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Introduction

Introduction
1. TGFB signalling pathway

Transforming growth factor-B (TGFB) is a large family of cytokines involved
in a wide range of cellular processes such as proliferation, differentiation,
angiogenesis, migration and homeostasis. This family can be further divided
into two subfamilies depending on the signal pathways they activate: the
TGFB/Activin/Nodal subfamily and the Bone Morphogenetic Protein (BMPs)
subfamily (Heldin et al., 1997).

The TGFB/Activin/Nodal includes TGFBs, Activins, Nodals and some Growth
and Differentiation Factors (GDFs). TGFB, one of ligand of this subfamily, is a
multifunctional cytokine secreted in a latent form by many cell types. Its
latent form is complexed with two other polypeptides; latent TGFB binding
protein (LTBP) and latency-associated peptide (LAP), both of which undergo
activation and release of the active cytokine. The TGFp ligand exists in three
isoforms (TGFB1, TGFB2 and TGFB3), which share a receptor complex and
signal in similar ways but vary in expression levels depending on the tissue.

The subfamily Bone Morphogenetic Protein (BMPs) represents almost one
third of the TGFB superfamily, with more than 30 members already
described. It is comprised of BMPs, most GDFs and Anti-Miillerian Hormone
(AMH), also known as Miillerian Inhibitory Substance. Many processes in
early development are dependent on BMP signalling for cell growth,
apoptosis, and differentiation. BMPs also play important roles in
maintaining adult tissue homeostasis, such as the maintenance of joint
integrity, the initiation of fracture repair and vascular remodelling (Wang et
al., 2014).

1.1 Canonical TGFp signalling pathway

Each subfamily of the TGFp ligands (TGFP or BMP) binds to TGFB receptor
type | (TBRI) and type Il (TBRII); both receptors are transmembrane
serine/threonine kinases with a single transmembrane domain.

29
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Seven type | receptors, also termed Activin receptor-like kinases ((ALK1,
ALK2, ALK3 (BMPRIA), ALK4 (ActRIB), ALK5 (TGFBRI), ALK6 (BMPRIB) and
ALK7) and five type Il receptors (ActRIIA, ActRIIB, TGFBRIl, BMPRIlI and
MIS/AMHRII) have been identified (Akhurst and Hata, 2012).

The sequence similarity among the type | receptors is strikingly higher than
among type |l receptors. Type | receptor extracellular domains are shorter
than the type Il receptor, including a three-cysteine cluster which is also
present in both types. A short cytoplasmic segment is followed by the
serine/threonine domain. In the type | there is a short segment (the Gs
domain) just N-terminal to the kinase domain that provides a switch for
kinase activation, into a site that binds the substrate proteins for its
phosphorylation after ligand binding (Derynck and Feng, 1997; Huse et al.,
2001) (Figure 11).

The signalling of TGFB ligand, independent of isoform, is mediated by the
formation of a heterodimeric complex formed by TBRIlI and | (mainly ALK4,
ALK5 and ALK7) on the cell surface (Figure 11).
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Figure 11. Schematic representation of TGF mediated activation of TGFBRI & II.
TGFB is produced in a latent, inactive form, which undergoes activation and release
of the active cytokine. Active TGFB binds the TGFBRII on the cell surface. This
binding induces the assembly of the activated receptor-ligand heteromeric
complex, which results in an autophosphorylation of the receptor followed by
phosphorylation of R-Smad. Figure adapted from (Rubtsov and Rudensky, 2007).
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Four different type | receptors have been implicated in BMP signalling: ALK1,
ALK2, ALK3, and ALK6 (Wang et al., 2014). Certain BMPs have been shown to
have a higher affinity for certain type | receptors. For example, BMP4
preferentially binds to ALK3 and ALK6, whereas BMP6 and 7 preferentially
bind to ALK2, but can also engage with ALK3. Another cytokine is BMP9, a
ligand which specifically binds ALK1 with high affinity to activate signalling
pathways that promote endothelial cell, quiescence and vessel maturation.
Interestingly, it has been demonstrated as well that BMP9 can bind to ALK2
and activate the signalling in ovarian cancer cell lines (Herrera et al., 2009).

In addition, auxiliary co-receptors (also known as type lll receptors) that
regulate the access of TGFB superfamily members to signalling receptors
also exist (Akhurst and Hata, 2012). The type lll receptors Betaglycan and
Endoglin are naturally present as homo-oligomers, presumably homodimers,
at the cell surface. These co-receptors add an additional layer of complexity
to the regulation of ligand/receptor activation. The high affinity of the type
Il receptors for the TGFB isoforms (TGFB1, TGFB2 and TGFB3) suggests that
functions as reservoir for readily available TGFB that can be presented with
high affinity to the type Il receptors. Ligand presentation in the case of
TGFB2 is especially important, which only interacts with TBRIl when bound
to TBRIIl (Tian et al.,, 2011). While membrane-bound type Ill receptors
promote signalling by presenting ligands to the signalling receptors, cleavage
of the extracellular domain yields soluble proteins that can sequester ligands
to inhibit signalling (Bernabeu et al., 2009). The increased affinity of the type
Il receptors in the presence of type lll receptors may have an important
developmental significance (Cheifetz and Massague, 1989).

To initiate the signalling, TGFB or BMP binds to TBRI (signalling propagating)
and TBRII (signalling activator) and form the heterodimeric complex. In the
complex, type Il receptors phosphorylate the type | components, which in
turn transduce the signal through phosphorylation of the receptor-regulated
R-Smads (Smad1/5/8 and Smad2/3). Then, these R-Smads form complexes
with the common-mediator Smad (Co-Smad), Smad4 and these complexes
then enter the nucleus where they regulate transcription of various target
genes (e.g., Id1, Id3, fibronectin, PAI).
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Moreover, there are two inhibitory Smads (I-Smads), Smad6 and Smad?7, that
both inhibit TGFp signalling through competition with R-Smads for Co-Smad
or receptor interaction and target receptors for degradation (Shi and
Massague, 2003).

In this work, we have been focused on two of these receptors; the TBRI
called ALKS5, which is ubiquitously expressed, and a different member ALK1,
which is preferentially expressed in endothelial cells (EC). In the SMAD-
dependent pathway, activation of ALK5 leads to phosphorylation of Smad2
and Smad3, whereas ALK1 phosphorylates Smadl, Smad5 and Smad8. It has
been demonstrated that TGFB has a major affinity for ALK5 but that it can
also stimulate ALK1 at high concentrations. It is not clear how the balance of
both cytokines (TGFB and BMP9) influence the ALK1 signalling functions
(Bertolino et al., 2005). Several lines of evidence suggest that TGF members
regulate a fine balance between ALK1 and ALK5 signalling in the
endothelium (Seki et al., 2006).

BMP9,10

Figure 12. TGFB signalling pathway
in Endothelial cells (EC). ALKS is a
TGFBRI ubiquitously expressed that
signals through phosphorylation of
Smad2/3, binding to Smad4. Then
this complex enters the nucleus
and regulates transcription of
various genes like fibronectin, PAI,
Id3 and others. Whereas ALK1, a
TGFBRI preferentially expressed in
EC, signals through
phosphorylation of Smad1/5/8,
which binds to Smad4 and enters

e ! the nucleus regulating transcription
— ; : of various genes like 1d1 and
y Nw others. In both cascades, Smad6 or

Target genes Target genes (Id1..) 7 can inhibit the signalling.

(Fibronectin, PAI, I1d3...)
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1.1 Non-canonical signalling

Although TGFp signals mainly via the SMAD pathway, TGFB can also activate
other pathways called: non-canonical TGFp signalling pathways, which work
independently of R-Smad activation. Some examples are observed below
(Figure 13).

To initiate these non-canonical pathways, the activated TGFB receptor
complex transmits a signal through other factors, such as tumour necrosis
factor (TNF) receptor-associated factor 4 (TRAF4), TRAF6, TGFpB-activated
kinase 1 (TAK1; also known as MAP3K7), p38 mitogen-activated protein
kinase (p38 MAPK), RHO, extracellular signal-regulated kinase (ERK), JUN N-
terminal kinase (JNK) or nuclear factor-kB (NF-kB), phosphoinositide 3-kinase
(P13K) or AKT (also known as protein kinase B).

Unlike the canonical pathway, modulation of these pathways by TGFp is
often cell type specific and context dependent (Massague, 2008; Moustakas
and Heldin, 2009; Wu and Derynck, 2009; Ikushima and Miyazono, 2010).
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Figure 13. Schematic representation of the TGFB non-canonical signalling
pathway. After ligand binding, several different signalling pathways can be
activated such as Notch signalling, MAPK, PI3K/AKT, NF-kB and Wnt/B-catenin
pathways.
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For instance it has been described that besides acting as serine/threonine
kinases, the type | and Il receptors display dual specificity, and as such are
able to phosphorylate tyrosine residues (Zhang, 2009). Type | receptor
mediated phosphorylation of Shcl (better known as ShcA) or tyrosine
phosphorylation of TGFBRII, either by auto-phosphorylation or via TGFp-
activated Src kinase, can lead to the recruitment of SH2-domain proteins
such as Grb2 and Shcl and results in activation of ERK or p38 MAPK
pathways (Weiss and Attisano, 2013).

Mitogen activated protein kinases (MAPK) control different cellular
processes like metabolism, survival, mitosis and apoptosis. MAPK is the last
kinase of the sequentially signalling kinase cascade; MAPKKK phosphorylates
MAPKK, which in turn phosphorylates MAPK. In mammals there are three
MAPK groups: JNK, p38 and ERKs (Figurel4).

Figure 14. Schematic representation of the TGFB non-canonical activation of
MAPKs. Activation of MAPKs can be achieved via the TRAF6-TAK1 axis or the
Grb2/Shc-Ras axis. Adapted from (Huang and Chen, 2012).

ERK1 and ERK2 are activated by growth factors by the MAPK signalling
cascade: RAS-RAF-MEK-ERK. As previously explained, TGFB-activated Src
kinase can lead to the recruitment of SH2-domain proteins such as Grb2, an
adaptor protein that recruits Son Of Sevenless (SOS) in the cytoplasm in the
absence of ligand stimulation.
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Upon receptor activation, Grb2/Sos complex is recruited, which brings SOS
to the plasma membrane, where it activates Ras by catalysing the exchange
of Guanosine diphosphate (GDP) for Guanosine Triphosphate (GTP). Ras:GTP
then recruits Raf to the membrane where it becomes activated. Raf is
responsible for serine/threonine phosphorylation of mitogen activated
protein kinase kinase-1 (MEK1). MEK1 phosphorylates ERK1 and 2 at specific
Thr and Tyr residues. ERK1/2 phosphorylates and activates a variety of
substrates and even upstream substrates. The number of ERK1/2 targets is
easily in the hundreds (>600) (Steelman et al., 2011; Santarpia et al., 2012).

Another non-canonical example is observed when TGFB can rapidly activate
PI3K, as indicated by the phosphorylation of its downstream effectors, which
include AKT (Bakin et al., 2000; Shin et al., 2001; Vinals and Pouyssegur,
2001). In addition, in immunoprecipitation experiments, the TBRIl receptor
was found to be constitutively associated with p85, the regulatory subunit of
PI3K, while association of the TBRI receptor with p85 requires TGFpB
stimulation (Yi et al., 2005).

PI3K (phosphatidylinositol 3-Kinase) signalling has a critical role in regulating
diverse cellular functions including metabolism, growth, proliferation,
survival and protein transcription and synthesis (Manning and Cantley, 2007;
Pearce et al., 2011). PI3Ks have been divided into three classes according to
their structural characteristics and substrate specificity. Of these, the most
commonly studied are the class | enzymes that are activated directly by cell
surface receptors.

Class IA PI3Ks are heterodimers consisting of a p110 catalytic subunit and a
p85 regulatory subunit, which mediates receptor binding, activation, and
localization of the enzyme. The activated p110 catalytic subunit generates
phosphatidylinositol-3,4,5-trisphosphate (PIP3), which in turn activates
multiple downstream signalling pathways (Liu et al., 2009). The cellular level
of PIPsis tightly regulated by the opposing activity of PTEN, which
functionally antagonizes PI3K activity. Via its intrinsic lipid phosphatase
activity, PTEN reduces the cellular pool of PIP3 by converting PIP; back to
PIP, (Engelman et al., 2006; Liu et al., 2009).
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AKT (PKB) is a serine/threonine kinase that interacts with PIP3 on the cell
membrane. This binding produces a conformational change, which allows
the phosphorylation of the residue Thr308 by PDK1. This phosphorylation
gives a partial activity to AKT. Not until mTORC2 (mammalian target of
rapamycin complex 2) phosphorylates Ser473 is AKT fully activated (Pearce
et al., 2011).
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Figure 15. Schematic representation of the PI3K/AKT signalling pathway. Figure
modified from (Wu 2012).

1.3 TGFB signalling and Angiogenesis

As previously explained, TGFB is involved in different cellular processes such

as proliferation, differentiation, angiogenesis, migration and homeostasis.

1.3.1 Angiogenesis

Angiogenesis is the generation of new blood vessels from already pre-
existing ones (Carmeliet, 2000). This is a process extremely important during
embryonic development and is also required for other physiological and
pathological situations during human life: female reproduction, tissue repair,
inflammatory diseases, tumour growth and metastasis (Choi et al., 2014).
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There are different mechanisms of angiogenesis that are generally divided
into non-sprouting and sprouting angiogenesis. The former can occur by
proliferation of ECs inside a vessel, producing a wide lumen that can be split
by transcapillary pillars (Risau, 1997; Makanya et al., 2009; Fang and Salven,
2011). The latter refers to the strict sprouting of new blood vessels from
walls of existing ones (Risau, 1997; Carmeliet, 2000). Although non-sprouting
and sprouting angiogenesis might occur simultaneously, sprouting
angiogenesis likely accounts for the majority of vascular growth (Graupera
and Potente, 2013).

An essential step that happens during sprouting angiogenesis is the selection
of ECs to occupy specific positions in the newly formed sprouts. In this sense,
sprouting blood vessels are made up of three different ECs populations:
leading tip cells, stalk cells and phalanx cells (Figure 16).
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Figure 16. Schematic representation of the three different ECs populations on an
sprouting vessel. ECs exposed to a pro-angiogenic stimulus are induced to migrate,
but only the middle (future tip) cell (green) should take the lead to prevent ECs
moving as a sheet instead of forming a branch. Following the tip cell, the stalk cells
(blue) constitute the base of the sprout and maintain the connection to the
parental vessel. Figure modified from (Carmeliet et al., 2009).

During sprouting angiogenesis, some ECs are specifically selected for
sprouting after a pro-angiogenic stimulus, becoming a single leading tip cell
which guide the sprouts (Adams and Alitalo, 2007; Jakobsson et al., 2010).
These so-called tip cells are characterized for highly polarized, tubeless and
low proliferating status.
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The tip cell is highly motile, and uses their long and dynamic filopodia to
guide a sprouting vessel towards an angiogenic stimulus (Phng and
Gerhardt, 2009). Following the tip cells are the stalk cells, which constitute
the base of the sprout and maintain the connection to the parental vessel
(Phng and Gerhardt, 2009; Siekmann et al., 2013). Stalk cells produce fewer
filopodia and are considered to proliferate when stimulated with pro-
angiogenic factors to form an elongating stalk, and create lumen (Gerhardt
et al., 2003; Blanco and Gerhardt, 2013). Next, beneath the stalk cells are
the phalanx cells that promote vessel maintenance. Phalanx cells are
lumenized, non-proliferating, immobile tube cells with a stable quiescent
phenotype that sense and regulate perfusion in the persistent sprout and
align in a smooth cobblestone monolayer, becoming the innermost cell layer
in the new blood vessel (De Bock et al.,, 2009). Thereby, both stalk and
phalanx cells are also responsible for the formation of a vascular lumen and
the establishment of adherent and tight junctions to maintain the integrity
of the new sprout (Gerhardt et al., 2003; Dejana et al., 2009).

This EC specification begins in response to pro-angiogenic signals that
stimulate quiescent EC. Among all the signalling pathways involved in the
angiogenic process, the Vascular Endothelial Growth Factor (VEGF)/VEGFR is
almost totally endothelial-specific. The VEGF/VEGFR signalling plays a key
role in EC specification into tip and stalk cells during sprouting angiogenesis.
Studies involving mosaic endothelial cell cultures derived from embryonic
stem cells have showed that the position of a cell within a growing blood
vessel sprout can be determined by the levels of VEGF receptors (Jakobsson
et al., 2010). The EC exposed to the highest VEGF concentration is selected
to become a tip cell and then leads the sprout at the forefront and invades
the surrounding tissue by extending numerous filopodia.

The sprout elongates via proliferation of endothelial stalk cells trailing
behind the tip (Figure 17A). Next, the new branch connects with another
branch via tip-cell fusion (Figure I7B). Formation of a vascular lumen allows
initiation of blood flow and, in turn tissue oxygenation which reduces VEGF
expression levels (Figure 17C).
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Maturation and stabilization of the nascent plexus relies on the recruitment
of pericytes, also known as mural cells, and the deposition of extracellular
matrix (ECM) (Figure 17D). In the established vasculature, ECs adapt a
quiescent endothelial phalanx phenotype (Figure 17E).
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Figure 17. Scheme of vessel elongation and maturation after VEGF stimulus. A) ECs
exposed to VEGF are induced to migrate and form branches. B) Tip-cell fusions
connecting new branches. C) Formation of vascular lumen. D) Vessel maturation by
recruitment of pericyte coverage and deposition of ECM. E) Quiescent cells in an
established vasculature. Figure modified from (Carmeliet et al., 2009).

1.3.2 VEGF/VEGFR signalling pathway

The VEGF/VEGFR signalling is a highly enriched pathway in the endothelium.
The VEGF family is a group of secreted growth factors with carefully
regulated activity and is essential for multiple aspects of the formation and
modelling of the vasculature (Olsson et al., 2006). There are five VEGF family
members: VEGFA (commonly referred as VEGF), VEGFB, VEGFC, VEGFD and
the placenta growth factor PLGF (Shibuya, 2013). Among the different
ligands, VEGFA is the most prominently involved in the angiogenic process
(Carmeliet et al., 1996; Ferrara, 1996). A particular feature of VEGFA ligand
its dramatic up-regulation under hypoxic conditions. VEGFs ligands bind in
an overlapping pattern to three receptor tyrosine kinases, known as VEGF
receptor 1 (VEGFR1 or FIt1), receptor 2 (VEGFR2, KDR or Flk1) and receptor
3 (VEGFR3 or Flt4). VEGFR1 and VEGFR2 are most strongly expressed in
vascular endothelial cells but are also expressed in myeloid cells and
neurons (Blanco and Gerhardt, 2013). Whereas VEGFR3 is restricted to the
lymphatic endothelium in the adult, while in the embryo and during
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postnatal and tumour angiogenesis is up-regulated in vessels (Kaipainen et
al., 1995; Kukk et al., 1996; Jussila and Alitalo, 2002).

The VEGFs/VEGFRs ligand-receptor interaction induces the formation of
both homodimers and heterodimers of VEGFRs (Dixelius et al., 2003).
Dimerization of the VEGFRs is accompanied by activation of the receptor-
kinase activity, which in turn, results in the auto-phosphorylation of the
receptors.

Phosphorylated receptors recruit SH-2-containing adaptors and downstream
kinases, inducing the activation of a variety of downstream signalling
pathways like MAPK and PI3K/AKT among others that regulate endothelial
cell migration, survival, proliferation and tube formation (Olsson et al., 2006;
Blanco and Gerhardt, 2013). It is worth mentioning that the potential
biological responses of VEGFs/VEGFRs interaction depend not only on which
of the three receptors is being activated, but also on the ligand to which the
receptors bind.

Apart from the VEGF/VEGFR signalling pathway, other more widely active
pathways, such as the PDFG /PDGFRB, the Ephrin/Eph, the FGFR, the Notch,
the PI3K or TGFB signalling pathways, which have also been reported to
perform specific vascular roles.

In the case of TGFP there are functional evidences of its importance as a pro-
angiogenic factor although its molecular processes have not yet been
identified (Vinals and Pouyssegur, 2001; Vifals and Pouyssegur, 2001;
Bertolino et al., 2005). The TGFB/ALK5 and TGFB/ALK1 pathways have been
observed to be implicated on EC behaviour. Gene ablation studies in mice
have revealed the importance of TGFB, ALK5, ALK1, and Smad5 in
angiogenesis (Goumans and Mummery, 2000). Together, these observations
have encouraged us to study the specific role of ALK1 on the sprouting
angiogenesis.
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1.3.3 Hereditary Haemorrhagic Telangiectasia (HHT)

There is a human autosomal dominant disorder that affects 1 in 5000-8000
people worldwide known as hereditary haemorrhagic telangiectasia-2
(HHT2), also known as Rendu-Osler-Weber syndrome; caused by
heterozygous loss-of-function mutations on ALK1 gene (Johnson et al.,
1996). This loss-of-function causes an adult-onset vascular dysplasia
characterized by dilated, leaky capillaries that manifest in patients as
mucocutaneous telangiectasia and arteriovenous malformations (AVM) in
the brain, lungs, liver, and gastrointestinal tract (Govani and Shovlin, 2009).
Interestingly, a second form of HHT known as HHTI1, results from loss of
Endoglin a co-receptor that directly interacts with ALK1 and modulates TGFf
and bone morphogenetic protein (BMP) signalling (Mitchell et al., 2010;
Young et al., 2012), other genes can produce HHT in a lower prevalence as
Smad4 mutated gene.

Clinical diagnosis of HHT by the Curacao criteria (Shovlin, 2010), remain the
mainstay of HHT clinical diagnosis. A definitive diagnosis can be made if at
least three separate manifestations of this list are present:

- Spontaneous recurrent nosebleeds.

- Mucocutaneous telangiectasia (multiple at characteristic sites: fingertip
pulps, lips, oral mucosa or tongue).

- Visceral involvement (gastrointestinal, pulmonary, hepatic, cerebral or
spinal AVM).

- Family history: a first-degree relative affected according to these criteria.

At the moment, the standard treatment for HHT patients is very invasive and
is only short-term; with surgical treatments and embolization on the tissue
most affected by the AVM (Govani and Shovlin, 2009). An example of this
treatment on the lung is embolization that consists of inserting a tiny metal
coil or a small balloon to block off the artery that leads into or “feeds” the
pulmonary arteriovenous malformations (PAVM). This stops the blood flow
to the PAVM which eliminates the occurrence of a potentially life-
threatening complication.
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The embolization is accomplished by passing a small catheter through a vein
in the leg and then passing it up to the arteries of the lungs. This procedure
is usually performed under conscious sedation. It is well-demonstrated that
embolization is safe, though it cannot be expected to provide a long-term
cure in most patients with HHT. It can reduce the severity and duration of
bleeding in some patients and can be performed in emergency situations for
control of severe epistaxis until patients are stabilized (lllum and Bjerring,
1988; Funaki, 2007). However, there is not yet a way to prevent the
telangiectasia or AVMs from occurring.

Several small research studies have suggested that various oral therapies can
help some patients for whom the local therapies (i.g. home moisturizing care
and laser therapy) have not been successful. Birth control pills have been
used the most, and while they do seem to help some patients, they have
significant side effects. Drugs that affect either the formation of clots or
blood vessels are being investigated (i.g., estrogens and tamoxifen)(Yaniv et
al., 2011). Moreover, in a phase Il clinical trial of bevacizumab (Avastin®), a
monoclonal antibody to VEGF, it was reported in HHT patients with severe
liver disease that hyperdynamic cardiac output secondary to intrahepatic
arteriovenous shunting was significantly improved in treated patients
(Dupuis-Girod et al., 2012; Chavan et al., 2013). In light of this, we
considered important to continue working to elucidate new therapies for
these patients. Nevertheless, the molecular mechanisms implicated in the
regulation of angiogenesis by ALK1 and BMP9 and their relevance in HHT
remains to be clarified.

1.3.3.1 ALK1*/" deficient mice as HHT mouse model

Interestingly, it has been described that ALK1 mutated animals mimic the
same vascular defects observed by HHT2 patients. Complete ALK1 deficiency
results in early embryonic lethality at E11.5 as a result of defects in the
remodelling of the primary capillary plexus into a functional network of
arteries, capillaries, and veins (Oh et al., 2000; Urness et al., 2000).
Furthermore, ALK1™ mice presented severe vascular abnormalities, such as;
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dilated vessels and HHT-like vascular lesions in liver, nail bed, intestine, or
skin that developed between 7 and 20 months (Srinivasan et al., 2003).
However, these lesions occur at incomplete penetrance (approximately 40%
of ALK1*" mice have one or more lesions) and in an unpredictable manner
(Tual-Chalot et al., 2015). Nevertheless, these vascular defects are
associated with enhanced expression of angiogenic factors, so probably
these defects are present in a pro-angiogenic tissue. In summary, these mice
are appropriated to study the role of BMP9/ALK1 signalling on the sprouting
angiogenesis and are also a good tool to study possible therapies to treat
HHT patients.

1.3.3.2 Retina mouse model for studying vascular development

To study angiogenesis many different in vitro techniques can be useful,
including wound healing migration and proliferation assays, network
formation assays in Matrigel or aortic ring formation assay. However, the
common limitation is that they focus on isolated steps of the angiogenic
process and are affected by artificial experimental settings (Pitulescu et al.,
2010). Thereby, to faithfully recapitulate angiogenesis, most of the
investigations have moved to in vivo assays, from which we can highlight the
post-natal mouse retinal model.

The retina is a vascularized tissue that in mice develops after birth. During
gestation, it is the hyaloid vasculature that supplies the inner eye and lens
with nutrients and oxygen. But right after birth, the hyaloid vessels regress
and the retinal vascular plexus is rapidly formed on top of a pre-existing
migratory astrocyte plexus (Fruttiger et al., 1996). Retinal vasculature
develops from birth in a well-defined sequence of events. Retinal plexus
emerges from the optic nerve disc and sprouts radially to the peripheral
margin during the first days after birth (from birth until post-natal day 10)
(Figure 18).
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Immunostaining of the retinal vasculature using vascular markers or in-situ
hybridization, followed by three-dimensional imaging of whole-mounted
tissue, allows a profound analysis of physiological vessel development.
IsolectinB4, VE-cadherin, platelet-endothelial cell adhesion molecule
(PECAM)-1 or CD31, endomucin and VEGFR-2 are the most common vascular
markers used to label vascular structures in the mouse retina model.

P5 P6 P7 P8

Figure 18. Retina mouse model. Development of the superficial vascular plexus in
C57BI/6 mouse retinas during first days after birth. Retinal whole mounts from
postnatal day P1 to P8 were stained for endothelial cells with isolectin B4-Alexa 594
(red). Figure modified from (Stahl et al., 2010).

1.4 TGFB signalling and cancer

We have explained the role of TGFB signalling members, specifically the
ALK1 receptor, in angiogenesis, but TGFB signalling is important in a wide
range of other cellular processes, as well, both from a physiological and
pathological point of view. Regarding the role of TGFB in cancer, it is widely
believed that TGFB switches its role from a tumour suppressor in normal
cells to a tumour promoter in advanced cancers favouring invasiveness and
metastasis depending on the tumour stage (Tian et al., 2011).

TGFB tumour suppressor properties are acquired late in the G1 phase of the
cell cycle and result in suppression of cell proliferation and induction of
apoptosis. Firstly, TGFB downregulates the expression of the growth-
promoting transcription factors like c-Myc and Id1-3. In addition, TGFB
prevent cell cycle progression by enhancing the expression of the cyclin-
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dependent protein kinase (CDK) inhibitors, p15 and p21 (Siegel et al., 2003;
Massague and Gomis, 2006). Yet, during tumour progression, sensitivity to
these effects of TGFp is frequently lost and, in later stages, TGFp signalling
becomes even a pro-oncogenic signalling pathway (Siegel et al., 2003)
(Figure I9A-B).

One aspect that contributes to this cancer progression is the epithelial-
mesenchymal transition (EMT), which has been observed in early tumour
stages or carcinoma in situ, where the inhibitory effects of TGFB are often
lost. EMT is characterized by a change in cell shape from a polarized
epithelial cell to a flattened fibroblast-like cell, a decrease in cell-cell
contacts and increased cell motility (Tian et al., 2011). TGFB-induced EMT is
associated with the downregulation of E-Cadherin expression, which in turn
enhances tumour cell migration as it is observed in transformed epithelial
progenitor cells with tumour-propagating ability (Mani et al., 2008).
Consequently, other aspects of cancer progression like invasion and
metastasis are potentiated (Lahn et al., 2005; Tian et al., 2011)(Figure 19C).
Regardless of its role in migration and invasion, induction of EMT either by
TGFB or its downstream targets, Snail or Twist, has been reported to prompt
the expression of cell surface markers associated with cancer stem cells
(CSCs), such as: CD44%/CD24" cells (Shipitsin et al., 2007). This is also
important given that CSCs are known to have enhanced chemotherapeutic
drug resistance (Connolly et al., 2012).

Another of the oncogenic roles of TGF is the forementioned explained pro-
angiogenic function (Derynck et al.,, 2001). Tumour angiogenesis provides
the developing neoplasia with an efficient supply of nutrients and ultimately
with a route for their metastatic spreading. TGFB has been reported to
regulate the activation and resolution phases of angiogenesis and affects
ECM production and remodelling in EC microenvironments, impacting the
interaction and communication between ECs and their supporting
mesenchymal cells (Bertolino et al., 2005)(Figure 19D).

45



Introduction

Last but not least, TGFP can suppress or modulate the immune response
since many of the TGFp signalling effects act on both adaptive and innate
immune cells (Figure 19D).
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Figure 19. Representation of the TGFB action during tumour progression. A) TGF3
limits the growth of normal epithelium and early-stage tumours. B) Loss of TGF
sensitivity during tumour progression. C) TGFp signalling becomes pro-oncogenic
with for example the EMT transdifferentiation becoming more invasive. D) TGFB
signalling produces an immunosuppressive environment and can induce an
angiogenic response that sustains tumour growth, systemic spread (extravasation
of tumour cells at sites of metastasis) and metastasis. Adapted from (Siegel and
Massague, 2003).

1.4.1 TGFB Inhibitors in cancer

Throughout, TGFB dual role has been the major concern in deciding if
inhibiting TGFB and/or its downstream signalling pathway would be
beneficial in the treatment of cancer. Nowadays, TGFB signalling factors
have been considered a useful therapeutic target. However, the challenge
remains to identify which group of patients and which cancer type are the
best to target. Treatments against TGFB signalling pathway are now under
clinical development (Seoane, 2008; Akhurst and Hata, 2012; Neuzillet et al.,
2015)(Table 11).

Based on the current understanding of TGFB and its signalling pathway,
three approximations have been investigated to inhibit the pathway for new
cancer therapies. These approximations consist of inhibition at the
transcriptional level using antisense oligonucleotides (ASOs), inhibition of
the ligand-receptor interaction using monoclonal antibodies (MoAbs), and
the inhibition of the receptor-mediated signalling cascade using inhibitors of
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TGFPBR kinases (SMis)(Lahn et al., 2005; Nagaraj and Datta, 2010; Connolly et
al., 2012).

Firstly, the approximation for ASOs is designed to hybridize their
complementary RNA sequence and accelerate mRNA degradation (Nagaraj
and Datta, 2010). Unpredictable RNA binding affinity, possible non-
specific/off-target effects, and the challenge of delivery of relatively large
molecules into the target cell are all factors that limit the feasibility of ASOs.
In fact, it has been recently shown in clinical tests that ASOs have specific
pharmacokinetic behaviour that may limit their ability to reach tumour
tissue (Connolly et al., 2012). However, AP-12009 (Trabedersen), ASO
directed against mRNA of TGFB2 produced promising results for treatment
of glioblastoma in the clinic (Vallieres, 2009; Bogdahn et al., 2011). As a
result, while these limitations need to be taken into account, the use of ASOs
can be effective depending on tumour type.

The other approximation consists of using large-molecule inhibitors that
block receptor-ligand interaction, these monoclonal antibodies are
antagonists of TGFB ligand binding to the heteromeric receptor complex.
One example is metelimumab (CAT/Genzyme), a human monoclonal
antibody against TGFB1 that antagonizes TGFB ligand binding to the
heteromeric receptor complex. Although studies in cancer were not very
promising, this drug is currently undergoing Phase I/l trials in patients with
diffuse scleroderma (Denton et al.,, 2007). Some antibodies failed in
oncologic trials and are currently being investigated in fibrosis rather than
cancer. The significant physical barriers that block penetration of a solid
tumour may be an important cause of the failure of antibody treatments
such as metelimumab (Christiansen and Rajasekaran, 2004).

The last approximation consists of small molecule inhibitors that block the
receptor-mediated signalling cascade. Targeting receptor kinases by small
molecules has been an area of prolific experimental drug development in the
last few years largely because of the practicality of small molecule drug
delivery by the oral route (Nagaraj and Datta, 2010; Connolly et al., 2012).
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These molecules are not as specific as ASO because they can bind to

different kinase receptors of the TGFB pathway. Despite this risk of not being
specific, dual inhibitors such as LY2109761, which inhibits TBRI/Il, have been
shown to reduce tumour growth in glioblastoma (Anido et al., 2010).

Table I11. Some TGFB inhibitors and their state of clinical development.

‘ Drug target

Clinical studies

Company

Trabedersen mRNA Phase Ill in oncology Antisense Pharma®
(AP-12009) TGFB2 treatment
Lucanix "
TGFB1 & Phase Ill in advanced .
(Belagenpl)_l),umatucel- TGFB2 NSCLC NovaRx Corporation
MRNA . . ®
AP-11014 TGFB1 Pre-clinical Antisense Pharma
metelimumab® TGFB2 Development Cambridge Antibody
(CAT-192) stopped Technology
Fresolimumab® Phase I/Il in Cambridge Antibody
Pan TGFB oncology and Technology/Genzyme
(GC-1008) . .
sclerosis treatment Corp./Sanofi
D11 Pan TGFB Pre-clinical Genzyme (T‘orp.,
Sanofi
Galunisertib® . Phase I/1l in .
(LY215299) TBRI Kinase oncology treatment Eli Lilly & Co.
PE-03446962 (ALI?l) TBRI | Phase Il in oncology Pfizer®
Kinase treatment
TEW-7197 TBRI Kinase Phase | MedPacto®
IMC-TR1 TBRRII -
(LY3022859) Kinase Phase | Eli Lilly & Co.
LY2109761 TB.RI &l Pre-clinical Eli Lilly & Co.
Kinase
Esbriet® FDA app'roved ?014
(pirfenidone) for Idiopathic Roche Pharma
P Pulmonary fibrosis

NSCLC: Non-small Cell Lung Cancer.
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1.4.1.21Y2109761

LY2109761 (Eli-Lilly & Co) is a dual tyrosine kinase TGFBRI and TGFBRII
inhibitor, which is relatively metabolically stable and suitable forin
vivo studies (Lacher et al., 2006). It has been effective in pre-clinical models
for the treatment of liver metastasis from colon cancer (Zhang et al., 2011b)
and in suppressing pancreatic cancer metastasis (Melisi et al., 2008). In
addition, it has been really effective in the treatment of glioblastoma,
reducing tumour growth and its glioma-initiating cell population (Anido et
al., 2010). Furthermore, it has been demonstrated that LY2109761 in
combination with Temozolomine (clinical standard) and radiotherapy in
glioblastoma model delayed tumour growth compared to controls (Bouquet
et al.,, 2011).

Another drug from Lilly & Co called Galunisertib® (LY2157299) that
specifically inhibits TGFBRI is being tested in some clinical trials. Currently,
Phase | studies on hepatocellular carcinoma and pancreatic cancer. In
addition, Phase Il studies are being developed in Glioma, hepatocellular
carcinoma, pancreatic cancer and Mpyelodysplastic  Syndromes
(http://www.lillyoncologypipeline.com/).
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2. Ovarian cancer
2.1. The ovary

The ovary is an organ of the female reproductive system; each ovary is a
small glandular organ about the shape and size of an almond. They are
located on the opposite end of the pelvic wall, on either side of the uterus.
Each ovary is connected to the fallopian tube through the fimbriae. The open
ends of the fallopian tubes rest just beyond the lateral surface of the ovaries
to transport ova, to the uterus.

Fallopian tube, /Fallopian tube

/) o Fimbriae

L _—Ovary

Endometrium

Myometrium

14
| |—Vagina

U

Figure 110. Female reproductive anatomy. Figure modified from National cancer
institute (NCI) website.

The ovaries have two central roles in the female reproductive system by
acting as both glands and gonads. The ovaries produce and release two
groups of sex hormones; progesterone and oestrogen. At birth the ovaries
contain between several hundred thousand to several million circular
bundles of cells known as follicles. Each follicle surrounds and supports a
single oocyte that has the ability to mature into an ovum, the female
gamete. Despite this large number of potential ova, only around 4,000
oocytes survive to puberty and only 400 oocytes mature into ova in a
woman’s lifetime.
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The ovaries are made up of 3 main kinds of cells: the surface epithelial cells
known as ovarian surface epithelium (OSE), the sex-cord stromal cells which
comprise the bulk of ovarian tissue with a peculiar spindle-shaped similar to
fibroblast, and the germ cells that produce the eggs (ova).

The female reproductive system modulates and adapts for the ovulation and
gestation process each month. These monthly changes in fact make the
ovarian system susceptible of possible errors, and as a consequence can
produce different pathologies, such as polycystic syndrome, ovarian cyst,
endometriosis or ovarian tumours. Ovarian tumours can be further
subdivided into those that are clearly benign (cystadenomas), those that are
frankly malignant (carcinomas), and those that have features intermediate,
called borderline tumours (Cho and Shih le, 2009). It is important to specify
that in ovarian cancer there is no the same progression as in colorectal
cancer and tumours from the beginning can be carcinoma without a
cystadenoma phase.

An ovarian carcinoma can be originated from different cell types. The germ
cells, which develop into germ cell tumours (dysgerminomas, yolk sac
tumours, and immature teratomas (3% of ovarian cancers) and the sex cord-
stromal tumour (1-2% of ovarian cancer), which start from structural tissue
cells that hold the ovary together and produce the female hormones
oestrogen and progesterone (granulose-theca cells)(Feeley and Wells, 2001).

Nevertheless, more than 90%, of ovarian tumours are localized in the
ovarian surface, have an epithelial histology and are called ovarian epithelial
tumours. The cell of origin is very controversial and there are some different
theories. Traditionally, it was believed that these tumours came from the
ovarian surface epithelium (OSE) and differenciate to the different tumour
histological types (Kurman, 2002). Although the mesothelial origin cannot be
excluded, there is now compelling evidence that a number of what have
been thought to be primary ovarian cancers are actually originated in other
pelvic organs, for instance in the digestive tube, and involve the ovary
secondarily.
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Recently, there have been proposed the origin from precursor epithelial
lesions in the distal fimbriated end of the fallopian tube (Medeiros et al.,
2006; Lee et al., 2007), whereas other ovarian tumour types originate from
ovarian endometriosis (Obata et al., 1998; Sato et al., 2000) through the
process of retrograde menstruation (Halme et al., 1984) or an endometriosis
generated after neoplastic transformation from a tubal origin (Yuan Z,
2013). More research has to be done in order to gather a deeper
understanding of the mechanism linking these morphologic

transformations.

2.2. Epidemiology and etiology of ovarian cancer

Among all cancer types, ovarian cancer is the second most common
gynaecological cancer by incidence (=6 per 100,000 individuals) and the fifth
most common cause of cancer death in women in western countries. Even
though breast cancer is the most frequent one, as observed in Figure 111, the
mortality rate of ovarian cancer remained fairly static during the past last

years (Berrino et al., 2007; Ferlay et al., 2010).
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Figure 111. Incidence and mortality of cancer for women in Europe. A) Estimated
incidence and mortality for women of different cancers in Europe on 2012. Ovarian
cancer has lower incidence than other cancers but its mortality is more frequent
than 50 % of the cases. Figure modified from the European Cancer Observatory
webpage (ECO, 2015). B) The mortality rate of ovarian cancer in Spain remained
fairly static among the last years. Figure modified from (Cabanes et al., 2010).
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Despite the accumulating information from epidemiological studies which
link several risk factors to ovarian cancer, the overall pathogenesis remains
controversial (Doufekas and Olaitan, 2014):

It has been demonstrated that the incidence of ovarian cancer increases
with aging, being more prevalent in the eighth decade of life and younger
women have a better prognosis. Thus, with an aging population in the
Western countries, the total number of ovarian cancer cases can be
expected to rise in the coming years (Doufekas and Olaitan, 2014).

There are different possible risk factors that play a role in ovarian cancer
progression; hormones such as oestrogen and progesterone are believed to
be involved in promoting ovarian carcinogenesis. In contrast, breast-feeding,
pregnancy or oral anticonceptive that suppress ovulation are suggested to
have a protective effect (Casagrande et al., 1979). Additionally, obesity and
increasing body mass index (BMI) have been associated with ovarian cancer
risk. Moreover, it has been observed a slightly association between smoking
or some particular diet and cancer risk but results are still controversial
(Daniilidis and Karagiannis, 2007).

Genetic studies on ovarian cancer indicate that most of the cases are
sporadic while 10 % are inherited, generally due to germline mutations. Two
types of ovarian cancer susceptibility genes have been identified: the breast
and ovarian cancer tumour suppressor genes (BRCA1 and BRCA2), which
explain the majority of hereditary ovarian cancer cases and the mismatch
repair genes associated with Hereditary Nonpolyposis Colorectal Cancer
(HNPCC)(Daniilidis and Karagiannis, 2007).

2.3. Histologic classification of ovarian tumours.

Ovarian cancer is a general term for different tumours types which its unique
clinical and pathological common feature is the anatomical localization. At
histological and molecular levels, ovarian cancers are remarkably
heterogeneous.
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The normal ovary is a complex tissue with several distinct components.
Ovarian tumours can be reproducibly diagnosed by light microscopy and are
essentially different diseases, as indicated by differences in epidemiologic
and genetic risk factors, precursor lesions, ways of spread, and molecular
changes during oncogenesis and response to chemotherapy or outcome
(Stewart BW, 2003).

As described above, ovarian cancer can be divided on germ cell tumours
(3%), sex-cord stroma (2%) and epithelial tumours (95%).

2.3.1 Types of Epithelial ovarian cancer (EOC)

The current classification of ovarian epithelial tumours used by pathologists
is based entirely on tumour cell morphology according to the predominant
pattern of differentiation and is divided into five main histotypes (Figure
112):

- Low-grade serous carcinoma (LGSC)
- High-grade serous carcinoma (HGSC)
- Endometrioid carcinoma (EMC)

- Clear-cell carcinoma (CCC)

- Mucinous carcinoma (MC).
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Figure 112. Epithelial ovarian cancer types. H&E of the five EOC types. HGSC: High-
grade serous carcinoma, LGSC: Low-grade serous carcinoma, CCC: Clear cell
carcinoma, EMC: Endometrioid carcinoma and MC: Mucinous carcinoma. Figure
modified from (Kuhn et al., 2011).

Low-grade serous carcinoma (LGSC) (less than 5%)(Figure 112)

Low-grade serous carcinoma is thought to arise in many cases in a stepwise
fashion from a benign serous cystadenoma through a serous borderline
tumour to an invasive low-grade serous carcinoma.

The cells of LGSC are charcaterized by uniform nuclei with mild or moderate
atypia and less than or equal to 12 mitoses per 10 high power fields (the
mitotic count is usually approximately two per 10 high power fields or less
than this). There is no necrosis or multinucleation. It is worth pointing out
that prominent nucleoli and intracytoplasmic mucin are not uncommon in
this type of tumours (McCluggage, 2012).

KRAS or BRAF mutations are present in over half of LGSC, whereas mutations
in TP53 are rare (Kupryjanczyk et al., 1993; Wen et al., 1999; Chan et al.,
2000; Singer et al., 2005). Overall, 70-80% of low-grade serous carcinomas
express active ERKs (Hsu et al., 2004).

Patients with low-grade serous ovarian tumours are diagnosed at a younger
age, have a longer overall survival but have lower response rates to
conventional chemotherapy.
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High-grade serous carcinoma (HGSC) (68%)(Figure 112)

It is now believed that most HGSCs arise from the distal, fimbriated end of
the fallopian tube. HGS cells exhibit moderate to marked nuclear atypia and
greater than 12 mitoses per 10 high power fields. Necrosis and multinucleate
cells are often present. It is generally not necessary to count mitotic figures
as these are typically abundant (McCluggage, 2012).

Unlike LGSC, mutations of KRAS, BRAF, or ERBB2 are rare in HGSC, while
TP53 is mutated in 50% of the cases (Singer et al., 2005; Galic et al., 2007). In
addition, this tumour type has a highly chromosome instability (Meinhold-
Heerlein et al.,, 2005). For example, a high level DNA copy number
gain/amplification of CCNE1, NOTCH3, RSF1, AKT2, and PIK3CA loci in 36.1%,
32.1%, 15.7%, 13.6%, and 10.8% have been observed repectively (Cho and
Shih le, 2009).

HGSC is the predominant histotype associated with hereditary breast-
ovarian cancer, seen in 16% of cases (Bell et al., 2011), and women with
these inherited mutations have a lifetime risk of 40-60% (BRCA1) and 11—
27% (BRCA2)(George and Shaw, 2014). In addition, although somatic
mutations of BRCA1 and BRCA2 are known to be rather uncommon in
sporadic ovarian carcinomas (about 6% of the cases), accumulated studies
suggest that these genes may be inactivated, particularly in serous
carcinomas, through mechanisms other than mutations (Cannistra, 2007).

Almost all serous carcinomas that have previously been classified as
moderately or poorly differentiated represent high-grade neoplasms, while
those that have been classified as well-differentiated may be either low-
grade or high-grade using the actual classification. For example, some
architecturally well-differentiated serous carcinomas have high nuclear
grade and represent examples of high-grade serous (McCluggage, 2012).
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Endometrioid carcinoma (EMC) (20%)(Figure 112)

The Endometrioid ovarian tumours are bilateral in 28% of the cases. It is
formed by glandular structures resembling endometrial epithelium
characterized by the presence of epithelial, stromal elements, or a
combination of both. These tumours are solid masses with a soft, firm, or
fibrous consistency, containing distinctive tubular glands lined by single or
pseudostratified columnar cells with large atypical oval nuclei and basophilic
cytoplasm. Foci of squamous differentiation are often seen (Kaku et al.,
2003).

Somatic mutations of the B-catenin (CTNNB1) and PTEN genes are the most
common genetic abnormalities identified in ovarian ECs. Furthermore,
mutations on ARID1A and RAS genes as well as microsatellite instability are
also present in this tumour type (Obata et al., 1998; Palacios and Gamallo,
1998; Catasus et al., 2004).

Clear cell (CCC) (4%)(Figure 112)

These tumours are rarely bilateral. CCCs are associated with an unfavourable
prognosis when diagnosed at advanced stages (Sugiyama et al., 2000). It
resembles the well-differentiated normal cells that form nest within the
vagina. At the histological level, CCC is characterized by multiple complex
papillae, densely hyaline basement membrane material expanding the cores
of the papillae and hyaline bodies, whith mitoses being less frequent than in
other types of ovarian carcinomas (Prat, 2012). The cells have a clear or
eosinophilic cytoplasm (that contains glycogen), protruding into glandular
lumen.

CCCs have PTEN, ARID1A and PBK genes. There is a lack of the BRCA
abnormalities, chromosomal instability, or complex karyotypes of HGSC
(Press et al., 2008).
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Mucinous (MC) (3%)

MC resembles the well-differentiated normal cells from the endocervix.
Primary ovarian mucinous carcinomas affect a wide age range, including
occasionally children and adolescents. They are relatively uncommon,
accounting approximately 3% of primary epithelial ovarian carcinomas. Most
primary MCs are unilateral. It has been stated that when a mucinous
carcinoma is diagnosed in the ovary, further investigations, such as
colonoscopy and detailed imaging of the upper abdomen, should be
undertaken to exclude a primary neoplasm elsewhere. This is done so, as
many presumed primary ovarian mucinous carcinomas, especially of
advanced stage, were metastases from extraovarian sites. It has irregular
glands that are composed of cell with atypical nuclei and intracytoplasmic
mucin (McCluggage, 2011).

KRAS and ERBB2 mutations, which are an early event in mucinous
tumorigenesis, are frequent in ovarian MCs (Cuatrecasas et al., 1997).

2.4. Staging of the ovarian tumours.

Ovarian cancer remains largely a surgically staged disease, for this reason is
important to define extensively the region of lesion. The prognosis is based
on histologic type (section 2.3.), radiographic, and operative extent of the
disease.

The Féderation Internationale de Gynécologie et d’Obstétrique (FIGO) and
the American Joint Committee on Cancer (AJCC) have designated staging to
define ovarian epithelial cancer depending on how far the tumour is spread.
It is organized in four steps at the same time subdivided to define better the
staging of ovarian cancer progression. FIGO recently approved a new staging
system for ovarian, fallopian tube, and primary peritoneal cancer (2014
FIGO), described in Table 2.
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Table 12. 2014 FIGO ovarian, fallopian tube, and peritoneal cancer staging system and
corresponding TNM.

Stage Description ID

| Tumour confined to ovaries or fallopian tube(s) T1
Tumour limited to one ovary (capsule intact) or fallopian tube. No

1A tumour on ovarian or fallopian tube surface. Nonmalignant cells in the Tla

ascites or peritoneal washings

Tumour limited to both ovaries (capsules intact) or fallopian tubes
IB No tumour on ovarian or fallopian tube surface T1b
No malignant cells in the ascites or peritoneal washings

Tumour limited to one or both ovaries or fallopian tubes, with any of the
following:

IC1 Surgical spill intraoperatively

Ic IC2 Capsule ruptured before surgery or tumour on ovarian or fallopian Tie
tube surface
IC3 Malignant cells present in the ascites or peritoneal washings

" Tumour involves one or both ovaries or fallopian tubes with pelvic ™
extension (below pelvic brim) or peritoneal cancer (Tp)

A Exte.nsion and/or implants on the uterus and/or fallopian tubes/and/or T2a
ovaries

1B Extension to other pelvic intraperitoneal tissues T2b
Tumour involves one or both ovaries, or fallopian tubes, or primary

" peritoneal cancer, with cytologically or histologically confirmed spread 3
to the peritoneum outside the pelvis and/or metastasis to the
retroperitoneal lymph nodes
Metastasis to the retroperitoneal lymph nodes with or without
microscopic peritoneal involvement beyond the pelvis.
IIA1 Positive retroperitoneal lymph nodes only (cytologically or TLT2,

A | histologically proven). T3aN1

I1A1(i) Metastasis < 10 mm in greatest dimension (note this is tumour
dimension and not lymph node dimension)

I1IA1(ii) Metastasis N 10 mm in greatest dimension

Microscopic extrapelvic (above the pelvic brim) peritoneal involvement T3a/T

A2 with or without positive retroperitoneal lymph nodes 3aN1
Macroscopic peritonealmetastases beyond the pelvic brim < 2 cmin T3b/T
IlIB | greatest dimension,with orwithoutmetastasis to the retroperitoneal 3bN1
lymph nodes
Macroscopic peritoneal metastases beyond the pelvic brim N 2 cm in T3¢/T
IIIC | greatest dimension, with or without metastases to the retroperitoneal
3cN1
nodes (Note 1)
Distant metastasis excluding peritoneal metastases Any T,
v Stage IV A: Pleural effusion with positive cytology Any
Stage IV B: Metastases to extra-abdominal organs (including inguinal N,
lymph nodes and lymph nodes outside of abdominal cavity) (Note 2) M1

(Note 1: Includes extension of tumour to capsule of liver and spleen without parenchymal
involvement of either organ, and Note 2: Parenchymal metastases are Stage IV B. Figure
adapted from (FIGO 2014).
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2.5. Detection of ovarian cancer

Ovarian cancer has been termed the “silent Killer” because women are
diagnosed with already advanced disease. Even though, 80% of patients
have symptoms, even when the disease is still limited to the ovaries (Goff et
al.,, 2000). Unfornately, these symptoms are, however, shared with many
common gastrointestinal, genitourinary and gynaecological conditions and
have not proved useful for early diagnosis and many patients are diagnosed
after the cancer has already metastasised. Metastases can occur through
lymphatics to nodes at the renal hilus or blood vessels to liver and lung.
Moreover, and unlike other type of cancers, the absence of anatomical
barriers favours the spread of metastases and dissemination throughout the
peritoneal cavity in the case of ovarian cancer. This is one of the reasons
elevated mortality rate in ovarian cancer (up to 70%), because only 20-30%
of patients are diagnosed at the initial stage. Five-year survival rates for
women with advanced disease range from 20% to 30%; however, for women
who are diagnosed when the disease is confined to the ovary, cure rates are
approximately 70% to 90% (Cannistra, 2004). At that point, early detection
of ovarian cancer represents the best hope for mortality reduction and long-

term disease control.

The identification of patients with genetic risk currently offers the most
effective measure for prevention and early detection, but, as mentioned
before, this represents only a low percentage of all patients since the
majority suffer from ovarian cancers of sporadic origin. There is therefore an
urgent need to determine new screening tests for those patients.

Since its discrovery in 1981, Cancer antigen 125 (CA-125) has become well
established as a tumour marker for epithelial ovarian cancer (Bast et al.,
1981). CA-125 is a high molecular weight glycoprotein that is expressed by a
large proportion of epithelial ovarian cancers. However, the sensitivity and
specificity of CA-125 is known to be poor. It is only raised in approximately
50% of stage | epithelial ovarian cancers and in 75% to 90% of patients with
advanced disease (Woolas et al., 1993; Fritsche and Bast, 1998). In addition,
the specificity of the test is poor, and it produces a high number of false-
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positive results (Ozguroglu et al., 1999). Lately, it has been described that
the expected CA-125 profile is flat at an individual’s baseline level (variable
between women), whereas in women with undiagnosed ovarian cancer, the
expected CA-125 profile is initially flat, but increases significantly,
presumably because of tumour growth (Skates et al., 2001).

Despite the efforts to identify new markers, the chances of discovering an
ideal and unique marker for epithelial ovarian cancer is low, given the
biologic heterogeneity of the disease . There is therefore an urgent need to
improve the conventional therapies to reduce its mortality in more advanced
cases, while identifying new possible biomarkers for an earlier detection.

2.6. Treatment of ovarian cancer

In patients with organ-confined cancers, surgery alone is curative in more
than 90% of the cases. However, most of the patients (>80%) have
disseminated tumours beyond the ovaries by the time it is diagnosed. For
these cases, a combination of surgery and chemotherapy are applied as the
standard treatment.

Surgery is the initial therapeutic approach and excising or biopsying any
suspicious peritoneal area and the sampling of the lymph nodes are also
recommended practices (Ledermann et al., 2013; Morgan et al., 2014). The
goal of primary surgery, defined as optimal cytoreduction, is to achieve the
full elimination of residual cancer. Primary surgery is recognized around the
world as a standard treatment for EOC, and optimal cytoreduction remains
the main prognostic factor for survival and risk of recurrence (Chi et al.,
2011). However, interval debulking surgery (IDS) (residual disease of 1 cm or
more) has progressively become more popular, mainly due to its intent to
reduce the volume of residual disease after primary surgery plus
chemotherapy or after chemotherapy alone as much as possible, in cases
with advanced stages, or early stages with a high risk of recurrence.
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No major changes in the last decades have been achieved in the treatment
of ovarian cancer as chemotherapy is still the standard treatment since 1985
(Figure 113). Platinum agents have been considered the major resource in
the medical treatment of EOC as better results were observed with cisplatin-
cyclophosphamide compared with cyclophosphamide alone (Lambert and
Berry, 1985). Later, the combination of cisplatin-paclitaxel showed better
efficacy (McGuire et al.,, 1996). Eventually, it was demonstrated that
replacing cisplatin for carboplatin led to similar efficacy results but a
significant reduction in drug-associated toxicities. (du Bois et al., 2003; Ozols
et al., 2003). Nowadays, carboplatin-paclitaxel is the standard of care in the
adjuvant and first-line treatment.

CDDP + PAC

NEJM, 1996

McGuire et al.

JNCI, 2000

Piccartet al

CDDP + CTX CBCDA + PAC

JCO, 2003
BMJ, 1985 Ozols et al

Lambert an
o JNCI, 2003
o du Bois et al.

Figure 113. Ovarian cancer treatment changes over the last decades. CDDP + CTX:
cisplatin and cyclophosphamide; CDDP + PAC: cisplatin and paclitaxel; CBCDA +
PAC: carboplatin and paclitaxel. Adapted from (Della Pepa et al., 2015).

An alternative to the standard treatment is the combination of carboplatin
with carboplatin-liposomal pegylateddoxorubicin (LPD). This treatment,
although not being superior to the carboplatin-paclitaxel, has shown
reduced side effects which represent an advantage for patients wanting to
avoid alopecia or peripheral neuropathy.
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It has been recently suggested that the use of intraperitoneal (IP)
chemotherapy in the treatment of EOC can be a promising improvement for
the treatment of ovarian cancer. Initially, it was postulated that delivering
chemotherapy directly to the peritoneal cavity might reduce the risk of
myelotoxicity. However, clinical trials have demonstrated the opposite, as
different drug-related toxicities have been observed. Despite this adverse
events, a phase lll clinical trial comparing IV or IP chemotherapy patients
that received debulking surgery has shown promising results (Mackay et al.,
2011).

Even though survival rates of patients with advanced disease have improved
over the past decade, there is still an urgent need for a better improvement.
It is essential that we understand that ovarian cancer is a general term for a

series of molecularly and etiologically distinct tumour.

By now, the same treatment is established for all histological types of
ovarian cancer as just one tumour type. In the era of personalized cancer
medicine, reproducible histopathological diagnosis of tumour cell type is
requerid for successful treatment. For instance, it has been found that
different tumour types respond differently to chemotherapy. The poor
response rate of CCC (15%) contrasts notably with that of HGSCs (80%),
resulting in a lower 5-year survival for clear cell compared with HGSC in
patients with advanced stage tumours (20% versus 30%) (du Bois et al.,
2003; Takano et al., 2006). The clear cell and mucinous types, in particular,
are candidates for clinical trials to identify more active therapy than what is

presently used (Fountain et al., 2006).

Table 13. Clinical and molecular features of the five EOC.

HGSC | LGSC EMC ccc MC
I
Pattern of early .| Transcoelomic | confined | confinedto | confined
spread transcoelomic spread to pelvis pelvis to ovary
P spread
Molecular PTEN, HNF1, KRAS,

BRCA, p53 BRAF, KRAS

abnormalities ARID1A ARID1A HER2
Chemosensitivity High Intermediate Low High Low
Prognosis Poor Intermediate | Favorable | Intermediate | Favorable

Transcoelomic: “across the peritoneal cavity”. Adapted from (Prat, 2012).
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2.6.1. Resistance to chemotherapy

Although progress has been made in the treatment of epithelial ovarian
cancer (EOC) by improved surgical debulking and the introduction of
platinum-taxane regimens, the overall 5-year survival rate is only 29% in
advanced-stage disease (Oberaigner et al., 2012). For instance, for patients
with low residual disease (all lesions < 1 cm in size following surgical
debulking), the risk for recurrence after completion of primary therapy is
60% to 70%, whereas; for women with large-volume residual disease, the
risk is estimated at 80% to 85% (Foley et al., 2013). This low survival rate can
be attributed to the frequent diagnosis at an advanced stage and to intrinsic
and acquired resistance to platinum-based chemotherapy. The efficacy of
conventional platinum-based chemotherapy for EOCs is limited and
although; most patients show an initial response to treatment, upon relapse
(around 85% of the patients), the platinum response rates progressively
diminish and they ultimately die (Galluzzi et al., 2012; Foley et al., 2013).

In the recurrent disease setting, those patients who experience progression
through first-line platinum-based therapy (platinum refractory), or those
who experience relapse within 6 months of receiving platinum therapy
(platinum resistant) are typically treated with a second-line non—platinum-
based regimen, such as doxorubicin (Muggia et al., 1997), gemcitabine (Lund
et al.,, 1994), paclitaxel, topotecan (ten Bokkel Huinink et al., 1997),
vinorelbine (Rothenberg et al., 2004), or trabectedin plus pegylated
liposomal doxorubicin (Poveda et al., 2010). Agents yielding responses in the
range of 15% to 20% that last a median of approximately 4 months (Alberts
et al., 2008; Ushijima, 2010), emphasize the great need for novel effective
therapeutic strategies to overcome cisplatin resistance as 85% of patients
will relapse in five years.

2.7. Targeted therapies for ovarian cancer

Different biological molecules have been investigated in the first-line setting
to overcome cisplatin resistance. Although at present the data on

64



Introduction

bevacizumab are more mature, other antiangiogenic agents and tyrosine-
kinase inhibitors (TKis) may be emerging as future therapeutic options.

For instance, Bevacizumab (Avastin®) is a humanized monoclonal antibody
that binds to vascular endothelial growth factor A (VEGF-A) and is recognized
as a potent antiangiogenic agent. After its approval for the treatment of
many solid malignancies (e.g., colorectal and lung cancers), bevacizumab has
proven to be highly active in EOC as well. It is reported that the addition of
bevacizumab to carboplatin and paclitaxel, followed by maintenance therapy
with bevacizumab alone, significantly prolonged the progression-free
survival (PFS) of EOC patients (Perren et al., 2011). Nevertheless, not all
patients benefit from adding bevacizumab to the standard treatment and
some patients overcome resistance as well (Weber et al., 2012). For this
reason, interesting biomarkers are currently under development as
predictive factors of response to bevacizumab (e.g., circulating levels of Angl
and Tie2)(Backen et al., 2014).

Another effective strategy to treat EOC patients and overcome resistance to
bevacizumab is targeting other pathways involved in cell proliferation and
carcinogenesis, which, in addition of being antiangiogenic, have also effects
over the tumoral cell. One example of this is Pazopanib (Votrient®), an orally
administered, multi-targeted kinase inhibitor; which target the VEGF
receptors 1, 2 and 3, platelet derived growth factor receptors (PDGFRs), and
the fibroblast growth factor receptor (FGFR)(Sonpavde and Hutson, 2007).

Furthermore, the clinical development of Poly(ADP-ribose) polymerase
(PARP) inhibitors has been accelerated again following encouraging data on
their efficacy in EOC treatment. PARP is a family of nuclear proteins involved
in DNA repair. Most studies focus on maintenance treatment after
chemotherapy rather than combinations with antineoplastic drugs (Della
Pepa et al.,, 2015). Olaparib (Lynparza®) is certainly the best known PARP
inhibitor, although a number of agents in the same class are currently under
evaluation. In a study, olaparib, which is given as a maintenance treatment
after platinum-based chemotherapy, was compared with placebo in patients
with platinum-sensitive, recurrent, BRCA-positive HGSC resulting in a
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significantly longer PFS, which was the primary end of the study.
(Ledermann et al., 2013) and a phase Il trial is being tested. In addition, the
FDA approved the use of Olaparib in women with BRCA ovarian cancer.
Other PARP inhibitors are also under development, namely niraparib and
rucaparib, both of which are currently being tested in platinum sensitive
recurrence.

Nevertheless, other target therapies are being tested in order to find new
possible solutions for this highly percentage of relapse on ovarian cancer:

In recent years, there are several clinical trials using the ERK-MAPKK (MEK)
inhibitors for the treatment of LGSC patients (Diaz-Padilla et al., 2012).
Activation of the ERK signalling pathway may be very important as BRAF and
KRAS mutations were initially reported in up to 68% of cases. Selumetinib
(AZD6244) or Trametinib are being tested on two phase Il clinical trials for
the treatment of patients with recurrent or progressive LGSC or peritoneal
cavity cancer, comparing these inhibitors with a standard therapy (Farley et
al., 2012). In primary mucinous ovarian cancer, which is frequently resistant
to conventional chemotherapy, the Ras/Raf pathway is also an appropriate
therapeutic target (Banerjee and Kaye, 2013). Multiple other signalling
molecules are also implicated in overcoming resistance to chemotherapy
and targeted agents in ovarian cancer; including the insulin-like growth
factor (IGF) receptor (Singh et al., 2014).

3. IGF signalling pathway

Insulin and Insulin-like growth factor (IGF) signalling regulates cellular
growth, proliferation, metabolism, and survival. IGF1R belongs to the insulin
receptor (IR) family that includes the IR, IGF1R, IGF1R/ IR, and the mannose
6phosphate receptor (also known as IGF2R), which is a non-signalling
receptor (Pollak, 2004; Pollak, 2008).

IGF1R can be activated by the ligands insulin like growth factorl (IGF1) or
insulin like growth factor2 (IGF2). IGF1R/IR hybrids preferentially signal with
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the IGF ligands. IR exists in two isoforms: IRB, traditional insulin receptors,
and IRA, a fetal form that is re-expressed in selected tumours and
preferentially binds IGF2 (Frasca et al., 2008). These receptors may coexist in
a given cell, with relative abundance and activation status varying by cell
type, tissue type, and physiologic or pathologic conditions.

Following co-translational insertion into the endoplasmic reticulum (ER) as a
220KDa proreceptor, the IGF1R is cleaved in the trans-Golgi network to
generate mature a (135KDa) and B (98KDa) subunits linked by disulfide
bonds (Adams et al., 2000). After trafficking to the plasma membrane,
IGF1Rs are activated by IGFs, and then internalized and degraded, or
recycled to the cell surface (Vecchione et al., 2003; Romanelli et al., 2007).

IGFIR works as homodimer, formed by 2 subunits a and 2 subunits B.
Activation of IGF1R leads to phosphorylation of IR substrates-1 (IRS1) and
Src-homology collagen protein (Shc) (Baserga, 1999),which in turn mediates
the activation of the ERK pathway and the PI3K/AKT pathway (Pollak, 2008),
which is considered the predominant downstream signalling pathway for
the IR family. PI3K activation results in translocation of the glucose
transporter, Glut4, and phosphorylation of the protein kinase AKT, which in
turn influence cell survival pathways. At the same time, IRS1 activation also
leads to activation of Ras/Raf/MEK/ERK pathway (Clayton et al., 2011)
(Figure 114).
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Figure 114. IGF signalling pathway. Adapted from (Clayton et al., 2011)
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Extensive studies have implicated IGF1R, IGF1, and IGF2 signalling in cancer
development, maintenance, and progression. IGF1R expression is critical for
anchorage independent growth, a well-recognized property of malignant
cells in different tumour types, ovarian cancer (Cullen et al., 1990; Gooch et
al., 1999; Nickerson et al., 2001; Hassan and Macaulay, 2002; Koti et al.,
2013).Moreover, the IGF pathway has also been shown to modulate
paclitaxel resistance (Huang et al., 2010).

3.1 IGF1R inhibitors in cancer

Through its anti-proliferative activity, inhibitors of the IGF1R system have
been considered to provide a number of clinically important benefits. For
instance, maintenance therapy, aimed at suppressing growth of residual,
subclinical disease, could have a major impact if IGF system signalling is a
critical factor, as suggested by prognostic data in patients with breast and
ovarian cancer (Vadgama et al., 1999; Lu et al., 2006; Pasanisi et al., 2008).

Linsitinib (OSI-906), a small-molecule dual kinase inhibitor of both IGF1R
and insulin receptor, has entered phase Il clinical trials in combination with
weekly paclitaxel in platinum-resistant ovarian cancer. Furthermore,
overexpression of IGF1 and growth inhibition with OSI-906 was reported in
preclinical models of LGSOC (King et al., 2011) and, therefore, in addition to
MEK inhibition, targeting the IGF pathway may be another potential
therapeutic approach in this setting. Several approaches to inhibit IGF1R

signalling have been investigated (Table 14).

However, some clinical trials showed some undesirable side effects. For
example, a dose-escalation phase | study of IMC-A12 (Cixutumumab), a
monoclonal antibody against IGF1R that blocks the activity of this receptor,
has revealed good results but some adverse events included hyperglycemia,
which was dosing limiting (Higano et al., 2015). Nevertheless, and as
observed in Tablel4, despite this dosing limiting problems a Phase Il is being
performed as benefits are encouraging over this manageable side effects.
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Table 14.IGF1R inhibitors in clinical trials.

Introduction

Clinical trials Company
Linsitinib IGFIR & IRr Phase llI oSl
(0SI-906)
) BMS-754807 IGFIR & IR Phase Il BMS
?, XL228 IGF1R & AURORA & SRC Phase | Exelixis
INSM-18 IGF1R Phase | Insmed
(NDGA)
Cixutumumab IGF1R Phase Il ImClone
(IMC-A12)
Figitumumab IGF1R Discontinued after Pfizer
(CP-751,871) Phase llI
Dalotuzumab IGF1R Phase llI Pierre Fabre
@ (MK-06 46; and Merck
< h7C10)
S Ganitumab IGF1R Phase Il Amgen
(AMG 479)
SCH 717454 IGF1R Discontinued after Schering
(19D12) Phase Il Plough
AVE1642 IGF1R Discontinued ImmunoGen
(EM164) /Sanofi

SMis: small molecules tyrosine inhibitors. MoABS:monoclonal antibodies.

Overall, there is still a lot to sort out in order to find new possible therapies
for ovarian cancer as 85% of patients relapse between five years and this
work try to demonstrate a new candidate for its use on ovarian cancer
treatment.
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Objectives

One of the general objectives of this work has been to evaluate the role of
ALK1 receptor, member of the TGFf signalling pathway, on physiological
angiogenesis. Inside this objective there are some specific objectives to be
evaluated:

a) Analysis of the influence of ALK1 lack on the sprouting angiogenesis using
the ALK1*" retina mouse model.

b) Use of this ALK1*" mice model, which mimics HHT, to find possible
therapies to treat these patients.

On the other hand there is the second general objective to study the role of
TGFB family members, ALK1 and ALK5 on the progression of ovarian cancer.
From this one there are these derived objectives:

c) Evaluate the activation levels of the Smad2/3 pathway levels on human
ovarian cancer samples and its extrapolation to orthotopic mouse models.

d) Analyse the antitumor activity of the TGFp inhibitor, LY2109761, on the
ovarian orthotopic mouse models as a possible target therapy to treat

ovarian cancer.
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Materials and methods
1. Animal studies

All mice used in this work were kept in individually ventilated cages on
constant temperature (20-259C), in a SPF (Specific Pathogen Free)
conditions and sterility. Mice obtained water and food by libitum. All
experiments were done on a laminar flow cabinet, and all procedures were
done in accordance to the guidelines and legislation and approved by the
committee for animal care on IDIBELL and la Generalitat de Catalunya.

For the retina mouse model; we investigated the loss of ALK1 on ALK1*"
mice (C57BL6 background)(Srinivasan et al., 2003). When indicated ALK1
heterozygous animals were crossed with p110a°*** knock-In (KI) allele
mice from Dr. M.Graupera’s group (Foukas et al., 2006).

To assess the ovarian cancer study, we used female un/un Swiss mice of 5-6
weeks and 20-22 gr of body weight purchased from Janvier (France).

1.2 Orthotopic implantation of ovarian tumours in Athymic mice

In this work it has been used three orthotopic mouse models from human
origin; one endometrioid tumour model (OVA15) and two high-grade
serous ovarian tumour model; OVA8 and OVA17, this last tumour model
metastasized on liver and lung tissues. All three were established in the
Laboratori de Recerca Translacional (LRT) at Institut Catala d’Oncologia
(ICO) by Dr. Alberto Villanueva. The ovarian tumours were perpetuated in
nude mice by consecutives passages orthotopically into the same original
organ where came from the patient, in our case into the ovary of the mice.

Firstly, the tumour was extracted from the donor mouse just in the moment
of the sacrifice and cleaned with cell culture medium DMEM 10% FBS, 50
U/ml penicillin and 50 pg/ml streptomycin in order to avoid possible
contaminations. Then, we fragmented the tumour in pieces of 6 mm?®
approximately, which stayed in the medium until implantation moment.
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For the surgical implantation mice were anesthetized by isoflurane
inhalation. Its skin was disinfected with Betadine and a small incision was
made and the ovaries were exteriorized. A piece of 6 mm? tumour was
implanted in one ovary of the mouse (unilaterally) using Prolene 7.0 surgical
sutures. The ovary was returned to the abdominal cavity and the incision
was closed with wound clips (Becton-Dickinson). The animal was then
located under a lamp in order to warm the mouse until it woke up.

Afterwards, Buprex was administered i.p to the mouse (200 ul) the day of
the surgical intervention and for two days after the implantation. Wound
clips were extracted after 8-10 days from the implantation, when wound
healed was observed.

1.2.1 Ovarian tumours orthotopic mouse model

In particular we maintained and used three ovarian tumours in vivo, and
samples were used as well for protein and RNA analysis.

OVA15: Endometrioid tumour model.
OVAS: High-grade serous tumour model.

OVA17: High-grade serous tumour model which metastasises to liver and

lung.

1.2.2 In vivo treatment

As the tumours had different growth behaviours the treatment schedules
were different. Treatments started when a palpable intra-abdominal mass
was detected. When all mice presented an approximated 100 mm?® tumour
size, mice were randomized in the different treatment groups taking into
consideration the possible differences of tumour volume. The studies were
terminated when tumours in vehicle-treated animals were judged to be
adversely affecting their wellbeing.

Oral administrations were done using animal feeding needles.
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1.2.2.1 Treatment schedule of the experiments with LY2109761 (Results
section 2.2.1)

LY2109761 was kindly provided by Lilly and Co. It was dissolved in 1%
carboxymethylcellulose, 0.5% sodium lauryl sulphate (Sigma), 0.085%
Polyvinylpyrrolidone (Sigma) and 0.05% antifoam (Sigma) solution. Drug
aliqguots were prepared every two weeks and kept in the dark at 4°C.

Mice were treated with LY2109761, administered twice daily with gavage as
an oral dose of 100 mg/kg (Anido et al., 2010). Control mice were treated
with the vehicle oral solution as the treated groups.

Treatment of the high-grade serous tumour models OVA8 and OVA1l7
started 5 weeks after implantation and continued for one further month.
Treatment of the OVA15 endometrial model started six weeks after tumour
implantation and continued for another month more. These treatments had
no significant effect on mouse body weight and the animals appeared
healthy and active throughout the study.

OVA15: We used five mice for each group. In this work, not all tumour
implanted grow for this reason when randomized we had to use only five
per group.

OVAS: We used sixe mice for each group.

OVA17: We used nine mice for each group.

1.2.2.2 Treatment schedule of the experiments with Linsitinib (Results
section 2.3)

Linsitinib (OSI-906) was obtained from LC Laboratories (MA, USA) and was
dissolved in 25 mM tartaric acid (Sigma) solution.

Treatment of OVA8 started 4 weeks after implantation. Linsitinib was
administered daily (5 days) with an oral dose of 40 mg/kg by gavage
(Leiphrakpam 2013), 1 week without treatment followed by a new cycle of
treatment for 5 days to six mice.
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These treatments had an effect on mouse body weight for this reason we
performed an intermittent treatment. Control mice (8 mice) were treated
with the vehicle oral solution as the treated groups.

1.2.2.3 Treatment schedule of the experiments with Cixutumumab (Results
section 2.3)

IMC-A12 (Cixutumumab) was obtained from ImClone (NJ, USA). IMC-A12
(Cixutumumab) treatment of OVA17 started 5 weeks after implantation. The
antibody was administered i.p. three times a week for 4 weeks at a dose of
12 mg/kg to four mice. Control group (six mice) was treated three times a
week for 4 weeks with i.p injection of PBS.

At the end of the treatment a mouse body weight reduction was observed
but the animals appeared healthy and active throughout the study.

Start Point End Point
L |
f 1
1 2 3 4.5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30

OVA15

_ . 2109761 100 mg/ig
B Mc-A12 12 mg/kg

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
I ' L ! |
1

OVA17

L T 1 1
Start Point Stop | cycle Start Il cycle End Point End Point

Figure M1. Schedule and drug dose of the different in vivo treatments.

1.2.3 Tumour sample extraction and process

At the end of the experiment, all mice were sacrificed by cervical
dislocation. After sacrifice the effects of the different treatments on tumour
response were evaluated by determining tumour weight and volume, where
volume = (length)(width?/2)(Jensen et al., 2008).
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From each tumour sample were taken frozen pieces into crio-tubes for RNA
and protein extraction at -802C; Froze samples in OCT (Tussue-TEK® Sakura)
to obtain frozen slides and analyse by IF later.

In addition, other tumour pieces were paraffin embedded to analyse with
H&E and IHC following the embedded protocol: first fixation phase where
tumour samples were kept O/N (over-night) on 4% Formol (pH=7,4), then a
dehydration process with a alcohol battery to finally arrive to a xylene (1
hour in Ethanol 70%, 1 hour in Ethanol 96%, O/N Ethanol 96%, and 1h 30’ in
each steps: 3 ethanol of 100% and xylene). Finally, a liquid paraffin bath at
602C O/N and the next day samples were embedded in paraffin in a block
sharp ready to cut and dried at Room Temperature (RT).

1.2.4 Dissemination study by bioimaging

In order to perform the bioimaging in vivo study we used the SKOV3-GFP cell
line generated by DR. Agnes Figueras (section 3 of materials and methods).

The cell line was seeded in two groups of Petri dish; the control group with
DMSO and the treated group with LY2109761 for three days. Afterwards, 1
million of SKOV3-GFP cells were collected in 200ul of DMEM medium
without any supplement, and were I.P. injected to each athimic mice, six

mice per group.

To analyse cell attachment in vivo between groups, pictures of the different
mice were taken with the IVIS Imaging System (Caliper LifeSciences) at
different time points (24, 48 and 72 hours).

We quantified for each mice the number of different number of ROIs for
each mice and the average of the luminescence radiance divided by pixel for

second and by surface (p/s(cm?).
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1.3 ALK1 mice characterization
1.3.1. PI3K inhibition through LY294002 injection

LY294002 (Calbiochem, Millipore, Billerica, MA) was re-suspended in
dimethyl sulfoxide (DMSO, Sigma) 4:1 PBS at final 15 mM stock
concentration. Half of the litter was injected intraperitoneally with 20ul of
LY294002 stock solution at P6 (16:00 hours (h)) and P7 (9:00h). Same
volume of DMSO + PBS was injected to the other half of the litter to obtain
the control condition. Retinas were isolated at P7 (16:00h) for experiment.

1.3.2 Mice genotyping

1.3.2.1 Tissue digestion

New born mice were weaned once they turned 4-weeks old. Upon weaning,
ear or tail biopsies were kept for genotyping. Tissue was lysed with 600 pl
of 50 mM NaOH (Sigma). Samples were incubated at 100 2C for 15 min and
were vortexed and kept at room temperature (RT) until they reached 50-
709C. To neutralize the samples, 100 pul of 1M Tris (Sigma) HCL pH 7.4 were
added to each sample. Samples were vortexed, centrifuged at maximum
speed for 1 min and kept at 4 2C until samples were processed for DNA

amplification.

1.3.2.2 PCR

Polymerase chain reactions (PCR) were performed using two different
protocols referred as PCR reaction WT and PCR reaction HET to genotype
the WT strain or the ALK1" (HET) strain and a third one to detect p110a Ki

mice.
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Table M1. Table of PCR primer sequences.

PCR ‘ Primer sequence ‘

ALK1-WT-Fw 5’-ACCACAGCTGTTCCTACCTTCT-3’

ALK1WT ALK1-WT-RV 5’- AACTGTTCTTCCTCGGAGCCTT-3’

ALK1-nul-Fw 5’-GCAACATCCACTGAGGAGCAG-3’

ALKLHET | AlK1-nul-RV 5'- GTGGCTGGAGAGGAACAGTAG-3'

M36-Fw 5’-CCTAAGCCCTTAAAGCCTTAC-3’

p110a Ki M47-Rv 5'-ACTGCCATGCAGTGGAGAAGCC-3’

PCR reaction WT (to a final volume of 25 I): 2ul DNA sample, 17.4 ul H20,
0.8 ul MgCl2 15mM (diluted from MgCl2 50mM Ecogen), 2.5 ul of 10x
reaction buffer without Mg (Ecogen), 0.3 ul of 10 uM primer pool (forward
+ reverse), 2.5 pl dNTPs and 0.25 ul Ecotaq DNA polymerase (Ecogen).

PCR reaction HET (to a final volume of 25 1):2ul DNA sample, 17.4 pl H20,
1.3 ul MgCI2 15mM (diluted from MgCI2 50mM Ecogen), 2.5 pl of 10x
reaction buffer without Mg (Ecogen), 0.3 ul of 10 uM primer pool (forward
+ reverse), 2.5 pl dNTPs and 0.25 ul Ecotaq DNA polymerase (Ecogen).

PCR reaction p110aKl (to a final volume of 25 I): 1.5 ul DNA sample, 15.875
pl H20, 2.5 ul 10x Titanium Taq reaction buffer, 2.5 pl of 10 uM primer pool
(forward + reverse), 2.5 pul dNTPs and 0.125 ul 50x titanium Taq (Clontech).

Table M2. Table of PCR conditions.

T2 Time T2 Time T TO Time

94 | 2min | 94 | 2min ‘ 94 | 2min

94 20 sec 94 20 sec ‘ 94 30 sec

35 55 30 sec 65 30 sec 39 65 30 sec
cycles cycles

72 1 min 72 1 min ‘ 72 30 sec

72 [ 10min | 72 | 10 min J 72 | 7min
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2. Post-natal mouse retina isolation and IF staining of whole-mount tissue
2.1 Eyes extraction and retina isolation

Pups were sacrificed by decapitation and eyes were quickly removed using
scissors and forceps. Eyes were fixed in a solution of 4 % paraformaldehyde
(PFA) (Sigma) in phosphate-buffered saline (PBS) for 1h and 15 min at 4 °C.
Once the fixation time was over, 4 % PFA was changed to PBS and retinas
were harvested from the rest of the eye following the protocol described
below.

The procedure of retina isolation was done with the help of a binocular
dissecting microscope (Carl Zeiss). Briefly, eyes were collected in a clean
culture dish filled with PBS and the cornea (the clear tissue that covers the
anterior part of the eye, opposite to the optic nerve) was incised with the
help of a needle (Figure M2b).

Using micro-scissors (Fine Science Tools), the cornea was cut and removed.
Next, the iris was also removed using two forceps (Fine Science Tools) and
the outer layer of the eye, the sclera and the pigmented retina layer started
to be separated. The outer layer should be dissected carefully, in small
increments, to avoid damaging the retina layer beneath. At this point, the
lens and the vitreous humour, which appears as a single jelly-like structure
(Figure M2e) need to be removed. Finally, the hyaloids vessels (Figure M2f)
were carefully detached from the inner side of the eye using fine
movements. Retinas were then fixed for 45 min more and were kept in PBS
at 42C until they were processed for immunofluorescence (IF).
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Figure M2. Eye and retina dissection. a, Image showing where to make the
incisions around the eye of the pup.b, Dissected eyeball from a P6 pup. Arrow
points to the cornea surface. c, Overview of cornea dissection d, Eyeball without
cornea. Arrow indicates dissected cornea. e, Image showing eye without sclera,
choroid, cornea layers, pigmented layers and without the iris. f, Dissected eye
without lens. Arrow shows hyaloid vessels. g, Retina with four radial incisions.
Figure modified from (Pitulescu et al., 2010b).

2.2 Immunofluorescent staining of whole-mount retinas
2.2.1 Simple staining with conjugated IsolectinB4

Retinas were incubated 30 min, at RT in Pblec buffer (1% Triton X-100, 1mM
CaCl2, 1ImM MgCl2, ImM MnCI2 in PBS pH6.8). Retinas were then incubated
with conjugated isolectinB4 in appropriate dilution (Table M3) in Pblec
buffer ON at 42C with gently agitation. The following day, Pblec containing
isolectinB4 antibody was removed and retinas were washed 3 times (10 min
each) with PBT buffer at RT (PBS containing 0.1% Tween-20). After the final
washing steps with PBT, retinas were incubated with DAPI in appropriate
dilution (Table M3) and then were post-fixed using 4 % PFA, at RT for 2 min.
A last wash with PBS was done before retinas were flat-mounted on glass
slides using Mowiol (Calbiochem) as mounting medium.
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2.2.2 Staining with primary antibodies different than conjugated
IsolectinB4

Retinas were blocked and permeabilised with permeabilization buffer (1%
bovine serum albumin (BSA) (Sigma), 0.3% Triton X-100 in PBS) ON at 4 ¢C
with gentle rocking. Retinas were then incubated with primary antibodies in
appropriate dilutions (Table M3) in permeabilization buffer ON at 42C with
gentle rocking. The following day, primary antibodies were removed and
retinas were washed 3 times (10 min each) with PBT buffer. Retinas were
further incubated 30 min, at RT in Pblec buffer (% Triton X-100, 1mM CacCl2,
1mM MgCl2, 1ImM MnCI2 in PBS pH6.8) and incubated ON at 42C with the
appropriate dilution of secondary antibodies in Pblec buffer (Table M4). In
addition, conjugated isolectinB4 was added together with the secondary
antibodies in the appropriate dilution (Table M3). The day after, retinas
were washed 3 times (10 min each) with PBT, were incubated with DAPI in
appropriate dilution (Table M3) and then were post-fix for 2 min with 4%
PFA and were flat-mounted on glass slides using Mowiol as mounting

medium.

Table M3. List of primary antibodies used for mouse retina immunostaining.

Antibody ‘ Conjugated Host Dilution Company
Erg 1,2 3, - Rabbit 1:100 Santa Cruz
Desmin - Rabbit 1:200 Abcam
Isolectin-GS-B4 Alexa Fluor 568 - 1:300 Molecular Probes
Isolectin-GS-B4 Alexa Fluor 647 - 1:300 Molecular Probes
DAPI - - 1:300 Invitrogen

Table M4. List of secondary antibodies used for mouse retina immunostaining.

Antibody Conjugated Dilution Company

Goat Anti-Rabbit Alexa Fluor 488 1:200 Molecular Probes

Goat Anti-Rabbit Alexa Fluor 568 1:200 Molecular Probes

86



Materials and methods

2.2.3 In vivo proliferation assay, EdU detection

EdU is a synthetic analogue of thymidine, and thereby, it can be
incorporated into DNA during S phase. Click-iT EAU Imaging Kit was bought
from Invitrogen and was used for EdU injection and detection. To
determine the number of proliferating ECs in the growing retinal
vasculature, pups were injected intraperitoneally with 60 pl of EdU
component A from the kit (diluted to 2mM in 1 DMSO: 1 PBS) 2h before
they were culled for retina extraction.

Retinas were isolated following the instructions described in section (4.1.).
Thereafter, the reaction for EdU detection was performed following the
instructions described in the Click-iT Imaging Kit. Briefly, retinas were
incubated for 1h at RT with gentle rocking in 100 pl (for each pair of retinas)
of EdU detection solution.

For 1ml of EJU detection solution:

- 860ul of 1x Click-iT EdU reaction buffer (obtained from appropriate
dilution of component D)

- 40 pl of CuSO4 (component E)

- 2 pl of azyde-conjugated Alexa-Fluor (component B). Alexa fluor 488 and
647 were used for this thesis work.

- 100 pl of 1x Click-iT EdU buffer additive (obtained from the appropriate

dilution component F)

Retinas were washed twice with PBS and were then incubated with
permeabilisation buffer (described in section 4.2.2) ON at 49C with gentle
agitation. Thereafter, retinas were incubated in appropriate dilution of Erg
1,2,3 (Table M3) in permeabilisation buffer ON at 49C with gentle agitation.
The day after, retinas were washed 3 times with PBT at RT, followed by 30
min incubation with Pblec buffer at RT (described in section 4.2.1).
Secondary antibody against Ergl,2,3 and isolectinB4 were incubated ON
agitating at 42C in appropriate dilutions (Tables M3 and M4). Retinas were
washed 3 times (10 min each) with PBT, were post-fix for 2 minutes with 4%
PFA at RT and were flat-mounted on glass slides using Mowiol.
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2.2.4 Retina imaging and quantification of vascular parameters

2.2.4.1 Confocal microscopy

All images shown of retina characterization were taken using a Leica
confocal or a Nikon 801 microscope. Images were processed using Volocity
3D PerkinElmer software and Adobe Photoshop CS5 software. Images were
guantified using Image J. 1.47h software with the proper scale set up.

2.2.4.2 Analysis of the vascular parameters
2.2.4.2.1 Number of sprouts

The number of sprouts was expressed as n2 of sprouts / 100 um of sprouting
membrane. For this, the total vessel length at the sprouting front was
determined using images taken with the 40x objective. Thereafter, the
number of sprouts present throughout the sprouting membrane was
qguantified (Figure M3A).

2.2.4.2.2 Vessel width

A visual field of 100x100 um was determined behind the vascular sprouting
front of images taken with the 40x objective. The vessel widths of six
representative branches were quantified per image (Figure M3B).

2.2.4.2.3 Radial expansion

For radial expansion quantification, images with 4x objective in Nikon 801
microscope were taken. The migratory length of the vascular plexus was
analysed by measuring the total length of the retinal vasculature from the
optic nerve towards the retinal periphery as shown in figure M3C.

2.2.4.2.4 Vascular branching

For quantification of number of branch points per area, images were taken
with the 40x objective. A visual field of 100x100 um was determined behind
the vascular sprouting front and the number of branch-points was
guantified as shown in Figure M3D.
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Figure M3. Quantification of vascular parameters on mouse retina
immunostaining. Yellow cub determines the visual field of 100x100 pum where the
quantifications of vessel width and vessel branch-point were analysed. Red lines
and points represent the measure of the different parameters: A) Number of
sprouts B) Vessel width C) Radial expansion and D) Vessel branching-points.

2.2.4.3 Quantification of ECs nuclei and proliferative ECs.

For the quantification of ECs nuclei and ECs proliferation per visual field,
images with 40x objective were taken from retinas stained with the
endothelial nuclei marker Ergl,2,3 and with EdU counterstained with
isolectinB4 (following instructions in section 2.2.3). It was selected the
stained cells that were strictly in contact with the sprouting membrane. Two
zones were determined; first line of cells on the sprouting front of the
vascular plexus and the second line just behind with 20 um of length from
the sprout, were selected of every image and the total number of ECs (Erg+)
located in the two different zones separated by the template was
guantified. Thereafter, it was quantified how many of those ECs were
proliferating (EdU+), thus determining the percentage of proliferative ECs
both in the first and the second line.
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3. Cell culture

In this work we performed experiments in vitro with four different ovarian
cell lines: The SKOV3 an ascites from a patient with an ovarian
adenocarcinoma (Fogh, 1975) were obtained by ECACC (European Collection
of Cell Cultures-Sigma Aldrich).

The SKOV3-GFP was generated by Dra. Agnés Figueras from the SKOV3 cell
line infected with a lentivirus expressing GFP (Green Fluorescent Protein)
and Luciferase under a constitutive promoter (lbrahimi et al., 2009). The
A2780p cell line, established from a human serous tumour tissue, the TOV-
112D cell line, established from a human endometrioid tumour tissue
(Provencher, 2000) and the OV90 cell line, established from a human serous
tumour tissue (Provencher, 2000). All three cell lines were obtained from
Pepita Gimenez (Universitat de Barcelona) and confirmed its identity and
verification by the ECACC.

3.1 Cell line maintenance

The OV90 and TOV-112D cell lines were cultivated with 1:1 mixture of 199
medium (Gibco) and an adapted medium from the literature DMEM (lonza)
instead of MCDB105 medium. The SKOV3 and SKOV3-GFP cell line was
cultivated with DMEM (Lonza) medium, and the cell line A2780p was
cultivated with RPMI 1640 medium (Gibco). All mediums were
supplemented with inactivated 10% foetal bovine serum (Gibco). Then 50
U/mL of penicillin, 50mg/mL of streptomycin sulphate, and 2mmol/L of
glutamine were added to all cell culture media.

All cells were grown at 372C in a humidified atmosphere with 5% CO,.

3.2 Generation of the lentiviral IGF1R shRNA constructs.

pGIPZ-shRNA lentiviral vectors were bought in glycerol stock as bacterial
cultures from DharmaconGE®. The bacteria was grown on LB with ampicillin
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(50 ug/ml), afterwards, and in order to obtain the plasmid a maxiprep with
QIAGEN® Plasmid Maxi Kit was performed.

Next, to obtain the lentiviral constructs a we did a triple transfection to
293FT; with the second-generation packaging plasmid (pPAX2), a plasmid
encoding the envelope (pMD2.G) and the plasmid encoding de shRNA
(Dharmacon). Cells were transfected with polyethylenimine (PEI) (25KDa,
linear, powder, (Polysciences Inc.)), from a stock solution of 1mg/ml solution
to a 20mM HCL, 10mM NaOH, pH7 solution, after filtration with 0.22 um
filter.

Each virus was transfected to 293FT cells on 10 cm petri dish. For each plate
2.5 pg of pMD2.G, 7.5 pg of pPAX2 and 10 pg of shRNA plasmid were mixed
with 1.25ml of NaCL 150mM; and also with 1.25 ml of a solution previously
generated and incubated for 5 min. (1:5 of PEIl in NaCl 150mM). Both mixed
solutions were added after settled at RT into the 293FT cells drop o drop.
This transfection medium was changed by fresh medium after O/N
incubation. After 24h from the previously change of medium, we collected
the medium with the viruses already on it and it was concentrated. To asses
this concentration we performed a 500G centrifugation for 2 min at 42C to
discard cells that could remain on the medium. Supernatant was filtered by
0.45um and centrifuged at 20.000 rpm for 90 min at 49C with an
ultracentrifuge (Optima™ L-100 XP Ultracentrifuge, Beckman Coulter).

Supernatant was eliminated by decantation and pellet was resuspended in
600ul of PBS1X, which was incubated on ice for 30 min, then, it was again
centrifuged at 25.000 rpm for 90 min at 42C after decanted, we resuspended
with 210ul and kept on ice for 2 hours afterwards, it was liquated and kept
frozen at 802C. Lentiviral production was performed on a specific lentiviral
cell culture room at IDIBELL. The generated viruses were the ones listed

below:
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Table M5. List of IGF1R shRNA used in this work.

Virus Gene Clone ID

shRNA-NS Negative control RHS4346
SshRNA-IGF1R-V2-71 IGF1R V2LHS_ 131071
ShRNA-IGF1R-V2-72 IGF1R V2LHS_ 131072
shRNA-IGF1R-V2-48 IGF1R V3LHS_377848

3.3 Generation of the established cell line shRNA transduction.

When the lentiviral vectors were already produces we continued with the
generation of established cell lines. To asses this lentiviral vector
transduction, cells were seeded into 6 well-plates, and when cells got to a
60% confluence were transduced.

Few hours before transduction we changed for fresh medium adding 8
ug/ml of Polybrene (Santa Cruz Biotechnology, inc.) afterwards, we added
10 wl of the concentrated virus. Next day medium was changed for a fresh
one and not until 48 hours post-transduction have passed that we added
Puromycin (Sigma) 2ug/ml in order to select the infected cells, as these
vectors express puromycin resistance and infected cells are resistant to
puromycin. All control cells without lentiviral infection died while cells with
lentiviral infection survive.

Dharmacon pGIPZ lentiviral vectors were used to permanently silence IGF1R
expression in A2780p and SKOV3 cells. The negative vector without short
hairpin RNA (shRNA) sequence (Dharmacon non silencing-pure vector) was
used as negative control. Generated cell lines were constantly under
puromycin presence and were expanded whenever cell grow.
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3.4. Inhibitors and growth factors used in vitro.

Cells were treated with different inhibitors; LY2109761 was kindly provided
by Lilly and Co and diluted with DMSO, IMC-A12 (Cixutumumab) was
obtained from ImClone (NJ, USA).

At the same time cells were stimulated with TGFB that was provided by
R&D.

3.5. Cell viability assay by MTT incorporation

Cell viability was determined by measuring the incorporation of the methyl-
thiazole-tetrazolium  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) or MTT (Sigma Chemical). This assay is based in colorimetric
method using the characteristics of the MTT to be reduced into its
insoluble formazan, which has a purple colour. This reduction is due to a
enzymatic reaction catalysed by a mitochondrial enzyme, NAD(P)H; which is
only active in metabolically an alive cells. This assay measures the metabolic
activity of the cells that can be related to its cell viability (Berridge, 2005).

Cells were plated in 96-well plates, 750 cells per well, in quadruplicate, and
allowed to grow for 24 hours. Cells were treated with LY2109761 (2, 5 and
10 uM), and IMC-A12 (10, 25 and 50 mg/ml), and DMSO was used as a
positive control (doses are shown in logarithmic scale, 10, 10 and 10™
mg/ml).

Subsequently, after 4 days of treatment, 45 pl of MTT at 5 mg/ml was
added to each well and incubated for an additional 4 hours at 372C on dark
conditions, after that, the medium was removed and the blue MTT
formazan precipitate was dissolved in 100 pul DMSO and the optical density
was measured (absorbance at 570 nm) on a multiwell plate reader.

Results were expressed on percentage form, where 100% was cell control
absorbance, without any inhibitor. All results were analysed and
represented using GraphPad Prism 6 software.
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3.6 Cell growth analysis.

To asses cell growing capacity of the shRNA clones from A2780p and SKOV3
cell lines we seeded 15.000 cells in 24 well-plates and cell number was
counted post: 24, 48 and 72 hours.

Cell number was counted using the 7C20™ Automated Cell Counter (Bio-
Rad) and Trypan blue to count only alive cells.

3.7 Inhibitory protein synthesis analysis.

The human cell lines SKOV3 and A2780p were seeded in a 6 cm Petri dish.
And allowed to recovered before pre-treat O/N with LY2109761 (2nM) or
stimulate with TGF-B 10ng/ml). Then, it was added cycloheximide 10 ug/ml
(Sigma) to each plate. Every 24h, cycloheximide and TGF-B or the inhibitor
was added again to the medium.

Cells were lysed at 0, 8, 16 and 24 h with RIPA lysis buffer (0.1% SDS, 1% NP-
40, 0.5% sodium deoxycholate, 50 mM NAF, 5mM EDTA, 40mM -
glycerolphosphate, 200 uM sodium orthovanadate, 100 uM
phenylmethylsulfonyl fluoride, 1 uM pepstatin A, 1 pg/ml leupeptin, 4
ug/ml aproptin in PBS, pH 7,4) and analysed by western blot.

3.8. Analysis of the inhibition of protein degradation.

The human cell lines SKOV3 and A2780p were seed to a 6 well-plate and
allowed to grow until 80% in confluence. Cells were treated alone with 2 and
10 uM of proteasome inhibitor MG132 (Sigma-Aldrich) or with 100 uM of
lysosome inhibitor chloroquine for 24 h or in the presence of 2 uM of
LY2109761. Cells were then lysed with RIPA buffer and analysed by western
blot.

Wells without LY2109761, DMSO 1:1000 was added, with no observed

toxicity as a control.
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3.9 Immunofluorescence on cells

SKOV3 cells were seeded in 6 well-plate dish with glass slides and let it grow
until 80% confluence. Then cells were treated with LY2109761 (2nM) or
stimulation with TGF-f 10 ng/ml for 24h and DMSO diluted 1:1000 as a
negative control.

After treatment cells were washed with PBS (formula) and fixed with 4%
paraformaldehyde for 2 min and then washed twice with PBS 1X. Then, cells
were permeabilisated with PBS 0.1% Triton X-100 for 40 minutes at room
temperature. Cells were blocked with PBS-BSA 1 % for 1h at room
temperature. These slides were then incubated at room temperature with a
1:250 dilution of rabbit polyclonal antibody for IGF1R (Cell signaling).
Sections were washed three times with PBS 0.1% Triton X-100 and
incubated with a 1:200 dilution of Alexa Fluor 588-conjugated goat anti-
rabbit at room temperature for 1 h in the dark. Then were washed twice in
PBS 0.1% Triton X-100 and incubation with DAPI 1/10000 (Abbot Molecular,
IL) for 10 min in the dark. Cell slides were mounted using Fluoromount
(Sigma).

4. Histological study of tumour samples.
4.1 Immunofluorescence studies

In the case of the study ALK5 levels on ovarian samples and the effect of the
treatment over the macrophages number an IF was performed. OCT-frozen
tissue (3um) section from control and LY-treated tumours were done.

4.1.1 ALK5 staining

OCT-sections were tempered for 15 min. Then, sections were fixed with 4%
paraformaldehyde for 5 min and then washed once with distilled water and
twice with PBS 0.1% Triton X-100. Sections were blocked with PBS1X-goat
serum 20% for 1h at RT. Next, sections were then incubated overnight at
4°C with a 1:50 dilution of rabbit polyclonal antibody for TGFBRI (Abcam).
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Sections were washed twice with PBS 0.1% Triton X-100 and incubated with
a 1:200 dilution of Alexa Fluor 488-conjugated goat anti-rabbit (Molecular
probes) at room temperature for 1 h in the dark. Tumour slides were
washed twice in PBS 0.1% Triton X-100 and cover slips were mounted using
VectaShield® mounting medium for fluorescence with DAPI.

4.1.2 F4/80 - EpCAM staining

OCT-sections were tempered for 15 min. Then, sections were fixed with 4%
paraformaldehyde for 2 min and then washed once with distilled water and
permabilised 40 min with PBS 0.1% Triton X-100. Sections were blocked
with PBS1X-goat serum 20% for 1h at RT. Next, sections were then
incubated with 1:200 CD326(EpCAM)-FITC (Milteny Biotec) for 2h and next
incubated overnight at 4°C with a 1:100 dilution of rat monoclonal antibody
for F4/80 (Serotec). Sections were washed twice with PBS 0.1% Triton X-100
and incubated with a 1:200 dilution of Alexa Fluor 546-conjugated goat
anti-rat (Molecular probes) at room temperature for 1 h in the dark.
Tumour slides were washed twice in PBS 0.1% Triton X-100, then incubated
with 1:3000 DAPI (Invitrogen) and cover slips were mounted using
VectaShield® mounting medium.

4.1.3 ALK1 and CD31 staining

OCT-sections were tempered for 15 min. Then, sections were fixed with 4%
paraformaldehyde for 2 min and then washed once with distilled water and
permabilised 40 min with PBS 0.1% Triton X-100. Sections were blocked
with PBS1X-goat serum 20% for 1h at RT. Next, sections were then
incubated with 1:50 anti-ALK1 polyclonal antibody (Abcam) for 2h and next
with 1:50 anti-CD31(human) monoclonal antibody (DAKO) incubated
overnight at 4°. Sections were washed twice with PBS 0.1% Triton X-100
and incubated with a 1:200 dilution of Alexa Fluor 546-conjugated goat
anti-mouse (Molecular probes) and Alexa Fluor 488-conjugated goat anti-
rabbit (Molecular Probes) at room temperature for 1 h in the dark. Tumour
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slides were washed twice in PBS 0.1% Triton X-100, then incubated with
1:3000 DAPI (Invitrogen) and cover slips were mounted using VectaShield®
mounting medium.

4.2 Haematoxylin-eosin (H&E) staining.

Tissue sections (3-4 um) of formalin-fixed, paraffin-embedded tumour were
deparaffinised with 10 min of 4 xylene tray battery and rehydrated in
graded alcohol (5 min in 3 absolute Ethanol trays, 3 Ethanol 96% and one
Ethanol 70%). Afterwards, sections were washed with distilled water and
were sunken on Harris’ haematoxylin for 10-15 seconds. To clean the
samples, slides were washed with running tap water and then 2 seconds
with HCL 0.5% solution and 2 more seconds with ammonia water solution
(200 ml distilled water with 1 ml ammonia 30%). Sections were again
cleaned with running tap water. Then, sections were counterstained in
eosin (2.5 g Eosin in 1L Ethanol 50%). After that, sections were dehydrated
in graded alcohols (5 min in 3 ethanol 96%, 3 in absolute Ethanol and 10
min in 4 Xylene trays). Samples covered with cover slips mounted using DPX
(Merck).

4.2.1 Necrotic area quantification.

OVA17 tumour samples from control and LY-treated mice were stained with
H&E and images were taken with Stereomicroscope NIKON SMZ800 and the
software NIS-ELEMENTS. With Image J software necrotic areas were
guantified and its percentage by tumour total area was determined by each
tumour sample.

4.3 Immunohistochemistry.

Immunohistochemistry to detect CD31, IGF1R, Ki67, ER and EpCAM
followed the same protocol:
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Tissue sections (3-4 um) of formalin-fixed, paraffin-embedded tumour
samples were deparaffinised in xylene and rehydrated in graded alcohols
(section 4.2). After washing with distilled water antigen retrieval was
performed with citrate 1X pH=6 for 5 min but 10 min for Mdm2 and
incubated with 3% H,0, for 10 minutes. Sections were washed with
distillate water and twice with PBS 0.1% Triton X-100. Then, samples were
incubated for 1 hour with protein-blocking solution (all were PBS-goat
serum 20% but Ki67 that used an antibody diluten for 2 hours or ER where
we used a PBS1X-BSA 3% ), followed by incubation at 42C with primary
antibodies (Table M6). Sections were washed twice with PBS 0.1% Triton X-
100 and incubated 45 min with the corresponding secondary antibodies of
the DAKO invision + system HRP (Table M6). Then sections were
counterstained with haematoxylin and dehydrated in graded alcohols (5
min in 3 ethanol 96%, 3 in absolute Ethanol and 10 min in 4 Xylene trays).
Then covered with cover slips and mounted using DPX (Merck).

Table M6. List of primary antibodies used for IHC.

Primary antibody Secondary antibody
CD31 1:80 DAKO Anti-mouse DAKO
Ki67 clone (MIB-1) 1:50 DAKO Anti-mouse DAKO
EpCAM 1:100 Abcam Anti-rabbit DAKO
ER 1:50 DAKO Anti-mouse DAKO
IGF1R 1:150 Abcam Anti-mouse DAKO
Mdm2 (SMP14) 1:20 St. Cruz Anti-mouse DAKO

4.4 pSmad2 staining

Tissue sections (3-4 um) of formalin-fixed, paraffin-embedded tumour
samples were deparaffinised in xylene and rehydrated in graded alcohols
(section 4.2). Afterwards, an antigen retrieval was performed under high-
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pressure and heating conditions for 20 minutes in citrate buffer, pH=6 and
incubated with 3% H,0, for 10 minutes.

Sections were washed with distillate water and twice with PBS 0.1% Triton
X-100. Samples then were incubate with blocking solution (TBS-Tween 0,1%
+ BSA 5%) for 1 hour with followed by incubation at 42C over/night with
1:500 rabbit polyclonal antibody anti-phospho-Smad2, (Cell signaling).

The day after, sections were twice washed with TBS-Tween 0,1% and
incubated with the specific secondary rabbit antibody EnVisionFLex (Dako)
for 45 min. Then, samples were washed with TBS-Tween 0,1% followed by
the EnVisionFLex DAB developing system (Dako) and counterstained with
haematoxylin and visualized by light microscopy.

4.5 TUNEL

To identify the apoptotic cells we used the detection in situ method by the
TUNEL Assay (DeadEnd Colorimetric TUNEL System Kit (Promega)) following
its protocol.

Tissue sections (3-4 um) of formalin-fixed, paraffin-embedded tumour
xenografts were deparaffinised in xylene at 652C and rehydrated in graded
alcohol. Then washed once with distilled water, with NaCl 0.85% for 5 min
and then washed with PBS1X. Afterwards, sections were digested with
proteinase K 1:100 from Proteinase 10mg/ml (from the kit) for 15 min at
379C on a humid chamber, and washed twice with PBS1X for 5 min each.
Next, sections were incubated with the Equilibration Buffer (EB) for 10 min
at RT and later with the EB mix (98ul EB + 1pul Biotinylated nucl mix + rTdT
enzyme) for 1h at 372C. Then, it was washed with SCC 2X for 20 min at
RTand washed with PBS1X. After that, sections were incubated with PBS1X-
peroxidise 3% in order to inhibit peroxidises for 10 min. Then, washed with
PBS1X and incubate 30 min at RT with 1:500 Streptavidin (Vecatestain),
washed again with PBS1X and followed by the EnVisionFLex DAB developing
system (Dako). Samples were counterstained with haematoxylin and
sections were dehydrated in graded alcohols (5 min in 3 ethanol 96%, 3 in
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absolute ethanol and 10 min in 4 Xylene trays). Samples covered with cover
slips and mounted using DPX (Merck).

4.6 Cyclin D1 staining

Tissue sections (3-4 um) of formalin-fixed, paraffin-embedded tumour
samples were deparaffinised in xylene and rehydrated in graded alcohols
(section 4.2). Retrieval was performed with EDTA pH=8 for 2 min and
incubated with 3% H,0, for 10 minutes. Sections were washed with
distillate water and twice with PBS 0.1% Triton X-100. Then, samples were
incubated for 1 hour with protein-blocking solution (PBS-goat serum 20%),
followed by incubation at 42C with 1:50 mouse monoclonal anti-human
cyclinD1 antibody (BD Biosciences, CA). Sections were washed twice with
PBS 0.1% Triton X-100 and incubated 45 min with the anti-mouse secondary
antibody of the DAKO invision + system HRP. Then sections were
counterstained with haematoxylin and sections were dehydrated in graded
alcohols (5 min in 3 ethanol 96%, 3 in absolute ethanol and 10 min in 4
Xylene trays). Samples covered with cover slips and mounted using DPX
(Merck).

4.7 Immunohistochemistry quantification.

Images of tumour sections were obtained on NIKON-801 microscope.

To determine vessel density the ratio of the CD31-stained area to the total
area and the number of vessels in each area were quantified.
Quantifications were carried out in six hotspot fields of viable tissue zones
at 400x magnification for each tumour, using Image J software. An average
value for each tumour was obtained for each variable. Results are
expressed as the means for each treatment group.

To determine cell positivity, number of cells was quantified in six hotspot
fields of viable tissue zones at 400x magnification for each tumour by light
microscopy NIKON Eclipse E400. An average value for each tumour was
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obtained for each variable. Results are expressed as the means for each
treatment group.

The intensity of pSmad2 and IGF1R stain were scored using a grading scale,
defined as follows: no detectable signal (0O points), low-intensity signal (1
point), moderate-intensity signal (2 points), or high-intensity signal (3
points). Labelling frequency was scored as the percentage of positive
tumoral cells. The multiplicative index of intensity and labelling frequency
was used in our analysis.

5. Protein processing.
5.1 Protein extraction
5.1.1 Protein extraction of tumour samples

Protein extraction from tumour samples was done from fresh or frozen
tumour pieces of 4X4 mm and was cut into smaller pieces (frozen samples
were cut up on dry ice). Tumour samples were mechanically disrupted using
RIPA lysis buffer (0.1% SDS, 1% NP-40, 0.5% sodium deoxycholate, 50 mM
NeF, 5mM EDTA, 40mM B-glycerolphosphate, 200 pM sodium
orthovanadate, 100 uM phenylmethylsulfonyl fluoride, 1 uM pepstatin A, 1
ug/ml leupeptin, 4 pg/ml aproptin in PBS, pH 7,4) and a glass homogenizer
on ice. Lysates were then incubated on ice and centrifuged 12000rpm for
15 min at 49C. Protein concentration of its supernatants was determined
using BCA assay kit (Pierce) and lysates were stored at -20C.

5.1.2 Protein extraction of cell culture samples

To extract protein from cells; cells were washed three times with cold
PBS1X. With the cell plate on ice RIPA lysis buffer was added to cells and left
for 15 min at 42C. Then, cells were scrapped on ice with a cell scrapper. In
the case of A2780p cell line cells were sonicated at 1 cycle 100 amplitude%
for 10 seconds. Then, lysates were centrifuged for 15 min at 4°C and 13.000
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rpm and protein concentration of its supernatants was determined using
BCA assay kit (Pierce) and lysates were stored at -20C.

5.2 RTK Array analysis

To determine which tyrosine kinase receptors were targeted by LY2109761,
a human Phospho-RTK Array (Cell signaling) was used to simultaneously
detect 28 receptor tyrosine kinases and 11 important signalling nodes.

Tumour samples from control and treated group (2 per each group) were
mechanically disrupted using lysis buffer (20 mM Tris-HCl (pH 7.5); 150 mM
NaCl; 1 mM Na,EDTA; 1 mM EGTA; 1% Triton; 2.5 mM sodium
pyrophosphate; 1 mM beta-glycerophosphate; 1 mM Na3zVO, 1 pg/ml
leupeptin) and a glass homogenizer on ice. Protein concentration was
determined using Bradford (Bio Rad). RTK array analysis was done according
to the manufacturer's protocol. Array glass slides with 175 pg of tumour
lysate were blocked with 150 ul array blocking buffer for 2 hours and
incubated with overnight at 42C on an orbital shaker. Then, the arrays were
washed; incubated with the detection antibody cocktail and HRP-linked
Streptavidin and develop with LumiGLO®/ peroxidase reagent.

Average pixel density of duplicate spots was determined using the Quantity
One software, and values were normalized against corner duplicate

phosphotyrosine-positive control spots.

5.3 Western blotting

Proteins from tumour lysates (section 5.1) were mixed at equally volumes
of total protein concentration of 25-50 pg, and loading buffer 4X (60mM
Tris-HCL pH=6,8, 2% Sodium Dodecyl Sulphate (SDS), 20% glycerol, 0,01%
blue of bromophenol and 5% B-Mercaptoethanol), then incubated for 5 min
at 952C to help the denaturalisation already started for the presence of SDS
and B-Mercaptoethanol.

Next, proteins were separated on an acrylamide-SDS gel. This is a size-
selective technique and separate proteins by its size. These gels have two
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phases: the stacking gel (4% acrylamide, 125mM Tris pH=6.8, 0,1% SDS, 1%
ammonium persulfate (APS) and 0,1% TEMED), which stacks the proteins
and allows the proteins to enter into the second phase at the same time.
And next, the resolving gel responsible for the size-separating capacity. In
this case, the acrylamide percentage is variable, choosing the percentage
depending on the molecular weight of the protein of interest (9,4M Tris
pH=8,8, 0,1% SDS, 1% APS, 0,1% TEMED and a % variable of acrylamide
which is compensate with distilled water). In order to avoid that others
characteristics but size play a role, lysates are denaturalised adding SDS and
B-Mercaptoethanol. Samples were run for 1 to 2h at 100V with running
buffer 1X (25mM Tris HCl pH=8,3, 192mM Glicin and 17 mM SDS) on a tray
with a positive pole on the bottom and a current of 100-120V that produce
the proteins to migrate into the gel.

Thereafter, proteins separated in the acrylamide gels were transferred onto
to an Immobilon-P membrane, PVDF (Millipore, Billerica, MA) previously
activated 1 min with Methanol. We prepared a sandwich system, where gel
and membrane were next to each other, surrounded by sponges and
Whatman paper tpo transfer proteins form gel to membrane. This sandwich
was immersed on a transfer buffer (25 mM Tris-HCL, 0.19 M glycine, 10%
methanol), with the membrane on the positive pole. Gel to membrane
transference was performed at 49C at 100V and a maximum of 400mA for 1
hour and a half.

Next, membrane was blocked in TBS (150mM NacCl, 50 mM Tris, pH 7.4)
containing 5% non-fat dry milk for 1h shaking at RT. Then, Blots were
incubated with the incubation solution (TBS-1% non-fat dry milk with 0.02%
sodium azide) containing the desired primary antibody at the appropriate
dilution (Table M7) O/N at 4°C.

The following day, blots were washed three times (10 min each) shacking
with TBS-1% Triton X-100 (TBS-T) and then, incubated the appropriated
dilution of secondary Amersham Pharmacia Biotech, (Cambridge, UK)
horseradish peroxidase-linked antibodies (Table M8), in TBS 1% non-fat dry
milk at RT for 1 h. After washing with TBS-T, blots were developed using an
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enhanced chemiluminescence system, ECL Western Blotting Detection
Reagents (Amersham Pharmacia Biotech).

Table M7. Primary antibodies list for Western Blot.

Antibody Company Origin Dilution
pSmad2 Cell signalling, Beverly, MA Polyclonal rabbit 1:1000
Smad2/3 BD Biosciences, CA Monoclonal mouse 1:2000
pSmad3 Millipore, CA Polyclonal rabbit 1:1000
IGF1RB Cell signalling, Beverly, MA Polyclonal rabbit 1:1000
pAKT Ser 473 Cell signalling, Beverly, MA Polyclonal rabbit 1:1000
AKT Cell signalling, Beverly, MA Polyclonal rabbit 1:1000
pERK1/2 Cell signalling, Beverly, MA Polyclonal rabbit 1:1000
ERK1/2 McKenzie i’;‘; :)ouysseg“r’ Polyclonal rabbit 1:2000
P16 BD Biosciences, CA Monoclonal mouse 1:1000
Cyclin A Santa Cruz, CA Monoclonal mouse 1:500
p21-WAF BD Biosciences, CA Monoclonal mouse 1:1000
E-cadherin Cell signalling, Beverly, MA Polyclonal rabbit 1:1000
c-C;)é(;Igne Upstate Monoclonal mouse 1:1000
Caveolin BD Biosciences, CA Monoclonal rabbit 1:1000
Mdm2 Abcam Monoclonal mouse 1:1000
Vinculin Sigma Chemical, St Louis, MO Monoclonal mouse 1:3000
Tubulin Sigma Chemical, St Louis, MO Monoclonal mouse 1:3000
B-actin Sigma Chemical, St Louis, MO Monoclonal mouse 1:3000
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Table M8. Secondary antibodies list for Western Blot.

Rabbit HRP Amersham Biosciences goat 1:5000

Mouse HRP Amersham Biosciences goat 1:2500

5.3.1 Quantification of protein expression levels from Western blot
analysis.

Obtained signal from the Western Blot, relative to protein expression, was
digitally quantified using the QuantityOne software.

6. RNA analysis
6.1 RNA extraction

RNA extraction from tumour and cell culture samples was done using the
RNeasy mini KIT (Qiagen®) following instructions from the company.

6.2 Reverse transcription from RNA to cDNA

cDNA was obtained from the tumour or cell RNA after a reverse
transcription reaction with High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems) following the protocol from the company. Depending
from the obtained RNA concentration we used 1-2 ug of RNA per sample.
Before that, RNA quality and to be sure that there was no DNA
contamination a 1% agarose gel was run with 500 ng of RNA of each
sample.
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6.3 Quantitative real-time PCR (RT-PCR)

Real-time PCR is a PCR with the capacity to quantify the number of
amplification products. There are two common methods for the detection
of PCR products in real-time PCR that have been used in this work.

6.3.1 RT-PCR by LightCycler and Sybergreen method (Roche®)

One method of RT-PCR is the non-specific fluorescent dyes that
intercalate with any double-stranded DNA method, which in our case is the
Sybergreen dye (Roche Molecular Biochemicals).

As Sybergreen binds un-specifically to DNA is really important to work in
stringent conditions using the corresponding negatives controls to be sure
that our results are specific.

Due to our work with orthotopic tumours that are a mix of human tumour
cells and mouse stromal cells, the primers that have been used are human
specific from Invitrogen, designed by us and with its specificity tested (Table
M9).

To perform this RT-PCR, we used the LC480 Sybergreen PCR mix (Roche®)
that contains all the reactive needed for the RT-PCR except the DNA and the
primers (Tag DNA polymerase, RT-PCR buffer, dNTPs, MgCl2 and
Sybergreen). In a 384 well plate we add to each well 100ng cDNA, 5ul
Sybergreen mix, primers at 0,5uM and distillate water until a total 10ul per

well.

RT-PCR was carried out on a LightCycler instrument (Roche Molecular
Biochemicals, Lewes, UK). After an initial incubation at 952C for 10 min,
amplification cycles (40 for PDGFRa, PDGFRB, ERB2, PDGF-A, PDGF-B and 50
for TGFB1, 2 and 3) were performed with denaturation at 952C for 10,
followed by annealing for 20 s (at 652C for PDGFRa, PDGFRP and ERB2,
602C for PDGF-A, PDGF-B and TGFB3; and 55°C for TGFB1 and 2) and
extension at 729C for 13 s.
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Obtained results are the amplification curves which are calculated by the CT

(threshold cycle). CT is the cycle from which the fluorescence over the

background is significant, and is inversely proportional to the copy number.

Results on this work are presented with the values

ol-aact)

, Where AACt are

the parameters of CTs of each sample have been normalized for its

corresponding actin, relative to the corresponding sensitive phenotype.

Table M9. Primers sequences used to specifically detect the mRNA

expression of some determined genes.

GEN Sequence
hTGFB1 Fwd: 5’- GTCCTTGCGGAAGTCAATGT-3’
Rev: 5'-AAGTGGACATCAACGGGTTC-3'
hTGFB2 Fwd: 5'-GGGTTCTGCAAACGAAAGAC-3’
Rev: 5'-TTGACGTCTCAGCAATGGAG-3'
hTGFB3 Fwd: 5'-GCTACATTTACAAGACTTCAC-3'
Rev: 5'-AAGTGGGTCCATGAACCTAA-3'
hPDGFRa Fwd: 5'- AGTTCCTTCATCCATTCTGGACT-3’
Rev: 5'- AATTGTAGTGTGCCCACCTCTC-3’
hPDGFRB Fwd :, 5’-CATCACCGTGGTTGAGAGC-3 ,
Rev: 5’-AATTGTAGTGTGCCCACCTCTC-3
hPDGE-A Fwd: 5’-TACTGAATTTCGCCGCCACA-3’
Rev: 5'-CCAAAGAATCCTCACTCCCTACG-3’
hPDGE-B Fwd: 5’-TGTGCGGAAGAAGCCAATCT-3’
Rev: 5'-AATAACCCTGCCCACACACTC-3’
hErbB2 Fwd: 5'-AGGGGTCTTGATCCAGC-3’
Rev: 5’-GGTTGGTGTCTATCAGTGTGA-3’
hActin Fwd: 5'-GAGGCAGCCAGGGCTTA-3’
Rev: 5’-AACTAAGGTGTGCACTTTTGTTCAACT-3’
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6.3.1 RT-PCR by TagMan® assay method (Applied Biosystems)

The other method is the sequence-specific DNA probes consisting
of oligonucleotides that are labelled with a fluorescent reporter which
permits detection only after hybridization of the probe with its
complementary sequence, then the fluorescence in each well is depending
on the among of final product. In this case is also possible to obtain
background for this reason, we used controls to be sure of their correct
specificity.

To perform this RT-PCR we used a 384 well clear plate, each well with a total
volume of 20ul (16 ul MIX Probe and 4 ul MIX cDNA).

To prepare the Probe mix, we used the Master Mix TagMan 2x, Probe
TagMan gene expression assays (Applied Biosystems)(Table M10) and
distilled water to the final volume of 16ul. For the cDNA mix, we used 100ng
of cDNA and distilled water to the final volume of 4ul.

RT-PCR was carried out on a HT7900 Real-Time PCR System (Applied
Biosystems) where after an initial Stage 1 at 502 for 2 min, a Stage 2 at 952
for 10 min and the Stage 3 at 952 for 15 seconds and at 602 for 1 min with

40 amplifications cycles.

Obtained results are the amplification curves which are calculated by the CT
(threshold cycle). CT is the cycle from which the fluorescence over the
background is significant, and is inversely proportional to the copy number.

288 \where AACt are

Results on this work are presented with the values
the parameters of CTs of each sample have been normalized for its

corresponding 188, relative to the corresponding sensitive phenotype.
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Table M10. TagMan Probes used to specifically detect the mRNA expression of some
determined genes.

GENE  TagMan Probe ‘ GENE TagMan Probe 33 Tz?xae" ‘ 33 Prob
hNOV

hIGFL | Hs00609583 m | | - | Hs00171254 m | hIGFBP | Hs00426289 m | (ocopo | HsO0159
R 1 1 3 1 ) 631_m1

hIGF2 | Hs00974474_m | hIGFBP | Hs01065514_m | hIGFBP | Hs00181213 m 185 Hs99999
R 1 1 1 5 1 901 sl

Hs01547656_m | hIGFBP | Hs00167151 m | hIGFBP | Hs00942697 m
hiGF1 - X - . e

7. Statistical analysis

Statistical significance of differences between groups was determined using

the Mann-Whitney U test or T-Test. Statistical analysis was carried out using
GraphPad Prism 6 (GraphPad Software, Inc.). A Spearman correlation test
was used to analyse the relationships between phosphoSmad2 and IGF1R
protein levels. In all experiments, differences were considered statistically
significant for values of *p < 0,05; **p < 0,01;*** p < 0,001 and it has been
represented with this nomenclature.
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RESULTS
1 - Role of ALK1 in physiological angiogenesis.
1.1 Lack of ALK1 half dose expression induces hyper-vascularization.

In order to examine the role of ALK1 in physiological angiogenesis and
aiming to elucidate possible treatments for hereditary haemorrhagic
telangiectasia (HHT) patients, where mutations in the ACVRLI1, ENG,
and SMAD4 genes are responsible for this disease, we took advantage of the
retina vessel development mouse model. Considering that mouse retinal
vasculature develops during the first days after birth (from P3 to P10), the
characterization of how this retinal plexus develops in the absence of ALK1
offered an excellent tool to determine the effect of ALKl loss on
angiogenesis in vivo. Our model in homozygosis dies at E11.5 as a result of
severe vascular abnormalities, for this reason our work is done with
heterozygous pups. ALK1*" pups survived in the same ratio as control
littermates, and were also similar in size.

To asses this study we performed an immunostaining for the endothelial
marker IsolectinB4 at different days after birth to evaluate the structure and
organization of the vessels among ALK1*" mice in comparison with WT mice.
The analysis of different vascular parameters performed in ALK1"" retinas
showed that in the absence of half ALK1, retinal vascular plexus developed

several vascular abnormalities.

We first focused our analysis on an early time point of vascular
development. Images of P5 ALK1*" retinas demonstrated that the vascular
defects at this time point were not very severe. No significant alterations
were detected when we analysed the migratory length of the retinal plexus
towards the retinal periphery of ALK1* retinas compared to controls (radial
expansion). The same way, the sprouts/100 um analysis of the sprouting
front and the quantification of the sprout length revealed no striking defects
in the sprouting front morphology.
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Nevertheless, there was an obvious increase in vein vessel width in ALK1*

retinas and a striking significant increase on the number of branch points in
both arteries and veins (Figure R1).

After this first characterization of vascular development using P5 retinas, we
conclude that the lack of ALK1 leads to a defect in vascular normality.
Moreover, these defects associated to ALK1 half inactivation were still
arising at this time point. For this reason, we decided to delay the analysis to
a later stage of vascular development.

A

B 3 Control = A

Vein Artery

Radial expansion
(um x 10%)
Num. of sprouts/100 um
of vessel lenght
Vessel Width (um)
Num. Branching points
Num. of sprouts/100 um
of vessel lenght
Vessel Width (um)
Num. Branching points

Figure R1. The analysis of P5 ALK1+/- retinas showed a mild increase in number of
branch points. A) Higher magnification images of P5 retinas stained by IsolectinB4.
Yellow arrowheads highlight vessels of increased calibre in ALK1 mutants. B)
Statistical summary of radial expansion, number of sprouts/100 um of vessel
length, number of branch points and vessel width on arteries and veins of the
respective genotypes. Control mice n=4, ALK1"" n=3. Graphs represents mean
values £ S.E.M. *,p< 0.05 (two-tail Mann-Whitney U test).

The analysis of P7 retinas revealed no changes in ALK1* compared to WT
retinas on radial expansion or the number of sprouts/100 um of sprouting
front length. Confirming the tendency observed in P5 retinas, there was an
increase in vessel width in both arteries and veins at this stage. Surprisingly,
the significant difference observed in P5 retinas on branch points
disappeared. We considered that this difference was not due to a loss of
phenotype but a massive increase in vessel width that reduced number of
branch points (Figure R2).
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Figure R2. The analysis of P7 ALK1+/- retinas showed significant increase in vein
vessel width. A) Higher magnification images of P7 retinas visualized by isolectinB4
staining. B) Statistical summary of radial expansion, vessel width and number of
branch points on arteries and veins of the respective genotypes. Control mice n=10,
ALK1" n=9. Graphs represents mean values + S.E.M. ** p< 0.01 (two-tail Mann-
Whitney U test).

After P5 and P7 vascular characterization we wondered what would happen
at a more advanced stage, in order to determine if the effect of ALK1 was
only effective at early stages or it was maintained at later stages. We
decided to study the retina at P9, after the analysis we were surprised that
not only the ALK1* phenotype observed at P7 was maintained but
dramatically increased, and the vessel width was double in the case of P9
ALK1* retinas compared to WT ones in veins, while at this stage vessel
width increase was significant in arteries as well. Furthermore, we could also
confirm that no additional vascular alterations were arising aside from the
ones already described at P5 and P7 (Figure R3).
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Figure R3. The analysis of P9 ALK1+/- retinas showed significant increase of vessel
width in veins and arteries. A) Higher magnification images of P9 retinas visualized
by isolectinB4 staining. B) Statistical summary of radial expansion, vessel width and
number of branch points on arteries and veins of the respective genotypes. Control
mice n=10, ALK1" n=10. Graphs represents mean values + S.E.M. *,p< 0.05 ; ** p<
0.01 (two-tail Mann-Whitney U test).

1.1.2 Pericyte coverage is not affected in ALK1*" retinas.

To assess if the effect of ALK1 loss over hyper-vascularization was due to an
increase on pericyte coverage, we stained retinas at P5, P7 and P9 by
Desmin, a protein express by immature and mature pericytes (Hughes and
Chan-Ling, 2004). Results revealed no differences between WT and ALK1*
retinas, as observed in figure R4. This experiment excluded a dysfunction in
pericyte coverage able to produce this increase on vessel width. In addition,
it elucidates no problems in the association between ECs and mural cells, as
the co-labelling with desmin and isolectinB4 showed a tight association
between both. Then, we could exclude a pericyte defect as a possible player
for the vascular phenotype associated to ALK1 loss.

116



Results - TGF-B signalling pathway in physiological angiogenesis

IsolectinB4 : Desmin

Figure R4. No alterations in perycite coverage in ALK1*" retinas. Representative
images of P7 control and ALK1" retinas stained with the pericyte marker desmin
(green) and isolectin B4 (red).

1.1.3 Lack of ALK1 produces an increase in proliferating cells just in the
second line of the vascular front.

Considering that there are no alterations in pericyte coverage, we wondered
if there were changes in the number of ECs. As the analysis of ALK1* retinas
had revealed stronger vascular defects at the sprouting front region, which
is composed by ECs newly specified into tip and stalk phenotypes. We
selected two different zones of the sprouting front: the first line with tip
cells and the inmediate following stalk cells, and the second line,
corresponding to only stalk cells.

First of all we quantified the number of EC by the Ergl,2,3 staining, an
endothelial nuclei marker in both regions. The analysis on P7 retinas showed
that in the first line of the sprouting front ALK1* mice had no changes in EC
number whereas the second line ALK1*" retinas showed an increased
number of ECs compared to WT ones (Figure R5B). These results suggest
that the increased vessel was due to a higher number of ECs. Therefore, we
considered if the increase of EC was caused by an increase of EC
proliferation.

To address whether the enhanced vascular density observed in ALK1*
retinas were consequences of increased proliferation, we quantified the
number of proliferative ECs in the growing retinas.
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For this, we injected the proliferation marker EdU for 2h into P7 mice and
determined EdU positive ECs after co-labelling with the endothelial nuclei
marker Ergl,2,3 and isolectinB4.

The proliferation analysis revealed no defect in the first line of the sprouting
front. Interestingly, at the second line of the sprouting front a significant
increase in the number of proliferating ECs was observed, while the number
of proliferative ECs in the rest of retina was not affected in ALK1* retinas
compared to control littermates. We therefore concluded that the increased
vascularization observed in ALK1* retinas was at least as a consequence of
enhanced proliferation of ECs at the sprouting front, particularly at the
second line (Figure R5C).

Altogether, our results suggest that while tip cell numbers (n? of sprouts)
were found to be unaltered, stalk cell positions appeared to be the most
affected by ALK1 half loss, as the second line lost its control on proliferation
and as a result and increase on EC number and vessel width.
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Figure R5. Endothelial cells at the second line of the sprouting front of the
growing retinal vascular plexus present an increase on number of EC and an
increase in proliferating EC in ALK1+/- retinas. A) (a) Representative image of P7
wild type retina immunostained with Ergl,2,3 (green), isolectinB4 (red) and EDU
(blue). Green line is the limit for the first line analysis. Second line analysis
corresponds to the zone between green and grey line that is always 20 um. Yellow
cub showed the region of the more amplified image (. Bar 20 um. (b-d) Amplified
images where b) have the three staining, c) only stained by IsoB4 and ERG1,2,3 and
d) only stained by ERG1,2,3 and EDU, white arrows pointing out some ERG-EDU
positive cells. B) Quantification of number of ECs in first and second line; Wild type
mice n=6 and ALK1"" mice n=4; C) Quantification of number of EDU /ERG positive
cells in first and second line; Wild type mice n=5 and ALK1"" mice n=4; Graphs
represent mean values = S.E.M of corresponding experiments. *,p< 0.05 (two-tail
Mann-Whitney U test).

1.2 Pi3K inhibition restored ALK1*" induced proliferation and hyper-

vascularization.

The previous presented experiments showed a hyper-vascularization
phenotype and an increase in the proliferation machinery in the sprouting
front of mice lacking ALK1. These results were quite similar to the
phenotype observed on PTEN" mice, where PTEN” retinas results in a
hyper-vascularized phenotype and stalk pre-tip cells have increased
proliferation.
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Additionally, inhibition of PI3K signalling into PTEN” retinas abolished the
increased angiogenesis observed in these mutants (Serra et al., 2015).

At that moment, we wondered what would happen to ALK1* phenotype
upon inactivation of PI3K signalling pathway. With this purpose, we decided
to genetically cross both pathways and see what happens to the ALK1*"
phenotype. For this study, we crossed our mice model ALK1*" with the
kinase-dead mice p110a°®** knock-in (KI) allele from Dr. M. Graupera’s
group (Foukas et al., 2006).

p110aKI/ ALK1"" pups survived in the same ratio as control littermates. To
evaluate if the lack on PI3K signalling had some effects over ALK1*"
phenotype we decided to stain retinas at p7 with isolectinB4 and analyse
the vascular development in all four genotypes.

First of all, we checked radial expansion as p110aKI had reduced migratory
length of the vascular plexus. As expected, ALK1"" and WT retinas had the
same radial expansion, whereas p110aKI reduced its migratory length of the
vascular plexus (Figure R6). When we analysed radial expansion of
p110aKI/ALK1+/' retinas we observed no changes on migratory length
compared to p110aKIl. These results revealed that p110aKI defect is still
present after this new breeding and that there was no effect from ALK1*"
over PI3K signalling.

Next, we focused our study on vessel width being the most significant
changes on ALK1* vascular development. Our results showed no increase in
vessel width of P110aKi pups; on the contrary ALK1*" retinas had a
significant increase confirming our previous results. Interestingly, p110aKI/
ALK1"" retinas completely restored its vascular phenotype and the vessel
width was the same than in the case of WT or p110aKI pups (Figure R6).
These results suggest that ALK1 controls proliferation at the sprouting front of
the vascular development by affecting PI3K signalling.
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Figure R6. Genetically lack of PI3K activity normalized ALK1 phenotype in the
retina mouse model. A) Images at high magnification of P7 retinas visualized by
isolectinB4 staining. B) Statistical summary of radial expansion and vessel width in
veins of the respective genotypes; 2 WT, 4 ALK1*, 2 p110aK!l and 3 p110aKl/
ALK1" mice. Mean represented + SEM. ** p< 0.01 (two-tail Mann-Whitney U test).

At this point, taking into account all patients with HHT with need of
treatment and our previously striking observations where ALK1 phenotype
was restored in animals lacking PI3K activity, we decided to carry out
pharmacological inhibition of PI3K signalling pathway on ALK1* or WT mice.
To achieve this inhibition, we I.P. injected LY294002 or not (DMSO) to our
C57BL6 model at P6 and P7. Afterwards, IsolectinB4 staining was performed
as described before and P7 retinas previously injected with PI3K inhibitor or
absence (DMSO) were analysed. Interestingly, injected WT retinas with the
PI3K inhibitor reduced vessel width compared to control ones. Moreover,
our injected ALK1*" mice with the PI3K inhibitor significantly reduced vessel
width to WT levels (Figure R7). Confirming our previous hypothesis and
elucidating a possible therapy for HHT patient.
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Figure R7. Pharmacologically inhibition of PI3K signalling pathway on P7 ALK1+/-
retinas normalized vessel width. A) Higher magnification images of P7 retinas by
isolectinB4 staining. B) Quantification of vessel width on veins of mice LY294002-
treated or not (DMSO) with 5 WT mice (3 control and 2 LY294002-treated mice)
and 7 ALK1"" mice (3 control and 4 LY294002-treated mice). Mean represented +
S.E.M. *,p< 0.05 (two-tail Mann-Whitney U test).
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2. Role of TGF-B signalling pathway in ovarian cancer
2.1 Characterisation of TGFp signalling pathway in ovarian tumours.

It has been broadly reported that the TGFp signalling pathway contributes to
processes that involve cancer progression and dissemination, such as EMT
transition, angiogenesis, extracellular matrix remodelling, migration and
invasion. In addition, ALK1 and ALK5 receptors have been described to play
an important role in controlling cancer development (Massague and Gomis,
2006; Massague, 2008; lkushima and Miyazono, ; Cunha and Pietras).

2.1.1 Evaluation of ALK1 receptor in ovarian tumours.

To determine if ALK1 is important in ovarian cancer and a possible good
candidate for target therapy we performed an analysis of the presence of
ALK1 in human tumour samples with the collaboration of Dr. Agnes
Figueras. For this analysis, we performed an immunostaining in OCT as the
antibody did not work on IHC. In addition, we could co-label ALK1 and CD31,
an endothelial marker, in human normal ovary or ovarian tumour samples at
the same time. Our results showed no significant difference in ALK1 protein
levels co-stained with CD31 between controls and tumour samples (Figure
R8). Moreover, in a free survival analysis by months we observed no
significant correlation with ALK1 protein levels. In addition, it showed only a
mild decrease in tumour compared to normal samples (Figure R8). For this
reason we abandoned ALK1 as possible target therapy for ovarian cancer
and switched our ovarian cancer studies to other members of TGFfB
signalling pathway.
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Figure R8. No differences on ALK1 protein levels comparing human tumour or
normal human ovarian tissue. A) Representative’s image of human ovarian tumour
stained with DAPI (blue), the endothelial marker CD31 (red) and ALK1 (green). B)
Quantification of the co-labelling CD31/ALK1 present in ovarian human tumour or
normal tissue. Results are expressed as the mean and SEM+ of 16 tumour samples
and 9 control samples. C) Quantification of free survival (months) vs levels of ALK1
in 15 human tumour samples.

2.1.2 Evaluation of TGFp signalling pathway activation in human ovarian
cancer.

Subsequently, we wondered if ALK5 was present in the ovaries and if so,
how active. When we analysed by immunofluorescence (IF) the presence of
ALKS5 (green) on ovarian tumour samples, we observed high levels of ALK5

expression (Figure R9).

Figure R9. ALK5 receptor is present the
ovarian cancer samples. Representative’s
amplified image of positive ALK5 staining
(green) and DAPI (blue) of an endometrioid
tumour ovarian sample by IF. (bar 50 um).

Next, we detected, by immunohistochemistry (IHC), the active Smad2
(phosphoSmad2) protein levels, instead of total protein levels; as
phosphoSmad2 is used as read-out of TGFB activation from the ALK5
receptor.
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First of all, we stained phosphoSmad2 in normal human ovary with the aim
of having an idea of how important and active this pathway is in normal
ovarian physiology. In the literature it is said that TGFB also plays a positive
role for granulose cell proliferation during normal ovarian physiology
(Richards and Pangas, ; Li et al., 2008).We detected high activation levels of
this protein in the normal epithelium that limits this tissue compared with
parenquimal cells. As expected, phosphoSmad2 staining is nuclear,
confirming the activation of the pathway (Figure R10). TGFB signalling was
highly active in normal ovary, so we were wondering if this activation was
maintained in different human ovarian cancer samples, as TGFB signalling
pathway is a well-known altered pathway in cancer.

“» e § Figure R10. TGFB signalling pathway is highly
 ~ : ! & active in normal epithelium of the
gynaecological tissue. Representative image of
phosphoSmad2 positive IHC staining of normal

human fallopian tube (400X, bar 100 pum).

To start our analysis, we used a Tissue Macro Array (TMA) containing
samples from 66 women who were diagnosed as a high-grade serous (n =
32) or endometrioid (n = 34) epithelial ovarian carcinomas thanks to Dr.
August Vidal of the Pathology Service of Hospital Universitari de Bellvitge,
Barcelona. As shown in figure R11A, the main part of the tumours was
stained for pSmad2 at high levels, all of them presenting nuclear localization
as expected for active Smad2. No differences in pSmad2 expression levels
were found when comparing serous with endometrioid tumour types
indicating that TGFp signalling pathway plays an important role on ovarian
cancer progression independently of tumour cell type (Figure R11B).
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Figure R11. TGFp signalling pathway is maintained highly active in human ovarian
cancer cells independently of ovarian tumour type. A) Three representative’s
examples of positive phosphoSmad2 with intensity (a) low (grade 1), (b) moderate
(grade 2) and (c) high (grade 3) in ovarian cancer patients samples. 400X, bar 100
um. B) Quantification of phosphoSmad2 levels (using the multiplicative index of the
intensity of the stain and the labelling frequency) in tumour tissue sections from
high-grade serous or endometrioid tumour patients. Data analysed from 66 tumour
patients from a TMA.

2.1.2.1 TGF-B maintains the activation in our orthotopic mouse models.

To study the role of TGFP signalling pathway in ovarian cancer progression in
both tumour subtypes in depth, we used orthotopic pre-clinical models of
this tumour. They were previously generated after implantation in nude
mice of tumour samples obtained from patients after surgery by Dr. Alberto
Villanueva with the collaboration of the Pathology Service of Hospital
Universitari de Bellvitge. Two of them were high-grade serous ovarian
tumours (OVA8 and OVA17) and OVA15, an endometrioid ovarian tumour
model. Particularly, the OVA17 mouse model also disseminates and
metastasises to liver and lung, and then this particularity allows us to study
the dissemination (Vidal et al., 2012; Vives et al., 2013). We confirmed the
results of high pSmad2 levels in normal epithelial cells from human samples
in those of normal mouse ovary and endometrium (Figure R12A).
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To begin we compared the primary tumour and its related orthotopic mouse
model to be sure that these models closely resemble the characteristics of
the human patients. We observed maintenance of the histological
properties, as it is shown at histological level by Haematoxylin-Eosin staining
(H&E) in figure R12B. In addition, we confirmed that all three orthotopic
mouse models presented high nuclear phosphoSmad2 staining, very similar
to the expression pattern found in primary tumours (Figure R12B). On top of
that, when we quantified phosphoSmad2 levels in our orthotopic mouse
models and extrapolated into the values obtained in the TMA we observed
that the values of OVA15 correspond to the average of the endometrioid
samples (the expression levels in the TMA is 225 while OVA15 is 200) and
OVA8 and OVA17 agree with the average of high-grade serous samples (the
expression levels in the TMA is 235 while in OVA17 and OVAS is 300).

After these results, we were convinced that these models were appropriate
and suitable to study the role of TGFB in ovarian cancer.

OVA17 OVA15

H&E pSmad2 H&E pSmad2

Mice normal Fallopian tube
pSmad2

Figure R12. Orthotopic tumours maintained the same expression of TGFB
signalling pathway as in its human primary tumour. A) Representative’s image of a
mice normal fallopian tube stained by pSmad2. 400x, bar 100 um. B)
Representative’s images of the original human tumour biopsy (a, ¢, e and g) and its
correlated orthotopic mouse model OVA17 (b, d) and OVA15 (f, h) with the staining
by H&E (a, b, e, f) and pSmad2 (c, d, g and h). a-g 400x, h 630x; bar 100 um.

127



Results - TGF-B signalling pathway in ovarian cancer

2.1.2.2 Tumour cells produce TGF-B ligands by its self as well as
human normal ovarian

When we knew for sure that TGFB signalling pathway was highly active in
our orthotopics mouse models as well as primary tumours, we wondered
which player could activate this pathway. To answer this question, we
decided to perform mRNA analysis with the technique Real Time polymerase
chain reaction (RT-PCR) designing human specific primers in our in vivo
tumour samples. Normalizing later its expression with the one obtained in 4
normal human ovaries, as control of no tumour expression.

Our RT-PCR analysis indicated that human TGFB2 was the main expressed
ligand in all tumoral models, Although, human TGFB3 was highly present in
OVA15 compared to the other two (Figure R13). Nevertheless, these results
indicated a predominant role for TGFB2 stimulating the canonical TGFB
pathway in ovarian tumours, as it happens in gliomas (Rodon et al., 2014).
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Figure R13. Ovarian orthotopic mouse models predominantly express TGFB2.
mRNA levels of human TGFB1, 2 and 3 analysed by quantitative real-time PCR in
OVA17 (3 samples), OVAS8 (3 samples) and OVA15 (3 samples) orthotopic ovarian
tumours. Results are expressed as the mean and SEM+ of mRNA expression relative
to mRNA expression levels in 3 human normal ovary samples.

2.2 Target therapy against TGFp signalling pathway.

Having seen our previous results where TGFp signalling through activation of
pSmad2 was so active in tumour cells, we had decided to focus the target
therapy on blocking TGFp signalling pathway, and testing its blockage on our
three mouse models.
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2.2.1 Evaluation of the in vivo effect of blocking TGFB signalling in three
orthotopic mouse models.

In order to affect the activity of TGFB signalling pathway, it was decided to
use the serine/threonine kinase receptor | and Il inhibitor from Lilly and Co,
called LY2109761 on growth of orthotopic ovarian tumours. Fragments
macroscopically homogenous of OVA15, OVA17 and OVA8 were implanted
to achieve this study.

First of all we evaluated the effect of TGFBRII inhibitor on the growing of the
endometrioid OVA15 tumour. To this objective, we implanted the OVA15
tumour to 10 athymic mice. Mice bearing these tumours after 6 weeks of
the implantation were randomized into two groups and treated twice daily
by gavage with an oral dose of 100 mg/kg LY2109761 or the vehicle LY
solution for one month. After 1 month of treatment tumour volume was
measured and the analysis showed that LY2109761 produce a 55% decrease
in tumour size, not reaching significance due to dispersion in control group
(Figure R14).

Endometrioid model (Ovals) Figure R14. Blocking TGFBR activity inhibits
4000 - tumour growth in the endometrioid OVA15
3500 7 e orthotopic mouse model. OVA15 was

3000 +
25004
2000+

implanted into athymic mice; five animals
were treated with LY2109761 100 mg/Kg and

Tumor volume (mm 3)

15004 five with vehicle solution. Both
1000 - - administrations were given by gavage twice
500+ daily for one month. Final tumour volumes are
R - 2109761 illustrated by a boxplot. Median per group are
Treatment 991,5 mm3 for LY and 2291 mm3 for control

group.

Secondly, we decided to perform the in vivo experiment with the high-grade
serous OVA8 animal model. Tumours were implanted to 12 mice and let
grow for 5 weeks, then mice were randomized into two groups and treated
the same way as OVAL5 in vivo experiment for one month. As presented in
figure R15, treatment with the inhibitor achieved a significant 46% decrease
of tumour growth.
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High-grade serous model (Ovas) Figure R15. LY2109761 significantly inhibits
tumour growth in high-grade serous OVAS8

2500 xenograft mouse model. OVA8 was implanted
— into athymic mice; six animals were treated
g 2000 4 with LY2109761 100 mg/Kg and six with
E 1500 vehicle solution. Both administrations were
2 given by gavage twice daily for one month.
> 1000 - E - Final tumour volumes are illustrated by a
E 500 Q boxplot. Median of treated and control group
7 correspond to 583,4 mm3 and 1088 mm3
0 respectively. *, p < 0.05 (two-tail Mann-

CNT LY Whitney U test).

Treatment

Finally, we implanted OVA17 high-grade serous tumour into 18 mice and
waited five weeks for the tumour to grow. Mice were randomized into two
groups as the in vivo experiments above and treated for one month with the
same schedule as the other two. At the end of the experiment, tumour
volume was analysed and the results demonstrated a significant 60%
reduction in the treated group compared to the control one (Figure R16).

High-grade serous model (Oval7)
Figure R16. Inhibition of TGFB signalling

2500 = pathway significantly reduces 60% tumour
volume. Oval7 was implanted into athymic

— mice; nine animals were treated with
LY2109761 100 mg/Kg and nine with vehicle
solution with the administration by gavage
1000 « - twice daily for one month in both groups.
J_ Final tumour volumes are illustrated by a
E boxplot. Median of treated is 537 mm3 and
0 control group correspond to 1337 mm3.

CNT LY ** p< 0.01 (two-tail Mann-Whitney U test).
Treatment

2000 =

1500

Tumor volume (mm 3)
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To confirm whether the treatment with the TGFBRII inhibitor blocked TGF
signalling pathway, we performed Western Blot analysis to detect
phosphoSmad2 protein levels. As demonstrated in figure R17; OVA15, OVA8
and OVA17 decreased phosphoSmad2 protein levels when treated with
LY2109761. At this point we could conclude that the LY2109761 was
effectively inhibiting TGFB signalling pathway in vivo in the three orthotopic
mouse models.
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Figure R17. Blocking TGFBR activity inhibits Smad2 phosphorylation in the three
xenograft orthotopic mouse models of epithelial ovarian tumours. Expression of
pSmad2 and tubulin were analysed by western blot in LY2109761-treated and
control tumours. A) A representative blot showing results obtained for 3
independent control tumours and 3 independent LY2109761-treated tumours from
OVA15 in vivo mouse model is shown. Densitometric quantifications of
phosphoSmad2 by its total smad2/3 expression relative to tubulin of B) OVA15, C)
OVA17 and D) OVAS8 are shown. Results are the mean + SEM of 5 control tumours
and 5 Ly2109761-treated tumours, and are represented as arbitrary units relative
to the control group. *, p < 0.05 (two-tail Mann-Whitney U test).

As we mentioned before, OVA17 tumour has the capacity to disseminate
and metastasise to lung and liver. When we checked each mouse for
macroscopic nodules into the peritoneal cavity or liver, we did not observe
any significant difference in number, neither in the size of these nodules
between groups. Interestingly by the time of this study we did not find
macroscopically nodule in the lung in any of both groups, although we could
not discard microscopic dissemination (Figure R18). So the effect of
LY2109761 was exclusive controlling tumour cell growth and had no effect
on the capacity of the tumour to mobilise or disseminate.
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Figure R18. Inhibition of TGFp signalling pathway had no effect on the capacity of
the tumour to disseminate to other organs. Oval7 was implanted into athymic
mice; nine animals were treated with LY2109761 and nine with vehicle solution as a
control group. Graph represents the number of mice with nodules of dissemination
for each group in different zones and organs.

In order to study the effects on dissemination and to confirm our previous
results where we did not observe any effect of the TGFB inhibitor, we took
advantage of a tumour ovarian cell line previously modified by Dr. Agnes
Figueras. This cell line was infected with a lentivirus expressing GFP-
Luciferase (SKOV3-GFP). So that, injecting it into the mice permits us to
follow its movement inside the mouse by bioimaging with IVIS Imaging
System (Caliper LifeSciences).

To asses this experiment, we first treated SKOV3-GFP cells with 2uM
LY2109761 or absence (DMSO) for three days. Afterwards, 1 million cells
where I.P injected to each mice, to a total of 6 mice per group. At 24 and 72
hours post-injection, mice were injected I.P with 3 mg luciferin and images
were obtained by /VIS as explained in material and methods. From this
experiment we could conclude that there was no effect of LY2109761
avoiding the attachment of SKOV3-GFP cell line but neither on
dissemination through the body of the mice as the same result was obtained
in both groups (Figure R19).
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Figure R19. Inhibition of TGF signalling pathway has no effect on the capacity of
tumour cells to attach or disseminate. SKOV3-GFP cell line were pre-treated 72h
with LY2109761 (2 uM) or absence (DMSO), then injected I.P 1x106 cells to each
mouse, six mice per group and the intensity and localization of luciferase positive
cells was analysed by bioimaging with VIS Imaging System (Caliper LifeSciences) at
24 and 72 hours. A) Image of Luci cells detected by IVIs at 24 hours. B)
Quantification the radiance obtained per each mouse at 24 and 72 hours. Results
are the mean + SEM of 6 control tumours and 6 LY2109761-treated tumours, and
are represented as arbitrary units.
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Consequently our findings confirm our hypothesis that inhibiting TGFB
signalling pathway would affect tumour growth. We have demonstrated
tumour size reduction in three different xenograft orthotopic mouse models
of epithelial ovarian tumours, of which two were shown to be significant.
However, no effect was observed on dissemination or metastasis. To
elucidate how this inhibition works we analysed tumour samples from the in
vivo OVA1l7 experiment in depth, as it showed the most significant
reduction.

2.2.2 OVA17 tumour samples molecular analysis.

Seeking the mechanism by which LY2109761 reduced tumour size and given
that the TGFB pathway has also been implicated in regulation of cancer stem
cells (CSCs)(Sakaki-Yumoto et al., 2012), we investigated whether LY2109761
treatment could affect CSC populations in our ovarian cancer model. To this
end, OVA17 tumours were mechanically disaggregated and then digested
with dispase and collagenase IV as described in materials and methods.
Afterwards, human tumour cells were stained with CD44+ and CD133+
antibodies and analysed by flow cytometry.
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Both antigens are expressed on the cell-surface and described as expressed
by ovarian cancer stem cells, (Zhang et al.,, 2008; Conic et al., 2011).
Moreover, we used the specific epithelial marker EpCAM™ to discriminate
between human tumour cells and mice stroma cells. Our results did not
reveal any difference between groups in this cell types (Figure R20) ruling
out an effect of LY2109761 on this population.
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o
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Figure R20. LY2109671 treatment had no effect on Cancer Stem Cell population.
A) A representative image of EpCAM staining (green) on OVA17 tumour sample.
400x; bar 50 um. B) OVA17 control and treated tumours were mechanically
disaggregated by surgical knife, and then digested with collagenase IV and dispase
for 30 min at 372C. Cells were stained with CD133, CD44 and EpCAM antibodies
and analysed by flow cytometry. Graph represents the % of positive cells for
CD133", CD44", and the double positive stained CD133" and CD44". All these
numbers of cells were restricted to EpCAM” gate, for an ensured detection of only
tumour cells.

Dismissing changes in CSCs and in order to determine in further detail the
effect of LY2109761 on tumour biology we wanted to study the
angiogenesis, as one of the oncogenic roles of TGFp is the pro-angiogenic
function (Derynck et al., 2001). With the objective to analyse the tumour
vasculature we stained for CD31, in paraffin embedded tumour OVA17
samples of both groups. When we quantified the samples we did not
observe any changes between groups in vessel number, indicating this was
not the reason for tumour reduction (Figure R21C). Afterwards, we were
wondering if the treatment was effective due to an increase on tumour cell
death. TUNEL assay was used to detect apoptosis in paraffin embedded
tumour OVA17 samples. In addition, the necrotic area was quantified using
the H&E staining images obtained from OVA17 tumour samples. Neither
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apoptosis nor necrosis had any significant change between treated and
control tumour samples (Figure R21).
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Figure R21. Blockage of TGFp signalling pathway decreased tumour size but not
through increase on cell death or angiogenesis on high-grade serous OVA17
orthotopic mouse model. A) Representative images for H&E (a,b), TUNEL assay
(c,d) and CD31 (e,f) IHC staining on embedded paraffin OVA17 control and TGFB
inhibitor-treated samples. B) Quantification of % of necrosis area normalized by
tumour size from H&E staining in tumour tissue sections from OVA17 control or
LY2109761-treated samples. Data analysed from 4 controls and 5 treated samples.
C) Quantification of the % of positive cells stained by TUNEL assay from 6 controls
and 5 treated samples, with six images from a viable tumour zone for each sample
of high-grade serous oval7 in vivo experiment. D) Quantification of number of
vessels stained by CD31 from four controls and eight treated OVA17 samples. Mean
represented + SEM.

The next step was to answer if the mechanism by which LY2109761 reduced
tumour growth was through affecting cell proliferation while angiogenesis
and cell death were not affected. With this purpose we performed Ki67
staining by IHC, a marker of cell proliferation, in paraffin embedded control
and LY2109761 treated OVA17 samples. Nucleus positivity by Ki67 staining
significantly decreased 20% in treated tumours compared to control
samples, indicating that the LY2109761 had an effect inhibiting tumour cell
proliferation thereby causing a decrease in tumour size (Figure R22).
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Figure R22. Blockage of TGFp signalling decrease 20% tumour cells proliferation
rate in high-grade serous OVA17 orthotopic mouse model. A) Representative’s
images at smaller and higher amplification of Ki67 staining by IHC on embedded
paraffin OVA17 control and LY2109761 treated samples (a, b: 200X 100 um bar; c,d:
400X 100 um Bar). B) Quantification of the % positive cells stained with Ki67 on
four controls and eight LY-treated tumour tissue sections from OVA17 samples,
with eight images of viable tumour zone for each sample independently. Mean
represented + SEM. **,p< 0.01 (two-tail Mann-Whitney U test).

2.2.3 Evaluation of the mechanism to decrease cell proliferation by
TGFBRII inhibition in OVA17 orthotopic mouse model.

We next sought to elucidate the mechanism by which proliferation rate had
been reduced after treatment with LY2109761. To asses this
characterization we performed a protein level analysis by western blot of
different signalling pathways and proteins implicated in control of cell cycle
in OVA17 tumour lysates. Firstly, we checked proteins directly implicated in
cell cycle progression. We did not observe any changes in p21 or Cyclin A,
however, a significant increase of p16, a tumour suppressor gene, protein
levels was detected (Figure R23A). In contrast, Cyclin D1 levels (measured by
IHC) were decreased 60 % in tumours treated with LY2109761 (Figure R22B).

Interestingly, protein levels of E-Cadherin were upregulated after one
month of treatment with LY2109761 (Figure R23A). E-Cadherin is a protein
expressed in epithelial cells and downregulated in the EMT process, this up
regulation suggests that the inhibitor was in fact blocking TGFB signalling
and as a result avoiding the EMT process in our tumour animal models. In
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addition, an up regulation of Estrogen Receptor (ER) was observed in
treated samples compared to control samples, telling that tumour cells were
stressed by the presence of this drug and probably as a response this
receptor was increased (Figure R23C).
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Figure R23. Treatment with LY2109761 significantly decreased Cyclin D1 but
increase E-Cadherin, p16 and ER. A) Expression of E-cadherin, Cyclin A, p21, p16
and tubulin as loading control, were analysed by Western Blot in LY2109761-
treated and control tumours from OVA17 in vivo experiment. A representative blot
showing results obtained for 2 independent control tumours and 2 independent
LY2109761-treated tumours is shown. Densitometric quantifications of 5 control
and 5 LY2109761-treated tumours represented as arbitrary units (A.U.) relative to
the control group for p16 and E-Cadherin are shown. B) Representative’s images of
cyclin D1 staining at (a) control and (b) LY-treated samples (400X, Bar 50 um).
Quantification of the percentage of tumour cyclin D1 positive cells expressed
relative to control group, from 3 controls and 5 treated samples, with six images
from a viable tumour zone from embedded paraffin OVA17 sections stained for
cyclin D1. C) Representative’s images of control and treated samples from the IHC
of ER (400X, Bar 50 um). Results are the mean + SEM. *, p < 0.05 (two-tail Mann-
Whitney U test or T-test).

Moreover, we studied active and total levels of AKT and ERK1/2 MAPK. We
did not detect any change in active or total AKT levels comparing samples
from control and LY2109761-treated OVA17 tumours.
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In contrast, active ERK1/2 levels were decreased by 30% with LY2109761
treatment. (Figure R24).
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Figure R24. Treatment with the inhibitor decreased pERK1/2 protein expression
whereas there were no changes in pAKT protein levels. A) Expression of total and
activated form of AKT and ERK1/2 and tubulin as a loading control, were analysed
by Western Blot in LY2109761-treated and control tumours. A representative blot
showing results obtained for 2 independent control tumours and 4 independent
LY2109761-treated tumours is shown. Densitometric quantifications of 4 tumour
samples per group represented as arbitrary units (A.U.) relative to the control
group for pERK1/2 are shown. Results are the mean + SEM. *, p < 0.05 (Two-tail T-
test).

As the TGF signalling pathway by itself is not a classical stimulator of cell
proliferation and does not activate the ERK1/2 - cyclin D1 axis, we
hypothesized that this effect could be mediated by a different factor
regulated by TGFB. Equivalent mechanisms have already been described, for
example in gliomas, in which inhibition of TGFB reduced the size of tumours
by affecting PDGF-B production and PDGFRB-signalling pathways (Bruna et
al., 2007). To establish whether this was also the case in ovarian tumours,
we checked the expression of members of the PDGF family (PDGF-A, PDGF-
B, PDGFRPB and PDGFR) at the mRNA level in our OVA17 in vivo control or
treated tumour samples, but found no difference between the groups
(Figure R25A-D). In addition, some other receptors from proliferation
pathways like HER/ERBR family member ErbB2 were also checked, but no
change was noted in these either (Figure R25E).
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Figure R25. Blockage of TGFp signalling does not produce any change in mRNA
expression of PDGF family or ErbB2. Analysis of the human mRNA levels of PDGF
family and ErbB2 in control and treated OVA17 in vivo tumour samples by RT-PCR,
normalizing its results each one by its corresponding human normal ovary mRNA
level. A) h-PDGF-A B) h-PDGF-B from 4 control and 5 LY-treated samples
independently. C) h-PDGFR-B from 3 control and 4 LY-treated samples
independently. D) h-PDGFR-a from 4 control and 5 LY-treated samples. E) h-ErbB2
from 5 control and 5 LY-treated samples independently. Results represented by the
mean + SEM.

2.2.4 Identification of IGF1R or M-CSFR/CSF-1R as candidates for mediator
factors of tumour cell proliferation regulated by TGFp.

Ruling out the PDGF signalling pathway as mediator factor of cell
proliferation regulated by TGFB, we sought to screen tumours in order to
find which could be the candidates. At that time, an RTK Signalling Antibody
Array from Cell signalling was used to detect possible changes in the active
levels of 11 important signalling nodes, when phosphorylated at tyrosine or
other residues, in OVA17 tumours before and after LY2109761 treatment
(two samples per group). Results of this array indicated that LY2109761
produced no changes in receptors like PDGFRs or those of the ErbBs,
confirming our previous results on FGFR families (Figure R26).

We observed an increase in active levels of some receptors as Ephrines Al
and A2, but more interestingly, a 59% decrease in active levels of M-
CSFR/CSF-1R and a 62% decrease in active levels of IGF1R (Figure R26).
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At this time, we focused our studies to elucidate if one of these two
receptors were responsible for TGFB regulation on cell proliferation in

ovarian cancer.
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Figure R26. RTK Array showed a 59% decrease on m-CSFR/CSF-1R and a 62%
decrease on IGF1R protein levels decrease after LY2109761 treatment.
Phosphorylation levels of various RTKs were analysed using a human phospho-RTK
array kit in LY2109761-treated and control OVA17 tumours. Results are the mean
of 2 control tumours and 2 LY2109761-treated tumours, and are represented in
arbitrary units (after densitometric quantification) relative to the control group.

Firstly, the Colony stimulating factor 1 receptor (CSF1R), also known
as macrophage colony-stimulating factor receptor (M-CSFR) controls the
production, differentiation, and function of macrophages. For this reason we
analysed the number of macrophages by the staining of F4/80, a mature
mouse cell surface glycoprotein, well-characterized and extensively
referenced mouse macrophage marker, on OCT OVA17 samples in control
and LY2109761-treated groups. The quantification did not show any change
between the control and treated group, ruling out an effect of TGFpB
inhibitor on macrophage number, thereby suggesting that M-CSFR/CSF-1R
may not be the factor that directly reduce tumour size. Nevertheless, we
can not discard a direct effect of the M-CSFR/CSF-1R on the tumour cell, and
more work is still required (Figure R27).
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Figure R27. There is no change on macrophages number, quantified by F4/80
staining. A) Representative’s image of control and treated tumour sample with the
triple immunofluorescence staining in OCT of DAPI in blue detecting the nucleus,
EpCAM staining tumour cells in green and F4/80 in red to stain macrophages and
its respective merge image (400X, Bar 100 um). B) Quantification of F4/80 positive
cells expressed relative to control group. We analysed two control and four treated
samples, with four images from a viable tumour zone for each sample
independently from samples of high-grade serous OVA17 in vivo experiment. Mean
represented + SEM.

On the other hand, IGF1 signalling pathway is a well-known proliferative
pathway already implicated in ovarian cancer (Cao et al., 2012; Banerjee and
Kaye, 2013). As we found changes in proliferation rate, we decided to
investigate in greater depth the possible role of this receptor in mediating
the TGFp effect. With this objective, first we analysed by western blot the
effect caused by LY2109761 treatment on total IGF1R protein levels of
OVA17 tumour samples. We observed a decrease in total levels of IGF1RB
protein in these samples (Figure R28), indicating that the reduction in IGF1R
activation levels was not caused by a lack of activation but by a decrease in
the total IGF1R protein levels present in treated tumours. Furthermore, we
also observed a decrease in IGF1RB protein levels in LY2109761-treated
OVAS8 and OVA15 tumours (Figure R28). These results imply a general effect
of blocking of the TGFB signalling pathway on IGF1RB protein expression,
postulating IGF1R as mediator of cell proliferation regulated by TGFB in our
three ovarian orthotopic cancer models.
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Figure R28. IGF1R protein levels decrease after LY2109761 treatment in our three
mouse models. Total IGF1RB and vinculin expression were analysed by western
blotting in independent OVA17, OVA8 and OVA15 tumours from the treatments
with vehicle or LY2109761. Representative blots show the results obtained.
Densitometric quantifications of IGF1Rp relative to vinculin are shown. Results are
the mean % SD of 4 control tumours and 4 LY2109761-treated tumours in OVA17, 2
controls and 3 treated for OVA8 and 4 controls and 3 LY-treated tumours in OVA15.
Results are presented in arbitrary units relative to the control group. *, p < 0.05
(two-tail Mann-Whitney U test or T-test).

2.3 Importance of IGF1R in ovarian cancer and in our orthotopic mouse
models.

In our previous data, we had postulated IGF1IR as a mediator of cell
proliferation control regulated by TGFB. IGF1R in ovarian cancer has been
widely related to cancer progression; currently some clinical trials are under
study. For this reason, we decided to study the importance of IGF1R in our

ovarian tumour cancer models.

To this end, we orthotopically implanted 9 mice with OVA17 tumour, after 5
weeks of implantation we randomized groups and then we treated for 4
weeks four mice three times a week I.P with 12 mg/kg dose of IMC-A12
(Cixutumumab), a monoclonal antibody against IGF1RB that blocks the
activity of this receptor and five mice I.P with PBS following the same
schedule of the treated group. Treatment for 4 weeks with this antibody
caused an 8% decrease in body weight of the animals. Given these side
effects, antibody treatment resulted in a 42 % decrease in tumour size from
an average of 1225 mm? in control tumours, to an average of 713 mm? in
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treated tumours, (Figure R29A), indicating the great importance of this
signalling pathway in this ovarian cancer model.
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Figure R29. Blocking IGF1R activity with IMC-A12 or Linsitinib inhibits tumour
growth but decrease body weight as side effect. A-B) Mice with an orthotopically
implanted OVA17 tumour were treated with vehicle (6 mice) or the antibody IMC-
A12 i.p. three times a week for 4 weeks at a dose of 12 mg/kg (4 mice). Mice were
sacrificed when control mouse tumours affected the wellbeing of the animals. (A)
Final volumes are illustrated by a boxplot. (B) Mean group * SEM of mice body
weight for control or IMC-A12-treated group was represented. Values normalized
for the control group. C-D) Mice with an orthotopically implanted OVA8 tumours
were treated with vehicle or linsitinib with an oral dose of 40 mg/kg by gavage (as
indicated in results) in an alternating regimen to six mice and 8 mice were treated
with the vehicle following the same schedule. Mice were sacrificed when control
mouse tumours affected the wellbeing of the animals. (C) Final volumes are
illustrated by a boxplot. (D) Mean relative to control + SEM of mice body weight for
control or Linsitinib-treated group was represented. *, p < 0.05 (Mann-Whitney U
test).

Willing to confirm this importance we also tested linsitinib (OSI-906), a
tyrosine kinase inhibitor specific for IGF1R and insulin receptor on OVA8
growth (Buck et al., 2010). To asses this experiment we implanted 14 mice
with OVA8 tumour model. Treatment started 4 weeks after implantation.
Linsitinib was administered daily with an oral dose of 40 mg/kg by gavage
(Leiphrakpam et al., 2013) to six mice and 8 mice were treated with the
vehicle oral solution as the treated groups.
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In this case we also observed side effects on mice body growth (14%
decreases after 1 week of treatment). For this reason, we decided to
administer linsitinib in an alternating regimen of two cycles of 5 days
treatment followed by 7 days off. In all, animals were treated or not with
linsitinib for 10 days. At the end of the treatment, treated animals presented
a 14% decrease in body weight. Even considering these toxic effects,
however, linsitinib caused a 60% decrease in tumour volume with controls,
1500 mm? versus treated, 600 mm> (Figure R29B). So, anti-IGF1R treatment
impaired tumour size by 40-60%.

Next, we also took advantage of our TMA with samples from different
patients affected by ovarian cancers to analyse IGF1R expression by IHC in
order to have a widely image of this expression in human ovarian cancer. As
seen in Figure R30A and similarly to pSmad?2 staining, the main part of the
tumours presented high levels of IGF1R and comparing high-grade serous
with endometrioid tumours we did not find any differences between them.
More strikingly, we found a significant correlation between the levels of
pSmad2 and IGF1R in the same tumour (Figure R30B). These results indicate
that IGF1R expression is dependent on the activation of the TGFB-Smad2

pathway.
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Figure R30. IGF1R is present in human ovarian cancer samples and its levels
correlate with Smad2 activation. A) Quantification of IGF1R levels (using the
multiplicative index of the intensity of the stain and the labelling frequency) in
tumour tissue sections from high grade serous or endometrioid tumour patients.
Data analysed from 65 tumour patients from our TMA. B) Correlation between
pSmad2 and total IGF1R levels in tissue macroarray from high-grade serous ovarian
patients analysed in Figure R10 and Figure R27A. A Spearman test was used, and
the correlation coefficient is shown.
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2.4 Evaluation of the control mechanism of TGFB on IGF1R expression.

The question arises as to how the TGFB pathway affects IGF1R levels. To
answer this we measured IGFIR mRNA levels by Tagman RT-PCR in the
various treated and untreated orthotopic tumours. As observed in Figure
R31, LY2109761 treatment caused a decrease in IGF1IR mRNA levels in OVA8
and OVAL15 tumours, while no effect was observed in OVA17, implying that
several TGFB-stimulated mechanisms control IGF1R levels.
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Figure R31. IGF1R is affected by LY2109761 treatment at mRNA level on OVA8
and OVA15 whereas in OVA17 mouse model IGF1IR mRNA levels are not affected.
mRNA levels of human IGF1R analysed by quantitative real-time PCR in OVA17 (4
control tumours and 5 LY2109761-treated tumours), OVA8 (3 control and 3
LY2109761-treated tumours samples) and OVA15 (5 control tumours and 3
LY2109761-treated tumours) orthotopic ovarian tumours. Results are expressed as
the mean and SEM of mRNA expression relative to the control group. *, p < 0.05
(Mann-Whitney U test).

Next, we used cell culture ovarian tumoral models to analyse various
ovarian cancer cell lines for IGF1R expression and TGFf stimulation. Of the
cell lines analysed, the A2780p ovarian serous cell type responded well to
TGFB stimulation, resulting in Smad2 and Smad3 phosphorylation, an effect
that was inhibited by LY2109761. These cells presented low expression
levels of IGF1RB. The SKOV3 ovarian adenocarcinoma cell line also had a
good response to TGFB but showed higher levels of IGF1RB expression. In
the case of OV90 cell line, the cells had higher levels of pSmad3 and IGF1R at
basal state so we preferred not to work with this cell line for this analysis
and the TOV-112D cell line shown very low levels of IGF1R or Smad?2.
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At this moment, we decided to continue our studies with A2780p and
SKOV3 cell lines (Figure R32).

A2780p SKOV3 0ov90 TOV-112D
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Figure R32. Different ovarian cancer cell lines respond differently to TGFp
stimulation. A2780p, SKOV3, OV90 and TOV11-2D cell lines stimulated with TGFB
10 ng/ml for 30 min or LY2109761 (2 uM) 30 min and then TGFB 10 ng/ml for 30
min. Cells were lysed and expression of IGF1IRB, pSmad3, Smad2/3 total and B-
actin, as a loading control, was analysed by western blot. A representative blot is
shown.

We measured IGF1R protein levels in A2780p and SKOV3 cells treated for 24
h with TGFB or LY2109761. In both cell lines TGFB caused a 100% increase in
IGF1RB levels, while LY2109761 treatment caused a 30% decrease in this
protein (Figure R33). These results are in correspondence with results
obtained in our in vivo models, were blockage of TGFp signalling decreased
IGF1R protein levels.

SKOV3 cell line A2780p cell line
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Figure R33. IGF1R protein levels decrease after LY2109761 treatment in SKOV3
and A2780p cell lines. Expression of IGF1RB and tubulin, as a loading control, were
analysed by western blot of A2780p or SKOV3 cells lysates. Cells were incubated for
24 h with DMSO, TGFB1 (10 ng/ml) or LY2109761 (2 uM). A representative blot of
the results is shown.
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Subsequently, we performed the mRNA levels analysis by Tagman RT-PCR of
members of the IGFs signalling pathways (such as IGF1, IGF1R or IGF1
binding proteins) with samples of the A2780p and SKOV3 cell lines, after
treatment for 8 and 24 hours with TGFB 10 ng/ul, 2 uM LY2109761 or
absence (DMSO). Results revealed different effects depending on cell type:
there was TGFB stimulation and LY2109761 inhibition of IGFIR mRNA levels
in A2780p cells, but no effect in the case of SKOV3 cells. Additionally, other
genes of the IGF signalling pathway (IGF1, IGF2 and IGF2R) were affected in
A2780p cell line while in SKOV3 cell line were maintained upon TGFfB
inhibition or stimulation (Figure R34).
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Figure R34. TGFB stimulates IGF1R at mRNAI level in A2780p cells but does not
produce any change in SKOV3 cell line. mRNA levels of human IGF1R, IGF2R, IGF1
and IGF2 were analysed by quantitative real-time PCR after treatment 8 and 24h
with TGFB 10ng/ul, 2 UM LY2109761 or absence (DMSO) in A) A2780p (4 samples)
and B) SKOV3 (3 samples) cells. Results are expressed as the mean and SEM of
mMRNA expression relative to control condition mRNA expression. *, p < 0.05
(Mann-Whitney U test).

However, the IGF binding proteins analysed were not affected in either cell
line (Figure R35). Overall, these results suggest that different mechanisms
affecting mRNA or protein are involved in controlling IGF1R levels, which is
consistent with the results obtained from orthotopic tumour models. On the
basis of these results, we decided to study IGF1R protein stability in SKOV3
cells as the cell with no mRNA changes.
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Figure R35. Any change in mRNA levels of IGFBP in any of both cells. mRNA levels
of human IGFBP2, IGFBP3, IGFBP5 and IGFBP6 were analysed by quantitative real-
time PCR after treatment 8 and 24h with TGFB 10ng/ul, 2 puM LY2109761 or
absence (DMSO) in A) A2780p (4 samples) and B) SKOV3 (3 samples) cells. Results
are expressed as the mean and SEM of mRNA expression relative to control
condition mRNA expression.

To study IGF1R protein stability in SKOV3 cells, we pre-treated SKOV3 cells
with 10 ng/ul of TGFB, 2 uM of LY2109761 or DMSO as control for 16 hours
before blocking protein synthesis with cycloheximide, an inhibitor of protein
synthesis, for 8, 16 or 24 hours. We analysed cell lysates by Western Blot, we
found that TGFB addition maintained IGF1RB protein for longer than in
control samples, whereas LY2109761 treatment produced shorter duration
maintenance of IGF1RpB protein (Figure R36A). These results indicated that
the TGFB pathway regulated IGF1R protein stability in SKOV3 ovarian
tumour cells.

In order to identify the mechanism involved, we blocked two systems
previously described as implicated in control of IGF1R protein levels:
proteasome function (through the use of MG132) and lysosomal
degradation (using chloroquine) (Girnita et al., 2013). Firstly, we analysed
the proteasome function by treating SKOV3 cell line with 2 uM and 10 uM of
MG132, 2 uM LY2109761 or DMSO as control and the two combinations of 2
UM of LY2109761 with both concentrations of MG132 for 24 hours.
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Blocking the proteasome did not affect basal IGF1RP levels and did not
reverse the effect of LY2109761 (Figure R36B). In contrast, after adding 100
UM of chloroquine, 2 UM of LY2109761 or DMSO as control to the medium
for 24 hours in SKOV3 cell line, chloroquine treatment increased basal
IGF1RB protein levels and blocked the decrease induced by LY2109761
(Figure R36C).
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Figure R36. TGFB stimulates IGF1R at post-transcriptional levels. A) Exponential
SKOV3 cells incubated for 16h in the absence (DMSO) or presence of TGFB1 (10
ng/ml) or LY2109761 (2 uM). After this time, Cycloheximide (10 ug/ml) was added
for 0, 8, 16 or 24 h. Cells were lysed and IGF1RB expression was analysed by
western blot. A blot representative of three independent experiments is shown.
Densitometric quantification of IGF1RB is shown. B) Exponential SKOV3 cells
incubated for 24h in the absence (DMSO) or presence of 2 uM and 10 uM of
MG132 and 2 puM LY2109761. Cells were lysed and IGF1RB and tubulin expression
was analysed by western blot. A blot representative of three independent
experiments is shown. C) Exponential SKOV3 cells incubated for 24 h in the absence
(DMSO) or presence of 100 uM Chloroquine and 2 uM LY2109761. Cells were lysed
and IGF1RB and tubulin expression was analysed by western blot. A blot
representative of three independent experiments is shown.

This effect was confirmed by analysing IGF1RB sub-cellular localization when
we treated SKOV3 cell line with LY2109761 (Figure R37). Incubation with this
inhibitor caused a clear internalization (2 h after inhibitor addition) and
subsequent decrease of IGF1RB levels, confirming the TGFB-dependent
control of IGF1R recycling.
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IGF1RB
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Figure R37. LY2109761 treatment produced
an internalization of IGF1R in SKOV3 cell
line. Immunofluorescence of SKOV3 cell line
with IGF1R staining in green and DAPI in blue
after incubation for 24 h in the absence
(DMSO) or presence of LY2109761 (2 uM).
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At that time, we moved back to our in vivo tumour samples and we
decided to analyse localization of IGF1R by IHC staining in the orthotopic
tumour samples. To perform this analysis we looked for localization by
qguantifying the percentage of IGF1R positive cells stained in different cell
compartments; membrane, cytoplasm or nucleus. Interestingly, as
shown in Figure R38, there are two groups of IGF1RB localization
pattern. OVA17 pattern is different than the obtained on OVA8 and
OVA15 tumour sections, where IGF1IR membrane staining is only present
in the first one. In contrast, nuclear staining is higher in OVA15 and OVAS8
than in OVA17 tumour samples.
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Figure R38. IGF1R protein levels are localised differently depending of tumour
type. Quantification of IGF1RB localization presents on each cell compartment;
nucleus (NC), cytoplasm (CYT) or membrane (MEM) in tumour tissue sections from
control tumour samples of OVA17, OVA8 and OVA15 in vivo experiments. Data
analysed from 6 controls in the case of OVA17 and OVAS8 and 4 control samples for
OVA15.
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Next, as in OVA17 tumour IGF1IR mRNA was no affected by LY treatment,
we quantified total cell positivity stained by IGF1IRB and the different
localization of IGF1R after LY2109761 treatment between control and
treated OVA17 tumour samples. Confirming results obtained by the
array and by Western Blot, IGF1RB was significantly reduced in LY-
treated samples (Figure R39). Interestingly, OVA17 LY2109761 treated
samples reduced significantly the presence of IGF1RB in the membrane
compartment (Figure R39B), corroborating results obtained in SKOV3 cell
line where internalization of the receptor was observed upon TGFj
inhibitor treatment.
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Figure R39. IGF1R protein levels are decreased after LY-treatment as well as a
reduction on cell membrane presence. A) Histological IGF1RB staining of OVA17
orthotopic tumours. Total (top) or membrane localized (down, indicated with
arrows) 400x, bar 100 um. B) Quantification of IGF1RB positive cells (tumour) or
localization present on each cell compartment; nucleus, cytoplasm or membrane in
tumour tissue sections from OVA17 control or LY2109761-treated samples Data
analysed from 6 controls and 7 treated samples. *, p < 0.05 ( Mann-Whitney U
test).

Following we evaluated our tumour samples in order to discover the player
of this post-transcriptional control upon TGFp inhibition. Hence, we started
our analysis with some possible candidates already described in the
literature. Unfortunately we did not find any differences that can explain the
control of IGFIR recycling and degradation (Girnita et al., 2013). For
example, murine double minute 2 (mdm2) levels were shown to be
decreased but did not increase after LY2109761 treatment.
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Therefore, mdm2 could be not our candidate. Samples were analysed by
Western blot and IHC to confirm and extend our results (Figure R40B-C).
Another possible candidate was Casitas B-lineage Lymphoma (Cbl) that was
not altered in our treated tumours compared with controls (Figure R40A).
Unfortunately, none of these E3 ligases were responsible for TGFB control
over IGF1R. Further, caveolin was not the candidate either as protein levels
were decreased after LY2109761 treatment (Figure R40B).
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Figure R40. Mdm2, cbl or caveolin are not responsible for TGFB control on IGF1R
expression. A) Representative’s WB of cbl and vinculin as a loading control of 1
control and 1 LY-treated OVA15 tumour sample. B) Representative’s WB of mdm2,
caveolin and vinculin as a loading control of 2 control and 2 LY-treated OVA17
tumour samples. C) Quantification of mdmz2 positivity stained by mdm2 in OVA17
tumour samples. Graph represents the mean and SEM of 3 tumours per group of
OVA17 tumour samples, relative to control condition. Representative’s image of
mdm?2 staining in OVA17 embedded paraffin samples. Black arrows indicate the
positive cells. (400X, Bar 50 um).

2.5 Evaluation of the TGF inhibition dependence on IGF1R expression.

A further question arises as to how important IGF1R is in the observed
LY2109761-effect. To address this, we evaluated the effect of LY2109761
inhibitor on cell viability in the A2780p cell line. Cells were treated for five
days with LY2109761 (2, 5, 10 uM), CDDP (10 and 10 mg/ml), IMC-A12 (50
mg/ml) and DMSO was added to controls (Basal). When treatment was
finished, cell viability was determined by measuring the metabolic activity
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using the methyl-thiazole-tetrazolium (MTT) assay. Addition of LY2109761
caused a dose-response inhibition in the number of viable cells (Figure R41).
Results also indicated a reduction in cell viability caused by IMC-A12
incubation or under CDDP, the ovarian cancer standard treatment.
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Figure R41. A2780p cell viability was significantly decreased after treatment with
LY2109761. A2780p cells incubated for 5 days in the presence of the indicated
concentrations of CDDP, LY2109761, 50 mg/ml IMC-A12 or in the absence (DMSO).
Cell viability was measured by MTT assay. Results are expressed as relative to
control condition (DMSO). Each data point represents the mean + SEM of five
independent determinations. *, p<0.05, **,p< 0.01 (two-tail Mann-Whitney U test).

To confirm that IGF1R is important for A2780p viability, we inhibited its
expression in these cells. By transducing lentiviral vectors expressing either
IGF1RB-shRNAs or a negative control using a non-silencing vector, A2780p-
NS and A2780p-shiGF1R cells were generated. All four shRNA vectors
express puromycin resistance that allowed us to select cells with the shRNA
incorporated and maintained as a stable cell line with puromycin added to
the medium. We used three independent shRNA vectors. Levels of
expression were then analysed by Western Blot and two of them (shV2-71
and shV2-72) reduced IGF1RB protein expression by 70-90% (Figure R42A),
while the shV2-48 vector only reduced expression by 40%. As shown in
Figure R42B, the decrease of IGF1RB levels in A2780p cells reduced cell
viability (MTT Assay) depending on the IGF1RPB levels still expressed: 60%
inhibition in shV2-71 and shV2-72, but no reduction in shV2-48.
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Figure R42. shiGF1R effectively inhibit IGF1IR expression in two of the three
A2780p cells infected, demonstrated by less protein level and reduction of its
proliferation. A) IGF1R and tubulin protein levels analysed by western blot in
A2780p-sh-NS, A2780p-sh71, A2780p-sh72 or A2780p-sh48 cell lysates. A blot
representative of three independent experiments is shown. B) 5000 A2780p-sh-NS,
A2780p-sh71, A2780p-sh72 or A2780p-sh48 cells were seeded in 24 plate dish and
incubated for 3 days in normal medium. After 72h trypsinized and number of cells
was counted. Each data point represents the mean and SEMz+ of 3 independent
determinations. *, p<0.05, (T- test).

Next, knowing that levels of IGF1IR were decreased and in order to
determine whether the LY2109761 effect was IGF1R-dependent, we added
LY2109761 inhibitor for five days to A2780p-NS cells and to A2780p-shIGF1R
cells. After treatment cell viability was quantified and results showed that
inhibition of IGF1RPB expression caused a loss of LY2109761 sensitivity
(Figure R43), indicating that IGF1R expression was critical for the LY2109761
effect.
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Figure R43. A2780p cell viability was significantly decreased after treatment with
LY2109761. A2780p-sh-NS, A2780p-sh71, A2780p-sh72 or A2780p-sh48 cells were
incubated for 5 days in the presence of the indicated concentrations of Ly2109761
or in the absence (DMSO). Cell viability was measured by MTT assay. Results are
expressed as relative to control condition. Each data point represents the mean
and SEM of three independent determinations. *, p<0.05 (two-tail Mann-Whitney
U test).
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The same experiments with shRNA vectors were performed in SKOV3 cell
line and we could confirm the TGFB inhibitor effect dependence on IGF1R
expression (Figure R44). These results indicated that this connection is
present independently of the mechanism of control; at mRNA or protein
level and that both mechanisms can coexist depending on ovarian tumour
cell.
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Figure R44. Cell viability was decreased after treatment with LY2109761 in SKOV3
shiIGF1R clones were IGF1R was effectively inhibited. A) SKOV3 cells were
incubated for 5 days in the presence of the indicated concentrations LY2109761 or
in the absence (DMSOQ). Cell viability was measured by MTT assay. Results are
expressed as relative to control condition (DMSO). Each data point represents the
mean = SEM of four independent determinations. B) IGFIR and tubulin protein
levels analysed by western blot in SKOV3-sh-NS, SKOV3p-sh71, SKOV3p-sh72 or
SKOV3p-sh48 cell lysates. A blot representative of three independent experiments
is shown. C) 5000 SKOV3-sh-NS, SKOV3p-sh71, SKOV3p-sh72 or SKOV3p-sh48 cells
were seeded in 24 plate dish and incubated for 3 days in normal medium. After 72h
trypsinized and number of cells was counted. Each data point represents the mean
and *SEM of 3 independent determinations. D) SKOV3-sh-NS, SKOV3p-sh71,
SKOV3p-sh72 or SKOV3p-sh48 cells were incubated for 5 days in the presence of
the indicated concentrations of Ly2109761 or in the absence (DMSO). Cell viability
was measured by MTT assay. Results are expressed as relative to control condition.
Each data point represents the mean and SEM of three independent
determinations. *, p<0.05, (Two-tail T- test).
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Discussion
1. Role of ALK1 on physiological angiogenesis

1.1. Lack of half dose expression induces hyper-vascularization by
increasing EC proliferation.

In the first part of the presented work, we performed a study of ALK1
functions in ECs during sprouting angiogenesis. Specifically, the work
presented here aimed to address the role of ALK1 in regulating angiogenesis
as there are controversial results of BMP9/ALK1 signalling between in vivo
and in vitro studies. However, more recently researchers have been arriving
to a mutual agreement. In addition, BMP9/ALK1 signalling is also implicated
in the HHT disease, where there is no effective treatment and studding the
implication of BMP9/ALK1 signalling on angiogenesis should reveal new
possible therapies for them.

For this, we decided to use ALK1 mutant mice to study the influence of this
signalling on sprouting angiogenesis. Due to the embryonic lethally of the
ALK1”" mice we realized all our studies with heterozygous mice, as ALK1*
pups survived in the same ratio as control littermates. Some publications
suggested the importance of ALK1 on the control of angiogenesis, for
example having a critical role for ALK1 signalling in regulating both
developmental and pathologic blood vessel formation (Cunha and Pietras,
2011). For this reason, we chose the retinal vascular tissue, which develops
during the first days after birth (from postnatal day 1 to postnatal day 10),
as our model of study. Furthermore, this model allows us to stop at different
time points and evaluate ALK1 influence on the vascular formation.

In this study we have demonstrated that a lack of half ALK1 expression
causes hyper-vascularisation in ALK1"" mutant retinas and that ALK1 is
essential for a proper angiogenic development. Accordingly, half loss of
ALK1 led to the development of severe vascular defects that principally
enhanced vessel diameter and changed the sprouting front morphology.
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In agreement with literature, we have verified that ALK1*" mice reproduced
the vascular malformations observed in patients with HHT (Srinivasan et al.,
2003). As HHT is a dominant disorder, the lack of just one functional copy of
the gene is able to develop the disease, in fact the majority of patients are
heterozygous for ALK1 (Govani and Shovlin, 2009). Therefore, using mice
expressing half ALK1 mimics the patient population, confirming this model
for a tool to study the genetic implications of this disease and to test new
possible therapies for these patients.

First, when we compared ALK1 heterozygous and WT mice we observed no
changes in different vascular parameters, as radial expansion, tip cell
number or tip cell length, indicating that decrease on ALK1 expression levels
was not affecting migration or elongation of ECs. Similar results without
changes on migration were observed in Cdh5(PAC)CreERT2;ALK1ﬂ/ﬂ mice,
which produces a lack of ALK1 in endothelial cells (as Cdh5 gene is the
Vascular endothelial-cadherin (VE-cadherin)) and this mutation is only
Tamoxifen inducible (Tual-Chalot et al., 2014). On the contrary, these results
were not similar to some results already published, where they observed
filopodia and cell migration defects while blocking ALK1/BMP9 signalling,
although they worked with Smad1/5 KO animals (Moya et al., 2012) instead
of ALK1 mice. Since we are using diverse mutated genes from the same
signalling pathway some different results may be observed. For instance, the
signal from one receptor arrives to different effectors, thus we can have
similar but not the same effects while blocking one or another gene. Both
results can be explained as a part of the canonical pathway or several non-
canonical pathways. Smad-independent signalling pathways for BMP
signalling have been identified. For example, BMP signalling has been found
to affect the ERK pathway, PI3K/AKT, Rho-GTPases, and others (Zhang,
2009). Therefore, inhibition of pSmadl/5 or the receptor can produce
different results. Another possibility is that other BMP family members
different from BMP9/10, such as BMP2/4/6 also activates Smad1/5 and all
these differences can evolve in diverse altered phenotypes. These
differences would be interesting to study deeply in order to better
understand the BMP9/ALK1 signalling pathway.
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Secondly, while other parameters were not changed, we demonstrated an
increase in vessel width comparing whole-mount stained retinas of WT and
ALK1 heterozygous mice at P5, P7 and P9. Similar results were observed by
(Larrivee et al., 2012) where retinas from mice with postnatal injection of
anti-ALK1 adenovirus that blocked ALK1 signalling increased vessel width. In
addition, comparable results were obtained by (Tual-Chalot et al., 2014),
where they observed that endothelial specific loss of ALK1 KO led to venous
enlargement, vascular hyper-branching and arteriovenous malformations.
These studies altogether indicate that blockage of ALK1 receptor or endoglin
(ALK1 co-receptor) increase hyper-vascularisation on the retina mouse
model, a model for pro-angiogenic vessels. A summary of the different
phenotypes obtained by diverse approximations of BMP9/ALK1 signalling
inhibition in the neonatal retinal vascular plexus can be viewed in the table
below (Table D1):

Table D1. Summary of key phenotype differences in the neonatal retinal vascular plexus
with the different approximations to induce BMP9/ALK1 signalling inhibition.

Model Vascular parameters Author
Eng KO®¢ AVM formation and increased vessel (Mahmoud et
Branching only at periphery al., 2010)
(Ricard et al.,
Bmp9-KO no defects on vascularisation 2012)
Bmp9-KO increase in vascular density and a strong .
+ anti-BMP10 decrease in vascular radial expansion Ricard 2012
(Larrivee et
ALK1-Fc hyper-vascularisation and AVM formation al., 2012)
EC (Tual-Chalot
ALK1 KO AVM formation and hyper-branching etal., 2014)
ALK1" Hyper-vascularisation and increased vessel This work
width
EC (Moya et al.,
Smad1/5 KO Excessive sprouting 2012)
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The overview images of whole-mount ALK1*" retinas revealed that the
sprouting front region of the vasculature was the most affected region by
half loss of ALK1. Focusing our studies in the sprouting front, we described
that this increase in vessel width was not attributable to the rise in pericyte
recruitment as desmin expression levels were the same between both
genotypes. In contrast, (Tual-Chalot et al., 2014), who used EC specific ALK1
mutant mice, had described that pericyte recruitment was affected in the
vascular plexus. Our results discarded this effect in our approach at the
sprouting front. Both results can be reliable because the analysis is done in
different places of the vascular plexus and it has already been demonstrated
that BMP9/ALK1 signalling controls angiogenesis in a context specific
manner (Scharpfenecker et al., 2007; David et al., 2008). Besides, it is
important to take into account that we do not know if half or complete
block of the ALK1/BMP9 signalling pathway, can differentially influence the
proper pericyte recruitment. Furthermore, in the case of Tual-Chalot the
ALK1 mutation is endothelial-specific whereas in our case the mutation is
present in all cells, and it is not known if this difference can influence the
crosstalk between both cell types. It is also important to take into account
that HHT patients have mutations in all their cells and not in specifically just
one type of cells. This would be important to identify whether this different
implication mimics what is happening in the patient.

Our findings showed a particular vascular defect arisen upon loss of half
ALK1 signalling. In this setting, we have demonstrated that this increase in
vessel width was due to an increase in endothelial cell number, observed by
the endothelial marker Ergl,2,3. Furthermore, we validated that this
increase in endothelial cell number was caused by an increase in endothelial
cell proliferation specifically in the second line of the sprouting front and
this increase in cell proliferation is responsible for the hyper-vascularisation
and width vessel increase. It has already been described that BMP9/ALK1
blocks endothelial cell proliferation maintaining a quiescent endothelial
state in cell cultures (David et al., 2007; Scharpfenecker et al., 2007) and in
zebrafish (Roman et al., 2002).
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Remarkably, the sprouting front of the growing retinal plexus is primarily
integrated by newly specified tip and stalk cells and it is where the switch of
tip/stalk cell specification takes place. Suitably, it has been described that
BMP9/ALK1 signalling controls tip/stalk cell specification and that upon
inactivation of ALK1 by ALK1-Fc, stalk ECs increase its tip cell markers
(Larrivee et al., 2012). However, tip cells numbers were found to be
unaltered in ALK1" retinas; as EC proliferation in the first line of the
sprouting front, radial expansion, tip cell number and tip cell length were
not affected in ALK1"" retinas. Therefore, hinting that the stalk cell
population was the most affected by ALK1 half loss as the increased
endothelial cell proliferation at the sprouting front was restricted just to the
second line. Consequently, these findings allowed us to reach one
conclusion of this work: during sprouting angiogenesis, ALK1 was specifically
required to control the proliferative behaviour of the stalk cell population
controlling its quiescent stalk cell state, while not affecting its switch to tip
cell as tip cells are not affected in our ALK1* retinas.

Moreover, it has been described that ALK1/Smadl/5 cooperate with
Dll4/Notch dependent proliferative arrest involved in the stalk cell
phenotype through a collaborative stimulation of genes such as HES1, HEY1,
HEY2 and JAG1 (Larrivee et al., 2012; Moya et al., 2012). Our results in vivo
on sprouting retinas confirmed this anti-proliferative role for the
BMP9/ALK1 signalling pathway and in future work it would be interesting to
analyse its molecular implications.

As the table below shows (Table D2), inhibition of the ALK1 receptor or
similarly its co-receptor endoglin, produced an increase in EC proliferation
whereas it is reduced with the genetic approximation of Smad1/5 KO mice.
These results revealed that the control on the EC proliferation by
BMP9/ALK1 signalling would not be through Smad1/5 signalling but through
another factor that collaborates with the BMP9/ALK1 signalling.
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Table D2. Summary of the EC proliferation results in the neonatal retinal vascular plexus
with the different approximations to induce BMP9/ALK1 signalling inhibition.

proliferation Author

Ene KO (Mahmoud et al.,
ne Increased EC proliferation 2010)
ALK1-Fc Notch + ALK1 cooperate to decrease (Larrivee et al.,
expression of the tip cell marker apelin, 2012)
which induces stalk cell proliferation
ALK1 KO & (Tual-Chalot et al.,
Increased EC proliferation 2014)
ALK1* Increased EC proliferation in the second This work
line of the sprouting front
EC
Smad1/5 KO reduced EC proliferating (Moya etal,, 2012)

1.2 ALK1 controls EC proliferation by PI3K signalling pathway.

Similarly, recent work showed a crucial role for PTEN mediating Notch-
induced stalk cell quiescence. PTEN controls stalk cell proliferation just in
the sprouting front of the vascular plexus as well as an increase in vessel
width at the sprouting front of PTEN ' retinas (Serra et al., 2015).
Altogether, these results are similar to the results obtained in this work but
with Notch as inducer. For this reason, we have postulated that if ALK1 is
controlling increase in vessel width at the sprouting front with similar
phenotype to PTEN" mice, perhaps PTEN would be a good candidate to
collaborate with BMP9/ALK1 signalling to control angiogenesis and EC
proliferation in the sprouting front.

Indeed, when we have crossed our ALK1*" mice with a p110a KI mice, which
have less PI3K signalling activity. We have normalized to WT phenotype and
ALK1*" did not increase vessel width. In agreement with our hypothesis,
these results suggested that the control of stalk cell proliferation was
through the PI3K signalling pathway. Correspondingly, when we had
affected PI13K signalling pathway, ALK1 loss was not able to generate hyper-
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vascularisation. However, the migratory capacity reduced on p110a Kl mice
was not restored upon genetic cross with ALK1*" mice, indicating that ALK1
was not required for the migratory effect of the PI3K signalling pathway, and
confirming that ALK1 does not play any role on controlling tip cells. Our
findings suggest that there is no crosstalk between both pathways but an
effect of ALK1 on cell proliferation through PI13K signalling pathway.

In recent years, a correlation between TGFB signalling and PI3K has been
described in different cell types (Yan et al., 2009; Martinez-Palacian et al.,
2013; Lamouille et al., 2014). For instance, in mouse capillary endothelial
cells, TGFB1 promotes angiogenesis by activating PI3K/AKT and p42/p44
MAPK (Vifials and Pouyssegur, 2001). Also, it has been associated with
Endoglin, an ALK1 co-receptor, regulating PI3K/AKT trafficking and signalling
to alter endothelial capillary stability during angiogenesis (Lee et al., 2012).

Additionally, when we pharmacologically treated ALK1*" mice with PI3K
inhibitor we were able to normalize the ALK1 loss phenotype in agreement
with the genetic approximation, thereby elucidating a possible therapeutic
treatment for HHT patients. Interestingly, when using the inhibitor on WT
mice reduction in vessel width was observed whereas using the inhibitor on
ALK1*" mice the vessel width got to the WT levels and not to the WT + PI3K
inhibitor levels. Then, PI3K inhibitor is promising as a possible treatment in
HHT patients, as it normalizes vessels to WT condition and no other side
effects were observed, although it is likely that there are more factors
implicated in the ALK1 phenotype than only PI3K signalling. Consequently,
different approaches can result in different phenotypes as it has been
reviewed in this work.

Furthermore, it has been described that ALK1 and Notch signalling are both
implicated in the stalk cell identity and both share some genes, but that
ALK1 is not a gene downstream of Notch (Rochon et al., 2015). These
transcriptional similarities between both pathways can explain the
resemblance of its phenotypes due to its aberrant signalling. Some in vivo
studies demonstrate that both phenotypes are additive (Larrivee et al.,
2012).
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Nevertheless, pharmacologically inhibition of Notch signalling does not
restore AVM produced by ALK1 mutants (Rochon et al., 2015). Thus, it may
be explained considering the importance of the PI3K signalling pathway in
the control of EC proliferation and AVM observed in ALK1 mutants. Although
both pathways share some partners, probably both have a slightly different
implication on sprouting angiogenesis. In contrast, Jagged-1 peptide-
mediated activation of the Notch signalling was able to suppress ALK1-Fc-
induced hyper-sprouting (Larrivee et al.,, 2012). This suppression of the
hyper-sprouting can be explained by the fact that Notch can inhibit Id1
expression stabilizing ALK1 signalling effects. In addition, Notch signalling
can increase PTEN levels, which decrease PI3K signalling while avoiding ALK1
to enhance EC proliferation.

Moreover, during sprouting angiogenesis, stalk cells have been generally
considered to be the ones proliferating in response to VEGF to allow the
elongation of the newly formed vessels. This would partially contrast with
our findings, which propose a proliferation arrest of the stalk cell population
upon ALK1 induction. We believe that the ALKl-mediated stalk cell
proliferation arrest might be very acute and restricted to the stalk cells
immediately at the base of the growing sprouts. As it has been published
BMP9/ALK1 controls the tip/stalk cell specification in early stalks
collaborating with Notch signalling. In addition, it is has been demonstrated
that early stalk cells BMPs/ Smad enforced Notch signalling to cooperatively
activate targets genes and that upon inhibition of Smad signalling DII4 failed
to decrease in these mutant cells (Larrivee et al., 2012; Moya et al., 2012).
Altogether, these findings elucidate a role for BMP9/ALK1 in controlling EC
proliferation in these early stalk cells by preparing the cell with stalk cell
behaviour for the next step. At this point the cell can become stalk cell by
receiving Notch signalling or tip cell, to achieve the front of the sprouting
again, in response to VEGF.

Our findings postulated a new mechanism of BMP9/ALK1 signalling
controlling angiogenesis. Collectively, this animal model suggest a role for
ALK1 in favouring stalk endothelial cell quiescence, by which ALK1 dictates
endothelial stalk cell behaviour by controlling EC proliferation through PI3K
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signalling pathway on pro-angiogenic vessels. Furthermore, genetic or
pharmacological inhibition of the PI3K signalling pathway resulted on
normalization of the EC proliferation and hyper-vascularisation upon ALK1
half loss expression (Figure D1). It remains unknown at which level of the
PI3K signalling pathway is controlling ALK1 and further studies are needed.
Furthermore, PTEN would be a good candidate to test its implication on
hyper-vascularisation by the lack of ALK1.

Remarkably, ALK1*" mice reproduce the phenotype observed in HHT
patients. Currently, there is no suitable treatment to cure this disease. Right
now, the only available treatment is to avoid complications by surgical
intervention. Lately, new experimental clinical and pre-clinical treatments
have been tested. For example, it has been observed that in mice bearing a
heterozygous knock-in allele of a human BMPRIl mutation, a Type Il
Receptor for ALK1l, which also generates pulmonary arterial
hypertension (PAH), administration of BMP9 reversed the established PAH,
elucidating a possible treatment for this PAH (Long et al., 2015).
Furthermore, an intracranial injection of an adenovirus expressing VEGF
caused abnormal AVM-like structures in ALK1”"~ mice (Hao et al., 2010).
Besides, the antiangiogenic therapy using a monoclonal antibody to mouse
VEGF-A promotes a restitution to normal levels of VEGF after its injection
and an attenuation of their AVM and the microvasculature alterations (Han
et al.,, 2014). Moreover, in a phase Il clinical trial of bevacizumab
(monoclonal antibody to VEGF) in HHT patients with severe liver disease it
was reported that hyperdynamic cardiac output secondary to intrahepatic
arteriovenous shunting was significantly improved in treated patients
(Dupuis-Girod et al., 2012). PI3K-AKT is a key pathway for VEGF-stimulated
angiogenesis (Graupera and Potente, 2013). Our data stress the importance
of the PI3K pathway for the hyper-proliferation observed in ALK1* animals
and let us to propose the use of PI3K or AKT inhibitors as pharmacological
alternative strategies to treat HHT patients. Our work using both, genetical
and pharmacological inhibition of PI3K signalling that normalize endothelial
cell number in ALK1" animals, is a proof of concept for the use of these
inhibitors to treat patients affected by HHT.
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Figure D1. Schematic model of ALK1 controlling cell proliferation by PI3K. A) ALK1,
after BMP9 stimulation, is inhibiting PI3K proliferation effect over stalk EC at the
second line of the sprouting front. B) Half ALK1 expression, after BMP9 stimulation,
is not capable of inhibiting PI3K proliferation effect over stalk EC at the second line
of the sprouting front. C) Presence of PI3K inhibitor avoids the half ALK1 expression
over-proliferation effect on stalk EC. Figure adapted from (Serra et al., 2015).
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2. Role of TGF-B signalling members in ovarian cancer
2.1 Characterisation of TGFp signalling pathway in ovarian tumours.

In the second part of this work we focused our studies on trying to elucidate
the role of different TGFB members in the progression of ovarian cancer.
TGFB has extensively been related with cancer progression, ovarian cancer
included (Massague, 2008; Tian and Schiemann, 2009). In addition, in this
thesis we evaluated if the inhibition of one of the two receptors of TGF
signalling pathway would be a good candidate for target therapy in the
treatment of ovarian cancer.

2.1.1 ALK1 receptor does not seem to effect ovarian cancer progression.

Antiangiogenic treatments have been considered really effective but with
some obstacles to solve, as acquired resistance in majority of the cases.
Some researchers believe that targeting of alternate angiogenic pathways,
particularly in combination with VEGF pathway blockade, holds the promise
of optimally inhibiting angiogenic driven tumour progression. While VEGF is
important for vessel initiation, ALK1 is involved in vessel network formation.
Some publication described that ALK1-Fc treated mice displayed a 70%
reduction in tumour burden compared with vehicle treated mice in an
orthotopic breast cancer model (Mitchell et al., 2010). Moreover, it
decreased tumour growth in two renal cell carcinoma models (Cunha and
Pietras, 2011; Wang et al.). On top of that, two ALK1 inhibitors have entered
phase I/1l clinical trials, ACE-041 (dalantercept, Acceleron Pharmaceuticals)
and PF-03446962 (Pfizer).

For this reason we considered it important to evaluate the levels of ALK1
present in human ovarian tumour samples in comparison to control tissue to
describe the importance of this receptor on ovarian cancer. Our analysis
revealed a decrease of the receptor levels in tumour samples versus normal
tissue, indicating that ALK1 expression is reduced upon tumour progression.
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Moreover, a free survival analysis monitoring progression upon months (100
months) and ALK1 expression revealed no correlation between levels of
ALK1 and survival. Even though, the number of patients for this study is low
and before drawing conclusions it would be important to increase patient
number. Our results indicate that ALK1 does not seem important for ovarian
cancer progression and aggressiveness. Our results agreed with
observations that in ovarian cancer cells lines, the role of BMP9 signalling
goes predominantly through an ALK2/Smadl/Smad4 pathway rather than
through ALK1, the major BMP9 receptor in endothelial cells (Herrera et al.,
2009). For this reason, we decided to discard to continue the study of ALK1
inhibitors to treat ovarian cancer in this work.

2.1.2 Activation of TGFB signalling pathway through ALK5/ Smad2/3 on
human ovarian cancer.

The next step was to evaluate ALKS receptor levels in ovarian cancer. When
we checked ALK5 presence in ovarian cancer, we observed high levels of this
receptor present in human ovarian tumoural cells. Therefore, we decided to
check ALKS5 activation levels. To asses this study we decided to use the
Tissue Macro Array (TMA) with different types of ovarian cancer; high-grade
serous or endometrioid and stained by pSmad2 (readout of ALK5 receptor
activity).

An active TGFB signalling pathway is characteristic of later stages of
tumoural proliferation, as in squamous cell carcinomas (Oshimori et al.,
2015) or gliomas (Bruna et al., 2007). In addition, in these latter tumours,
high pSmad2 was correlated with poor prognosis. While TGFB blocks cell
growth in normal ovarian epithelial cells, in 40% of ovarian carcinomas TGFf
loses its cytostatic effect but maintains EMT induction and production of
extracellular matrix (Helleman et al., 2010). For all these reasons, different
targeted drugs have been developed against this pathway, some of which
are currently in clinical trials (Seoane, 2008{Akhurst, #33; Akhurst and Hata,
2012; Neuzillet et al., 2015).
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In this work, we observed that pSmad2 was present in tumoral cells, with
only a few positive stromal cells. The staining also indicated that ovarian
epithelial tumours maintained the activity of the TGFB-Smad2/3 pathway,
which is already active in normal fallopian tube epithelium. In fact, this
pathway also plays a positive role for granulose cell proliferation during
normal ovarian physiology (Richards and Pangas, ; Li et al., 2008).

Furthermore, our results confirmed highly activation of the canonical TGFB
signalling pathway (high Smad2 phosphorylation), in ovarian carcinomas
with independence of their anatomical origin (high-grade serous or
endometrioid). It has recently been described that in advanced high-grade
serous ovarian cancers pSmad2 staining is also correlated with poor patient
outcome (Parikh et al., 2014). Considering this highly positivity in all our
results, this poor prognosis probably would be affecting endometrioid
ovarian cancers too. Moreover, it suggests that anti-TGFB treatment on
ovarian cancer should be effective at similar levels as in the case of
glioblastoma.

Previously, to start analysing the importance of TGFp signalling pathway on
our ovarian cancer animal models, we confirmed that these models
maintained the characteristics of its primary tumour and were comparable
to the patients’ samples. In fact, tumours maintained the same features and
morphology observed in the primary tumours. Indeed, we could
demonstrate that pSmad2 highly activation was maintained upon passages.
For this reason, we were convinced that the orthotopic ovarian cancer
mouse models were a good tool to study the role of TGFB on ovarian cancer
progression and to test possible target therapies.

Subsequently, we were wondering by which mechanism TGFB signalling
pathway would be activated. Mechanisms for activating the TGFB pathway
in tumours include overexpression of the microRNA-181a and repression of
the negative regulator Smad7 (Parikh et al., 2014), or the secretion of
autocrine TGFB family members by tumoral cells (Henriksen et al., 1995);
(Rodon et al., 2014).
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Our RT-PCR analysis indicates that human TGFB2 was the most strongly
expressed ligand in the various orthotopic tumours analysed, suggesting a
major role for this factor in activating Smad2 in ovarian tumours, as occurs
in gliomas (Rodon et al., 2014). Interestingly, we discovered that in the
endometrioid mouse model human TGFB2 was highly expressed and in this
the tumour human TGFB3 played a major role. At the moment, we do not
know if this difference was exclusive to this tumour in particular or was
depending on epithelial tumour type in general, where high-grade serous
are TGFB2-dependent whereas endometrioid type are TGFB2 and 3-
dependent.

It has been described that TGFp isoforms are differentially expressed by the
ovarian surface epithelium (OSE) and TGFB appears to have an important
role in regulating OSE and possibly stromal—OSE interactions (Nilsson et al.,
2001). In addition, a skin carcinogenesis study suggested differential
functions for each TGFB isoform in epidermal carcinogenesis, such that
TGFB1 was associated with the more differentiated state, TGFB2 with highly
malignant and invading cells, and TGFB3 with tumour stroma formation and
angiogenesis (Gold et al., 2000). Whether the different expression can be
explained by different tumour type or its progression state remains
unknown. In any case, TGFB signalling pathway was highly activated in our
tumour ovarian cancer mouse models.

2.2 Affectivity of the TGFp signalling target therapy on ovarian cancer.

At this point, we decided to test the TGFBRII inhibitor, LY2109761 that was
so effective in the treatment of gliomas (Anido et al., 2010). Our aim was to
find a possible new treatment for ovarian cancer as 80% of ovarian cancer
patients relapse within five years post platinum-taxane treatment and
become resistant to CDDP (Herzog, 2004; Ushijima, 2010).

Our results showed a decrease in tumour size in the LY-treated tumours
compared to the control group. Indeed, in the case of high-grade serous
mouse models the decrease was significant. We considered that the
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observed decrease in the endometrioid model was not significant due to
tumour dispersion. However, we believe that independently of epithelial
ovarian tumour type, the inhibition of TGFB signalling pathway would impair
tumour growth. Although we have tested only three different tumours
models, the analysis of the TMA showed medium or high levels of activation
of the TGFB pathway in the majority of the 66 tumours analysed, which
gives reason to consider that the treatment may be effective in all of them.

TGFB inhibition impaired tumour growth in our tumour mouse models in
agreement with some already published pre-clinical and clinical studies of
different tumour types (Lahn et al., 2005; Connolly et al., 2012; Sheen et al.,
2013). Among those, for example, the antisense molecules; Trabedersen
(AP12009), which blocks TGFB2 mRNA, showed efficacy in a mouse model of
pancreatic cancer and it was successfully tested in Phasel/Il study in patients
with refractory high grade glioma. In ovarian cancer, a pre-clinical study was
done by (Liao et al., 2011), in which they observed a blocked tumour growth
in a SKOV3 cell line transfected with nanoparticle-mediated soluble
extracellular domain of the transforming growth factor-p type Il receptor
(STGFBRI). In particular, the efficacy of LY2109761 has been evaluated
among others in a model of metastatic pancreatic cancer, hepatocellular
carcinoma, prostate cancer and gliomas and a negative effect on tumour
growth and an increase in survival rate was observed in all of them (Melisi et
al., 2008; Mazzocca et al., 2009; Anido et al., 2010; Wan et al., 2012).

Although a drug resistance on sustained pharmacologic inhibition after long
term treatment was observed by (Connolly et al., 2011), we did not observe
any resistance during at least one month of treatment. In their case, they
separated the study in two regimens; short term with our schedule but just
for 10 days or sustained regimen with a single dose through tumour
outgrowth. Our method was longer than its short treatment and it was still
effective but at the time we do not know if longer treatments would
develop tumour resistance. However, it is important to specify that they
already observed a disruption on vascular integrity in the short treatment
even without affectivity on tumour growth and in our approach we
observed tumour size reduction without changes to the vascular network.
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In this work we have demonstrated that TGFp inhibition is strictly effective
on the tumour but does not affect its dissemination or metastasis.
Regarding the dissemination we demonstrate that TGFB not only was
unnecessary for the attachment but also for the growing of nodules. Our
findings differed with other publications where dissemination was reduced
using the anti-TGFB treatment. For instance, a reduction in liver metastasis
was observed in a pancreatic cancer model and a breast cancer model
where treatment with the inhibitor blocked lung and bone metastasis
(Melisi et al., 2008; Ganapathy et al., 2010). One reason for this difference
could be the use of different cancer models which might be more
dependent on TGFB-mobilisation role than our model. Another possibility is
the aggressiveness of the tumour; for example in the case of the study of
the pancreatic tumours where control mice disseminate more than what our
control tumours do. So probably this tumour is more invasive and as a
consequence TGFB could be more effectively blocking dissemination. In
contrast, our tumour models may be less invasive and its mobilisation may
not be TGFB-dependent.

2.2.1 TGFBRII inhibitor reduced tumour cell proliferation by controlling
IGF1R levels.

In order to determine by which mechanism TGFpB inhibition was impairing
tumour growth, we first evaluated the influence of TGFB on CSC as some
studies suggested an effect on this cell population (Watabe and Miyazono,
2009; Kwon and Shin, 2013). For example, in paclitaxel resistant breast-
cancer cells, the inhibition of TGFp signalling reduced the numbers of CSCs
cells induced by paclitaxel treatment as well as in GCS where they observed
a reduction of the CD44"8"/1d1"&" GIC population, and it was even observed
in ovary (Anido et al., 2010; Cao et al., 2012; Bhola et al., 2013).
Nevertheless, we observed no changes in the CSC population that could
explain this reduction on tumour mass, nor on the number of CD44" cells
where reduction was observed by (Anido et al.,, 2010). Altogether, in our
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model TGFB was not responsible for this CSC population, this effect again
could be tumour type-dependent.

Next, we analysed the angiogenic state after treatment as some publications
propose that the tumour reduction upon anti-TGFB treatment was due to
reduction in vessel density. These effects have been observed using a
sTGFBRII that blocked TGFp signalling and then reduced angiogenesis in two
ovarian orthotopic mouse models generated from ovarian cancer cell lines
(Liao et al., 2011). In addition, using LY2109761 on Hepatocellular carcinoma
a reduction on angiogenesis was observed too (Mazzocca et al., 2009). In
our case, there were no changes on angiogenesis and this does not explain
its tumour size reduction. One explanation could be the activation level of
tumour vessels at the start of the treatment. TGFB is known to have both
angiogenic and antiangiogenic actions depending on specific conditions
(NAKAGAWA ET AL., 2004). What’s more, the effects of TGF3 upon endothelial
cells depends on the shape and the proliferative state of the cells and the
surrounding matrix and can be dose-dependent (Sutton et al., 1991). As a
consequence, TGFf inhibition may produce variable effects depending on
the context it is used in.

Furthermore, we evaluated necrosis and apoptosis but neither was affected.
These results suggested that the inhibitor was not increasing tumour cell
death. Some publications described that cell death was not the cause of
reduction in tumour growth upon anti-TGFB inhibition. However, some
studies showed an increase in cell death when TGFp inhibition was used in
combinations with other agents like radiation or gemcitabine (Melisi et al.,
2008; Zhang et al., 2011a).

When we analysed the proliferation rate by the staining with Ki67 we
observed a 20% reduction in the treated samples. Furthermore, a 60%
decrease of Cyclin D1 was observed in treated-tumours. These results were
consistent with other studies where they determined that the effect of the
treatment was due to inhibition of proliferation, although most studies did
not explain why TGFB inhibition is affecting proliferation (Wan et al., 2012).
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Other proteins like p16 and E-cadherin, were shown to be up-regulated
upon LY2109761 treatment:

Interestingly, p16 is a tumour suppressor gene important in the regulation
of cell cycle. Lower pl6 expression was also typical for chemotherapy-
resistant tumours; cases of lower caspase-3 and higher Ki67 expression and
represents an unfavourable prognostic factor (Surowiak et al., 2008). In
addition, there is a publication that relates OVCA1, which is a tumour
suppressor gene, with the inhibition of epithelial ovarian cancer cell
proliferation by the decrease of cyclin D1 and the increase of p16 (Kong et
al., 2011). Certainly, an increase of p16 levels is beneficial for the treatment
of the tumour. In addition, these results seem to demonstrate that at this
time OVAL17 tumour after one month of treatment does not have at least
the resistant feature that was proposed by (Connolly et al., 2011).

Another interesting up-regulation is observed in E-cadherin expression. E-
cadherin plays a role in the EMT process (Kalluri and Weinberg, 2009). TGF
induces expression of some transcription factors that, once expressed,
repress E-cadherin expression (Medici et al., 2008). When we analysed our
LY-treated tumour samples and observed an increase in E-Cadherin
expression, we confirmed that the inhibitor was working and that we were
inhibiting TGFp signalling. Moreover, the central role played by E-cadherin
loss in the EMT program facilitates acquisition of a mesenchymal
phenotype, and promotes tumour progression, providing an explanation for
how E-cadherin loss increases ovarian cancer metastasis (Sawada et al.,
2008). Additionally, some studies suggest that E-cadherin expression inhibits
cell growth by a B-catenin-dependent mechanism (Perrais et al., 2007) or by
KiPl (St Croix et al., 1998). These results may be
connected with our observed reduction on tumoral cell proliferation.

up-regulation of p27

Another result that is important in our work is the observed reduction on
PERK1/2 protein levels, a proliferative pathway, while pAKT a more anti-
apoptotic pathway was not changed. Considering the relation of the ERK1/2-
cyclin D1 axis, we hypothesis that TGFB on its own was not performing the
effect on proliferation and that TGF was controlling proliferation through
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the control of another factor. Similar indirect mechanisms of control of cell
growth and proliferation by TGFB through other growth factors have been
described, for example, in glioma models, where TGFB stimulates
production of PDGF-B and activation of PDGFRP (Bruna et al., 2007). Firstly,
we analysed mRNA levels of PDGF family and ERBB2 to evaluated if the
factor was the same. The mRNA levels of the PDGFB and ERB2 were not
changed, so we had to look for another player. Discarding PDGF or ERBB2
family as collaborators we performed an array to find a possible candidate
that could play a role on TGFB control of proliferation. From this array we
selected two possible candidates to control tumour cell proliferation:
Colony-stimulating factor-1 receptor (CSF-1R) and insulin-like growth factor
1 (IGF1R).

It has already been described that TGFB1 induces CSF-1R mRNA levels in
vascular smooth muscle cells (Inaba et al., 1996) and in cervical cancer cells
lines (Kirma et al., 2007). In agreement with our results, treatment with a
TGFBRI inhibitor significantly decreased the CSF-1R mRNA expression of the
primary tumour cells from MDA-MB-231 xenografts (Patsialou et al., 2009).

Next, it was important to evaluate if this reduction impaired tumour growth
or if it was an independent event. M-CSF, a ligand of CSF-1R, is required for
tissue-resident macrophage proliferation and the addition of antibody
against TGFB produce a 32% inhibition on M-CSF-dependent proliferation
(Celada and Maki, 1992). Moreover, macrophage-depleted mice had a lower
tumour mitotic index, microvascular density, and reduced tumour growth
(Gabrusiewicz et al., 2015). Summarizing these results; a decrease in CSF-1R
could reduce macrophage number and thereby reduce tumour growth. In
contrast, we observed that active CSF-1R levels decreased in our samples
after LY2109761 treatment but it did not affect macrophages number. Some
studies postulate that TGFB may be an important negative regulator of
macrophage proliferation in the bone marrow; whereas, in the tissues, TGF
may enhance macrophage proliferation (Davies et al., 2013).
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CSF-1R is not only expressed in macrophages but also in primitive
multipotent hematopoietic cells (Bartelmez et al., 1985), testis, uterus,
ovary, placenta, and mammary glands and the early phase of the developing
prostate (Sapi and Kacinski, 1999; Ide et al., 2002). It has been described
that ovarian cancer cells produce M-CSF (Kacinski et al., 1989a). Elevated
expression of CSF-1R was seen in breast, ovarian, and uterine cancers, and
its elevated expression in these tumours correlates with high-grade and
poor prognosis. Furthermore, high circulating levels of CSF-1 correlates with
active disease in ovarian and endometrial cancers and with metastatic
breast and prostate cancer (Kacinski et al., 1989b; Sapi and Kacinski, 1999).
Co-expression of the macrophage colony-stimulating factor (CSF-1) and its
receptor (CSF-1R) has been shown to be a predictor of poor outcome in
epithelial ovarian cancer (Chambers et al., 1997). Consequently, in our case
a decrease on CSF1R may deter tumour progression.

Inhibition of CSF-1R activity could therefore reduce macrophage infiltration
and cause a delay in tumour progression, as macrophage recruitment is
enhanced by overexpression of CSF-1 in the tumour, which correlates with
accelerated tumour malignant transformation and angiogenesis (Murray et
al., 2003; Toy et al.,, 2009). Our results do not shown any change in
macrophage numbers, suggesting that it is not affecting macrophage
infiltration. In addition, it has been described that there is a paracrine and
autocrine loop of M-CSF between macrophages and breast cancer cells and
this tumour cell autocrine loop is generally important for tumour invasion,
but we have not observed changes on the levels of invasion (Patsialou et al.,
2009). Altogether, our study suggests that although CSF-1R changes would
be remarkable, probably the CSF-1R decrease does not directly explain the
observed proliferation rate reduction in our mouse models.

The candidate IGF1R has been shown to be important in ovarian cancer cell
proliferation and that targeting IGF1R suppresses cell proliferation (King et
al., 2011; Guo et al., 2013). IGF1R in turn stimulates the ERK subset of
MAPKs: extracellular-related kinase ERK1/2 and ERK also mediates
transcriptional induction of the cyclin D1 gene (Peeper et al.,, 1997). For
example, it has been described in SKOV3 cell line that inhibition of the gen

178



Discussion

OVAG66 let to decreased tumour growth, by inhibition of IGF1R and its
extracellular signalling ERK1/2 (Rao et al., 2014). Altogether, it reinforces the
hypothesis of IGF1R as an important candidate to control cell proliferation
regulated by TGFB reducing ERK activation and cyclin D1 expression levels.

Our results suggest that IGF1R mediates the TGFP effects on ovarian cancer
cells. This TGFB-IGF1R link was confirmed by the decrease of total IGF1R
protein levels observed by Western Blot detection in LY-treated samples
compared to their control samples on all three in vivo experiments. In
addition, we observed a significant correlation between pSmad2 and total
IGF1R levels in the human cancer samples of the TMA analysed here. These
results extrapolate our in vivo results with a correlation maintained in the

clinic.

Positive effects of TGFB on the IGF1R pathway have been described in
osteosarcoma cells, where TGFp increases IGFBP3 protein, in turn boosting
IGF1R signalling (Schedlich et al., 2013). In normal prostate cells the IGF axis
and TGFB are both up-regulated during normal prostate epithelial
differentiation and down-regulated in local prostate cancer. After TGFB
treatment, the expression of the IGF axis was enhanced in prostate cells
expressing TGFB receptors (Massoner et al., 2011). It is noteworthy, that in
this work we have demonstrated the direct relation of TGFB controlling
IGF1R levels, in comparison with the other studies where this relation was
mediated by other implicated genes, for instance the IGFBP3 in the case of
osteosarcoma cells (Schedlich et al., 2013).

In addition, we have demonstrated that TGFB inhibition controls
proliferation by IGF1R and that the effect of LY2109761 was IGF1R-
dependent. We observed that adding LY2109761 inhibitor to A2780p and
SKOV3 with IGF1R expression inhibited caused a loss of LY2109761
sensitivity, indicating that IGF1R expression was critical for the LY2109761
effect. Altogether, these results confirmed the role of TGFB in the control of
tumour cell proliferation via the IGF1 signalling pathway.
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2.2.2 TGF regulates IGF1R expression levels.

Our findings suggest that the control of IGF1R levels by TGFB includes a
control at the mRNA and protein level. We observed in the A2780p cell line
that IGF1R mRNA levels were modified upon inhibition or stimulation of the
TGFp signalling pathway. In agreement, OVA15 and OVAS8 LY-treated tumour
samples decreased IGFIR mRNA levels too. Still, IGFBP3 mRNA was not
affected upon LY2109761 treatment; these results diverged with a study
where they observed changes in IGFBP3 upon TGFp stimulation (Schedlich
et al.,, 2013). Thus, this may indicate that our mechanism of action is
different than the mechanism in the osteosarcoma cell line.

One possibility could be a transcriptional mechanism that involves Smads,
given that Smad binding sites are present in the conserved promoter region
of the human IGF1R gene. Another possibility could be the control of miR
that represses or stimulates IGFIR mRNA expression. One example was
observed in SKOV3 generated tumours where miR133a suppresses cell
proliferation by inhibiting IGF1R transcription, interestingly TGF stimulation
down-regulates miR133a during liver fibrosis (Roderburg et al., 2012; Guo et
al.,, 2013). Further studies are necessary to elucidate by which mechanism
TGFB is controlling IGF1R mRNA levels.

In addition to the mRNA control, our results also identify a positive control
of TGFB signalling pathway on IGF1R protein recycling. We observed
changes in its localization upon TGFBRII inhibitor in OVA17 tumour samples
and SKOV3 cell line. To be sure that these changes were post-traductional
we added cycloheximide to the medium and evaluated the IGF1R life span in
the SKOV3 cell line upon TGFB or LY2109761 treatment. R results
demonstrated that after LY addition IGF1R protein was degraded faster
whereas, TGFB addition prolonged IGF1R protein levels.

In general, IGF1R degradation is mediated by two systems; the proteasome
and the lysosomal pathway, although the relative roles of each are not clear
(Girnita et al., 2013). Degradation of the IGF1R by a proteasome mediated
route was prevented by proteasome inhibitors while being insensitive to
lysosome inhibitors (Sepp-Lorenzino et al., 1995) and vice versa in the
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lysosome mediated route. The IGF1R has been demonstrated to be a
substrate of three E3 ubiquitin ligases: Mdm2 (Girnita et al., 2003), Nedd4
(Vecchione et al., 2003), and c-Cbl (Sehat et al., 2008). Ubiquitination of a
single RTK by different E3 ligases may result in different functional
outcomes.

Our results then revealed that TGFB increased IGF1R internalization and
degradation by the lysosome mechanism as chloroquine inhibition
prevented its internalization. Receptors and transporters require post-
endocytic delivery to lysosomes. This process can be signalled by
ubiquitination; conjugation of a single Ub (mono-Ub), multiple mono-Ub
(multimeric-Ub) or Ub chains (polymeric-Ub or poly-Ub) are associated with
efficient endocytic cargo recognition in animal cells (Dupre et al., 2004)
(Lefkowitz, 1998). Therefore, this trafficking step is highly sensitive to the
regulation of the ubiquitination and deubiquitinating (DUB) systems (Goh
and Sorkin, 2013). Hence, it is in this regulation that TGFB may play a role.

The IGF1R has been shown to be ubiquitinated and internalized, through
both clathrin and caveolin routes, in a ligand-dependent manner (Girnita et
al., 2003; Vecchione et al., 2003; Sehat et al.,, 2007; Sehat et al., 2008). In
this work we evaluated caveolin expression levels and we observed a
decrease of expression upon TGFBRIl inhibition. Thus, in our models the
caveolin route must not play a role on the IGF1R internalization controlled
by TGFB. In future studies, it would be good to evaluate clathrin protein
levels to elucidate the internalization processes implicated.

With the intention to find the E3 ligase implicated in IGF1R internalization by
TGFB, we evaluated Mdmz2; it has been described that a post-transcriptional
mechanism which evidenced that p53-Mdm2 is involved in the
ubiquitination and degradation of the IGF1R (Girnita et al., 2003).
Subsequent research revealed the mechanism of Mdm2 binding to the
IGF1R by identifying B-arrestins; which serves as adaptors to bring the E3
ligase Mdm2 to the IGF-1R (Girnita et al., 2005). Recently, B-arrestin was
recognized not only as help on IGF1R internalization and signal cessation but
to initiate its own second wave of signalling through the MAPK/ ERK
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pathway (Girnita et al., 2007). For instance, similar to our results with
LY2109761, it has been described that Sunitinib mediates ubiquitination of
IGF1R through Mdm2 (Shen et al., 2012). However, in our case was not only
Mdm2 not increased but even decreased. Thus, Mdm2 did not explain the
internalization regulated by TGFB on ovarian cancer.

Afterwards, we evaluated c-cbl levels and its levels were maintained upon
treatment with LY2109761 discarding this ligase of controlling IGF1R by
TGFB. Moreover, while Mdm2-mediated IGF1R ubiquitination targeted the
receptor to endosomes, c-Cbl-mediated IGF1R ubiquitination was
internalized via the caveolin/lipid raft route in a depending manner (Sehat et
al., 2008; Goh and Sorkin, 2013), therefore results were consistent as
caveolin was not increased either.

Finally, there are several leads for future studies. For example, the other E3
that could be responsible for IGF1R internalization is Nedd4. It has been
shown that Grb10 binds the E3 ubiquitin ligase Nedd4 and promotes IGF1-
stimulated ubiquitination, internalization, and degradation of the IGF1R,
thereby giving rise to long-term attenuation of the signalling (Monami et al.,
2008). Another mechanism that exists is the DUB system, which can control
this lysosomal trafficking. It has been seen in gliomas that a DUB stabilizes
TGFBRII (Eichhorn et al., 2012). By now, we do not know if a similar system is
controlling IGF1R internalization in our case. Although, we do not know
which factor is controlling the internalization of IGF1R by TGFp signalling,
there are still some mechanisms to evaluate in the future. Another question
that remains unanswered until we identify the target is if stimulation or
inhibition of TGFB is affecting the effector at transcriptional or post-
transcriptional level.

Right now, what we know for sure is that the two molecular mechanisms of
controlling IGF1R levels can coexist in some tumoral cell types or one can
predominate over the other. Thus, in OVA17 tumours and the SKOV3 cell
line, mRNA levels are not affected by TGFB while post-translational
mechanisms are predominant. In contrast, in OVA8, OVA15 and A2780 cells
TGFB controls both IGFIR mRNA levels and protein recycling (Figure D2).
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Interestingly, OVA8 and OVA15 tumours have high percentatge of IGF1R
positivity in the nuclear cell compartment but no presence in the membrane
compartment. In contrast, OVA17 tumour samples have IGF1IR membrane
localization and low percentatge of IGF1R positivity in the nuclear
compartment. At that moment, the implication of IGF1R in different cell
compartments remained unanswered. Nevertheless, these results suggest
that TGFP control of proliferation through IGF1R by one mechanism or the
other can be determined depending on IGF1R inicial localization.

However, the important point is that TGFB always positively controls IGF1IR
levels in ovarian cancer cells. To our knowledge, this is one of the first times
that TGFB has been shown to directly control IGF1R protein levels in tumoral

cells.
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Figure D2. Schematic representation of how TGFB controls IGF1IR expression
levels through mRNA and Lysosomal degradation. A) TGFB stimulation is up-
regulating IGF1R mRNA levels on some cells and in other type of cells is affecting a
modulator that decreases protein IGF1R degradation levels or both mechanisms
can coexist in some tumoral cell types. B) TGFB inhibition is t down-regulating
IGF1IR mRNA levels in some cells and in other type of cells is affecting a modulator
that increases IGF1R degradation or both mechanisms can coexist in some tumoral
cell types.

2.3 Ovarian cancer cells are IGF1R-dependent.

IGFIR plays an important role in the progression of various cancers,
including those of the ovary (Pollak, 2012; Bruchim and Werner, 2013),
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which is confirmed in our ovarian cancer models. Several clinical trials are
evaluating the effect of IGF1R inhibitors in different tumours, ovarian
cancers included.

In order to confirm the dependence of the orthotopics tumour mouse
models on IGF1R, we evaluated the effect of the anti-IGF1R treatment on
two of the three mouse models. We obtained the same result in our mouse
experiments treating animals with inhibitors against IGF1R, the blocking
antibody IMC-A12 (Cixutumumab) and linsitinib (OSI-906), an inhibitor of
the tyrosine kinase of the insulin and IGF1 receptors as both treatments
reduced tumour growth by 40 and 60% respectively. Although, it is
important to emphasise that both treatments decreased mouse body
weight by 8-14%, an important reduction, which can be considered as an
important side effect that must be considered in the clinic. Taking these
unwanted effects into account, our results indicate that TGFB inhibitors
could be considered for treatment as it showed less toxicity than other
treatments, proved in our mouse models, while producing similar anti-
tumoral effects (40-60% tumour size reduction), at least in ovarian

carcinomas.

Interestingly, it has been published that EMT predicts sensitivity to OSI-906
treatment and that increased phosphorylation of IGF1R/IR and sensitivity to
0OSI-906 is associated with an epithelial phenotype (Buck et al.,, 2008). In
addition, highly expression of E-cadherin positively correlated with cell
sensitivity to 0SI-906 and induction of EMT upon treatment with TGFf
reduced sensitivity to OSI-906 (Zhao et al., 2012). This reinforces our results
that both pathways are related and we believe that in this case TGFB is
playing a more important role on OSI-906 sensitivity than just the induction
of the EMT phenotype.

To sum up, we have demonstrated that ovarian cancer tumours have TGFf
signalling pathway highly activated and for this reason, treatment with
TGFBRII inhibitor reduced tumour size by a decrease in cell proliferation rate
in two high-grade serous and one endometrioid tumour models. In addition,
we have described that TGFB control of proliferation is attributable to IGF1R
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expression levels which is controlled by TGFp signalling at transcriptional
and post-transcriptional level through the lysosome.

It would be appropriate to confirm if the affectivity of the inhibitor depends
on pathway activation of either TGFB or IGF1R, or both pathways at the
same time. Through our work we know that lack of IGF1R in tumour
patients would result in loss of LY2109761 affectivity. At which activation
level of the pathway LY2109761 will continue being effective is still
unknown. Overall, our results indicate that inhibitors of the TGFp signalling
pathway could be a therapeutic alternative for the treatment of ovarian
tumours in which IGF1R plays a key role. However, it would be critical to
better understand the mechanism of action.

A better knowledge of the treatment and its molecular mechanism would be
essential in order to provide better patient stratification and elucidate
possible resistance that may arise. In other therapies, when pre-clinical
studies, with promising results, got into the clinic, they failed due to a bad
stratification or wrong target detection. It is known that not all patients
respond the same way to some target therapies and in the case of ovarian
cancer it is even worse, as all patients are treated the same even though we
know that there are different histological subtypes. Moreover, it is often
clear that one therapy would not be enough to cure cancer and a
combination of different drugs will be needed to improve the survival of
cancer patients. Recently, it has been demonstrated in ovarian cancer cell
lines that a combination of LY2109761 and CDDP had more anti-proliferative
effects than the sum of each treatment alone and promoted tumour
regression in established parental and resistant ovarian cancer xenograft
models. Thus, LY2109761 may enhance the treatment benefit of the CDDP,
which is the standard treatment to date, for ovarian cancer patients (Gao et
al., 2015).

For all, we hope that more pre-clinical and clinical trials with new possible
therapies will be carried out for ovarian cancer patients because new
therapies are even more essential as 80% of patients of ovarian cancer
relapse within five years.
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Conclusions

The lack of ALK1 half dose causes hyper-vascularisation and an increase in
vessel width. This effect is the result of an increase in endothelial cell
number due to an increase on endothelial cell proliferation in the second
line of the sprouting front.

ALK1 represses endothelial cell proliferation through the negative control of
PI3K activity. Pharmacological o genetic inhibition of PI3K signalling pathway
produces a vessel normalisation on ALK1*" retinas. This postulates PI3K or
AKT inhibitors for the treatment of HHT patients.

The TGFp signalling pathway is present on human normal gynaecological
tissue and ovarian cancer samples as indicated by high pSmad2 expression
levels.

The inhibition of TGFp signalling pathway impaired ovarian tumour growth
by controlling tumour cell proliferation in three orthotopic ovarian cancer
mouse models.

TGFB controls cell proliferation by regulating IGFIR mRNA and protein
levels. In addition, IGFIR expression is required for TGFB inhibition to
decrease tumour growth.
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