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Abstract

With 10.2 % of all cancer types, colorectal cancer (CRC) is the third most common cancer in
both sexes and accounts for 900,000 deaths per year worldwide. These numbers show the
urgency of effective treatment strategies for this cancer type. In the past, most research studies
focused on cancer cells themselves and how they can be targeted to treat cancer. Over the
last 20 years, this perspective has considerably changed and studies additionally focused on
the tumor microenvironment — also called the tumor stroma. There is now compelling evidence
that the tumor stroma is critically involved in cancer initiation and progression. The tumor
microenvironment is composed of extracellular matrix and many different cell types with
cancer-associated fibroblasts (CAFs) being the most abundant cells. These cells can promote
cancer progression by interacting with cancer cells directly or by modulating other stromal cells
and components. In previous studies, we found that especially CAF-derived insulin-like growth
factor (IGF)-2 is an important factor in CRC carcinogenesis. We could show that stroma-
derived IGF-2 signals via the IGF-1 receptor (IGF-1-R) and leads to increased p-Akt levels in
CRC cells which is an accepted risk factor for CRC development and progression. However,
these studies also demonstrated that IGF-2 is only partially responsible for Akt activation by
CAFs indicating that other stromal factors than IGF-2 are present in the CAF secretome and
mediate Akt activation. Thus, the aim of this study was to identify these other CAF-derived
factors next to IGF-2 or additional pathways other than the IGF-1-R signaling which are
responsible for full Akt activation. Inhibition of these CAF-induced signaling pathways might

serve as future therapeutic route to target pro-tumorigenic CAF/colon cancer cell interactions.

Therefore, a medium throughput screen with a 378 small molecules kinase inhibitor library was
assessed to pinpoint potential inhibitors which downregulate CAF-dependent p-Akt
upregulation in HCT116 colon cancer cells. As expected by the previous IGF-2 results, we
found several promising IGF-1 receptor/insulin receptor inhibitors but also c-Met and JAK
inhibitors which substantially inhibited Akt phosphorylation. These inhibitors were further
validated and hits with the best Akt inhibitory effect and target selectivity for each of the three
kinases (OSI-906, JNJ-38877605 and Fedratinib) were examined in further experiments.
Phenotypic assays were performed to test the impact of the inhibitors on CAF-activated colon
cancer cell proliferation, migration and invasion. Indeed, the inhibitors significantly impaired
these cellular functions in vitro. With these results, we might contribute to the identification of
novel therapeutic targets to interfere with the pro-tumorigenic effects of the tumor

stroma/cancer cell interaction.



Kurzfassung

Das kolorektale Karzinom (KRK) ist der dritthaufigste Krebstyp bei Frauen und Mannern und
ist weltweit fir 900.000 Todesfalle pro Jahr verantwortlich. Die Haufigkeit dieser Erkrankung
zeigt die Dringlichkeit effektive Therapiemdglichkeiten zu finden. Obwohl sich frihere Studien
eher auf die Krebszellen selbst fokussierten, ist es in den letzten 20 Jahren zu einem
Umdenken gekommen. Es wurde gezeigt, dass die Tumor Mikroumgebung — auch Tumor
Stroma genannt — einen groRen Teil zur Krebsentstehung und -fortschreitung beitragt. Die
Tumor Mikroumgebung besteht aus der extrazelluldren Matrix und vielen verschiedenen
Zelltypen, wobei Tumor-assoziierte Fibroblasten (TAFs) die am haufigsten vorkommenden
Zellen sind. TAFs kdnnen den Krebsverlauf zugunsten der Krebszellen beeinflussen indem sie
mit Krebszellen direkt interagieren oder andere Stromakomponenten regulieren. In
vorhergehenden Studien konnten wir bereits zeigen, dass der von TAFs sezernierte Insulin-
like growth factor (IGF)-2 wesentlich zur kolorektalen Karzinogenese beitragt. Dabei bindet
stromales IGF-2 an den IGF-1 Rezeptor und fuhrt zu erhéhten p-Akt Mengen in KRK Zellen
was ein allgemein anerkannter Risikofaktor fiir die Entstehung und das Fortschreiten eines
KRK ist. Allerdings flhrte eine Blockierung des IGF-1 Rezeptors oder die direkte Inhibierung
von IGF-2 zu keiner vollstdndigen p-Akt Inhibition, sondern lediglich zu einer verminderten
Aktivierung. Daher war das Ziel dieser Arbeit weitere von TAFs sekretierte Faktoren oder von
TAFs induzierte Signalwege zu finden, die zu einer vollstandigen Akt Aktivierung fuhren und

deren Inhibierung eine mdgliche, zuklnftige Krebstherapie darstellt.

Zu diesem Zweck wurde ein Durchsatz-Screening mit 378 verschiedenen Kinase Inhibitoren
durchgeflhrt um Inhibitoren zu finden, die TAF induzierte p-Akt Aktivierung in HCT116 KRK
Zellen herabregulieren. Wie durch die vorausgegangene Studie erwartet, wurden mehrere
IGF-1 Rezeptoren/Insulin Inhibitoren aber auch c-Met und JAK Inhibitoren gefunden, die p-Akt
wirksam inhibieren konnten. Diese Inhibitoren wurden in verschiedenen Experimenten validiert
und der wirksamste jeder Kategorie mit der héchsten Selektivitat (OSI-906, JNJ-38877605 und
Fedratinib) wurde in weiteren Experimenten eingesetzt. In phenotypischen Experimenten
wurde der Einfluss der Inhibitoren auf die Zellproliferation, -migration und -invasion von TAF-
aktivierten Krebszellen getestet. Wir konnten mit diesen Experimenten zeigen, dass die
Inhibitoren diese Zellfunktionen in vitro signifikant beeintrachtigen. Diese Resultate kénnen zur
Identifikation von neuen therapeutischen Angriffspunkten beitragen, die die Kommunikation
zwischen TAFs und KRK Zellen beeintrachtigen und somit das Voranschreiten der

Krebserkrankungen verhindern.
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1. INTRODUCTION

Cancer is one of the major health issues of the 21% century. In 2018, about 18 million new
cancer cases were reported with 9.5 million deaths worldwide. These numbers show the need
to better understand the biology of cancer (Bray et al. 2018). Colorectal cancer (CRC) is one
of the most frequent cancer types and since 1975, more than 200,000 publications dealing
with CRC were published (Sperr 2016). In the past, most research studies focused more on
cancer cells themselves and how they can be targeted to treat cancer. Over the last 20 years,
this perspective considerably changed and research additionally concentrated on the tumor
microenvironment (TME) — also called the tumor stroma. There is now compelling evidence
that the tumor stroma is critically involved in cancer initiation, progression and therapy
resistance. The TME plays an important role in tumor surveillance but also protects cancer
cells by establishing a pro-tumorigenic environment. It supports the resistance of cancer cells
to cancer cell targeting therapies by impairing an efficient drug delivery (Valkenburg et al. 2018,
Yamauchi et al. 2018). The tumor stroma is composed of many different cell types including
immune cells, blood vessel cells or fibroblasts and the extracellular matrix (ECM). Cancer-
associated fibroblasts (CAFs) are the most abundant cells in the stroma and they can make
up more than 70 % of the TME in certain tumors (Yu and Tannock 2012). CAFs can promote
cancer progression by interacting with cancer cells directly or by modulating other stromal cells

or components (Liu et al. 2019).

In previous studies, we found that especially CAF-derived insulin-like growth factor (IGF)-2 is
an important factor in CRC progression. We could show that stroma-derived IGF-2 signals via
the IGF-1 receptor (IGF-1-R) and results in increased phospho-Akt (p-Akt) levels leading to an
enhanced phosphoinositide-3-kinase (PI13K)/Akt signaling in CRC cells. An aberrant activation
of the PI3K/Akt pathway is a risk factor for CRC development and progression. However, by
blocking the IGF-1-R/Insulin receptor (Ins-R) with a small molecule inhibitor or neutralizing
IGF-2, we could show that IGF-2 is only partially responsible for CAF-induced Akt activation
indicating that other stromal factors in the CAF secretome mediate Akt activation (Unger et al.
2017). Thus, the aim of this study was to identify other CAF-derived factors next to IGF-2 or
other signaling pathways besides IGF-1-R/Ins-R signaling induced by CAFs which are

responsible for full Akt activation.



1.1. Colorectal cancer

CRC is the most frequent malignant disease of the gastrointestinal tract worldwide (Kolligs
2016). With 10.2 % of all cancer types, CRC is the third most common cancer in both sexes
after lung cancer, prostate cancer and female breast cancer. Globally, more than 1.8 million
new CRC cases and almost 900,000 deaths were reported in 2018. In this context, men are
more often affected than women regarding the incidence as well as the mortality of CRC cases
(Bray et al. 2018).

In general, two types of CRC are described depending on the origin of the mutation: Sporadic
CRC forms, which is the most common CRC type accounting for 70 % of all cases, and
hereditary CRC (Keum and Giovannucci 2019). The mutations leading to CRC can be
classified into three categories namely chromosomal instability, microsatellite instability and
the CpG island methylator phenotype. These molecular mechanisms of mutation can lead to
severe changes in important signaling cascades found for example in the PI3K/Akt, Janus
kinase (JAK)/signal transducer and activator of transcription proteins (STAT), Wnt,
transforming growth factor beta (TGF-R) or p53 pathways. Genes, which are often mutated in
CRC, are e.g. PIK3CA, JAK1 and JAK2, STAT1-6, APC, RAS, cMYC, KRAS, BRAF, PTEN,
SMAD2 and SMAD4 (Slattery et al. 2013, Yamagishi et al. 2016, Marmol et al. 2017). Some
of these mutated genes such as KRAS or BRAF are used as predictive biomarkers in CRC
(Boussios et al. 2019).

As the PI3K/Akt and JAK/STAT signaling pathways are relevant for our findings they will be
described in more detail. The PI3K/Akt signaling pathway is a highly conserved multistep
progress. Upon ligand binding, membrane bound receptors activate PI3K. Subsequently,
activated PI3K triggers the conversion of phosphatidylinositol (3,4)-bisphosphate (PIP;) to
phosphatidylinositol (3,4,5)-trisphosphate (PIP;). PIP; serves as a docking site for Akt,
recruiting it to the cell membrane and enabling its phosphorylation by the 3-phosphoinositide-
dependent protein kinase 1 (PDK1) at Thr308 which leads to a partial activation. This activation
status is sufficient to activate the mammalian target of rapamycin complex (mTORC) 1 which
regulates protein synthesis and cellular proliferation. Phosphorylation of Akt at Ser473 by the
mTORC2 stimulates full enzymatic activity. Fully activated Akt can further phosphorylate
several downstream targets and mediate cellular functions involved in cell growth, proliferation,

differentiation and survival (Hemmings and Restuccia 2012) (Figure1).
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Fig. 1: Schematic illustration of the PI3K/Akt pathway. Upon ligand binding and receptor activation, PI3K
associates with the receptor and induces the production of PIP3 via the phosphorylation of PIP, PIP3 serves
as a docking site for Akt at the plasma membrane where PDK1 phosphorylates Akt at Thr308 leading to a
partial activation. Phosphorylation of Akt at Ser473 by mTORC2 stimulates full enzymatic activity and results
in increased cell growth, proliferation, differentiation and survival.

The JAK/STAT signaling pathway is one of the most important signaling pathways downstream
of cytokine receptors and is involved in cell proliferation, differentiation, migration and
apoptosis. The binding of ligands to their receptors leads to a dimerization of intracellular
receptor units and receptor bound JAKs get in close proximity to another. JAKs phosphorylate
each other and subsequently the receptors units. STATs can bind to the activated receptor
units and are phosphorylated by JAKs. These phosphorylated STAT proteins form hetero- or
homodimers and translocate to the nucleus where they induce the transcription of their target
genes (Imada and Leonard 2000). Furthermore, JAKs and STATSs can regulate other pathways
by the induction of e.g. Ras or PI3K indicating the pivotal role of the JAK/STAT pathway in
intracellular crosstalks (Lee and Rhee 2017, Bousoik and Montazeri Aliabadi 2018) (Figure 2).
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Fig. 2: Schematic illustration of the JAK/STAT pathway. Cytokine binding induces receptor dimerization and
the activation of the associated JAKs which phosphorylate themselves and the receptor. STATs can bind to
the phosphorylated receptor and get phosphorlyated by JAKs. Phosphorylated STATs dimerize and
translocate to the nucleus to regulate target gene transcription.

As already mentioned, sporadic cancers are more common than hereditary forms. In this
context, it is reasonable that the possibility of developing CRC is associated with several
environmental risk factors such as an unhealthy diet and lifestyle (Hughes et al. 2017). A
prospective study from 2019 showed that the consumption of red and processed meat of more
than 76 g per day is associated with an increased risk of developing CRC. In contrast to that,
a fiber-rich diet can reduce the risk of being diagnosed with colon cancer (Bradbury et al.
2019). Another important factor, which is related to CRC and connected to the dietary behavior,
is obesity. It was shown that an increase of each unit of the BMI enhances the risk of CRC
development by 2—-3 % (Kuipers et al. 2015). Conversely, it is assumed that physical activity
can prevent 15 % of all colon cancer cases. Even after the diagnosis exercise can improve the
disease outcome and decrease the recurrence of CRC (Orug and Kaplan 2019). In addition to
dietary factors and obesity, smoking is a commonly accepted cause of all types of cancer
including CRC. Smokers have a two- to threefold increased risk to suffer from CRC in their
lifetime in contrast to non-smokers (Marley and Nan 2016). Furthermore, alcohol consumption
is linked to the development of CRC. Regular drinkers are associated with a 13 % increased

risk to suffer from CRC compared to occasional or non-drinkers (Wang et al. 2015b). Taken



all risk factors together, it is obvious that they are omnipresent in the Western world. This is
the reason why the highest incidence of CRC can be found in the USA, Australia, New Zealand
and in several Western European countries (Arnold et al. 2017). Moreover, a lot of those
countries offer CRC population-screening programs for men and women over 50 years. These
screenings include a fecal occult blood test and a colonoscopy and allow the detection of even
early CRC stages (Binefa et al. 2014). Consequently, the detection rate of CRC in these
countries is much higher and thus displays increased incidence levels compared to countries
which do not provide CRC screening tests. At the same time these tests enable a more
effective treatment of early cancer stages and thereby reduce CRC mortality (Buskermolen et
al. 2019).

There are two different cancer staging models in CRC: The older Dukes staging system and
the tumor-node-metastasis (TNM)-system. The TNM-system is more robust and more
frequently used. The goal of both is the same as they are used to make a disease prognosis
and to plan the treatment approach (Ahmed Farag et al. 2016). Based on the TNM categories
CRC is divided into four different stages. Stage one tumors are associated with a five-year
survival rate of 94 %. The five-year survival rate of stage two tumors drops to 82 % and further
decreases to 67 % in stage three tumor patients. Metastatic or stage 4 tumors have the worst
prognosis with a survival rate of only 11 % in five years (Sagaert et al. 2018). In addition to the
classic staging systems, molecular staging becomes increasingly important as patients with
certain mutations such as KRAS exon 2 or BRAF'®®°F mutations did not benefit from standard
of care treatments (Punt et al. 2017). Nevertheless, most primary colon cancers are treated by
surgery. In early stages of CRC an excision of the affected colon parts including ligated arteries
and veins is sufficient for an excellent oncological outcome. In some cases, a segmental
colectomy can be necessary (DE ROSA et al. 2015). Adjuvant therapy, meaning
chemotherapy or radiotherapy, is mostly given to younger patients as they in general can deal

better with therapy associated toxicity (Kim 2015).

Taken together, CRC cancer is a very common disease nowadays and responsible for many
deaths each year. It is a heterogeneous cancer type which is characterized by a plethora of
different cancer cells mutations. Nevertheless, focus is put on the TME nowadays with respect

to cancer progression and therapy.



1.2. Tumor microenvironment

Already in 1863, Rudolph Virchow studied the interaction of tumors with their surrounding
environment by observing the infiltration of leukocytes into solid tumors (Schmidt and Weber
2006). Steven Paget published the “seed and soil” theory of metastasis in 1889 and he
proposed that tumors do not metastasize into certain organs randomly but rather prefer organs
which provide a proper environment for the tumor cells (Akhtar et al. 2019). Modern TME
research started in the 1970s when angiogenesis and the immune system of tumors were
studied as independent fields (Devroede et al. 1971, Auerbach et al. 1975, Langer et al. 1980).

Nowadays it is well known that a tumor does not only consist of tumor cells. The tumor niche
also includes other cells and non-cellular components which form the TME, also called tumor
stroma. Notably, the TME is a double-edged sword. On the one hand, when it is in a healthy
state, it has anti-tumor properties and protects against tumorigenesis and -progression. On the
other hand, it can also support tumor growth and metastasis (Wang et al. 2017).

The tumor stroma consists of many different cell types but also contains components of the
ECM. The ECM, defined as non-cellular tissue part, is a highly dynamic construct and is
composed of water, minerals, proteoglycans and fibrous proteins such as collagens. It has an
important role in cell-cell communication, cell adhesion or cell proliferation as some ECM
molecules can bind growth factors and control their release and presentation to cancer cells
(Walker et al. 2018). These characteristics clearly show that a dysfunction or a change in the
composition of the ECM can support cancer progression. Of note, the ECM is produced and
continuously restructured by stromal cells in close interaction with epithelial cells (Lu et al.
2011). It was shown that also cancer cells are a source of ECM molecules. They mostly
produce ECM-modifying enzymes such as the collagen and elastin cross-linking enzyme lysyl
oxidase which induces ECM stiffening and thereby integrin ligation. Cells are linked to the ECM
via integrins which can translate extracellular mechanical signals into intracellular biochemical
processes. This so called mechanotransduction can activate several signaling pathways in
cancer cells such as the PI3K/Akt or mitogen-activated protein kinase (MAPK) pathways which
aberrant activations promote cancer cell growth, proliferation, and migration. Hence, cancer
cells modulate the ECM directly or exploit other stromal cells to produce ECM molecules to
promote tumor progression by establishing a pro-tumorigenic environment (Poltavets et al.
2018).

Cells, which frequently can be found in the tumor stroma, are fibroblasts, endothelial cells,

pericytes, adipocytes or all kind of immune cells. They all interact with tumor cells in pro- or



anti-tumorigenic ways. For example, endothelial cells provide nutrients for tumor cells or
enable metastatic spreading of tumor cells to distant organs. Immune cells can support
pro-tumorigenic phenotypes by playing a role e.g. in epithelial to mesenchymal transition
(EMT) or support tumorigenesis by expressing inflammatory cytokines. In contrast to that, cells
of the immune system also can combat tumor cells by different immunological mechanisms
(Valkenburg et al. 2018, Wang et al. 2019). Among all these stromal cell types, the most
abundant ones are CAFs. Although, CAFs are well-studied tumor promoting cells, many
functions of CAFs in tumor development remain unclear (Liao et al. 2019). As important cells
regarding their pro-tumorigenic properties, CAFs are more detailed discussed in the next

chapters.

1.3. Cancer-associated fibroblasts

CAFs were already investigated in in the 1980s. Delinassios et al. observed differences
between normal fibroblasts and fibroblasts derived from the tumor stroma (Delinassios et al.
1983). Additionally, they demonstrated in in vifro experiments that tumor stroma-derived
fibroblasts had cytotoxic effects on co-cultured tumor cells (Delinassios 1987). On the contrary,
other studies showed that fibroblasts derived from the tumor stroma showed pro-tumorigenic
effects on cancer cells (Yan et al. 1993, Ellis et al. 1994). Nowadays, studies on CAFs indicate

that these cells predominantly have tumor promoting properties (Maman and Witz 2018).

1.3.5. Characteristics of cancer-associated fibroblasts

CAFs mostly evolve from resident fibroblasts present in the normal stroma of the tissue from
which the tumor arises. These tissue resident fibroblasts are quiet or resting cells (LeBleu and
Kalluri 2018). In physiological conditions, fibroblasts are spindle-shaped cells and the main
source of ECM components. Additionally, they secrete ECM-degrading enzymes thereby
dynamically influencing the structure and composition of the ECM (Santi et al. 2018).
Fibroblasts also control the recruitment of immune cells via e.g. Toll-like receptors or secreted
inflammatory factors. Furthermore, tissue resident fibroblasts participate in the construction of
the basement membrane (Alkasalias et al. 2018). During inflammation and wound healing,
fibroblasts get activated and often acquire myofibroblast properties in order to support wound
closure and release a plethora of cytokines and growth factors to induce immune responses.

After resolution of the inflammation and completion of the wound healing process, these



activated fibroblasts undergo apoptosis and are cleared from the site of injury (Bainbridge
2013, Augsten 2014).

CAFs have similar characteristics as normal fibroblasts but they are constantly activated. They
continuously proliferate and undergo metabolic adaptions to support tumor cells by e.g.
inducing EMT in cancer cells to acquire invasive phenotypes or producing tumor promoting
factors (LeBleu and Kalluri 2018). They are larger than normal fibroblasts with indented nuclei
and a more branched cytoplasm due to their increased metabolic activity (De Wever et al.
2008). CAFs are permanently active which leads for example to an increased production of
ECM molecules and thereby to massive remodeling processes of the tumor stroma and to an
aberrant continuous release of cytokines and growth factors. Thereby, cancer cells can
promote the activation of CAFs to produce high levels of pro-tumorigenic factors (Liu et al.
2019).

1.3.6. Origin and activation of cancer-associated fibroblasts

The origins of CAFs are intensively discussed in research. Several studies reported that CAFs
arise from resident fibroblasts. Mitra et al. showed that cancer cells can directly change the
miRNA expression profile in fibroblasts. The authors were able to transform tissue resident
normal fibroblasts into CAFs by transfecting miRNAs or their inhibitors. They could observe
that the transfection of anti-miR-31, anti-miR-214 and pre-miR-155 leads to a reprogramming
of the cells and to a conversion into CAFs (Mitra et al. 2012). Furthermore, reactive oxygen
species induce fibroblast reprogramming. The “Warburg effect”, which particularly can be
found in early carcinogenesis, leads to increased reactive oxygen levels and triggers the
transition from normal fibroblasts to CAFs (Avagliano et al. 2018). In contrast to the classical
“Warburg effect”, where cancer cells tend to favor aerobic glycolysis rather than oxidative
phosphorylation, the “reverse Warburg effect” describes that this metabolic adaption occurs in
CAFs. Thereby, cancer cells induce the “Warburg effect” in stromal fibroblasts which
differentiate into CAFs and secrete lactate and pyruvate. These molecules are then taken up
by cancer cells for energy production. Hence, cancer cells transform the normal stroma into a
pro-tumorigenic and energy-rich microenvironment (Pavlides et al. 2009). Another way to
trigger fibroblast activation are growth factors and cytokines. Especially factors such as TGF-R3,
hepatocyte growth factor (HGF), platelet-derived growth factor (PDGF) and fibroblast growth
factor 2 (FGF-2), mostly derived from cancer cells, induce the activated fibroblast phenotype
(Kuzet and Gaggioli 2016).



CAFs can also arise from bone marrow (BM)-derived stem cells such as BM-derived
mesenchymal stem cells (MSCs) or BM-derived hematopoietic stem cells (HSCs). Both stem
cell types can transform into CAFs via several mechanisms. Already in 2008, an in vitro study,
where BM-derived MSCs were exposed to tumor-conditioned medium (CM), could show the
transition from BM-derived MSCs to a CAF-like phenotype (Mishra et al. 2008). A few years
later, Quante et al. demonstrated that at least 20 % of CAFs originate from BM-derived MSC
by performing BM reconstitution studies in mice with gastric dysplasia. They transplanted BM
from alpha-smooth muscle actin (a-SMA)-red fluorescence protein transgenic mice in
irradiated mouse models for gastric cancer. As a-SMA is a prominent marker for CAFs, they
isolated CAFs from the gastric tumors and determined the contribution of BM-derived cells to
the CAF population (Quante et al. 2011). In addition, about 8 % of all CAFs express markers
from BM-derived HSC. Hence, CAFs seem to arise at least partly from BM-derived HSC
(McDonald et al. 2015).

The EMT is a highly discussed topic regarding the origin of CAFs. EMT is associated with the
transition from an epithelial to a mesenchymal phenotype. Physiologically, EMT can be found
during embryogenesis or wound healing (Dongre and Weinberg 2019). In the past, a lot of
studies proposed that CAFs originate via EMT from epithelial cancer cells (William Petersen
et al. 2001, lwano et al. 2002). However, some studies show that EMT is not a mechanism
leading to the emergence of CAFs (Dvofankova et al. 2015, Wang et al. 2015a). The
assumption that CAFs do not arise from epithelial cancer cells is supported by the finding that
CAFs in general do not show the same oncogenic drivers as present in tumor cells (Campbell
et al. 2009). These controversial findings show that further research is needed in order to

demonstrate the involvement of EMT in CAF development.

Finally, another hypothesis suggested that CAFs arise from adipocytes which dedifferentiate
into fibroblast-like cells during carcinogenesis. It was shown that breast cancer cells are
capable to induce the transition of mature adipocytes into cells with a fibroblast phenotype
called adipocyte-derived fibroblasts (Bochet et al. 2013). Additionally, a pancreatic cancer
study demonstrated that adipose tissue-derived stromal cells are recruited to the tumor side.
These cells shared several features with CAFs such as a high a-SMA expression and tumor
promoting properties like an increased production of ECM molecules suggesting that adipose

tissue cells could be precursors of CAFs (Okumura et al. 2019).

In summary, different sources of CAFs are described in the literature and this topic is still under

debate. Undoubtedly, resident tissue fibroblasts are the main source of CAFs. Nevertheless,
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the heterogeneity of CAFs suggests that also other cell types such as adipocytes or BM-

derived stem cells are potential candidates as precursors of CAF subtypes (Figure 3).
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Fig. 3: Potential origins of cancer-associated fibroblasts. CAFs arise from many different cell types as
resident fibroblasts, bone marrow-derived stem cells, adipocytes or endothelial cells.

1.3.7. Heterogeneity and markers of cancer-associated fibroblasts

As mentioned above, CAFs can arise from different cell types and are a highly heterogeneous
cell population. They express many different markers which are also found on other cell types.

These non-specific markers make their identification complicated and challenging.

The two most common markers, which are expressed by many activated normal fibroblasts as
well as by CAFs, are a-SMA and fibroblast-specific protein-1 (FSP-1) (Costa et al. 2018).
a-SMA plays an important role in cell motility, structure and integrity. These features are
needed especially during wound healing (Micallef et al. 2012). However, an overexpression of
a-SMA is associated with a poor prognosis in CRC patients (Tsujino et al. 2007). FSP-1 is a
protein which is involved in tissue degrading, cell motility and angiogenesis (Bjork et al. 2013).
In addition to a-SMA, it is often used to confirm the CAF phenotype (Sandberg et al. 2019, Son
et al. 2019). Nevertheless, recent studies claim that this marker is not reliable and not
exclusively expressed by CAFs. In liver cancer, it was shown that fibroblasts did not express

FSP-1 at all. Instead, cells co-expressing F4/80, a marker of the myeloid-monocytic cell
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lineage, and FSP-1 were found. These finding show that FSP-1 should not be used as the
single marker for CAFs at least in liver cancer (Osterreicher et al. 2011). Moreover, a CRC
study showed that a-SMA and FSP-1 describe two completely different subsets of CAFs and

thereby cannot be used as reliable general markers for CAFs (Li et al. 2017).

Kahounova et al. claimed that the fibroblast-activation protein (FAP) is the most specific marker
comparing different surface epitopes of fibroblasts (Kahounova et al. 2018). FAP is extensively
expressed in the tumor stroma. It is highly upregulated in almost all carcinomas and correlates
with a higher tumor grade and a worse overall survival. Nevertheless, many different cell types
of the TME seem to express FAP making it unsuitable as a specific marker of CAFs (Puré and
Blomberg 2018).

The platelet-derived growth factor receptors (PDGFRs) are also used markers for CAFs
although they are also found on other cells such as astrocytes or pericytes (Funa and Sasahara
2014). Even though PDGFRs are not specific to CAFs, they can be found on the entire
fibroblast population. Therefore, this marker is predominantly used in combinations with other
CAF markers to identify CAF populations (Nurmik et al. 2019).

Other cell markers which are connected to CAFs are vimentin, transgelin or podoplanin.
However, these molecules are very broadly expressed in many cell populations. Additionally,
negative markers of CAFs such as the epithelial cell adhesion molecule (EpCAM) , smoothelin,

CD45 or CD34 are used to exclude non-fibroblastic cell populations (Nurmik et al. 2019).

FAP

FSP-1
alpha-SMA

Vimentin

Transgelin

Podoplanin

Fig. 4: Markers of cancer-associated fibroblasts. CAFs are a very heterogeneous cell population
characterized by many different markers with alpha-SMA and FSP-1 being the most prominent ones.
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Another technological innovation, which allows to define CAF subpopulations by investigating
the transcriptome of individual cells, is single-cell RNA-sequencing (scRNA-seq). This
technology again confirms the high heterogeneity of CAFs (Bartoschek et al. 2018a). In recent
studies, scRNA-seq experiments were performed to characterize the TME of pancreatic
tumors. Thereby, CAF subclasses such as myofibroblastic CAFs (myCAFs), characterized by
a high a-SMA expression, and inflammatory CAFs (iCAFs), which secrete increased levels of
cytokines and lose myofibroblastic features, were identified. It was shown that iCAFs are a
significant source of interleukin (IL)-6 and IL-11. These cytokines lead to an activation of the
JAK/STAT pathway and mainly activate STAT3 in cancer cells. myCAFs lack the expression
of inflammatory cytokines but a third subclass of CAFs could be found within this population
namely antigen presenting CAFs (apCAFs). apCAFs express major histocompatibility complex
(MHC) class Il molecules but they lack the costimulatory molecules needed for T-cell
activation. Hence, it is assumed that the MHC class Il receptor is used to decoy T-cells in order
to deactivate them (Ohlund et al. 2017, Elyada et al. 2019). Similar studies proved the high
heterogeneity of CAFs in CRC, breast cancer and lung cancer (Li et al. 2017, Bartoschek et
al. 2018b, Lambrechts et al. 2018).

Taken together, CAFs are a highly heterogeneous cell population expressing many different
cell markers. These characteristics make it hard to identify and specify them also in regard to
various CAF subtypes. The best and most used strategy to discriminate between CAFs and
other cells of the tumor stroma is to combine experimentally verified markers. Nevertheless,
finding the best combination of markers to identify CAFs is still under investigation. In addition,

next generation sequencing could further add still unknown subtypes of CAFs to the TME.

1.3.8. The crosstalk between tumor cells and cancer-associated fibroblasts

CAFs and tumor cells interact with each other in many different ways. This so-called tumor
stroma crosstalk is mediated through signals derived from one cell type impacting on the
recipient cell. The consequences of these interactions between two or more cell types present
in the TME can be pro- or anti-tumorigenic. However, this communication axis is a promising

therapeutic target regarding future therapeutic approaches (Bu et al. 2019).

The most studied cytokine released from CAFs is TGF-B. When TGF- binds to its receptor
on cancer cells, SMAD or non-SMAD pathways are activated. In pre-malignant stages, TGF-R
derived from stromal cells has tumor-suppressive properties as it induces cell-cycle arrest or

apoptosis in epithelial cells or early carcinoma cells. In CRC, it was shown that different
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mutations in the TGF-3 pathway are often present in cancer cells causing for example the
inactivation of the TGF-R receptor or the downstream SMAD signaling proteins. These
alterations make CRC unresponsive to the anti-tumor effects of TGF-B (Fearon 2011).
Additionally, in cancer cells, activation of the TGF-R pathway promotes EMT, invasion and
metastasis (Colak and ten Dijke 2017). In CAFs, it was shown that CM from CRC cells induced
the activation of the TGF-f3 signaling pathway in fibroblasts leading to enhanced expression of

a-SMA. Thereby, cancer cells can control the activation of fibroblasts (Hawinkels et al. 2014).

Another important CAF-derived factor is the hepatocyte growth factor (HGF). Ding et al.
showed that CAF-released HGF promoted proliferation, migration and invasion in gastric
cancer cells which did not have an amplification of the MET gene. Upon binding of HGF to the
receptor tyrosine kinase (RTK) c-Met, many different pathways such as the PI3K/Akt or the
JAK/STAT pathway are activated explaining the multifaceted biological effect of this paracrine
factor. By upregulating the expression of the IL-6 receptor, HGF indirectly activates the
JAK/STAT pathway which increases the expression of c-Met in a positive feedback loop (Ding
et al. 2018a). Tumor cells in turn secrete factors to upregulate the production of HGF in CAFs

which demonstrates the dynamic tumor-CAF interaction (Konstorum and Lowengrub 2018).

Moreover, CAFs support cancer progression by activating the PI3K/Akt signaling pathway in
cancer cells. As mentioned above, this pathway is important in cancer pathogenesis as it is
associated with reduced apoptosis, enhanced cell growth and increased proliferation of cancer
cells. Akt is a central component of this signaling cascade as it can activate many other
downstream targets (Danielsen et al. 2015). By phosphorylating and thereby inhibiting
pro-apoptotic proteins such as Bad, Akt directly regulates cell survival. Akt can inhibit cell cycle
arrest and promote cellular proliferation by the phosphorylation of the tumor suppressor p21.
The most important role of Akt in cell proliferation is related to mTORC1 which activates the
translation of proteins and thereby contributes to cell growth. Furthermore, Akt can interfere in
cancer development and progression by preventing the translocation of forkhead box O
(FOXO) transcription factors into the nucleus where they induce the transcription of several
target genes involved in the suppression of growth, proliferation and survival (Hoxhaj and
Manning 2019, Revathidevi and Munirajan 2019).

Different ligands can activate RTKs which activate PI3K/Akt signaling (Danielsen et al. 2015).
An important molecule, which is responsible for Akt activation in carcinoma cells, is IGF-2.
IGF-2 is mainly expressed in early embryonic and fetal development. After binding to the
IGF-1-R, it can activate the PI3K/Akt and the MAPK pathway (Bergman et al. 2013).
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Overexpression of IGF-2 could be observed in many subsets of CRC and seems to have a
high oncogenic potential (Zhong et al. 2017). IGFs are key regulators of all colon cancer stages
as they are associated with the initiation, progression and metastasis of CRC (Brouwer-Visser
and Huang 2015). Tumor cells are an accepted source of IGF-2. Secreted by cancer cells,
IGF-2 promotes carcinogenesis in an autocrine or paracrine fashion (Bergman et al. 2013). A
study from Xu et al. demonstrated that IGF-2 activated fibroblasts are induced to produce
molecules as the vascular endothelial growth factor (VEGF) which promoted tumor malignancy
by inducing endothelial cell sprouting and enhancing the invasion of tumor cells (Xu et al.
2017). Several mechanisms are responsible for increased IGF-2 activities in cancer cells with
epigenetic changes being the most prominent ones. In CRC, mostly loss of imprinting (LOI),
which describes a biallelic gene expression, is responsible for the overexpression of IGF-2.
Tian et al. compared the imprinting status of /GF2 between CRC samples and normal colons
and demonstrated that 63 % of all CRC samples showed an LOI of IGF2 whereas only 22 %
of normal colon samples were found with an LOI. Thereby, the LOI of /GF2 is linked to a
hypomethylation of H19 (Tian et al. 2012). Besides the deregulation of imprinted gene
expression, loss of transcriptional repressors, activation of transcription factors or altered
binding proteins can lead to an increased IGF-2 signaling (Kasprzak and Adamek 2019). In
addition to cancer cells, CAFs express IGF-2 as an increased mRNA expression could be
found in the tumor stroma. Unger et al. demonstrated that CAF-derived IGF-2 contributed to
Akt activation in CRC cells. Furthermore, IGF-2 from CAFs lead to a reorganization of the ECM
indicating an autocrine effect as CAFs are the main source of ECM(-degrading) molecules.
Additionally, ECM remodeling supported the invasion of tumor cells in organotypic co-culture
assays from CAFs and CRC cells. In vivo experiments of subcutaneous colon cancer
xenografts co-injected with CAFs lacking IGF-2 expression by small interfering RNA (siRNA)
knockdown revealed similar results as they showed decreased tumor growth and invasion.
Furthermore, relapse and survival analysis of human CRC datasets demonstrated that high
IGF2 gene expression levels correlated with a reduced overall and relapse-free survival (Unger
et al. 2017).

Many more factors derived from CAFs or acting on CAFs are described in the literature but it
is far beyond the scope of this thesis to describe all of them in detail. In summary, it is a
widespread theme in carcinomas that CAFs and cancer cells communicate via paracrine

factors in a feedback loops promoting cancer initiation and progression.
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1.3.9. Cancer-associated fibroblasts as targets of anti-cancer therapy

The TME does not only contribute to tumor initiation and progression it is also associated with
therapy resistance. In general, there are two different types of TME-mediated therapy
resistance. Inherent also named intrinsic resistance exists prior to therapy and is the result of
cancer cell-TME interactions. This pre-existing TME resistance includes impaired drug delivery
through an abnormal tumor vasculature or protective niches such as the perivascular niche
which represents a supportive microenvironment within the TME for cancer cells (Ritchie and
Nor 2013, Klemm and Joyce 2015). This is in contrast to acquired resistance which evolves
by selection pressure mechanisms through drug- or radiotherapy (Holohan et al. 2013). As
fibroblasts are the most abundant cells in the TME, many researchers focused on this cell type
of the tumor stroma to avoid cancer therapy resistance (Kadel et al. 2019). However, many
open questions remain to be addressed in the future concerning the mechanism of acquired,
stroma-induced therapy resistance.

Beside the coherence of CAFs and therapy resistance, CAFs also directly contribute to cancer
progression. Hence, they are potential targets for an anti-cancer therapy and different targeting
strategies can be found in literature. One therapeutic approach depletes CAFs directly via cell
surface markers. However, transgenic mice with the ability to delete a-SMA positive fibroblasts
in pancreatic cancer showed a decreased survival which could also be seen in patients with
less myofibroblasts in their TME. Therefore, targeting CAFs via unspecific markers such as
a-SMA underscores the need for caution as this can stimulate cancer progression.
Alternatively, different tumor entities might react differently to CAF depletion (Ozdemir et al.
2014). Although FAP is a more specific marker for CAFs and might be a better target, several
studies reported severe side effects after depleting FAP expressing cells (Roberts et al. 2013,
Lo et al. 2015). In contrast to that, a recent study introduced a novel therapy with promising
tumor inhibitory effects and less side effects. Watanabe et al. targeted FAP positive CAFs by
using the near-infrared photoimmunotherapy. This novel therapy uses monoclonal antibodies
which are conjugated to a photosensitizer. This photosensitizer only shows cytotoxic effects
on cells when the antibody is bound to the cell membrane and is irradiated with near-infrared
light. Mice treated with this cell-selective therapy showed decreased tumor growth without any
adverse effects. Nevertheless, this therapy is still in its very early stages and needs to be
further evaluated (Watanabe et al. 2019). Altogether, additional exclusive fibroblast-specific

markers are required to obtain a more precise CAF targeting strategy with less side effects.
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Another possibility to use CAFs as a target in therapy is to normalize the activated status of
CAFs. As already described, CAFs are constitutively activated fibroblasts. By forcing them
back into a quiescence state, CAFs could acquire tumor-suppressive properties. In vitro
studies already demonstrated that this phenotypic conversion is possible by using gold
nanoparticles which enhance lipid synthesis and utilization in fibroblasts. This altered
metabolism of lipids seems to be important to maintain the quiescent fibroblast phenotype
(Hossen et al. 2019). In addition, it was shown that pancreatic stellate cells, which are the
equivalent to CAFs in in the pancreatic TME, returned to a quiescent phenotype after treatment
with a vitamin D receptor ligand. It was shown that vitamin D receptor ligands reduced tissue
fibrosis and inflammation in a murine mouse pancreatitis model. Additionally, a decreased
expression of a-SMA in CAFs could be observed which is associated with an inactive CAF
phenotype. Thereby, the vitamin D receptor might act as a master transcriptional regulator of

targets including the cytokine or ECM component production. (Sherman et al. 2014).

In addition, targeting cytokines or regulatory factors that are crucial to CAFs or cancer cells
might be possible therapeutic targets. As mentioned above, the JAK/STAT pathway is
hyperactivated in many cancer types and is associated with a poor prognosis. In addition to
other molecules, IL-6 is secreted by cells of the TME including CAFs. It binds to the IL-6
receptor and activates the JAK/STAT signaling cascade. Antibodies targeting either IL-6 or the
IL-6 receptor are already in phase I-ll clinical studies and show promising results (Johnson et
al. 2018). Huang et al. went one step further and demonstrated that inhibition of the murine
TGF-R receptor reduces IL-6 production from CAFs which resulted in a decreased STAT3
activation in cancer cells (Huang et al. 2018). Another approach to target CAF-derived factors
driving cancer progression is to block the PDGF receptor signaling in CAFs. It was shown that
blocking this signaling pathway lead to a reduced FGF-2 and FGF-7 production and thereby

to an impaired tumor angiogenesis and tumor cell proliferation (Jain et al. 2008).

Fibroblasts are the main source of ECM proteins and are responsible for TME stiffness and
desmoplastic reactions. Targeting ECM molecules by enzymatic ablation or inhibitory
antibodies and impairing their production might be another tumor-suppressive approach.
Possible candidates to target are for example fibronectin, tenascin C or matrix
metalloproteinases (Chen and Song 2019). Important pathways involved in ECM production
are TGF-B1 and the canonical hedgehog signaling. Targeting CAFs with inhibitors of these
pathways may offer a novel therapeutic strategy (Garamszegi et al. 2010, Valenti et al. 2017).

Mpekris et al. demonstrated that inhibiting the sonic-hedgehog pathway reduced the
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proliferative capacities of CAFs and displayed effects on TME remodeling which promotes
drug delivery and thereby improves the efficacy of chemotherapy (Mpekris et al. 2017). TGF-
3 inhibition as an anti-cancer therapy is problematic due to its dual role in cancer progression.
As already mentioned, TGF- suppresses tumor development in early cancer stages and in
vivo models demonstrated that a downregulation of the TGF-f3 signaling resulted in decreased
survival. Hence, TGF-[ therapies need to obtain the tumor suppressive features of TGF-R}

signaling and repress its tumor promoting properties at the same time (Sangaletti et al. 2017).

Finally, CAFs could also function as vehicle to deliver anti-tumor therapeutics. Miao et al.
generated nanoparticles which were taken up by fibroblasts in situ. These nanoparticles are
lipid-coated protamine DNA complexes which were used to encapsulate secretable tumor-
necrosis factor-related apoptosis-inducing ligands (sTRAILs) plasmids. Fibroblasts, which had
taken up the nanoparticles, became tumor-suppressive cells by producing secreted TRAILs.
This cytotoxic cytokine induces apoptosis selectively in tumor cells. Additionally, the

engineered fibroblasts were reverted into a quiescent state (Miao et al. 2017).

Taken together, CAFs are a promising target for anti-cancer therapy with many different
applications. CAF-targeted therapy is a rapidly developing topic in research. Nevertheless,
studying the CAF biology in more detail is needed to identify CAF subpopulations and their
roles in the TME. In addition, inefficient therapies with severe side effects underscore the need

for precision in targeting CAFs (Prakash 2016).
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2. HYPOTHESES AND AIMS OF THE STUDY

CAFs are the most abundant cells in the tumor stroma and have an important role in tumor
initiation, progression and metastasis but also in therapy resistance (Pezzella et al. 2019).
Several studies demonstrated the involvement of various signaling cascades in the crosstalk
of CAFs and tumor cells in different cancer types (Alguacil-Nufez et al. 2018, Monteiro Araujo
et al. 2018, Awaiji et al. 2019). However, many pro-tumorigenic interactions of CAFs with colon

cancer cells are not fully understood.

In a previous study, we showed the involvement of CAF-derived IGF-2 in colon cancer
progression. By binding to the IGF-1 receptor, IGF-2 activates the PI3K/Akt signaling pathway
which mediates pro-survival cell functions by suppression of apoptosis and regulates other
cellular features like proliferation, differentiation or motility. We showed a significant reduction
of Akt phosphorylation at Ser473 when blocking the IGF-1-R/Ins-R by a small molecule
inhibitor or by neutralizing IGF-2 with specific antibodies. However, the inhibition of Akt
phosphorylation in these experiments was only partial. 30-50% of p-Akt levels remained
detectable under these conditions. Hence, we hypothesized that the remaining elevated p-Akt
activity in colon cancer cells upon interaction with CAFs was due to other CAF-derived stromal
factors than IGF-2 (Unger et al. 2017).

The aim of this study was to find additional pathways other than the IGF-1-R/Ins-R signaling
in colon cancer cells and/or secreted factors other than IGF-2 from colon CAFs, which activate
Akt signaling in cancer cells thereby leading to an increased survival, proliferation,
invasiveness or drug resistance of the tumor cells. Therefore, we posed the following research

question:

o Which upstream signaling cascades other than IGF-1-R signaling activated by
CAF-secreted factors lead to the activation of the PI3K/Akt pathway in colon cancer

cells?

To address this, we employed a cellular screening approach with an inhibitor library purchased
from Selleckchem, composed of 378 different small molecule inhibitors and targeting 60
different kinases. Specifically, we used this library to identify inhibitors which displayed Akt
inhibition in colon cancer cells stimulated with CAF-CM. Furthermore, we wanted to investigate
the impact of the identified kinase inhibitors on the cancer cells phenotype. Thus, with this
study we aim to contribute to the identification of novel therapeutic targets which interfere with

the pro-tumorigenic effects of the tumor stroma/cancer cell interaction.
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3. METHODS

3.1. Cell culture

DLD-1, HCT116 and LS174T colon carcinoma cell lines were purchased from American Type
Culture Collection (ATCC, LGC Standards GmbH, Wesel, Germany), authenticated by short
tandem repeat profiling and tested to be mycoplasma free. They were cultured in 10 cm culture
dishes in 8 ml Dulbecco’s modified eagle medium (DMEM) supplemented with 10 % heat
inactivated fetal calf serum (FCS) and 2 mM L-glutamine which is referred to as DMEM 10 %
FCS in this study. Primary CAFs (CAF3 17790), which were previously isolated from human
colon carcinomas, were used and propagated in 10 cm culture dishes in 8 ml microvascular

endothelial cell growth medium.

Cell culture procedures were performed in a laminar flow hood (MSC-Advantage™ Class II
Biological Safety Cabinet, Thermo Fisher Scientific™, Waltham, MA, USA). Before and during
work, the cell culture hood was cleaned with 70 % ethanol. Additionally, all items placed in the
hood were disinfected with 70 % ethanol. Pipettes, pipette tips and all other autoclaveable
items were autoclaved at 121 °C for 20 minutes with a top-loading autoclave (Varioklav,
Thermo Fisher Scientific™, Waltham, MA, USA). Each pipette tip was used only once to avoid
cross contaminations. Accidental spills or splashes were cleaned immediately with 70 %
ethanol. After working in the laminar flow hood, ultraviolet light was turned on for one hour to

sterilize the air and work surfaces.

The culture dishes were incubated at 37 °C, 5 % CO, and 95 % humidity in an incubator (BBD
6220 CO, Incubator, Thermo Fisher Scientific™, Waltham, MA, USA). Cells were checked
microscopically daily with an inverted microscope (1X51, Thermo Fisher Scientific™, Waltham,

MA, USA) to ensure they are healthy and growing as expected.

3.1.1. Changing medium

During expansion of the cells, medium changes were performed every second to third day
depending on the cell type and growth density to remove dead cells or cell material, to
replenish nutrients as well as to keep the pH value stable. Therefore, culture medium was
warmed up in a bead bath (M714, Lab Armor, LLC, Cornelius, OR, USA) to 37° C. Colon

carcinoma cells were washed with Dulbecco’s phosphate-buffered saline (DPBS) prior to the
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addition of pre-warmed culture medium. CAF3 17790 medium was only partially replaced (1:2)

to avoid removing autocrine factors.

3.1.2. Cell passaging

Cell culture medium was discarded and cells were washed with DPBS twice to get rid of dead
cells and to remove FCS from the medium as FCS inhibits the enzymatic activity of trypsin.
500-1,000 pl of 0.25 % trypsin-EDTA (TE) were added to a 10 cm tissue culture plate which
was tilted gently to make sure TE contacts with each cell. Afterwards, culture dishes were
incubated in the incubator for two to five minutes depending on the cells’ adherence capability.
As soon as 70-80 % of all cells have detached the fourfold amount of DMEM 10 % FCS was
added for TE inactivation. Subsequently, cell suspension was transferred into a Falcon tube
and centrifuged for three minutes at 200 x g (Centrifuge 5810 R, Eppendorf AG, Hamburg,
Germany) at room temperature (RT). Supernatants were discarded and the cell pellet was
resuspended in medium. Afterwards, cells were split 1:3 to 1:5 onto new cell culture dishes

depending on the experiment.

3.1.3. Harvesting of conditioned medium

CAF3 17790 cells were grown to confluence in 10 cm dishes, washed twice with DPBS and
8 ml DMEM containing 1 % FCS and 1 % L-glutamine were added for 48 hours. Then,
supernatants were harvested with a sterile single-use syringe (B. Braun Melsungen AG,
Melsungen, Germany) and sterile filtered with a syringe filter with 0.2 ym pore size (Sarstedt
AG & Co, Nimbrecht, Germany). Sterile CAF-CM was stored at -80 °C. After collecting enough
CAF-CM, it was pooled and sterile filtered for a second time with a vacuum filtration unit with
a pore size of 0.2 uym (Filtropur, Sarstedt AG & Co, Nimbrecht, Germany). The medium was
tested to induce Akt activation in three different colon cancer cell lines (DLD-1, HCT116 and
LS174T) by near-infrared Western blot detection (see chapter 3.3.). Finally, CM was aliquoted
and stored at -80 °C.

3.1.4. Cell freezing

Colon carcinoma cells were grown to confluence. On the contrary, CAF3 17790 cells were
grown to 70-80 % confluence to keep cells in a proliferative state. The cells were trypsinized,

cell suspension collected in a 15 ml Falcon tube and centrifuged at 200 x g.
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After centrifugation, cells were slowly resuspended in 3 ml of freezing medium, which is
constituted of 90 % FCS and 10 % dimethyl sulfoxide (DMSO). 1 ml of the resuspension was
aliquoted in sterile cryotubes representing a split of 1:3. CAF3 17790 were frozen without
splitting the cells. Subsequently, tubes were stored on ice for 20 minutes as DMSO is cytotoxic
at RT. Afterwards, tubes were frozen overnight at -80 °C in a styrofoam box with 1 cm wall
thickness, which guarantees an optimal drop in temperature of 1 °C/min to -80 °C. On the next
day, tubes were transferred to a -196 °C liquid nitrogen vessel (Arpege 170, Air Liquide S.A.,

Paris, France) for long term storage.

3.1.5. Thawing cells

7 ml of appropriate culture medium were put into 10 cm culture dishes and pre-warmed at
37 °C in the incubator. Cryotubes were thawed quickly by hand warmth to complete thawing.
Cell suspension was transferred into a Falcon tube with 5 ml of DMEM 10 % FCS and
centrifuged for three minutes at 200 x g at RT to get rid of DMSO from the freezing medium.
1 ml of pre-warmed culture medium was used to resuspend the cells. Cell suspension was
added to the pre-warmed medium in the culture dish and cells were spread evenly by gently
rotating the culture dish. Medium was changed when cells were attached to remove remaining
DMSO and dead cells.

3.1.6. Cell counting

Cells were counted in suspension using a glass hemacytometer (Bright-Line Hemacytometer,
Hausser Scientific Company, Horsham, PA, USA). Hematocytometer and coverslip were
cleaned with 70 % ethanol before usage. Small waterdrops were placed on the edges of the
coverslip which was then placed over the counting surface. To ensure proper adhesion,
Newton’s refraction rings must be seen. 10 pl of cell suspension were loaded in the V-shaped
well of the chamber. Cells within the outer 1 mm? corner squares were counted, whereas cells
touching the inner boundary lines were excluded from counting. The average cell count from
four corner squares was calculated and multiplied by 10* which represents the number of cells

per milliliter.
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3.1.7. Starvation

To synchronize the cell cycle and exclude activation by the growth medium which might affect
cell treatment, cells were starved after they reached a confluence of about 80—-90 %. Therefore,
cells were washed twice with DPBS to remove growth medium remains. DMEM plain, which

does not contain any FCS or L-glutamine, was added and cells were starved for 24 hours.

3.2. Kinase inhibitor screen

Cells were grown to confluence and washed twice with DPBS. After trypsinization cells were
counted. 4 x 10* cells in 150 ul DMEM 10 % FCS, were transferred into each well of a clear-
bottomed 96-well microtiter plate using a multichannel pipette (Axygen, Corning Incorporated
Life Sciences, Tewksbury, MA, USA) and incubated for 48 hours. Then, culture medium was
removed and cells were starved in 100 ul DMEM plain. After 24 hours starving medium was
removed and 100 yl DMEM plain containing 2 uM of a kinase inhibitor from the library or DMSO
with the same dilution scheme as the kinase inhibitors (DMSO control) were added to separate

wells in triplicates. Each 96-well plate was carried out with the following control wells:

— Starved cells: Cells which were not treated with any inhibitor and not stimulated with
CAF-CM containing a DMSO control.

— Positive control for Akt activation: Cells which were not treated with any inhibitor but
stimulated with CAF-CM containing a DMSO control.

— Positive control for Akt inhibition: Cells which were treated with 1 uM of the Akt inhibitor
MK-2206 and stimulated with CAF-CM.

— Isotype control well: Cells which were treated the same way as the positive control.

Cells were treated with the inhibitors for one hour at 37 °C. Next, 100 ul of CAF-CM were
added, which represents a 1:2 ratio in total, and incubated for another 15 minutes at 37° C in

order to induce Akt signaling in the tumor cells.

p-Akt and total Akt levels were measured by performing an In-Cell Western (ICW) assay which

is described in the next chapter.
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3.3. In-Cell Western assay

Prior to each ICW experiment, cells were starved, treated and stimulated by CAF-CM as
described in chapter 3.2. using varying inhibitor concentrations. The same controls were

implemented in each experimental setup.

3.3.1. Cell fixation and permeabilization

Supernatants were discarded and cells were fixed with 100 pl of 4 % formaldehyde solution
for ten minutes at RT. Then, cells were pre-chilled on ice for one minute. After fixation,
formaldehyde was removed. To remove remaining formaldehyde, cells were washed with 50 pl
DPBS. For permeabilization, 200 pl of ice-cold 90 % methanol were added and plates were

stored at -20 °C for at least 24 hours.

3.3.2. Blocking and staining

On the next day, cells were washed with 100 yl DPBS on a rotator (Rocking Platform, VWR
International, Radnor, PA, USA) twice to remove methanol. Blocking was performed with
150 pl blocking buffer for 1.5 hours at RT with moderate shaking on a rotator. Primary total Akt
(mouse) and p-Akt (Ser473, rabbit) antibodies were mixed with blocking buffer in the following
dilution scheme: Total Akt 1:300, p-Akt 1:100. Total Akt levels were determined for
normalization issues. 50 ul of antibody solution were added to each well excluding isotype
control wells. For isotype controls, mouse IgG1 and rabbit IgG were diluted in blocking buffer
in the same concentrations as primary antibodies and 50 ul were added to the isotype control
wells. Next, plates were incubated overnight at 4 °C with gentle shaking on a rotator. After
incubation, cells were washed five times with 200 ul tween washing solution for five minutes
at RT on a rotator. From now on, all steps were performed with minimal light exposure.
Secondary antibodies IRDye® 680RD goat anti-mouse IgG and IRDye® 800CW goat anti-
rabbit IgG were mixed with the blocking buffer with a dilution of 1:800 for both antibodies. To
lower the background fluorescence, Tween-20 was added to a final concentration of 0.2 %.
50 ul of secondary antibody solution were added to all wells and plates were incubated for one
hour at RT on a rotator. Cells were washed five times with 200 pl tween washing solution. After
the last washing step, tween washing solution was removed completely with a multichannel
pipette. The bottom surfaces of the 96-well plates were cleaned with 70 % ethanol to remove

eventual stains which might interfere with the measurement.
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3.3.3. Plate scanning and data acquisition

Plates were scanned with the Odyssey® CLx scanning system (LI-COR Biosciences, Lincoln,
NE, USA) using the Image Studio™ Software (Version 4.0, LI-COR Biosciences, Lincoln, NE,
USA). For scanning the plates, ICW settings were chosen, the resolution was set at 169 ym
and the focus offset was adjusted to 3 mm. Image channels with the wavelengths 700 nm and
800 nm were used for detection of total Akt and p-Akt signals. In order to obtain the best
conditions for further analysis, the highest scan quality was chosen. The mean fluorescence
intensities (MFIs) of total Akt and p-Akt were measured whereas each channel was analyzed
separately (Figure 5). Isotype control mean MFIs were subtracted from each result and p-Akt
MFIs were divided by total Akt MFIs to normalize the acquired data using Microsoft Excel
(Version 15.30, Microsoft Corporation, Redmond, WA, USA).
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Fig. 5: Workflow In-Cell Western Assay. First cells were seeded in 96-well plates and grown for 48 hours.
After 24 hours of starving, kinase inhibitors were added and incubated for one hour. Afterwards, CAF-CM
was added for another 15 minutes. Cells were fixed and permeabilizated prior to the addtion of primary and
secondary antibodies. Imaging was carried out with Odyssey® Imager. Some graphics were used from
Servier Medical Art (http://www.servier.com/Powerpoint-image-bank).
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3.4. Near-infrared Western blot

6 x 10° cells were cultured in 6-well plates and grown to 80—90 % confluence. Then, cells were
starved with 2 ml DMEM plain for 24 hours. After starvation, DMEM plain was removed and
cells were treated with 1 ml DMEM plain containing kinase inhibitors or the respective DMSO
control for one hour. In order to activate the PI3K/Akt pathway in the tumor cells, CAF-CM was

added in a 1:2 ratio and cells were stimulated for 15 minutes.

As control, untreated cells, which were further starved with DMEM plain and not stimulated
with CAF-CM, were used. Additionally, the same volume of DMSO as the kinase inhibitor
solution was added (DMSO control). Cells stimulated with CAF-CM containing a DMSO control
were used as positive control for Akt activation. Cells treated with 1 pM MK-2206 and

stimulated with CAF-CM were used as positive control for efficient Akt inhibition.

3.4.1. Lysate preparation

After treatment and stimulation, cells were washed twice with ice-cold 1xPBS. 1xPBS was
removed completely by using a water jet pump. 30-50 pl lysis buffer were added depending
on the cells’ adherence capacity and cells were scraped off with a cell scraper (TPP Techno
Plastic Products AG, Trasadingen, Swiss) and collected in safe-lock microtubes. Then, lysates
were vortexed thoroughly, snap frozen in liquid nitrogen and re-thawed for three times. Next,
lysates remained on ice for 20 minutes. Samples were vortexed again and centrifuged for 20
minutes at 20,000 x g at 4 °C (Centrifuge 5417 R, Eppendorf AG, Hamburg, Germany).

Supernatants were aspirated, collected in separate tubes and stored at -80° C.

3.4.2. Protein concentration measurement

Samples were thawed on ice. Protein concentrations were measured by performing a Bradford
protein assay with a photometer (BioPhotometer 6131, Eppendorf AG, Hamburg, Germany).
Bradford reagent was mixed with distilled water in a ratio of 1:5 and filtered afterwards with a
grade 1573 filter paper with a pore size of 12 um (GE Healthcare, Chicago, IL, USA). 1 ml of
Bradford solution and 1 pyl of lysates were mixed together and incubated for five minutes at
RT. After blank measurement with the lysis buffer, the protein concentration of each sample

was measured.
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3.4.3. Gel preparation

A 10 % polyacrylamide gel and a 5 % stacking gel were chosen as these concentrations were
suitable for separation of all proteins of our interest. The separating gel was prepared and filled
between two glass plates with spacers to get a gel of 0.75 mm thickness. 500 ul isopropyl
alcohol were added on top to get a horizontal straight gel boundary. After gel was solidified,
isopropanol was removed before the stacking gel was poured. A ten or 15 tooth comb was
placed into the gel depending on the number of samples. Gel casting was performed using the
Mini-PROTEAN Tetra Cell System (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

3.4.4. Protein separation

30 ug of total protein were mixed with 6 ul sample loading buffer and filled up with lysis buffer
to a final volume of 18 pl. After vortexing, samples were incubated at 95 °C for five minutes in
a thermomixer (Thermomixer comfort, Eppendorf AG, Hamburg, Germany) to denature
proteins. Next, tubes were vortexed again and cooled down on ice before they were
centrifuged briefly to spin down drops from the inside of the tubes. A protein ladder containing
ten proteins spanning 10-180 kDa was used as a size standard. Combs were removed from
the gel and 7 pl of the protein ladder and 18 pl of the sample mix were loaded into the wells of
the stacking gel. Polyacrylamide gel electrophoresis was performed in electrophoresis buffer
for 15 minutes at 90 V, 2,000 mA and 300 W until all proteins were focused in one band in the
stacking gel. Afterwards, electrophoresis was performed for approximately one and a half
hours at 110 V until the dye front left the separating gel completely. Electrophoresis was

performed in a Mini-Trans-Blot Cell System.

3.4.5. Transferring the protein from to gel to the membrane (blotting)

Blotting was done in Harlow buffer for one hour at 300 V, 350 mA and 300 W in the presence
of a cooling unit to absorb the heat generated during the transfer. Whatman papers (GE
Healthcare, Chicago, IL, USA) and a nitrocellulose membrane with a pore size of 0.22 ym
(LI-COR Biosciences, Lincoln, NE, USA) were soaked in Harlow buffer for ten minutes. Gel
and membrane were placed together followed by three soaked Whatman papers which were
placed on both sides of the gel and the membrane. A sponge was used on both sides next to
the Whatman papers to squeeze the membrane and the gel together. After blotting,

membranes were washed with distilled water on an orbital shaker (Rocking Platform, VWR
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International, Radnor, PA, USA) for 10 minutes. Blotting was performed in a Mini-Trans-Blot

Cell System.

3.4.6. Blocking and staining of Western blot membranes

After blotting, membranes were dried between two Whatman papers for at least ten minutes.
For blocking, membranes were incubated in Odyssey® blocking buffer for one hour on an

orbital shaker.

Next, primary antibodies were diluted in Odyssey® blocking buffer containing 0.2 % Tween-
20 according to the manufacturer’s instructions. Membranes were put into a 50 ml Falcon tube
together with the antibody solution and incubated overnight at 4°C on a tube roller mixer
(RM10W-80V, CAT, M. Zipperer GmbH, Ballrechten-Dottingen, Germany). To get rid of the
primary antibody solutions on the next day, membranes were washed with 1xTBS containing
0.1 % Tween-20 four times for five minutes on an orbital shaker. From now on, all steps were
performed with minimal light exposure. IRDye® 800CW (anti-rabbit) and IRDye® 680RD (anti-
mouse) were used as secondary antibodies. Secondary antibodies were diluted 1:20,000 in
Odyssey® blocking buffer containing 0.2 % Tween-20. Membranes were put in a black
Western blot incubation box (LI-COR Biosciences, Lincoln, NE, USA) together with the
antibody solution and incubated for one hour at RT with gentle shaking on a rotator.
Membranes were washed with 1xTBS containing 0.1 % Tween-20 four times for five minutes

in a black Western blot incubation box on an orbital shaker.

3.4.7. Membrane scanning and data acquisition

Pictures of the membranes were taken using the Odyssey® CLx scanner together with the
Image Studio™ Software. Membranes were placed on the scanning surface with the sample
surface down. The sides of the membranes were parallel to the X/Y scan axes which makes it
easier to analyze the samples. A silicon mat was put on the membranes and bubbles were
removed by gently sweeping over the mat. Membranes were scanned with highest quality
using the Western blot settings with a resolution of 337 ym and a focus offset of 0.0 mm. As
two fluorescence signals were detected simultaneously, both channels (700 nm and 800 nm)
were needed for detection. The MFIs of the bands and the background were measured
whereas each channel was evaluated separately. Finally, the background signals were

subtracted from the band signals to obtain consistent data using Microsoft Excel.
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3.5. Spheroid formation

For spheroid formation, u-bottom shaped, untreated 96-well plates were used. First, a bulk
mixture of HCT116 cells, DMEM containing 5 % FCS and 1 % L-Glutamin and 20 %
methylcellulose was prepared. For easier calculation and in order to avoid an insufficient
amount of methylcellulose-cell suspension for 96-well plates we calculated with 100 wells per
plate. Therefore, 2 ml of methylcellulose were filled into a Falcon tube. Because of the viscous
consistence of the methylcellulose it was poured dropwise into the tube. Then, 2 x 10° HCT116
cells, making 2 x 10° cells per well, were added to the bulk mixture. Next, DMEM 5 % FCS
was added to a final volume of 10 ml. After mixing the suspension properly, it was filled into a
v-shaped reservoir (Eppendorf AG, Hamburg, Germany) and 100 ul were transferred to each
well using a multichannel pipette. Afterwards, 96-well plates were centrifuged at 300 x g for 10
minutes and incubated at 37 °C. After 72 hours, spheroids have formed and were treated

according to the experiment.

3.6. 7-AAD/EdU cell cycle analysis (proliferation assay)

Spheroids of one 96-well plate were collected in a 15 ml tube and centrifuged at 100 x g for
three minutes. Supernatants were discarded and spheroids were washed with DPBS. After
another centrifugation at 100 x g for three minutes, supernatants were discarded, spheroids
were resuspended in 1.5 ml DMEM 1% FCS and kinase inhibitors or the same volume of
DMSO (DMSO control) were added. In order to stimulate Akt activation in the cancer cells,
1.5 ml CAF-CM were added to each well excluding the starved cells control. Spheroids were
incubated for 24 hours at 37 °C.

As control, untreated cells, which were further starved with DMEM plain and not stimulated
with CAF-CM, were used. Additionally, same volume of DMSO as the kinase inhibitors was
added to the control. Cells stimulated with CAF-CM containing a DMSO control were used as
positive control for Akt activation. Cells treated with 1 yM MK-2206 and stimulated with CAF-

CM were used as positive control for Akt inhibition.

3.6.1. EdU incorporation and trypsinization of cells

As spheroids tend to stick together, they were first separated by pipetting up and down
carefully. 5-ethynyl-2"-deoxyuridine (EdU) was added to a final concentration of 10 uM to each

well except the EAU exclusion well. After 30 minutes, spheroids were transferred into 15 ml
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Falcon tubes and centrifuged at 100 x g for three minutes. Supernatants were discarded and
spheroids were washed with 1xPBS. After another centrifugation at 100 x g for three minutes,
supernatants were discarded, 1,000 pl of TE were added and Falcon tubes were incubated at
37 °C. When spheroids dispersed into a single cell suspension, trypsinization was stopped by
adding 5 ml of DMEM 10 % FCS. Falcon tubes were centrifuged at 200 x g for three minutes
and supernatants were discarded. 750 uyl of FACS buffer were added and cells were

transferred to 1.5 ml Eppendorf tubes.

3.6.2. Cell fixation, permeabilization and Click-iT™ EdU reaction

Tubes were centrifuged at 200 x g for five minutes and supernatants were removed. The
washing step with the FACS buffer was repeated once. Afterwards, the FACS buffer was
removed, 750 ul ice cold 100 % methanol were added and samples were incubated for at least
ten minutes at -20 °C. To get rid of the methanol, tubes were centrifuged at 200 x g for five
minutes and supernatants were removed. Cells were washed twice with the FACS buffer which
was removed after the last washing step. From now on, all steps were performed with minimal
light exposure. 125 pl of the 1xClick-iT™ reaction cocktail (Click-iT™ EdU Alexa Fluor™488
Flow Cytometry Assay Kit, Invitrogen, Waltham, MA, USA) were added. Samples were

incubated for 30 minutes at RT.

3.6.3. Staining cells for their DNA content

Tubes were centrifuged at 200 x g for 5 minutes and supernatants were removed. Samples
were washed again with 750 yl FACS buffer. FACS buffer was removed and 125 ul of FACS
buffer were added again followed by 2.5 yl RNAse and 1 pl of 7-aminoactinmycin D (7-AAD).
Samples were vortexted carefully and incubated for 30 minutes at RT. Next, they were
centrifuged at 200 x g for five minutes and supernatants were removed. 400 ul of FACS buffer
were added and cell suspension was filtered using 5 ml tubes with cell strainer caps with a
35 ym nylon mesh to avoid clogging of the flow cytometer by remaining cell clumps from the

spheroids.

3.6.4. Flow cytometry analysis and data acquisition

To analyze EdU incorporation and total DNA by 7-AAD staining, cells were measured with a

CytoFLEX S flow cytometer (Beckman Coulter Inc., Brea, CA, USA). Raw data analysis was



30

performed in Flow Jo (Version 10, Tree Star Inc., Ashland, OR, USA). Dead cells and doublets
were excluded from analysis. Controls without EdU were included in data analysis as well. To
calculate the percentage of cells in G1, G2/M and S phase, percentages of cells in gates were

summed up and each gate was divided by the sum of all gates using Microsoft Excel.

3.7. Transwell migration assay

6.5 mm transwell inserts with a pore size of 8 ym (Corning Inc., Corning, NY, USA) were
preincubated with medium for one hour at 37 °C. Therefore, 600 ul CAF-CM were added per
well already containing kinase inhibitors and 100 yl DMEM plain were added per insert. Then,

inserts were put into the wells.

Cells were pretreated with kinase inhibitors as follows: 2 x 10° cells were resuspended in 100
DMEM plain containing the inhibitors or DMSO as a control in a 1.5 ml tube and incubated for

30 minutes at 37 °C. For each condition, two approaches were assessed.

After preincubation, transwell inserts were first removed from the wells and put into an empty
well to remove the medium. 100 pl of cell suspension containing the inhibitors or DMSO were
added to the inserts. Inserts were put back into the wells which already contained the CAF-

CM/kinase inhibitors or DMSO mixture. Cells were incubated for 20 hours at 37 °C.

Cells stimulated with CAF-CM containing DMSO were used as positive control for Akt
activation. Cells treated with 1 pM MK-2206 and stimulated with CAF-CM were used as
positive control for Akt inhibition. Control wells for background determination did not contain

any cells and were treated the same way as the positive control.

3.7.1. Cell fixation and detachment of non-migrated cells

Inserts were removed from the wells and put into an empty well where the medium was
removed. 200 ul of Histofix per insert and 600 pul of Histofix per well were added and cells were
incubated for ten minutes at RT. Inserts were removed from the well before Histofix was
removed. Inserts were washed three times using two beakers filled with 1xPBS. Therefore,
inserts were shortly dipped twice in the first beaker and once in the second beaker. Remaining
1xPBS was removed as well as in any way possible. To remove non-migrated cells on the
inside of the insert, 1XxPBS-soaked cotton swabs were gently twisted over the surface without

destroying the membrane.
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3.7.2. Staining cells for visualization with DAPI

From now on, all steps were performed with minimal light exposure. 100 ul DAPI with a
concentration of 2 pg/ml were added to each insert and 600 pl DAPI with the same
concentration as used for the inserts were added to each well. Inserts were put back to the
wells and the membrane was incubated for ten minutes at RT without light exposure. Inserts
were removed from the well, put into an empty well. DAPI was removed carefully without

destroying the membrane of the inserts.

Before pictures were taken, 1xPBS-soaked cotton swabs were gently twisted over the surface
of the inner membrane of the transwell as already done before to ensure that no non-migrated

cells were left on the inner membrane of the transwell.

3.7.3. Microscopic analysis and data acquisition

Picture were taken using an inverted microscope equipped with a color camera (XC50,
Olympus Corporation, Tokyo, Japan) and a digital image software (cellSens Standard,
Olympus Corporation, Tokyo, Japan) using the fluorescence illumination and a DAPI filter
(BP 350/50-BP 460/50). Microscopy camera was set on DAPI mode and exposure time was

set to 500 ms. Five pictures of each membrane were taken in a cross-shaped manner.

To evaluate the migration capacity Imaged (Version 1.x, https://imagej.net/Welcome) was
used. Membrane pictures were converted into 32 bit black and white pictures. The whole
picture was selected and mean grey values were measured. To obtain the correct fluorescence
signals of migrated cells only, mean background signals were subtracted from each value

using Microsoft Excel.

3.8. Spheroid outgrowth assay

Spheroids of 32 wells of a u-bottom shaped, untreated 96-well plate were collected in a 15 ml
tube and centrifuged at 100 x g for three minutes. Supernatants were discarded and spheroids
were resuspended in 1 ml 1xPBS. Resuspended spheroids were then transferred into 1.5 ml
Eppendorf tubes and centrifuged at 100 x g for three minutes again. Supernatants were

removed thoroughly, leaving less than 5 pl of 1XxPBS remaining on the cell pellet.
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3.8.1. Embedding spheroids in collagen gels

Next, collagen gels were prepared on ice whereas 300 pl of gel were needed per silicone form
and per condition. Therefore, a collagen gel bulk mixture was prepared containing 2 mg/ml
collagen type I, 10xPBS diluted to 1xPBS and DMEM with 5 %FCS. In a final step, about 7 pl
1 M NaOH per ml were added to the bulk mixture. Quickly, the tube was shaken well until the
color of the mixture turned salmon-pink which indicates the right pH value for our purpose. To
get rid of bubbles in the gel emerged from shaking the mixture, the tube was centrifuged in a

precooled centrifuge at 250 x g for ten seconds.

For gel pouring, sterile silicone forms with a diameter of 1.5 cm and a height of 1 mm were
placed in culture plate lids. Prior to that, silicone forms were cut out of a sealing gasket for gel
dryers (Model 583 Transparent Sealing Gasket, Bio-Rad Laboratories, Inc., Hercules, CA,
USA) and autoclaved. Spheroids were carefully resuspended in 300 pl collagen gel without
forming bubbles. The gel containing the spheroids was then poured into the silicon forms and
evenly distributed with a pipette tip. Ring-shaped mashes, prepared from the nylon mesh
inserts of syringe filters with a 120 yum mesh size (Medicon, Becton, Dickinson and Company,
Franklin Lakes, NJ, USA) were added to the gel and submerged. Gels were incubated at RT

for 30 minutes without moving that all spheroids descend to the bottom.

After gels were solidified, silicon forms were removed from the gels. Therefore, they were
sprinkled with DMEM 5 % FCS and then detached using forceps. The formed gel cylinders
were transferred into 24-well plates and cultured in CAF-CM diluted 1:2 in DMEM 5 % FCS
containing kinase inhibitors or DMSO. After 48 hours, medium/CAF-CM mix and inhibitors or

DMSO were renewed.

Cells stimulated with CAF-CM containing a DMSO control were used as positive control for
Akt activation. Cells treated with 1 yM MK-2206 and stimulated with CAF-CM were used as

positive control for efficient Akt inhibition.

3.8.2. Microscopic analysis, data acquisition and statistical analysis

Pictures were taken after 24 hours (10x objective) and after 96 hours (4x objective) with an
inverted microscope equipped with a color camera and a digital image software. The exposure
time was set to 11.68 ms and the gain was set to 5.3 dB. Each picture contained a scale bar

(10x objective — 200 um; 4x objective — 100 pm).
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Evaluation of the outgrowth of the spheroids was performed using Imaged. To set the scale,
the scale bar in the picture was used to measure a known distance. The scale bar was traced
with the straight-line tool and the length of the scale bar as well as the unit of the length were
adjusted. The settings were applied to all pictures. For each image, two areas were measured
using the freehand-tool to trace the structures. First, the outgrowth structures of each spheroid
containing the spheroids themselves were traced followed by the spheroids without the
outgrowths (Figure 6). The area of the spheroids was subtracted from the area of the
outgrowths containing the spheroids using Microsoft Excel to obtain the area of the invasive

structures.

Fig. 6: Scheme for the determination of the outgrowth area of spheroids used in the spheroid outgrowth
assay. First, the areas of the outgrowth and the spheroids were measured (left, yellow line) followed by the
measurement of the spheroid alone (right, yellow circular structure) using ImageJ. To obtain the area of the
invasive structures alone, the area of the right picture was subtracted from the area of the left picture.

3.9. Statistical analysis and graphical representation

For statistical analysis GraphPad Prism (Version 6, GraphPad Software, San Diego, CA, USA)
was used. Comparison between two different groups were calculated using a t-test for
independent samples (two tailed, unpaired), statistical significance was given with p-values
< 0.05. Prior to that, data were checked for Gaussian distribution. If the data was not normally

distributed, a Mann-Whitney U test was performed instead of a t-test.

Graphical representation was done using GraphPad Prism. The data was graphically displayed
in box plots and bar charts with error bars. Thus, box plots represent the interquartile range
which contains 50 % of the data between the upper and the lower quartile. The line, which

divides the box in two parts indicates the median. The upper and the lower whiskers represent
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values outside the middle 50 % while the end of the whiskers display the maximum and the
minimum of the data. Bar charts represent mean numbers of varying values and error bars

represent the standard error of the mean. When only one value was available, bar charts didn’t
contain error bars.
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4. RESULTS

4.1. Comparing the impact of cancer-associated fibroblast-conditioned
medium and DMEM 1 % FCS on p-Akt levels in HCT116 cells

As the CAF-CM used in this study contains 1 % FCS derived from the culture medium, we
wanted to test whether the serum has an impact on p-Akt levels in our colon cancer cells.
Therefore, we stimulated starved (plain DMEM, 24 hours) HCT116 cells with CAF-CM and
DMEM 1 % FCS, respectively, for 15 minutes and detected p-Akt levels by performing an ICW
assay. MFIs of p-Akt signals were normalized to total Akt levels detected by a total Akt
antibody. Starved cells were used as control and cells treated with the Akt inhibitor MK-2206

served as positive control for efficient Akt inhibition.

We couldn’t see significant differences regarding p-Akt levels in cells stimulated with DMEM
1 % FCS and starved cells. In contrast, cells stimulated with CAF-CM showed significantly
increased p-Akt levels which almost doubled when compared with p-Akt levels of starved cells
or cells stimulated with DMEM 1 % FCS (p < 0.0001). Cells treated with MK-2206 displayed

the lowest p-Akt levels of all treatment approaches (Figure 7).
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Fig. 7: The impact of CAF-CM and DMEM 1 % FCS on p-Akt levels in HCT116 colon cancer cells. HCT116
cells were starved for 24 hours and treated with the Akt inhibitor MK-2206 for one hour. Cells were stimulated
with CAF-CM or DMEM 1 % FCS for 15 minutes. Ten replicates were carried out per condition (n = 10).
Subsequently, an ICW assay was performed detecting p-Akt (Ser473) and total Akt levels. Starved cells
were used as control and cells treated with MK-2206 were used as positve control for effective Akt inhibition.
A: Representative wells of the ICW assay showing p-Akt (Ser473), total Akt and merged channels. B:
Graphical illustration of the ICW assay. Bar graphs represent the normalized MFIs (p-Akt/total Akt) of the
ICW assay, error bars display the standard error of the mean. p-values were calculated using a t-test for
independent samples (two-tailed, unpaired).
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4.2. Kinase inhibitor screening

To identify potential signaling pathways leading to Akt activation in CRC cells by CAF-CM
stimulation, a medium throughput cellular screening was performed. Therefore, starved
HCT116 cells were treated with a kinase inhibitor library for one hour containing 378 different
kinase inhibitors prior to the addition of CAF-CM for 15 minutes. Total Akt and p-Akt levels
were detected performing an ICW assay. MFls of p-Akt signals were normalized to total Akt
levels detected by a total Akt antibody. Starved cells were used as control. Additionally, cells
stimulated with CAF-CM served as positive control for Akt activation and cells treated with
MK-2206 and stimulated with CAF-CM were used as positive control for Akt inhibition.

A heatmap of the normalized MFIs including all used inhibitors was generated to get a
comprehensive overview of p-Akt levels in the cancer cells. Additionally, the heatmap shows
the coherence within the ftriplicates which illustrates the precision of this method. Each row
represents one inhibitor and the columns show the triplicates and their mean value. Green
indicates high p-Akt values, which means no inhibition of Akt by the target kinase of the
inhibitor. Yellow indicates mediocre p-Akt levels and red indicates low levels indicating the
inhibitor either target Akt directly or upstream kinases of Akt. Starved cells and the positive
control for Akt inhibition displayed low p-Akt levels whereas the positive control showed high
p-Akt levels in HCT116 cells. Inhibitors, which were very abundant in the top hits meaning that
they induced a decrease of p-Akt in HCT116 cells, were classified in inhibitor categories.
Inhibitors targeting PISK, mTOR and Akt are represented as grey lines on the left of the
heatmap. This inhibitor category was the most abundant one in the top hits of the screen but
it was excluded from further investigations as it directly interacts with Akt or kinases which
phosphorylate Akt. Selective IGF-1-R/Ins-R inhibitors, meaning that they are exclusively
targeting the IGF-1-R or Ins-R, are depicted in blue. This class of inhibitors was also very
prominent in the top hits and lead to an effective p-Akt inhibition. Selective c-Met inhibitors,
showed as yellow lines, could be found solely in the top 100 inhibitors leading to decreased
p-Akt levels in HCT116 cells. Additionally, selective JAK inhibitors, depicted as red lines, could

be found in the top hits but they were also spread over the whole heatmap (Figure 8).

We focused on the two most potent selective IGF-1-R/Ins-R inhibitors and c-Met inhibitors for
further validation experiments. Therefore, the IGF-1-R/Ins-R inhibitors OSI-906 and
NVP-ADW742 were chosen. As most potent selective c-Met inhibitors leading to Akt inhibition,
SGX-523 and JNJ-38877605 were chosen (Figure 9).

A list of all results including all values can be found in the appendix.
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Fig. 8: Heatmap of the kinase inhibitor library screening results. HCT116 cells were starved for 24 hours
and treated with kinase inhibitors at 2 uM each for one hour prior to Akt activation with CAF-CM for 15
minutes. Starved cells were used as control and cells stimulated with CAF-CM served as positive control for
Akt activation. Cells treated with MK-2206 were used as positive control for Akt inhibition. After cell treatment,
an ICW assay was performed to detect total Akt and p-Akt (Ser473) levels. All inhibitors were tested in
triplicates (n = 3). Controls were tested in duplicates per plate (n = 30). A: Heatmap of the screen depicting
normalized MFIs of p-Akt levels (p-Akt/total Akt). Red indicates low p-Akt values (i.e. strong inhibition), yellow
indicates mediocre values and green indicates high values. The columns show the replicates (1, 2, 3) and
their mean. Each row represents an inhibitor. Colored lines show the distribution of selective inhibitors over
the heatmap. Positive controls and starved cells are depicted in a separate heatmap. B: Representative ICW
wells showing the inhibitors which were chosen for further validation and the controls of the plate.
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Fig. 9: Quantitative effects on p-Akt levels of the top 125 inhibitors of the kinase inhibitor library screen.
HCT116 cells were starved for 24 hours and treated with kinase inhibitors at 2 yM each for one hour prior to
Akt activation with CAF-CM for 15 minutes. Starved cells were used as control (dark orange dots encircled
in black). Cells stimulated with CAF-CM served as positive control for Akt acivation (green dots encircled in
black) and cells treated with MK-2206 were used as positive control for Akt inhibition (red dots encircled in
black). After cell treatment, an ICW assay was performed to detect Total Akt and p-Akt (Ser473) levels. All
inhibitors were tested in triplicates (n = 3). Controls were tested in duplicates per plate (n = 30). The y-axis
shows the normalized MFIs of p-Akt levels (p-Akt/total Akt) and the x-axis depicts the controls and the top
125 inhibitors of the screen. The colored dots represent the triplicates of the inhibitor categories. PI3K, Akt
and mTOR inhibitors are shown in dark grey, IGF-1-R/Ins-R inhibitors in blue, c-Met inhibitors in orange and
JAK inhibitors in red. All other inhibitors are shown in light grey. The labelled inhibitors show those inhibitors
which were chosen for further validation.

4.3. Validation of the kinase inhibitor screening in HCT116, DLD-1 and
LS174T cells

To validate our chosen selective IGF-1-R/Ins-R inhibitors OSI-906 and NVP-ADW742 as well
as the selective c-Met inhibitors SGX-523 and JNJ-38877605 the experimental setup used in
the screen was repeated. To test the effect of the inhibitors on p-Akt levels, three different
human colon cancer cell lines (HCT116, DLD-1 and LS174T) were treated. Cells were cultured

in 6-well plates for 48 hours before they were starved using DMEM plain for 24 hours.
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Afterwards, cells were treated with the selective inhibitors at 2 uM each for one hour prior to
the addition of CAF-CM for 15 minutes in order to activate the Akt signaling pathway. p-Akt
(Ser473) and total Akt levels were detected by performing a near-infrared Western blot. MFls
of p-Akt signals were normalized to MFIs of total Akt. Starved cells were used as control. Cells
stimulated with CAF-CM served as positive control for Akt acivation and cells treated with
MK-2206 and stimulated with CAF-CM were used as positive control for Akt inhibition.

HCT116 cells showed almost the same pattern of p-Akt inhibition as already seen in the
medium throughtput screen (Figure 8A). OSI-906, the most potent selective IGF-1-R/Ins-R
inhibitor, decreased the phosphorylation of Akt to 60 % compared to CAF-CM controls. The
other IGF-1-R/Ins-R inhibitor NVP-ADW742 was not as efficient as OSI-906, however, a slight
decrease in p-Akt levels was detected in all cell lines (Figure 10A-C). In contrast to the screen,
c-Met inhibitors showed different efficacies regarding p-Akt inhibition. HCT-119 and LS174T
cells treated with the second strongest c-Met inhibitor JNJ-38877605 from the screen showed
less p-Akt signals than the treatment with the other c-Met inhibitor SGX-523 (Figure 10A and
10C). However, this inhibition pattern was different in DLD-1 cells as SGX-523 downregulated
p-Akt stronger than JNJ-38877605 (Figure 10B). In combination, the inhibitors worked best in
HCT116 cells regarding p-Akt inhibition. In this cell line, the strongest inhibition was achieved
when NVP-ADW742 and JNJ-38877605 were combined. The other inhibitor combinations in
HCT116 cells had similar effects on Akt inhibition comparable to the MK-2206 control (Figure
10A). DLD-1 cells showed the strongest Akt inhibition when OSI-906 and JNJ-38877605 were
combined, followed by the OSI-906 and SGX-523 combination. The other combinations were
less effective regarding p-Akt levels but mostly more effective than the single inhibitor
treatments. In DLD-1 cells, no inhibitor combination could downregulate p-Akt levels as
efficiently as the MK-2206 control (Figure 10B). In LS174T cells p-Akt inhibition worked best
when a combination treatment of OSI-906 and SGX-523 was used. Almost the same inhibition
could be seen in NVP-ADW742 and SGX-523. The other combinations were slightly less
effective regarding p-Akt levels (Figure 10C). Importantly, combination of all IGF-1-R/Ins-R
and c-Met inhibitors did not result in lower p-Akt levels than the combination of one inhibitor in

each category strongly suggesting that no off-target effects were observed (Figure 10A-C).

The IGF-1-R/Ins-R inhibitor OSI-906 and the c-Met inhibitor JNJ-38877605 were considered
in further experiments as they showed the best overall outcome in single and combination

treatments in all cell lines.
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4.4. Determining the on-target specificity of OSI-906 and JNJ-38877605 in
HCT116 cells

To test whether the inhibitors OSI-906 and JNJ-38877605 are on-target in our cellular system,
they were tested for their effects on phosphorylation of the respective receptors. For this,
HCT116 cells were cultured in 6-well plates for 48 hours until they reached a confluence of
80-90 % before they were starved for 24 hours with DMEM plain. After starvation, cells were
treated with the inhibitors OSI-906 and JNJ-38877605 for one hour prior to the addition of
CAF-CM for 15 minutes. A near-infrared Western blot was performed to detect p-IGF-1-R 8
(Tyr1131)/Ins-R B (Tyr1146) and p-Met (Tyr1234/1235) levels. GAPDH was used as a loading
control. MFIs of p-IGF-1-R B/Insulin-R B and p-Met signals were normalized to MFls of
GAPDH. Cells stimulated with CAF-CM served as positive control for Akt activation and cells
treated with MK-2206 and stimulated with CAF-CM were used as positive control for Akt
inhibition.

Unfortunately, it turned out that the antibody against p-IGF-1-R 3 (Tyr1131)/Ins-R B (Tyr1146)
did not work properly as there were no distinct bands detectable on the Western blot
membrane (Figure 11A). Cells treated with JNJ-38877605 exhibited less c-Met
phosphorylation in comparison to the positive control which showed the highest levels of p-Met.
In addition, JNJ-38877605 treatment resulted in less p-Met signals compared to starved cells
and cells treated with the Akt inhibitor MK-2206 (Figure 11B).

Taken together, we could demonstrate for c-Met that the inhibitor JNJ-38877605 led to an
inhibition of c-Met activity in our cells, whereas for OSI-906 a direct involvement of the IGF-1-R
could not be shown here due to lack of a suitable antibody. However, previous work of the
group has already convincingly demonstrated the activation of the IGF-1-R/PI3K/Akt axis by
CAF-derived IGF-2 (Unger et al. 2017).
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Fig. 11: Testing on-target specificity of OSI-906 and JNJ-38877605 in HCT116 cells. HCT116 cells were
starved for 24 hours and treated with the inhibitors for one hour prior to the stimulation of p-Akt with CAF-CM
for 15 minutes. Starved cells were used as control. Cells stimulated with CAF-CM served as positive control
for Akt activation and cells treated with MK-2206 were used as positive control for Akt inhibition. A near-
infrared Western blot was performed to detect protein levels. A: Western blot membranes showing GAPDH
levels. p-IGF-1-R B (Tyr1131)/Insulin-R B (Tyr1146) levels couldn’t be detected. B: Western blot membranes
showing p-Met (Tyr1234/1235) and GAPDH protein levels. Bar charts represent the background corrected
and normalized MFls of p-Met (p-Met/GAPDH) of the near-infrared Western blot.
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4.5. The impact of recombinant human IGF-2 and HGF on p-Akt levels in
HCT116 cells

Next, HCT116 cells were stimulated with recombinant human (rh)IGF-2 or rhHGF to determine
if the activation of the respective receptors by the specific ligands is leading to an activation of
the PI3K/Akt signaling. Additionally, this experiment was carried out to validate if these growth
factors show similar effects regarding Akt phosphorylation as cells stimulated with CAF-CM.
Hence, HCT116 cells were cultured in 6-well plates for 48 hours and starved for 24 hours. After
starvation, cells were treated with the inhibitors OSI-906 and JNJ-38877605 for one hour prior
to the addition of CAF-CM or directly by rhiIGF-2 and rhHGF addition for 15 minutes to the
starvation medium. A near-infrared Western blot was performed to detect p-Akt (Ser473)
levels. GAPDH was used as a loading control. MFIs of p-Akt signals were normalized to MFls
of GAPDH. Starved cells were used as control. Cells stimulated with CAF-CM served as
positive control for Akt activation and cells treated with MK-2206 prior to the addition of CAF-

CM were used as control for Akt inhibition.

In line with our previous results, p-Akt levels in HCT116 cells decreased by more than 50 %
compared to the CAF-CM induced control when cells were treated with OSI-906 prior to the
addition of CAF-CM. In starved cells and cells treated with MK-2206 almost no p-Akt signals
were detectable. Cells stimulated with rhiIGF-2 showed high p-Akt levels similar to the positive
control for Akt activation (Figure 12A). Similar results were obtained in cells which were
stimulated with rhHGF as they showed increased p-Akt levels comparable to cells stimulated
with CAF-CM. p-Akt levels decreased when cells were treated with JNJ-388770605 prior to
the addition of CAF-CM (Figure 12B).
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Fig. 12: Determination of the impact of rhIGF-2 and rhHGF on p-Akt levels in HCT116 cells. HCT116 cells
were starved for 24 hours and treated with the inhibitors for one hour prior to the stimulation with CAF-CM
for 15 minutes. In one approach, cells were stimulated with rhIGF-2 or rhHGF for 15 minutes without inhibitor
treatment. Starved cells were used as control and cells stimulated with CAF-CM served as positive control
for Akt activation. Cells treated with MK-2206 were used as positive control for Akt inhibition. A near-infrared
Western blot was performed to detect p-Akt (Ser473) and GAPDH protein levels. A: Cells stimulated with
rhIGF-2. Western blot membranes showing p-Akt (Ser473) and GAPDH levels. Bar charts represent the
background corrected and normalized MFIs of p-Akt (p-Akt /GAPDH) of the near-infrared Western blot. B:
Cells stimulated with rhHGF. Western blot membranes showing p-Akt (Ser473) and GAPDH levels. Bar
charts represent the background corrected and normalized MFIs of p-Akt (p-Akt /GAPDH) of the near-
infrared Western blot.
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4.6. Determination of dose responses

In order to determine dose response of increasing inhibitor concentrations, different amounts
of OSI-906 and JNJ-38877605 were tested. The aim of this experiment was to find the lowest
concentration with the highest efficacy for inhibition of p-Akt levels in HCT116 cells without
exceeding inhibitor concentrations above 1 uyM to avoid unspecific side effects. HCT116 cells
were cultured in 96-well plates for 48 hours, starved for 24 hours and treated with inhibitor
concentrations from 1,000 nM to 30 nM for one hour prior to the addition of CAF-CM for 15
minutes. Inhibitors OSI-906 and JNJ-38877605 were used as single treatments or in
combination. In order to detect p-Akt and total Akt levels an ICW assay was performed. MFls
of p-Akt signals were normalized to MFIs of total Akt. Starved cells were used as control. In
addition, cells stimulated with CAF-CM served as positive control for Akt activation and cells
treated with MK-2206 and stimulated with CAF-CM were used as positive control for Akt
inhibition.

Regardless of whether inhibitors were analyzed as single treatment or in combination with
each other, a clear dose response curve could be observed indicating proper dose dependent
inhibition. When 1,000 nM of the inhibitors were used, p-Akt levels significantly decreased
compared to cells stimulated with CAF-CM. This could be seen when cells were treated with
0OSI1-906 or JNJ-38877605 alone or when they were treated with both inhibitors in combination
(p = 0.0014 for cells treated with OSI-906; p = 0.0068 for cells treated with JNJ-38877605;
p = 0.0001 for cells treated with the combination of OSI-906 and JNJ-38877605). Inhibitor
concentrations lower than 1,000 nM (300 nM to 10 nM) couldn’t decrease p-Akt levels in
HCT116 cells as effective as 1,000 nM (Figure 13).

Hence, further experiments were performed with a concentration of 1,000 nM for OSI-906 and
JNJ-38877605.
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Fig. 13: Determination of dose responses of the selected inhibitors alone or in combination. HCT116 cells
were starved for 24 hours and treated with different inhibitor concentrations for one hour prior to Akt
activation with CAF-CM for 15 minutes in triplicates (n = 3). Subsequently, an ICW assay was performed
detecting p-Akt (Ser473) and total Akt levels. Starved cells were used as control. Cells stimulated with
CAF-CM served as positive control for Akt activation and cells treated with MK-2206 were used as control
for efficient Akt inhibition. A: Representative wells of the ICW assay showing p-Akt (Ser473), total Akt and
merged channels. B: Graphical illustration of the ICW assay. Bar graphs represent the normalized MFls of
p-Akt levels (p-Akt/total Akt) of the ICW assay, error bars display the standard error of the mean. p-values
were calculated using a t-test for independent samples (two-tailed, unpaired).
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4.7. Testing the impact of JAK inhibitors on p-Akt levels in HCT116 cells

As a substantial amount of JAK inhibitors were found in the top 125 hits of our screening assay,
we decided to further analyze this inhibitor category. In HCT116 cells the combination of
IGF-1-R/Ins-R and c-Met inhibitors themselves already decreased p-Akt almost to control
levels induced by direct inhibition of Akt by MK-2206. Thus, we assumed that in our cellular
system JAK signaling is probably downstream of one of the inhibitor targets. In order to test
this assumption, HCT116 cells were cultured in a 96-well plate, starved for 24 hours and
treated with the inhibitors for one hour prior to CAF-CM stimulation for 15 minutes. A
combination of IGF-1-R/Ins-R or c-Met inhibitors and the best selective JAK2 inhibitor targeting
wildtype JAK2 namely Fedratinib was used to find out in which of the two pathways JAK2 is
presumably involved. Total Akt and p-Akt levels were determined using the ICW method. MFls
of p-Akt signals were normalized to MFIs of total Akt. Starved cells were used as control. Cells
stimulated with CAF-CM served as positive control for Akt activation and cells treated with
MK-2206 and stimulated with CAF-CM were used as control for efficient Akt inhibition.

In line with the previous experiments and the screening results, p-Akt levels were significantly
decreased under all treatment conditions compared to the CAF-CM induced control
(p < 0.0078 for cells treated with OSI-906 and cells treated with OSI-906 in combination with
Fedratinib; p < 0.0017 for cells treated JNJ-38877605 and cells treated with JNJ-38877605 in
combination with Fedratinib; p = 0.0033 for cells treated with Fedratinib; p < 0.0001 for cells
treated with OSI-906 and JNJ-38877605 or OSI-906 and JNJ-38877605 in combination with
Fedratinib). Moreover, a significant difference between cells treated with JNJ-388877605
alone or in combination with Fedratinib was detected (p = 0.0256). In contrast, cells which were
treated with OSI-906 or OSI-906 and Fedratinib in combination did not show significant
changes in Akt phosphorylation. These results would support the idea that JAK2 can be
activated downstream of IGF-1-R signaling but not of c-Met signaling, since the inhibition of
IGF-1-R signaling by OSI-906 would not lead to JAK2 activation any more and thus Fedratinib
would be without effect (Figure 14).

However, a combination of all inhibitors resulted in the most efficient p-Akt inhibition
comparable to the MK-2206 control, pointing to a more complex mode of regulation of Akt
activity by CAFs in the tumor cells (Figure 14). Hence, we decided to include the JAK inhibitor
Fedratinib in our further studies in a separate approach to figure out if a triple combination
therapy including all inhibitors is more efficient than a double combination with OSI-906 and

JNJ-38877605 regarding cancer cell proliferation, migration and invasion.
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Fig. 14: Testing the impact of the JAK2 inhibitor Fedratinib on p-Akt levels. HCT116 cells were starved for
24 hours and treated with kinase inhibitors for one hour prior to Akt activation with CAF-CM for 15 minutes
in triplicates (n = 3). Subsequently, an ICW assay was performed detecting total Akt and p-Akt levels. Starved
cells were used as control. Cells stimulated with CAF-CM served as positive control for Akt activation and
cells treated with MK-2206 were used as positive control for Akt inhibition. A: ICW plates showing p-Akt
(Ser473), total Akt and merged channels. B: Graphical illustration of the ICW assay. Bar graphs represent
the normalized MFIs of p-Akt (p-Akt /total Akt) of the ICW assay, error bars display the standard error of the
mean. p-values were calculated using a t-test for independent samples (two-tailed, unpaired).
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4.8. Impact of OSI-906, JNJ-38877605 and Fedratinib on cell proliferation
in HCT116 cells

As we were interested if OSI-906, JNJ-38877605 and Fedratinib had an impact on cell
proliferation, we performed a 7-AAD/Click-iT™ EdU proliferation assay to reliably determine
the distribution of cell cycle phases. HCT116 were starved for 24 hours and treated with the
inhibitors for another 24 hours in the presence of CAF-CM. Thereafter, cells were incubated
with EdU for 30 minutes and harvested. The 7-AAD/1xClick-iT™ EdU proliferation assay was
performed according to the manufacturer’s instructions as described in chapter 3.5. Starved
cells were used as control. Cells stimulated with CAF-CM served as positive control for Akt
activation and cells treated with MK-2206 and stimulated with CAF-CM were used as control
for efficient Akt inhibition.

In starved cells and cells treated with the Akt inhibitor MK-2206 the percentage of cells in S
phase was reduced in contrast to cells stimulated with CAF-CM. These cells showed the
highest percentage of cells in S phase. In contrast to that, the percentage of cells in S phase
significantly decreased when cells were treated with OSI-906, JNJ-38877605 and Fedratinib
in combination (p = 0.002). Cells treated with OSI-906 and JNJ-38877605 didn’t show a
significant decrease in percentage of cells in S phase compared to the positive control (Figure
15 and Figure 16).

+ CAF-CM
+1 pM OSI-906
A +1uMOSI-906 +1 pM JNJ-38877605

Starved + DMSO +1puMMK-2206  +1 pM JNJ-38877605 + 1 uM Fedratinib

EdU

v E

7-AAD

Fig. 15: Dot plot analysis of cells stained with 7-AAD and EdU by flow cytometry. HCT116 cells were starved
for 24 hours and treated with OSI-906, JNJ-38877605 and Fedratinib for 24 hours in CAF-CM. EdU was
added to the medium and cells were fixed after 30 minutes. Incorporated EdU was stained with the Click-iT™
reaction, total DNA was stained with 7-AAD and analyzed by flow cytometry. Starved cells were used as
control. Cells stimulated with CAF-CM served as control for Akt activation and cells treated with MK-2206
were used as positive control for Akt inhibition. Flow cytometry plots show EdU plotted against the total DNA
stained by 7-AAD. The first representative plot shows the gates for G1, S and G2M cell cycle phase.
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G1 phase G2/M phase S phase
Batch 1 | Batch 2 | Batch 3 | Batch 1 | Batch 2 | Batch 3 | Batch 1 | Batch 2 | Batch 3
3
% + DMSO 80% |809% |845% | 87% | 96% 7% 113% | 95% | 85%
®
+ DMSO 766 % |805% | 805% | 96% | 5.7% | 84% |138% | 13.8% | 11.1 %
5 + 1 M MK-2206 829% [87.4% |835% | 84% | 54% [ 66% | 87% | 7.2% | 99%
w
S + 1 uM OSI-906
0 0y 0y 0, 0 0, 0, 0y 0,
+ | [+ 1 um INJ-38877605 822% [827% |854% | 71% | 52% | 6.7% |10.7% | 121% | 79 %
+ 1uM OSI-906
+ 1 pM JNJ-38877605| 83.6 % | 88.4 % | 87.7 % | 106% | 6% 56% | 58% | 56% | 6.7%
+ 1 M Fedratinib
p = 0.002
B n.s.
p =0.0226
15.01

Fig. 16: Quantification of the percentage of G1, S and G2/M phase cells with the 7-AAD/EdU assay. The
cells from Figure 15 were analyzed in triplicates (n = 3) and percentages of cells in G1, S and G2/M were
determined. A: Percentage of cells in different cell cycle phases from three different batches. B: Graphical
illustration of the 7-AAD/EdU proliferation assay results from A. Bar charts represent the percentage of cells
in S phase, error bars display the standard error of the mean. p-values were calculated using a

Mann-Whitney U test.
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4.9. Impact of OSI-906, JNJ-38877605 and Fedratinib on cell migration in
HCT116 cells

In a next step, we focused on the influence of the inhibitors OSI-906, JNJ-38877605 and
Fedratinib on cell migration. Accordingly, a transwell migration assay was performed in
duplicates to analyze the migration capacity of HCT116 colon cancer cells in the presence of
the inhibitors. After 24 hours, non-migrated cells were removed and migrated cell nuclei were
stained with DAPI, photographed (Figure 17) and migration capacities were quantified by
determining DAPI fluorescence intensities per frame (Figure 18). Untreated cells were used

as control and cells treated with MK-2206 were used as positive control for Akt inhibition.

Background + DMSO + 1 uM MK-2206

100 pm 100 pm
+1 uM OSI-906
+1 uM OSI-906 + 1 uM JNJ-38877605
+1 uM JNJ-38877605 +1 uM Fedratinib

100 ym 100 pm

Fig. 17: Representative pictures of the transwell migration assay. HCT116 cells were seeded in transwell
chambers using DMEM plain as culture medium. To induce cell migration from the transwell through the
membrane CAF-CM was used in the bottom wells. Cells were treated with OSI-906, JNJ-38877605 and
Fedratinib for 24 hours. Untreated cells were used as control. Cells treated with MK-2206 were used as
positive control for Akt inhibition. Non-migrated cells were removed and migrated nuclei were stained with
DAPI. Transwells without cells were used as background control.

Untreated cells stimulated to migrate through the transwell to the well containing CAF-CM
displayed high migration capacity. In contrast to that, cells treated with the Akt inhibitor

MK-2206 showed a significantly decreased migratory ability (p < 0.0001), resulting in a
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reduction of migrated cells to less than half. Of note, the DAPI signal further decreased
significantly when cells were treated with OSI-906 and JNJ-38877605 in combination
compared to untreated cells (p <0.0001) and to MK-2206 treated cells (< 0.0001). Combination
of OSI-906, JNJ-38877605 and Fedratinib led to an even more pronounced suppression of
migration of HCT116 cells compared to untreated cells (p < 0.0001) and MK-2206 treated cells
(p < 0.0001). Migration capacities of cells treated with OSI-906 and JNJ-38877605 did not

significantly differ from cells treated with the triple combination (Figure 18).

p < 0.0001

p < 0.0001

p < 0.0001

20000~

15000+
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DAPI fluorescence intensities

n=10
for all groups

0=

+ DMSO
+1 uM MK-2206
+ 1 uM Fedratinib

+ 1 uM OSI-906 + 1 pM JNJ-38877605
+ 1 pM OSI-906 + 1 pM JNJ-38877805

Fig. 18: Quantification of HCT116 cell transwell migration. HCT116 cells were seeded in transwells
chambers using DMEM plain as culture medium. To induce cell migration from the transwell through the
membrane CAF-CM was used in the lower chamber. Cells were treated with OSI-906, JNJ-38877605 and
Fedratinib for 24 hours. Untreated cells were used as control. Cells treated with MK-2206 were used as
positive control for Akt inhibition. Non-migrated cells were removed and migrated nuclei were stained with
DAPI. Migration capacities were evaluated by determining DAPI fluorescence intensities per frame using
ImagedJ. Bar charts represent the fluorescence intensities of DAPI stained nuclei migrated through the
transwell membrane. Error bars display the standard error of the mean. p-values were calculated using a
t-test for independent samples (two-tailed, unpaired). Measured frames per condition: n = 10 in two biological
replicates.
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4.10. Impact of OSI-906, JNJ-38877605 and Fedratinib on cell invasion in
HCT116 cells

Finally, we investigated the impact of the inhibitors OSI-906, JNJ-38877605 and Fedratinib on
the outgrowth of spheroids in collagen | gels. HCT116 spheroids were embedded in collagen
gels and cultured in CAF-CM and DMEM 5 % FCS in a ratio of 1:2 containing either a DMSO
control or the inhibitor combinations. After 24 and 96 hours, pictures were taken to compare
the outgrowth area of the spheroids. Untreated cells were used as controls and cells treated

with MK-2206 were used as positive effective Akt inhibition.

After 24 hours of incubation with the inhibitors, the outgrowth areas of the spheroids appeared
similar in each treatment condition as only initial small invasive structures could be observed
(Figure 19A). Nevertheless, measuring and comparing the outgrowth area of the spheroids
revealed less spreading capacity of spheroids treated with the inhibitor combinations.
Spheroids treated with OSI-906 and JNJ-38877605 or OSI-906, JNJ-38877605 and Fedratinib
in combination showed significantly smaller outgrowth areas than untreated spheroids
(p < 0.0001 for both conditions) (Figure 19B). 96 hours after the treatment start, the difference
in outgrowth capacity of the spheroids was already visible by eye (Figure 19A). Untreated
spheroids showed the most prominent outgrowth, being almost two times larger than the mean
area of spheroids treated with the Akt inhibitor MK-2206. When spheroids were treated with
OSI-906 and JNJ-38877605 in combination, the invasive area was significantly smaller
compared to the invasive areas of untreated cells (p < 0.0001). The best results were obtained
when OSI-906, JNJ-38877605 and Fedratinib were used as triple treatment. This combination
treatment almost lead to a complete inhibition of outgrowth areas, which were significantly
smaller compared to untreated cells (p < 0.0001) and MK-2206 treated cells (p < 0.0001).
Additionally, outgrowth areas of cells treated with OSI-906, JNJ-38877605 and Fedratinib were
significantly reduced compared to the mean area of spheroids treated with double combination
of OSI-906 and JNJ-38877605 (p < 0.0001) (Figure 19B).
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Fig. 19: Spheroid outgrowth assay in collagen | gels. HCT116 spheroids were embedded in collagen type |
gels which were cultured in CAF-CM containing OSI-906, JNJ-38877605 and Fedratinib. Untreated
spheroids were used as controls and spheroids treated with MK-2206 were used as positive control for Akt
inhibition. Evaluation of the spheroid spreading was done after 24 and 96 hours and performed with ImageJ.
A: Representative pictures of HCT116 spheroids in collagen gels after 24 and 96 hours of treatment. B:
Quantlflcatlon of the outgrowth areas. Box-plots represent the interquartile range of the outhgrowth area in
um? and the end of the whiskers display the minimum and maximum of all data analyzed. p-values were
calculated using a t-test for independent samples (two-tailed, unpaired). Totel numbers of spheroids
analyzed: 24h — no inhibitors (n = 16); + MK-2206 (n = 18); + OSI-906 + JNJ-38877605 (n = 18);
+ OSI-906 + JNJ-38877605 + Fedratinib (n = 19); 96h — no inhibitors (n = 14); + MK-2206 (n = 20);
+ OSI-906 + JNJ-38877605 (n = 18); + OSI-906 + JNJ-38877605 + Fedratinib (n = 18).
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5. DISCUSSION

Over the last decades, the TME also named tumor stroma, has gained a lot of interest because
of its pro-tumorigenic properties. CAFs are the most abundant cells of the tumor stroma. They
are similar to normal fibroblasts during inflammation or wound healing but they are
permanently activated (Fridman et al. 2019). They support tumor growth, stimulate
angiogenesis and metastasis and induce chemoresistance by modulating the tumor stroma or
acting on cancer cells directly (Tao et al. 2017). CAFs thereby secrete different growth factors

and cytokines which positively influence cancer progression (LeBleu and Kalluri 2018).

In this study, we aimed to find CAF-derived factors or CAF-induced signaling pathways leading
to an increased PI3K/Akt signaling in colon cancer cells which has been reported in 60-70 %
of all CRC cases and is associated with bad prognosis (Malinowsky et al. 2014). In previous
studies, we already showed that IGF-2 derived from CAFs is partially responsible for elevated
p-Akt levels, which is commonly regarded as marker for increased PI3K/Akt signaling, in CRC
cell lines. Nevertheless, remaining p-Akt levels indicated that there must be other CAF-induced
signaling pathways besides IGF-1-R/Ins-R signaling leading to Akt activation in colon cancer
cells (Unger et al. 2017). Thus, the research question of this study was: Which upstream
signaling cascades other than IGF-1-R signaling activated by CAF-secreted factors lead to the

activation of the PI3K/Akt pathway in colon cancer cells?

Therefore, we performed a medium throughput screening with a kinase inhibitor library
containing 378 small molecule inhibitors which together target 60 different kinases. In order to
activate the PI3K/Akt signaling pathway by CAF-derived factors, HCT116 human colon cancer
cells were stimulated with CAF-CM. Subsequently, an ICW assay was accomplished to
compare p-Akt levels of cells treated with different inhibitors.

In this screening approach, we anticipated to identify inhibitors directly targeting PI3K, mTOR
or Akt as these inhibitors either inhibit Akt directly or prevent the immediate upstream
phosphorylation of Akt. Thus, these inhibitors were used as internal quality control for the
screen but excluded from further studies since we were interested in further upstream
signaling. Indeed, the maijority of top hits decreasing p-Akt levels in HCT116 cells are
comprised of these inhibitors as 29 out of the top 50 hits were inhibitors targeting PI3K, mTOR
or Akt directly. This indicates that the ICW readout is able to reliably identify Akt inhibition. By
focusing on the most potent selective inhibitors besides PI3K, mTOR or Akt inhibitors, we

found two promising IGF-1-R/Ins-R inhibitors (again validating our previous results on IGF-2
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function), two c-Met inhibitors and two JAK inhibitors which downregulated p-Akt most
efficiently (Unger et al. 2017) (see Figure 8 and 9).

We verified our primary hits in several validation experiments. In order to confirm their general
applicability for CRC, three different human CRC cell lines were tested. Moreover, the technical
readout of the ICW assay was verified by Western blotting using phospho specific Akt and total
Akt antibodies. Although each cell line slightly differed comparing the inhibitors efficiency to
downregulate p-Akt levels, the best overall outcome was achieved by the inhibitors OSI-906
targeting the IGF-1-R/Ins-R and JNJ-38877605 targeting the c-Met receptor (see Figure 10).
Fedratinib was the most potent selective JAK2 inhibitor which was detected by implementing
an ICW assay (Figure 10). Importantly, by performing a Western blot to validate the data
obtained by the IGF-1-R/Ins-R and c-Met inhibitors, we could demonstrate that the ICW
method fulfills the necessary quality requirements for our purposes (see Figure 10).
Subsequently, we determined dose response curves to show specific inhibition and to find the
appropriate concentrations for OSI-906 and JNJ-38877605 for most efficient Akt inhibition. We
could demonstrate that both inhibitors decreased p-Akt levels most efficiently at 1,000 nM
whether they were administrated singularly or in combination. Of note, 300 nM of the inhibitors
were almost as effective as 1,000 nM leaving the possibility to reduce drug concentrations
without essential loss of inhibition (see Figure 13). However, we decided to use 1,000 nM of
each drug to maximally inhibit Akt inhibition. Importantly, an evaluation study of the inhibitor
OSI-906 reported a half maximal inhibitory concentration (IC50) of 130 nM for the cellular
inhibition of p-Akt (Mulvihill et al. 2009). Another study, which compared p-Akt levels in liver
cancer cells under treatment with different concentrations of JNJ-38877605, revealed that a
concentration of 1 uM of the c-Met inhibitor was needed to fully inhibit p-Akt (Rebouissou et al.
2017). Hence, our findings regarding the appropriate inhibitor concentration for decreased
p-Akt signaling in CRC cells coincides with the concentration determined in other studies. As
we decided to include Fedratinib in our study at a later time point, we couldn’t test its
appropriate concentration regarding the decrease of p-Akt levels in our cellular system due to
time restrictions. We followed the manufacturers’ recommendations and guidelines regarding
the biological activity of Fedratinib and decided to perform our further studies with the same
concentration of 1,000 nM as we used for the inhibitors OSI-906 and JNJ-38877605.

After the inhibitor validation, we wanted to identify the actual molecules in CAF-CM leading to
PI3K/Akt activation in HCT116 cells. Furthermore, we performed phenotypic assays to
evaluate the impact of OSI-906, JNJ-38877605 and Fedratinib on cancer cell proliferation,

migration and invasion. These results are discussed in more detail in the next two chapters.
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5.1. Activation of IGF-1-R, c-Met and JAK2 by cancer-associated
fibroblast-derived factors are responsible for full Akt activation in

HCT116 colon cancer cells

0SI1-906, also called linsitinib, is a dual inhibitor of the IGF-1-R/Ins-R. IGF-1 and IGF-2 can
bind to these receptors and activate the PI3K/Akt and MAPK pathways (Barata et al. 2018).
As already mentioned above, we could show that IGF-2 is induced in stromal fibroblasts of
colon cancer and can be found in elevated levels in CAF-CM (Unger et al. 2017). These
findings can be further confirmed by two other studies which observed an overexpression of
IGF-2 mRNA in the tumor stroma of human microdissected CRC samples (Nishida et al. 2012,
Calon et al. 2015). Our previous results underline the fact that IGF-2 is among other factors
responsible for an increased PI3K/Akt signaling. Indeed, we could demonstrate that HCT116
colon cancer cells responded to rhIGF-2 stimulation by increased p-Akt levels compared to
starved cells. Furthermore, we could show that the treatment of CAF-CM stimulated HCT116
cells with the IGF-1-R/Ins-R inhibitor OSI-906 resulted in decreased p-Akt signals which again
demonstrates the involvement of Ins-R/IGF-1-R signaling in the PI3K/Akt signaling pathway
(see Figure 12A). Stroma-derived IGF-2 and its receptors are potential therapeutic targets in
cancer and many strategies were developed to block IGF signaling (Osher and Macaulay
2019). OSI-906 was tested in many clinical studies in patients suffering from prostate cancer,
adrenocortical carcinoma or advanced solid tumors with different outcomes (Fassnacht et al.
2015, Jones et al. 2015, Barata et al. 2018). Many molecular approaches with e.g. siRNA and
agents to block the IGF-1-R or IGF ligands are currently tested in clinical studies. While
preclinical data supported the development of drugs interfering in the IGF axis, no positive
clinical trials were conducted in the last years. Nevertheless, exceptional responders to the
IGF axis blockade reveal the need to better understand the contribution of the IGF-1-R/Ins-R

signaling in cancer progression (Osher and Macaulay 2019).

Furthermore, we found c-Met activation by CAF-CM leading to Akt signaling in colon cancer
cells. c-Met receptor activation is associated with increased cell motility, proliferation and
morphogenesis in normal development and adult homeostasis. Several downstream
molecules can be activated by this RTK such as PI3K (De Silva et al. 2017). Most likely, HGF
derived from CAFs is responsible for the activation of c-Met in the tumor cells. In the past,
studies already showed that the secretion of HGF is a characteristic feature of CAFs to support
tumor cells in many different ways (Tyan et al. 2011, Jia et al. 2013, Suzuki et al. 2019). Indeed,
we also found HGF secretion into the medium by CAFs using ELISA (Stadler, 2016). In
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addition, elevated HGF mRNA levels could be found in the tumor stroma of CRC samples
compared to the epithelial compartment (Nishida et al. 2012, Calon et al. 2015). In this context,
it was shown that PI3K/Akt signaling induced by HGF plays a crucial role in several cancer
types in regard to angiogenesis or therapy resistance (Ying et al. 2015, Ding et al. 2018b). We
could confirm that HCT116 colon cancer cells indeed respond to rhHGF treatment by an
upregulation of the PI3K/Akt pathway. Moreover, p-Akt levels decreased when cells where
treated with the c-Met inhibitor JNJ-38877605 prior to the stimulation with CAF-CM (see Figure
12B). We compared p-Met levels with p-Akt levels in CRC cells after treatment with
JNJ-38877605 and could see similar p-Akt inhibition patterns strongly supporting the notion
that Akt is indeed involved in downstream signaling of c-Met in our cell system (see Figure 11B
and 12B). Interestingly, the selective Akt inhibitor MK-2206 also downregulated p-Met
indicating possible feedback mechanisms in the signaling cascade or off-target effects of this
inhibitor (see Figure 11B). In contrast to our findings, Bian et al. claimed that Akt inhibition by
MK-2206 in non-small lung cancer cells induces c-Met expression and activation as a
compensatory response (Bian et al. 2018). These somewhat contradicting data show that
further investigation is needed to fully understand the mechanism of action of MK-2206 and to
assess the interaction of Akt and Met as compensatory mechanisms. The c-Met inhibitor
JNJ-38877605 used for our experiments showed promising results in preclinical studies as
oncogenic HGF/c-Met signaling could be blocked successfully (D’Amico et al. 2016, Gao et al.
2017). Unfortunately, a phase | dose-escalation study from 2015 revealed that JNJ-38877605
causes renal toxicity in patients which excluded this inhibitor from further studies (Lolkema et
al. 2015). Nevertheless, c-Met inhibitors are promising therapeutic targets as c-Met is amplified
in many cancer types (Bahrami et al. 2017). We show here that most likely HGF derived from
CAFs can potently activate the c-Met/Akt signaling axis in CRC cells. Thus, even without
amplification of c-Met, strong activation of c-Met/PI3K/Akt signaling in cancer cells can be the
result of high HGF levels secreted from CAFs. This opens the possibility that also patients with

non-amplified Met in the carcinomas might benefit from a c-Met inhibitor therapy.

The last kinase inhibitor selected from the results of our screen leading to a downregulation of
p-Akt in HCT116 cells was the selective JAK2 specific inhibitor Fedratinib. JAK2 is a non-
receptor protein kinase and gets activated when cytokines bind to their receptors (Hubbard
2018). Two of these cytokines are IL-6 and IL-11 which can activate JAKs by binding to the
IL-6 and IL-11 receptor (Lokau et al. 2017). Elevated IL-6 serum levels are associated with a
higher mortality in CRC patients and the concentration of IL-6 in the serum can be used as an

indicator for cancer recurrence (Lu et al. 2014). Knowledge on IL-11 is more scarce compared
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to IL-6 but it also acts as a potent driver for CRC as inhibiting the IL-11 signaling resulted in a
growth arrest of CRC cells and robust inhibition of tumor growth in vivo (Putoczki et al. 2013,
Heichler et al. 2019). In this regard, CAFs are a widely accepted source of IL-6 and IL-11
(Nagasaki et al. 2014, Huynh et al. 2016, Ma et al. 2019). In addition, previous data from our
group showed that IL-6 and IL-11 could be found in high concentrations in CAF-CM and
stimulated STAT3, which is a downstream molecule of IL-6/JAK2 signaling, in colon cancer
cells. In fact, IL-6 was the main inducer of STAT3 activation whereas IL-11 contributed to
STATS3 activation by only 15-20 % (Neuhold, 2018). Thus, it is tempting to speculate that CAF-
derived IL-6/IL-11 activates JAK2/STAT3 via IL-6 receptor signaling which obviously also
results in Akt activation. These findings are in accordance with other studies which described
decreased PI3K/Akt signaling after inhibition or knockdown of JAK2 (Li et al. 2012, Xu and Lv
2016). In this study, we could demonstrate that Fedratinib treated CRC cells, which were
stimulated with CAF-CM, showed decreased p-Akt levels comparable to the inhibition with
OSI-906 and JNJ-38877605 in contrast to untreated cells. As OSI-906 and JNJ-38877605 in
combination already downregulated p-Akt levels similar to the Akt inhibitor MK-2206, we had
to exclude that JAK2 is downstream of the IGF-1-R/Ins-R or c-Met. If JAK2 activation was
downstream of IGF-1-R or c-Met, the additional inactivation of JAK2 in combination with the
respective RTK inhibitors would lead to the same p-Akt levels. Due to time restrictions, we
could not completely confirm this hypothesis. On the one hand, we could identify IGF-1-R
signaling being potentially upstream of JAK2 in our cells. On the other hand, the strongest
decrease of p-Akt levels in HCT116 cells was observed when all three inhibitors were
combined, which also could be seen in the phenotypic assays (see below), indicating three
distinct signaling routes (Figure 14). Next to its promising effect in our study, Fedratinib is a
very encouraging therapeutic agent as it recently received its first approval in the US for the

treatment of myelofibrosis patients (Blair 2019).

In conclusion, there is strong evidence generated by this and our previous studies that
CAF-derived IGF-2, HGF, IL-6 and to a minor extent IL-11 are responsible for a strong Akt
activation in HCT116 colon cancer cells. Nevertheless, further experiments are necessary to
confirm the functional involvement and mode of action of these paracrine factors. This would
include using neutralizing antibodies or performing knockdowns of the respective genes in
CAFs.
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5.2. Inhibition of the IGF-1-R/Ins-R, c-Met and JAK-2 in HCT116 colon

cancer cells showed impaired proliferation, migration and invasion

After we revealed the signaling pathways leading to the activation of the PI3K/Akt pathway in
HCT116 we wanted to analyze the cellular consequences of the inhibition of the pathways by
OSI-906, JNJ-38877605 and Fedratinib. Hence, we treated CAF-CM-induced HCT116 cells
with a combination of OSI-906 and JNJ-38877605 and compared them to an administration of

all three inhibitors together in phenotypic analyses.

First we tested the impact of the inhibitors on cell proliferation by performing a 7-AAD/EdU
assay. MK-2206 treatment resulted in a significant reduction of S phase cells, whereas when
HCT116 cells were treated with OSI-906 and JNJ-38877605 the percentage of cells in S phase
did not differ significantly from the DMSO control. However, a slight decrease was
recognizable. Whether the observed drop in S phase is reliable and similar to MK-2206
treatment could only be determined by increasing the number of experiments to gain more
statistical power. In contrast to that, cells in S phase were significantly reduced at higher
statistical significance when cells were treated with OSI-906, JNJ-38877605 and Fedratinib
(see Figure 15 and 16). These results show that a combination of all inhibitors is most efficiently
affecting cell proliferation. Our findings correlate with other CRC studies as it was shown that
a direct inhibition of the PI3K/Akt pathway by PI3K inhibitors or PI3K knockdown resulted in
reduced cell proliferation in HCT116 cells (Yang et al. 2017). Additionally, we could observe
that the proliferation abilities of cells treated with a combination of all three inhibitors dropped
below those of cells which were treated with the Akt inhibitor MK-2206 (see Figure 15 and 16).
As this could not be achieved by the administration of OSI-906 and JNJ-388776065 in
combination, we concluded that the JAK2 inhibitor Fedratinib might have additional effects on
CAF-CM-induced HCT116 cell proliferation acting on other pathways than PI3K/Akt. Important
pathways, which are involved in cell proliferation next to PI3K/Akt, are the MAPK cascades
which get activated by mitogens binding to their RTKs (Zhang and Liu 2002). Whereas some
studies stated that JAK2 inhibitors also downregulate MAPK pathways in cells, nothing similar
is reported for Fedratinib (De Vos et al. 2000, Koppikar et al. 2010). However, it is known that
the JAK/STAT pathway interacts with the Ras/MAPK pathway at multiple levels which might
explain the efficacy of Fedratinib to downregulate cell proliferation to a greater extent than the
treatment with the Akt inhibitor MK-2206 can (Rawlings et al. 2004). Additionally, STAT3, which

is constitutively activated in colon cancer, is associated with cancer cell proliferation. Hence,
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inhibition of JAK2 and consequently blockage of STAT3 phosphorylation result in decreased
CRC cell division (Corvinus et al. 2005, Lin et al. 2011).

After testing the effect of the inhibitors on cell proliferation, we wanted to know if cell migration
is reduced by treating cells with OSI-906, JNJ-38877605 and Fedratinib. Indeed, we could
demonstrate that cell migration significantly decreased when HCT116 cells were treated with
OSI-906 and JNJ-38877605 or OSI-906, JNJ-38877605 and Fedratinib in combination
compared to the positive control. The strongest inhibition was observed in the treatment
approach using all inhibitors (Figure 18). It is widely accepted that the PI3K/Akt pathway is
involved in migration of cancer cells (Fu et al. 2015, Luo et al. 2018, Zhou et al. 2019). Our
results confirmed these findings but as already seen before in the proliferation assay, other
pathways activated by CAF-CM and signaling via IGF-1-R, c-Met and JAK2 seem to be
involved in cell migration since cells treated with MK-2206 showed less reduction in migration
than the combination treatment including all three inhibitors. Next to the PI3K/Akt signaling
pathway, Rho-family GTPases, which are linked to the MAPK signaling pathways, participate
in cell motility (Zohrabian et al. 2009). OSI-906, JNJ-38877605 or Fedratinib might act on

upstream kinases involved in these pathways and thereby inhibit cell migration.

Finally, a collagen gel assay was performed to investigate the influence of OSI-906,
JNJ-38877605 and Fedratinib on tumor spheroid spreading. Cell invasion, which is involved
as initial step in metastasis, is an important topic in cancer as many cancer related deaths are
caused by the metastatic spread of tumor cells to vital organs (Justus et al. 2014). The
involvement of the PI3K/Akt pathway in cancer cell invasion is already described in several
research studies (Meng et al. 2006, Chen et al. 2016). In this study, we could show that the
inhibition of the IGF-1-R/Ins-R, c-Met receptor and JAK2 significantly impaired the outgrowth
of HCT116 colon cancer cells into the ECM regardless of whether they were treated with
OSI1-906, JNJ-38877605 in combination or with the triple inhibitor combination including
Fedratinib. As these inhibitors lead to decreased p-Akt signals, we can confirm that the
PI3K/Akt pathway has a crucial role in spheroid outgrowth. Nevertheless, cells treated with
MK-2206, which represents the positive control for Akt inhibition, resulted in larger outgrowth
areas compared to cells treated with the two or three inhibitor combinations which indicates
that other pathways beside the PI3K/Akt signaling pathway are involved in outgrowth
mechanisms in our cellular system (Figure 19). In invasion, similar molecules are involved as
during cell migration such as GTPases of the Rho-family (Gerashchenko et al. 2019).

Furthermore, an involvement of the MAPK pathways in the regulation of cell invasion and
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metastasis has been observed in the past (Janda et al. 2002, Hsieh et al. 2010, Jung et al.
2013, Wang et al. 2013). It is reasonable that cancer cell invasion requires a remodeling of the
ECM. Matrix-metalloproteinases (MMPs) play an essential role in metastasis by degrading
matrix barriers. It was shown that Akt is involved in MMP expression by e.g. inhibiting their
degradation (Park et al. 2001, Guan et al. 2018). These findings together with ours

demonstrate the interplay of different pathways to regulate cancer cell invasion.

Although it is generally accepted that the PI3K/Akt pathway is involved in cell proliferation,
migration and invasion we could show that the CAF-derived paracrine factors IGF-2, HGF and
IL6/11 are most likely responsible for the activation of this pathway. As far as we know, we are
the first who demonstrated the parallel involvement of three signal routes induced by these
factors in the PI3K/Akt signaling in CRC cells. Thus, with this Master thesis | clarified that
IGF-2/IGF-1-R, HGF/c-Met and IL-6/IL-11/JAK2 are the most prominent signaling routes
leading to Akt activation in colon cancer cells. Moreover, we clearly demonstrated that the

inhibition of downstream kinases of these factors impaired CRC progression in vitro.
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6. CONCLUSION

In this study, we could show that the inhibitors OSI-906 targeting the IGF-1-R/Ins-R,
JNJ-38877605 targeting the c-Met receptor and Fedratinib targeting JAK2 were sufficient to
completely block the phosphorylation of Akt at Ser473 in HCT116 colon cancer cells and
thereby the pro-tumorigenic effects of Akt signaling. Additionally, we could demonstrate the
effectiveness of combined treatments of these inhibitors in reducing cancer cell proliferation,
migration and invasion in vitro. Based on previous studies from our group or findings of others
we conclude that CAF-derived IGF-2, HGF, IL-6 and IL-11 are responsible for the activation of
the PI3K/Akt signaling pathway in CRC cells.

We found promising therapeutic targets to perturb the crosstalk between the TME and cancer
cells. A combinatory inhibition of the IGF-1-R/Ins-R, c-Met and JAK2 signaling is a possible
future treatment approach for cancer therapy. Nevertheless, further research is needed to
proof our findings in patient-derived organoids to reveal intertumoral differences regarding the
inhibitor treatments and to enable the development of personalized health plans. In addition,
analysis in vivo need to be conducted by testing the inhibition of the PI3K/Akt signaling
pathway in patient-derived xenograft mouse models in order to detect potential side effects
when intervening in the tumor/stroma crosstalk by targeting stromal IGF-2, HGF, IL-6 and IL-11

or downstream molecules of these CAF-derived factors.
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APPENDIX

Tab. 18: Results In-Cell Western assay. The table shows the entire list of results gained through ICW
assay. Normalization was done by dividing the MFI of p-Akt results by the MFI of total Akt. Afterwards,
the mean value of each well of the triplicates was calculated. A heatmap was used to create a better
overview of the results. Red indicates low p-Akt values, which means a strong p-Akt inhibition
proceeded, yellow indicates mediocre values and green indicates high values. The columns show the
replicates (1, 2, 3) and their mean. Each row represents an inhibitor. The inhibitors are ordered
according to mean value. Control wells can be found in a separate table.

1 GSK1059615 PI3K,mTOR
2 GDC-0941 PI3K
3 BMS-754807 IGF-1R, Trkreceptor,c-Met
4 Torin2 ATM/ATR,mTOR
5 INK128(MLN0128) mTOR
6 MK-22062HCI Akt
7 VS-5584(SB2343) PI3K
8 WYE-125132(WYE-132) mTOR
9 AZD8055 mTOR
10 BYL719 PI3K
11 AZD6482 PI3K
12 HS-173 PI3K
13 CH5132799 mTOR,PI3K
14 Triciribine Akt
15 ETP-46464 mTOR,ATM/ATR
16 BGT226(NVP-BGT226) PI3K,mTOR
17 PIK-75 PI3K,DNA-PK
18 GDC-0349 mTOR
19 GSK2126458(GSK458) PI3K,mTOR
20 Foretinib(GSK1363089) VEGFR,c-Met
21 GDC-0980(RG7422) mTOR,PI3K
22 ZSTKA474 PI3K
23 BMS-794833 VEGFR,c-Met
24 KU-0063794 mTOR
25 WYE-354 mTOR
26 AZD2014 mTOR
27 0SI-906(Linsitinib) IGF-1R
28 Crizotinib(PF-02341066) c-Met, ALK
29 PF-04691502 Akt,mTOR,PI3K
30 NVP-ADW742 IGF-1R
31 BMS-777607 Axl,c-Met
32 PP242 mTOR,Autophagy
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33 TAE226(NVP-TAE226) FAK 0,3458 0,3603 0,2541 0,3201
34 AT9283 JAK,AuroraKinase,Ber-Abl | 0,3292 0,3317 0,3054 0,3221
35 NVP-AEW541 IGF-1R 0,3154 0,3363 0,3288 0,3268
36 MGCD-265 Tie-2,VEGFR c-Met 0,3395 0,3392 0,3464 0,3417
37 PI-103 PBK*’}“&?&'}%%'DNA' 0,3891 0,3207 0,3293 0,3464
38 BMS-536924 IGF-1R 0,4581 0,3006 0,3002 0,3530
39 SGX-523 c-Met 0,3634 0,3477 0,3512 0,3541
40 Cab°za“t;’(‘)i7b§§1'-)1 84,BMS- Fkng\T/EGZFCRﬂ;r 0,3464 0,3618 0,3614 0,3565
41 A6 PI3K 0,2836 0,3523 0,4341 0,3566
42 JNJ-38877605 c-Met 0,3879 0,3544 0,3340 0,3588
43 PP121 DNA-PK,PDGFR,mTOR 0,3854 0,3864 0,3174 0,3631
44 SB202190(FHPI) p38MAPK 0,3756 0,3589 0,3547 0,3631
45 LY2784544 JAK 0,3679 0,3590 0,3662 0,3643
46 CUDC-907 PI3K,HDAC 0,3457 0,3876 0,3762 0,3698
47 PF-04217903 c-Met 04213 0,3500 0,3488 0,3734
48 Golvatinib(E7050) VEGFR,c-Met 0,3603 0,3765 0,3835 0,3734
49 AMG-458 c-Met 0,3752 0,4221 0,3373 0,3782
50 0s1-027 mTOR 0,3415 0,4523 0,3622 0,3853
51 BMS-265246 CDK 0,4483 0,3679 0,3535 0,3899
52 PHA-665752 c-Met 0,3973 0,3986 0,3877 0,3945
53 su11274 c-Met 04213 0,3847 0,3777 0,3945
54 SP600125 INK 0,3669 0,4203 0,3969 0,3947
55 NVP-BVU972 c-Met 0,3383 0,4420 0,4093 0,3965
56 PF-573228 FAK 0,4190 0,4051 0,3656 0,3966
57 AZD3463 ALK 0,4307 0,4064 0,3526 0,3966
58 VX-745 p38MAPK 0,3437 0,4090 0,4485 0,4004
59 GSK1838705A IGF-1R,ALK 0,4361 0,3966 0,3782 0,4037
60 AZD1480 JAK 0,3668 0,4686 0,3810 0,4055
61 YM201636 PI3K 04273 0,4339 0,3605 0,4072
62 TWS119 GSK-3 0,4387 0,4491 0,3509 0,4129
63 ENMD-2076 AuroraKinase,FLT3,VEGFR |  0,3915 0,4323 0,4153 0,4130
64 SB203580 p38MAPK 0,4462 0,3895 0,4041 0,4132
65 Telatinib VEGFR,PDGFR,c-Kit 0,4605 0,3650 0,4169 0,4141
66 AZD7762 Chk 0,4172 0,4033 0,4223 0,4143
67 PIK-93 PI3K 0,4190 04112 0,4133 0,4145
68 DCC-2036(Rebastinib) Ber-Ab 0,3399 0,3219 0,5857 0,4158
69 Fasudil(HA-1077)HCI ROCK,Autophagy 0,4531 0,4405 0,3565 0,4167
70 LY2228820 p38MAPK 0,3775 0,4351 0,4450 0,4192
7 PIK-203 PI3K 0,4421 0,3896 0,4269 0,4195
72 AZ960 JAK 0,4609 0,4521 0,3501 0,4210
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73 TSU-68(SU6668,Orantinib) VEGFR,PDGFR FGFR 0,3973 0,4362 0,4300 0,4212
74 AST-1306 EGFR 0,4496 0,4296 0,3881 0,4224
75 AT7519 CDK 0,4806 0,3905 0,3964 0,4225
76 R406(freebase) Syk 0,4493 0,4258 0,3993 0,4248
77 KW-2449 AuroraKinase,Ber-Abl,FLT3 | 0,4145 0,4398 0,4241 0,4261
78 Nintedanib(BIBF1120) VEGFR,PDGFR FGFR 0,4143 0,4522 0,4128 0,4265
79 VX-680(Tozasertib,MK-0457) AuroraKinase 0,4586 0,4150 04117 0,4284
80 Ruxolitinib(INCB018424) JAK 0,4227 0,4287 0,4359 0,4291
81 AC480(BMS-599626) HER2,EGFR 0,3996 0,4802 0,4144 04314
82 | Roscovitine(Seliciclib,CYC202) CDK 0,4401 0,4133 0,4421 0,4318
83 BX-795 IKB/IKK,PDK-1 0,4024 0,4613 0,4319 0,4319
84 GSK2334470 PDK-1 0,4343 0,4597 0,4029 0,4323
85 57'}%’;?;B:fé§xte HER2,EGFR 0,4209 0,3881 0,4913 0,4334
86 cYC116 AuroraKinase,VEGFR 0,4613 0,4143 0,4353 0,4370
87 BS-181HCI CDK 0,4213 0,4576 0,4372 0,4387
88 CO-1686(AVL-301) EGFR 04114 0,4877 0,4183 0,4392
89 BIX02189 MEK 0,4405 0,4650 0,4128 0,4394
90 AZD8330 MEK 0,3601 0,5123 0,4471 0,4398
91 KU-60019 ATM/ATR 0,4165 0,4586 0,4461 0,4404
92 CYT387 JAK 0,4556 0,4940 0,3743 0,4413
93 GSK461364 PLK 0,4554 0,4224 0,4506 0,4428
94 PD173074 VEGFR,FGFR 0,4208 0,4835 0,4270 0,4438
95 Rigosertib(ON-01910) PLK 0,4421 0,4375 0,4548 0,4448
96 Genistein Topoisomerase,EGFR 0,4055 0,4797 0,4495 0,4449
97 PHT-427 PDK-1,Akt 0,4625 0,4702 0,4113 0,4480
98 BIX02188 MEK 0,4274 0,4534 0,4634 0,4481
99 SGI-1776freebase Pim 0,4533 0,4391 0,4524 0,4483
100 TG101348(SAR302503) JAK 0,4421 0,4694 0,4334 0,4483
101 AS-604850 PI3K 0,4089 0,4823 0,4548 0,4486
102 AP26113 ALK 0,4674 0,4434 0,4368 0,4492
103 | Vemurafenib(PLX4032,RG7204) Raf 0,4239 0,4826 0,4413 0,4493
104 WAY-600 mTOR 0,4543 0,4169 0,4775 0,4496
105 Ki8751 PDGFR,c-Kit VEGFR 0,4323 0,4770 0,4395 0,4496
106 | KU-55933(ATMKinaselnhibitor) ATM/ATR 0,4216 0,5008 0,4270 0,4498
107 KRN633 PDGFR,VEGFR 0,4383 0,4799 0,4373 0,4518
108 Acadesine AMPK 0,4871 0,4574 0,4120 0,4522
109 BX-912 PDK-1 0,4043 0,4948 0,4591 0,4527
110 Cabozantinibmalate(XL184) VEGFR 0,4187 0,4873 0,4525 0,4528
111 CCT129202 AuroraKinase 0,4485 0,4515 0,4598 0,4533
112 TG100-115 PI3K 0,4701 0,4284 0,4622 0,4536
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113 MLN8054 AuroraKinase 0,4474 0,4765 0,4394 0,4544
114 0sS1-930 c-Kit,CSF-1R,VEGFR 0,4285 0,4975 0,4399 0,4553
115 Pimasertib(AS-703026) MEK 0,4199 0,4751 0,4713 0,4555
116 Hesperadin AuroraKinase 0,4859 0,4880 0,3927 0,4555
117 Afatinib(BIBW2992) EGFR,HER2 0,4548 0,4575 0,4557 0,4560
118 BI2536 PLK 0,4606 0,4649 0,4443 0,4566
119 JNJ-7706621 CDK,AuroraKinase 0,3980 0,4958 0,4761 0,4566
120 Tie2kinaseinhibitor Tie-2 0,4290 0,5138 0,4280 0,4569
121 Lenvatinib(E7080) VEGFR 0,4789 0,4701 0,4235 0,4575
122 SNS-032(BMS-387032) CDK 0,4502 0,4609 0,4622 0,4578
123 Degrasyn(WP1130) DUB,Bcr-Abl 0,5159 0,3104 0,5473 0,4578
124 AZD8931(Sapitinib) HER2,EGFR 0,4546 0,4580 0,4626 0,4584
125 B’i"a“ibg;'s‘gl“)‘te(BMS' VEGFR,FGFR 0,4696 0,5025 0,4053 0,4591
126 Quizartinib(AC220) FLT3 0,4838 0,4480 0,4530 0,4616
127 PazopanibHCI(GW786034HCI) VEGFR,PDGFR,c-Kit 0,4579 0,4826 0,4450 0,4618
128 TAK-901 AuroraKinase 0,4692 0,4630 0,4549 0,4624
129 R406 Syk,FLT3 0,4378 0,5014 0,4485 0,4626
130 AuroraAlnhibitorl AuroraKinase 0,4228 0,5063 0,4610 0,4634
131 WZ3146 EGFR 0,4885 0,4520 0,4517 0,4640
132 Brivanib(BMS-540215) FGFR,VEGFR 0,5077 0,4369 0,4489 0,4645
133 LY294002 Autophagy,PI3K 0,4895 0,4658 0,4421 0,4658
134 WZ8040 EGFR 0,5127 0,4508 0,4339 0,4658
135 Apatinib VEGFR 0,4651 0,4591 0,4762 0,4668
136 PIK-294 PI3K 0,4621 0,5037 0,4350 0,4670
137 Linifanib(ABT-869) CSF-1R,PDGFR,VEGFR 0,5000 0,4614 0,4473 0,4696
138 AEET788(NVP-AEE788) HER2,VEGFR,EGFR 0,4063 0,5313 0,4732 0,4703
139 Dasatinib Ber-Abl,c-Kit,Src 0,4950 0,5017 0,4158 0,4708
140 CAL-101(ldelalisib,GS-1101) PI3K 0,5001 0,4840 0,4287 0,4709
141 Mubritinib(TAK165) HER2 0,4682 0,5298 0,4186 0,4722
142 Gefitinib(ZD1839) EGFR 0,5034 0,4797 0,4360 0,4730
143 PH-797804 p38MAPK 0,4532 0,4776 0,4901 0,4737
144 PD98059 MEK 0,4939 0,4612 0,4662 0,4738
145 GSK429286A ROCK 0,4514 0,4814 0,4893 0,4740
146 PD318088 MEK 0,4777 0,4814 0,4632 0,4741
147 0sS1-420 EGFR 0,5015 0,4765 0,4466 0,4749
148 Semaxanib(SU5416) VEGFR 0,4478 0,4595 0,5212 0,4762
149 Vandetanib(ZD6474) VEGFR 0,4680 0,5086 0,4544 0,4770
150 Vatalanib(PTK787)2HCI c-Kit, VEGFR 0,4872 0,5012 0,4462 0,4782
151 SNS-314Mesylate AuroraKinase 0,5133 0,4628 0,4599 0,4787
152 PHA-793887 CDK 0,4588 0,5220 0,4571 0,4793
153 PHA-680632 AuroraKinase 0,4804 0,4969 0,4620 0,4798
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Refametinib(RDEA119,Bay86-

154 9766) MEK 0,4743 0,4825 0,4826 0,4798
155 BIRB796(Doramapimod) p38MAPK 0,4350 0,5658 0,4393 0,4800
156 HMN-214 PLK 0,4689 0,5075 0,4642 0,4802
157 M°tesa"ibDi%‘g)s”hate(AMG' VEGFR,PDGFR,c-Kit 0,5112 0,4561 0,4756 0,4810
158 Thiazovivin ROCK 0,4276 0,5191 0,4980 0,4816
159 PD184352(C1-1040) MEK 0,4880 0,5175 0,4413 0,4823
160 PF-4708671 S6Kinase 0,4549 0,5300 0,4622 0,4824
161 Ponatinib(AP24534) PDGFR'FG';\R;IV EGFRBor- | 4806 0,4835 0,4782 0,4838
162 SL-327 MEK 0,4817 0,5037 0,4686 0,4847
163 Regorafenib(BAY73-4506) c-RET,VEGFR 0,5062 0,4833 0,4669 0,4855
164 TG101209 JAK,FLT3,c-RET 0,4724 0,4982 0,4873 0,4860
165 CNX-2006 EGFR 0,4979 0,5420 0,4229 0,4876
166 PHA-767491 CDK 0,4769 0,5152 0,4765 0,4895
167 WZz4002 EGFR 0,4764 0,4725 0,5207 0,4899
168 SorafenibTosylate PDGFR,Raf,VEGFR 0,4998 0,5317 0,4398 0,4904
169 PLX-4720 Raf 0,4811 0,5075 0,4827 0,4904
170 Wortmannin Autophagy, ATM/ATR,PI3K | 0,4001 0,5368 0,5416 0,4929
171 ZM336372 Raf 0,4402 0,5176 0,5212 0,4930
172 Palbociclib(PD-0332991)HCI CDK 0,5055 0,4998 0,4754 0,4936
173 SAR245409(XL765) PI3K,mTOR 0,4889 0,4967 0,4989 0,4948
174 AZD4547 FGFR 0,4803 0,5045 0,5019 0,4956
175 Barasertib(AZD1152-HQPA) AuroraKinase 0,4972 0,4934 0,4963 0,4956
176 Quercetin PKC,Src,PI3K,Sirtuin 0,4065 0,5644 0,5166 0,4958
177 SB590885 Raf 0,5134 0,4955 0,4804 0,4964
178 AG-1478(TyrphostinAG-1478) EGFR 0,4721 0,4747 0,5500 0,4989
179 Tandutinib(MLN518) FLT3 0,4693 0,5150 0,5153 0,4999
180 IPI-145(INK1197) PI3K 0,5354 0,5140 0,4514 0,5003
181 WP1066 JAK 0,5535 0,4745 0,4731 0,5003
182 Saracatinib(AZD0530) Src,Ber-Abl 0,5099 0,4511 0,5418 0,5009
183 ErlotinibHCI(OSI-744) Autophagy,EGFR 0,5087 0,5202 0,4768 0,5019
184 | Dacomitinib(PF299804,PF299) EGFR 0,4742 0,5026 0,5314 0,5027
185 KX2-391 Src 0,5003 0,4985 0,5097 0,5029
186 PD0325901 MEK 0,5104 0,4710 0,5283 0,5032
187 Danusertib(PHA-739358) XS%;?;&E‘; 0,4992 0,4575 0,5565 0,5044
188 Selumetinib(AZD6244) MEK 0,4592 0,5312 0,5245 0,5050
189 Alisertib(MLN8237) AuroraKinase 0,4805 0,5339 0,5007 0,5050
190 SB216763 GSK-3 0,5515 0,5012 0,4628 0,5052
191 Pelitinib(EKB-569) EGFR 0,4605 0,5462 0,5099 0,5055
192 TPCA-1 IKB/IKK 0,5071 0,5102 0,4999 0,5057
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193 TGX-221 PI3K 0,5263 0,4919 0,4991 0,5058
194 NU7441(KU-57788) DNA-PK,PI3K 0,4734 0,5197 0,5281 0,5071
195 AG-490(TyrphostinB42) JAK,EGFR 0,4869 0,5157 0,5221 0,5083
196 SunitinibMalate VEGFR,PDGFR,c-Kit 0,5113 0,5407 0,4730 0,5084
197 3-Methyladenine Autophagy,PI3K 0,5319 0,4952 0,4987 0,5086
198 U0126-EtOH MEK 0,4873 0,5322 0,5065 0,5087
199 TAK-285 EGFR,HER2 0,4430 0,5281 0,5569 0,5093
200 ZM447439 AuroraKinase 0,4865 0,5347 0,5073 0,5095
201 XL147 PI3K 0,5028 0,5261 0,5007 0,5099
202 Y-276322HCI Autophagy,ROCK 0,5084 0,5076 0,5137 0,5099
203 GDC-0879 Raf 0,5182 0,5075 0,5046 0,5101
204 Dinaciclib(SCH727965) CDK 0,5016 0,5150 0,5158 0,5108
205 CP-673451 PDGFR 0,4356 0,5546 0,5422 0,5108
206 CAY10505 PI3K 0,4624 0,5641 0,5071 0,5112
207 CP-724714 EGFR,HER2 0,5968 0,4936 0,4434 0,5113
208 AS-252424 PI3K 0,5205 0,5248 0,4897 0,5116
209 FlavopiridolHCI CDK 0,4632 0,5366 0,5353 0,5117
210 AZ20 ATM/ATR 0,5168 0,5405 0,4802 0,5125
211 H892HCI PKA 0,5407 0,5172 0,4815 0,5131
212 BI-D1870 S6Kinase 0,4884 0,5451 0,5073 0,5136
213 Tivozanib(AV-951) VEGFR,PDGFR,c-Kit 0,4999 0,5076 0,5342 0,5139
214 Volasertib(BI6727) PLK 0,5351 0,4892 0,5198 0,5147
215 Cediranib(AZD2171) VEGFR 0,6348 0,4522 0,4576 0,5149
216 R03280 PLK 0,4507 0,5660 0,5282 0,5150
217 Amuvatinib(MP-470) FLT3,c-RET,PDGFR,c-Kit 0,5140 0,5201 0,5200 0,5180
218 GSK1904529A IGF-1R 0,5420 0,5489 0,4647 0,5185
219 PF-00562271 FAK 0,5520 0,5132 0,4910 0,5187
220 Gg'gg;%f}t;’;i;’éﬁi: 'ib) JAK 0,4732 0,5304 0,5532 0,5189
221 ImatinibMesylate(STI571) c-Kit,Ber-Abl,PDGFR 0,5289 0,5043 0,5263 0,5198
222 0SU-03012(AR-12) PDK-1 0,5611 0,5211 0,4785 0,5202
223 NVP-BSK8052HCI JAK 0,5667 0,4498 0,5482 0,5216
224 SB415286 GSK-3 0,5206 0,5082 0,5421 0,5237
225 ChrysophanicAcid mTOR,EGFR 0,5638 0,5176 0,4937 0,5250
226 MK-2461 c-Met,PDGFR,FGFR 0,5235 0,5127 0,5405 0,5256
227 A-769662 AMPK 0,5302 0,4919 0,5588 0,5270
228 Pacritinib(SB1518) JAK 0,5230 0,5210 0,5370 0,5270
229 RAF265(CHIR-265) VEGFR,Raf 0,5107 0,5654 0,5058 0,5273
230 Honokiol MEK, Akt 0,4206 0,5886 0,5731 0,5274
231 Crenolanib(CP-868596) PDGFR 0,5397 0,5339 0,5123 0,5286
232 AG-1024 IGF-1R 0,5075 0,5535 0,5294 0,5301
233 ZM306416 VEGFR 0,5398 0,5433 0,5156 0,5329
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234 CcuDC-101 HDAC,HER2,EGFR 0,5245 0,5620 0,5133 0,5333
235 Masitinib(AB1010) PDGFR,c-Kit 0,5326 0,5638 0,5077 0,5347
236 Trametinib(GSK1120212) MEK 0,5133 0,5375 0,5615 0,5374
237 Dovitinib(TKI-258,CHIR-258) Kit,F\ﬁzFGR#EL,gg'cC;_FR 0,5602 0,5325 0,5202 0,5377
238 Fostamatinib(R788) Syk 0,5782 0,5311 0,5136 0,5410
239 Ridaf°’°"'““zg‘;ffm"mus’”'K' mTOR 0,5509 0,5683 0,5099 0,5430
240 PF-562271 FAK 0,5697 0,5582 0,5022 0,5434
241 BK?AI:%,ZB?}E;E;ib) PI3K 0,5256 0,5389 0,5667 0,5437
242 GSK650394 Others 0,5330 0,5666 0,5384 0,5460
243 Indirubin GSK-3 0,4828 0,5953 0,5605 0,5462
244 CCT137690 AuroraKinase 0,5902 0,5688 0,4821 0,5470
245 Nilotinib(AMN-107) Ber-Abl 0,5361 0,5412 0,5703 0,5492
246 NU6027 CDK 0,5597 0,5985 0,4900 0,5494
247 AsiaticAcid P38MAPK 0,5569 0,5689 0,5232 0,5496
248 NVP-BHG712 AbI,VEC?:Ig,SI;gh%?r:;eceptor 0,6007 0,5265 0,5225 0,5499
249 LDC000067 CDK 0,5215 0,5774 0,5527 0,5505
250 Varlitinib EGFR 0,5428 0,5565 0,5572 0,5521
251 Bosutinib(SKI-606) Src 0,5852 0,4875 0,5865 0,5531
252 PhenforminHCI AMPK 0,5256 0,5809 0,5583 0,5549
253 Everolimus(RAD001) mTOR 0,5579 0,5613 0,5475 0,5556
254 SSR128129E FGFR 0,5060 0,6217 0,5400 0,5559
255 RKI-1447 ROCK 0,5974 0,5258 0,5461 0,5564
256 SAR131675 VEGFR 0,5370 0,5828 0,5499 0,5566
257 HER2-Inhibitor-1 HER2,EGFR 0,5976 0,5386 0,5336 0,5566
258 LY2835219 CDK 0,5503 0,6094 0,5114 0,5570
259 Losmapimod(GW856553X) P38MAPK 0,5588 0,5710 0,5429 0,5576
260 Pf;: 2?33577(;’:&5- Syk 0,5545 0,5574 0,5669 0,5596
261 LY2603618 Chk 0,5771 0,5477 0,5566 0,5605
262 Tg%ﬁ:gg’g;;égg" mTOR 0,5620 0,5937 0,5257 0,5605
263 TAK-733 MEK 0,5700 0,5621 0,5567 0,5629
264 PP1 Src 0,5230 0,6229 0,5434 0,5631
265 AZ628 Raf 0,5461 0,6169 0,5304 0,5645
266 Imatinib(STI571) PDGFR 0,5431 0,5313 0,6234 0,5660
267 AZD5438 CDK 0,5204 0,5943 0,5851 0,5666
268 TyrphostinAG879 HER2 0,5347 0,5774 0,5923 0,5681
269 AZD1208 Pim 0,5712 0,6278 0,5138 0,5709
270 VE-822 ATM/ATR 0,5239 0,6187 0,5713 0,5713
271 WHI-P154 JAK,EGFR 0,5669 0,5585 0,5890 0,5715
272 TAK-715 P38MAPK 0,5913 0,5764 0,5506 0,5728
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273 LDK378 ALK 0,6148 0,5629 0,5418 0,5732
274 PD173955 BCR-ABL 0,4978 0,6598 0,5637 0,5737
275 AVL-292 BTK 0,5663 0,6098 0,5459 0,5740
276 EHT1864 Rho 0,5508 0,5823 0,5902 0,5744
277 VX-702 p38MAPK 0,5981 0,5959 0,5421 0,5787
278 K-Ras(G12C)inhibitor9 Rho 0,5517 0,6154 0,5721 0,5797
279 Palomid529(P529) mTOR 0,5324 0,6111 0,5966 0,5801
280 Sotrastaurin PKC 0,5680 0,6134 0,5607 0,5807
281 JNKInhibitorIX JINK 0,5892 0,6074 0,5462 0,5810
282 Ibrutinib(PCI-32765) BTK 0,5248 0,5924 0,6257 0,5810
283 Skepinone-L p38MAPK 0,5755 0,6158 0,5516 0,5810
284 XL019 JAK 0,5829 0,5866 0,5774 0,5823
285 Enzastaurin(LY317615) PKC 0,6205 0,5732 0,5550 0,5829
286 PD168393 EGFR 0,5966 0,6092 0,5431 0,5829
287 Milciclib(PHA-848125) CDK 0,5755 0,5852 0,5906 0,5838
288 R547 CDK 0,5911 0,5777 0,5836 0,5841
289 Dabrafenib(GSK2118436) Raf 0,5602 0,6230 0,5714 0,5849
290 PP2 Src 0,5823 0,6069 0,5711 0,5868
291 GNE-9605 LRRK2 0,5374 0,6388 0,5862 0,5875
292 GSK2636771 PI3K 0,6010 0,6227 0,5411 0,5883
293 JNK-IN-8 JINK 0,6020 0,6215 0,5545 0,5927
294 TIC10 Akt 0,5413 0,6642 0,5728 0,5928
295 Axitinib c-Kit, VEGFR,PDGFR 0,6019 0,5927 0,5851 0,5932
296 Piceatannol Syk 0,6011 0,5785 0,6018 0,5938
297 Rapamycin(Sirolimus) Autophagy, mTOR 0,6113 0,5746 0,5998 0,5952
298 MK-5108(VX-689) AuroraKinase 0,5818 0,6234 0,5823 0,5958
299 6HO05 Rho 0,5888 0,6210 0,5779 0,5959
300 IKK-16(IKKInhibitorVII) IkB/IKK 0,6152 0,6007 0,5725 0,5961
301 AR-A014418 GSK-3 0,5995 0,6244 0,5727 0,5989
302 IPA-3 PAK 0,6012 0,6286 0,5682 0,5993
303 MK-8745 AuroraKinase 0,5611 0,6412 0,5988 0,6004
304 CEP-33779 JAK 0,5454 0,6192 0,6408 0,6018
305 PF-543 S1PReceptor 0,5778 0,6218 0,6061 0,6019
306 CGK733 ATM/ATR 0,6167 0,6130 0,5767 0,6021
307 Filgotinib(GLPG0634) JAK 0,6020 0,6424 0,5639 0,6028
308 GW5074 Raf 0,5824 0,6142 0,6166 0,6044
309 SC-514 IkB/IKK 0,6107 0,6157 0,5898 0,6054
310 SKill S1PReceptor 0,6239 0,6077 0,5911 0,6076
311 GNF-5 Ber-Abl 0,5880 0,6279 0,6083 0,6081
312 GNE-0877 LRRK2 0,6001 0,6180 0,6087 0,6089
313 IM-12 GSK-3 0,5999 0,6349 0,5943 0,6097
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314 AZD9291 EGFR 0,5838 0,6576 0,5886 0,6100
315 zcL278 Rac 0,5953 0,6182 0,6183 0,6106
316 S-Ruxolitinib(INCB018424) JAK 0,6467 0,5994 0,5861 0,6107
317 10058-F4 eMyc 0,5947 0,6488 0,5888 0,6108
318 Pazopanib PDGFR,c-Kit, VEGFR 0,6024 0,6146 0,6169 0,6113
319 | Tofacitinib(CP-690550)Citrate JAK 0,5944 0,6476 0,5920 0,6114
320 CX-6258HCI Pim 0,6059 0,6103 0,6246 0,6136
321 Wz4003 AMPK 0,5752 0,6427 0,6281 0,6154
322 Icotinib EGFR 0,6215 0,6226 0,6034 0,6158
323 ZM323881HCI VEGFR 0,6386 0,6049 0,6041 0,6159
324 AZD1080 GSK-3 0,6318 0,6301 0,5896 0,6172
325 BAY11-7082 IKB/IKK,E2conjugating 0,6275 0,6401 0,5951 0,6209
326 CzC24832 PI3K 0,6051 0,6677 0,5921 0,6216
327 PFK15 Others 0,5749 0,7017 0,5929 0,6232
328 GNF-2 Ber-Ab 0,6004 0,6462 0,6247 0,6237
329 Sorafenib Raf 0,6239 0,6435 0,6041 0,6238
330 AMG-900 AuroraKinase 0,5905 0,6356 0,6477 0,6246
331 PF-3758309 PAK 0,5860 0,6390 0,6530 0,6260
332 P276-00 CDK 0,6736 0,5497 0,6560 0,6265
333 TG003 CDK 0,6340 0,6597 0,5863 0,6267
334 Fingolimod(FTY720)HCI S1PReceptor 0,6100 0,6620 0,6097 0,6272
335 KN-93Phosphate Others 0,6347 0,6261 0,6215 0,6274
336 | Dovitinib(TKI-258)DilacticAcid EREEE?;',:VGEFC?#% 0,6038 0,6117 0,6688 0,6281
337 TAK-632 Raf 0,6522 0,6415 0,6052 0,6330
338 CGI1746 BTK 0,6450 0,6150 0,6396 0,6332
339 TCS359 FLT3 0,6433 0,6014 0,6596 0,6348
340 BIO GSK-3 0,6372 0,6514 0,6159 0,6348
341 CHIR-99021(CT99021)HCl GSK-3 0,6029 0,6760 0,6299 0,6363
342 EHop-016 Rac 0,6318 0,6832 0,5987 0,6379
343 GNE-7915 LRRK2 0,6308 0,6094 0,6823 0,6409
344 TG100713 PI3K 0,5784 0,6972 0,6629 0,6462
345 BMS-345541 IKB/IKK 0,6247 0,6583 0,6573 0,6467
346 MEK1 52(23'?;\2‘21)62"““' MEK 0,6472 0,6707 0,6320 0,6500
347 PQ401 IGF-1R 0,6885 0,6782 0,5847 0,6505
348 MK-8776(SCH900776) CDK,Chk 0,6344 0,6397 0,6788 0,6509
349 CHIR-124 Chk 0,6885 0,5988 0,6773 0,6548
350 NMS-P937(NMS1286937) PLK 0,6622 0,6596 0,6436 0,6551
351 Butein EGFR 0,6581 0,6556 0,6527 0,6555
352 VE-821 ATM/ATR 0,6437 0,6671 0,6589 0,6566
353 AG-18 EGFR 0,6330 0,6818 0,6614 0,6587
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354 CNX-774 BTK 0,6500 0,6948 0,6377 0,6608
355 TyrphostinAG1296 FGFR,c-Kit,PDGFR 0,6873 0,6359 0,6615 0,6616
356 KN-62 Others 0,6850 0,6804 0,6531 0,6728
357 ZM39923HCI JAK 0,6567 0,6637 0,6993 0,6732
358 AT7867 S6Kinase,Akt 0,6707 0,7118 0,6438 0,6754
359 WH-4-023 Src 0,6781 0,6934 0,6596 0,6770
360 GZD824 Bcr-Abl 0,6632 0,6982 0,6747 0,6787
361 AZD2858 GSK-3 0,6864 0,6943 0,6570 0,6793
362 SMI-4a Pim 0,6790 0,6636 0,7022 0,6816
363 GF109203X PKC 0,6631 0,7081 0,6863 0,6858
364 NSC23766 Rac 0,6534 0,6811 0,7332 0,6892
365 PF-477736 Chk 0,7024 0,6808 0,6961 0,6931
366 Go6983 PKC 0,7112 0,7126 0,6810 0,7016
367 Zotarolimus(ABT-578) mTOR 0,7079 0,7243 0,6788 0,7037
368 XMD8-92 ERK 0,7882 0,6693 0,6543 0,7039
369 IMD0354 IKB/IKK 0,7038 0,6764 0,7484 0,7095
370 CEP-32496 CSF-1R,Raf 0,6867 0,7153 0,7337 0,7119
371 Ro031-8220Mesylate PKC 0,6894 0,7790 0,7018 0,7234
372 BardoxoloneMethyl IkB/IKK 0,7378 0,6857 0,7792 0,7342
373 GSK690693 Akt 0,7433 0,7590 0,7131 0,7385
374 A-674563 PKA,CDK,Akt 0,7793 0,7744 0,7409 0,7649
375 Tyrphostin9 EGFR 0,8142 0,7746 0,7724 0,7870
376 CCT128930 Akt 0,8060 0,9652 0,9735 0,9149
377 GDC-0068 Akt 0,8727 0,9820 1,0378 0,9641
378 AZD5363 Akt 1,0127 1,1239 1,1738 1,1035
Controls:

Condition Triplicate 1 Triplicate 2 Triplicate 3 Mean

Starved 0,3408 0,2631 0,2257 0,2765

Starved 0,1955 0,2645 0,2376 0,2325

Starved 0,2450 0,3191 0,2579 0,2740

Starved 0,2545 0,3200 0,2196 0,2647

Starved 0,3262 0,3316 0,2661 0,3080

Starved 0,3002 0,3138 0,2338 0,2826

Starved 0,2893 0,3389 0,3011 0,3098

Starved 0,3262 0,3302 0,2708 0,3091

Starved 0,4061 0,3147 0,2923 0,3377

Starved 0,2701 0,3285 0,2821 0,2935
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+ CAF-CM 0,5200 0,4776 0,4887 0,4954
+ CAF-CM 0,5003 0,4864 0,4867 0,4912
+ CAF-CM 0,4382 0,4730 0,4432 0,4515
+ CAF-CM 0,4652 0,4711 0,4304 0,4556
+ CAF-CM 0,5728 0,5238 0,5248 0,5404
+ CAF-CM 0,4423 0,5220 0,5396 0,5013
+ CAF-CM 0,4361 0,5108 0,5910 0,5126
+ CAF-CM 0,5721 0,5837 0,5922 0,5827
+ CAF-CM 0,6224 0,6269 0,6485 0,6326
+ CAF-CM 0,6107 0,6102 0,6428 0,6212
+ 1uM MK-2206 0,2741 0,2376 0,2554 0,2557
+ 1uM MK-2206 0,2535 0,2285 0,2536 0,2452
+ 1uM MK-2206 0,2777 0,3037 0,2666 0,2827
+ 1uM MK-2206 0,3102 0,2956 0,2638 0,2899
+ 1uM MK-2206 0,3500 0,3216 0,2916 0,3211
+ 1uM MK-2206 0,3570 0,3260 0,2872 0,3234
+ 1uM MK-2206 0,3397 0,3123 0,2656 0,3059
+ 1uM MK-2206 0,3359 0,3014 0,2640 0,3004
+ 1uM MK-2206 0,2262 0,2661 0,2541 0,2488
+ 1uM MK-2206 0,2540 0,2837 0,2760 0,2712

Buffers and Solutions

Cell culture:

0.25 % Trypsin-EDTA for 250 ml:
- 245 ml 1xPBS

-1 g Trypsin (2.2 U/mg)

-5 mI NaEDTA 1 % pH 7,4

Methylcellulose for spheroids for 1 I:

- 15 g Methylcellulose

- 500 ml DMEM

- 500 ml DMEM containing 10 ml L-glutamin




In-Cell Western:

Blocking buffer:
- 1xPBS
-1 % BSA

Tween washing solution:

- 1xPBS
- 0.1 % Tween-20

Near-infrared Western blot:

Lysis buffer:
- RIPA buffer
- dH,0
- 50 mM Tris base
- 150 mM Sodium chloride
-1 % Triton X-100
- 0.1 % Sodium dodecyl sulfate
- 0.5 % Sodium deoxycolate
- 1 % Phenylmethylsulfonyl fluoride 100mM
- 2 % Protease inhibitor mix
- 200 pg/ml Leupeptin
- 200 pg/ml Aprotinin
- 30 pg/ml Benzamidin hydrochloride
- 1,000 pg/ml Trypsin inhibitor

10 % Running gel for 12 mi:
- 5 ml dH,O
- 4 ml Acrylamide 30 %
- 3 ml Buffer B (pH 8.8)
- 1.5 M Tris base
- 0.4 % Sodium dodecyl sulfate
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- dH,0

- HCI for pH adjustment
- 120 pl Amoniumpersulfate 10 %
- 10 pl Tetramethylethylenediamin

5 % Stack gel for 3 ml:
- 0.5 ml Acryl amide
- 0.75 ml Buffer ¢ (pH 6.8)
- 0.5 M Tris base
- 0.4 % Sodium dodecyl sulfate
- dH,0
- HCI for pH adjustment
-1.75 ml dH,0
- 30 yl Amoniumpersulfate 10 %

- 2.5 pl Tetramethylethylenediamin

Sample loading buffer:

- dH0

- 200 mM Tris base pH 6.8

- 400 mM Dithiothreitol

- 8 % Sodium dodecyl sulfate
- 0.4 % Bromphenol blue

- 40 % Glycerol

Electrophoresis buffer for 2 I:

- 1,990 ml dH,0

- 100 ml Sodium dodecyl sulfate 20 %
- 60.6 g Tris base

- 292 g Glycine

Harlow buffer for 5 I:

-41H,0

- 11 Methanol

- 25 ml Sodium dodecyl sulfate 20 %
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- 145 g Glycine
- 29 g Tris base

7AAD/EdU assay:

FACS buffer:
- 1xPBS
-1 % BSA

List of reagents
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Product name Company Article No.
Bromphenol blue Sigma-Aldrich, St. Louis, MO, USA B0126
2-Propanol (Isopropanol) Carl Roth, Karlsruhe, Germany 6.752
10xDPBS Lonza Group AG, Basel, Swiss BE17-515F
Acrylamide/Bis-acrylamide, 30% | Sigma-Aldrich, St. Louis, MO, USA A3699-100ml
Akt pan (40D0) mouse

monoclonal antibody Cell Signaling Technology, Danvers, MA, USA 2920
Amonium persulfate Sigma-Aldrich, St. Louis, MO, USA A3678
Aprotinin Sigma-Aldrich, St. Louis, MO, USA A1153
Benzamidine hydrochloride Sigma-Aldrich, St. Louis, MO, USA 63226
Bradford reagent, Protein Assay

Dye Reagent Concentrate Bio-Rad Laboratoies, Inc., Hercules, CA, USA 500-0006
BSA, Albumin Fraction V AppliChem GmbH, Darmstadt, Germany A1391,0100
Collagen |, Rat Tail, 100mG Corning Incorporated, Corning, NY, USA 354236
DAPI Thermo Fisher ScientificTM, Waltham, MA, USA D1308
Dithiothreitol Bio-Rad Laboratoies, Inc., Hercules, CA, USA 161-0611
DMEM Thermo Fisher Scientific™, Waltham, MA, USA 21969035
DMSO Sigma-Aldrich, St. Louis, MO, USA D5879-M
DPBS Thermo Fisher Scientific™, Waltham, MA, USA 14190-094
Endothelial Cell Growth Medium

MV2 PromoCell GmbH, Heidelberg, Germany C-22022
Ethanol 70% VWR International, Radnor, PA, USA 85.825.360
Ethylenediaminetetraacetic acid

disodium salt solution (EDTA) Sigma-Aldrich, St. Louis, MO, USA E7889
Fetal calv serum Thermo Fisher Scientific™, Waltham, MA, USA 10500-056
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GAPDH rabbit polyclonal

antibody Trevigen®, Gaithersburg, MD, USA 2275-PC-100
Glycerol Sigma-Aldrich, St. Louis, MO, USA G5516
Glycine VWR International, Radnor, PA, USA 444495D
Hydrochlorid acid 37% Carl Roth, Karlsruhe, Germany 9.277
IRDye® 680 RD goat anti-mouse

IgG (H+L) LI-COR Biosciences, Lincoln, NE, USA 629-68070
IRDye® 800 CW goat anti-rabbit

IgG (H+L) LI-COR Biosciences, Lincoln, NE, USA 926-32211
Kinase Inhibitor Library (378

inhibitors) Selleckchem, Houston, TX, USA L1200
L-Glutamine (200mM) Thermo Fisher Scientific™, Waltham, MA, USA 25030081
Leupeptin Sigma-Aldrich, St. Louis, MO, USA L2023
Methanol >99,8% VWR International, Radnor, PA, USA 20.847.307
Methylcellulose Sigma-Aldrich, St. Louis, MO, USA M0512
MK-2206 Selleckchem, Houston, TX, USA S1078
Mouse 1gG1 Santa Cruz Biotechnology, Dallas, TX, USA sc-3877
Sodium chloride VWR International, Radnor, PA, USA 443827W
Odyssey® Blocking Buffer (TBS) | LI-COR Biosciences, Lincoln, NE, USA 927-50000
0SI1-906 Selleckchem, Houston, TX, USA S1091
PageRuler™ Prestained Protein

Ladder, 10 to 180 kDa Thermo Fisher Scientific™, Waltham, MA, USA 26616
Phenylmethylsulfonyl fluoride Sigma-Aldrich, St. Louis, MO, USA P7626
Phospho-Akt (Ser473) (D9E)

XP® rabbit monoclonal antibody | Cell Signaling Technology, Danvers, MA, USA 4060
Phospho-IGF-I Receptor beta

(Tyr1135/1136)/Insulin Receptor

beta (Tyr11501151) (19H7) rabbit

monoclonal antibody Cell Signaling Technology, Danvers, MA, USA 3024
Phospho-Met (Tyr1234/123d)

(D26) XP® rabbit monoclonal

antibody Cell Signaling Technology, Danvers, MA, USA 3077
Phospho-STAT3 (Tyr705) (D3A7)

XP® rabbit mAb Cell Signaling Technology, Danvers, MA, USA 9145
Ponceau S Sigma-Aldrich, St. Louis, MO, USA P3504
Rabbit IgG Santa Cruz Biotechnology, Dallas, TX, USA sc-3888
Recombinant human IGF-2

(rhiIGF-2) PeproTech Austria, Vienna, Austria 100-12
Roti®-Histofix Carl Roth, Karlsruhe, Germany P087.5
Sodium deoxycolate Sigma-Aldrich, St. Louis, MO, USA 30970-25G
Sodium dodecyl sulfate Sigma-Aldrich, St. Louis, MO, USA L3771-500G
STAT-3 mouse antibody, clone

84/Stat3 (RUO) BD Bioscience, Franklin Lakes, NJ, USA 610189

Tetramethylethylenediamin
(Temed)

Merck, Darmstadt, Germany

1.10732.0100
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Tris base, Trizma® base Sigma-Aldrich, St. Louis, MO, USA T1503-1KG
Triton X-100 Sigma-Aldrich, St. Louis, MO, USA X100-500ML
Trypsin 1:250 from bovine

pancreas Serva Electrophoresis GmbH, Heidelberg, Germany 37289.02
Tween® 20 Biochemica AppliChem GmbH, Darmstadt, Germany A1389,1000
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