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Introduction 

3 INTRODUCTION 

3.1 GASTROINTESTINAL STROMAL TUMORS 

3.1.1 Definition 

Gastrointestinal stromal tumors (GIST) are the most commonly diagnosed mesenchymal 

tumors of the gastrointestinal tract. GIST comprise a heterogeneous group of tumors, most 

carry gain-of-function mutations in the receptor tyrosine kinases (RTKs) c-KIT or platelet-

derived growth factor receptor-α (PDGFRA) (Heinrich et al., 2003; Hirota et al., 1998). Defects 

in succinate dehydrogenase B or C or NF1-Mutations are observed in tumors without 

mutations in KIT or PDGFRA (Janeway et al., 2011; Miettinen and Lasota, 2006).  Before 

“GIST” was introduced as a diagnostic term in 1983, GIST have been commonly misclassified 

as leiomyoma, leiomyosarcoma, or leiomyoblastoma.  

It is assumed that GIST originate from the precursor cells of Interstitial Cells of Cajal (ICC), 

which are located within the myenteric plexus (Nishida et al., 2000). These pacemaker cells of 

the gastrointestinal tract also express c-KIT protein. Most GISTs are located in the stomach 

(60%) and small intestine (30%), but tumors can also be found in the duodenum (5%), 

colorectum (<5%), esophagus (<1%), and mesentery (rare) (Miettinen and Lasota, 2006; 

Soreide et al., 2016). An analysis of patients treated at the University Hospital of Essen 

revealed similar distribution of tumor localizations. 

Interestingly, Agaimy et al. found out that gastric resectates in patients with gastric cancer 

contain small KIT-mutant GIST in 22.5% of all cases. These tumors beyond 10mm of size are 

called GISTlets and normally do not evolve into malignant disease (Agaimy et al., 2007).  

 

3.1.2 Epidemiology 

GIST are rare cancers (Starczewska Amelio et al., 2014) with an incidence of 1-1.5 cases per 

100.000 per year and a prevalence of 13.4 to 15.6 per 100.000 (Sweden and Hong Kong) 

(Chan et al., 2006; Nilsson et al., 2005). Since the introduction of “GIST” as a medical 

diagnostic term the incidence of GIST has constantly increased. The median age at time of 

diagnosis is 55-65 (16-94) years. Men and women are affected equally (Soreide et al., 2016). 

The German epidemiologic cancer registries do not provide information about the prevalence 

of GIST in Germany. With the improvement of systemic treatments the prevalence of GIST 

has sharply risen in the past 10 years. In contrast to small numbers of clinically relevant GISTs, 
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GISTlets seem to be common within our population above 50 years of age (Agaimy et al., 

2007).  

 

3.1.3 Clinical presentation and diagnosis 

GIST are commonly diagnosed at an advanced stage as tumors develop in the outer gastric 

or small bowel wall and lead to symptoms only due to external compression of very large 

tumors. Small GISTs are usually found incidentally during endoscopy for other reasons or if 

tumors happen to cause intestinal bleeding. The majority of GISTs are diagnosed due to 

symptoms in approximately 81.3%, whereas 18.7% (3-40%) are diagnosed accidentally 

(Soreide et al., 2016). A population-based study of 93 GIST showed late symptoms like 

worsening general condition (24%), abdominal pain (36%), dyspepsia (16%), gastrointestinal 

bleeding (25%) and iron deficiency anemia (15%), nausea (12%), and constipation or diarrhea 

(9%). Eight percent recognized an abdominal mass (Mucciarini et al., 2007).  

GISTs typically metastasize into liver and peritoneum. Metastases in lymph nodes, bones, and 

other organs are rare exeptions in patients with advanced disease. Typically, gastric tumors 

show metastasis to a lesser extent than tumors with other localizations (Dematteo et al., 2008; 

Dematteo et al., 2000). Whereas only 15-20% of GIST patients are metastatic at diagnosis, 

40% of all patients develop metastases later on (Joensuu et al., 2012).  

If an abdominal mass is highly suspicious of GIST, endoscopic, ultrasound-guided fine needle 

aspiration biopsy is appropriate to avoid intraabdominal tumor spread (Eriksson et al., 2016). 

To assess risk factors the obtained tissue should be analyzed for proliferation, and KIT 

expression. KIT and PDGFRA mutational status should be obtained (ESMO-Guideline, 2014). 

 

3.1.4 Pathology 

Histologically, GIST can be divided into spindle-cell (60-70%), epitheloid (20-30%), or mixed 

type morphology and is diagnosed using immunohistochemistry (IHC). The most important 

markers used for diagnosis of GIST are  c-KIT (CD117) and DOG1, which are expressed in 

approx. 95% of all cases.  Other commonly expressed markers are CD34 (70%), smooth 

muscle actin (SMA, 30-40%), S100 (5%), and Desmin (<5%) (Fletcher et al., 2002b). Five 

percent of GIST are KIT-negative. In this subset, DOG1 (discovered-on-GIST 1), which is very 

GIST-specific, can confirm the diagnosis in approx. 30% (Liegl et al., 2009). In order to 

determine the risk of recurrence pathologists should provide mitotic counts (per 50 high power 

fields = 5mm²), tumor size, and primary anatomic localization (ESMO-Guideline, 2014). 
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Primary GISTs harbor activating mutations in the c-kit gene in 80% and  approx. 5-8% in the 

PDGFRA gene GIST lacking KIT or PDGFRA mutations were formerly summarized as 

“wildtype”-GIST, but the term has in recent time been replaced by a differentiated genomic 

subclassification including inactivation of Succinate Dehydrogenase (SDH) subunits and 

Neurofibromatosis 1 (NF1) gene mutations (Corless et al., 2011).  

 

3.1.5 Molecular biology of GIST  

 

 

FIGURE 1: KIT receptor, simplified schematic 

 

Constitutive activation of the tyrosine kinase receptors and proto-oncogenes c-KIT and 

PDGFRA appear to be very early oncogenic events and the major driver of proliferation in all 

stages of disease (Corless et al., 2011). C-KIT and PDGFRA are growth factor receptors that 

are involved in cellular pro-survival and proliferation signaling. C-KIT is normally expressed on 

the surface of hematopoetic progenitor cells, skin appendages, and breast epithelium and 

activation induces proliferation and differentiation (Liang et al., 2013; Yarden et al., 1987). KIT 

and PDGFRA belong to the same subfamily of type III receptor tyrosine kinases and their 

encoding genes are very closely located on chromosome 4q11-12. Both receptors appear to 
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activate similar intracellular signaling pathways including the PI3-Kinase and MAP-Kinase 

pathway (Heinrich et al., 2003). 

The KIT protein consists of 976 amino acids and has a molecular weight of 145 kDa (Figure 1 

(Yarden et al., 1987)) with its extracellular domain serving as receptor for its ligand the stem 

cell factor (SCF) (Yuzawa et al., 2007). The transmembrane domain functions as an anchor 

within the cellular membrane and the juxtamembrane domain has an α-helical structure and 

functions as the binding site for autoinhibitory proteins like cbl (an ubiquitin E3 ligase) (Masson 

et al., 2006) The intracellular domain consists of two tyrosine kinase domains, the ATP-binding 

pocket, and the activation loop (Yuzawa et al., 2007). 

3.1.5.1 KIT mutations 

Frequent primary mutations in c-KIT are Exon 11 (~66%) and 9 (7-10%) mutations. Exon 11 

encodes for the juxtamembrane domain. Mutations lead to receptor dimerization and auto-

activation without binding of SCF. Exon 9 mutations mimic the conformational change apparent 

when SCF is bound (Corless et al., 2011; Yuzawa et al., 2007). Both mutations lead to 

constitutive activation without changing the conformation of the ATP-binding pocket. Exon 17 

encodes for the activation loop, and mutations stabilize the active conformation. Exon 13 

encodes for the ATP binding region, but the exact mechanism of these mutations by which 

hyperactivation is caused is yet unknown (Lasota et al., 2008). PDGFRA-mutations occur in 

the corresponding regions. C-KIT Ex. 11 corresponds to PDGFRA Ex. 12, KIT Ex. 13 to 

PDGFRA Ex. 14 and KIT Exon 17 to PDGFRA Ex. 18 (Corless et al., 2011).  

3.1.5.2 Downstream signaling 

Binding of SCF to c-KIT or its pathologic autoactivation leads to a conformational change, 

dimerization and autophosphorylation. This activates the receptor and opens binding sites for 

adaptor proteins like GRB2 with subsequent activation of intracellular signaling pathways  

(Corless et al., 2011). Important pathways activated by oncogenic KIT include the PI3-Kinase 

– AKT – S6-Kinase pathway and the GRB2 – RAS – MAP-Kinase pathway (Figure 2).  
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FIGURE 2: KIT signaling, simplified schematic. 
P: phosphorylation. 

 

3.1.5.2.1 PI3-Kinase – AKT – S6-Kinase – Pathway  

The PI3-Kinase – AKT – S6-Kinase – Pathway is KIT-dependent in GIST (Duensing et al., 

2004) and responsible for the regulation of apoptosis and translational response (Hers et al., 

2011). Activation of c-KIT leads to a production of phosphatidylinositoltrisphosphate (PIP3) by 

phosphatidylinositide-3-kinase (PI3K). PIP3 allows AKT (Protein-Kinase-B) and 

Phosphoinositide-dependent-Kinase (PDK1) to dock onto the plasma membrane. PDK1 

phosphorylates AKT, which leads to partial activation of AKT. Full activity is obtained through 

Serine-473-phosphorylation by mechanistic-Target-of-Rapamycin-Complex-2 (mTORC2). 

Activated AKT promotes the generation of mTORC1, which in turn phosphorylates S6-Kinase 
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(p70S6K) and consecutively, its target S6 ultimately resulting in protein synthesis (Hers et al., 

2011).  

An activation of this pathway seems to be associated with higher proliferation rates and 

aggressive GIST behavior (Duensing et al., 2004; Rossi et al., 2006). 

3.1.5.2.2 GRB2 – RAS – MAPK pathway 

The GRB2 – RAS – MAPK pathway is responsible for the activation of transcription factors 

regulating gene expression. The adaptor protein Growth-Factor-Receptor-bound-Protein 2 

(GRB2) links the activated KIT receptor to the exchange factor Son-of-Sevenless (SOS). This 

leads to activation of GTP-binding proteins like RAS initiating the signaling cascade of the 

Mitogen-activated kinase kinase kinase (MAPKKK, Raf) which in turn activates MAPK kinase 

(MAPKK, MEK1/2), thus activating MAPK (Erk, Figure 2). Erk phosphorylates and activates 

transcription factors for tumor survival and cell cycle progression (De Luca et al., 2012).  

3.1.5.3 KIT inhibition 

Tyrosine kinase inhibitors such as imatinib mesylate (IM) compete with ATP at the ATP binding 

site to inhibit further activation via phosphorylation and consecutive signal transduction. 

Following KIT inhibition the signaling pathways mentioned above are inactivated. In vivo and 

in vitro experiments show a dephosphorylation of AKT, S6 and MAPK, and induction of 

apoptosis (Duensing et al., 2004). However, KIT inhibition does not induce apoptosis in all cells 

in vitro which corresponds to the rareness of clinically and pathologically complete responses 

and cures by imatinib treatment (Bauer et al., 2005).   

Mechanisms by which GIST cells evade apoptosis despite effective KIT inhibition are just 

incompletely understood. Both autophagy and quiescence have been shown to protect GIST 

cells from apoptosis (Gupta et al., 2010; Liu et al., 2008). Mechanisms of evasion of apoptosis 

have been investigated, among which changes in KIT downstream signaling have been of 

great interest, to address the question if a parallel inhibition of downstream signaling structures 

is able to increase the amount of apoptosis.  

 

3.1.6 Treatment  

GIST is resistant to conventional chemotherapy and due to its localization radiation therapy is 

limited for palliative use or in patients with rectal GIST (Dematteo et al., 2000). If a complete 

tumor resection is possible, GIST tumors should be resected. In the pre-imatinib era metastatic 

GIST patients had a median overall survival of 18 months (Corless et al., 2011). In the adjuvant 
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and palliative setting, GIST tumors with KIT Exon 11 mutations are treated with a fixed dose 

of 400mg daily as higher doses do not improve treatment results (MetaGIST-Group, 2010). In 

patients with Exon 9 mutations 800mg of imatinib significantly improve response rate, median 

time to progression, and result in a trend towards a better overall survival. PDGFRA-mutant 

GIST are sensitive to IM except for tumors harboring the specific D842V mutation in PDGFRA 

exon 18, which is known as a primary resistance mutation (MetaGIST-Group, 2010).  Following 

tyrosine kinase inhibitory therapy secondary KIT mutations are frequently observed, which lead 

to secondary imatinib resistance (Wardelmann et al., 2005). For the treatment of imatinib-

resistant GIST the multi-kinase inhibitors sunitinib and regorafenib are approved for second-

line and regorafenib third-line treatment, respectively (ESMO-Guideline, 2014). The median 

progression free survival for IM treatment is 18 months (Verweij et al., 2004), 6-7 months for 

sunitinib and 4-5 months for regorafenib (Kollàr et al., 2014). 

3.1.6.1 Localized disease 

Curative treatment of localized GIST requires complete surgical resection. Marginal complete 

resection is considered sufficient as local relapses are exceedingly rare in patients with 

negative margins which has important functional implications for patients (ESMO-Guideline, 

2014).  

3.1.6.1.1 Risk assessment 

Thirty to fifty percent of patients with primarily resected GIST relapse and develop a metastatic 

disease within 5 years (Reichardt et al., 2012). To determine the risk of recurrence, several 

risk classifications have been developed. The first classification in 2002 used size and the 

mitotic count per 50 high power fields (Fletcher et al., 2002a). In 2006 the tumor localization 

was found as a third independent prognostic factor showing that non-gastric GIST were more 

likely to relapse compared to gastric GIST (Miettinen and Lasota, 2006). The AFIP (Armed 

Forces Institute of Pathology) risk classification uses these three items and represents the 

most commonly used classification. Recently, Joensuu further improved the classification by 

adding  tumor rupture as additional independent risk factor and using exact mitotic counts to 

predict recurrence using contour maps (Joensuu et al., 2012). The role of the genotype to 

predict recurrence remains to  be determined.  

3.1.6.1.2 Treatment according to the risk of recurrence 

In patients with low risk tumors further observation is appropriate with anamnesis, physical 

examination, and abdominal CT scan or MRI every 3-6 months for 5 years, then annually. 

Mutational analysis is relevant only in patients in whose body a genomic predisposition is 

suspected (adolescent and young adults with GIST). In patients with intermediate and high 
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recurrence risk a mutational analysis for c-KIT and PDGFRA is mandatory (ESMO-Guideline, 

2014). In patients with high risk of recurrence and imatinib-sensitive mutations a treatment with 

adjuvant imatinib for 36 months was shown to prolong overall and progression-free survival 

(SSG/AIO XVIII trial, (Eisenberg, 2013)). The ACOSOG Z9001 trial in which patients with 

intermediate and low risk were also included, no survival benefit but a prolonged progression 

free survival was oberserved (Corless et al., 2014). Against this background, in the case of 

intermediate recurrence risk a treatment decision has to be made for every patient individually 

(ESMO-Guideline, 2014). Of note, the studies that evaluated adjuvant IM treatment all showed 

a marked increase of recurrences after the termination of adjuvant IM treatment (Corless et 

al., 2014). These findings indicate that adjuvant treatment just delays recurrence instead of 

devitalizing minimal residual disease. 

In patients with a localized and potentially resectable tumor in which current surgery would 

lead to increased morbidity a neoadjuvant (preoperative) imatinib treatment should be 

discussed. Before starting imatinib treatment a biopsy should be obtained for further analysis. 

Following neoadjuvant imatinib treatment, pathological risk evaluation after surgery can be 

impaired. During imatinib treatment tumor size should be re-assessed every 3 months via CT 

scan or MRI of the abdomen. In case of partial response or stable disease surgery should be 

considered. After surgery patients who responded to neoadjuvant imatinib should continue IM 

treatment afterwards. In cases where resection borders contained macroscopic tumor tissue a 

re-resection should be considered. In case of progressive disease imatinib treatment should 

be changed to sunitinib (see 3.1.6.2) (ESMO-Guideline, 2014).   

3.1.6.2 Metastatic, unresectable disease 

If complete tumor resection cannot be achieved or would result in a high post-operative 

morbidity, patients should receive imatinib and resectability should be reassessed following 6-

12 months of treatment (ESMO-Guideline, 2014).  

In case of focal progression local therapy can be considered. In patients exhibiting general 

progression imatinib doses should be increased to 800mg daily (preferably in those with exon 

9 mutations) or switched to sunitinib. Regorafenib represents the approved thirdline treatment 

(ESMO-Guideline, 2014). Tyrosine kinase inhibitory therapy should be continued for palliative 

reasons until the patient’s death to avoid rapid tumor growth (flare phenomenon) (ESMO-

Guideline, 2014) .   
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3.2 INHIBITORS OF APOPTOSIS PROTEINS (IAPS) 

Inhibitors of Apoptosis Proteins (IAPs) were discovered in 1995 as a group of proteins that 

contain Baculovirus IAP repeat (BIR) domains. The group of human IAPs consists of NAIP 

(encoded by BIRC1), cellular IAP 1 (cIAP1, encoded by BIRC2), cellular IAP 2 (cIAP2, encoded 

by BIRC3), X-linked IAP (XIAP, encoded by BIRC4), survivin (encoded by BIRC5), livin/ 

melanoma IAP (ML-IAP, encoded by BIRC6), BIR domain containing ubiquitin-conjugating 

enzyme (BRUCE, encoded by BIRC7), and IAP-like protein 2 (ILP-2, encoded by BIRC8). At 

the time of discovery all IAPs were thought to be involved in the inhibition of apoptosis. Further 

investigation revealed that only some IAPs are able to directly interact with caspases. Other 

functions of IAPs were found in cell cycle regulation (survivin), inflammation (cIAPs), cell 

growth, and motility (Gyrd-Hansen and Meier, 2010).  IAP expression negatively correlates 

with overall survival in a variety of cancers (Tamm et al., 2000). IAPs, especially cellular IAPs 

(cIAPs) 1 and 2, X-linked IAP (XIAP) and survivin, were found to be expressed or 

overexpressed in tumor tissue (Ambrosini et al., 1997; Tamm et al., 2000). Therefore, IAP 

inhibitors have been developed and are under current clinical investigation. 

 

3.2.1 Characteristics 

IAPs are characterized by 1-3 BIR domains (Figure 3) which are zink binding folds that mediate 

protein-protein interactions (Hinds et al., 1999). BIR domains are divided into type I and type 

II domains. Type I domains do not have a peptide binding groove, while type II domains contain 

a hydrophobic cleft and are able to bind IAP binding motifs (IBMs, (Lin et al., 2007)). Caspases 

and Smac/DIABLO, important proteins relevant for apoptosis, display IBMs. Two BIR type II 

domains are needed to bind and inactivate Caspases 3 and 9 and constitutively inhibit 

apoptosis (Liu et al., 2000). Type I domains of cIAPs were found to interact with TNF-receptor-

associated factor 1 (TRAF1) and 2 (TRAF2). Type I domains of XIAP interact with TGFβ-

activated kinase binding protein (TAB1) (Gyrd-Hansen and Meier, 2010).  

IAPs commonly contain additional functional domains. RING (really interesting new gene) 

finger domains function as E3-ubiquitin-ligases which ubiquitinylate other proteins for 

degradation. UBA (ubiquitin-associated) domains interact with ubiquitinylated proteins i.a. 

within NF-κB signalling or degradation of cIAPs after Smac-mimetic treatment (Gyrd-Hansen 

and Meier, 2010). Cellular IAPs additionally contain CARD (caspase-recruitment domains) 

which were found to auto-inhibit the E3-ubiquitin-ligase function (Lopez et al., 2011). 
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FIGURE 3: Structure and domains of IAPs: cIAPs, XIAP and survivin 
(modified from (Gyrd-Hansen and Meier, 2010; LaCasse et al., 2008)). 

 

3.2.2 IAP family members 

The expression of IAPs has been studied in the NCI60 cancer cell line panel previously. In 

general, cIAP1, XIAP and survivin mRNA and protein were highly expressed in most tumor 

types. Notably only 50% of cell lines expressed cIAP2 mRNA and only 5% cIAP2 protein 

(Tamm et al., 2000). 

3.2.2.1 Cellular IAPS 1 and 2 

BIRC2 and BIRC3 genes are located on chromosome 11q22.3. cIAPs were found to regulate 

NF-kB-signaling by promoting the canonical, pro-survival pathway and inhibiting the non-

canonical pathway. Gains and losses of cIAPs contribute to deregulated NF-κB-signaling, 

tumor cell survival, and chemoresistance. Importantly, deregulation only occurs if both IAPs 

are dysfunctional due to their similar function in NF-κB-signaling. As NF-κB signaling is 

activated by extrinsic apoptosis the main function of cIAPs seems to be preventing extrinsic 

apoptosis (Fulda and Vucic, 2012). 

3.2.2.2 X-linked IAP 

BIRC4 is located on chromosome Xq25. It is the only IAP that directly interacts with caspases. 

The linker region between BIR1 and BIR2 binds caspases 3, 7 and 9 after their cleavage and 

activation and thus XIAP inhibits the dimerization of caspases. Due to this mechanism, XIAP 

is able to avoid apoptosis by extrinsic and intrinsic stimuli. The ring finger domain seems to be 

additionally required for pro-apoptotic effects in vivo (Gyrd-Hansen and Meier, 2010). XIAP is 

stabilized by phosphorylation at Serine 87 by AKT leading to decreased autoubiquitinylation 

and stabilization (Dan et al., 2004). Cells lacking XIAP are sensitized to apoptosis in human 
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ovarian cancer cells. Besides caspase inactivation XIAP also seems to play a role in NF-κB 

activation following DNA damage (Gyrd-Hansen and Meier, 2010). 

3.2.2.3 Survivin 

BIRC5 is located on chromosome 17q25.3. It is the smallest IAP having a size of 142 amino 

acids. It contains only one BIR type 1 domain and an α-helical structure. Survivin is a member 

of the chromosomal passenger complex, along with INCENP and Aurora B Kinase, mediating 

chromosome segregation and mitotic spindle formation at the G2/M-Checkpoint (LaCasse et 

al., 2008). Additionally, Survivin was found to stabilize XIAP and inhibit Smac which can be 

seen as an indirect antiapoptotic function (Song et al., 2003).  

Survivin has multiple splice variants upon which isoform 1 (survivin), isoform 2 (survivin-ΔEx3) 

and isoform 3 (survivin-2b) are the most frequent. Isoform 1 is expressed at higher levels 

compared to the splice-variants isoform 2 and 3. Survivin-ΔEx3 lacks Exon 3 and its expression 

is highly associated with malignant disease (Lopergolo et al., 2012). Survivin-2B contains a 

cryptic exon of intron 2. This splice variant has reduced antiapoptotic potential and its 

expression is rare in cancer (Conway et al., 2000; Mahotka et al., 1999).  

Survivin is expressed in embryonic tissues, highly proliferative tissue, stem cells, and several 

tumor types, but is absent in most adult differentiated tissues (Ambrosini et al., 1997). Non-

cancer-cells have a cellcycle-dependent expression that peaks at G2/M transition (Small et al., 

2010). 
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3.2.3 IAP signaling  

 

 

 

FIGURE 4: IAP and KIT signaling, simplified schematic. 
ER: endoplasmic reticulum 

 

A simplified schematic of IAP signaling is provided in Figure 4.  Cellular IAPs are involved in 

extrinsic apoptosis: An extracellular proapoptotic stimulus, for example binding of TNF-α to 

TNF-receptor 1 (TNFR1), leads to the formation of a complex bound to the receptor, consisting 

of TRAF1, RIPK1, TRADD and FADD. In the absence of cIAPs complex 2 is formed that 

activates caspases 8 and 10. If cIAPs are present, complex 1 is formed which leads to NF-κB 

activation and prevents caspase cleavage. In turn, NF-κB promotes pro-survival signaling, e. 

g. transcription of survivin and XIAP (Gyrd-Hansen and Meier, 2010).  

XIAP is located within the cytosol and its activity is regulated by ubiquitinylation. XIAP is 

stabilized by phosphorylation via AKT (Ser87-phosphorylation) (Dan et al., 2004). XIAP directly 

interacts with caspases 3, 7 and 9. 

Survivin has different subcellular localizations that contribute to its different functions. Survivin 

that is located within the intermembrane space of mitochondria, is released through the 
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Bax/Bak-pore upon initiation of intrinsic apoptosis (Altieri, 2010; LaCasse et al., 2008). It then 

stabilizes XIAP  and binds the cIAP and XIAP antagonist Smac (LaCasse et al., 2008; Song 

et al., 2003). Nuclear survivin has cell cycle-regulatory functions (Section 3.2.2.3).  

Physiologically, XIAP and cIAPs are inhibited during apoptosis. The IAP inhibitors 

SMAC/DIABLO and Omi/HTRA2 are located inside the mitochondrial intramembrane space. 

GSPT1/eRF3 is located inside the endoplasmic reticulum. The release to the cytosol during 

ER-stress or apoptosis leads to direct binding of cIAPs and XIAP. This inhibits further 

interaction of IAPs for example with caspases (Gyrd-Hansen and Meier, 2010). Smac, an IAP 

antagonist, is located inside the mitochondrial intermembrane space and released during 

apoptosis. Its N-terminal AVPI-sequence binds to the BIR3 domain of XIAP to prevent 

interaction with caspases (Liu et al., 2000). Other negatively regulating proteins are XAF-1 

which binds XIAP and was found to be downregulated in a majority of the NCI60 cancer cell 

line panel, and TRAF3 which promotes the degradation of the cIAP1/2-TRAF2-complex (Gyrd-

Hansen and Meier, 2010). The tumor suppressor p53 downregulates survivin (Xia et al., 2011), 

and promotes mitochondrial release of Smac (Carter et al., 2010). 

 

3.2.4 IAP dysregulation  

IAPs are expressed in fetal tissue to control apoptosis (Fukuda et al., 2002). Several IAPs, 

especially cellular IAPs (cIAPs) 1 and 2, X-linked IAP (XIAP) and survivin, were found to be 

expressed or overexpressed in tumor tissue while being absent in most adult differentiated 

tissues (Ambrosini et al., 1997). XIAP and survivin were found to be amplified and to represent 

poor prognostic markers in several malignancies like hematologic malignancies, colorectal 

cancer and sarcoma  (Hingorani et al., 2013; Miura et al., 2011; Small et al., 2010; Tamm et 

al., 2000). A 17q amplification (locus of survivin) is significantly more frequent in malignant and 

metastatic GIST compared to low-risk GIST (El Rifai et al., 2000). 

 

3.2.5 IAP inhibitors: characteristics and clinical evaluation 

3.2.5.1 YM155 (Sepantropium Bromide) 

YM155 was discovered within a promoter-luciferase reporter assay screen for the survivin 

promoter in 2007 (Nakahara et al., 2007). YM155 interacts with transcription factors of survivin 

(ILF3/NF110, Sp1) and prevents the transcription of survivin (Cheng et al., 2012; Nakamura et 

al., 2012). 

In preclinical testing an antitumor activity was shown in various cell lines and xenografts 

(Nakahara et al., 2007). In a phase I study in advanced solid tumors the maximum tolerated 
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dose (MTD) was 8.0 mg/m²/d, which lead to steady state plasma levels of 14ng/ml (32nM) 

(Satoh et al., 2009).  

Phase I and II studies in advanced solid tumors showed modest activity in single agent 

treatment (Tolcher et al., 2012). Phase II studies evaluated combinational treatment with 

Taxanes and Platinum-based drugs, and Rituximab. These studies showed an objective 

response rate of 50 % in aggressive, relapsed Non-Hodgkin-Lymphoma treated with YM155 

and Rituximab, whereas combinational studies in Non-small-cell lung cancer revealed no 

survival benefit compared to chemotherapy (Kelly et al., 2013; Papadopoulos et al., 2016). 

3.2.5.2 Smac mimetics 

The IAP antagonist Smac is sequestered to the mitochondrion and released in the course of 

apoptosis induction (Figure 4). Its N-terminal AVPI-sequence binds to the BIR3 domain of XIAP 

to prevent interaction with caspases (Liu et al., 2000). The E3 ligase activity of cIAPs is 

promoted which leads to its proteasomal degradation (Gyrd-Hansen and Meier, 2010). It was 

reported that the proapoptotic response caused by Smac mimetics was enhanced by external, 

proapoptotic stimuli in malignant melanoma and inflammatory breast cancer cell lines 

(Allensworth et al., 2013; Krepler et al., 2013).  

3.2.5.2.1 TL32711 (Birinapant) 

Birinapant is a bivalent Smac inhibitor, which contains two Smac-mimicking regions. In a phase 

I study the maximum tolerated dose was 47mg/m², leading to maximum plasma levels of 

approx. 4,000ng/ml (4,8µM). Disease stabilizations have been observed for colorectal cancer 

and non-small-cell lung cancer (Amaravadi et al., 2015). In Advanced Ovarian, Fallopian Tube, 

and Peritoneal Carcinoma, using a dosage of 47 mg/m² intravenously (IV) on days 1, 8 and 15 

of each 28 day cycle, in 11 patients, no partial or complete responses were observed 

(Annunziata, 2017). Synergistic effects with irinotecan have been observed in clinical trials 

(Fulda, 2015). 

3.2.5.2.2 LCL161 

LCL161 is a monovalent Smac mimetic compound and is orally bioavailable (Fulda, 2015). 

The pediatric preclinical testing program evaluated LCL161 in various cancer cell lines and 

xenografts. An IC50 less than 10µM was observed in rhabdomyosarcoma, Ewing sarcoma and 

neuroblastoma cell lines, low activity was seen in vivo (Houghton et al., 2012). In combination 

with tyrosine kinase inhibitors (nilotinib and PKC412), LCL161 enhanced their proapoptotic 

effect in leukemia in vitro and in vivo even in TKI-resistant cells (Weisberg et al., 2010). In 

phase I studies the maximum tolerated dose was 1,800mg orally, once weekly, which resulted 
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in plasma levels of  2,000ng/ml (4µM). Stable disease was observed in 10 out of 52 patients 

(in 2 pts. more than 3 months) (Infante et al., 2014).  

 

3.3 IAPS IN GIST – PRELIMINARY WORK OF COOPERATING GROUPS 

3.3.1 Synthetic lethality screen  

A synthetic lethality screen featuring 11,194 genes was conducted in GIST-T1, GIST882, and 

GIST430-654 with and without KIT-inhibitory treatment (Figure 5) (Marino-Enriquez et al., 

2014). Genes were then ranked with rank 1 signifying the most essential and rank 11,194 the 

least essential gene for cell proliferation (Figure 5). Survivin was the highest ranking IAP in all 

untreated cell lines (rank 62-92) and remained important under KIT inhibition in GIST882 and 

GIST430-654 (ranks 304 and 110, respectively). In GIST-T1 survivin proved less essential 

during KIT inhibition (rank 1614). XIAP was the second most essential IAP and ranked 106 to 

557 in GIST-T1 and GIST430 but was not essential in GIST882 (rank 4819). Cellular IAPs 

were non-essential (Falkenhorst et al., 2016). 

 

FIGURE 5: Functional genetic screen of synthetic lethality.  
The effect of a knockdown of 11.194 proteins on cell proliferation was evaluated. Proteins 

were then ranked for essentiality (Falkenhorst et al., 2016). 
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3.3.2 IAP antagonists are not genetically alterated 

Several negative regulators have been described for cIAPs, XIAP, and survivin including 

SMAC/DIABLO, Omi/HTRA2, GSPT1/eRF3, XAF-1, TRAF3, and TP53 (Carter et al., 2010; 

Gyrd-Hansen and Meier, 2010; LaCasse et al., 2008; Xia et al., 2011). Whole exome 

sequencing data from 22 patients with high-risk or metastatic GIST (82% of samples were from 

patients with metastatic disease of whom 61% were resistant to at least IM) were analyzed for 

presence of inactivating mutations. TP53 mutations were found in 2 patients and 1 patient had 

a loss of heterozygosity. One patient exhibited a frameshift mutation affecting the amino acid 

T104 of the SMAC (DIABLO) gene. No mutations were found for TRAF3, OMI/HTRA2, XAF1 

and GSPT1/eRF3a (Falkenhorst et al., 2016). 

 

3.4 AIM OF THIS STUDY 

Patients with KIT-mutant metastatic GIST almost invariably respond to imatinib treatment but 

eventually progress. Mechanims to evade apoptosis have been shown to involve autophagy 

or quiescence. The role of IAPs in GIST had yet not been systematically studied. We sought 

to analyze IAP genomic dysregulation, expression, and functional role in the context of KIT 

signaling as well as the potential therapeutic value alone and in combination with KIT inhibition.  
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4 MATERIAL AND METHODS  

4.1 CELL LINES, REAGENTS AND ANTIBODIES 

4.1.1 Cell lines 

All GIST cell lines have been established from human GIST as described previously 

(Mühlenberg et al., 2009). GIST cell lines were provided by Jonathan Fletcher, Brigham and 

Woman’s Hospital, Boston, MA, USA. GIST-T1 was kindly provided by Takahiro Taguchi, 

Kochi University, Kochi, Japan (Taguchi et al., 2002). The imatinib-sensitive cell lines contain 

primary activating mutations of KIT exon 13 K642E (GIST882), a heterozygous in frame 

deletion of exon 11 (GIST430), and a 57bp deletion in KIT Exon 11 (GIST-T1). IM resistant 

GIST48 derived from a GIST that had secondarily progressed, containing a primary, 

homozygous exon 11 V560D missense mutation and a secondary, heterozygous kinase-loop 

mutation in exon 17 (Henze et al., 2012). GIST48B is a subclone of GIST48 that still harbors 

the activating KIT mutation but expresses KIT transcript and protein at undetectable levels. 

GIST430-654 is a subline of GIST430 that contains a secondary, heterozygous exon 13 V654A 

missense mutation, coding for the ATP binding region.  

LMS676 and LMS04luc were established from human leiomyosarcomas (Edris et al., 2012),  

MCF7, a breast cancer cell line (Russo et al., 1976), was provided by Martin Schuler and Hela, 

a HPV-positive cervical cancer cell line, by Ralf A. Hilger (both University Hospital Essen, 

Germany (Scherer et al., 1953)).  

GIST882 and H460 cell lines were cultured in RPMI160, 15% FBS (A-Medium). GIST-T1 and 

Hela were cultured in DMEM-HG-Medium; other cells were cultured in IMDM Medium. All cell 

lines were cultured at 37°C in 5% CO2 and the medium was changed every 48 to 72 hours. At 

confluence (every 7-10 days), cells were splitted 1:2 to 1:6, using trypsin.  
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4.1.2 Inhibitors 

4.1.2.1 Imatinib 

Imatinib Mesylate (IM) is a tyrosine kinase inhibitor developed by Novartis, Basel, Switzerland. 

IM competes with ATP within the ATP-binding loop of KIT and other tyrosine kinases (Heinrich 

et al., 2000). Imatinib is approved for the first line treatment in metastatic GIST, and in 

neoadjuvant and adjuvant treatment of high risk GIST (ESMO-Guideline, 2014). Imatinib was 

purchased from LC Laboratories (Woburn, MA, USA). 

4.1.2.1 Sunitinib 

Sunitinib is a multi-kinase inhibitor, which competes with ATP in the ATP-binding loop 

(O'Farrell et al., 2003). Sunitinib is approved for second-line treatment of metastatic and 

inoperable GIST (ESMO-Guideline, 2014). Sunitinib was purchased from LC Laboratories 

(Woburn, MA, USA). 

4.1.2.2 Regorafenib 

Regorafenib inhibits signalling of several tyrosine kinases, e.g. KIT, PDGFRA and vascular 

endothelial growth factor receptor (VEGFR) (Wilhelm et al., 2011). Regorafenib is approved 

for third-line treatment of metastatic GIST (ESMO-Guideline, 2014). Regorafenib was 

purchased from Selleck Chemicals/Biozol (Eching, Germany). 

4.1.2.3 YM155 (Sepantropium bromide) 

YM155 is a small molecule that interferes with transcription factors of survivin (Figure 6) 

(Cheng et al., 2012; Nakamura et al., 2012). YM155 was purchased from Selleck 

Chemicals/Biozol (Eching, Germany). 

 

FIGURE 6: Chemical structure of YM155.  
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4.1.2.4 TL32711 (Birinapant) 

TL32711 is a bivalent Smac-mimetic compound (Figure 7). TL32711 directly binds the BIR 

domain of IAPs to prevent IAP-Caspase interaction and consecutive inhibition of caspase 

activation (Fulda, 2015). TL32711 was purchased from Active BioChem (Wan Chai, 

Hongkong, P.R. China) 

 

FIGURE 7: Chemical structure of TL32711.  

 

4.1.2.5 LCL161 

LCL161 is a monovalent Smac-mimetic compound (Figure 8). LCL161 directly binds the BIR 

domain of IAPs to prevent IAP-Caspase interaction and consecutive inhibition of caspase 

activation. LCL161 was provided by Novartis (Basel, Switzerland). 

 

FIGURE 8: Chemical structure of LCL161.  
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4.1.3 Antibodies and reagents  
 

antibody dilution species
Product 
code Distributor (Location) 

XIAP 1:1000 Rabbit #2045 Cell Signaling (Beverly, MA, USA) 
survivin 1:1000 Rabbit #2808 Cell Signaling (Beverly, MA, USA) 
phospho-KIT (Tyr703/719) 1:1000 Rabbit #3073/#3391 Cell Signaling (Beverly, MA, USA) 
phospho-AKT (Ser473) 1:1000 Rabbit #9271 Cell Signaling (Beverly, MA, USA) 
cleaved Caspase 3 1:1000 Rabbit #9661 Cell Signaling (Beverly, MA, USA) 
cleaved PARP 1:1000 Rabbit #9542 Cell Signaling (Beverly, MA, USA) 
Actin (monoclonal, AC-15) 1:10.000 Mouse A5441 Sigma-Aldrich (St. Louis, MA, USA) 
KIT 1:1000 Rabbit A4502 DakoCytomation (Carpinterie, CA, USA) 
cIAP1 (polyclonal) 1:400 Goat AF8181 R&D Biosciences, Bio-Techne GmbH 

(Wiesbaden-Nordenstadt, Germany) 
 

TABLE 1: Western blot antibodies. 

 

Buffer recipies and media composition are listed in the appendix. 

 

4.2 IN VITRO ASSAYS 

4.2.1 Sulforhodamine B viability assay 

For Sulforhodamine B (SRB) assays cells were plated at 1,000-30,000 cells/well in a 96-well 

flat bottom plate and cultured for 24 hours. Cells were then incubated with media containing 

inhibitors or solvent control (dimethyl sulfoxide, DMSO). If the treatment duration exceeded 72 

hours, media with solvent control and inhibitors was changed. After 24-144 hours medium was 

removed and surviving cells were fixed at the bottom of the plate using 50µl of TCA 10% 

(Trichloroacetic acid) for 1-2 hours at 4°C. Plates were then washed with Dulbecco’s 

phosphate buffered saline (DPBS) or Aqua dest. for at least 3 times. To stain the protein of 

adherent cells 50µl of Sulforhodamine B (SRB, Sigma-Aldrich, MO, USA) 0,4% was added into 

the bottom of each well. Cells were incubated for 15 min to 1h at room temperature. Then, 

SRB solution was removed and the plates were washed with acetic acid 1% to remove residual 

stain for at least 3 times. Afterwards, 150µl of Tris-Buffer solution (10mM, pH10,5) was added 

to each well to solve the SRB stain. At the plate shaker, plates were shaked for 5 minutes and 

absorption was measured at 560nm with a Genion luminometer (Tecan, Crailsheim, 

Germany). All measurements were carried out in triplicate/quadruplicate wells for at least two 

times and a representative example is shown. 
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4.2.2 Caspase Glo ® apoptosis assay 

Plating and culturing was described at Section 4.2.1. After 24 – 144 hours of incubation, 

Caspase Glo ® (Promega, Madison, WI, USA) was added to the media and incubated 

according to manufacturer’s protocol. Luminescence was measured with a Genion 

luminometer (Tecan, Crailsheim, Germany). All measurements were carried out in 

triplicate/quadruplicate wells for at least two times and a representative example is shown. 

 

4.2.3 Preparation of cell lysates 

Cells were seeded into 6-well flat bottom plates and grown to confluence and then incubated 

with inhibitors or solvent control for 5 minutes to 72 hours. Then protein lysates were prepared 

on ice. The medium was removed and cells were washed with 1ml DPBS 1x per well. DPBS 

was completely removed and 80-100µl of IP-buffer with protease inhibitors leuprotinin, 

vanadate, leupeptin and PMSF were added. The lysis buffer disperses the cell membrane and 

protease inhibitors prevent cleavage of proteins. After 1-3 minutes, using a cell scraper, cells 

were removed from the bottom of the wells, collected with a pipette and filled into an Eppendorf 

cup. At 4°C, lysates were rotated for at least 1 hour or overnight to completely dissolve cells. 

Afterwards, cells were centrifuged at 4°C for 30 minutes at 18626 RCF. The supernatant, 

containing proteins, was collected and filled into new cups.  

To measure the protein concentration using the Bradford method (Bradford, 1976), BioRad 

solution (BioRad laboratories, Munich, Germany) was prepared according to manufacturer’s 

protocol. Two µl of lysis buffer (solvent control) or lysates were added to 1ml of BioRad 

soltution and vortexed, respectively. Two houndred µl per well were added to a flat bottom 96 

well plate in quadruplicates and absorption was measured at 565nm using the Genion 

luminometer. According to measurements lysates were diluted to the same protein 

concentration of 2ng/µl, if possible. 

To load lysates for gelelectrophoresis, loading buffer was added at an amount of one third of 

the lysate’s volume to charge the proteins. The mixture was heated up to 95°C for 5 minutes 

to denaturate the proteins. 
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4.3 SODIUM DODECYLSULFATE-POLYACRYLAMIDE-GELELECTROPHORESIS (SDS-PAGE) 
AND WESTERN BLOTTING 

After fixation of the gels (NuPAGE® 4-12% Bis-Tris-Gels, novex by life technologies, Carlsbad, 

CA, USA) in the electrophoresis chamber, the chamber was filled up with (N-morpholino) 

propanesulfonic acid (MOPS)-SDS-running buffer (novex by life technologies, Carlsbad, CA, 

USA). The gel pockets were washed with MOPS buffer using a 200µl pipette. A Hamilton 

pipette was taken to fill 5ml of Spectra multicolour broad range protein ladder into the first 

(Thermo Scientific Fermentas, Rockford, IL, USA) and lysates (30µg protein = 20µl) into the 

following gel pockets. PAGE was done at 170V for approx. 55 minutes. 

After SDS-PAGE gels were uncased and unnecessary parts were removed. The gels and 

Hybond P nitrocellulose membranes (Amersham Pharmacia Biotech, Uppsala, Sweden) were 

equilibrated in transfer buffer for 5 minutes. To perform wet Western Blotting Western Blot 

chambers were filled up with transfer buffer. Nitrocellulose membrane and gelelectrophoresis 

gel were put into the chamber. Up to two membrane-gel-packages were filled into one western 

blot chamber and separated by Whatman® paper. To ensure equal pressure and avoid air 

bubbles the chamber was filled up with sponge pads. A voltage of 25V was applied for 120 

min.  

To check the result of SDS-PAGE and Western Blot and to ensure an equal protein 

concentration in each line the new membranes were stained with Ponceau-S-Solution (Sigma-

Aldrich, Steinheim, Germany) that unspecifically stains all proteins. In order to stain for specific 

proteins membranes were blocked with NET-G buffer for 30 minutes and then specific primary 

antibodies were applied (see Table 3 for antibodies and used dilutions). Antibodies were 

diluted in NET-G buffer. To conserve antibodies for further use, 60µl of Sodium-Azide 2% was 

added to 6ml of NET-G. Blots were incubated overnight on a shaker at 4°C. The next day 

primary antibodies were removed, blots were washed for 50 minutes, and the buffer was 

changed 5 times. Then, blots were incubated with secondary species-specific antibody for 2 

hours and washed again. Secondary antibodies were diluted 1:2000 (rabbit, goat) and 1:4000 

(mouse) in NET-G buffer. Secondary antibodies are conjugated to horseradish peroxidase. If 

the substrate (ECL) was delivered, chemiluminescence occured at the specific binding site of 

primary antibodies. Chemiluminescence was captured and quantified using a FUJI LAS3000 

system with Science Lab 2001 ImageGauge 4.0 software (Fujifilm Medial Systems, Stanford, 

CT, USA). The staining of Beta-Actin was used as a loading control. 
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4.4 REVERSE TRANSCRIPTASE PCR (RT-PCR) AND PRIMERS  

Adherent cells were removed from cell culture flasks with trypsin (TrypLE express, Gibco, life 

technologies, Carlsbad, CA, USA). By centrifugation a cell pellet was created, DPBS was 

removed and cells were harvested with RNA-Protect (Qiagen, Hilden, Germany).  RNA was 

isolated with the RNeasy Mini Kit (Qiagen) according to manufacturer’s protocol. The RNA 

concentration was measured with the Micro-Volume UV-Vis Spectrophotometer NanoDrop 

(Thermo Fisher Scientific, Waltham, MA, USA) and diluted with RNAse-free water to a 

concentration of 1000ng/11µl. To prepare complementary DNA (cDNA) the RevertAid H Minus 

First Strand cDNA Synthesis Kit (ThermoScientific) was used. On ice 10ng - 5µg RNA was 

mixed with primers (1µl oligo(dT)) and filled up to a volume of 12 µl. Then, 4µl of 5-fold buffer, 

1µl of Ribolock, 2µl of dNTP 10mM, and 1µl Revert Aid were added and mixed. The reverse 

transcription was done at 42°C (annealing) for 60 min and 70°C (elongation) for 5 min.  

Primer sequences are displayed in Table 2. For amplification of specific cDNA each tube was 

filled with 21µl of distilled water, 1µl dNTPs, 5µl of buffer, and 1µl of polymerase. Then, 20µl  

cDNA of different cell lines and 2µl of specific primers for cIAP1, cIAP2, XIAP, survivin, and 

actin housekeeping control, respectively, were added. PCR was started 94°C for 5 minutes to 

ensure complete denaturation. Subsequently, 30 PCR-cycles were conducted with 

denaturation at 94°C for 1 min, annealing at 60°C for 1 min, and elongation at 65°C for 2 min. 

Afterwards, 10 more min at 72°C were done to ensure that elongation was completed. 

To visualize the results an 1% Agarose Gel containing Ethidiumbromide was prepared. 9µl of 

PCR-product was mixed with 1µl of loading buffer and inserted into the gel pockets. The 

GeneRuler Low Range DNA Ladder (Life technologies, Carlsbad, CA, USA) was used. 

Ethidiumbromide was used as an intercalating agent. 100V were applied for 45 min. The gel 

was analyzed with the UVSolo TS Imaging System (Biometra, Göttingen, Germany).  

 

Gene (protein) NM code Forward primer sequence Reverse primer sequence 
BIRC2 (cIAP1) NM_001166 

5-GCTCAGTAACTGGGA 

ACCAAA-3 
5-ATCATTGCGACCCAC 

ATAATA-3 
BIRC3 (cIAP2) NM_001165 

5-GATGTTTCAGATCTAC 

CAGTG-3 
5-GAAATGTACGAACTG 

TACCCT-3   
BIRC4 (XIAP) NM_001167 

5-GCAGATCTAGTGAAT 

GCTCAGAAA-3 
5-TACTTGGTAGCAAAT 

GCTAATGGA-3 
BIRC5 (survivin) NM_001168 

5- CCGACGTTGCCCCC 

TGC -3 
5- TCGATGGCACGGCG 

CAC -3 
 

TABLE 2: RT-PCR primer sequences. 
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4.5 QUANTITATIVE REAL-TIME PCR (QRT-PCR)  

Complementary DNA was diluted 1:50. Four µl were added to 10µl of TaqMan® Universal 

Master Mix (Applied Biosystems, Waltham, MA, USA) and 5µl RNAse-free water. One µl of a 

specific primer was added. Samples were measured in quadruplicate wells with a Roche Light 

Cycler 480 (Roche, Basel, Switzerland) using the standard curve method (Bustin, 2000). Six-

carboxyfluorescein (FAM)-labeled TaqMan probes for KIT (HS00174029_m1), BIRC5 

(survivin) isoform1 (HS00977612_mH), isoform 2 (survivin-ΔEx.3; HS03043576_m1), isoform 

3 (survivin-2B; HS03043575_m1) were purchased from Applied Biosystems. Expression levels 

of the housekeeping gene β-ACTIN (hs99999903_m1) were assessed for normalization.  

4.6 SINGLE NUCLEOTIDE POLYMORPHISM (SNP) ARRAY ACQUISITION AND ANALYSIS 

Genomic DNA was extracted from GIST tumors using the QIAamp DNA Mini Kit (Qiagen) 

according to manufacturer’s protocol. The measurement of DNA concentration was performed 

with the NanoDrop and 150ng of DNA was used. SNP-arrays were conducted at the Institute 

for Cell Biology,University Diusburg-Essen. For SNP-array analysis the GeneChip Human 

Mapping 250K NspI array (Affymetrix, Santa Clara, CA, USA) was used according to 

manufacturer’s protocol. 13 GIST tumor specimen from patients of the University Hospital of 

Essen were analysed. Additionally, data from previously published GIST analyses (SNP 6.0 

array, (Astolfi et al., 2010)) were extracted from Gene Expression Omnibus (GEO, GSE20709) 

and further analyzed. Taken together, the group consisted of 18 metastatic and 13 localized 

GIST, and 7 GIST of unknown stage. Out of these 38, 24 were KIT-mutated, 7 PDGFRA-

mutated and 6 wildtype for KIT and PDGFRA (1 unknown). Raw data was analyzed for copy 

number variations in IAP loci (cIAP1(BIRC2), cIAP2(BIRC3): 11q22; XIAP(BIRC4): Xq25; 

survivin(BIRC5): 17q25) using the Chromosome Analysis Suite 2.0.0.195 (Affymetrix) and 

CNAG (Copy Number Analyzer for GeneChip)-software Version 2.0 (Cancer Genomics 

Project, University of Tokyo, Tokyo, Japan). 
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4.7 FLOW  CYTOMETRY  

Propidiumiodide intercalates the double strand DNA. Every cell cycle phase is characterized 

by different amounts of DNA. Within G0/G1-phase cells are diploid. In G2 cells are tetraploid. 

S-phase is characterized by cells clustered between di- and tetraploidy. For cell cycle analysis 

cells were trypsinized and resuspended in media. After centrifugation the media was removed 

and cells were resuspended and fixated in ice cold ethanol 70% for for 1 hour. Afterwards, 

cells were washed in DPBS (room temperature), centrifuged, DPBS was removed, and cells 

were resuspended in 500µl propidiumiodide-containing DNA PREP stain (Beckman Coulter, 

Brea, CA, USA). After 20 min of incubation cells were measured using the Cytomic FC 500 

flow cytometer (Beckman Coulter), FL2-diode (585nm). ModFit LT® software was used for 

analysis. 

  



 

31 

 

Results 

5 RESULTS 

5.1 XIAP, CIAP1 AND SURVIVIN ARE HIGHLY EXPRESSED IN GIST 

5.1.1 IAP expression in GIST cell lines 

First, protein expression of cIAP1, XIAP, and survivin was examined in 6 cell lines using 

western blot, qRT-PCR and reverse transcriptase PCR (RT-PCR, Figure 9). At the protein level 

the expression of cIAP1, XIAP, and survivin was detectable in all GIST cell lines, and  was 

independent from KIT expression, as all IAPs were also detectable in KIT-negative GIST48B 

(Figure 9A and data not shown). As, due to a lack of high quality antibodies, cIAP2 was not 

detectable by western blot RT-PCR was performed. cIAP1, 2, XIAP, and survivin mRNA could 

be detected an all GIST cell lines and in positive control Hela cell line (Figure 9B). 

 

 

FIGURE 9: IAP protein and  mRNA are expressed in GIST cell lines. A. Western blot, and 
B. RT-PCR, show high levels of XIAP and survivin protein expression. IAP mRNA (BIRC2 

(cIAP1), BIRC3 (cIAP2), BIRC4 (XIAP), BIRC5 (survivin)) was detectable in all analyzed cell 
lines in amounts comparable to positive control (Hela cell line). 
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5.1.2 IAP expression in GIST primary tumors 

Lysates were also prepared from fresh frozen tumor specimen of primary GISTs (Figure 10). 

In these tumors cIAP1 was expressed in 84% (n=19), survivin was expressed in 80%, and 

XIAP in 75% (n=20). In primary tumors there was no evidence for KIT-dependent IAP 

expression. To compare the expression levels of primary tumors with expression levels in GIST 

cell lines, the rapidly growing GIST-T1 cell line was used. IAP protein expression was lower in 

primary tumors (in average XIAP 60% of GIST-T1, survivin 50% of GIST-T1 expression levels), 

whereas cIAP1 expression levels were comparable (Figures 9 + 10). In our cohort disease and 

mutational status did not correlate with the number of genetic changes (Table 3). 

 

FIGURE 10: Western Blot of 20 GIST primary tumors. Expression of XIAP and survivin was 
found in 15/16 cases and the amount of IAP expression did not correlate with KIT expression 

levels. (cIAP1, Patient 6: no tumor lysate available). 
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ID gender age site 
disease 
status at 
diagnosis 

mutational status cIAP XIAP 
survi-

vin 

1 m 73 
small 

intestine 
metastatic 

KIT Exon 9 A502-
Y503dup  

yes y y 

2 m 45 stomach metastatic KIT Exon 9 S476I n n y 

3 m 48 
small 

intestine 
metastatic 

KIT Exon 11 Tyr553-
Lys558del 

y y y 

4 m 66 rectum localized unknown y n n 

5 m 56 
small 

intestine 
unknown KIT Ex.11 del y y y 

6 m 68 stomach metastatic 
(KIT Ex11/Ex17 

Wildtyp, Ex9 / Ex13 
unknown) 

x y y 

7 f 39 
small 

intestine 
metastatic 

Exon 9 (dupl Codon 
502 und 503) 

y n y 

8 m 72 rectum metastatic 

KIT Exon 11 V560D, 
Exon 17 C809V  

frameshift stopcodon 
813 

y y y 

9,18 m 33 ileum metastatic 
KIT Exon 11 E554-
V559del6,Exon 17 

N822K  
y y y 

10 m 44 
stomach, 

large 
intestine 

metastatic 

KIT in frame Deletion         
Exon 11 W557-

K558del, Exon 13 
V654A 

n y y 

11 m 67 
small 

intestine 
metastatic 

KIT Exon 11 W557-
K558del2, Exon 17 

Y823D 
y n y 

12 m 56 
liver 

metastasis 
metastatic unknown y y y 

13 m 56 unknown unknown unknown y y n 

14 m 46 jejunum metastatic 

KIT Exon 11 
c.1653_1676del  

p.M552_V559del,  
Exon 14 

c.2008_2009AC>GA; 
pT670E  

y y y 

15 m 44 peritoneum metastatic wildtype n n y 
16 m 44 diaphragma metastatic unknown y y y 
17 f 40 little pelvis metastatic unknown y y y 
19 f 15 unknown unknown unknown y y y 
20 m 52 unknown unknown unknown y y y 

 

TABLE 3: Characteristics of patients and tumor tissue used for western blot analysis. 

 

5.1.3 Variable expression of survivin in GIST cell lines 

Within our studies we observed varying degrees of survivin expression in independent 

experiments. To further investigate these observations we studied how survivin and XIAP 

levels related to culturing time and confluence. Conducting time course experiments in GIST-

T1 we evaluated the cell confluence by microscopy (Figure 11A) and compared the cell cycle 

distribution, analyzed by flow cytometry (Figure 11B,C), and the amount of XIAP and survivin 



 

34 

 

Results 

protein, evaluated by western blot (Figure 11D). The lowest survivin levels were observed 24h 

after plating at low confluence with a 1.7-fold increase after 48 hours. Interestingly, the amount 

of cells in G1 phase increased with cell confluence whereas the amount of S phase cells 

decreased. 

 

 

FIGURE 11: Cell cycle distribution and survivin expression is influenced by cell density 
in GIST-T1. Cells were seeded into 6-well-plates and analyzed 24h, 48h, 72h, and 96 hours 
after plating by microscopy, cell cycle analysis, and Western Blot. A: Microscopy. Cultured 
cells display increasing cell density over time. B/C: Flow cytometry for cell cycle analysis. 

Increasing G1, decreasing S-Phase population. D: Western Blot: stable expression of XIAP, 
variable expression of survivin. 
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5.1.4 Analysis of survivin mRNA expression levels in GIST cell lines and primary tumors 

In qRT-PCR experiments, survivin mRNA levels were analyzed. For comparison, control cell 

lines Hela and MCF7 were used. The expression of survivin mRNA in KIT-negative GIST48B 

was comparable to the control cell lines. Interestingly, survivin levels were lower in the KIT-

positive GIST cell lines than in KIT-negative GIST48B (Figure 12A). Patients 2 and 7 had 

similar levels of survivin mRNA that were 1.6-fold higher than in KIT-positive cell lines. Of note, 

patient 9, who displayed high mRNA (approx. 5-fold, compared average) and protein levels of 

survivin, was found to have a chromosomal amplification of 17q containing the survivin gene 

locus (Table 5). GIST cell lines and primary tumors were tested for survivin isoforms 1, 2 

(survivin-ΔEx3) and 3 (survivin-2B) and the expression levels for GIST cell lines are displayed 

in Figure 12B. The expression of survivin-ΔEx3 was 96% lower than isoform 1 whereas 

survivin-2B was not detectable. 

 

 

FIGURE 12: Quantitative Analysis of survivin mRNA expression. A:Quantitative RT-PCR 
of survivin isoform 1 in GIST cell lines and primary tumors. Leiomyosarcoma cell lines 

(LMS04luc and LML676) and Hela and MCF7 cells were included as positive controls. B: 
Quantitative RT-PCR of survivin isoforms 1, 2(survivin-ΔEx3) and 3(survivin-2B).  

(sens.: sensitive; res.: resistant; No.: number.) 

 

5.2 IAP COPY NUMBER VARIATIONS IN GIST  

Single Nucleotide Polymorphism (SNP) Array data from 38 GIST were analyzed for copy 

number variations of IAP loci and surrounding regions. In 47% of all tumors copy number 

alterations were observed. 8% (3/38) carried variations in two different IAP loci (Table 4 and 

5, Figure 13). Amplification of IAP loci was found in 39% (15/38) while loss of heterozygosity 

(LOH) in BIRC2/3 loci was found in 13% (5/38). The exact locations of copy number variations 
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are displayed in Table 5. Copy number alterations occurred in patients with localized and 

metastatic disease. No correlation between disease status and IAP alterations was found. LOH 

in cIAP genes was observed in patients with localized disease only.  

 

Gene (protein) Locus 
Type of  
alteration 

GEO (25GIST)a Essen (13 GIST) total 

BIRC2,3 (cIAP1,2) 11q22.2 gain 2 (8%) 2 (15.4%) 4 (10.5%) 

    loss 3 (12%) 0 3 (7.9%) 

BIRC4 (XIAP) Xq25 gain 6 (24%) 2 (15.4%) 8 (21.1%) 

BIRC5 (survivin) 17q25.3 gain 3 (12%) 3 (23.1%) 6 (15.8%) 

    LOH 2 (8%) 0 2 (5.3%) 

 

TABLE 4: Frequency of IAP gene alterations in GIST. SNP array data from 38 GIST tumors 
was analyzed, 47.4% carried copy number alterations in at least one IAP locus. 

LOH: loss of heterozygosity; a: GEO dataset GSE20709. 

 

 

 

FIGURE 13: IAP gene copy number alterations were found in a subset of GIST tumors. 
Schematic of copy number gains (above) and losses (beneath chromosome). IAP loci are 

marked in grey vertical lines.  
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ID 
gen-
der 

age site 
disease status 
at diagnosis 

mutational status detail 

GIST_02 a f 85 stomach localized KIT Ex.11 V560D LOH 11q22.4 

GIST_04 a m 79 stomach localized 
KIT Ex. 9 AY502-503 

insertion  

GIST_05 a m 68 stomach localized 
PDGFr-a exon 12 

SPDGHE566-571RIQ 
amp Chr.17 

GIST_07a f 28 stomach metastatic KIT and PDGFr-a WT  

GIST_08 a m 62 stomach localized KIT exon 11 V559D  

GIST_09 a m 54 stomach localized 
KIT exon 11 insertion 

TQLPYDHKWEFP574-
585 at P585 

LOH 11q22.4 

GIST_10 a m 30 stomach metastatic KIT and PDGFr-a WT  

GIST_11 a m 65 stomach localized 
KIT exon 11 deletion 

WK557-558  

GIST_12 a f 66 stomach localized PDGFr-a exon 14 K646E  

GIST_13 a m 46 
small 

intestine 
localized KIT exon 11 V559D  

GIST_14 a m 56 stomach metastatic 
KIT exon 11 

homozygous deletion 
WK557-558 

 

GIST_15 a f 64 stomach localized 
PDGFr-a exon 18 del 

DIMH842-845 
XIAP locus only Xq25 

GIST_16 a f 62 stomach localized KIT exon 11 L576P del 11q14.1-qter homo 

GIST_17 a m 37 NA metastatic 
PDGFr-a exon 12 del 
SPDGHE566-571R 

amp 17q25.1-qter 

GIST_18 a m NA NA NA KIT Exon 11 V559G 
del 11q21-qter homo, 

XIAP locus only 
Xq25amp 

GIST_19 a m 85 stomach metastatic PDGFr-a exon 18 Y849C  

GIST_20 a m 38 
small 

intestine 
metastatic 

KIT exon 11 deletion 
MYEVQW552-557Z+KIT 

exon 18 point mutant 
A829P+SNP L862L 

 

GIST_21 a f 25 stomach NA KIT and PDGFr-a WT  

GIST_22 a f 76 stomach NA 
PDGFr-a exon 18 pm 

D842V 
XIAP locus only 

Xq25amp, 17q25.3amp 

GIST_23 a f 47 stomach NA KIT exon 11 V559D 
XIAP locus only Xq25 

amp. 

GIST_24 a f 18 stomach metastatic KIT and PDGFr-a WT 
XIAP locus only Xq25 

amp. 

GIST_25 a m 84 NA NA KIT del WKV557-559F del11q22.1-22.2 homo 

GIST_26 a m 49 stomach localized PDGFr-a exon 12 V561D  
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GIST_27 a m 52 NA NA 
KIT exon 11 del KV558-

559N  

GIST_28 a f 87 NA NA KIT exon 11 W557G  

Essen_1 f 70 NA metastatic 
KIT and PDGFr-a WT 

(NF-1)  

Essen_2 f 41 peritoneum metastatic 
KIT exon 11 W557-

K558del  

Essen_3 m 35 epigastric metastatic 
KIT exon 11 E554-

V559del6 
17q24.3-qter amp. 

Essen_4 m 72 cervix metastatic KIT exon 11 V560D amp 11q13.2-qter 

Essen_5 m 66 rectum localized KIT exon 11 V559D  

Essen_6 m 45 stomach metastatic KIT exon 9 S476I 17 amp 

Essen_7 m 68 stomach metastatic 
KIT exon 11/exon 17 

WT  

Essen_8 m 56 jejunum localized 
exon 11 deletion  

PDGFR Exon 18 mut.  

Essen_9 f 39 
small 

intestine 
metastatic 

KIT Exon9 (dup Codon 
502 und 503) Exon 17 

Y823 
Xq24-qter amp 

Essen_10 m 48 jejunum metastatic 
KIT Exon 11 

Y553_K558del 
Xq21.1-qter amp 

11q22.2 amp 

Essen_11 m 76 stomach metastatic KIT Exon 11 6bp del  

Essen_12 m 56 stomach metastatic NA  

Essen_13 m 65 liver metastatic 
KIT Exon 11 W557-

V559 del 
17q25.3 - qter amp 

 

TABLE 5: Detailed information about SNP array data. 
amp: amplified; LOH: loss of heterozygosity; homo: homozygous; mut: mutated; dup: 

duplicated; cIAP locus (11q22); XIAP locus (Xq25); survivin locus (17q25); a: GEO dataset 
(GSE 20709) 
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5.3 CO-REGULATION OF XIAP AND SURVIVIN BY KIT SIGNALING 

To further analyze the influence on IAPs by KIT signaling all GIST cell lines were treated with 

imatinib (1µM) in imatinib-sensitive and regorafenib (1µM) in imatinib-resistant cell lines from 

5 minutes to 72 hours. To exclude KIT-independent cyctotxic effects that could influence on 

IAP expression the KIT-negative cell line GIST48B was also treated with imatinib.  

As expected, strong inhibitory effects on KIT autophosphorylation and KIT signaling 

intermediates (phospho-AKT) were observed starting as early as 5 minutes (Figure 14A).  

Apoptosis, as measured by PARP cleavage, was induced after 3 to 24 hours in GIST-T1, 

GIST430-654, and GIST882. XIAP expression decreased in GIST-T1, GIST430-654, and 

GIST48 only while it remained unchanged in GIST430 and GIST882. The expression of cIAP1 

protein remained stable following KIT inhibition. Survivin expression levels decreased 

simultaneously in all KIT-positive cell lines after 24-48 hours. In line with these findings, survivin 

mRNA was markedly reduced in GIST430, GIST430-654, and GIST48 (97, 63 and 90%, 

respectively) while there was only a 27% reduction in GIST-T1 (Figure 14B). Notably, survivin 

protein levels showed the latest decrease in GIST882 (72h time point) which was paralleled 

by an increase of survivin mRNA levels (143%). In GIST48B KIT-inhibitory treatment did not 

influence on IAP protein expression and survivin mRNA levels. 
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FIGURE 14: Evaluation of IAP protein and mRNA expression after KIT inhibition. A: 
Western Blot time course experiments (0-48/72 hours) in GIST cell lines were conducted with 

imatinib in imatinib-sensitive and regorafenib in imatinib-resistant cell lines. B: Quantitative 
RT-PCR experiments for survivin were conducted after 48 hours of TKI treatment. KIT 

inhibition reduces survivin mRNA levels in 4 of 5 cell lines. Data are represented as mean. 
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5.4 SURVIVIN INHIBITOR YM155 HAS ANTI-PROLIFERATIVE AND PRO-APOPTOTIC EFFECTS 

Sepantropium bromide (YM155) blocks transcription of survivin by interfering with survivin-

specific transcription factors (see 3.2.5.1). We analyzed the effects of YM155 on GIST cell 

viability,induction of apoptosis, and effects on IAP expression levels. 

5.4.1 Viability Assays 

GIST cell lines were treated with increasing doses of YM155 for 6 days in concordance with a 

continuous infusion over 7 days in Phase I studies (Tolcher et al., 2008). The viability assay 

revealed IC50 values in the low nanomolar scale (5 to 80nM) in all cell lines but GIST430-654 

(200nM; Figure 15).  

 

FIGURE 15: Evaluation of survivin transcriptional repressor YM155. Cells were treated 
with increasing doses of YM155 for 6 days and analyzed by SRB viability assay. Data are 

represented as mean +/- SEM. 

5.4.2 Dose escalation studies and time course experiments 

GIST cell lines were treated with escalating doses of YM155. Notably, survivin mRNA-levels 

were reduced by 30% after 24h and 90% after 48 hours of treatment with 10nM of YM155 in 

GIST-T1 (Figure 16A). In Western Blot experiments the expression of survivin was inhibited 

after 24-48 hours of treatment in all examined cell lines (Figure 16B). Dose-response 

experiments showed reduction of survivin at low nanomolar doses of YM155 (10-30nM) and 
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in GIST430 and GIST-T1 concomitant decrease of XIAP could be observed. YM155 induced 

PARP cleavage in all tested cell lines at concentrations of 10 to 100nM. 

 

 

FIGURE 16: Evaluation of survivin transcriptional repressor YM155. A: Cells were treated 
with increasing doses of YM155 for 6 days and analyzed by SRB viability assay. B: qRT-

PCR for survivin after treatment of GIST-T1 with 10nM YM155 after 24 and 48 hours. 
Survivin mRNA levels are decreased in a time-dependent manner with 30% reduction of 

survivin mRNA at 24h (90% after 48h) of treatment. Data are represented as mean +/- SEM. 

 

Notably, time course experiments with YM155 in GIST-T1 revealed caspase 3 – and PARP 

cleavage at 24h preceding the reduction of survivin expression (48h, Figure 17).  

 

FIGURE 17: Western blot timecourse with YM155 in GIST-T1. 
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5.4.3 Combinational Treatment with tyrosine kinase inhibitors 

Combined treatment with IM and YM155 for 72 hours had significant agonistic antiproliferative 

effects in imatinib-resistant GIST48 (p<0,05, compared to single YM and IM), imatinib-resistant 

GIST430-654 (p<0,05, compared to single YM), and imatinib-sensitive GIST430 (p<0,05 

compared to single IM, Figure 18A). In western blot studies only a minor increase of apoptosis, 

as measured by PARP cleavage, was observed (Figure 18B). 

 

 

FIGURE 18: Evaluation of combinational therapy. A: Viability assays after 3 days of 
treatment with IM, YM and IM+YM in IM-resistant cell lines. Agonistic effects could be 

observed in GIST 48. Data are represented as mean +/- SEM. *: p-value <0,05. B: Western 
blot analysis after 48 hours of treatment with YM155.  
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5.5 SMAC MIMETICS DOWNREGULATE XIAP AND INDUCE APOPTOSIS  

XIAP and cIAP1 were inhibited by SMAC-mimetic compounds TL32711 (TL) and LCL161 

(LCL, Section 3.2.5.2). 

5.5.1 Cell viability assays – single agent 

Cell viability experiments with TL and LCL treatment for 6 days displayed a differential potency 

in the GIST cell line panel. Using TL IC50 values from 0.09µM (GIST430) to >20µM (GIST48B) 

were observed (Figure 19).  

 

 

FIGURE 19: Viability assays (SRB) after 6 days of treatment with TL in GIST cell lines. 
Moderate antiproliferative effects were observed. Data are represented as mean +/- SEM. 

 

Treatment with LCL161 resulted in IC50 values from 1µM to >20µM with GIST430-654, 430, 

and GIST48B being the most sensitive cell lines (1, 4, 5µM, respectively, Figure 20). 
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FIGURE 20: Viability assays (SRB) after 6 days of treatment with LCL in GIST cell lines. 
Moderate antiproliferative effects were seen. Data are represented as mean +/- SEM. 

 

5.5.2 Cell viability assays – combinational treatment 

Combinational treatment with KIT inhibitors and TL had slightly agonistic proapoptotic effects 

in GIST-T1, GIST430, and GIST48 (Figure 21). Agonistic proapoptotic effects could not be 

observed with combinations of KIT inhibitors and LCL161 (data not shown).  

 

 

FIGURE 21: Viability assays (SRB) were conducted after 3 days of treatment with TL 
and IM/regorafenib (rego) alone and combined TL+IM. The combination of TL and KIT 

inhibitors IM/regorafenib shows minor agonistic effects in GIST-T1, GIST430-11 and GIST48. 
Data are represented as mean +/- SEM. 
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5.5.3 Dose escalation experiments (western blot) 

Western blot experiments were conducted following 24 hours of treatment with TL and LCL, 

alone and in combination with KIT inhibitors imatinib and regorafenib. The expression of cIAP1 

was reduced by at least 69% at doses of 10nM. XIAP was downregulated by both inhibitors in 

GIST430, but 100-500-fold higher concentrations of LCL161 were needed for similar reduction 

of XIAP protein. XIAP was reduced after TL treatment only in GIST430-654 and GIST882 

(Figures 22,23). Similar doses of both inhibitors were needed for survivin downregulation. KIT 

signaling was not significantly affected as measured by KIT and AKT phosphorylation. 

PARP cleavage as an indicator for apoptosis was induced in all tested cell lines except in 

GIST48 and GIST48B. Agonistic effects of KIT inhibition and Smac-mimetic treatment on 

PARP cleavage was seen in GIST430 and GIST-T1 (1.4- to 5.5-fold /1.0- to 10.4-fold increase 

compared to single agent IM and LCL/TL, respectively). 

 

 

FIGURE 22:  Western Blot experiments after 24 hours of treatment with escalating 
doses of TL and LCL. Cellular IAP 1 was downregulated in all cell lines, whereas XIAP was 
only reduced in GIST882, treated with TL. Apoptosis was induced in GIST882 and GIST48B. 
The expression of pKIT, pAKT and survivin was not influenced. Dashed lineindicates 
different inhibitors and solid line indicates different cell lines. 
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FIGURE 23: Dose response experiments with TL and LCL, western blot analysis. A: 
TL32711 downregulates cIAP1 in all and XIAP in 2 tested cell lines and induces apoptosis in 
single treatment. Agonistic proapoptotic effect can be observed in combination with imatinib 
in GIST-T1 and GIST430-11 cell lines. B: LCL161 downregulates cIAP1 in all cell lines, and 

reduces XIAP expression in GIST430-11 only. Apoptosis is induced in GIST430-11 and 
GIST-T1. Agonistic effects with imatinib can be observed in GIST430-11 and GIST-T1. 
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5.5.4 Caspase activation assay 

Caspase Glo ® assays were performed to examine the proapoptotic effect of single agents TL 
and LCL and combinations with tyrosine kinase inhibitors. Proapoptotic effects were observed 
after 24 hours in GIST-T1 by both inhibitors and in GIST430 following treatment with LCL161 
and imatinib (Figure 24). 

 

 

FIGURE 24: Caspase activation assay following treatment with TL/LCL in combination 
with KIT inhibitors in GIST cell lines.   
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6 DISCUSSION  

Gastrointestinal stomal tumors represent a unique model of oncogenic dependency to a single 

kinase (Corless et al., 2011). Targeting the receptor tyrosine kinases KIT and PDGFRA greatly 

improved the survival of GIST patients. Nonetheless, KIT inhibition does not cure patients as, 

despite often long-lasting responses, most patients progress or relapse during KIT-inhibitory 

treatment. Clinical trials that have evaluated the use of adjuvant imatinib have shown a drastic 

improvement of relapse-free survival while on treatment but only a small improval in overall 

survival – suggesting that KIT inhibition alone does not eradicate the disease (Eisenberg, 

2013). This is in line with the observation that vital tumor cells are commonly observed in tumor 

specimen resected in responding patients (Bauer et al., 2005). While secondary resistance 

mutations have been found in patients with metastatic disease they do not explain the survival 

of sensitive clones in the adjuvant setting. Notably, autophagy and quiescence have been 

proposed as potential escape mechanisms from imatinib-induced apoptosis (Gupta et al., 

2010; Liu et al., 2008). Augmenting the pro-apoptotic effects of KIT inhibitors therefore 

represents a key goal for future therapeutic approaches.  

IAPs are able to trigger cell cycle progression and to interact with apoptotic pathways in an 

anti-apoptotic way. Cellular IAP 1 and 2 are involved in extrinsic apoptosis and activation of 

NF-κB signaling. XIAP has been found to directly interact with effector caspases to avoid 

cleavage and activation (Gyrd-Hansen and Meier, 2010). Survivin, as the smallest member of 

the IAP family, is not able to inhibit apoptosis directly but to promote cell division by regulating 

mitosis as a part of the chromosomal passenger complex (LaCasse et al., 2008). 

Inhibitors of Apoptosis proteins were found to confer resistance to chemotherapy in various 

cancer models. The role of these proteins has yet not been investigated in GIST. In this study,  

the oncogenic and therapeutic relevance of IAPs in GIST was comprehensively investigated 

and agonistic effects in combination with KIT inhibitors were evaluated. 

Tamm et al. studied the expression of IAPs in the NCI60 cancer cell line panel. cIAP1, XIAP 

and survivin were highly expressed in most tumor types, whereas cIAP2 protein was only 

expressed in five percent of all tested cell lines. cIAP2 mRNA was expressed in 50 percent 

(Tamm et al., 2000). In this study, GIST primary tumors expressed cIAP1, XIAP, and survivin 

protein in 84% (n=19), 75%, and 80%, respectively. In all GIST cell lines cIAP2 mRNA levels 

were low. These findings were consistent with the published observations. The mRNA levels 

of survivin in GIST primary tumors were higher than in GIST cell lines, but interestingly primary 

tumors exhibited lower protein expression (Figures 9,10) which may suggest differential 

mechanisms of regulation of  IAP translation in vivo. IAP expression levels were not predictive 
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of clinical behavior shown in Table 3. However, the number of samples analyzed in this series 

may have been too low for definitive conclusions.  

Survivin expression was reported to peak in the G2/M transition phase in normal proliferating 

tissue. In tumor tissue, expression was cell-cycle-independent (Small et al., 2010). 

Interestingly, survivin protein levels varied substantially in GIST cell lines depending on the 

confluence of cells (Figure 11) as was the distribution of cell cycle phases. No correlation was 

seen between cell cycle phase distribution and survivin expression in GIST. Additionally, 

differences in the molecular weight of survivin and XIAP both in tumor lysates and cell lines 

were observed which may result from ubiquitinylation of these proteins. 

IAPs are commonly dysregulated in cancer, and dysregulation is associated with unfavourable 

prognosis (Hingorani et al., 2013; Miura et al., 2011; Small et al., 2010; Tamm et al., 2000).  El 

Rifai et al. found, that an amplification of the survivin locus on 17q was more frequent in 

malignant and metastatic GIST (El Rifai et al., 2000). In Neuroblastoma, it was associated with 

an advanced stage of disease (Islam et al., 2001). Patients with XIAP-amplified acute 

myelogenic leukemia had a shorter overall survival (Tamm et al., 2000). Concerning cIAPs, 

differential results were observed. As cervical cancer patients had an earlier onset of disease, 

if their disease contained 11q22 amplifications (cIAP locus) (Choschzick et al., 2012), deletions 

of the cIAP loci (BIRC2/3) activated the non-canonical NF- κB signaling in multiple myeloma, 

which promotes cell survival (Keats et al., 2007). The GIST cohort analyzed herein showed 

IAP copy number alterations in 47,4% (Table 4). Consistent with the findings mentioned above, 

more gains than losses were found in the XIAP and survivin loci. In cIAP loci, more 

homozygous losses and losses of heterozygosity (LOHs) were observed. Together with the 

data from the synthetic lethality screen (Marino-Enriquez et al., (see Section 3.3.1)) these 

studies suggested XIAP and survivin to have the greatest impact on survival in GIST cells. As 

this cohort was too small and did not contain enough localized and low risk GIST, an analysis 

of the IAP alteration’s impact on survival was not possible. Furthermore, we were not able to 

determine whether genomic changes of IAPs contribute to oncogenic progression in early or 

late stages of disease.  

For further evaluation of IAP regulation in GIST genetic changes in signaling molecules that 

interact with IAPs were analyzed by Corless et al. (section 3.3.2). Physiologically, initiation of 

apoptosis or unfolded protein response (resulting from ER-stress) leads to downregulation of 

IAPs. A protein that is involved in IAP inhibition during apoptosis is Smac/DIABLO which is 

sequestered to the mitochondria and released during apoptosis. Smac/DIABLO directly binds 

XIAP and prevents the interaction with caspases which allows caspase cleavage and 

apoptosis (Gyrd-Hansen and Meier, 2010). One patient’s tumor of our cohort was found to 
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have a SMAC/DIABLO mutation and a 17q amplification (survivin locus) that was accompanied 

by elevated survivin mRNA and protein expression levels (Figures 10, 12 (Patient 9), Table 5 

(Essen_3)). This highly aggressive disease was characterized by imatinib resistance and early 

metastasis. However, a small number of cases was analyzed and further analysis is needed 

to evaluate the prognostic relevance of these changes.  

Oncogenic KIT activates pro-survival signaling pathways. The impact of KIT signaling on IAP 

activation has not been studied in GIST before. Dan et al. found that XIAP was stabilized by 

activated AKT (activating mutation A2780S) in an AKT-transfected ovarian cancer cell line, 

and HEK (human embryonic kidney) 293 cell line (Dan et al., 2004). Remarkably, the synthetic 

lethality screen performed in GIST (section 3.3.1) ranked survivin and XIAP higher for cell 

proliferation in untreated cells compared to cells treated with KIT inhibitors. Time course 

experiments were not able to clearly support a KIT-dependent IAP activation. A decrease of 

IAP protein expression was observed after 24-48 hours in nearly all cell lines and may be 

caused by decreased proliferation. Interestingly, cIAP1 expression was not altered by KIT 

inhibition. The effect of imatinib on IAPs in a KIT-negative cell line was also assessed to 

exclude the possibility of KIT-independent effects of imatinib on IAP expression which were 

not found (Figure 14). Taken together with the results of the synthetic lethality screen, cIAPs 

do not seem to play an important role for GIST proliferation. For further evaluation of the impact 

of IAPs on apoptosis in GIST additional functional studies, including knockdown and 

overexpression of IAPs in GIST cell lines, are needed.  

IAP inhibition has been evaluated in cancer therapy for several years. The most promising 

biochemical inhibiors have been Smac-mimetic compounds and survivin inhibitors, some of 

which are currently tested in phase I and Phase II clinical trials (Fulda, 2015; Papadopoulos et 

al., 2016). In these studies, we focused on the survivin transcriptional repressor YM155 and 

Smac mimetics TL32711 and LCL161. In previous publications YM155 inhibited tumor growth 

in various cancers in vitro and in vivo (Nakahara et al., 2007). In phase I studies steady state 

plasma levels reach 12-32nM during continuous infusion over 6 days. In mouse experiments 

20-fold higher concentrations have been reached in tumor tissue of prostate cancer xenografts 

(Nakahara et al., 2007; Tolcher et al., 2008). The survivin-inhibitory effect was found in an 

inhibitor screening (Nakahara et al., 2007). The mechanism of action is still not fully understood 

though. YM155 binds survivin-regulating transcription factors (Nakamura et al., 2012), which 

may lead to further unspecific effecs among which Mcl-1 downregulation and EGFR 

suppression was described (Na et al., 2012; Tang et al., 2011). In our in vitro experiments 

target inhibition, measured by survivin mRNA and protein levels, was seen at low nanomolar 

doses. Cell viability was markedly decreased. A decrease of survivin levels did neither seem 
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to be predictive for induction of apoptosis nor for a decrease of cell viability. Time course 

experiments showed a reduction of survivin expression parallel but not prior to induction of 

apoptosis (Figure 17). The effects of YM155 on GIST cell viability may also involve other 

mechanisms independent from survivin downregulation. DNA damage after treatment with 

YM155 was observed (Glaros et al., 2012). 

Smac mimetic compounds like TL32711 and LCL161 prevent the interaction of cIAP and XIAP 

with caspases. Early clinical trials with TL32711 showed disease stabilizations in colorectal 

cancer and non-small-cell lung cancer. Trials evaluating LCL161 showed stable disease as 

bst response (Infante et al., 2014). In phase I studies serum levels of 4µM for LCL161 and 

4,8µM for TL32711 have been achieved (Amaravadi et al., 2015; Infante et al., 2014). 

Concentrations for our inhibitors were chosen with respect to these results. In line with previous 

published results (Krepler et al., 2013; Yuan et al., 2013), cIAP expression was decreased in 

all cell lines following Smac-mimetic treatment. XIAP was downregulated in 3 out of 6 cell lines. 

This may be explained by differential mechanisms of XIAP and cIAP downregulation following 

SMAC-mimetic treatment. In case of cIAPs treatment leads to increased ubiquitinylation and 

degradation. In the case of XIAPs only the interaction with caspases is avoided (Fulda, 2015). 

Therapeutically achievable doses of TL32711 and LCL161 were able to induce apoptosis and 

combinational treatment with KIT inhibitors augmented this effect. Interestingly, the observed 

downregulation of cIAP1 was not accompanied by induction of apoptosis, underscoring the 

result of the synthetic lethality screen, in which cIAPs ranked high. Addition of TNF-α sensitized 

melanoma cells to LCL161 (Yuan et al., 2013). It would be interesting to evaluate TNF-α-Levels 

as a predictive factor for response to Smac mimetics as differential levels of TNF-α have 

already been observed in GIST (Delahaye et al., 2011). 

In summary, strong evidence was found that IAPs may co-mediate the pro-survival signaling 

of oncogenic KIT with survivin and XIAP being the most essential IAP family members. Genetic 

changes involving IAP gene loci are common in GIST and may independently add to the 

apoptotic resistance of GIST. The pharmaceutical inhibition of IAPs may improve the apoptotic 

response of KIT inhibitors. These studies therefore provide a strong rationale for further 

investigation of IAP inhibitors as a therapeutic strategy in GIST. Furthermore, future 

investigations should evaluate the role of IAP overexpression and knockdown in GIST and 

should evaluate predictive factors for IAP-inhibitory treatment.  
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Abstract 

7 ABSTRACT 

 

Gastrointestinal stromal tumors (GIST), the most common mesenchymal tumor of the 

gastrointestinal tract, is strongly dependent on tyrosine kinases KIT or Platelet-derived growth 

factor receptor α. KIT inhibitors confer long lasting disease stabilization in the majority of 

patients. However, during KIT-inhibitory treatment a subset of GIST cells evade apoptosis and 

eventually develop resistance. Inhibitors of Apoptosis Proteins (IAPs) are signaling molecules 

characterized by BIR domains. IAP overexpression was reported to confer resistance to drug-

induced apoptosis. In this project, we sought to analyze IAP genomic dysregulation, 

expression and antiapoptotic function in GIST and to evaluate antiapoptotic effects of 

functional IAP inhibition in GIST alone and in combination with KIT inhibition. 

In a synthetic lethality screen conducted by a cooperating group, survivin (rank 62-92/11.194 

tested proteins) and XIAP (rank 106-557/11.194) were found to be essential proteins for cell 

survival. Cellular IAPs 1 and 2 were non-essential, so the work was focused on XIAP and 

survivin. We observed that protein and mRNA of XIAP (BIRC4) and survivin (BIRC5) were 

strongly expressed in GIST cell line models and primary tumors. Amplification of IAP gene loci 

(BIRC2 (cIAP1), BIRC3 (cIAP2), BIRC4 (XIAP), BIRC5 (survivin)) was detected in 47% of GIST 

studied by SNP arrays. Whole exome analyses revealed a mutation in the IAP antagonist 

SMAC(DIABLO) in a heavily pretreated patient. 

Expression of XIAP and survivin protein and mRNA in GIST cell lines was partly dependent on 

KIT activation and IAPs may be involved in KIT-regulated pro survival signaling. Biochemical 

Inhibitors of survivin, cIAPs, and XIAP were tested in GIST cell lines. Survivin inhibitor YM155 

was able to decrease BIRC5/survivin transcription and protein expression and to induce 

apoptosis. Treatment with SMAC mimetics TL32711 and LCL161 led to reduced cIAP1 and 

XIAP expression, and induction of apoptosis. Proapoptotic effects of survivin and SMAC 

inhibitors were enhanced by simultaneous KIT inhibition.  

Our findings support the combination of KIT inhibition with IAP antagonists in GIST. Further 

investigations should evaluate the role of IAP overexpression and knockdown in GIST and 

should evaluate predictive factors for IAP-inhibitory treatment. 
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Figure 9: IAP protein and  mRNA are expressed in GIST cell lines. A. Western blot, and B. 

RT-PCR, show high levels of XIAP and survivin protein expression. IAP mRNA (BIRC2 

(cIAP1), BIRC3 (cIAP2), BIRC4 (XIAP), BIRC5 (survivin)) was detectable in all analyzed 

cell lines in amounts comparable to positive control (Hela cell line). ..............................31 

Figure 10: Western Blot of 20 GIST primary tumors. Expression of XIAP and survivin was 

found in 15/16 cases and the amount of IAP expression did not correlate with KIT 

expression levels. (cIAP1, Patient 6: no tumor lysate available). ...................................32 

Figure 11: Cell cycle distribution and survivin expression is influenced by cell density in 

GIST-T1. Cells were seeded into 6-well-plates and analyzed 24h, 48h, 72h, and 96 

hours after plating by microscopy, cell cycle analysis, and Western Blot. A: Microscopy. 

Cultured cells display increasing cell density over time. B/C: Flow cytometry for cell cycle 

analysis. Increasing G1, decreasing S-Phase population. D: Western Blot: stable 

expression of XIAP, variable expression of survivin. ......................................................34 

Figure 12: Quantitative Analysis of survivin mRNA expression. A:Quantitative RT-PCR of 

survivin isoform 1 in GIST cell lines and primary tumors. Leiomyosarcoma cell lines 

(LMS04luc and LML676) and Hela and MCF7 cells were included as positive controls. B: 

Quantitative RT-PCR of survivin isoforms 1, 2(survivin-ΔEx3) and 3(survivin-2B). ........35 

Figure 13: IAP gene copy number alterations were found in a subset of GIST tumors. 

Schematic of copy number gains (above) and losses (beneath chromosome). IAP loci 

are marked in grey vertical lines. ...................................................................................36 

Figure 14: Evaluation of IAP protein and mRNA expression after KIT inhibition. A: Western 

Blot time course experiments (0-48/72 hours) in GIST cell lines were conducted with 

imatinib in imatinib-sensitive and regorafenib in imatinib-resistant cell lines. B: 

Quantitative RT-PCR experiments for survivin were conducted after 48 hours of TKI 
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treatment. KIT inhibition reduces survivin mRNA levels in 4 of 5 cell lines. Data are 

represented as mean. ...................................................................................................40 

Figure 15: Evaluation of survivin transcriptional repressor YM155. Cells were treated with 

increasing doses of YM155 for 6 days and analyzed by SRB viability assay. Data are 

represented as mean +/- SEM. ......................................................................................41 

Figure 16: Evaluation of survivin transcriptional repressor YM155. A: Cells were treated with 

increasing doses of YM155 for 6 days and analyzed by SRB viability assay. B: qRT-PCR 

for survivin after treatment of GIST-T1 with 10nM YM155 after 24 and 48 hours. Survivin 

mRNA levels are decreased in a time-dependent manner with 30% reduction of survivin 

mRNA at 24h (90% after 48h) of treatment. Data are represented as mean +/- SEM. ...42 

Figure 17: Western blot timecourse with YM155 in GIST-T1. ...............................................42 

Figure 18: Evaluation of combinational therapy. A: Viability assays after 3 days of treatment 

with IM, YM and IM+YM in IM-resistant cell lines. Agonistic effects could be observed in 

GIST 48. Data are represented as mean +/- SEM. *: p-value <0,05. B: Western blot 

analysis after 48 hours of treatment with YM155. ..........................................................43 

Figure 19: Viability assays (SRB) after 6 days of treatment with TL in GIST cell lines. 

Moderate antiproliferative effects were observed. Data are represented as mean +/- 

SEM. .............................................................................................................................44 

Figure 20: Viability assays (SRB) after 6 days of treatment with LCL in GIST cell lines. 

Moderate antiproliferative effects were seen. Data are represented as mean +/- SEM. .45 

Figure 21: Viability assays (SRB) were conducted after 3 days of treatment with TL and 

IM/regorafenib (rego) alone and combined TL+IM. The combination of TL and KIT 

inhibitors IM/regorafenib shows minor agonistic effects in GIST-T1, GIST430-11 and 

GIST48. Data are represented as mean +/- SEM. .........................................................45 

Figure 22:  Western Blot experiments after 24 hours of treatment with escalating doses of TL 

and LCL. Cellular IAP 1 was downregulated in all cell lines, whereas XIAP was only 

reduced in GIST882, treated with TL. Apoptosis was induced in GIST882 and GIST48B. 

The expression of pKIT, pAKT and survivin was not influenced. Dashed lineindicates 

different inhibitors and solid line indicates different cell lines. ........................................46 

Figure 23: Dose response experiments with TL and LCL, western blot analysis. A: TL32711 

downregulates cIAP1 in all and XIAP in 2 tested cell lines and induces apoptosis in 

single treatment. Agonistic proapoptotic effect can be observed in combination with 

imatinib in GIST-T1 and GIST430-11 cell lines. B: LCL161 downregulates cIAP1 in all 

cell lines, and reduces XIAP expression in GIST430-11 only. Apoptosis is induced in 

GIST430-11 and GIST-T1. Agonistic effects with imatinib can be observed in GIST430-

11 and GIST-T1. ...........................................................................................................47 
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Figure 24: Caspase activation assay following treatment with TL/LCL in combination with KIT 

inhibitors in GIST cell lines.   .......................................................................................48 

 

9.2 TABLE DIRECTORY 
 

Table 1: Western blot antibodies. .........................................................................................25 

Table 2: RT-PCR primer sequences. ....................................................................................28 

Table 3: Characteristics of patients and tumor tissue used for western blot analysis. ...........33 

Table 4: Frequency of IAP gene alterations in GIST. SNP array data from 38 GIST tumors 

was analyzed, 47.4% carried copy number alterations in at least one IAP locus. ..........36 

Table 5: Detailed information about SNP array data. ............................................................38 

 

9.3 LIST OF ABBREVIATIONS 
 

ABBREVIATION EXPLANATION 

(D)PBS Dulbecco’s phosphate-buffered saline 

* Statistically significant (p>0,05) 

ACOSOG American College of Surgeons Oncology Group 

AFIP Armed Forces Institute of Pathology 

AIO Arbeitsgemeinschaft Internistische Onkologie (consortium for 
medical oncology) 

AKT Protein kinase B 

Approx. Approximately 

Aqua dest Distilled Water 

ATP Adenosine-Triphosphate 

AVPI Tetrapeptide: alanin-valin-prolin-isoleucin 

BIRC Baculoviral IAP repeat containing 

BIR-domain Baculoviral IAP repeat domain 

bp Base pair 

CARD Caspase recruitment domain 

CD Cluster of differentiation 

cDNA Complementary  DNA 
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cIAP Cellular IAP 

cl. Cleaved 

cm Centimeters 

CNV Copy number variation 

CPC Chromosomal passenger complex 

CT Computed Tomography 

d Day(s) 

DMSO Dimethyl sulfoxide 

DNA Dexoxyribonucleic acid 

dNTP Desoxyribonukleosidtriphosphate 

DOG1 Discovered on GIST 1 

DPBS Dulbecoo’s phosphate buffered saline 

ECL Enhanced chemiluminescence 

ER Endoplasmic reticulum 

Et al. Et alia 

Ex. Exone 

f (Gender) Female 

FADD Fas-assiciated death domain protein 

FAM 6-carboxyfluorescein 

FBS Fetal bovine serum 

Fig.  Figure 

G2M Transition from G2 to M-Phase 

GEO Gene expression omnibus 

GIST Gastrointestinal Stromal Tumor 

GRB2 Growth factor receptor-bound protein 2 

GSPT1/eRF3 G1 To S Phase Transition 1 gene 

h Hour(s) 

HPF High power fields (5mm²) 

HPV Human papilloma virus 

i.v./IV intravenous 

IAP Inhibitors of Apoptosis Proteins 
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IBM IAP-binding motif 

IC50 half maximal inhibitory concentration 

ICC Interstitial Cells of Cajal 

IGFR1 Insuline-like growth factor receptor 1 

IHC Immunohistochemistry 

ILF3 Interleukin enhancer binding factor 3 

ILP-2 Insulin-like peptide 2 

IM imatinib 

INCENP Inner centromere protein 

kDa Kilo-Dalton 

LCL LCL161 

LOH  Loss of heterozygosity 

M (Gender) male 

MAPK mitogen-activated protein kinase 

Mcl-1 BCL2 family apoptosis regulator 

mg milligram 

min Minute(s) 

MITO MITO+ serum extender 

ml Milliliter(s) 

ML-IAP Melanoma inhibitor of apoptosis protein 

mm millimeters 

MOPS-buffer (N-morpholino)propanesulfonic acid (MOPS)-SDS-running buffer 

MRI Magnetic resonance imaging 

mRNA Messenger ribo-nucleic acid 

MTD Maximum tolerated dose 

n/No. Number 

NA Not available (?) 

NCI National Cancer Institute 

NET-G Buffer, see recipes 

NF1 Neurofibromatosis 1  

NF110 Interleukin enhancer binding factor 3 
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NF-κB nuclear factor 'kappa-light-chain-enhancer' of activated B-cells 

ng nanogram 

nM nanomolar 

nm nanometers 

NspI Restriction enzyme 

Oligo(dT) 15–25 Desoxythymidine 

Omi/HTRA2 mitochondrial serine protease 

OS Overall survival 

p-/phospho phosphorylated 

PAGE Polyacrylamide gelelectrophoresis 

PARP Poly(ADP-ribose)-Polymerase 

PDGFRA Platelet-derived Growth Factor receptor α 

PFS Progression-free survival 

PMSF Phenylmethylsulfonylfluorid 

qRT-PCR Quantitative Real-Time Polymerase Chain Reaction 

RCF Relative centrifugal force 

REGO regorafenib 

Res.  resistant 

RING Really interesting new Gene 

RIPK1 Receptor-interacting serine/threonine-protein kinase 1 

RNA Ribonucleic acid 

rpm Rounds per minute 

RTK Receptor tyrosine kinase 

RT-PCR Reverse Transcriptase PCR 

SCF Stem cell factor 

SDH Succinate Dehydrogenase 

SDHB Succinate Dehydrogenase subunit B 

SDHC Succinate Dehydrogenase subunit C 

SDS-PAGE Sodium Dodecylsulfate-polyacrylamide-gelelectrophoresis 

SEM standard error of mean 

Sens. sensitive 
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Ser Serine 

shRNA Short hairpin RNA 

SMA Smooth muscle actin 

SMAC/Diablo second mitochondria-derived activator of caspases 

SNP Single nucleotide polymorphism 

Sp1 specificity protein 1, transcription factor 

SRB Sulforhodamine B 

SSG Scandinavian Sarcoma Group 

SU sunitinib 

Suppl.  Supplemental 

Suppl. supplementary 

Tab. Table 

TAB1 TGFβ-activated kinase binding protein 

TCA Trichloroacetic acid 

TGFβ Transforming growth factor β 

Thr Threonin 

TKI Tyrosine kinase inhibitor 

TL TL32711 (Birinapant) 

TNF Tumor necrosis factor 

TNFα Tumor necrosis factor α 

TRADD Tumor necrosis factor receptor type 1-associated DEATH domain 
protein 

TRAF Tumor necrosis factor associated factor 

TRAF3 TNF receptor-associated factor 

TRIS Tris(hydroxymethyl)-aminomethan 

Tyr Tyrosine 

UBA Ubiquitin binding domains 

V Volt 

VEGFR Vascular endothelial growth factor receptor 

XAF-1 XIAP-associated factor 1 

XIAP X-linked IAP 

YM YM155 
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9.4 RECIPES 
 

9.4.1 Media 
 

A-Medium: 

500ml RPMI 1640 (Gibco/Invitrogen,Darmstadt, Art.Nr. 11879) 

+ 90ml FBS (Biochrom, Berlin, Art.Nr. S0115) 

+ 6ml L-Glutamin (100x) (Biochrom, Art.Nr. K0282) 

+ 6ml Penicillin/ Streptomycin/ Amphotericin B Solution - 100x (Calbiochem/Merck, Darmstadt, 

Art.Nr. 516104) 

HG-DMEM-Medium: 

500ml D-MEM - 4,5g/l Glucose (Gibco/Invitrogen, Art.Nr. 31966) 

+ 55ml FBS  

IMDM-Medium: 

500ml IMDM (Gibco/Invitrogen,Darmstadt, Art.Nr. 12440) 

+ 90ml FBS  

+ 6ml L-Glutamin (100x)  

+ 6ml Penicillin/ Streptomycin/ Amphotericin B Solution - 100x  

 

9.4.2 Buffers 
 

IP-Buffer:  

10ml   1% NP-40 

50ml   1M Tris HCl, pH 8,0 

4,199g   Na Flouride 

13,38g   Na Pyrophosphate 
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0,4839g  Na Molybdate 

0,3678g  Na Vandate 

100ml   0,05M EDTA 

 

Lysis Buffer: 

4ml   IP-Buffer 

4µl    10mg/ml Aprotinin 

4µl   10mg/ml Leupeptin 

40µl   100mM PMSF 

40µl   20mM Vanadate 

 

Loading Buffer, Western Blot: 

2,812ml  0,5M Tris HCl, pH 6,7 

6,748ml  10% SDS  

450mg   87% DTT 

10ml   Glycin 

10mg   Bromphenolblau  

Ad 20ml   A.dest 

 

Running Buffer, Agarose-Gelelectrophoresis: 

21ml   20xMOPS-Buffer (NuPAGE MOPS SDS Running Buffer (20x), 

                                 Invitrogen) 

399ml   Aqua dest. 

 

Transfer Buffer, Western Blot: 

200ml   Methanol 
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14,4g   Glycine 

3,03g   Tris 

Ad 1l    A. dest.  

 

PBS-T: 

80g   NaCl 

2g    KCl 

14,4g   Na2HPO4 

2,4g   KH2PO4 

10ml   Tween 20 

Ad. 500ml  

 

NET-G Buffer (10-fold): 

175,5g   NaCl 

37,2g   EDTA 

121,1g   Tris-HCl, pH 7,5 

10ml   Tween 20 

8g   Gelatine 

Ad 2l   A. dest. 

 

9.4.3 Other Chemicals 
 

Substance Vendor Art. No. 

7-AAD Beckman Coulter, Krefeld A07704 

Agarose Biozym, Hameln 50014 

Aprotinin Sigma-Aldrich, Steinheim A3428 
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Bromphenolblau Sigma-Aldrich, Steinheim 1.11746.0005 

Dimethylsulfoxid (DMSO) Merck, Darmstadt 317275 

Dithiothreitol (DTT) Sigma-Aldrich, Steinheim  

D-PBS Invitrogen, Darmstadt 825167 

Acetic Acid Roth, Karlsruhe 3738.1 

Ethidiumbromid Serva, Heidelberg 21251 

Ethylendiamintetraacetic acid 

(EDTA) 

Sigma-Aldrich, Steinheim E6758 

Gelatine Roth, Karlsruhe 4582.1 

Glycine Roth, Karlsruhe 3908.2 

Potassiumchloride Merck, Darmstadt 1.04936.0500 

Potassiumhydrogenphosphate Merck, Darmstadt 1.04873.0250 

Leupeptin Sigma-Aldrich, Steinheim L2023 

Methanol Merck, Darmstadt M1775 

Sodiumazid Serva, Heidelberg 30175 

Sodiumchlorid Merck, Darmstadt 1.06404.5000 

Sodiumfluorid Merck, Darmstadt S1504 

Sodiumhydrogenphsphate Merck, Darmstadt 6580 

Sodiummolybdat Merck, Darmstadt M1003 

Sodiumpyrophosphate Merck, Darmstadt 221368 

Sodiumvandate Sigma-Aldrich, Steinheim S6508 

NP-40 Sigma-Aldrich, Steinheim  

Phenylmethylsulfonylfluoride 

(PMSF) 

Sigma-Aldrich, Steinheim 78839 

Polybren Santa Cruz, Heidelberg Sc-134220 

Ponceau Sigma-Aldrich, Steinheim P 3504 
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Appendix 

Puromycin Dihydrochlorid Santa Cruz, Heidelberg sc-108071 

SDS („Sodium Dodecyl Sulfate“) Merck, Darmstadt 51430 

Sulforhodamin B (SRB) Sigma-Aldrich, Steinheim  

Skim Milk Powder Sigma-Aldrich, Steinheim 70166 

10xTAE-Puffer  Invitrogen, Darmstadt AM9869 

Trichloracetic acid (TCA) Sigma-Aldrich, Steinheim T4885 

Trizma® (Tris) Sigma-Aldrich, Steinheim T6066 

Trypan-Blue Invitrogen, Darmstadt T10282 

Tween20 Sigma-Aldrich, Steinheim P-1379 

Vanadate Sigma-Aldrich, Steinheim 590088 
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