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Zusammenfassung

Zusammenfassung
Die Prognose des Magenkarzinoms ist mit einer 5-Jahresiiberlebensrate von weniger

als 20% weiterhin sehr schlecht. Daher ist es dringed erforderlich neue Strategien
zur Fraherkennung von prékanzerésen und malignen Lasionen zu entwickeln sowie
neue Therapiestrategien zu etablieren. In dieser Arbeit wurden im murinen CEA-TAG
Magenkarzinommodell sowie in drei humanen und zwei murinen Magenkarzinom-
zelllinien die Cathepsine B und H sowie die Matrixmetalloprotease (MMP) MMP2
identifiziert, die ,nah-infrarot” (NIRF) Sonden aktivieren kdnnen. Die entsprechenden
Proteasen zeigen eine hohe Expression sowohl in den Zelllinien als auch in den
untersuchten murinen Magenkarzinomen auf mRNA und Proteinebene im Vergleich
zu normaler Magenantrummukosa. Mit Hilfe der proteaseaktivierbaren NIRF-Sonde
konnten Magenkarzinome in vivo markiert und mit Hilfe eines NIRF-Scanners ex vivo
detektiert werden. Daher kénnten Cathepsin B, H und MMP2 aktivierbare NIRF
Sonden zur endoskopischen Friherkennung des Magenkarzinoms in Zukunft
eingesetzt werden. Desweiteren wurde in dieser Arbeit die Wirkung von
Histondeacetylase Inhibitoren (HDACI) auf Magenkarzinomzellen untersucht. Dazu
wurden sechs humane und zwei murine Zelllinien mit drei unterschiedlichen
Inhibitoren behandelt. Mittels MTT und Fluorometrie wurden Viabilitat und Apoptose
der Zelllinien ermittelt. Dabei wurden unterschiedliche Sensitivitdten der verwendeten
Zelllinien gegenuber HDAC Inhibitoren beobachtet. Zur Analyse der molekularen
Resistenzmechnismen dieser Zelllinien wurden Westernblotanalysen, gPCR, RNAI
und gChIP Experimente durchgefuihrt. Dabei wurde eine erhéhte Expression der
antiapoptotischen BCL2 Familienproteine BCLyx. und MCL1 in HDAC Inhibitor
insensitiven Zellen festgestellt werden. RNAi vermittelte Inhibition von BCLx_ und
MCL1 zeigte dabei eine erhdhte Sensitivitat der Zellen gegenuber SAHA. Um
potentielle Signalwege zu finden die BCLx. und MCL1 regulieren, wurden
verschiedenen Transkriptionsfaktoren untersucht. Dabei konnte c¢-MYC als
Hauptregulator ~ beider  antiapoptotischen  Proteine  identifiziert = werden.
Pharmakologische Hemmung oder RNAIi vermittelte Depletion von c-MYC erhdhte
dementsprechend die SAHA Sensitivitdt. Es konnte weiter gezeigt werden, dass c-
MYC MCLZ1 transkriptionell direkt aktiviert, wohingegen BCLyx_ indirekt durch elF4E
reguliert wird. Dabei aktiviert c-MYC den Translationsinitiationsfaktor elF4E der die
direkte Translation von BCLy_ steuert. Die Inhibition von ¢c-MYC in Kombination mit



Zusammenfassung

HDAC Inhibitoren kénnte daher eine vielversprechende Option fur kinftige

Therapiestrategien beim Magenkarzinom sein.



Summary

Summary
To improve the prognosis of gastric cancer patients, novel strategies for early

detection of precancerous and cancerous lesions, tumor stage-adapted therapy and
monitoring of therapeutic response are urgently needed. In this study, we used the
murine CEA-TAG gastric cancer model and 3 human and 2 murine gastric cancer cell
lines to identify cathepsins and matrix metalloprotinases (MMPS) proteases as near-
infrared fluorescent (NIRF) probe activators in gastric cancer. The results show high
protein and mMRNA expression levels of cathepsins B, H and MMP2 in the human and
murine gastric cancer cell lines. In addition, expression of the proteases was
markedly increased in murine primary gastric cancer speciesmens compared to
normal gastric mucosa. Accordingly, the NIRF probe was specifically activated in
stomach tumor of CEA-TAG mice and allowed ex vivo detection of the tumor by
Odyssey planar near-infrared scanner. These results indicate that cathepsins B, H
and MMP2 are promising biomarkers for early endoscopic detection of gastric
cancer. To evaluate the efficiency of HDACI for gastric cancer treatment a panel of
human and murine gastric cancer cell lines were investigated. The result indicated
that MKN45 (SAHA 1C50=3.2, 95% CI= 2.6-3.9) and ST2957 (IC50=2.8, 95% CIl=2.1-
3.7) cell lines were among the top non-responding cells to SAHA treatment whereas
MGC8 (IC50=1.0, 95% CI=0.7-1.3 95%) was observed to be relatively the most
sensitive. First, it was observed that BCLx. and MCL1 expression levels inversely
correlated with the responsiveness of gastric cancer cells towards SAHA. The
efficacy of SAHA was augmented by siRNAs directed against BCLyx. and MCL1 in
nonresponding cell lines. Subsequently, potential pathways were tested if they were
involved in regulating BCLx. and MCL1 expression in these cell lines. Two
independent mechanisms, by which c-MYC protects gastric cancer cells from HDACI,
were identified. Firstly, c-MYC directly regulates transcription of MCL1 and secondly,
regulation of BCLx_ protein expression was due to c-MYC's ability to control the
elF4E gene and thereby translation of the BCLx, mMRNA. Our observation that c-MYC
controls expression of important anti-apoptotic BCL2 family members might argue
that c-MYC is an important mediator of therapeutic resistance of gastric cancer cells.
Since MCL1 and BCLyx_ are regulated by c-MYC in gastric cancer cells, c-MYC
inhibition applied in combination with HDACi might be a rationally based therapeutic
option for this type of cancer.
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Introduction

1. Introduction

1.1. Gastric carcinogenesis

Gastric cancers include malignancies that arise in any part of the stomach.
Accordingly, several different types of cancer can take place in the stomach; however
adenocarcinomas account for majority of gastric malignancies (Smith, 2006). Over
90% of gastric adenocarcinomas are attributed to chronic Helicobacter pylori
(H.pylori) infection and mostly affects the antral parts of the stomach (Fox and Wang,
2007). The remaining small proportion of the stomach carcinogenesis is due to
lymphomas that originate in the B and T cells of the lamina propria and sarcomas,
which arise from the cells of the muscle layer. Furthermore, carcinoid tumours are
also believed to arise from neuroendocrine cells (Shang and Pena, 2005; Smith et
al., 2006).

1.1.1. Incidence of gastric cancer

Despite huge investments and tremendous investigations in the field of cancer,
gastric cancer remains one of the most deadly diseases worldwide. It is the second
cancer-related killing disease, only next to lung cancer, and the 4™ frequent type of
cancer (Hu et al., 2007). Gastric adenocarcinoma accounts for over 1 million cases
and 10.4% of global annual cancer mortality, two-thirds of which occurs in developing
countries (Lochhead and EI-Omar, 2008; Parkin et al., 1999). Due to delayed
diagnosis and the lack of efficient treatment options for advanced tumors, gastric
cancer is characterized with extremely poor prognosis with a 5 year survival rate of
less than 20% (Jemal et al., 2007). This is attributed mainly to late detection and
absence of efficient treatment options for advanced tumors. Regarding the
distribution of global gastric adenocarcinoma, Asia (particularly, Japan, Korea and
china), Eastern Europe and the Andean region of South America, with diverse
geographical characteristics are more seriously affected than other parts of the world
human populations (Hu et al., 2007).

1.1.2. Classification of gastric cancer

Anatomically, gastric adenocarcinoma can be classified as proximal (cardiac cancer)
and distal (non-cardiac) gastric adenocarcinomas, the former being located within 2
cm of the esophagogastric junction and reported not to be associated with

1
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Helicobacter pylori infection (H. pylori hereafter). On the other hand, the distal (also
termed as non-cardia cancer) is strongly linked to H. pylori infection and located in
the antrum region of the stomach (Figure 1-1). According to the histopathological
courses of changes during gastric cancer progression and architecture of the
grandular structures, gastric adenocarcinomas can be classified into well
differentiated intestinal type tumors and undifferentiated diffuse type tumors that have
different histological, epidemiological and prognostic features (Carneiro et al., 2008;
Catalano et al., 2005). Advances in genetic studies and histopathologies indicated
that the development of intestinal type gastric cancer is a multi-step process (Figure
1-2) characterized by intestinal metaplasia through dysplasia and adenocarcinoma
(Johnson and Evers, 2008).

Esophagus

Fundus

Cardiaccancer

Non-Cardiaccancer

Pyloric Antrum
Duodenum canal

Figure 1-1: Anatomical sites of gastric cancer. (Modified from Fox and Wang, 2007)

Moreover, intestinal type tumors are characterized by a corpus-dominated gastritis
with gastric atrophy and intestinal metaplasia. They usually take place in late aged
men than females whereas diffuse type gastric cancers commonly affect younger
men and women equally and composed of individually infiltrating neoplastic cells that
do not form glandular structures (Lochhead and EI-Omar, 2008). Intestinal tumours
are usually well differentiated and distinguished by structures similar to functional
glands of the gastrointestinal tract (Figure 1-2a) whereas the diffuse-type
adenocarcinomas display reduced cell cohesion and tend to substitute the gastric

mucosa by signet-ring cells (Figure 1-2b). The course of evolution for both tumors is
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exclusively different and both are featured by distinct molecular changes (Figure 1-3).
For example, one common steps in intestinal types of gastric cancer is gastritis,
which progresses to mucosal atrophy (atrophic gastritis) followed by intestinal
metaplasia, dysplasia and adenocarcinoma. This progression to adenocarcinoma in
the route of succession of histolgical transformations from precancerous lesions
through intestinal metaplasia and dysplasia is known as the Correa pathway (Correa

et al.,, 1975) (Figure 1-2a). No preceding steps have been observed in the

pathogenesis of diffuse tumours (Figure 1-2b)

Figure 1-2: Histological types of gastric cancer. a) Indicates Correa pathway (A) Normal
mucosa. (B) Chronic gastritis. (C) Mucosal atrophy. (D) Intestinal metaplasia. (E) Dysplasia.
(F) Intestinal-type carcinoma (Hartgrink et al., 2009).

b) Histological alterations in diffuse gastric cancer (A) Mild chronic gastritis and foveolar
hyperplasia. (B) Glands with intact basement membrane lined by signet ring cells. (C-D)
Spread of signet ring cells below the preserved epithelium of glands. (E) Early invasive
intramucosal signet ring cell carcinoma (Carneiro et al., 2008).

1.1.3. Role of genetic and epigenetic alterations in gastric cancer

Several genetic and epigenetic aberrations in oncogenes, tumour suppressor genes,
cell-cycle regulators, cell adhesion molecules, DNA repair genes and microsatellite
instability as well as telomerase activation are observed in intestinal type gastric
adenocarcinomas (Figure 1-3). Loss of expression of the tumour suppressor genes
p53, p73, TFF1 and APC (Adenomatous polyposis coli) is frequently described in
intestinal-type gastric adenocarcinomas (Nakatsuru et al., 1992; Smith et al., 2006).
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Poorly Differentiated Well Differentiated
Diffuse Type Cancer Intestinal Type Cancer
Maima Coll Genetic instability

Genetic Instability Host genetic susceptibility

Host genetic susceptibility — 5 —-— Y lori infection
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Metaplasia

TGF-a and EGFR expression
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hypermethylation of p16
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Change in TGFp receptor » ~— c/EBP-p overexpression
Abnormal CD44 transcripts Change in TGF receptor
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RUNXS3 loss ¥ y

Advanced Cancer

7q LOH 79 LOH —

K-sam and c-met amplification c-erbB-2 amplification .

Reduced nm23 expression Redpoed nm23 .

Cyclin E gene amplification Cyclin E gene arnplrflcgtlon

Reduced p27 expression Reduced p27 expression
PTEN LOH

Y
A

Metastasis

Figure 1-3: The main genetic and epigenetic alterations in gastric carcinogenesis.
(Johnson and Evers, 2008).

Silencing of a gastric specific trefoil factor (TFF1) resulted in development of
dysplasia, adenoma and gastric carcinoma in mice (Lefebvre et al., 1996). Loss or
reduction of tumor suppressor gene TFF1 due to DNA methylation in its promoter
region have been observed in intestinal metaplasia and gastric adenomas, indicating
a key role of TFF1 in progression of intestinal-type adenocarcinoma (Clyne et al.,
2004; Tahara, 2004). Missense mutations in APC gene are also frequently detected
in intestinal-type tumours and the silencing of APC enhances the activation of the
downstream target gene of APC-B-catenin pathway, which inturn serves as an
oncogene (Nakatsuru et al., 1992). Similarly, alteration of some other genes like
RUNX3 and FHIT are also frequently detected in intestinal adenocarcinomas. Proto-
oncogene c-erbB2 is also highly amplified in intestinal-type cancers and its
overexpression has been interestingly related to poorer prognosis (Gravalos and
Jimeno, 2008). Likewise, amplification or overexpression of the cell cycle regulator
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cyclin E, has been associated with aggressiveness and lymph node metastasis
(Akama et al., 1995). Epigenetic silencing of the mismatch repair gene hMLH1, p27
gene downregulation, transcriptional alteration of CD44, microsatellite instability of
the D1S191 locus, deregulations of miRNAs and overexpression of the growth
factors of the EGF family such as EGF, TGF-a, IGF Il and bFGF are reported to be
hallmarks of intestinal-type tumors (Guo et al., 2011).

The underlying molecular mechanisms involved in diffuse-type gastric
adenocaricnoma include aberration of oncogenes, tumour suppressor genes and cell
cycle regulators, as well as genetic instability and modifications in growth factors and
cytokines (Figure 1-3). Overexpressions of a number of proto-oncogenes are
frequently observed in diffuse-type gastric carcinoma. For example, the tyrosine
kinase receptor gene c-Met, encoding for hepatocyte growth factor receptor, is
amplified in 39% of diffuse-type gastric tumours (Kuniyasu et al., 1992).
Overactiavation of the Type Il Ksam oncogene, which encodes a receptor for
keratinocyte growth factor, is frequently detected in gastric cancer. Ksam is
preferentially amplified in more than one-third of advanced diffuse-type gastric
tumours. Moreover, overactivation of this gene is associated with poorer prognosis
(Hattori et al., 1990).

More importantly, the E-cadherin tumour suppressor gene (CDH1) plays an important
role in the carcinogenesis of the diffuse-type gastric adenocarcinomas. More than
50% of somatic mutations in the CDH1 gene have been reported only in sporadic
diffuse type gastric cancer, but not in intestinal-type gastric cancer (Lynch et al.,
2005). Interestingly, in mixed gastric carcinomas loss of E-cadherin expression has
been limited only to the diffuse parts of the tumour, indicating that E-cadherin loss
might be the underlying genetic hallmark for the difference between diffuse and

intestinal gastric adenocarcinomas (Machado et al., 1999; Johnson and Evers, 2008)

Most of gastric adenocarcinomas occur sporadically, however few cases of gastric
cancers take place in a noticeably inherited predisposition syndromes. One of these
syndromes is the hereditary diffuse gastric carcinoma (HDGC) that is an autosomal
dominantly inherited gastric cancer susceptibility syndrome caused by germline
mutations in the CDH1 gene (Guilford et al., 1998).
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Another tumour suppressor gene altered in diffuse-type gastric adenocarcinomas is
the TP53 gene that is frequently silenced in gastric carcinoma by loss of
heterozygosity (LOH), missense mutations and frame-shift deletions, being GC-AT

transitions common in diffuse-type carcinomas (Yokozaki et al.,1992).
1.1.4. Risk factors for gastric cancer development
1.1.4.1. Helicobacter pylori infection

Inspite of the fact that myriads of scientific efforts and investments have been put on
bacterial eradication, H.pylori infect more than 70 and 40% of the human population
in developing and developed countries, respectively (Correa and Houghton, 2007;
Hartgrink et al., 2009; Smith et al., 2006). Still, infection with H. pylori remains to be
responsible for inducing chronic gastric inflammation that progresses to atrophy,
intestinal metaplasia, dysplasia and gastric adenocarcinoma. Therefore, the
international agency for research in cancer (IARC) catagorized the infection with
H.pylori as a Class | human carcinogen (Peek and Blaser, 2002; Rugge et al., 2003).
Over 90% of intestinal type of adenocarcinoma is linked to infection with these
bacteria, which are Gram-negative, spiral shaped, microaerophilic bacilli that colonize
the gastric epithelium and represent the most common bacterial infection worldwide
(Smith et al., 2006). All H. pylori strains cause chronic gastric mucosal inflammation,
but a few bacteria that are endowed only with Cag A pathogenecity islands (CagApl)
are linked with high risk of gastric adenocarcinomas development. H. pylori induced
gastric inflammation is characterized by the presence of infiltrating macrophages, B
and T lymphocytes, polymorphonuclear cells and plasma cells (Zambon et al., 2005).
Gastritis is the beginning stomach disorder that promotes H. pylori-induced damage,

and its progression and spreading out determine the clinical outcome of the patient.
1.1.4.2. Other risk factors for gastric cancer development

Besides strong evidences implicating H. pylori as the main etiological factor for
gastric cancer development, several other environmental risk factors are also
indicated to promote gastric cancer development (Compare et al., 2010; Shikata et
al, 2006). Of note are chronic gastric inflammations, eating highly salted (Joossens et
al., 1996; Peleteiro et al., 2011) and smoked foods (Kono and Hirohata, 1996) and
low intake of foods rich in anti-oxidants such as fruits and vegetables (Tsugane and

Sasazuki, 2007; WHO, 2003). Eating foods that have not been prepared or stored
6
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properly, being older or male, smoking cigarettes, alcoholism, and family history with
gastric cancer are also potential risk factors for gastric cancer development
(Compare et al., 2010; Joosens et al., 1996; Peleteiro et al., 2011).

1.2. The Semian virus 40 (SV40) T large antigen-transgenic mice

Genetically engineered mice are essential tools for preclinical study of human
cancers, including gastric cancer. One of the most recent and robust mouse models
for human gastric cancer study is a semian virus 40 large T antigen (SV40 Tag)
transgenic mice (Thompson et al., 2000). In this model, the SV40 Tag is regulated by
a human carcinoembryonic antigen (CEA) gene promoter. The CEA is commonly
used as a marker for a number of cancer types and expressed in several types of
human cancers, including more than half of gastric cancer (Ndckel et al., 2006). The
SV40 Tag is a powerful antigen that has been used to produce tumors under the
control of tissue specific gene promoter in transgenic mice. It is a viral oncoprotein
that promots the early oncogenic transformation of cells by modulating several
cellular activities in genome integrity and cell cycle. Thus, cellular transformation by
SV40 Tag is mediated by the functional deregulation of key cell cycle regulators such
as pRB, p53 and p300 protein family members (Ali and DeCaprio, 2001). The SV40
Tag transgenic gastric cancer mouse model is reported as so efficient mouse model
that it displays dysplastic crypts in the antrum-region at the age of a month.
Dysplasia of these mice immediately progresses to aggressive forms of pyloric
adenocarcinoma within the age of 2 months. Finally, SV40 Tag transgenic mice were
overwhelmed by the overload and blokage of pylori by tumor at the age of 3 to 4
months. This results in extreme weight lose and finally the end of the life of the
mouse (Nockel et al., 2006; Thompson et al., 2000). Thus, the timely course of
dysplastic crypts formation, the progression of dysplasia into invasive carcinoma,
gradual increase in tumor load and the short time required to develop tumor may
enable these mice an ideal preclinical models for detecting and monitoring gastric
cancer (Hance et al., 2005).

1.3. Early detection of gastric cancer

A critical step to improve the outcome of gastric cancer patients is to detect early

gastric cancer and gastric lesions at their premalignant stages, thereby permitting
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minimal invasive therapy. Thus far, high grade dysplasia and early gastric cancers
are often missed during conventional endoscopic examination of the upper
gastrointestinal tract (UGIT) (Enns, 2010; de Vries et al., 2007 ; Leodolter et al.,
2006). Despite the application of novel endoscopic imaging techniques like
chemoendoscopy and magnification endoscopy, a substantial high miss rate of 19%
has been reported for early gastric cancer in Japan (Lambert, 2002). Therefore, the
development of highly sensitive and specific techniques for preneoplastic lesions and

early gastric cancer detection is urgently needed.

The visualization of specific biomarkers for precursor lesions and early gastric cancer
represents probably a crucial tool to improve the accuracy of upper gastrointestinal
endoscopy. Recent progress in imaging research indicated that molecular imaging in
animal models is possible using antibodies or ligands, labeled with radioactives or
flourophores (Eser et al., 2011; Mahmood and Weissleder, 2003; Weissleder, 2006;
Weissleder and Mahmood, 2001). In addition, activable near infrared fluorescence
(NIRF) imaging probes (“smart probes”) for preneoplastic and neoplastic lesions have
been shown to detect adenomas in the APC™™* mouse models. These “smart
probes” are specifically activated by tumor specific proteases. Even lesions smaller
than 500um that were macroscopically invisible were detected with the aid of smart
probes, indicating that these probes can be used for early detection of adenomas
(Weissleder, 2006). However, no data are available for imaging of precursor lesions
and early gastric cancer in animal models and humans. Likewise, no biomarkers are
reported in this regard as indicators to detect precursor lesions and early gastric

cancers.

1.4. Gastric cancer treatment

Despite the record of marked decline in gastric cancer incidence and mortality over
the last decades in most countries, gastric cancer still poses a major health problem,
with nearly one million newly diagnosed cases per year (Johnson and Evers, 2008).
Because of the absence of well characterized molecular biomarkers, which enable
precursor lesions and early gastric cancer detection, lack of efficient therapeutic
means and growing chemo-resistance of cancer cells rates (Weichert et al., 2008),

the effort to minimize the impact of gastric cancer remains inefficient. Likewise, poor
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survival of gastric cancer patients at advanced stages is attributed to lack of efficient

treatment options.

So far, complete resection at loco-regional stage of disease is the only therapeutic
means with curative possibility for gastric cancer (Wacheck et al., 2006). Nonethless,
gastric cancer is detected either at an advanced stage or relapse after apparently
curative surgery. For such patients, the only available treatment option is systemic
chemotherapy (Macdonald, 2003; Wacheck et al., 2006). Regardless of some
improvements in response rates and total survival, gastric cancer at advanced stage
remains an incurable disease (Weichert et al., 2008). Therefore, three most crucial
clinical challenges are waiting to combat the devastating effects of gastric cancer in

future:

1) Detection of preneoplastic lesions (low and high grad dysplasia) and early

gastric cancer

2) Prevention of the progression of preneoplastic lesions and early gastric

cancer into invasive adenocarcinoma

3) Defining new therapeutic strategies and establishing efficient treatment

means

Despite thorough efforts to improve the outcome of cancer patients, treatment
efficacy of gastric cancer patients at advanced stage of disease still remains an open
guestion (Haglund and Wallner, 2004). Combination regimens of different
chemotherapeutics often improved median survival of patients only in the range of
few months (Wagner et al., 2005). Hence, novel therapeutic approaches are urgently

needed to improve the outcome of gastric cancer patients.

1.5. Histone deacetylases (HDACs) and histone deacetylase inhibitors
(HDACIis) in cancer therapeutics

1.5.1. Histone deacetylases (HDACSs)

The taxonomy of mammalian histone deacetylases (HDACSs) is based on
phylogenetic analysis, sequence homology and function of yeast HDACSs.
Accordingly, 18 different mammalian HDACs have been identified and are currently
grouped into 4 different classes (Figure 1-4). The zinc-dependent HDACs are further
sub- grouped into class | (HDAC1, 2, 3, and 8), class Il (HDAC4, 5, 6, 7, 9,and 10),
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and class IV (HDAC11) enzymes whereas the NAD+-dependent sirtuins (SIRT1-7)
represent class Il (Yang and Seto , 2008). HDAC enzymes differ in their subcellular
localization, catalytic activity, and sensitivity to various inhibitors. Class | HDACs are
confined to the nucleus, whereas HDAC3 has both nuclear import (NIS) and export
(NES) signals being able to localize to the cytoplasm (Bolden et al., 2006). HDAC11
is the only member of class IV and limited to the nucleus while class Il HDACs are
able to shuttle in and out of the nucleus according to the signals they receive. The
class Il sirtuin family (SIRT1-7) has different localizations. Whereas three SIRT
proteins (SIRT1, SIRT6, and SIRT7) reside in the nucleus, SIRT3, SIRT4, and SIRT5

are found in the mitochondria and SIRT2 is a cytoplasmic protein (Choi et al., 2001).

HDACSs play several roles in normal cellular physiology and involved in the regulation
of proliferation, apoptosis, differentiation, migration and angiogenesis of cancer cells
(Glozak and seto, 2007; Miller and Kramer, 2010). The expressions of genes
encoding for HDACs have been modulated in a number of cancer types and the
deregulation of transcriptional repression facilitated by HDACs contributes to
carcinogenesis of various tumors, including gastric cancer (Glozak and Seto, 2007,
Munster et al., 2011; Mutze et al., 2010; Weichert, 2008). The simultaneous nuclear
expression of HDAC 1, 2 and 3 has been strongly correlated with poor survival rates
(Weichert et al., 2008) and over expression of HDAC1 has been indicated as a
predictor of poor survival in 5-Fluorouracil (5-FU)/platinum-responsive gastric cancer
patients (Mutze et al., 2010). These indicate that HDACs are promising therapeutic
targets for combating cancer.
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Figure 1-4: Major classes of HDACs with their functional/structural domains and
inhibitors. (Bolden et al., 2006).

1.5.2. Histone deacetylase inhibitors (HDACIs)

One of the promising emerging means in fighting cancer are the HDAC inhibitors,
which are classified into at least 5 (Figure 1-4) distnict groups based on their
chemical structures. These are short-chain fatty acids such as butyric acid,
hydroxamic acids such as suberoylanilide hydroxamic acid (SAHA), electrophilic
ketones, benzamides such as MS-275 and cyclic peptides such as depsipeptide FK-
228 (Hess-Stumpp et al., 2007; Minucci and Pelicci, 2006; Walkinshaw and Yang,
2008). HDACIs induce growth arrest, differentiation and apoptosis of cancer cells in
vitro and in vivo (Gallinari et al., 2007; Xu et al., 2007). The hydroxamic-acid pan-
HDACI suberoylanilide hydroxamic acid (SAHA; Vorinostat) and the cyclic peptide

depsipeptide (Romidepsin; FK-228), which preferably inhibits class | HDACs, have
11
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been approved by the USA food and drug authority (FDA) for the treatment of
cutaneous T-cell lymphoma (CTCL) (Glozak and Seto, 2007).

HADCs play a very important role in carcinogenesis (Lindemann et al., 2007) and
HADCis have been applied for the treatment of several cancer types (Frew et al.,
2009). This is because HADCis induce growth inhibition, cell cycle arrest and
apoptosis in several cancer cells. In addition, they increase the sensitivity of cancer
cells to chemotherapy and ionizing radiation when synergistically applied (Lindemann
et al., 2007). HDACIs can also inhibit the angiogenesis invasion and metastasis of
cancer cells (Marks et al., 2010). However, increasing evidence has clearly indicated
that the ways how HADCIs act on cancer cells are complex and vary among cancer
types. Therefore, identifying their precise mechanisms of action is an area of great
interest in the contemporary era of therapeutic evaluation of HDACis as anticancer

agents (Walkinshaw and Yang, 2008).

1.6. The c-MYC transcription factor and its therapeutic implication in
cancer

The MYC transcription factor is an important member of basic-helix—loop—helix—
leucine zipper (bHLHZ) protein family that encodes the transcription factor proteins
N-MYC, c-MYC, and L-MYC (Blackwood and Eisenman, 1991; Pelengaris et al.,
2002). The MYC proetein family members play great role in regulation of several
cellular functions such as cell proliferation, cell cycle progression, embryogenesis,
differentiation and apoptosis. In addition to regulating several cellular physiologies,
the c-MYC oncogene, located at chromosomal band 8924, is involved in regulating
the expression of a large number of downstream genes that carry out various cellular

responses (Grandori et al., 2000).

The transcriptional factor c-MYC heterodimerizes with its partner protein-MAX and
activates different groups of genes (Dang et al., 2006; Eilers and Eisenman, 2008).
The carboxy-terminal basic-helix—loop—helix—lucine—zipper (bHLHLZ) domain of c-
MYC binds MAX (also a bHLHLZ protein) to form MYC-MAX heterodimer that is able
to bind specific c-MYC-responsive DNA sequences in the target genes. This specific
DNA sequence is composed of CACGTG nucleotides and called the E-boxes
(Blackwood and Eisenman, 1991; Pelengaris et al., 2002). The whole complex
induces transcription through the association of conserved MYC-boxes | and Il with

the transcriptional coactivators TRAPP and BAF53 Il and their corresponding histone
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acetyltransferases (HATs) and ATPase/helicases (TIPs). The MYC-MAX hetero-
dimerization involves also helix—loop—helix (HLH) and juxtaposed leucine zipper (Zip)
domains whereas DNA binding is conferred by a basic region (Amati et al., 1992,

Pelengaris et al., 2002).

MBIl

NTD Central region CTD I
| | S
355 368
45 63 129 143 320 328 410 439 Amino acid JmyC
c-MYC protein
- @(:m MAX
| |
= TAD
MAX protein

CI MBI 3 NLS 3 HLH
OaMel COOb OLZ

Figure 1-5. Functional domains of human c-MYC protein. a) The carboxy-terminal
domain (CTD) with its basic (b) helix—loop—helix (HLH) leucine zipper (LZ) motif and MYC-
MAX heterodimers. b) c-MYC interacting proteins (Pelengaris et al., 2002).

MYC boxes | and Il are surrounded by regions that encompass domains involved in
transactivation and transrepression (Patel et al., 2004). The negative partners Mad1,
Mxil, Mad3, Mad4 and Mnt also compete with MYC for MAX, dimerize with MAX and
bind to identical DNA sequences in target genes. Unlike that of MYC the negative
MAX dimerizing partners repress the transcription of target genes through their
associations with the general transcriptional corepressors such as Sin3a/3b, through
a Sin3-interaction domain (SID) and Sin3-associated histone deacetylases (HDACS)
(Meyer and Penn, 2008; Pelengaris et al., 2002).

In contrast to the tightly regulated c-MYC gene in normal cells, which is only active
when cells divide, deregulated expression of c-MYC is frequently observed in cancer
cells (Schmidt, 2004). This enhances uncontrolled proliferation and metastasis of
cancer cells (Allen et al., 2011; Dang, 1999). The c-MYC proto-oncogene encodes
the c-MYC transcription factor, and was originally discovered in Burkitt's lymphoma
as the cellular homologue to the viral oncogene (v-MYC) of the avian
myelocytomatosis retrovirus (Pelengaris et al., 2002). Deregulated expression of c-
MYC has been linked to several human cancers, and is often correlated with
aggressive, poorly differentiated tumours. Such cancers include breast cancer, colon
cancer, cervical cancer , small-cell lung carcinomas, osteosarcomas, glioblastomas,

melanoma and myeloid leukaemias (Pelengaris et al., 2002; Zhang et al., 2010).
13
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Moreover, c-MYC proto-oncogene is one of the most frequently activated oncogenes,
and is estimated to be involved in 70% of human cancers (McMahon, 2010; Meyer,
and Penn, 2008; Nilsson and Cleveland, 2003; Skoudy et al., 2011), accounting
large number of cancer deaths per year. Specifically, c-MYC overexpression was
detected in over 45% of the gastric cancer cases and it is associated with a poor
clinical course of gastric cancer (Zhang et al., 2010). Both intestinal and diffuse-types
of gastric adenocarcinoma display high c-MYC expression, which is associated with
the occurence of metastasis (Zhang et al., 2010). Moreover, a high level of c-MYC
expression in gastric cancer is associated with poor survival, indicating that c-MYC
expression may represent an aggressive phenotype of gastric cancer (Han et al.,
1999). Overexpression of c-MYC gene has also been seen in early gastric cancer
when tumor invasion is confined to the mucosa or submucosa regardless of the
presence of lymph node metastasis (Milne et al., 2007). It has been also noticed that
c-MYC protein expression increased progressively from chronic active gastritis,
gastric ulcer, and mild nonclassic proliferation to progressive gastric cancer, further
confirming that c-MYC is involved in the routes of gastric carcinogenesis and could
be an important target for treatment of gastric cancer (Busuttii and Boussioutas,
2009; Lan et al., 2003).

1.7. Aims of this study

Gastric cancer is featured by extremely poor prognosis with a 5 year survival rate of
less than 20%, which is mainly attributed to delayed detection and lack of efficient
treatment options (Jemal et al., 2007). The application of biomarker molecules which
are confined to precancerous lesions and tumor tissues represents probably an
important tool to improve the accuracy and efficiency of endoscopic gastric cancer
detection. Todate, the only therapeutic option with curative potential for gastric
cancer is complete resection at local stage of the tumor (Wacheck, et al., 2006).
Gastric cancer at advanced stage remains an incurable disease due to high
chemoresistance. Therefore, the two major aims of this study were to identfy
potential biomarker genes for early detection of precancerous and cancerous lesions

in the stomach and to develop novel therapeutic strategies for gastric cancer.
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2. Materials

2.1. Technical equipments

Table 2-1: Technical equipments used in this study.

Device

Source

Analytical balance BP 610

Analytical balance A 120 S
Analytical balance Kern AGB

ASP300 tissue protector

Avanti® J25 centrifuge

AxioCam HRC

AxioCam MRc

Axiophot epifluorescence microscope
Centrifuge 5417R

Centrifuge Rotina 46R

CO, incubator HERAcell®
Cryostat Microm HM 560

Dewar carrying flask, type B

Digital CCD camera ORCA II-ER-1394

Electrophoresis power supply Power Pac

200
Elisa plate reader Anthos 2001

Eppendorf 5432 mixer
Ethilon 5-0

FACS Calbrator/ Flowjow software
Gel doc XR+ documentation system

Glass ware, Schott Duran®

Sartorius AG, Gottingen
Sartorius AG, Géttingen

Gottlieb Kern & Sohn GmbH, Balingen-
Frommern

Leica Microsytems GmbH, Wetzlar
Beckman Coulter Inc., Brea, CA, USA

Carl Zeiss AG, Oberkochen

Carl Zeiss AG, Oberkochen

Carl Zeiss AG, Oberkochen

Eppendorf AG, Hamburg

Andreas Hettich GmbH & Co.KG, Tuttlingen
Heraeus Instruments GmbH, Osterode

Thermo Fisher Scientific, Inc., Waltham; MA,
USA

KGW-Isotherm, Karlsruhe

Hamamatsu, Hersching

Bio-Rad Laboratories GmbH, Miinchen

Anthos Mikrosysteme GmbH, Krefeld
Eppendorf AG, Hamburg

Ethicon, Johnson & Johnson Medical GmbH.
Noderstedt

Treestar Inc., Ashland, OR, USA
Bio-Rad Laboratories GmbH, Miinchen

Schott AG, Mainz
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Heated paraffin embedding module
EG1150 H

Hemocytometer (Neubauer improved)

HeraSafe biological safety cabinet

Homogenizer silent crusher M with tool 6F

Horizontal gel electrophoresis system
Incubator shaker thermoshaker
Leica EG 1150 H embedding system
Magnetic stirrer Ikamag®

MicroAmp optical 96 well reaction plate
Microcentrifuge 5415 D

Microliter syringe

Microscope Axiovert 25

Microscope DM LB

Microtome Microm HM355S
Microwave

Mighty Small Il Western blot system
Mini centrifuge MCF-2360
Mini-PROTEAN®Tetra cell
Multipipette® stream

Odyssey® Infrared imaging system

Paraffin tissue floating bath microm SB80

pH-Meter
Pipetus®

Power supply E844, E822, EV243
Spectrophotometer NanoDrop-1000
StepOnePlus™ Real-Time PCR system

Stereomicroscope Stemi SV 11

Leica Microsytems GmbH, Wetzlar

LO-Laboroptik GmbH, Bad Homburg

Thermo Fisher Scientific Inc., Waltham, MA, USA
Heidolph Instruments GmbH, Schwabach

Biozym Scientific GmbH, Hessisch Oldenburg
C.Gerhardt GmbH & Co. KG, Kénigswinter

Leica Microsytems GmbH, Wetzlar

IKA-Werke GmbH & Co. KG, Staufen

Applied bisystems, Inc., Carlsbad, CA, USA
Eppendorf AG, Hamburg

Hamilton Bonaduz AG, Bonaduz, Switzerland
Carl Zeiss AG, Oberkochen

Leica Microsytems GmbH, Wetzlar

Thermo Fisher Scientific Inc., Waltham, MA, USA
Siemens, Minchen

Hoefer Inc., Holliston, MA, USA

LMS Consult GmbH & Co. KG, Brigachtal

Biorad Laboratories-GmbH, Miinchen

Eppendorf AG; Hamburg

LI-COR Bioscience Corporate, Lincoln, NE, USA
Thermo Fisher Scientific Inc., Waltham, MA, USA
WTW GmbH, Weilheim

Hirschmann Laborgerate GmbH&CoKG,
Eberstadt

Consort, Turnhout, Belgium
PEQLAB Biotechnologie GmbH, Erlangen
Applied Biosystems Inc., Carlsbad, CA, USA

Carl Zeiss AG, Oberkochen
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Thermocycler T1
Thermocycler TGradient
Thermomixer compact
Tissue processor ASP300
VacuGene pump

Vortex Reax 2000

Vortex VF2

Water bath 1003

Zeiss LSM 510

Biometra GmbH, Gottingen

Biometra GmbH, Gottingen

Eppendorf AG, Hamburg

Leica Microsystems GmbH,Wetzlar

GE Healthcare Europe GmbH, Freiburg
Heidolph Instruments GmbH, Schwabach
IKA-Werke GmbH, Staufen

GFL Gesellschaft fur Labortechnik GmbH,
Burgwedel

Carl Zeiss AG, Oberkochen

2.2. Disposables

Table 2-2: Disposables used in this study.

Disposable

Source

Cuvettes

Amersham Hybond™-N
membrane

Amersham illustra ProbeQuant™

G-50 Micro columns
Cell culture plastics

Cell scraper
Chromatography paper
Cover slips

Combitips Biopur®

15 ml conical tubes

50 ml conical tubes
Cryotubes™

Feather disposable scalpel

Greiner Bio-One GmbH, Frickenhausen

GE Healthcare Europe GmbH, Freiburg

GE Healthcare Europe GmbH, Freiburg

BD Biosciences, Franklin Lakes, NJ, USA; TPP Tissue
Culture Labware, Trasadingen, CH

TPP Tissue Culture Labware, Trasadingen, CH
Whatman plc, Kent, UK

Menzel-Glaser, Braunschweig

Eppendorf AG, Hamburg

TPP Techno plastic Products AG, Trasadingen, Schweiz
Sarstedt AG, Numbrecht

Nunc Brand Products, Napeville, IL, USA

Feather Safety Razor Co., Ltd., Osaka, Japan
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Glass slides Superfrost® plus

Immobilon transfer membrane
Protran BA 83 nitrocellulose
Kodak BioMax MS film

MicroAmp® Optical 96-Well
reaction plate

Microtome blades S35

PCR reaction tubes

Petri dishes

Pipet tips

Round-bottom polystyrene tubes

1.5 and 2 mL Reaction tubes
Safe seal pipet tips, professional
Safe-lock reaction tubes BioPur®

Serological pipettes

Single use needles Sterican® 27
gauge

Single use syringes Omnifix®
Sterile pipet tips

Wound clips

Tissue embedding cassette system

5 ml polystyrene round-bottom
tube

Gerhard Menzel, Glassbearbeitungswerk GmbH & Co.
KG, Braunschweig

Millipore Corporate, Billerica, MA, USA
Whatman GmbH Dassel, Germany

Sigma-Aldrich Chemie GmbH, Steinheim

Applied Biosystems Inc., Carlsbad, CA, USA

Feather Safety Razor Co., Ltd., Osaka, Japan
Eppendorf AG, Hamburg

Sarstedt AG, Niimbrecht

Sarstedt AG, Nimbrecht

Sarstedt AG, Niumbrecht

Eppendorf AG, Hamburg

Biozyme Scientific GmbH, Hessisch Oldenburg
Eppendorf AG, Hamburg

BD Biosciences, Franklin Lakes, NJ, USA

B. Braun Melsungen AG, Melsungen

B. Braun Melsungen AG, Melsungen
Biozym Scientific GmbH, Hessisch Oldendorf
MEDICON eG, Tuttlingen

Medite GmbH, Burgdorf

BD Biosciences, Franklin Lakes, NJ, USA

2.3. Chemicals, reagents and enzymes

Restriction endonucleases were obtained from New England Biolabs (Frankfurt).

Table 2-3: Chemicals, reagents and enzymes used in this study.

Reagent/Enzyme

Source
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1,4-Dithiothreitol (DTT)

2log DNA Ladder
3-(4,5-deimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT
reagent)

5-Bromo-2"-Deoxyuridine (BrdU)
Agarose

Ammonium per sulfate (APS)
Ampicillin (100 mg/mL)

Bis Benzamide (H33258)-Hoechst
reagent

Bovine Serum Albumin (BSA) standard

Bradford reagent
Bromphenol blue
Chloramphenicol
Chloroform

Complete, EDTA-free, protease
inhibitor cocktail tablets

Dimethylsulfoxid (DMSO)
DNAse |

dNTP mix, 10mM each

Dodecylsulfate Na-salt in pellets (SDS)

Dulbeco’s phosphate buffered saline

(PBS)

Ethanol
Ethidiumbromide
Formaldehyde

Gel loading dye, blue
Glycerol

Glycin

Carl Roth GmbH, Karlsruhe

New England Biolabs, Frankfurt

Carl Roth GmbH, Karlsruhe

Sigma-Aldrich Chemie GmbH, Steinheim
PEQLAB Biotechnologie GmbH, Erlangen
Sigma-Aldrich Chemie GmbH, Steinheim

Carl Roth GmbH, Karlsruhe

Sigma-Aldrich Chemie GmbH, Steinheim

Thermo Fisher Scientific, Piece Biotechnology,
Rockford, IL, USA

Serva Electrophoresis GmbH, Heidelberg
Sigma-Aldrich Chemie GmbH, Steinheim
Applichem, Darmstadt

Carl Roth GmbH, Karlsruhe

Roche Deutschland Holding GmbH, Grenzach-
Wyhlen

Carl Roth GmbH, Karlsruhe
Qiagen GmbH, Hilden
Fermentas GmbH, St. Leon-Rot

Serva Electrophoresis GmbH, Heidelberg

Biochrom AG, Berlin

Carl Roth GmbH, Karlsruhe

Carl Roth GmbH, Karlsruhe

Sigma-Aldrich Chemie GmbH, Steinheim

New England Biolabs GmbH, Frankfurt am Main
Sigma-Aldrich Chemie GmbH, Steinheim

Carl Roth GmbH, Karlsruhe
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HEPES

HotStarTag DNA Polymerase
Hydrochloric acid (HCI)
Isofluran Forene

Isopropanol

Kanamycin (100mg/mL)

LB Agar and Broth Luria/Miller

Magnesium chloride
Metacam

Methanol
NaOH
Non-fat dry milk blotting grade blocker

Nonidet NP-40
Novalgin

Odyssey blocking reagent

PEI transfection reagent
Phosphatase inhibitor Set

P1-103
Power SYBR® Green PCR master mix

Precision plus protein™ all blue
standard

ProSense® 750 flourescent imaging
probe

Protease Inhibitor Set

Proteinase K, recombinant, PCR grade

Proteinase K

Sigma-Aldrich Chemie GmbH, Steinheim
Qiagen GmbH, Hilden

Carl Roth GmbH, Karlsruhe

Abbott GmbH, Wiesbaden

Carl Roth GmbH, Karlsruhe

Carl Roth GmbH, Karlsruhe

Carl Roth GmbH, Karlsruhe

Carl Roth GmbH, Karlsruhe

Boehringer Ingelheim Pharma GmbH, Ingelheim am
Rhein

Carl Roth GmbH, Karlsruhe

Carl Roth GmbH, Karlsruhe

Bio-Rad Laboratories GmbH, Miinchen
Sigma-Aldrich Chemie GmbH, Steinheim

Sanofi-Aventis Deutschland GmbH, Frankfurt am
main

LI-COR Corp. Offices, Lincoln, NE, USA
PEQLAB

Roche Deutschland Holding GmbH, Grenzach-
Wyhlen

Selleck Chemicals LLC, Houston, TX, USA

Applied Biosystems Inc., Carlsbad, CA, USA

Bio-Rad Laboratories GmbH, Miinchen

Perkinlmer, Inc. Boston, USA

Roche Deutschland Holding GmbH, Grenzach-
Wyhlen

Roche Deutschland Holding GmbH, Grenzach-
Wyhlen

Roche Deutschland Holding GmbH, Grenzach-
Wyhlen
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RDD

REDTaq® ReadyMix™ PCR reaction
mix

Restriction endonucleases
RNaseA

RNAse-free DNase set
Rotiphorese® Gel 30

S.0.C. medium

SuperScript Il reverse transcriptase
T4 DNA ligase

TE buffer, pH8.0

TEMED
Tissue Tek® O.C.T™ compound

Tris hydrochloride (TrisHCI)
TritonX-100
Tween-20

B-Mercaptoethanol

Qiagen GmbH, Hilden

Sigma-Aldrich Chemie GmbH, Steinheim

New England Biolabs GmbH, Frankfurt am Main
Fermentas GmbH, St. Leon-Rot

Qiagen GmbH, Hilden

Carl Roth GmbH, Karlsruhe

Invitrogen GmbH, Karlsruhe

Invitrogen GmbH, Karlsruhe

Invitrogen GmbH, Karlsruhe

AppliChem GmbH, Darmstadt

Carl Roth GmbH, Karlsruhe

Sakura Finetek Europe B.V, Alphen aan den Rijn,
Netherlands

Carl Roth GmbH, Karlsruhe
Merck KGaA, Darmstadt
Carl Roth GmbH, Karlsruhe

Sigma-Aldrich Chemie GmbH, Steinheim

2.4. Kits

Table 2-4: Kits used in this study.

Kit

Source

RNeasy Mini kit

QIAmp DNA mini kit

QlAprep® spin miniprep kit
QuantiFast SYBR green PCR kit
TagMan® reverse transcription kit

Zero Blunt® TOPO® PCR cloning kit
reagents

Qiagen GmbH, Hilden
Qiagen GmbH, Hilden
Qiagen GmbH, Hilden
Qiagen GmbH, Hilden

Applied Biosystems Inc., Foster City, CA, USA

Invitrogen GmbH, Karlsruhe

Magnetic simple ChIP enzymatic chromatin Cell Signalling Technology, Inc, Danvers, MA,
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IP Kit

FITC Annexin V apoptosis detection kit |

USA

BD Biosciences, Franklin Lakes, NJ, USA

2.5. Antibodies

Table 2-5: Antibodies used in this study.

Antibody

Source

Application

BCLy. made in rabbit
Cat#2762S

c-MYC made in rabbit
Cat#475956

Mouse anti cleaved-PARP (Asp214)

MAD, Cat# 519000017

Hif-a1 (H-206) rabbit polyclonal IgG

Cat#tsc-10790

MCL1 (s-19) rabbit polyclonal IgG
Cat#sc-819

p65 (c-20) rabbit polyclonal IgG
Cat# sc-372

STAT3 made in rabbit
Cat#9132

Anti-B-Actin (produced in mouse)
Cat#A5316

Anti-mouse cathepsin S made in
goat, Cat#AF1183

Anti-mouse cathepsin L made in
goat,Cat#AF952

Anti-mouse cathepsin H made in
goat, Cat#AF1013

Anti-mouse cathepsin B made in
goat, Cat#AF965

Anti-mouse MMP3 (c-19) made in
goat, Cat#Sc-6839

Cell Signalling Technology,
Inc, Danvers, MA, USA

Cell Signalling Technology,
Inc, Danvers, MA, USA

BD Biosciences, Franklin
Lakes, NJ, USA

Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA

Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA

Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA

Cell Signalling Technology,
Inc, Danvers, MA, USA

Sigma-Aldrich Chemie
GmbH, Steinheim

Research & Diagnostics
Systems, Inc. (R&D
Systems), USA

Research & Diagnostics
Systems, Inc. (R&D
Systems), USA

Research & Diagnostics
Systems, Inc. (R&D
Systems), USA

Research & Diagnostics
Systems, Inc. (R&D
Systems), USA

Research & Diagnostics
Systems, Inc. (R&D
Systems), USA

Western blot

Western blot

Western blot

Western blot

Western blot

Western blot

Western blot

Western blot

Immunohistochemistry

Immunohistochemistry

Immunohistochemistry

Immunohistochemistry

Immunohistochemistry
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Anti-mouse MMP2(Ab-3) made in
goat, Cat#IM33

Anti-elFAE made in mouse
Cat#610269

AlexaFluro® 680 goat anti-mouse
IgG (H+L) highly cross-adsorbed
Cat#A21058

AlexaFluro® 680 goat anti-rabbit
IgG (H+L), Cat#A21076

AlexaFluro® 750 goat anti-mouse
IgG (H+L) highly cross-adsorbed
Cat#A21037

AlexaFluro® 750 goat anti-rabbit IgG
(H+L), Cat#A21039

Research & Diagnostics
Systems, Inc. (R&D
Systems), USA

BD transduction
laboratories

Invitrogen GmbH,
Karlsruhe

Invitrogen GmbH,
Karlsruhe

Invitrogen GmbH,
Karlsruhe

Invitrogen GmbH,
Karlsruhe

Immunohistochemistry

Western blot

Western blot

Western blot

Western blot

Western blot

2.6. Primers

All primers applied in this study were synthesised by MWG (sequencing and qPCR

Primers). Unless otherwise stated all primers in the list were applied for gPCR.

Table 2-6: Human primer sets applied in gPCR.

Gene Primer name Primer sequence (5' - 3)
Cyc-FW ATGGTCAACCCCACCGTGT
PPIA
Cyc-RV TCTGCTGTCTTTGGGACCTTGTC
MCL1L-FW GCATCGAACCATTAGCAGAAAG
MCL1-L
MCL1L-RV AAAGCCAGCAGCACATTCC
c-MYC-FW1317 AGCGACTCTGAGGAGGAACA
c-MYC
c-MYC-RV 1403 CTCTGACCTTTTGCCAGGAG
elF4AEFWTaq ACAAGTCAGTCTGAAACCATCGAAC
EIF4AE
elFAERVTaq CTTCATCCTCTTCGGCCACTCCTCC
BCLy. FW CCACTTACCTGAATGACCACCTAGA
BCLyx,
BCLy. RV GCTGCATTGTTCCCATAGAGTTC
MMP9-FW GCACCACCACAACATCACCTAT
MMP9
MMP9-RV TGTACACGCGAGTGAAGGTGAG
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MMP13

MMP2

MMP3

CTSB

CTSL

CTSS

CTSH

MCL1-587

elF4E-75

PPIA-377

MCL1-13kb3’

elF4E16kb3’

Mycoplasma
primer

MMP13-FW
MMP13-RV
MMP2 -FW
MMP2-RV
MMP3-FW
MMP3-RV
CTSB- FW
CTSB -RV
CTSL-FW
CTSL-RV
CTSS-FW
CTSS-RV
CTSH_FW

CTS H-RV

MCL1-587-RV

MCL1-587-FW

elF4E-75FW

elF4E-75RV

PPIA377FW

PPIA377RV

MCL1-13kb3'FW

MCL1-13kb3'RV

elFAE16kb3" FW

elFAE16kb3" FW

MycoFW

MycoRV

TCCCAGTGGTGGTGATGAAGA

GGATTCCCGCGAGATTTGTAG

CCTGAGATCTGCAAACAGGACAT

GCCAAATGAACCGGTCCTT

ACCTGGAAATGTTTTGGCCCAATGC

GGTCCCTGTTGTATCCTTTGT

CTGTCGGATGAGCTGGTCAACT

CCACCCAGGAAGGTACCACATA

CTGTTTTATGAGGCCCCCAGA

GCCCAACAAGAACCACACTGAC

TCGACTCAGACGCTTCCTATCC

TGAACATGTGGCAGCACGAT

TGGTTATTGCAAGTTCCAACC

GTGACTCAGGACTTCATGATG

ACGGGGAAGGTTCAGTGATGG

TTAGGGTAGCACGTGGAGCA

TACTCACGCAGCCGCAGTC

TCGCACAACCGCTCCAG

GCGACCTTGAGGCCTGCGTT

CGGCTCTTCGGCCGTTGTCA

GCTGTGCTGAGAGGCCTGGG

AGCACACAAACATGCCGACCC

AATGCAGGGTGGGGTTGCTCA

GCCCAGGGCTGGTCTTGACCT

GGGAGCAAACAGGATTAGATACCCT

TGCACCATCTGTCACTCTGTTAACCTC
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Table 2-7: Murine primer sets applied in qPCR.

Target name Primer name

Sequence (5'- 3')

MMP9-FW AAGACGACATAGACGGCATC
MMP9

MMP9-RV ATAGGCCGTGGGAGGTATAG

MMP13-FW TGGACCTTCTGGTCTTCTGG
MMP13

MMP13-RV CTCATGGGCAGCAACAATAA

MMP2 -FW ACACTGGGACCTGTCACTCC
MMP2

MMP2-RV TGTCACTGTCCGCCAAATAA

MMP3-FW CAGACTTGTCCCGTTTCCAT
MMP3

MMP3-RV GGTGCTGACTGCATCAAAGA

CTSB- FW GGAGATACTCCCAGGTGCAA
CTSB

CTSB -RV CTGCCATGATCTCCTTCACA

CTSL-FwW TCAGTGAGATCAGTTTGCCG
CTSL

CTSL-RV TCCCTCAGTGCTCAGAACCT

CTSS-FW ACCATTGGGATCTCTGGAA
CTSS

CTSS-RV CAGATGAGACGCCGTACTTC

CTSH_FW CCAGTGGGAAAATGCTGTCT
CTSH

CTS H-RV TCCATGATGCCCTTGTTGTA

Cyclo-FW ATGGTCAACCCCACCGTGT
PPIA

Cyclo-RV TTCTTGCTGTCTTTGGAACTTTGTC

2.7. siRNAs

Table 2-8: siRNAs used in this study.

Designation Oligo name 5'-3' sequence (sense)
SIMCL1#1 SiMCL1-hu-+145_01 AAGAAACGCGGUAAUCGGACU
SIMCL1#2 SIMCL1-hu_02 CGCCGAAUUCAUUAAUUUA
SiBCLyx. hBCLy, GGAGAUGCAGGUAUUGGUG
Sip65 sip65+144 GAUCAAUGGCUACACAGGA
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SISTAT3 SISTAT3 CAUCUGCCUAGAUCGGCUA
SiIMYC#1 siMYC+87 CUUCUACCAGCAGCAGCAG
SIMYC#2 Si-c-MYC-2 GAACACACAACGUCUUGGA
sielF4E#1 Hu-elF4E1 GGACGAUGGCUAAUUACAU
sielF4E#2 Hu-elF4E1 GGAUGGUAUUGAGCCUAUG

2.8. Inhibitors

Table 2-9: Inhibitors used in this study.

Inhibitor Source

Calbiochem, EMD Chemicals Inc.,

c-Myc inhibitor (10058-F4) Darmstadt, Germany

Suberoylanilide hydroxamic

acid (SAHA) LC Laboratories
4SC-201 4SC AG, Germany
4SC-202 4SC AG, Germany

2.9. Bacterial strains
Table 2-10: Bacterial strains used in this study.

Bacterial strain Source

One Shot® TOP10 chemically competent

) Invitrogen GmbH, Karlsruhe
bacteria

2.10. Buffers and solutions
All buffers are prepared with bidistilled H,O.

Table 2-11: Buffers and solutions used in this study.

Buffer Compositions

KCM Buffer 500 mM KCI
150 mM CacCl,
250 mM MgCl,

Glycerol stock solution 65% Glycerol
0,1 M MgSO,
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Loading Buffer Orange G (6x)

IP buffer pH 7,9

Collection gel buffer
Seperation gel buffer

Running buffer

Transfer buffer (semi-dry)

Transfer buffer (wet blot)

5x protein loading buffer pH 6,8

25mM Tris HCI pH=8
60% (v/v) Glycerol

60 mM EDTA

0.24% (w/v) Orange G
0.12% (w/v) SDS

50 mM HEPES

150 mM NaCl

1 mMEDTA

0,5% NP-40

10% Glycerol

1% phosphatase inhibitor (add prior to use)

1% protease inhibitor (add prior to use)
pH adjusted to 7,9

0,5 M Tris,pH adjusted to 6.8 with HCI
1,5 M Tris , pH adjusted to 8,8 with HCI
25mM TrisHCI

192 mM Glycin

0,1% SDS

25 mM TrisHCI

192 mM Glycin

0,1% SDS

20% Methanol
pH adjusted to 8,3

25mM Tris,192mM Glycin, 20% Methanol
10% SDS

50% Glycerol

228 mM TrisHCI

0,75 mM bromphenol blue

5% B-Mercaptoethanol
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Tris buffered saline (TBS)

PBS pH 7,4

50x TAE-Buffer pH 8,5

0.5M Tris, 1.5M NaCl pH adjusted to 7.6
20 mM Na,HPO,

50 mM NaCl

2MTRIS

100 mM EDTA

5, 71% (v/v) Acetic acid (100%)

2.11. Histochemistry reagents

Table 2-12: Histochemistry reagents used in this study.

Histochemistry reagent

Source

Avidin/Biotin blocking Kit
Biotinylated anti-mouse 1gG (H+L)
Biotinylated anti-rabbit IgG (H+L)
Biotinylated anti-goat IgG (H+L)

Vectashield® mounting medium with DAPI

Citric acid based antigen unmasking
solution

DAB Peroxidase Substrate Kit
Eosin

Goat serum G9023

Hydrogen per Oxide (H,0,) 30%
Haematoxylin

Histoclear

Rabbit serum R9133

Roti® Histofix (4% Formalin)

VECTASTAIN® Elite ABC solution

Vector Laboratories, Burlingame, CA, USA
Vector Laboratories, Burlingame, CA, USA
Vector Laboratories, Burlingame, CA, USA
Vector Laboratories, Burlingame, CA, USA

Vector Laboratories, Burlingame, CA, USA
Vector Laboratories, Burlingame, CA, USA

Vector Laboratories, Burlingame, CA, USA
Waldeck GmbH, Minster

Sigma-Aldrich Chemie GmbH, Steinheim
Merck KgaA, Darmstadt

Merck KgaA, Darmstadt

Carl Roth GmbH, Karlsruhe

Sigma-Aldrich Chemie GmbH, Steinheim
Carl Roth GmbH, Karlsruhe

Vector Laboratories, Burlingame, CA, USA
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2.12. Cell Culture

A panel of human and murine gastric cancer cell lines was used in this study. Except
for MGC4 and MGCS8 (which are of murine origin) all of the other cell lines are of

human gastric cancer origin.

Table 2-13: Cell lines used in this study.

Cell line Source

HSC45-M2 Kind gift from Dr. Senekowitsch-Schmidtke
KATO-III American type culture collection (ATCC)
MGC4 kind gift from Dr. W. Zimmermann

MGCS8 kind gift from Dr. W. Zimmermann

MKN45 kind gift from Dr. R.Mejias-Luque

AGS DSMZzZ

ST23132 kind gift from Dr. R.Mejias-Luque

NUGC4 kind gift from Dr. R. Mejias-Luque

ST2957 kind gift from Dr. R. Mejias-Luque

2.13. Cell culture, reagents and media

Table 2-14: Used reagents for cell culture.

Reagent Source

Fetal Calf serum (FCS) Biochrom AG, Berlin
L-Glutamin Invitrogen GmbH, Karlsruhe
Non essential amino acids (100x) Invitrogen GmbH, Karlsruhe
Sodiumpyruvat Invitrogen GmbH, Karlsruhe
PBS Invitrogen GmbH, Karlsruhe
Penicillin-Streptomycin solution Invitrogen GmbH, Karlsruhe

Dulbeco’s modified eagle medium (D-MEM)

with L glutamine Invitrogen GmbH, Karlsruhe

L-Glutamine (100X) Invitrogen GmbH, Karlsruhe

RPMI 1640 medium Invitrogen GmbH, Karlsruhe
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Sodium pyruvate MEM Invitrogen GmbH, Karlsruhe

Freezing Medium 7 % D-MEM, 2% FCS, 1%DMSO
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3. Methods

3.1. Animal Experiments

The CEA-TAG mouse model was generated and kindly provided by Prof.
Zimmermann (Thompson et al., 2000) and applied in this study for imaging gastric
cancer with the aid of “smart” probes. The expression pattern of cathepsins and
matrix metalloprotinases (MMPs) as potential biomarker molecules for preneoplastic
lesions and early gastric cancer detection was determined in the stomach tissues of
these mice. For ex vivo imaging of gastric cancer in these mice, 150ul prosense-750
probe was injected intravenously (i.v.) and the mice were kept back to their cage for
24 hours. After 24 hrs of i.v injection, the mice were killed and the stomach was
carefully removed, contents were washed with PBS and near-infrared fluorescent
(NIRF) imaging was performed on a planar Odyssey scanner at 800 nm. Afterwards,
ex vivo histological analysis was performed (as described in section 3.2). All animal
studies conducted meet the requirements of the European guidelines for the care
and use of laboratory animals and were approved by the local authorities.

3.2. Histological analysis and stainings

3.2.1. Paraffin sections

Stomach tissue was washed with PBS, fixed in Roti® Histofix for 24 h, dehydrated
using ASP300 Tissue Processor (Leica) and embedded in paraffin. A series of 4 um

thick sections were cut for stainings.

3.2.2. Haematoxylin and eosin (HE) staining

Wax was removed from paraffin embedded tissue sections with the aid of 2x Roti®

Histol (Carl Roth) for 5 minutes. Then, the tissue was rehydrated with the decreasing
alcohol series (2x 100%, 2x 98% and 2x 80% EtOH), each for 3 minutes. Sections
were then stained in haematoxylin for 5 sec, gently washed in tap water for 10 min
and then stained in eosin for approximately 20 sec. Tissue was dehydrated with an
increasing alcohol series (2x 80%, 2x 96% and 2x100% ethanol). After immersing 2x

for 5 min in Roti® Histol (Carl Roth) slides were mounted in Pertex.
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3.2.3. Immunohistochemistry

The stomach tissue was rehydrated after de-paraffinizing the embedded stomach
tissue sections. Microwave antigen retrieval was performed using unmasking solution
(Vector Labs) for 9 min. After a cooling period of at least 15 min, slides were washed
in distilled H,O. Endogenous peroxidase reactivity was blocked by incubating slides
in 3% H,0O, for 20 min. After washing with water and PBS for one and two times,
respectively, incubation with 5% serum in PBS for 1 h was carried out to block
unspecific antibody binding. Primary antibody was diluted to desired concentration in
3% serum in PBS and incubated. In all cases, the primary antibody was diluted to a
factor of 1:500, goat serum was used for blocking and incubation was for 1 h at room
temperature (RT). The slides were washed three times with PBS to remove
unspecifically bound primary antibody. Biotinylated secondary antibody was diluted
(1:200) and incubated for 1 h at RT. After washing, VECTASTAIN® Elite ABC solution
(Vector Labs) was added and afterwards slides were incubated with 3, 3’-
diaminobenzidine tetrahydrochloride (DAB, Vector Labs) until suitable brown staining
is developed. Slides were finally counterstained with hematoxylin and mounted in

pertex.

3.3. Cell Culture conditions and preservation of cells

A panel of 6 human gastric cancer cell lines: AGS, HSC45-M2, Katolll, ST2957,
MKN47, ST23132, NUGC4 and 2 murine gastric cancer cell lines: MGC4 and MGC8
(stated in table 2-13) were applied in this study. All of the cell lines were cultured at
37°C and 5% CO,, regardless of their origin of generation. The required media
composition for all human origins was the same (500mI DMEM media, 10% FCS, 1%
P/S) but the murine origins need different compositions (500ml DMEM media, 10%
FCS, 1% P/S, 1% NEAA and 1% sodium pyruvate). All cell culture work was

conducted in a sterile laminar flow bench.

To subculture, cells were washed with sterile PBS in a laminar flow hood, trypsinated
for 1-5 min at 37°C and passaged in a new flask containing fresh medium. For
cryopreservation, the trypsinated cells were suspended in fresh medium and
centrifuged at 1000 rpm for 5 min. The supernatant was discarded carefully, the
pellet was resuspended in ice-cold freezing medium and kept in liquid nitrogen for

further use.
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3.4. Molecular techniques

3.4.1. Transformation of competent bacteria and isolation of
plasmid DNA

KCM method was applied to transform Top 10 chemically competent bacteria. Very
briefly, 200-500 ng of plasmid DNA were diluted in 100 uL 1x KCM buffer and mixed
with 100 pL of One Shot® TOP10 chemically competent bacteria (Invitrogen).
Reactions were kept at 4°C for 20 min and at RT for 10 min. After addition of 1 mL of
S.0.C medium (Invitrogen) the bacteria were incubated on a horizontal shaker at 25
or 37°C for 1 or 2 h based on optimal growth temperature of the bacteria.
Transformed cells were then streaked onto agar plates containing the appropriate
antibiotic for selection at various dilutions and incubated over night at 37°C. Before
amplification of plasmids, correct cloning was confirmed with screening PCR. A
glycerol stock for preservation was made by mixing equal volumes of glycerol stock
solution and freshly grown bacteria (storage —80°C). Based on the amount of plasmid
DNA needed Qiagen Plasmid Mini Kit was used according to manufacturer’s
protocol. Verification of intact and correct plasmid was done by digestion with
restriction endonucleases followed by agarose gel electrophoresis.

3.4.2. Screening potential biomarker genes for imaging gastric

cancer

To investigate the expression levels of MMPs and cathepsins in human and murine
gastric cancer cell lines, the corresponding gastric cancer cell lines were cultured,
total RNA was extracted and reverse transcribed to cDNA. Then, gPCR was carried
out. Similarly, to compare the mRNA expression pattern of cathepsins and MMPs in
normal and tumour tissues from murine stomach, murine stomach was removed and
washed with PBS. The stomach was macroscopically categorized into tumor region
(most probably the antrum region in this case) and normal tissues (fundus/corpus
described in figure 1-1). Twenty miligram of each of the categorized tissues is cut into
smaller pieces, and homogenized in RLT buffer. Homogenized tissues were stored at
-80°C for futher use to extract total RNA. The extracted RNA was immediately

reverse transcribed into cDNA and gPCR was performed.
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3.4.3. RNA isolation and quantitative PCR (QPCR)

For expression analysis of various desired target genes in murine gastric tumour
cells, total RNA was isolated from murine gastric cancer cell lines that were
described in table 2-13. For doing so, cells were grown to 80% confluency, washed
with PBS, lysed with RLT buffer containing 3-mercaptoethanol. After scraping, the
cells were collected into a BioPur safelock reaction tube and samples were stored at
—80°C until further experiment. For expression analysis of the same targets in murine
stomach, RNA was isolated from 20mg of murine stomach. Intact stomach tissue was
placed in RLT buffer and sonified in a silent crusher. Afterwards, the same procedure
as cells case was followed. Total RNA from samples in RLT buffer was isolated with
RNeasy Kit and treated with DNAse | according to manufacturer’s protocol. A single
Mg RNA per 50 pl mix were reversely transcribed using random hexamer primers,
TagMan reverse transcription reagents and SuperScript Il reverse transcriptase.
Finally, the reversely transcribed cDNA was stored at —20°C for further use.

Based on the manufacturer's guidelines, gPCR primers were designed using Primer
Express software (Applied Biosystems). SYBR® Green PCR Master Mix and 300 nM
of each primer were used to perform gPCR. Cyclophilin was used as a housekeeping
gene for normalizartion of the samples. All samples were done in triplicates.

Gene expression was quantified by standard method (for Cathepsins and MMPs) and
the comparative CT method with normalizing CT values to the housekeeping gene-
cyclophilin A was performed in all other cases. After amplification, melting curve
analysis was performed to ensure the products’ specificity. To ensure experimental
accuracy, all reactions were performed in triplicate. Primers were tested for efficiency

before applications.
3.4.4. Protein isolation and detection

Cells were grown to 80% confluency, washed twice with ice-cold PBS, and lysed in
IP-buffer and protease and phosphates inhibitors, both of the later were added at the
ratio of 1:9. Lysates were scraped with cell scrapper and collected into a 1, 5ml epi
tube and stored at —80°C for further application. After keeping the cell lysates in liquid
nitrogen for 30 minutes, cell lysates were centrifuged at 14,000 rpm and 4°C for 25
min prior to further use. The supernatant was the total cell lysate. Supernatant was

taken and protein content was determined by Bradford assay. Equivalent micro
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grams of proteins from each sample were loaded per well for western blot analysis,

Laemili buffer was used as a loading buffer.
3.4.5. Western blot

To perform western blot with sodium dodecyle sulphate polyacrylamide gel
electrophoresis (SDS-Page) method, about 50-150 pg protein were boiled in 1x
protein loading buffer and loaded into 10% or 12% polyacrylamide gel. Gels were let
run at 100V or more or less as desired. Precision plus protein standards were used
as a marker to control the running of the gel. Proteins were separted according to
their molecular weight in the gel and immobilized on Immobilon transfer membrane
(Millipore). Wet blot was performed either for 2 h at 130 V and 300mA or over night at
30 V and 90mA. After transfer is done, the membrane was washed with PBS for 5
min to clean methanol and other residues. To avoid unspecific binding of the
antibody, membrane was incubated for 1 h in a 1:1 dilution of Odyssey® blocking
reagent or 5% odyssey blocking skim milk in PBS at RT. Subsequently, the
membrane was incubated with primary antibody for over night at 4°C. After washing
three times with 1% Tween in PBS, the membrane was incubated in secondary
antibody (1:2000 dilutions) for 1 h at RT shaking in the dark place. Afterwards, the
membrane was washed three times for 10 minutres with 1% Tween in PBS and

detection was performed in Odyssey® Infrared Imaging System.
3.4.6. siRNA transfection

Double-stranded siRNA transfection was performed with the aid of polyethylenimine
(PEI) at a final concentration of 50 nM as described recently (Wirth et al., 2011).
Briefly, 24 hrs prior to transfection different amounts of gastric cancer cells were
seeded in 96-well plates (culture area, 0.328 cm2/well), or 100-mm dishes (culture
area, 58.1 cm2/dish). Subsequently, the cells were washed with PBS followed by
application of 80ul PEI and 9.2 ml serum-free medium. PEI stock solution was diluted
in 10 and 400 ul of OptiMEM for 5 minutes to give a final ratio of (PEI stock solution
to final media- volume) and 4:1000 (vol/vol). Fifty-nmol synthetic siRNA was
dissolved separately in 10 or 400 pl serum-free medium. PEI and siRNA solutions
were mixed and incubated together for 30 minutes. The PEI-siRNA solution was
added to the adherent cells and serum-free medium was substituted by full medium

24 hours after transfection.
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3.4.7. Quantitative chromatin immunoprecipitation (QChlIP)

Chromatin immunoprecipitation (ChIP) were performed using magnetic SimpleChIP
Enzymatic Chromatin IP Kit, according to the manufacturer's protocol. Briefly, 4X10’
cells were grwon in a 15 cm culture dishes in a 20 ml media. Proteins were cross
linked to DNA by adding 540ul of 37% formaldehyde and incubated for 10 minutes.
Two ml of 10X glycine was added to each culture dish and incubated for 5 minutes.
The media was removed and cells were washed with buffers and protease inhibitors
that were provided in the kit. The pellet nuclei were incubated in a 5ul micrococcal
nuclease at 37°C for 20 minutes. The micorococcal nuclease digestion was hindered
by adding EDTA, centrifuged and resuspended in ChIP buffer. The nuclei digestion
condition was optimized and chromatine digetion and concentrations were analysed.
Then, chromatin was immunoprecipitated, washed with low and high salt buffers,
eluted from antibody-protein G beads and cross-links were reversed. Finally, DNA
was purified and qPCR was performed. For each sample ACt values were calculated
using ACt = (Ct (sample)-Ct (input)). AACt was calculated using AACt = (ACt
(experimental sample) - ACt (negative control)).The fold difference between the

experimental sample and the negative control (IgG) was determined as 24"
3.4.8. Annexin V staining

Annexin V, conjugated to fluorochromes-FITC, is a 35-36 kDa Ca®*" dependent
phospholipid-binding protein that has a high affinity for phospholipid
phosphatidylserine (PS) and binds to cells with exposed PS. Staining with FITC
Annexin V is typically used in conjunction with a vital dye such as propidium iodide
(Pl) to help identify different stages of apoptosis (Koopman et al.,, 1994).
Approximately, 1x10° cells were seeded in 10cm culture dish, treated with desired
inhibitors. Cells were washed with ice cold PBS, trypsinated, collected into 50ml
falcon tube, centrifuged at 1000rpm and 4°C for 5 minutes. Then, the supernatant
was discarded. Cells were washed in cold PBS twice, resuspende in 1ml binding
buffer (1:10 dilution). To perform FACS analysis, 100ul of the cell suspension was
mixed with 400ul of the binding buffer. Afterwards, 5ul of each Annexin/FITC and PI
reagents was added into the above suspension, cells were vortexed and incubated

for 15 min in dark. Finally, flow cytometry was determined within 1 hr time.
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3.5. Treatment of cells with various inhibitors and viability assay

3.5.1. Treatment of cells with various inhibitors

Five thousand and 300, 000 cells were seeded in a 96 well plate and 10cm culture
dishes, respectively and incubated for 24 h prior to treatment. Then, the stabilized
cells were treated with desired concentrations of different inhibitors described in table
2-9. Subsequently, cells were incubated for the next 24 or 48 hrs as required, after

which viability assay was carried out.
3.5.2. Viability assay

To determine cell viability, MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay was used (Mosmann, 1983). In each well of 96 well plates 10 pL
MTT reagent (5 mg/mL MTT in PBS) per 100 puL media were added and plates were
incubated at 37°C for 4 hrs. Media was cautiously removed with 100ul pippet tips.
Cells were lysed in 200 pl of mixitures of equal volumes of DMSO: EtOH, the plates
were incubated at RT with agitation for 10 min and OD600 was determined. All

experiments were done in triplicates in at least three independent experiments.

Table 3-1: Dilutions of primary antibody for Western blotting.

Primary Antibody Dilution Secondary Antibody
Anti-3-Actin 1:2000 Anti-mouse
Anti-c-Myc 1:500 Anti-rabbit
Anti-BCLy, 1:1000 Anti-rabbit

Anti-MCL1 1:1000 Anti-rabbit

Anti- P65 1:1000 Anti-rabbit
Anti-STAT3 1:1000 Anti-rabbit
Anti-HIF-1-a 1:1000 Anti-rabbit

Anti-elF4E 1:1000 Anti-Mouse
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Methods

Table 3-2: Working concentrations of inhibitors used in this study.

Inhibitor Working concentration range Mode of action
SAHA 0.5uM 1uM 2 uM 4 uM |Pan-HDAC inhibitor
4SC-201 0.5 uM 1uM 2 uM 4 uM |HDAC inhibitor
4SC-202 0.5uM 1uM 2 uM 4 uM |HDAC inhibitor
myc-| 12.5uM | 25 uM | 50uM | 100 pM |inhibits MYC-MAX dimerization

3.5.3. Hoechst staining

The blue fluorescent Hoechst dyes are cell permeable nucleic acid stains that have
great applications in testing the viability of cells (Latt et al., 1975) because the
fluorescence of these dyes is very sensitive to DNA conformation and chromatin
state in cells. Cells were grown in a 96-well plate, treated with desired inhibitor for
required period of time. Briefly, 200uM stock solution of Hoechst stain was diluted
(1:250) with DMEM media. Of this diluted solution, 100ul was dispensed in each well
containing 100ul cell culture. Afterwards, the plate was incubated at 37°C for 15
minutes. Cells with blue stainings were considered as apoptotic ones and counted

with cell counter by looking under inverted microscope equipped with UV lamp.

3.6. Statistical analysis

Graphical depictions and statistical analysis were done with GraphPad Prism5
software (La Jolla, USA). Data are presented in arithmetic mean +/- standard
deviation. A two-tailed Student's t-test was used to test statistical significance.
Statstical p-values are indicated and a p-value of p<0.05 are considered as
statistically significant. Inhibitor concentration 50 (ICsg) values were calculated with

GraphPad Prism4 software.
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4. Results

4.1. Early detection of gastric cancer

4.1.1. Identification of cathepsins and MMPs as potential tools for

molecular imaging in gastric cancer

Cathepsins and matrix metalloprotinases (MMPSs) are involved in extracellular matrix
degradation (Deryugina and Quigley, 2006), tumor initiation and metastasis
(Gocheva and Joyce, 2007). They are reported to be promising tools for in vivo
molecular detection of precancerous and cancerous lesions in several cancer types
(Cavallo-Medved et al., 2009; Eser et al., 2011; Mahmood and Weissleder, 2003; von
Burstin et al., 2008). To broaden further the application of these proteins for
molecular detection of precursor and cancerous lesions in gastric cancer, the
expression pattern of cathepsins and MMPs in murine gastric cancer cell lines and
stomach tissues was determined by gPCR. In the same fashion, the expression
pattern of these proteases in human gastric cancer cell lines was detected. The
results indicated that cathepsins B and H and MMP2 are overexpressed in Katolll,
AGS and HSC45-M2 cell lines (Figure 4-1 A and B). Only marginal expression of
other cathepsins such as cathepsin S and L and MMPs such as MMP3, MMP9 and
MMP13 was observed in human gastric cancer cell lines.

B)

A) 0.020- MMP2

0.154

CtsB

MMP3 MMP9 MMP13

Cathepsins mRNA relative expression
MMPs mRNA relative expression

2

i

Human gastric cancer cell lines Human gastric cancer cell lines

Figure 4-1: mRNA expression of cathepsin (Cts) and matrix metalloproteinases
(MMPs) in human gastric cancer cell lines. Human cell lines were grown to exponential
phase and total RNA was isolated, reverse transcribed and gPCR was performed to
determine the level of expression of mMRNAs of (A) cathepsins and (B) MMPs. Cyclophilin
was used as a house keeping gene. Experiments were done in triplicates and data are
presented as mean and standard error of the mean (S.E.M).
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Analogous to its human counter parts, strong expression of cathepsin B was
observed in murine gastric cancer cell lines (Figure 4-2A). The expression pattern of
cathepsin L in human gastric cancer cells was weaker than in murine gastric cancer
cell lines. MMP2 expression level showed a high standard deviation in murine cell

lines, indicating tumor heterogeneity (Figure 4-2B).
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Figure 4-2. mRNA expression of cathepsin (Cts) and matrix metalloproteinases
(MMPs) in murine gastric cancer cell lines and tissues. Murine gastric cancer cell lines
were grown to exponential phase and total RNA was isolated, reverse transcribed and qPCR
was carried out to determine the level of mRNA expression of cathepsins (Cts) (A) and
matrix metaloprotinases (MMPs) (B). Cyclophilin was used as a house keeping gene. Data
are presented as mean and standard error of the mean (S.E.M). mRNA expression of
cathepsin (Cts) and matrix metalloproteinases (MMPSs) in murine stomach tissues was
determined (C-G): Stomach from CEA-TAG mice was opened and washed with PBS and
total RNA was isolated. Reverse transcription and gPCR was performed to determine level of
expression of Cts (C-E) and MMPs (F-G) in cancerous tissues and normal mucosa.
Cyclophilin was used as a house keeping gene. At least three mice were included in the
experiment. Experiments were done in triplicates and data are presented as mean and
standard error of the mean (S.E.M). Student’s two tailed t-test: * p<0.05 (Tumor versus
normal mucosa) value was considered as siginificant.
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It is noteworthy to mention that the expression pattern of cathepsins in human gastric
cancer cell lines correlated with that of murine ones. This was the reasons to
investigate the expression patterns of relevant cathepsins and MMPs in a murine
gastric cancer model. In this regard, RNA was extracted from cancerous and
adjacent normal mucosa of CEA-TAG mice and qPCR was performed for both
cathepsins and MMPs. As expected, elevated expression of cathepsins (B, H and L)
and MMP2 was observed from cancerous tissues of stomach of CEA-TAG mice.
Interestingly, only marginal expression was observed in the adjacent normal mucosa
(Figure 4-2 C-G).

To validate the expression of cathepsins and to examine the specifity of the
corresponding proteins to tumor tissues, immunohistochemistry was performed. In
contrast to other cathepsins, stronger staining for cathepsin B was observed in tumor
region of the stomach of CEA-TAG mice. Very weak siginal of all proteases was
observed from the adjacent normal mucosa (Figure 4-3 A and B). This is in
agreement with gPCR results described in Figure 4-2. Similarly, stronger stainings for
cathepsins H and L, MMP2 and MMP3 were observed in tumor tissues than the
adjacent normal mucosa (Figures 4-3 C-F).

CtsB CtsH CtsL MMP2 MMP3
BT Covs ) BT e, GRS '

C.‘» "‘h«i g‘ ‘I.

Tuiner
fissue

Normal
nucosa -

Figure 4 3: Immunohlstochemlstry of cathepsms (Cts) and matrlx metalloprotlnases
(MMPs) in murine gastric cancer and normal adjacent mucosa. Stomach tissue from
CEA-TAG mice was stained with antibodies specific for cathepsins B, H and L and matrix
metalloprotinases MMP2 and MMP3. The upper row is from cancer tissues whereas the
lower row is from adjacent normal mucosa.

In the same fashion, immunohistochemistry for representative MMPs was performed
in murine stomach tissues. Higher expression of MMP2 and MMP3 was detected in
cancerous tissues than the adjacent normal mucosa (Figure 4-3 G-J) whereas no
significant expressions of other MMPs except MMP2 and 3 were detected in gastric
cancer specimens.
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4.1.2. Activation of the cathepsin-activable NIRF probe in gastric

cancer

Cathepsins B, H, L, and S are activators of an established near infra red fluorescent
(NIRF) probe that is based on fluorescence resonance energy transfer (Mohamed
and Sloane, 2006). To investigate activation of the cathepsin-activable near infrared
fluorescent (NIRF) probe (prosense-750) in vivo, 150ul of prosense-750 was
intravenously (i.v) injected into CEA-TAG mice bearing gastric cancer. Twenty-four
hours after intravenous adminstration of the probe, the mouse was sacrified, the
stomach tissues were prepared and visualized on an Odyssey planar near-infrared
scanner to detect the signal of the NIRF probe. Tissue sections displayed a strong
signal (Figure 4-4 A and B) emitted by the cleavage of NIRF probe in stomach tumor.

Normal parts of stomach mucosa in fundus and corpus region displayed unspecific
background autofluorescence, which was also observed in non-injected control mice
(Figure 4-4 D and E). Immunohistochemical stainings for cathepsin B indicated that
gastric tumors of both prosense-injected and the contol (non-injected) littermates

displayed strong signal (Figure 4-4 C and F).
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Prosense-750injected#13260 Prosense-750 non-injected #150411

Figure 4-4. Cathepsins activate NIRF-activable probe. NIRF imaging of stomach tissues
from CEA-TAG mice, bearing stomach tumor, indicates strong signal towards the antrum (A
and B). Mice not injected with the probe served as controls (D and E). Tissues were
harvested 24 h after i.v injection of the cathepsin-activatable NIRF probe. Stomach tissues
were then scanned with a planar Odyssey near-infrared reader at 800 nm for visualization of
the NIRF probe. The NIRF-probe signal is shown in green. Bright field imaging (red colour) to
show the backgoround was performed at 680 nm. IHC analysis of probe-injected (C) and
non-injected (F) mice indicates that cathepsins are expressed in both animals stomach
tissues.
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4.2. Treatment evaluation of gastric cancer

4.2.1. Response of gastric cancer cell lines to HDACIs

Six human and 2 murine gastric cancer cell lines were treated with 3 different
HDACIis: SAHA (vorinostat), 4SC-201 and 4SC-202 and their corresponding ICsg
values were determined. Dose dependent response against SAHA treatment was
observed in all cell lines under investigation (Figure 4-5). The highest and lowest ICsg
values for SAHA were detected in MKN45 and MGCS8 cell lines, respectively (Table
4-1).

MGC8 $T23123 MGC4 HSC45-M2
IC,, 1.4 uM; CI 1.1-1.7 IC,, 1.5 uM; CI 1.2-1.8

IC,, 23uM;Cl1.9-28

IC,, 1.0 uM; C10.7-1.3

0.5 1 2 SAHA(M) - 05 1 2

Katolll ST2957 NUGC4 MKN45
IC,, 2.4 uM; C1 1.8-3.3 IC,, 2.8 uM; CI 21-3.7 IC,, 29uM; Cl 24-38 IC,, 3.2 uM; Cl 2.6-3.9

SAHA (uM) - 0.5 1 2 SAHA (uM) - 05 1 2 SAHAGM) - 05 1 2 SAHA (uM) - 05 1 2

Figure 4-5: Dose dependent response of gastric cancer cells to SAHA treatment.
Gastric cancer cell lines were treated with SAHA or were left as a vehicle treated control. A
colorimetric MTT assay was performed to determine viability of the cells after 24 hours of
treatment. ICso values and the corresponding 95% confidence interval (Cl) were depicted for
each cell line. Three independent experiments were done in triplicates and data are
presented as mean and standard error of the mean (S.E.M). (Student’s t-test: * p<0.05
versus controls).

Table 4-1: Response of gastric cancer cell lines against SAHA treatment.

Cell line ?c?&% hrs) gfg’s*% )
(UM SAHA)
MGC8 1.0 0.7-1.3
ST23132 1.4 1.1-1.7
MGC4 15 1.2-1.8
HSC45-M2 2.3 1.9-2.8
Katolll 2.4 1.8-3.3
ST2957 2.8 2137
NUGCA 2.9 2436
MKN45 3.2 2.6-3.9
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Besides, Hoechst staining was performed for relatively sensitive and non-responding
cell lines for SAHA treatment and apoptotic fractions were determined. As expected,
it was determined that the nonresponding cell line (MKN45) against SAHA treatment
displayed lower apoptotic fractions whereas the vice versa was observed in sensitive
cell line (MGCS8) (Figure 4-6). Taken together, dose dependent reduction in viability
and observation of higher apoptotic fractions in sensitive cell line indicated the

importance of further investigation to determine how SAHA acts on these cell lines.

MGC8 MKN45

SAHA((2pM) - - - +

Figure 4-6: SAHA induces apoptosis in gastric cancer cell lines. MKN45 and MGC8
(human and murine, respectively) cell lines were treated with SAHA as indicated or were left
as a vehicle treated control. After 12 hours of SAHA treatment apoptotic fractions were
determined with Hoechst staining with the aid of inverted microscope equipped with UV.
Three independent experiments were done in triplicates and data are presented as mean
and standard error of the mean (S.E.M). (Student’s t-test: *p<0.05 versus controls).

Similarly, gastric cancer cell lines were treated with different concentrations of 4SC-
201 and 4SC-202. Dose dependent reduction in viability was detected (Figure 4-7A
and B) and the ICsy values of 4SC-202 (Table4-2) indicated that MGC8 (IC50=6.6) is
relatively the most nonresponding whereas ST2957 (IC50=0.6) cell line is the most
sensitive (Figure 4-7B). In contrast, MGC8 (ICs0=1.2) is relatively the most
susceptible for 4SC-201 whereas ST2957 (ICso= 3.7) is among the top

nonresponding cell lines (Figure 4-7A).
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Table 4-2: Response of gastric cells lines to 4SC-201 and 4SC-202.

ST IC50 (48 hrs) 4SC-201 o IC50(48 hrs) 4SC-202
(LM4SC-201) (95% Cl) (UM 4SC-202)  (95% CI)
MGCS 1.2 0.5-0.7 ST2957 0.6 0.7-1.1
MGC4 1.6 0.3-0.4 HSC45-M2 1.0 0.4-0.5
ST23132 1.8 0.4-0.9 MKNA45 1.1 0.8-1.1
HSC45-M2 2.7 0.4-0.4 ST23132 1.2 0.4-0.5
MKN45 3.3 0.4-0.8 Katolll 1.3 0.9-1.1
NUGC4 3.4 0.1-0.8 MGC4 2.0 0.1-0.2
ST2957 3.7 0.1-0.4 NUGC4 3.0 0.1-0.3
Katolll 4.3 0.1-0.2 MGC8 6.6 0.1-0.2

The fact that MGCS8 is the most sensitive to both SAHA and 4SC-201 whereas
ST2957 is among the top nonresponding groups might indicate that these HDACIis
might have a common mechanism to act on the cellular machinaries. However, the
underlying molecular mechanisms how the 4SC-201 and 4SC-202 act on the cellular

physiology is entirely unknown and beyond this study.
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Figure 4-7: Dose dependent response of gastric cancer cell lines to 4SC-201 and 4SC-
202 treatment. Gastric cancer cell lines were treated with 4SC-201 (A) and 4SC-202 (B) or
were left as a vehicle treated control. A colorimetric MTT assay was performed to determine
viability of the cells after 24 hours of treatment. Three independent experiments were done in
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triplicates and data are presented as mean and standard error of the mean (S.E.M).
(Student’s t-test: * p<0.05 versus controls).

4.2.2. BCLx. and MCL1 expression levels inversely correlate with

the responsiveness of gastric cancer cells towards HDACI

To elucidate the reason why SAHA was not so potent to reduce viability of gastric
cancer cell lines efficiently, the endogenous expression level of antiapoptotic proteins
was determined by western blot. As shown in Figure 4-8 A, the highest BCLy_ and
MCL1 expression was observed in cell lines with highest SAHA 1Cs value. Thus, the
expression pattern of both BCLyx. and MCL1 was correlated with SAHA 1Cso values
and a first hint that both proteins modulate the response of gastric cancer cells to

HDACIi was drawn from this correlation.
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Figure 4-8: BCLy_ restricts SAHA efficacy of gastric cancer cells. A) Western blot
analysis of MCL1 and BCLy,_ expression of the indicated gastric cancer cell lines. B-actin was
used as loading control. B) ST23132 and MKN45 cells were treated with increasing doses of
SAHA for 24 hours as indicated or were left as vehicle treated controls. Expression of BCLy,
was detected by western blot and B-actin served as loading control. C) ST2957 and MKN45
cells were transfected with the indicated siRNAs. Fourty eight hours after the transfection,
whole-cell lysate was prepared and expression of BCLy, MCL1 were detected by western
blots and B-actin was used as loading control. D) ST2957 and MKN45 were transfected with
the indicated siRNAs. Fourty eight hours after the transfection, cells were treated with SAHA
as indicated for additional 24 hours. Viability of cells was measured in MTT assays. Three
independent experiments were done in triplicates and data are presented as mean and
standard error of the mean (S.E.M). (Student’s t-test: * p<0.05 versus controls).
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4.2.3. BCLx_.and MCL1 counteract efficacy of HDACI

To investigate regulation of BCLy_ by HDACI, cells were treated with SAHA and a
series of western blot analysis were performed. BCLyx_ protein expression was
reduced slightly in the SAHA sensitive ST23132 cell lines (ICso 1.4 uM) whereas no
regulation of BCLx,_ was detected in the more resistant MKN45 cells (ICso 3.2 uM)
(Figure 4-8B). Hence, downregulation of BCLx,_ might characterize gastric cancer
cells with low SAHA ICsy values. Further to confirm this result, RNAiI was used to
analyze the contribution of BCLy_ for cellular responses towards SAHA. Knockdown
of this protein in ST2957 (ICso 2.8 pM) and MKN45 cells were specific and did not
have any impact on MCL1 expression level (Figure 4-8C). In both cell lines, a
reduction of BCLy_ decreased the viability of both cell lines upon treatment with
SAHA (Figure 4-8D). Thus, BCLy_ limits the pro-apoptotic potency of SAHA against
gastric cancer cells. It has been also reported that SAHA induced apoptosis is
restrained by high expression of BCLyx. and BCL2 proteins (Vrana et al., 1999).
Likewise, HADCis induce apoptosis in leukemic cells without decreasing the level of

MCL1 protein expression (Inoue et al., 2008).

SAHA treatment altered MCL1 expression neither in ST23132 nor in MKN45 gastric
cancer cell lines (Figure 4-9A). This is in consistant with recent observation that
attenuation of MCL1 levels was reported to enhance HDACI-induced cytotoxicity in
leukemic cells (Inoue et al., 2008). Thus, it was important to test how MCL1 affects
the HDACI responses of the cellular systems under investigation. To this end, both
ST2957 and MKN45 cell lines were transiently transfected with siRNA specific to
MCL1. Knockdown of MCL1 with RNAI in these cell lines was specific and did not
influence BCLy_ expression (Figure 4-9B). The reduction of MCL1 protein expression
slightly increased the SAHA induced therapeutic response of ST2957 and MKN45
cells (Figure 4-9C). The fact that this observation reached statistical significance
argues that MCL1 counteracts HDACI-induced death programs in gastric cancer

cells.
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Figure 4-9: MCL1 restricts SAHA efficacy of gastric cancer cells. A) ST23132 and
MKN45 cells were treated for 24 hours with increasing doses of SAHA as indicated or left as
vehicle treated controls. Western blots detected expression of MCL1 and B-actin (loading
control). B) ST2957 and MKN45 cells were transfected with the indicated siRNAs. Fourty
eight hours after transfection whole-cell lysates were prepared and western blots detected
expression of MCL1, BCLy_ and B -actin (loading control). C) ST2957 and MKN45 cells were
transfected with the indicated siRNAs. Fourty eight hours after the transfection, cells were
treated with SAHA as indicated for additional 24 hours. Viability of cells was measured in
MTT assays. Three independent experiments were done in triplicates and data are
presented as mean and standard error of the mean (S.E.M). (Student’s t-test: * p<0.05
versus controls).

4.2.4. c-MYC controls BCLx , MCL1 and the HDACIi response

Given that MCL1 and BCLy, counteract the HDACI response, the pathways involved
in controlling their expression in gastric cancer cell lines were deciphered. First,
NFkB and STAT3 pathways were investigated since they were linked to the
therapeutic resistance of other cancer cells towards HDACi (Spange et al., 2009).
However, no correlation between the ICsy values of gastric cancer cell lines and
NFkB/RelA expression was observed (Figure 4-10A). Furthermore, knockdown of this
transcription factor did not change expression of MCL1 and BCLyx_ (Figure 4-10B).
Similarly, knockdown of STAT3 did not change the expression of MCL1 and BCLyx_
(Figure 4-10C).

It has been indicated that c-MYC overexpression was detected in over 45% of the
gastric cancer cases and it is associated with a poor clinical course of gastric cancer
in both intestinal and diffuse-types of gastric adenocarcinoma (Zhang et al., 2010). In

addition, since the expression pattern of genes regulated by c-MYC are linked with

49



Results

therapeutic resistance (Mizutani et al., 1994; Leonetti et al., 1999; Sklar and
Prochownik, 1991), c-MYC was considered as a factor determining the fate of cells
treated with HDACI. Thus, western blot was performed to observe the expression
pattern of c-MYC, its role in regulating pro-survival proteins (BCLx_ and MCL1) and
its link with the response of gastric cancer cell lines towards HDACI. Interestingly,
knockdown of c-MYC resulted in a marked reduction in protein and mRNA
expression of MCL1 in ST2957 and MKN45 gastric cancer cells (Figure 4-10 D and
E).
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Figure 4-10: c-MYC controls MCL1 and BCLy_ expression of gastric cancer cells. A)
Western blots of whole cell lysates of the indicated gastric cancer cell lines detected
expression of STAT3, RelA and B-actin (loading control). B) and C) ST2957 and MKN45
cells were transfected with the indicated siRNAs. Fourty eight hours after the transfection
whole-cell lysates were prepared and western blots detected expression of RelA (B), STAT3
(C)), BCLx, MCL1 and B-actin (loading control). D) ST2957 and MKN45 cells were
transfected with the indicated siRNAs. Fourty eight hours after the transfection whole-cell
lysates were prepared and western blots detected expression of ¢c-MYC, BCLy,, MCL1 and
B-actin (loading control). E) ST2957 and MKN45 cells were transfected with the indicated
SiRNAs. Fourty eight hours after the expression of c-MYC, MCL1 and BCLy, mRNAs were
determined by qPCR using cyclophilin A mRNA as reference. F) ST2957 and MKN45 cells
were transfected with the indicated siRNAs. Fourty eight hours after the transfection cells
were treated with SAHA as indicated for additional 24 hours. Viability of cells was measured
in MTT assays. Three independent experiments were done in triplicates and data are
presented as mean and standard error of the mean (S.E.M). (Student’s t-test: * p<0.05
versus controls).

50



Results

Whereas the expression level of BCLy_ protein was distinctly reduced in c-MYC
knockdown cells (Figure 4-10D), the reduction in BCLx. MRNA expression level was
not significant (Figure 4-10E). This was the first hint that indicated c-MYC as a
potential upstream regulator of BCLy. and MCL1 in gastric cancer cells. Furthermore,
these observations lead to the question how c-MYC regulates BCLy. at a non-
genomic level. To investigate the effect of knockdown of c-MYC on HDACI-
nonresponding cell lines, cells were transiently transfected with siRNA specific to c-
MYC and viability assay was carried out. As shown in figure 4-11, transfection of cells
with siRNA specific to ¢c-MYC resulted in significantly reduced viability and the
potential of SAHA to induce apoptosis was augmented by treating cells with myc-I
and SAHA in combination (Figure 4-12).
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Figure 4-11: c-MYC knockdown reduces viability of gastric cancer cell lines. ST2957
and MKNA45 cell lines were transfected with the indicated siRNAs. Fourty eight hours after
the transfection viability of cells was measured in MTT assays. Three independent
experiments were done in triplicates and data are presented as mean and standard error of
the mean (S.E.M). (Student’s t-test: * p<0.05 versus controls).

Moreover, knock down of c-MYC in relatively resistant gastric cancer cell lines
(ST2957 and MKNA45) enhanced the cellular response towards SAHA treatment
(Figure 4-10F). This indicates that the transcriptional factor c-MYC appears to
counteract the effects of HDACi on gastric cancer cells. To validate the results
obtained by RNAIi experiments, ST2957 and MKN45 cells were treated with the c-
MYC inhibitor (myc-1), which functions by interfering with the heterodimerization of c-
MYC/MAX (Yin et al., 2003). As a result, dose-dependent downregulation of MCL1

and BCLyx_ was observed in both cell lines after pharmacological inhibition of c-MYC
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(Figure 4-13A). It was interesting to investigate how c-MYC was regulating these two
important  prosurvival factors. To this end, quantitative Chromatin
Immunoprecipitation (qChlIP) was performed to test if c-MYC binds directly to the
MCL1 promoter region. Interestingly, it was observed that c-MYC was recruited to the
promoter region of the MCL1 gene in MKN45 as well as ST2957 cell lines. As
expected, binding of c-MYC was reduced after treatment of both cell lines with the
myc-l (Figure 4-13B). Furthermore, c-MYC enrichment at promoter region of MCL1
was correlated with the recruitment of RNA polymerase Il to the MCL1 promoter,
indicating that MCL1 mRNA is actively transcribed under the control of c-MYC in
untreated cell lines. The recruitment of RNA Poll to MCL1 promoter is signifiantly

reduced after treatment of cells with myc-I (Figure 4-13C).
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Figure 4-12: c-MYC induces apoptosis in gastric cancer cells. ST2957 and MKN45 cells
were treated with the MYC inhibitor (myc-l, 10058-F4), SAHA, the myc-l and SAHA for 24
hours or were left as an untreated control. Cells were stained with propidium iodide (PI) and
FITC labeled anti-Annexin V. Depicted is the Annexin V positive fraction (early
apoptosis=Annexin V+/Pl- and late apoptosis= Annexin V+/Pl+). (Student’s t-test: * p<0.05
versus controls).

In agreement with the role of c-MYC as survival factors for gastric cancer cell lines,
treatment of cells with myc-I significantly increased the response of cells to SAHA
(Figure 4-13D). In addition, transfection of cells with siRNA specific to c-MYC
significantly augmented the SAHA response in ST2957 and MKN45 cells (Figure 4-
10F). The potential of apoptosis induction of SAHA was further increased by co-
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treatment of the cell lines with myc-l (Figure 4-13E). Taken together, these data
confirm a role for c-MYC in tumor maintenance of gastric cancer cells (Chen et al.,
2001; Khanna et al., 2009) and also indicate c-MYC as a therapeutic target in gastric
cancer.
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Figure 4-13: MCL1 is a direct c-MYC target in gastric cancer cells. A) ST2957 and
MKN45 cells were treated with the myc-I for 24 hours. Western blots detected the expression
of BCLy, MCL1 and B-actin (loading control). B) and C) ST2957 and MKN45 cells were
treated with the myc-I for 24 hours or were left as a vehicle treated control. ChIP analysis
revealing the binding of c-MYC (B)) or the RNA Polymerase Il (C)) to the E-box of the MCL1
promoter or a 13 kb 3 control. D) ST2957 and MKN45 cells were treated with the myc-I,
SAHA, the myc-I and SAHA for 24 hours or were left as an untreated control. Viability of cells
was measured using MTT assays. Three independent experiments were done in triplicates
and data are presented as mean and standard error of the mean (S.E.M). (Student’s t-test: *
p<0.05 versus controls). E) ST2957 and MKN45 cells were treated with the myc-1, SAHA and
the combination of both for 24 hours as indicated or were left as an untreated control. Cells
were stained with Propidium iodide (PIl) and FITC labeled anti-Annexin V. Depicted is the
Annexin V positive fraction (early apoptosis=Annexin V+/PI- and late apoptosis= Annexin
V+/PI+). (Student’s t-test: * p<0.05 versus controls).

4.2.5. c-MYC-induced transcription of elF4E regulates BCLy,

expression in gastric cancer cells

The c-MYC oncogene is an important transcriptional factor that regulates a variety of
genes related to proliferation, differentiation, and apoptosis (Meyer and Penn, 2008).
It has been also observed that c-MYC regulates protein translation, e.g. through
control of genes coding for translation initiation factors, such as elF4E (Lin et al.,
2008; Jones et al.,, 1996; Pelengaris et al., 2002; Rosenwald et al., 1993).
Accordingly, downregulation of elF4E expression was observed in c-MYC siRNA
transfected ST2957 and MKN45 cells at protein (Figure 4-14A) and mRNA levels
(Figure 4-14B). Furthermore, myc-| treated gastric cancer cell lines also displayed
remarkably reduced elF4E expression (Figure 4-14C).Therefore, it was important to

know how c-MYC is regulating elF4E in gastric cancer cell lines under investigation.
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To proof direct transcriptional regulation of elF4E by c-MYC, qChIP assay was
performed. In similar fashion as the MCL1 promoter, the recruitment of c-MYC to the
E-box in the proximal elF4E promoter was observed. As expected, recruitment of this
transcription factor to elF4E promoter was hampered after treatment of cells with
myc-l (Figure 4-14D). Moreover, reduced recruitment of c-MYC to the elF4E
promoter region was accompanied by a decrease in binding of RNA polymerase Il to
elFAE promoter in ST2957 and MKN45 cells (Figure 4-14E). Taken together, these
findings indicate that c-MYC is regulating elF4E in gastric cancer cells, directly by

binding its promoter region
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Figure 4-14: c-MYC controls elF4E transcription to regulate BCLy_  expression in
gastric cancer cells. A) ST2957 and MKN45 cells were transfected with the indicated
siRNAs. Fourty eight hours after the transfection whole-cell lysates were prepared and
western blots detected expression of c-MYC, elF4E and B-actin (loading control). B) ST2957
and MKN45 cells were transfected with the indicated siRNAs. Fourty eight hours after the
expression of the elF4AE mRNA were determined by gPCR using cyclophilinA mRNA as
reference. C) ST2957 and MKN45 cells were treated with the myc-1 for 24 hours. Western
blots detected the expression of elF4E and B-actin (loading control). D) and E) ST2957 and
MKN45 cells were treated with the myc-I for 24 hours or were left as a vehicle treated
control. ChIP analysis revealing the binding of c-MYC (D) or the RNA Polymerase Il (E) to
the E-box of the elF4E promoter or a cyclophilin A 3'control. F) ST2957 and MKN45 cells
were transfected with the indicated siRNAs. Fourty eight hours after the transfection whole-
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cell lysates were prepared and western blots detected expression of elF4E, BCLy_ and B-
actin (loading control). G) Schematic presentation of how gene expression signatures
induced by c-MYC restrain the efficacy of HDACi against gastric cancer cells. Three
independent experiments were done in triplicates and data are presented as mean and
standard error of the mean (S.E.M). (Student’s t-test: * p<0.05 versus controls).

Apart from regulation of BCLx_ by c-MYC at protein level, it was interesting to know
the underlying mechanisms how c-MYC is regulating BCLx_ at genomic level. To this
end, it was hypothesized that c-MYC might control BCLy_ via the translational
initiation factor. To confirm regulation of BCLx_ expression by elF4E, ST2957 and
MKN45 cell lines were transiently transfected with siRNAs specific to elF4E. The
result indicated that transfection of ST2957 and MKNA45 cells with such siRNAs
clearly blocked BCLy_ expression at protein and mRNA level (Figure 4-14F). This is
an important evidence that elF4E is actively involved in promoting translations of
proteins associated with survival of cancer cell lines. From these observations, it is
possible to say that the translation of BCLy_ in gastric cancer cell lines was regulated
by c-MYC-elF4E axis.
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5. Discussion

5.1. Early detection of gastric cancer

Currently high grade dysplasia and early gastric cancer are often missed during
conventional endoscopic examination of the upper gastrointestinal tract (UGIT)
(Enns, 2010; Leodolter et al., 2006; Telford and Enns, 2010). Candidate biomarker
molecules that can be visualized by specific probes, labelled with fluorophores, are
extremely needed to indicate high grade dysplasia and onset of early gastric cancer
in endoscopic imaging. The pattern of expression of such biomarker molecules in
normal tissues, early tumor and late metastasis varies according to their respective
functions in cells. Some of such well studied cellular molecules are involved in
angiogenesis, extracellular matrix degradation and dissemination of tumor cells
(Keppler, 1996; Kuester et al., 2008; Mohamed and Sloane, 2006). Among potentially
important factors for imaging early onset of gastric cancer are cathepsin proteases
and matrix metalloprotinases (MMPs). Cathepsins are lysosomal cysteine proteolytic
enzymes involved in several cellular functions including protein turnover,
proliferation, invasion and metastasis whereas matrix metalloprotinases (MMPSs) are
zinc-dependent endopeptidases that are engaged in large variety of cellular
physiology and pathology including tissue remodeling and metastasis (Gocheva and
Joyce, 2007). They are frequently upregualted in cancer and other cancer associated
cells. Cathepsins and MMPs have been reported to be promising tools for early
detection of tumors in various organs (Bremer et al., 2001; Eser et al., 2011;
Herszényi et al., 2008; Weissleder and Ntziachristos, 2003). In this study, the
expression pattern of cathepsins and MMPs was determined in human and murine
gastric cancer cell lines. In addition, the expression level of these enzymes in tumor
and adjacent normal mucosa of murine stomach was evaluated. Cathepsins B, H and
MMP2 were well expressed in human and murine gastric cancer cell lines and the
corresponding murine stomach tumour tissues. This is consistent with findings in
other tumour types (Eser et al.,, 2011; Herszényi et al.,, 2008; von Burstin et al.,
2008). lllustrating critical importance of the application of proteases in the diagnosis
of curable precursor lesions and early-stage cancer, Eser and his colleagues were
able to differentiate between normal pancreatic tissue and low-grade pancreatic
intraepithelial neoplasia (mPanINs), high grade mPanINs and early-stage pancreatic

ductal adenocarcinoma (PDAC). Furthermore, immunohistochemistry with antibodies
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specific to cathepsins and MMPs indicated that cathepsins B and H and MMP2 and
MMP3 were more expressed in the CEA-TAG mice stomach tumor than adjacent
normal mucosa. Taken together, these findings indicate that proteases are potentially
involved in gastric carcinogenesis and could be potential biomarkers for early onset
of gastric cancer in mouse models. Thus, these enzymes represent an attractive
target for tumor imaging and therapeutic strategies. Moreover, these findings might
point out that CEA-TAG mice serve as good mouse model for early gastric cancer
detection and open an opportunity for monitoring and treatment evaluation of gastric

cancer.

Since cathepsins B and H and MMP2 are highly expressed in gastric cancer, a
cathepain activatable probe was used to test a proof of principle for feasibility to
detect gastric cancer by fluorescent imaging. The probe was injected intravenously
and 24 h later we performed ex vivo fluorescent imaging. We were able to show that
gastric tumours show a stronger signal than adjacent normal mucosa. Therefore,
imaging of cathepsin activity seems to be a promising strategy for gastric cancer
detection by endoscopic fluorescent imaging of the stomach. However, further

studies are neccessary to answer the following questions:

1. Is it possible to detect precancerous gastric lesions and early gastric cancer by

imaging of protease activity in vivo?

2. Are cathepsin B and H or MMP2 involved in gastric carcinogenesis and

progression and do they predict prognosis in gastric cancer patients?

3. Is it possible to monitor therapeutic response by imaging of cathepsin B and H
or MMP27?

Furthermore, cathepsin B and H or MMP2 proteases are perhaps important
molecules to mark the boundary between normal tissue and tumorigenic tissue,

enhancing the efficacy of gastric cancer surgery.
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5.2. Treatment evaluation of gastric cancer

The application of multimodal treatment protocols that rely mainly on cisplatin and 5
fluorouracil (5-FU) did not improve the outcome of advanced gastric carcinoma
patients (Mutze et al., 2010). However, systemic chemotherapy still remains one of
the key treatment options for patients with advanced gastric cancer. Compared to
best supportive care, chemotherapy in advanced gastric cancer improves median
survival (Wagner et al., 2005). Neverthless, it is palliative and 5-year survival rates
are below 20%. Histone deacetylase inhibitors (HDACIis) are currently tested in
advanced gastric cancer, but the molecular mechanisms and markers relevant for the
efficacy of HDACIs in gastric cancer treatment are largely equivocal (Tabernero et al.,
2005). In this study, the role of three HDACis namely SAHA, 4SC-201 and 4SC-202
in gastric cancer treatment was investigated. Dose dependent response of gastric
cancer cell lines towards HDACis was observed. Treatment of gastric cancer cells
with 4SC-201 and 4SC-202 resulted in marked decrease in viability. The similarity in
the pattern of ICso values of SAHA and 4SC-201 in sensitive and nonresponding cell
lines indicate that these HDACis might have a common mechanism to act on the
cellular machinaries. However, the underlying molecular mechanisms how the 4SC-
201 and 4SC-202 act on the cellular physiology is entirely unknown and beyond this
study. Therefore, this study investigated the molecular mechanisms that hamper

efficacy of SAHA as a potential HDACI for gastric cancer treatment.

Here, it is revealed that c-MYC counteracts SAHA efficacy in gastric cancer cells by
regulating the expression of the prosurvival BCL2 family members, BCLy. and MCL1.
These findings demonstrate two independent mechanisms by which c-MYC protects
gastric cancer cell lines from HDACI. Firstly, c-MYC directly controls transcription of
MCL1 by binding its promoter region. Secondly, regulation of BCLy_ protein
expression was attributed to c-MYCs™ capability to control the elF4E gene and
thereby translation of the BCLx. mMRNA (Figure 4-14G). One of the fundamental
responses of cells treated with HDACI is programmed cell death-apoptosis (Frew et
al., 2009). Induction of apoptosis in cancer cells by such inhibitors predicts a
beneficial therapeutic success of these agents (Lindemann et al., 2007).
Consistently, it is observed that the pro-survival BCL2 family members BCLyx_ and
MCL1 limit the efficacy of HDACI in a cell-based model of gastric cancer cells.
Furthermore, these results are in line with in vivo and in vitro results that

demonstrated that the efficacy of HDACi was hampered by pro-survival BCL2 family
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members (Lindemann et al., 2007: Vrana, 1999). High MCL1 expression has been
detected in about 70% of patients with gastric cancer and expression of MCL1 is an
independent prognostic factor (Maeta et al., 2004). Reduction of MCL1 expression by
an antisense oligonucleotide in NCI-N87 gastric cancer cells increased sensitivity
towards docetaxel and cisplatin (Wacheck et al., 2006). Recently, it was indicated
that overexpression of the antiapoptotic protein MCL1 was sufficient to avoid
apoptosis in c-MYC overexpressing non-small cell lung cancer (Allen et al., 2011).
Hence, MCL1 might be important beyond gastric tumorigenesis and appears as a
valid chemotherapeutic marker protein. In addition to MCL1, BCLx_ overexpression in
gastric cancers is very common (Kondo et al., 1998; Smith et al., 2006) and depletion
of BCLx_ leads to an increased sensitivity of such cells towards extrinsic apoptosis
(Kondo et al., 1996). Furthermore, in vivo study in mice indicated that coexpression
of MCL1 and c-MYC could be a useful biomarker for identifying aggressive forms of
non-small cell lung carcinoma and for predicting patient prognosis (Allen et al., 2011).
Taken together, the observation that c-MYC controls expression of important
prosurvival BCL2 family members might argue that c-MYC is an important factor in

gastric cancer treatment.

The oncogene and basic helix-loop-helix leucine-zipper transcription factor c-MYC
heterodimerizes with MAX. These bind to cis-acting elements, the so called E-boxes
(characterized by CACGTG nucleotides) of cancer promoting genes (Eilers and
Eisenman, 2008). Inhibition of c-MYC has recently been reported to be well tolerated
in vivo and inhibition of ¢c-MYC completely eradicated tumors in a murine Kras-
dependent lung cancer model (Soucek et al., 2008). Therefore, several approaches
to inhibit c-MYC are currently under development (Prochownik and Vogt, 2010).
Overexpression of c-MYC has frequently been observed in gastric cancer (Calcagno
et al., 2008) and is associated with therapeutic resistance of certain tumor entities
(Leonetti et al.,, 1999; Mizutani et al., 1994; Sklar and Prochownik, 1991).
Furthermore, it has been indicated that c-MYC is highly deregulated in both intestinal
and diffuse type of gastric cancer. Its deregulation is more common in precancerous
and early gastric cancer tissues (Calcagno et al., 2008). A high affinity c-MYC
binding site in the MCL1 promoter has also been found in U937 histiocytoma cells
(Fernandez et al., 2003). Consistent with the downregulation of MCL1 protein and
MRNA after the knockdown of c-MYC, the binding of c-MYC to the MCL1 promoter
region in gastric cancer cell lines was detected, demonstrating direct transcriptional
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regulation. In addition to c-MYC'’s direct transcriptional mode of action, this factor can
regulate protein expression at the level of translation. The transcriptional factor c-
MYC can control genes coding for translation initiation factors, such as elF4E (Lin et
al., 2008; Jones et al.,, 1996; Rosenwald et al., 1993). Dysregulated translational
control can contribute to diverse human diseases, including cancer (Sonenberg and
Hinnebusch, 2009). Translational initiation is regulated by the elF4F complex, which
is composed of the RNA helicase elF4A, the scaffolding protein elF4G and the cap-
binding protein elF4E, which is believed to be the rate limiting protein in the elF4F
complex (Fischer et al., 2009; Sonenberg and Hinnebusch, 2009). The translation
initiation factor elF4E has transforming characteristics in vivo and in vitro and was
found to be overexpressed in various tumors, contributing to proliferation, survival,
angiogenesis and metastasis of cancer cells (Fischer et al., 2009; Graff et al., 2008;
Sonenberg and Hinnebusch, 2009). Also in gastric cancer patients, high expression
of elF4E was correlated with vascular invasion and a worse outcome of patients
(Chen et al., 2004). This study demonstrates that c-MYC controls the transcription of
elF4E in gastric cancer cell lines by directly binding to its proximal high affinity E-box.
Since the elF4E knockdown results in a distinct downregulation of BCLy., these data
illustrate that BCLx,_ is regulated at the translational level in gastric cancer cell lines.
This result is in line with observations from breast cancer models, in which the BCLyx_
expression was reduced by knockdown of elF4E (Soni et al., 2008). In contrast to the
data obtained with HDACI in gastric cancer cells, there is evidence that c-MYC can
promote the efficacy of diverse chemotherapeutics and y-irradiation in other tumor
entities (Larsson and Henriksson, 2010). While the molecular determinants that
define the protherapeutic or therapeutic-resistance role of c-MYC are still equivocal,
these data clearly argue for the need to determine the molecular actions of novel
therapeutic strategies in pre-clinical settings, especially considering that even novel
targeted therapies are used in combinations with conventional therapeutics. In this
regard, it is demonstrated here that the anti-apoptotic BCL2 family members MCL1
and BCLy_ limit the biological effects HDACI exert against gastric cancer cells. Since
MCL1 and BCLy_ are regulated by c-MYC in gastric cancer cells, c-MYC inhibition
applied in combination with HDACi might be a rationally based therapeutic option for
this type of cancer. Since c-MYC is included in a three gene predictor indicating poor
prognosis for cisplatin/5-FU treated gastric cancer patients (Kim et al., 2011), c-MYC

might limit the therapeutic response of gastric cancers beyond HDACI.
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6. Conclusions

Despite temporal decline in gastric cancer incidence in several countries, it causes
nearly 1 million deaths per year worldwide and is still a serious public health problem.
Gastric cancer is usually diagnosed at advanced stages and the only available
curative therapy requires surgical resection (Calcagno et al., 2008). The major

problems that hamper improving the outcome of gastric cancer patients are:

1. Inavailabilty of biomarker molecules for detection of precancerous and

cancerous lesions

2. Lack of efficient and minimal invasive therapy to cease the progress of early

gastric cancer into adenocarcinomas.

To this end, this study contributes a considerable effort. Thus, the following

conclusions are drawn from the current study:

1. Cathepsins and MMPs are promising biomarker molecules for early detection
of gastric cancer. This is illustrated by their elevated expression in gastric
cancer cell lines and tumor tissues but not in corresponding normal mucosa in

murine gastric cancer model.

2. BCLx. and MCL1 are important antiapoptotic proteins hampering the

efficiency of HDACI in gastric cancer.

3. ¢-MYC regulates BCLx_. and MCL1 in gastric cancer, indicating that targeting
c-MYC in combination with HDACi may improve the outcome of gastric cancer

patients.
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