INTEGRATION OF STIMULATORY AND INHIBITORY

SIGNALS IN PITUITARY TUMOUR CELLS

THROUGH THE PI3K PATHWAY

by

Tania Cristina Antunes Colaco

Faculdade de Medicina da Universidade do Porto

MESTRADO EM MEDICINA E ONCOLOGIA MOLECULAR
MASTER DEGREE IN MOLECULAR AND ONCOLOGY MEDICINE

Porto 2009



ABSTRACT

Pituitary adenomas produce multiple growth factasdsich in concert strongly stimulate
pituitary tumour cell growth. Cell proliferation igssociatedn vitro with increased

expression of the main angiogenic factor, VEGF-Ahdugh the combined stimulation
of growth and angiogenesis would indicate a rapmhpession of pituitary adenomas,
most pituitary tumour types expand extremely slowlyivo, suggesting the presence of
extra- and intra-tumoural inhibitory factors and ama&nisms, which counteract the

stimulatory signals.

So far, little is known about the mechanisms tim¢grate stimulatory and inhibitory
signals in pituitary tumour cells at molecular levdtT-S cells express the two PDGF
receptors ¢ andp) and the SSTR2, that apparently are involved tuaitairy tumour cell
lines PI3K signalling control, thus emerging asoad) model to study the integration of
stimulatory (PDGF) and inhibitory (octreotide) sam in growth and VEGF-A
production, through the PI3K pathway.

In the present work it was demonstrated that PD@FsAynificantly stimulated MtT-S
proliferation and, surprisingly, octreotide had eftect on MtT-S at low concentrations
and even stimulated cell growth at high dosagesa#t also verified that, although both
PDGF-AB and octreotide stimulated the proliferatioh MtT-S cells, the combined
application of these substances inhibited the actad each other on cellular

proliferation.

In addition it was shown that PDGF-AB stimulatiohMtT-S cells resulted in a strong
dose-dependent enhancement of basal VEGF-A setréftte induction of VEGF-A
production by PDGF-AB was dose-dependently blodkgedctreotide whereas the basal
VEGF-A release was not affected. The PDGF-AB-indughosphorylation of key
components of the PI3K pathway such as PDK-1, Akt amTOR was inhibited in the
presence of octreotide, strongly supporting theolwement of this signal pathway in
both stimulation and inhibition of VEGF-A releasene PDGF-AB-induced VEGF-A



secretion was also suppressed by the mTOR inhsbipamycine and RADOO1. The
PI3K inhibitor LY294002, another suppressor of thethway, also dose-dependently
reduced the production of VEGF-A.

Taken together, the results presented in this ssidyngly suggest that MtT-S cells
might represent a good model for studying mechasmissaponsible for the resistance to
the growth inhibitory action of octreotide. Moreoyvé was shown for the first time a
way through which somatostatin and its analoguexbahly act as anti-angiogenic
factors in pituitary adenomas, namely by supprestie PDGF-induced production of
the most important angiogenic factor, VEGF-A. Intadls of the PI3K-mTOR pathway,
which seems to be the major pathway involved in PBGmulated VEGF-A release,
also suppressed the production of this angiogeratof. Although the present findings
need to be confirmed in human pituitary adenomd3KMTOR pathway inhibitors
may provide an alternative and a new pharmacolbtpoh for the treatment of pituitary

adenomas.
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Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

1. INTRODUCTION

1.1 Pituitary adenomas

Pituitary adenomas are epithelial tumours thateaiiem adenohypophysis cells. They
account for ~10% of all intracranial neoplasms. &tthweless, the prevalence of incipient
pathologies is rather higher, since, up to a quadteall pituitary glands analysed at
autopsy harbour an unsuspected microadenoma. 8iymifaituitary imaging detects

small lesions in at least 10% of normal people pitd, 2008].

In effect, pituitary adenomas are the most commanse of pituitary hormone
hypersecretion and hyposecretion syndromes in adBisides the symptoms directly
related with hormone secretion, all tumours carsedocal pressure effects, including

visual disturbances, cranial nerve palsy, and hedefMelmed, 2008].

The classification of pituitary neoplasms has ugdee a variety of modifications since
its conception. Although classical designations tamours were based on the
morphological characteristics of cell cytoplasmeaftytological staining (acidophilic,
basophilic and chromophobic tumours), pituitary remieas are now classified based
primarily on size and also on the hormones theggpee. Thus, microadenomas present
a maximum diameter below 10mm and macroadenomdsehifpan that. About one-
third of tumours are endocrinologically “silent”dm-functioning pituitary adenomas),
which grow insidiously for many years and usualhggent as an expanding pituitary
mass. Otherwise, pituitary tumours are hormonattyva and classified depending on
the cell type from which they are derived: lactpgaprolactin), somatotrope (growth
hormone - GH), corticotrope (adrenocorticotrophiorrhone), thyrotrope (thyroid
stimulating hormone) or gonadotrope (luteinizing rrhone, follicle stimulating
hormone). Hormonal production does not always tateewith tumour size [Asa &
Ezzat, 2009]. Additionally, in very rare cases gléisan 0.1% of all pituitary tumours),
aggressive and metastases forming pituitary camta#sodevelop from formerly benign
adenomas [Asa & Ezzat, 2002; Cai et al., 1994¢Pal., 1995].

Master Degree in Molecular and Oncology Medicine 1



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

1.1.1 Pituitary adenomas treatment

A comprehensive strategy for treating patients \pithitary tumours aims to normalize
excess pituitary hormone secretion, alleviate spmgt and signs of hormonal
hypersecretion syndromes, shrink or remove thetaitumass and preserve residual

normal pituitary function [Shimon & Melmed, 1998].

Pituitary tumours may be treated medically, sulgicaadiotherapeutically or with any
of these approaches in combination. The choiceaoh ef these modalities of therapy
depends on the type of tumour and the availabdityexpertise. Microadenomas are
mainly treated with transsphenoidal microsurgerghwsuccess rates reaching about
90%. On the other hand, macroadenomas are treatedswgery and, if appropriate,
with radiation therapy after incomplete removatled adenoma. Medical treatment often
includes dopamine agonists such as cabergolindm@mdlocriptine for GH and prolactin-
secreting tumours, and the somatostatin analoguweaodicle for GH secreting adenomas
[Melmed, 2008].

Increased understanding regarding the etiopathegené pituitary tumoursvide 1.1.2)
has identified new proteins and pathways that reag ko novel therapies. In addition, it
is being exploited the applications in oncologysome of the already known treatments,
namely octreotide. Beyond its normal endocrineoasti octreotide can be helpful in
cancer treatment via direct somatostatin-type ecep(SSTR) signalling,
autocrine/paracrine effects or cell labelling [Goeng, 2004]. In pituitary
lactosomatotroph GH3 cells, it has been alreadyvehthat the antiproliferative effects
of octreotide are mediated trough SSTR2 and supiore®f the phosphatidylinositol-3-
kinase (PI3K) pathway [Theodoropoulou et al., 2008jnfortunately, the exact
molecular mechanisms of pituitary adenoma prolifereare still poorly understood, but
there is a general believe that once they arerbdgfned, clinical decision making will

be facilitated.

Master Degree in Molecular and Oncology Medicine 2



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

1.1.2 Pituitary tumourigenesis

Studies in pituitary tumourigenesis have shown #tlEnomas are monoclonal in origin,
and that neoplastic progression depends on oncegactezation/over-expression, of,
conversely on inactivation/loss of tumour suppregsmes [Alexander et al., 1990; Asa
& Ezzat, 2002]. Hitherto, the only initiating mutat described is a single amino acid
mutation in the alpha-chain of the guanosine trgpiate-binding protein, Gs, that
provokes a constitutive activation of the cycliceadsine monophosphate (CAMP)
pathway, observed in 10% to 40% of GH secretingounst This results in elevated
cAMP formation and subsequent GH hypersecretionaaimhoma proliferation [Lyons

et al., 1990; Spada & Vallar, 1992].

Several evidences have demonstrated the involveofentultiple factors in pituitary
tumourigenesis.Thus, oncogenes linked to adenoma progression daclecAMP-
responsive nuclear transcription factor, CREB, Wwhgalso thought to be promoted by
the over-expression of @qLania et al., 1998]; ras oncogene mutations, Wwhiave
been detected in aggressive prolactinomas [Cail.et1894]; and pituitary tumour
transforming gene, PTTG, which is a putative newkaafor invasiveness in secretory
adenomas [Zhang X et al., 1999; Heaney et al., 199@mour suppressor genes lost or
deregulated in pituitary tumours aRb [Pei et al., 1995]menin [Theodoropoulou et al.,
2004], p27 [Lidhar et al., 1999], p16 [Woloschakakét 1997] and Zac [Pagotto et al.,
2000]. Whereas altered expression or mutationsnobgenes and tumour suppressors
play a causative role in pituitary tumour arisifggrmones, neuropeptides, growth
factors, cytokines and angiogenic factors suppdauditary tumour progression and
expansion [Asa & Ezzat, 2009]. In fact, it has bakpady shown altered expression or
function of different factors and their specificeptors, in pituitary tumours [Renner et
al., 2004]. In the following, the role of platelet-derived gribwfactor (PDGF) and
vascular endothelial growth factor (VEGF) in pi&wg tumour development is

summarised.

Master Degree in Molecular and Oncology Medicine 3



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

1.1.2.1 PDGF and pituitary tumours

The platelet-derived growth factor family consiets$ isoforms, three of which (PDGF-
AA, -AB, -BB) are essential angiogenic factors amghortant mitogens for connective
tissue cells and other cell types such as smoottieells and oligodendrocytes. The
other isoforms (PDGF-CC and -DD) have been detetaést and remain poorly
characterised [Fredriksson et al., 2004]. All PD@Bforms engage two receptor
tyrosine kinases, PDGF receptaxsand 3 (PDGFRea, PDGFRB) which homo- or
heterodimerize (PFGFRe, PDGFRB[, PDGFRef}) after ligand binding, leading to
the activation of the intrinsic tyrosine domain. bSequently to receptor
autophosphorylation, different signalling systei@sc( PLCg, Ras) are activated, among
them the PI3K pathway [Tallquist & Kazlauskas, 2004

PDGF receptors activation controls important phggical functions such as
development of lung, kidney and brain in mice, tation of intestinal tissue pressure
and vessel remodelling during wound healing [Yehlet1993; Heldin & Westermark,
1999; Betsholtz, 2004]. In addition, pathogenetid @athophysiological roles for the
PDGF/PDGF receptor system were previously descrédsethutational over-expression
of the system in distinct types of cancer, aut@pane-stimulation of tumour cell
growth, and stimulation of tumour neovascularigatitrough angiogenesis [Smits et al.,
1992; Simon et al., 1997; Maher et al., 2001; S€e@ross 2002; Heinrich et al., 2003;
Distler et al., 2003; Ostman, 2004]. Regardingl#teer, PDGF-BB has been shown to
promote tumour vascularisation mainly through irghuc of pericyte proliferation and
recruitment to newly formed vessels [Guo et alQ@0Abramsson et al., 2003]. PDGF
isoforms, such as PDGF-AA and PDGF-BB, also stiteuthe expression of VEGF
(described in detail below), the main angiogeniactda involved in tumour
neovascularisation, as recently reported [Shikaidal.e 2005; Matei et al., 2007].
Pituitary tumours secrete numerous growth factetsch together modulate pituitary
adenoma progression and pathophysiology [Ray & Mdln997; Renner et al., 2004].
However, so far, little is known about the expressiocalisation and function of PDGF

Master Degree in Molecular and Oncology Medicine 4



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

and PDGF receptors in pituitary adenomas [Sasadiaed., 1995; Leon et al., 1994;
Sullivan & Tashjian, 1983]. Messenger RNA expresd PDGF-A and —B chains has
been found by Leon et al. in normal human antguituitary and in the totality of the 34
adenomas studied. Normal pituitary also expressgsPDGF receptoysvhile PDGFR-

o and PDGFR3 have been found in 44% and 94% of pituitary aderspmespectively
[Leon et al., 1994]. No correlation between mRNAmssion of PDGF isoforms or
receptors and tumour volume could be found [Leoal.et1994]. Taking in account the
co-existence of ligand and receptors in the sassdi, it has been speculated, though
never proven, that PDGF might be an auto/para@atierg growth factor for pituitary

tumour function and growth.

Regarding functional aspects, PDGF has been repootestimulate GH secretion in
somatotroph GC pituitary cells and to inhibit patia release of lactosomatotroph
GH4C1 and GHa3 cells [Sullivan & Tashjian, 1983].\Wver, the latter remains unclear,
since, in a very recent study, no PDGF receptorse Hzeen detected in GH3 cells
[Kowarik et al., 2009]. In the same report, it Heeen demonstrated that the expression
of PDGF-A and —B chains and of the 2 receptorsumd exclusively in folliculostellate
TtT-GF pituitary cells. Conversely, somatotroph MiTcells expressed PDGF-B and
both PDGF receptors and corticotroph AtT20 pityiteells synthesised only PDGF-B
and PDGFRa. Gonadotroph aT3-1 and lactosomatotroph GH3 eediee negative for
PDGF-A and —B and the two PDGF receptors [Kowaetllal., 2009]. Functional studies
evidenced that PDGF-BB and PDGF-AB stimulate VEGPpt8duction in TtT-GF cells
through the PI3K signalling pathway [Kowarik et, @009].

1.1.2.2 VEGF and pituitary tumours

VEGF is a homodimeric glycosylated protein produtsdnumerous cell types, that
plays a key role in both physiological (embryogéneskeletal growth and reproductive

functions) and pathological (tumour growth, intralac neovascular disorders and other
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Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

diseases) angiogenesis. The VEGF protein familysists of several growth factors
among which one of the most prevalent forms is VEEGRlso referred as VEGF. The
human VEGF-A gene is localised to 6p21.3, and radttere exon splicing generates four
different isoforms in the human, designated acogydd the numbers of amino acids
VEGF121, VEGF165, VEGF189 and VEGF206 [Ferrara &g 2003]. The secreted
and soluble VEGF189 protein is the most prominéntidator of angiogenesis among
the different VEGF-A variants. Regulation of VEGFgene expression and protein
production occurs via different mechanisms inclgdWEGF-A induction by hypoxia

and/or by growth factors and cytokines [Ferrar&@0

Although pituitary adenomas are normally less vis@ed than normal anterior
pituitary, there is no doubt that VEGF-A plays asential role in neovascularisation
which supports pituitary tumour formation and groiturner et al., 2003]. In normal
anterior pituitary VEGF-A expression is exclusiidaliculostellate cells, whereas after
tumoural transformation hormone-producing cellsvsée acquire the ability to produce
VEGF [Ferrara & Henzel, 1989]. Therefore, VEGF-Adistectable in variable amounts,
both in primary cell cultures pituitary tumour cktles and in human pituitary adenoma
cells. In addition, VEGF production is strongly pugssed by glucocorticoids and is
differently regulated by cytokines, growth fact@sd neuropeptides depending on the
tumour cell type [Lohrer et al., 2001; Onofri et 2004; Borg et al., 2005; Renner et al.,
2002; Gloddek et al.,, 1999]. As already mentionB®GF isoforms act as an up-
regulator of the production of VEGF-A in folliculedlate TtT-GF pituitary tumour cells
[Kowarik et al., 2009].

An interesting study has evidenced that VEGF-Audito VEGF receptor-1 interaction,
directly modulates growth, cell cycle progressioml gurvival of the adenoma cells in
pituitary adenoma, concomitantly with neovascu&it induction [Onofri et al.,
2006].

Master Degree in Molecular and Oncology Medicine 6



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

1.2 Phosphatidylinositol-3-kinase (PI3K) pathway

PI3K-Akt signalling pathway seems to be deregulated wide spectrum of human
cancers. It is activated by multiple cellular stlimar toxic insults and regulates
fundamental cellular functions such as transchptiwanslation, proliferation, growth

and survival [Vivanco & Sawyers, 2002].

PI3K is a heterodimer composed of a catalytic sitbiid110) and an adapter/regulatory
subunit (P85), which is activated after binding@¢ceptors with protein tyrosine kinase
activity or G protein-coupled receptors. In faablldwing its recruitment to these
receptors in the plasma membrane, activated PI3isgiorylates phosphatidylinositol-
4,5-biphosphate (PIP2) on the 3-OH group generaphgsphatidylinositol-3,4,5-
triphosphate (PIP3), a potent second-messenges ddmversion occurs in seconds.
Intracellular PIP3 levels are tightly regulated the action of phosphatases such as
phosphatase and tensin homolog (PTEN) and Src-togyoR domain-containing
protein tyrosine phosphatase (SHP) [Nicholson & @&msdn, 2002; Osaki et al., 2004].

After its synthesis, PIP3 does not seem to actiyddedirectly; instead, it helps the
recruitment of Akt to the plasma membrane and ptesmia@onformational changes
exposing its two main phosphorylation sites: Thr8D8e kinase domain and Ser473 in
the C-terminal regulatory domain. Subsequently phosositide-dependent kinase-1
(PDK-1), which is thought to be activated consiveity, phosphorylates Akt at Thr308,
leading to stabilisation of the active conformatinll activation of Akt requires Ser473
phosphorylation, but this mechanism remains coetsial [Nicholson & Anderson,
2002; Osaki et al., 2004].

Finally, activated Akt is translocated to the cy&gm and nucleus where many of its
substrates are located, which include: apoptotitofaBad, procaspase-9, inhibitor of
nuclear factor kappa B kinase, cCAMP-response-eléimiening protein, the forkhead

family of transcription factors, glycogen synthakmase-3, mammalian target of
rapamycin (mMTOR), p21 and p27 [Vivanco & Sawyef)2Z).

Master Degree in Molecular and Oncology Medicine 7



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

1.2.1 PI3K pathway and pituitary tumours

The over-expression and over-phosphorylation of iskhuman pituitary tumour cells
has been already demonstrated. This increasediictivdoes not seem to be secondary
to mutations of PTEN gene, which encodes a proteat negatively regulates
intracellular levels of PIP3, but rather due toharge at a more proximate part of the

cell-signalling pathway [Musat et al., 2005].

Several growth factors activate PI3K pathway ampecHically in pituitary, it has been
demonstrated that PDGF-AB enhances VEGF-A secr&idrG-GF cells, in response
to activation of this pathway [Kowarik et al., 20090ppositely, octreotide (a
somatostatin analogue) presents inhibitory effemts lactosomatotroph GH3 cells
proliferation, mediated trough SSTR2 and suppressiof PI3K pathway

[Theodoropoulou et al., 2006].

1.3 Pituitary cell lines

Immortalised cell lines constitute suitable vitro models of endocrine and non-
endocrine cell types to study pituitary adenomasnely for the study of VEGF
expression. Recent studies in pituitary adenoma FBGroduction have been done in
TtT-GF cells [Kowarik et al., 2009], which is a ké&he derived from non-endocrine
folliculostellate cells of the anterior pituitaryagd [Inoue et al., 1992]. Folliculostellate
cells are rarely found in adenomas and intra-tulsloemdothelial cells represent a target
but not a source of VEGF within solid tumours [leearet al., 2003]. Therefore, pituitary
adenoma cells seem to be responsible for VEGF ptmatuin pituitary tumour cell
cultures, and cell lines of pituitary adenomas titute a particularly good model to
study this growth-factor expression. MtT-S is a samatrotoph cell line, established
from estrogen-induced mammotropic pituitary [Inaieal., 1990]. MtT-S cells express
the two PDGF receptors @ndp) [Kowarik et al., 2009] and the SSTR2 [Morishita e
al., 2003; Theodoropoulou et al., 2006], thus emngrgas a good model to study the
integration of stimulatory (PDGF) and inhibitorycfceotide) signals in growth and
VEGF production, through the PI3K pathway.

Master Degree in Molecular and Oncology Medicine 8



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

2. AIM OF THE STUDY

Pituitary adenomas produce multiple growth factadsich in concert strongly stimulate
pituitary tumour cell growth, that is associateditro with increased expression of the
main angiogenic factor, VEGF-A. Although the condanstimulation of growth and
angiogenesis would indicate a rapid progressiopitiitary adenomas, most pituitary
tumour types expand extremely slowly vivo, suggesting the presence of extra- and
intra-tumoural inhibitory factors and mechanismdiich counteract the stimulatory

signals.

So far, little is known about the mechanisms timgrate stimulatory and inhibitory
signals in pituitary tumour cells at molecular levié has recently been shown that
inhibitory effects of the somatostatin analogueremtide in lactosomatotroph GH3
pituitary tumour cells are mediated through the atmstatin type-2 receptor and the
suppression of the PI3K signalling pathway [Theogoulou et al., 2006]. In contrast,
PDGF-AB enhanced VEGF-A secretion in the follictddisite TtT-GF pituitary tumour
cell line by stimulating PI3K signalling [Kowarik al., 2009].

In the present work, effects of PDGF-AB and odideoon proliferation and VEGF-A
secretion were studied for the first time in thenatotroph MtT-S pituitary tumour cell
line. Based on findings from other types of tumoutsvas expected that PDGF-AB
should stimulate growth and VEGF-A production of TM8 cells, whereas octreotide
should inhibit these effects. Thus, the aim ofghesent study was to investigate how the
stimulatory effects of PDGF-AB and the inhibitorgtians of octreotide are integrated in

MtT-S cells and whether the PI3K signalling pathwags involved in this process.
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3. MATERIALAND METHODS

3.1 Reagents

Standard cell culture materials were purchased ftof@ Technologies (Karlsruhe,
Germany), Nunc (Wiesbaden, Germany) and Sigma (@tisL MO, USA) unless

specified.

3.2 Solutions

Platelet-derived growth factor AB (PDGF-AB), fron&R Systems (Minneapolis, MN,
USA), was dissolved in sterile phosphate basedebu{PBS) (Gibco/lnvitrogen,
Carlsbad, USA), with 0.1% bovine serum albumin ithogen Corp, Paisley, UK), and
stored at -20°C in aliquots of 100ul (concentrafiOpg/ml). Octreotide, provided by the
American Peptide Company, was dissolved in PBSdongentration of ImMand was
stored at -20°C. Rapamycin (1mg/ml) from Sigma Ghbals, LY294002 (30uM) from
Calbiochem (Bad Soden, Germany) and RADO00O1 (10minfNovartis Pharma AG
were dissolved in Dimethyl sulfoxide (DMSO) (Sign&t,Louis MO, USA).

3.3 Cell culture

Somatotroph MtT-S rat pituitary tumour cells (RikBimoResource Center, Tsukuba,
Japan) were routinely grown in Dulbecco’s Modifiedgle’s Medium (Invitrogen Corp,
Paisley, UK), supplemented with 10% foetal calfuser(Gibco, Karlsruhe, Germany),
2mmol/l L-glutamine (Biochrom AG, Berlin, Germanyd,5mg/l partricin (Biochrom
AG, Berlin, Germany) and 0/ penicillin/streptomycin (Biochrom AG, Berlin,
Germany). Cells were incubatati37C in 5% CQ (Incubator 1/004; Thermo Scientific,
Whaltam, MA, USA) until became confluent, and theere used for proliferation

studies, RNA and protein molecular analysis aneéswgiant collection.
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3.4 Cell Proliferation assay

The proliferation of MtT-S cells in response to PBGB and octreotide treatments was
measured by WST-1 assay (Roche Molecular Biochdspitbdanheim, Germany). The
cells were plated in a 96-well plate (5000 cellsiifinal volume of 100ul per well) and
incubated for 24h at 8 in 5% CQ. Subsequently, cells were under overnight serum
deprivation and then were treated with PDGF-AB5(110, 50 and 100 ng/ml) alone and
with octreotide (10pM, 10nM, 1BM and 10"M) alone or conjugated with PDGF
50ng/ml, for 24h. Cells grown in the absence ofttreents were used as negative
controls. Treatment was stopped by addition of IWST-1 cell proliferation reagent
to each well, and absorbance was measured at 450nn@a spectrophotometer
(SmartSpec Plus; Bio-Rad, Hercules, CA, USA) afteubation for 30 min.

3.5 RNA isolation

The cells were plated in a 6-wells plate (3.0 X ddlls in a final volume of 1ml per well)
and incubated for 24h at %7 in 5% CQ. Subsequently, cells were under overnight
serum deprivation and then were treated with PD@F=Ang/ml alone or associated to
octreotide at various concentrations t18nd 10'“M), for 24h. Cells grown without

stimulation were used as negative controls

The cells were lysed directly by addition of 1mlTdRIzol to each well and passing the
cell lysate several times through a pipette. Trmiltlng homogenised samples were
incubated for 5min at room temperature, to perrhi¢ tomplete dissociation of
nucleoprotein complexes. Subsequently, it was ad@f¥qul of chloroform (Sigma, St
Louis MO, USA) to each tube, which were vigoroushaken by hand for 15s and then
incubated at room temperature for 3min. Followimgubation, the samples were
centrifuged (Centrifuge 5415R; Eppendorf; Hamb@grmany)at 120529 for 15min at
4°C. The agueous phase was transferred to a fubghand the RNA was precipitated
with 500ul of isopropyl alcohol (Sigma, St Louis M@SA). The samples were
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incubated for 10min at room temperature and cemedl at 12052g for 15min at 4°C.
The supernatant was discarded and the RNA pelletweashed with 1ml of 70% ethanol
(Sigma, St Louis MO, USA). Each sample was mixedvbytexing, centrifuged at

12052g for 10min at 4°C and, after supernatanttieje the pellet was left to dry in a
thermo-dry-block (Thermo Dry Block DB-2A; Technec|nBurlington, USA) at a

maximum temperature of 65°C and then dissolvecia@propriate amount of DEPC-
treated water (Sigma, St Louis MO, USA). The RNAsweft for 1h at 60°C in the
thermo-dry-block.

The RNA concentration of each sample was calculafezt absorbance measurement
with a spectrophotometer (SmartSpec Plus; Bio-Riicules, CA, USA), according to
the following formula: RNA (ug/ul) = (Ax40x60)/1000, where Aqis the sample
absorbance at 260nm, 40 is the concentration iplod/RNA giving Agso value equal to

1 in the standard curve, and 60 is the dilutiontdiacised to measure the sample
concentration (1l RNA + 59ul DEPC water).

All RNA samples were submitted to a Polymerase Rlreaction (PCR) for GAPDH
(housekeeping gene) to exclude genomic DNA contafan. In the absence of DNA,
no band is visible after loading the PCR product amm ethidium bromide gel (as

described below).

3.6 Reverse Transcription — Polymerase Chain ReactiorRT-PCR)

The cDNA production from RNA isolated from sampless performed after incubating
for 1h at 45°C (Incubator 1/004; Thermo Scientifihaltam, MA, USA) the following
mixture: 1pg of RNA, 1ul of ANTP mix 2mM (MBI Fermias, Vilnius, Lithuania), 2ul
of 62,5 U/ml random primers (Hexanucleotide mix ecRe, Mannheim, Germany), 2ul
of 10 nM dithiothreitol (DTT — Sigma, St Louis MQJSA) and 1ul of 200U reverse
transcriptase (SuperScript 1l — Invitrogen, CartsbdSA), 4ul of 5x first strand buffer
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(Invitrogen, Carlsbad, USA) and DEPC-water to gdinal volume of 20ul. Reaction
was stopped by boiling the samples for 5min at 95°C

Each produced cDNA was amplified by PCR, incubatipd of cDNA sample with
1,5ul of 10x PCR buffer (MBI Fermentas, Vilnius tutania), 0,9ul of 25mM Mgl
(MBI Fermentas, Vilnius Lithuania), 1,5u1 dNTP m2mM (MBI Fermentas, Vilnius
Lithuania), 0,5ul of amplification VEGF primer sensOpmol/ul (MWG Biotech), 0,5ul
of amplification VEGF primer anti-sense 10pmol/MWG Biotech), 0,15ul offhermus
aquaticus (Tag) DNA polymerase (MBI Fermentas, Vilnius Lidnia) and 8,95ul of
autoclaved distilled water. The PCR reaction inetid35 cycles of the following
program (T3 Thermocycler; Biometra, Gottingen, Gany): denaturation at 94°C for

1min, annealing at 60°C for 1min and elongation28C for 1min.

Meanwhile, a 1-1,5% agarose (Life TechnologiessiBgi UK) gel, according to the
expected size of the amplification product, wasppred, supplemented with ethidium
bromide (Sigma, St Louis MO, USA). After amplificat, the DNA molecules were
separated by electrophoresis (Electrophoresis chamini-Protean 3 and Power
Supply PowerPac 1000; Bio-Rad, Hercules, CA, USA] ix Tris Borate EDTA buffer
for 15-20min at 80V, and the bands were visualisader UV light. Amplification
products molecular weight was determined by comsparivith fragments of known size
(1kb Plus DNA ladder marker - Life Technologiesisiyy, UK).

Table I. Primer sequences and cDNA fragment size

Primers Sequence (5’-3) Ta (°C) Amplified fragment (bp)
GAPDH sense ATGGTGAAGGTCGGTGTGAACG 60 495
raymouse  ,nii sense GTTGTCATGGATGACCTTGGC 60

VEGE sense TCTGCTCTCTTGGGTGCACTG 61.8 232
rat/mouse

anti-sense CATTAGGGGCACACAGGACGG 63.7

Ta — annealing temperature; bp — base pairs
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PCR primers (Table I) were selected from sequepmagously employed by colleagues
with success. Each sequence was checked with tied BCAST program in order to

exclude eventual annealing with other genes diffieirem the ones studied.

3.7 Western immunoblotting

Protein analysis was carried out on confluent agitsvn in Petri dishes, after overnight
serum deprivation, followed by treatment with PDGB-(50 ng/ml) alone or together
with octreotide 18°M, for different periods (5, 10, 15 and 30min). Eastimulation

condition was carried out in an independent dislthe negative control the cells were

not stimulated.

After the treatment period, all the procedures wgggformed on ice. The cells were
washed with 2ml of cold PBS (that was discardedyl moved from the dish with a
plastic scraper and 1ml of PBS. After 3min cengétion at 103929 (Centrifuge 5415R;
Eppendorf; Hamburg, Germanshe cell membranes were mechanically disrupted by
pipeting up and down through an insulin syringe,PBS supplemented with 1:100
proteases inhibitor cocktail (Sigma, St Louis MC5A). The volume of the proteases
inhibitor cocktail solution varied according to thdenension of the membranes pellet
obtained after centrifugation. Total protein cortcation in samples was determined

with Bradford dye colorimetric assay [Bradford, $97

One hundred and fifty pg of the extracted proteixtune obtained for each sample was
separated by SDS-PAGE, in a pre-cast Tris-glycif@o 1lgel (Anamed, Darmstadt,
Germany) in an Invitrogen electrophoresis apparéogtrogen Corp, Paisley, UK),

during 30min at 200V. This procedure separatesptioteins according to their size,

which is compared to the protein marker (Bio-radrddiles, CA, USA).

The separated proteins were subsequently trandfeéorea nitrocellulose membrane
(Hybond ECL) by Western blotting, during 2h at 30N'.this procedure the gel was on

the negative electrode (cathode) of the apparatdgte nitrocellulose membrane on the
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positive one (anode), so the negative-charged ipst@e driven from the gel to the

positive-charged membrane, in an equivalent positio

The nitrocellulose membrane was quickly stainechw®onceau S, and the protein
standards distribution marked with a pen, and thlenked at room temperature for 2h,
in 1XTBS containing 0.1% Tween solution (TBS-T) &% nonfat milk powder, with

gentle shaking. After blocking, the membrane wasilimted overnight with the primary
antibody (Table 1) in TBS-T with 2,5% nonfat milowder, at 4°C with gentle shaking.
Afterwards, the membrane was washed 4 times witB-TB5 + 5 + 10 +10min) and

was incubated for 1.5h with Horseradish Peroxidasgugated secondary antibody
(dilution 1:1000) in 2.5% nonfat milk powder TBS-The washing procedure was then
repeated as previously described and the proteimdsbavere visualised using a
commercially available chemiluminescence kit (Rgdlannheim, Germany) according

to manufacturer’s instructions.

Table Il. Antibodies for the Western immunoblotting

Antigens Primary antibodies Secondary antibodies
pPDK1 Rabbit anti-rat (1:1000) Donkey anti-rabbit
pPTEN-Set®® Rabbit anti-rat (1:1000) Donkey anti-rabbit
pAkt-Thr® Rabbit anti-rat (1:1000) Donkey anti-rabbit
pmTOR Rabbit anti-rat (1:1000) Donkey anti-rabbit

Primary antibodies phosphorylated phosphoinositide-dependent kirlagpPDK1 (Ser®*)),

phosphorylated phosphatase and tensin homologuE(pSer®®), phosphorylated Akt (pAkt-
Thr*®), phosphorylated mammalian target of rapamycin TPR (Sef**9), all from Cell
Signalling Technologies (Beverly, MA).

Secondary antibodydonkey anti-rabbit, horseradish peroxidase catidy from Amersham

Biosciences (Bucks, UK).
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3.8 VEGF Enzyme-linked immunosorbent assay (ELISA)

MtT-S cells were seeded in 48-well plates at 3 X t6lis/well, serum deprived
overnight and then stimulated with PDGF-AB alonéifferent concentrations (1, 5, 10,
50 or 100ng/ml). For the experiment with LY2940@2e cells were stimulated with
PDGF-AB 10ng/ml alone or conjugated with LY2940Q2LQ, and 20uM. When testing
rapamycin and RADOO1 effects, the stimulation wasedalso with PDGF-AB 10ng/mi
alone or conjugated with rapamycin 1nM or RADOOI®MIO It was also performed an
experiment with PDGF-AB 50ng/ml and PDGF-AB plusvesal concentrations of
octreotide (16, 10°,10%°, 10*%, 10%2 10" 10 and10*°M). In all these experiments
the vehicle solution in which substances were tirssbwas used individually as control
(ex: DMSO for LY294002, rapamycin and RADO001). Suyagant was collected and

analysed always 24h after stimulation.

VEGF protein concentration in MtT-S cells superntdawas measured using a
Quantikine ELISA kit specific for rat VEGF (R&D Sysns, Minneapolis, MN, USA).

All reagents were reconstituted and stored follgvthe manufacturer’s instructions.
The PBS solution was freshly prepared to obtaima toncentration in distilled water
of 137nM NaCl, 2,7mM KCI, 8,1mM N&PO,, 1,5mM KHPO,, at a pH between 7,2 -

7,4, and was filtered using a 0,2um filter.

Each well of the 96-well plate was coated with 108fthe Capture Antibody diluted to
1,0ug/ml in PBS immediately before. Then the pla#s sealed and incubated overnight
at room temperature. The following washing procesasisted of three cycles of
aspiration and wash with 400ul of Wash Buffer petlywusing a multi-channel pipette.
The plate was blocked with 300ul of Reagent Diluget well and incubated at room

temperature for 1h, followed by the already destitvashing process.

Standard dilutions in Reagent Diluent and samplesewipetted into the wells (100ul
per well), the plate was covered with an adhesirgp sand incubated at room
temperature for 2h. The wells were washed as pueiyjodescribed and 100ul of the

Detection Antibody, at a working concentration @0hg/ml, was added to each well.

Master Degree in Molecular and Oncology Medicine 16



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

After incubation during 2h at room temperature ti@shing process was repeated.
Streptavidin-HRP was diluted in Reagent Diluena atorking concentration 1:200, and
100ul was added to each well. The plate was covameldncubated for 20min at room
temperature, avoiding direct light exposure. Théshate Solution was prepared as a
1:1 mixture of Reagent A and Reagent B, and 10(grevadded to each well. After an
incubation period of 20min at room temperature,idng direct light exposure, the
reaction was stopped by adding 50ul of Stop Saluttoeach well. The optical density
of each sample was determined immediately usingextsophotometer (SmartSpec
Plus; Bio-Rad, Hercules, CA, USA) set at 450nm.

3.9 Statistical analysis

Cell proliferation experiments and VEGF-A secretiomere all performed in
quintuplicate and triplicate wells respectively.eThesults are expressed as mean *
standard error.

For statistical analysis of stimulation experimeti® mean values were compared using
the t-student test (SP$31.0 - SPSS Inc, Chicago, USA). Statistical sigaifce was
considered at p<0,05.
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4. RESULTS

4.1 PDGF-AB increases MtT-S cells proliferation

The influence of PDGF-AB and octreotide on MtT-3l geoliferation was evaluated
employing cell proliferation reagent WST-1, which designed to be used for non-
radioactive, spectrophotometric quantification oéllcgrowth and viability in
proliferation and chemosensitivity assays. It daréfore be used as a rapid, convenient
and automated method for the measurement of oelifgmation in response to growth

factors, cytokines, mitogens and nutrients.

It was observed that the treatment of MtT-S celigrirdy 24h with different
concentrations of PDGF-AB increased cell prolifenatin a dose-dependent way. This
effect was statistically significant and reachee saturation at PDGF-AB concentration
of 50ng/ml (Graphic 1).
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Graphic 1. Effect of PDGF-AB treatment on MtT-S cel proliferation.

MtT-S cells were treated with PDGF-AB (1, 5, 10,&@ 100 ng/ml) for 24h. Cells grown in the

absence of treatments were used as negative nfreatment was stopped by addition of 10ul
of WST-1 cell proliferation reagent to each wellftex 30min incubation, absorbance was
measured at 450 nm spectrophotometer. Values ameam of 5 replicates. *p<0,05 when

compared to Control.
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4.2 Octreotide increases MtT-S cells proliferation

WST-1 assay was also performed after treatment oF-$1cells during 24h with
different concentrations of octreotide. The pregesults demonstrated that octreotide
increased cell proliferation in a statistically rdfgcant way at 10uM, whereas lower
doses had no effect (Graphic 2).
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Graphic 2. Effect of octreotide treatment on MtT-Scells proliferation.

MtT-S cells were treated with octreotide (10puM, M)ri0**M and 10"°M) for 24h. Cells grown

in the absence of treatments were used as negaiivieols. The treatment was stopped by
addition of 10ul of WST-1 cell proliferation reageto each well. After 30min incubation,
absorbance was measured at 450 nm spectrophotorielees are a mean of 5 replicates.

*p<0,05 when compared with Control.

4.3 PDGF-AB and octreotide co-stimulation have no syngjistic effect
on MtT-S cells proliferation
The effect of stimulation induced by PDGF-AB aloaed PGDF-AB plus different

doses of octreotide on proliferation of MtT-S celiss also evaluated. Contrarily to the
expected result, these two substances inhibiteld @her when combined (Graphic 3).
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Graphic 3. Effect of octreotide plus PDGF 24h-treanent on MtT-S cells proliferation.

MtT-S cells were treated for 24h with PDGF 50ngbnlPDGF-AB plus octreotide (10uM,
10nM, 10" and 10"°M). Cells grown in the absence of treatments weseduas negative
controls. Treatment was stopped by addition of IWST-1 cell proliferation reagent to each
well. After 30min incubation, absorbance was meadwat 450 nm spectrophotometer. Values

are a mean of 5 replicates. *p<0,05 when compaiddRDGF-AB 50ng/ml.

4.4 PDGF-AB induces VEGF-A secretion by MtT-S cells

The effect of PDGF-AB treatment on VEGF-A secretmnMtT-S cells was assayed,
after a 24h stimulation period employing differeoncentrations of PDGF-AB. VEGF-
A concentration was measured in the supernatang @asQuantikine ELISA kit, that is a

powerful method in estimating low concentrationsgahces in solution (up to 1 pg/ml).

Indeed, it was verified that PDGF-AB induced a 2 3dold increase in VEGF-A
secretion, which was dose-dependent until saturates reached, at PDGF-AB 10ng/ml

concentration (Graphic 4). This increase was siaiy significant.
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Graphic 4. Effect of PDGF-AB on VEGF-A secretion.

MtT-S cells were stimulated with PDGF-AB alone #feailent concentrations (1, 5, 10, 50 or
100ng/ml), during 24h. VEGF protein concentratioaswneasured in the supernatant using a
Quantikine ELISA kit specific for rat VEGF. Opticdensity of each sample was determined
using a spectrophotometer set at 450nm. Valuesaamean of 3 replicates. *p<0,05 when

compared with Control.

4.5 PDGF-induced VEGF-A production is inhibited by octreotide

The effect of the somatostatin analogue octreotidePDGF-AB induced VEGF
secretion was also studied. After a 24h stimulaperniod, the VEGF-A secretion was

measured in the supernatant by ELISA.

It was observed that the PDGF-AB-induced increaséEGF-A secretion was inhibited
by octreotide in a statistically significant wayr@phic 5). This effect was inversely
dependent on the applied dose, with the lowest exdration of octreotide used
producing the highest inhibitory effect. Howevercancentrations lower than 1x 6,

the inhibitory effects seems to stabilize.

Master Degree in Molecular and Oncology Medicine 21



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

40 -
351 . * x x x x x * x
30 -
25 -

20 ~

VEGF-A (pg/ml)

15 -

10 -

Control PDGF-AB Oct Oct Oct Oct Oct Oct Oct Oct
50ng/ml 10°M  10°M  10°°M 10MM 10%M 10%m 10™M  10%M

+ PDGF-AB 50ng/ml

Graphic 5. Effect of octreotide on PDGF-AB induced/EGF-A secretion.

MtT-S cells were stimulated with PDGF-AB 50ng/mboa¢é and PDGF-AB plus different
octreotide concentrations (1010°,10%°, 10", 10"% 10*% 10 and10**M), during 24h. VEGF
protein concentration was measured in the supernasing a Quantikine ELISA kit specific for
rat VEGF. Optical density of each sample was detecthusing a spectrophotometer set at

450nm. Values are a mean of 3 replicates. *p<0,0&nxcompared with PDGF-AB 50ng/ml.

The expression of VEGF-A mRNA by MtT-S cells unddferent stimulus was assayed
by RT-PCR (Figure 1) and it was verified that theults obtained corroborate previous
measurements of the secreted peptide on cultureume@raphics 4 and 5). The RT-
PCR technique implies that extracted RNA moleculesre primarily reversed
transcribed into its complementary DNA (cDNA), whiwas then amplified by PCR.
The GAPDH mRNA expression was evaluated for alleexpental conditions. Indeed, a
band with near 500bp was observed for every andlysample. VEGF-A mRNA
expression levels were evaluated by the intengithh@band that was observed between
200 and 300bp of the molecular weight marker (rrethire 200). A marked decrease in
the VEGF-A band was observed for the octreotidatée cells, which contrasts with the
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increased expression induced by PDGF treatment wte@mpared with control
conditions (Figure 1). Only octreotide represemtationcentrations (11, 10*2M) in

terms of VEGF secretion inhibitory effect were simow

GAPDH

VEGF-A

Control PDGF-AB  Oct Oct
50 ng/ml 10°M  10%M
I

+ PDGF-AB
50 ng/mi

Figure 1. PDGF-AB 24h-treatment effects on VEGF-A rRNA expression.

Photographs of the ethidium bromide-stained PCR lifiogtion products separated in an
agarose gel electrophoresis. cDNA of GAPDH and VEEGWas amplified using specific
primers. Cells were previously treated during 24thwnedium, PDGF-AB 50ng/ml or PDGF-
AB 50ng/ml plus octreotide at representative cotregions (1M, 10"2M) in terms of VEGF

secretion inhibitory effect.

4.6 PDGF-induced activation of PISK-Akt-mTOR pathway is
inhibited by octreotide

In order to study the involvement of the PI3K-AKF@R pathway in the increase of
VEGF-A secretion induced by PDGF-AB and to elucdathether octreotide inhibits
PDGF-AB induced VEGF-A secretion via this pathwiayyas assayed the expression of
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pPDK1, pAkt-Thr 3® pmTOR and pPTEN-S& by Western immunoblotting, a

technique that allows for the identification of {@ins.

As expected, PDGF-AB increased the phosphoryldagals of Akt and mTOR after 5
minutes of treatment (Figure 2). The same effed wlaserved for PDK-1, however the
maximum levels were reached at 10 minutes of treatmit was also verified that
octreotide decreased the PDGF-induced phosphamlévels of Akt, mnTOR and PDK-

1, which increased with the time of exposition.

Interestingly, the phosphorylation status of PTEWNbgphatase, the major negative
regulator of PI3K signalling pathway, has not chethgn any of the studied samples.

1.
PPDK1 " e R
2.
-
PAKkt-Thr 308 *
3.
pmTOR - e .
4,
PPTEN-Ser 380 . ”--~
Min. 0 ‘5 10 15‘ | 5 10 15‘
PDGF AB PDGF AB 50ng/ml
50ng/ml + Oct 10-15M

Figure 2. PDGF-AB-induced activation of PI3K-Akt-mTOR pathway in MtT-S cells, and
octreotide inhibitory effect.

Detection of pPDK-1, pAkt-THP®, pmTOR and pPTEN-S&F by Western immunoblotting on
MtT-S cell lysates, treated with PDGF-AB 50ng/mIRDGF-AB 50ng/ml plus octreotide 10
™M for 0, 5, 10 and 15min.
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4.7 PDGF-induced VEGF-A production is inhibited by PI3K-mTOR
pathway inhibitors

In order to evaluate if PI3K-mTOR pathway inhibganfluence the increase of VEGF-
A secretion induced by PDGF-AB, three studies wmeegormed using the following
substances: LY294002 (a specific inhibitor of PI3rKgpamycin (a macrolide antibiotic
that inhibits mTOR) and RADOO1 (a derivative of aapycin that is also a mTOR
inhibitor). VEGF-A levels in the supernatant weneagtified by ELISA, after a 24h

stimulation period.

LY294002 markedly inhibited VEGF-A secretion alrgadt the dose of 1ug/ml,
nevertheless, the higher effect on PDGF-AB indWEGF-A secretion was verified for
10upg/ml, reducing VEGF-A towards basal levels (GraB). These differences were
statistically significant. DMSO, the vehicle subgta of the inhibitor, had no influence
on VEGF-A secretion.

160 +
* *
140 - * *
120 A
E
S 100 ~
£
<
u 80 A
Q
g
60 i I -
40 -
20
0
Contro Contro PDGF-AB PDGF-AB | 10uM 20uM
+ DMSC 10ng/ml + DMSC LY 294002

+ PDGF-AB 10ng/ml
Graphic 6. Effect of LY294002 on PDGF-AB induced VEBF-A secretion.
MtT-S cells were stimulated with PDGF-AB 10ng/mioia¢ and PDGF-AB plus different
LY294002 concentrations (1, 10 and 20uM), during.24Y294002 vehicle solution (DMSO)

alone was used as control. VEGF protein conceatratias measured in the supernatant using a
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Quantikine ELISA kit specific for rat VEGF. Opticdensity of each sample was determined
using a spectrophotometer set at 450nm. Valuesaamean of 3 replicates. *p<0,05 when
compared with PDGF-AB + DMSO.

Similar effects were observed for rapamycin at 1(®vaphic 7) and RAD001 at To!
treatments (Graphic 8), that also inhibited VEGBEe&&retion induced by PDGF-AB, in a

statistically significant way.
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Control PDGF-AB Rapamycin 1nM +
10ng/ml PDGF-AB 10ng/ml

Graphic 7. Effect of rapamycin on PDGF-AB induced \EGF-A secretion.

MtT-S cells were stimulated with PDGF-AB 10ng/nba and PDGF-AB plus rapamycin 1nM,
during 24h. VEGF protein concentration was measumetthe supernatant using a Quantikine
ELISA kit specific for rat VEGF. Optical density afach sample was determined using a
spectrophotometer set at 450nm. Values are a nfeameplicates. *p<0,05 when compared to
PDGF-AB 10ng/ml.

Master Degree in Molecular and Oncology Medicine 26



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

70 ~

60 -

50 +

VEGF-A (pg/ml)

Contro PDGF-AB RAD001 1C*M
10ng/ml + PDGF-AB 10ng/ml

Graphic 8. Effect of RAD001 on PDGF-AB induced VEGFA secretion.

MtT-S cells were stimulated with PDGF-AB 10ng/mbiaé¢ and PDGF-AB plus RAD001 1,
during 24h. VEGF protein concentration was measimeithe supernatant using a Quantikine
ELISA kit specific for rat VEGF. Optical density afach sample was determined using a
spectrophotometer set at 450nm. Values are a mie@nreplicates. *p<0,05 when compared
with PDGF-AB 10ng/ml.
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5. DISCUSSION

It is well established that pituitary tumoural sefiroduce a variety of growth factors,
which potently stimulate tumour growth and strongbntribute to pituitary adenoma
progression. In effect, the growth factors exprédsg tumour cells in part determine
adenoma pathophysiology by enhancing hormone secreif the adenoma cells
[Renner et al., 2004]. Moreover, pituitary tumowglls express the most important
angiogenic factor, VEGF-A, which may be criticailwolved in neovascularisation of
pituitary adenomas [Lohrer et al., 2001; Onofrakt 2004; Onofri et al., 2006]. Despite
pituitary tumours relatively high production of grtthh and angiogenic factors, which
potentially support a rapid expansion of these wnslomost pituitary adenoma types
expand extremely slowly vivo [Asa & Ezzat, 2002]. This evidence indicates thdtae

and intra-tumoural inhibitory factors and mecharssmust be continuously activated in

pituitary adenomas for counteracting the stimulagignals.

In the present work, PDGF-AB was selected as auditory factor and the somatostatin
analogue octreotide as an inhibitory agent. Thedithe study was to clarify how these
two factors interact in the regulation of a piteytdumoural cell line, specifically to
evaluate whether octreotide blocks the tumour stijygoactions exerted by PDGF, and
through which molecular mechanisms these opposieete are mediated. The study
was performed in MtT-S rat pituitary tumour celijich represent a well establishied
vitro model of a GH-producing somatotroph tumour ceibfle et al., 1990]. Although
the low GH secretion rates of MtT-S cells suggdsit tthese cells are immature
somatotroph tumour cells, they express all charatiereceptors of this cell type such
as growth hormone releasing hormone and insulmgifowth factor-1 receptors. MtT-S
cells also express all the 5 subtypes of somatostateptors (SSTR1 to SSTR5)
[Morishita et al., 2003; Nogami et al., 2006] whiake particularly important for the
study of the action of octreotide as here reporfidokeover, in a previous screening of
different types of pituitary tumour cell lines, was demonstrated that MtT-S cells

expressed botlm and 3 subunits of the PDGF receptor [Kowarik et al. 200Bhis
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indicates that MtT-S cells are able to express hhmeric PDGFaa and [ receptors
as well as the heterodimeric PD@B-receptor. Thus, the requirements for the action of
PDGF-AB, which binds predominantly to PDG#e- and PDGFa3 receptors, are given

[Tallguist and Kazlauskas, 2004], and MtT-S celeliemerges as an adequate choice.

PDGF, whose action depends on engagement witkedeptors, is already known to be
involved in the development of different types afmburs (e.g. gliomas, soft tissue
sarcomas) through autocrine growth stimulation omdur cells, stimulation of
angiogenesis and recruitment of tumour fibrobldstaher et al., 2001; Smits et al.,
1992]. Therefore, PDGF receptor tyrosine kinasebitdr Gleevec (Imatinib) has been
tested in clinical studies for different types @ncer, presenting beneficial effects on
tumours treatment [Ren et al., 2009]. In the presemk it was shown that PDGF-AB
significantly stimulates MtT-S proliferation, althgh the observed effect was lower than
the initially expected. However, this result agregth what is known about the growth
of human pituitary adenomas vivo. Whereas in a reduced number of solid tumours the
expression levels of PDGF and PDGF receptors clas@irelates with the growth rate
of the tumours [Varela et al., 2004; Carvalho etZ)05; Nakamura et al., 2008], human
pituitary adenomas often expand extremely slowlysdA& Ezzat, 2002] despite
abundant expression of the PDGF/PDGF receptormyfiteon et al., 1994; Sasahara et
al., 1995]. Thus, we can conclude from the presesults that PDGF exerts a growth
stimulatory effect in this pituitary tumour cellhé suggesting that cells with similar
characteristics may contribute to tumour progressiovivo. Moreover, the slow but
significant growth stimulatory potential of PDGFegas to explain in part why most
human pituitary adenomas, that abundantly expregsPDGF and its receptors, expand
only very slowly.

It has recently been shown that the growth of kmteatotroph GH3 rat pituitary tumour
cells, which express only SSTR1 and SSTR2 [GarcMy&rs, 1994], was significantly

inhibited by octreotide [Theodoropoulou et al., @D0n the present work, the effect of
octreotide on the proliferation of MtT-S cells, whiexpress all the 5 SSTRs [Morishita
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et al., 2003], was studied for the first time.wks expected that octreotide would exert
an inhibitory effect on MtT-S cell growth, similgrito that described for GH3 cells.
Surprisingly, octreotide had no effect on MtT-S| gebliferation at low concentrations
and even stimulated cell growth at higher dosagets. result strongly suggest that MtT-
S cells would belong to a tumour cell type thah+erms of growth - is not responsive or
is even adversely regulated by octreotide. In faictwas already described that
octreotide-based therapeutics present variabletefémess for human pituitary tumours
treatment [Chanson & Salenave, 2008]. Today, petievith somatotroph pituitary
tumours often receive somatostatin analogue theaspijrst line treatment. However,
whereas in the majority of patients octreotideceffitly reduces GH secretion and often
induces tumour shrinkage, about 30 to 40% of treegare resistant to somatostatin
analogue treatment and, in rare situations, odtteavorsens tumour growth and GH
secretion [Chanson & Salenave, 2008]. Additionadlyidence from other tumour types
demonstrated that octreotide therapies presentedigbable and even opposite effects
on growth. For instance, somatostatin analogueaftelis effective in suppressing
tumour expansion of SSTR-expressing neuroendoduneurs of the gastroentero-
pancreatic system [Grozinsky-Glasberg et al., 20@8reno et al., 2008], whereas
octreotide stimulates tumour progression of SSTR&ssing meningiomas [Koper et
al., 1992; Lamberts et al., 1995]. These reporidesce that there are obvious tumour-
specific differences in the response to octreotdeywell as individual differences in the
responsiveness in the same type of tumours, sudorastotroph pituitary adenomas.
Regarding the latter, different explanations hagernbproposed to justify the differential
action of octreotide. Most likely, the expressioattprn of the different subtypes of
somatostatin receptors may influence the differesponses to octreotide since each
receptor subtype activates specific intracellulthgrays for proliferation control. Thus,
the signalling effect that prevails at the endaimiven cell, will depend on the cell
specific distribution of SSTR subtypes and signgllelements, as well as on SSTR
internalisation, desensitisation and/or receptoosstalk [Lahlou et al.,, 2004;

Schonbrunn, 2008]. Finally, intracellular proteimsolved in intracellular trafficking,
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can selectively affect the expression pattern ofEBSubtypes and their activity in
response to an agonist treatment [Tulipano & Sehald07]. In fact, all these evidences
support the cell-specific effects observed for eatide treatments. Human pituitary
tumours express all types of somatostatin recef§883 R) and, although there are some
differences between pituitary adenomas subtypesTR88 and SSTR5 always
predominate [Thodou et al., 2006; Pawlikowski et 2008]. It has recently been shown
that SSTR2 is particularly important for the inldoy action of octreotide in
somatotroph tumours, since octreotide non-respengegsent low SSTR2 expression
levels and experimental re-expression of SSTR2aesluesponsiveness to octreotide
treatment [Acunzo et al., 2008]. At present, thargitative expression pattern of SSTRs
in MtT-S cells is not known and studies on thisjesabwould have been beyond the time
scope of the present thesis. Nevertheless, themressults strongly suggest that MtT-S
cells might represent a good model for studying mmessms responsible for the

resistance to the growth inhibitory action of ootrde.

Interestingly, it was also verified that, althoudioth PDGF-AB and octreotide
stimulated the proliferation of MtT-S cells, thendoined application of these substances
did not induce synergistic or even additive effe€tsnversely, PDGF-AB and octreotide
when applied together seem to inhibit the actioeaxth other on cellular proliferation.
This further underlines the complex interaction tbése two substances, probably
through interference at the level of intracellukignalling, but future studies are

necessary to clarify this.

After finding that the regulation of growth of MiS-cells was not unequivocally
stimulated or inhibited by PDGF-AB and octreotidespectively, it was tested whether
the regulation of VEGF-A production in MtT-S celiss differently affected by PDGF

and octreotide.

PDGF and VEGF represent key factors in the indactib tumour neovascularisation
through angiogenesis [Carmeliet, 2003]. The majggér for the expression of both

angiogenic factors is cellular hypoxia, which engsrgvith the increase of the tumour
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size [Harris, 2002]. The decline of oxygen avaii&pin the developing tumour induces
the production of hypoxia-inducible factor-1 (HIlr-& transcription factor that controls
the synthesis of multiple angiogenic factors, amargch VEGF and PDGF are the
most important [Harris, 2002; Carmeliet, 2003].féiet, VEGF and PDGF isoforms act
in concert with each other and, additionally, wather angiogenic factors to induce the
sprouting of new vessels into the developing tunj@armeliet, 2003]. Whereas VEGF-
A stimulates mainly endothelial cell proliferatiomnd survival, increasing vessel
permeability [Tammela et al., 2005], PDGF isoforpredominantly stimulate growth
and migration of pericytes, which are needed f@& #tabilisation of newly formed
vessels [Ostman, 2004]. In addition to hypoxiawdtofactors like insulin-like growth
factor-1 or EGF can stimulate, even agonisticdhy, production of angiogenic factors
as demonstrated for some tumour types, such as colbreast cancers [Fukuda et al.,
2002; Peng et al., 2006]. Interestingly, it hasrbdemonstrated that PDGF specifically
enhances the synthesis and release of VEGF-A ferdift tumours [Shikada et al.,
2005; Matei et al., 2007], inclusively in the folllostellate TtT-GF pituitary cell line
[Kowarik et al., 2009]. In the present work it wdsmonstrated that PDGF-AB could
enhance the mRNA synthesis and secretion of VEGR-MtT-S cells. A previous
study suggested that, in pituitary adenomas, VEGRAght not only influence
neovascularisation, through its angiogenic actlout, also stimulate pituitary tumour
cells proliferation [Onofri et al., 2006]. Takingto account this evidence, we can
speculate that, in addition to its direct effects umour cells proliferation, the
PDGF/PDGF receptor system expressed in human grguittimours indirectly affects
tumour growth, vessel permeability and angiogeniesfstuitary adenomas through the
stimulation of VEGF-A expression. However, furtlséndies on human tumour cell lines

will be necessary to approve this.

The role of somatostatin and its analogues in #gulation of angiogenesis and
particularly of VEGF-A mediated mechanisms is séillmatter of debate and, only
recently, increasing attention has been paid ®dghbject. It has been demonstrated that

SSTR expressing human umbilical vein endothelilis ggoliferation could be directly
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inhibited by octreotide [Adams et al., 2005] butfag no reports about the expression of
somatostatin receptors in vessels of normal or tualopituitary exist. More likely,
somatostatin and its analogues may exert anti-gegio effects by suppressing the
production of angiogenic factors like VEGF-A. Ircfathis hypothesis is supported by
an immunohistochemical analysis of VEGF expression somatotroph tumours
surgically removed from patients that received, atiernatively did not, octreotide
therapy before surgery. In the tumours of the p&i¢hat had received octreotide, the
VEGF expression was significantly reduced in congoer to untreated patients
[Kurosaki et al., 2008]. Moreover, it has been destiated that both somatostatin and
pasireotide (SOM230) - a somatostatin analogue@gdtirough SSTR1, 2, 3 and 5 -
suppress VEGF secretion in a subset of non-funicigopituitary tumours [Zatelli et al.,
2007]. In contrast, Lohrer et al. could not detectuction of basal VEGF-A release by
octreotide treatment in different types of humatuifry tumours, as well as in
corticotroph AtT20, lactosomatotroph GH3 and gorniagh aT3-1 pituitary tumour cell
lines; in folliculostellate TtT-GF pituitary cellsctreotide even enhanced VEGF-A
secretion [Lohrer et al., 2001]. The different awtiof octreotide and pasireotide on
VEGF secretion apparently depends on the diffeae®BETRs expression. In effect, the
specific mechanism of each somatostatin analogwslsnéo be clarified in further

studies.

In the present work, the basal secretion of VEGBYAMtT-S cells was not affected by
octreotide (not shown); however, octreotide congbletabolished the PDGF-AB-
induced VEGF-A release. This result was stronglgpsuted by RT-PCR assay that
evidenced a marked reduction in VEGF-A mRNA expoesf octreotide treated cells.
Interestingly, the maximum suppressive effect ofremtide on PDGF-AB-induced
VEGF-A secretion was obtained with very low concatibns of octreotide, whereas
high dosages of the somatostatin analogue werefgsgive or had no effect on VEGF-
A production. These results corroborate those fannekperiments with human retinal
pigment epithelial cells [Sall et al., 2004]. Theason that makes low octreotide

concentration more efficient on VEGF-A productiamhibition is not yet clarified;
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nevertheless, differences in the expression pattefnthe receptors through which
octreotide might influence different stimulatorydaor inhibitory signalling cascades
may explain that. The results of the present wadgest that basal VEGF production is
independent of somatostatinergic control, both anmmal and tumoural cells, and that
only growth factor/hypoxia-induced VEGF-A secretias blocked by somatostatin
analogues by interfering with commonly used intla¢a signalling pathways, most
likely the PI3K-Akt-mTOR cascade. In fact, this sadling cascade, which is critically
involved in growth stimulation, apoptosis and alggioesis, is particularly deregulated
in several tumours [Shaw & Cantley, 2006; MemmottD&nnis, 2008; Yuan and
Cantley, 2008]. At present, components of this wathconstitute important therapeutic
targets for developing novel anti-tumourigenic tneent strategies [Maira et al., 2009;
Hopfner et al., 2008; Franke, 2008]. As other rémefyrosine kinases, PDGF receptors
mediate their effects through PI3K signalling padlyw(figure 3) and, according to
Zhang H et al., mTOR, a downstream component af dlgnalling cascade, negatively
regulates PDGF receptor expression suggestingtansic mechanism for preventing
over-stimulation. Thus, the stimulatory action ®@®F isoforms would decline during
extended action due to receptor down-regulationaddition, the negative feedback
regulation of mMTOR on PDGF receptor expression gty reduces the growth
potential of PDGF and may be responsible for thaidre characteristics of some
PDGF/PDGF receptor expressing tumours like tubersdgrosis complex (TSC)
tumours [Zhang H et al., 2007]. In other solid twrs) in which the degree of
PDGF/PDGF receptor expression strongly correlatés tumour aggressiveness and
poor prognosis, the intrinsic MTOR signalling feadb mechanisms seem to be
deregulated [Varela et al., 2004; Carvalho et2005; Nakamura et al., 2008]. In the
present work, it was clearly evidenced that PDGF-WBHuced phosphorylation of
PDK1, Akt and mTOR whereas the phosphorylationustaif the tumour suppressor
PTEN was not affected. Taken together, these fgelgtrongly suggest a PDGF-induced
intracellular mTOR feedback mechanism. Whether éijglains the moderate effects of
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PDGF on MtT-S cell growth and VEGF-A productioneds to be clarified in future
studies.

Octreotide has been shown to suppress the PI3KEAKDR pathway in
lactosomatotroph GH3 cells, which finally leads dotivation of ZAC1, a tumour
suppressor that has been shown to mediate them@fiferative effects of octreotide in
GH3 cells [Theodoropoulou et al., 2006]. This effecoctreotide seems to be mediated
through SSTR2, since SSTR1, the only other sonattnsteceptor expressed in GH3
cells [Garcia & Myers, 1994], is not a target oistsomatostatin analogue. It was also
demonstrated that octreotide suppresses the PI@kaling pathway. The proposed
mechanism implies activation of the phosphotyroginesphorylase SHP-1 that directly
decreased the tyrosine phosphorylation levels ef 3K regulatory subunit p85,
induced dephosphorylation of PDK1 and Akt, andvatéid glycogen synthase kinage 3
[Theodoropoulou et al., 2006]. In the present warlkhas not been studied whether in
MtT-S cells octreotide initiated its inhibitory & through SHP-1 activation and p85
dephosphorylation, as described in GH3 cells, ibtité following steps of the signalling
cascade it was observed that octreotide inhibitBdsPRinduced phosphorylation of
PDK1, Akt and its downstream target mTOR. Theseas} opposite to those induced
by PDGF, strongly suggest that the inhibitory effet octreotide on PDGF-induced
VEGF secretion is achieved by reversion of the phosylation of the components of
the PI3K signalling cascade. No effect of octremtmh PTEN phosphorylation was
observed, suggesting no interaction with this msid suppressor of the PI3K pathway.
PDK-1 presented a 5 minutes delay in the peak ofpimorylation, compared with the
other cascade components, which can presumablydigigd by its involvement in
other pathways independent of Akt. PDK-1 phosplated and activates other kinases,
namely protein kinase A, serum and glucocorticaidiced protein kinase and S6 kinase
1 [Vanhaesebroek & Alessi, 2000]. Although the PBK-mTOR cascade has
traditionally been viewed as linear, consideralgdedback regulation exists within this
pathway as well as crosstalk with other intracallidignalling cascades [Henessy et al.,
2005; Granville et al., 2006]. Since MtT-S cellpeess not only SSTR2, but also the

Master Degree in Molecular and Oncology Medicine 35



Integration of stimulatory and inhibitory signatspituitary tumour cells through the PI3K pathway

other targets of octreotide, SSTR3 and SSTR 5 iitot clear whether SSTR2 alone is
responsible for the suppressive effects of octileoton PDGF-induced VEGF-A

production or whether the 3 somatostatin recegotr$n concert.
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Figure 3. Scheme of the SSTR2-mediated interactioof PDGF and octreotide on VEGF
production through the PI3K-Akt-mTOR signalling cascade.
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The results presented in this study clearly dematesthe relevance of the PI3K-Akt-
MTOR signalling cascade for VEGF-A production inTM8 cells. In order to validate
this finding, it was studied whether a pharmacalagiblockade of this signalling
pathway could also suppress VEGF-A release in Mt€ells. To this end, the
suppressive effects of the PI3K inhibitor LY2940@2d of the mTOR blockers
rapamycin and RADOO1 were independently investdyaie fact, it was verified that the
PDGF-AB-induced VEGF-A secretion was inhibited hg PI3K inhibitor LY294002, a
compound that targets the p110 catalytic suburiIBK. Despite LY294002 recognised
anti-tumour efficacy, poor solubility, short haifd and high toxicity strongly limited its
clinical applications. However, other isoform-sgiecinhibitors have been developed in
an attempt to achieve a better pharmacologicallpritienessy et al., 2005; Granville et
al., 2006; Maira et al., 2009]. Some of these newnissory PI3K inhibitors are already
in clinical trials targeting different types of aa@r, and soon will also be available for
the treatment of pituitary tumours [Maira et aD02]. Corroborating the hypothesis that
PI3K-Akt-mTOR signalling cascade is involved in PB@&duced VEGF expression, it
was also verified that both the mTOR inhibitor Ragain and its derivative RAD0O01
are capable to inhibit PDGF-AB induced VEGF-A séore Actually, inhibitors of
MTOR are the most developed class of inhibitorBIBK-Akt-mTOR pathway [Franke,
2008]. Preclinical studies with these compoundsehatiown potent anti-tumoural
activity as single agents or in combination withiotgxic chemotherapy and radiation.
Further studies taking in attention the complexerof mTOR in this pathway are
however needed, because of feedback loops thatarapromise the success of a single
therapeutic target [Henessy et al., 2005; Graneillal., 2006; Franke, 2008].

The results herein suggest that a combined treatafesctreotide and inhibitors of the
PI3K-Akt-mTOR signalling pathway may have additive even synergistic inhibitory
effects. However, in SSTR-expressing tumour celkkdi of the gastroenteropancreatic
system, either in cell culture or in experimentahours in nude mice, the combined
application of octreotide and mTOR inhibitors hadan only small increased inhibitory

effects in comparison to treatment with the sindgtags [Grozinsky-Glasberg et al.,
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2008; Moreno et al., 2008]. Because this may prigbbab the consequence of specific
SSTR expression profiles in these tumours in whictreotide in general is often not
very efficient, future studies on this subject dddoe performed in pituitary tumours in
which somatostatin analogues are more effectiverebicer, it should also be tested
whether inhibitors of the PI3K-Akt-mTOR pathway tduovercome somatostatin
analogue resistance in a subpopulation of pituitelgnomas and thus provide a future

tool for the treatment of these types of tumours.
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6. CONCLUSIONS

In summary, the results presented in this studyngty suggest that MtT-S cells might
represent a good model for studying mechanismsonsgpe for the resistance to the
growth inhibitory action of octreotide. Moreovet,i$ shown for the first time a way
through which somatostatin and its analogues pilgksdi as anti-angiogenic factors in
pituitary adenomas, namely by suppressing the P@&ced production of the most
important angiogenic factor, VEGF-A. Inhibitors thfe PI3K-mTOR pathway, which

seems to be the major pathway to be involved in P3Bnulated VEGF-A release,
also suppressed the production of this angiogeratof. Although the present findings
need to be confirmed in human pituitary adenomd3KMTOR pathway inhibitors

may provide an alternative and new pharmacolodmall for the treatment of pituitary

adenomas.
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