid
carcinomas by means of somatostatin receptor gcapihy although, in
contrast to medullary thyroid carcinoma, these tsma@re not of
neuroendocrine origin. These findings are in agexgnwith thein vitro
demonstration of specific somatostatin binding ptaes in thyroid
carcinoma cells. In the majority of these tumohg e&xpression of SSTR-1,
SSTR-3, and SSTR-5 seems to predominate, and degeod the applied
technique, in some tumors no SSTR-2 could be detraded at all. While
the radiopharmaceutical specifically binds to tinadral cells, the radiation

emitted by the radionuclide can additionally exartcytotoxic effect on
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adjacent non-SSTR expressing cells, by cross-firth® emitted particles
diffusing within a certain range in tissues.

Generally, the current SST analogues in clinicag, usctreotide and
derivates, at clinically available doses, interagthh SSTR2 and some of
them with SSTRS5, but with a less affinity.

Because dedifferentiated thyroid cancers expre3&8$% with high density,
while the SSTR2 expression seems to be very camts@l, SST analogues
with high affinity for SSTR3, SSTR5 or both are ueqd.

In this study, a new SST analogue: DOTA-Peptidea$ wharacterised.

The peculiarity of this SST analogue consists i rigplacing of CysCys'
by two allyl-glycine linked together by a doubleumd. This avoids the
problem of the disulphide bridge present in theeththat are subjected,
once is injected throw the blood flow, to the dttaaf the endogenous
reducing agents as glutathione oxidase or thioed@ductase, or of basic
and nucleophilic agents. Another aminoacidic chatigg is important to
underline is the presence of a 2-Nal in positigpt&armacophore).

The peptide was synthesized by solid phase systlgging a more than
95% of peptide purity.

Affinity profile were performed before and after D® coupling and it was
demonstrated that the addition of DOTA is respdesitd a loosing of
affinity for hnSSTR5.

DOTA-Peptide 1 does not showed an enthusiastioigffprofile results for
hSSTR 2 (DOTA-Peptide 1 has an sd©f about 8 nM for hSSTR2, while
DOTA-Tyr*-octreotate 1§ is 1,5+0,4 nM), butin vitro and in vivo
experiments gave promising and important results.

In this project, internalisation rate, cellular enetion and radio-binding
proprieties of a new SST-analogue with a high &ffifor SSTR2 was

evaluated.
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The first part of the study was performed in cadiettion with the division
of radiological chemistry, in the department oficdmlyy of UHBS in Basel
(Switzerland). DOTA-Peptide 1 was radiolabeled whtfiLu, a radiometal
used for therapeutic purposgs-dmitter; 497 keV, 78%), but which also
allows imaging {-emitter, 113 keV, 6%, 208 keV, 11%).

After the stability tests, demonstrating an higibgdity in human serum until
4 days, radioligand internalisation and cellulatenéion assays were
performed on HEK-293 cell line stably expressingepnope tagged human
SSTR2 (HEK-SSTR2) and it was demonstrated tharahigh radiopeptide
accumulation in cells and a time-dependent intesa@abn. Particularly, it
was observed that after 4 hours of incubation 3863826 of radiopeptide is
internalised. During these experiments a plateass wat reached, so
incubations were continued till the ®4hour, where an high dose of
internalised fraction was observed (57.68%z=3.0@ferhalisation assays
were performed using’’Lu-DOTA-Tyr*-octreotide as control, showing a
similar behaviour between the two radiopeptides.

Cellular retention studies demonstrated that ah Hegree of radiopeptide is
retained in cells after 4 hours of incubation (8b6.4f radioactivity is
retained in the cell from the total internalizedngmate). This is an
important result because a prolonged intracelltdgention is of importance
if long-lived radionuclides are going to be usedherapy studies.

Finally, a very high tumor uptake resulted in turbearing mouse model
adopted in this part of the research project.

The biodistribution studies performed on female enmtice bearing HEK-
SSTR2 tumors demonstrated, by the measuremenbod ldamples taken at
each time point, that the radiolabelled peptide wlaared rapidly from the
circulation (0.55+£0.19 1 hour post injection; 0.0232 4 hours post injection
0.04% 0.00 24 hours post injections). The highestue activity is in the
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kidney (10.63+2.03 1 hour post injection, 11.1884 hours post injection,
6.69 +0.7 24 hours post injection) which can bela&xpd by the renal
excretion being the physiological way for the ehation of this
radiopharmaceutical. The other organs demonstratecgery low uptake
except for the stomach (5.04+£2.05 1 hour post tigac 3.29 £0.86 4 hours
post injection and 2.43+ 0.12 24 hours post ingggtiand the pancreas
(2.87+0.61 1 hour post injection, 1.85+0.32 4 hopost injection, 0.95+
0.15 24 hours post injections), but it is well knothat these organs express
SSTREre: !l segnalibro non & definito. - At 54 hours more than 50% of the
radiopharmaceutical was cleared from these organs.

An high radioligand accumulation was observed ia thmors at 1 and 4
hours post injection (22.69+5.36 and 23.69+1.74 fgli2spectively). When
the receptors were blocked by a co-injection ok&oess of the same cold
peptide, the tumor uptake was found to be about B3%compared to the 4-
hour time point and this also holds for the oth®TB-positive organs.

At the 24hours time point a good clearance was observedlifaron-tumor
and non-specific tissues, the only exception behg kidney, where the
uptake remained high (6.69+0.70%ID/qg).

111-Indium was the second radiometal used for D®Bftide 1
radiolabeling. **!in is ay-emitter with radiation energy of 0,171 and 0,245
MeV 90,94%, but it can used for therapeutic purpbseause 111-Indium is
a Auger electron emitter (14.7 Auger yield, Augeremgy 6.75 keV).
Radioligand internalisation and retention assays$ l@odistribution studies
were performed adopting the protocols describgat@vious session. This is
a necessary step because different radiometalsemie the pharmacological
properties of radiopeptides.

In vitro assays were performed on rat pancreatic adennoarai cell line

(AR4-2J) stably expressing native SSTR2. Even is tase radioligand
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internalisation assays were performed udiip-DOTA-Tyr*-octreotide/tate
as references and it was demonstrated that inteatiah is a time dependent
process. Radioligand internalisation assay dematestra 6.59%z=0.92f
internalised fraction after 4 hours of incubati®his dose is relatively higher
in case of longer incubations (27.23%z=1.6 of inddised radiopeptide at 24
hours time point).

The uptake results are appreciably lower if comgbavath the same
experiment managed with”’Lu-DOTA Peptide 1. The motivations are
mainly two: the first can be the radiometal chaggthat influences the
peptide behaviour, the second regards the celldampted in this session.
AR42J cells express wild type SSTR2 and receptasitieis considerably
lower if compared with the SSTR2 expression ofdfacted HEK-SSTR2.
Regarding cellular retention studies it can asdettiat*in-DOTA Peptide
1 maintained the same features presciently destribefact cells retained
62.75%+3.04 ot*in-DOTA-Peptidel after four hours of incubation.

In vivo biodistribution studies where performed on groapiealthy balb-c
mice. Animals were injected with 10 pmBfin-DOTA-Peptide 1 (0.15-0.2
MBq) and scarified 1, 4 and 24 hours post injectidio determine the non-
specific uptake of radiolabelled peptide, a gro@ipnace were injected with
20 nmol of DOTA-Peptide 1, 5 minutes before theeatipn of the
radiopeptide. Results are expressed as % of injeddse/ grams of tissue.
Pharmacokinetics studies demonstrated that theopagiide was rapidly
cleared from circulation (0.95+7.8E-05 1 hour pogtction, 0.67+0.0014 4
hours post injection, 0.18+0.0009 24 hours posedipn). An high
radioligand accumulation is observed in the pityitagland at 1
(14.93+0.0088), 4 (7.45+£0.0024) and 24 hours (8010@70) post injection,
the stomach (1.13+0.0032 1 hour post injection4#4000025 4 hours post
injection, 0.46+£0.001124 hours post injection) and the pancreas
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(0.57+0.0022 1 hour post injection, 0.43+0.0021hours post injection,
0.27£0.0001 24 hours post injection) too demonestiat good uptake of the
radiopharmaceutical. These are compatible with abr88TRs expression
with an exception of the kidneys that are respdesiof the
radiopharmaceutical clearance (13.39+0.001 1 howst pinjection,
13.57+0.00572 4 hours post injection, 4.88+0.000%&urs post injection).
The other organs demonstrated low uptake. At 24shtme point a good
clearance was observed for all tissues, the ontg@ion are constituted by
kidneys and pituitary gland, where the uptake rewdihigh.

Affinity studies were also performed with a newhealogy: LigandTracer®
produced by Ridgeview instruments AB. This instramegives the
possibility to perform different pharmacologicakags on living cells in real
time, as binding assays and uptake/ retention measunts.

The advantage of this instrumentation consistshenpossibility to have a
complete automate system and the possibility aigusinly a plate dish for
all the study and consequently a small number dis.c&ven if, this
instrumentation seems to be very promising, it westced some problems
that needs be solved to improve this methodologye ™ost important
consists in the instrument software, that presemse difficulties in the data
lecture.

Affinity studies were performed on NPA-87 cells eagsing SSTR2 receptor
with *in-DOTA Peptide 1 and OctreoScan®, as control.

These are only preliminary results and the methaglorequires important
modifications. 1Gy and Byaxvalues are obtained (OctreoScan®;0H331.8
nM and Bya= 445.7;™n-DOTA Peptide 1: 16=110.0 nM and Rac
29.88). Moreover, by immunofluorescence studiesprecise different
intracellular localization of SSTR2-ligand comphas observed at different
times of the study, anyway, DTPA-Octreotide and [BCHeptide 1 have
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generated similar answer, but it seems that DOTgtBe 1 have a higher
potentiality to internalise.

Regarding pharmacological assays, immunofluoresgeng sensitive
immunocytochemical method, was applied to exam®€RR internalization
after DOTA-Peptide 1 treatment, peptide with armalglithed interest for
nuclear medicine.

Unlike radioactive isotopes, ligands to be testdiriternalization will not
experience alteration, which might affect the due of the ligand and thus
its biologic activity.

As conclusion, it can assert that high-affinity 88TR2 binding is a
prerequisite for an agonist to trigger SSTR2 irdémation, and the
behaviour of this compound seems reflect thosegohist.

Finally, it is important to emphasize that the setgeneration compounds
foreseen foiin vivo SSTR2 targeting, such as octreotide, octreotadetla
object of the study modified in position 3 and kakto DOTA, often have
considerably better internalization capabilitiearthdo the first-generation
compound DTPA-octreotid&.

The last session of the study regarded pro-apepetfects of SST-analogue.
TUNEL assay was performed on AR42J cells treateld lngh concentration
of DOTA-Peptide 1. Even if there are some studiektérature*®*°>*>that
confirm the activation of the apoptotic pathwaytbg activation of SSTR2,
no positivity were observed in TUNEL experiments.

Further considerations and investigations are redui especially the
cytostatic effect due to SSTR2 activation havedstudied.

The cytotoxic signalling initiated by SST analogseassociated with the
induction of wild type p53 and B&X and in a study where an human
adenocarcinoma breast cancer cell line (MCF-7) wased, it was
demonstrated that no increase in p21, pRb or c-Mgs observed at 2 and
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24 hr of Octreotide treatment and the lack of iriuncof p21 by octreotide
is consistent with its ability to induce wild typ&3 and apoptosis but not G1
arrest®®. But this only a consideration, anyway it seemat t8STR2
modulates cell proliferation through SHP-1. Follogirecruitment to SSTR2
and subsequent activation, SHP-1 dephosphorylatasous signaling
molecules including growth factor receptors and @\@hile enhancing the
induction of p2¥#"* and promoting cell cycle arrést

Finally, it is important to underline that tixe or -emitting SST analogues-
tagged radionuclides shall elicit maximal cytotorésponse due not only to
the triggering of apoptosigia induction of wt p53 and Bax by receptor-
mediated signaling but also to the radiation inducamage following
internalization. So it could predicted that treattneith SST analogs alone
or in combination with radiation and/or chemothgragould be most

effective in treating wild type p53- and SSTR-exgsiag tumors.
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CONCLUSIONS

In recent years, knowledge in the SST field is a@werately grown up, but a
great number of dark points have still to be dadfand the developing of
potent SST analogues for cancer treatment will ireqa more complete
understanding of their intracellular actions anfiactions.
Radiometal-labeled SST-analogues have demonstsatad or great benefit
in the in vivo localization and PRRT of human tumors. The stratdat
brought to an unquestionable positive result depebgl a changing in
strategy, in fact new chelators were adopted thHdbwead high
thermodynamic and kinetic stability to the radiojdgs, while in terms of
pharmacokinetic, pharmacodynamic and biologicaperbes improvements
are significant.

In this study, a new DOTA-based peptide (DOTA-Réptl) with diagnostic
and therapeutic potential was characterized phasiogically.

The limitation of this analogue is high the hydribghty of the molecule and
a consequent kidney burning, determining a dosgitighorgan in this type
of targeted radiotherapy.

The peculiarity of the new analogue consists in ghesence of two allil-
glycines in the place of correspondent cysteinesteldver, an aminoacidic
substitutions is present in position 3, where dlsgtic aminoacid is present.
The new SST analogue shows agonist characterisiith & great
internalization in SSTR2-expressing cells and gbidlistribution profile in

mice bearing xenograft tumors.
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Finally, it can conclude affirm that these resiitidicate that**in/*""Lu-
DOTA-Peptide 1 is a promising new SST-based raghold for possible
diagnosis and peptide radiocereptor therapy of tarapecifically expressing
SSTR2.
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