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Abbreviations

AA Amino Acids

ATCC American Type Culture Collection

BFB Bromophenol blue

bp base pairs

cagA Cytotoxin associated gene A (gene)

CagA Cytotoxin associated gene A (protein)

cagPAl Cytotoxin associated gene pathogenicity island (gene cluster)

CCLE Cancer Cell Line Encyclopedia

CFU Colony Forming Units

CIN Numerical Chromosome Instability

CM CagA Multimerization motif
(types: CMW = Western, CME = Eastern; motif also referred to as CRPIA: Conserved
Repeat responsible for Phosphorylation-Independent Activity)

cMmv Cytomegalovirus

dcm DNA cytosine methyltransferase

ddH,0 double distilled water

dH,0 distilled water

DENT Bacterial culture supplement comprising vancomycin, trimethoprim,
cefsulodin and amphotericin b

DGE Differential Gene Expression

DMEM Dulbecco’s Modified Eagle Medium

DNA Deoxyribonucleic acid

dNTPs deoxy-Nucleoside Triphosphates

E. coli Escherichia coli

EDTA Ethylen-diamin-tetraacetic acid

EGFP Enhanced green fluorescent protein

EGTA Ethylene-glycol-tetraacetic Acid

EPIYA glutamate-proline-isoleucine-tyrosine-alanine
(CagA sequence motif)

Fc (region) Fragment crystallizable (region)

FBS Fetal Bovine Serum

GCSC Gastric Cancer Stem Cells

H. pylori, HP
HKG
HRP

Helicobacter pylori
Housekeeping Genes

Horse radish peroxidase
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12 Abbreviations

kDa
MOl
oD
o/n
p.i.
PAA
PAGE
PBS
PCR
RLU
rpm
RT
SD
SDS
SV40
T4SS
TAE
Taq
TBS
TBS-T
Twm
TPM
Tris
uv
VacA
w/o

wt

Nomenclature: Genes and proteins are denoted according to generally accepted rules and
conventions. Human gene symbols are written entirely in UPPERCASE and italicized
(HUGO Gene Nomenclature Committee, 2021). Bacterial gene symbols are written italicized

Immunoblot
Immunofluorescence
International Unit

Kilo base pairs

Kilo Dalton

Multiplicity Of Infection

Optical Density

over night

post infectionem

Polyacrylamide

Polyacrylamide Gel Electrophoresis
Phosphate buffered saline
Polymerase Chain Reaction
Relative Light Units

Revolutions per minute

Room Temperature

Standard Deviation

Sodium Dodecyl Sulfate

Simian vacuolating virus 40

Type IV secretion System

Tris acetate EDTA

Thermus aquaticus

Tris buffered saline

Tris buffered saline 1% Tween 20
Melting temperature

Transcripts Per Million
Tris-(hydroxymethyl)-aminomethane
ultraviolet
Vacuolating cytotoxin A
without

Wild type

(Demerec et al., 1966), hence “cagA” addresses the gene, whereas “CagA” addresses the

protein.
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Summary

Chronic infection with Helicobacter pylori implies a significantly increased risk for the
development of gastric carcinoma, which is further elevated by cagPAl positive strains. The
cagPAl encodes a type IV secretion system and the virulence factor CagA, which is
translocated into gastric epithelial cells by the former. CagA’s direct interaction with
numerous proteins, in particular those involved in signal transduction, provides access to
very fundamental host cell functions and is furthermore associated with carcinogenesis.
CagA has therefore been identified as an independent risk factor for gastric carcinoma.
Although previous studies do not provide a clear picture, there is much evidence that CagA
may have an impact on cellular B-catenin turnover, where deregulation of the (canonical)
Wnt/B-catenin pathway is considered a more significant driver of gastric carcinogenesis.

In the present work, while very early infection with CagA-competent H. pylori resulted in a
transitory alteration of host cell morphology, in the medium term (> 24 h) CagA primarily
caused a reduction in intrinsic (canonical) Wnt/B-catenin signal transduction activity in the
nonpolarized host cell. This was inferred by both increases in phosphorylated B-catenin and
the concomitant reduction in TCF/LEF-mediated transcriptional activity. By means of
transfection and transduction experiments, it was shown that this inhibitory effect on the
(canonical) Wnt/B-catenin signal transduction pathway was dose-dependent and could be
attributed to C-terminal CagA (amino acids 201-1216). In this context, N-terminal CagA
(amino acids 1-200) represented a functional antagonist insofar as it caused an increase in
(canonical) Wnt/B-catenin signaling activity. As with wild type CagA (amino acids 1-1216), the
C-terminal part showed a high affinity for the plasma membrane of the (non-polarized) host
cell, in contrast to its N-terminal part, which was homogeneously distributed in the cytosol of
functionally E-cadherin-deficient host cells.

These results are essentially subject to several limitations, which are mainly due to a partly
low transfection efficiency, interference with the internal transfection and expression
standard, and a considerable context dependency. A reasonably conclusive picture regarding
the influence of CagA on (canonical) Wnt/B-catenin signal transduction emerges taking also
into account the polarity of the host cell, its intrinsic (canonical) Wnt/B-catenin signal
transduction activity, and the intracellular concentration of CagA.
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Zusammenfassung:

Die chronische Infektion mit Helicobacter pylori stellt ein signifikant erhdhtes Risiko fiir die
Entwicklung eines Magenkarzinoms dar, was durch cagPAl positive Stimme noch zusdtzlich
gesteigert wird. Das cagPAl kodiert fiir ein Typ 4 Sekretionssystem und den Virulenzfaktor
CagA, der dariiber in die Epithelzellen des Magens transloziert wird. Dessen direkte
Interaktion mit zahlreichen, insbesondere Signaltransduktions-Proteinen ermdglicht den
Zugriff auf sehr grundlegende Funktionen der Wirtszelle und steht dariiber hinaus mit der
Karzinogenese im Zusammenhang. CagA wurde daher als unabhdngiger Risikofaktor fiir das
Magenkarzinom identifiziert. Wenngleich bisherige Untersuchungen kein eindeutiges Bild
zeichnen, gibt es viele Belege dafiir, dass CagA einen Einfluss auf den zelluldren [3-Catenin-
Umsatz haben kénnte, wobei hier die Deregulation des (kanonischen) Wnt/[3-Catenin-
Signalwegs als bedeutsamer Treiber der gastralen Karzinogenese erachtet wird.

In der vorliegenden Arbeit hatte die sehr friihe Infektion mit CagA-kompetentem H. pylori
zwar eine transitorische Verdnderung der Wirtszell-Morphologie zur Folge, mittelfristig

(2 24 h) bewirkte CagA in erster Linie jedoch eine Reduktion der intrinsischen (kanonischen)
Whnt/[3-Catenin-Signaltransduktionsaktivitdt in der nicht polarisierten Wirtszelle. Darauf
konnte sowohl durch Zunahme des phosphorylierten B-Catenins, als auch durch die damit
einhergehende Reduktion der TCF/LEF vermittelten Transkriptionsaktivitit geschlossen
werden. Mittels Transfektions- und Transduktionsexperimenten konnte gezeigt werden, dass
dieser hemmende Einfluss auf den (kanonischen) Wnt/[B3-Catenin-Signaltransduktionsweg
dosisabhéngig war und dem C-terminalen Teil von CagA zugeschrieben werden konnte
(Aminosduren 201-1216). In diesem Zusammenhang stellte der N-terminale Teil von CagA
(Aminosduren 1-200) einen funktionellen Gegenspieler dar, insofern als dass er eine
Steigerung der (kanonischen) Wnt/[3-Catenin-Signalaktivitit bewirkte. Wie auch der CagA
Wildtyp (Aminoséuren 1-1216), zeigte der C-terminale Teil eine hohe Affinitdt zur
Plasmamembran der (nicht polarisierten) Wirtszelle, im Gegensatz zu dessen N-terminalem
Teil, welcher sich homogen im Zytosol funktionell E-Cadherin defizienter Wirtszellen verteilte.

Diese Ergebnisse unterliegen grundsditzlich einigen Einschrénkungen, welche vornehmlich
einer zum Teil geringen Transfektionseffizienz, der Interferenz mit dem internen
Transfektions- und Expressionsstandard sowie einer betréichtlichen Kontext-Abhdngigkeit
geschuldet sind. Ein einigermafSen schliissiges Bild hinsichtlich des Einflusses von CagA auf die
(kanonische) Wnt/-Catenin-Signaltransduktion ergibt sich lediglich unter Berticksichtigung
der Polaritit der Wirtszelle, deren intrinsischer (kanonischer) Wnt/B-Catenin-
Signaltransduktionsaktivitit sowie der intrazelluldren Konzentration von CagA.
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1 Introduction

1.1 Helicobacter pylori and its epidemiologic relevance

In 1984 Marshall and Warren isolated a hitherto unknown gram-negative helical shaped
flagellated bacterium from gastric specimens of patients with gastritis and peptic ulcers:
Helicobacter pylori (Marshall and Warren, 1984). In the following decades, H. pylori
seropositivity was found to significantly increase the risk of developing gastric cancer
(Parsonnet et al., 1991, Miehlke et al., 1997). Concerning this third most common cause of
cancer-related deaths in the world (Graham, 2015), H. pylori was shown to be etiological in
89% of non-cardia gastric cancer cases worldwide in the year 2008 (Plummer et al., 2015).
Whereas a decrease in infection prevalence in industrialized countries has become apparent,
at least a 2-fold higher prevalence of H. pylori infection can be seen in countries with a high
incidence of gastric cancer (Peleteiro et al., 2014). The prevalence of infections by H. pylori
has been epidemiologically correlated to socioeconomic and educational status (Lim et al.
2013, den Hollander et al., 2013). Household crowding (Lim et al., 2013) or living in rural
areas lead to a further predisposition (Bastos et al., 2013). Exact transmission routes are still
unclear. In general, infection is mostly acquired in childhood and normally persists over the
lifetime (Everhart, 2000). Adults in developed countries are exposed to a risk of acquiring an
infection of less than 1% per year (Ernst and Gold, 2000).

H. pylori is a highly variable bacterium: Even within the very same individual, a remarkable
genetic diversification has been observed between single bacteria, indicating considerable
strain variation that is most likely acquired by continuous DNA exchange and recombination
events (Israel et al., 2001, Kraft et al., 2006) following horizontal gene transfer (Tomb et al.,
1997, Alm et al., 1999). These highly polymorphic gene loci entail a similarly high level of
enzyme allelic variation (Go et al., 1996), which is assumed to facilitate survival in a less
favorable milieu and a successful evasion of host immunity (Cooke et al., 2005). In addition,
this may result in an increased risk of ulcers and the development of gastric malignancies
(Gerhard et al., 1999). Multi-locus sequencing efforts by means of distinct H. pylori core
genes has revealed that the global population comprises seven different subtypes that have
evolved within the context of human subpopulations or ethnic subgroups (Falush et al.
2003, Wirth et al., 2004).

The World Health Organization (WHO) has classified H. pylori as a class | carcinogen (Logan,
1994). Chronic infection by H. pylori is accompanied by a significantly elevated risk of
developing gastritis, severe gastric atrophy, intestinal metaplasia and, ultimately, gastric
cancer (Covacci et al., 1999, Uemura et al., 2001, Peek and Blaser, 2002, Vogelmann and
Amieva, 2007). In cases of gastric adenocarcinoma, the eradication of H. pylori was reported
to at least delay the development of cancer in a prospective study with a mean follow-up
period of 4.8 years (Uemura et al., 2001), which is in line with Fukase et al. (2008), who
demonstrated that the eradication of H. pylori can significantly reduce the incidence of
metachronous gastric carcinoma after endoscopic resection of early gastric cancer. However,
since patients are initially largely asymptomatic, diagnosis occurs predominantly at advanced
tumor stages. Although chemotherapy can improve the prognosis, conventional
chemotherapeutic regimens only evince median survival rates of 7 to 9 months in cases of
advanced disease at diagnosis (Wagner et al., 2010).
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1.2 H. pylorivirulence factors

To successfully and sustainably colonize the human stomach, H. pylori has developed various
mechanisms (Salama et al., 2013). These are related to the presence of certain virulence
factors, such as urease (see 1.2.1), vacuolating cytotoxin A (VacA; see 1.2.2) and the
cytotoxin-associated gene pathogenicity island (cagPAl; see 1.2.3), which is encoding for a
type IV secretion system (T4SS) and for the cytotoxin-associated protein A (CagA; see 1.2.4).

1.2.1 Urease

H. pylori utilizes urease to avoid the harmful acidic milieu of the gastric lumen by maintaining
an advantageous microenvironment: Urease catalyzes the conversion of urea into carbon
dioxide and ammonium ions, which elevates the pH to nearly neutral in close proximity to
the bacteria. Since H. pylori experiences fluctuating pH conditions, the synthesis and activity
of urease are tightly attuned to acidity level (Stingl and De Reuse, 2005). Furthermore,
viscoelasticity of gastric epithelial mucins depends on pH and enables penetration by

H. pylori in neutral conditions, whereas at a low pH the mucus forms a gel that effectively
repels bacteria (Celli et al., 2009).

1.2.2 Vacuolating cytotoxin A (VacA)

Vacuolating cytotoxin A (VacA) is an important secreted virulence factor that can be
internalized into gastric epithelial host cells and thus induce the accumulation of vacuole-like
membranous vesicles in the cytoplasm (de Bernard et al., 1997). This is assumed to be
achieved by the formation of VacA anion-selective channels in membranes facilitating the
translocation of chloride ions and weak membrane-permeable bases into the lumen, thereby
entailing osmotic swelling (Papini et al., 1994, Cover and Blanke, 2005). In addition, VacA has
demonstrated its ability to directly disrupt mitochondrial functions, to stimulate apoptosis
and to inhibit the proliferation of T-cells (Cover and Blanke, 2005). Interestingly, there is
evidence that VacA plays an important role in partly antagonizing or controlling the effects of
another major H. pylori virulence factor: CagA (see 1.2.4). By means of the EGFR- and Erk1/2-
mediated signaling pathways, VacA and CagA reciprocally attenuate morphologic changes
and the formation of vacuoles, respectively (Argent et al., 2008, Tegtmeyer et al., 2009).

1.2.3 Cytotoxin-associated gene pathogenicity island (cagPAl)

Strains equipped with cagPAl denote a significantly pronounced risk for H. pylori-caused
diseases (Backert et al., 2004). This DNA segment of about 40 kb is integrated into the
bacterial chromosome (Censini et al., 1996). It has been demonstrated that strains lacking
the cagPAl are far less virulent (Covacci et al., 1999, Crabtree et al., 1999), but still capable of
inflicting damage to the host cells (Toller et al., 2011). Among the 28 to 31 genes (Tomb et
al., 1997, Odenbreit, 2000), cagPAl encodes for the cytotoxin-associated protein A (CagA;
see 1.2.4) and a T4SS (Censini et al., 1996, Akopyants et al., 1998). CagA is the only known
cagPAl-encoded virulence factor that is directly translocated into the cytosol of host gastric
epithelial cells by T4SS (Segal et al., 1999, Odenbreit, 2000, Viala et al., 2004), which requires
interaction with the host cell B1-integrine receptor localized at the outer cell membrane
(Jiménez-Soto et al., 2009). Although there are many examples of bacterial T4SS (Backert and
Mevyer, 2006), no homologues to CagA are known among bacteria, as its origin seems to be a
phage (Lehours et al., 2011, Kyrillos et al., 2016).
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1.2.4 Cytotoxin-associated protein A (CagA)

Cytotoxin-associated protein A (CagA) is considered a promiscuous bacterial oncoprotein. Its
oncogenic potential has been well demonstrated in a transgenic mouse model (Ohnishi et al.,
2008) and it has been identified as an independent predictor for the development of
advanced gastric lesions, such as intestinal metaplasia, dysplasia and gastric cancer (Pan et
al., 2014). Depending on the particular H. pylori strain, cagPAl-encoded CagA is a 128 to

145 kDa protein (Covacci et al., 1993, Segal et al., 1999, Stein et al., 2002) that greatly
impinges on various crucial pathways in the host cells. Most of its numerous host cellular
binding partners are considered to be involved in vital cell functions and carcinogenesis.
There are at least 25 identified eukaryotic direct binding partners of CagA known thus far,
such as the Abl and Src family kinases, as well as Crk, Grb2, PI3K, Shp2, c-Met, E-cadherin,
PAR1b or ZO-1 (Backert et al., 2010, Backert and Tegtmeyer, 2017).

CagA'’s tertiary structure comprises distinct domains (Hayashi et al., 2012, Kaplan-Tirkoz et
al., 2012) harboring different functions (see Figure 1). It was demonstrated that the first

200 AA of amino-terminal CagA are capable of mediating the attachment of the protein to
the inner layer of the host cell membrane of polarized MDCK cells, supposedly in order to
bring other domains into close proximity with membrane-bound factors (Pelz et al., 2011). In
addition, Tsang et al. (2010) described tandem WW domains (WW1 and WW?2) in the
N-terminal part of CagA (strain NTC 11637), which are characterized by two conserved
tryptophanes (W), a high amount of polar AA and several prolines (P) at both termini, one of
which is strictly invariant at the carboxy-terminal part, enabling a highly specific protein
interaction with the proline-rich motif PPxY (i.e., PY motif) (Sudol et al., 1995) and can hence
be considered Group | WW domains (Sudol and Hunter, 2000). Apart from three single AA
substitutions in the middle part of WW2 (IFDKK instead of VFNKE), the abovementioned
tandem WW domains conform with AA 120-152 and 204-236 of wt CagA from the (Western)
H. pylori strain G27 (see Figure 2).

The middle domain (roughly AA 450-650) might interact directly with the plasma membrane
of polarized MDCK cells since it harbors positively charged sections for membrane binding
(Hayashi et al., 2012). The carboxy-terminal part of CagA (roughly AA 800-1200) comprises
several multimerization motifs, i.e., highly conserved amino acid motifs (see Figure 2), and
acts as an interface for manipulating host cellular processes.

At its glutamate-proline-isoleucine-tyrosine-alanine (EPIYA) sequence motifs, C-terminal
CagA can be tyrosine-phosphorylated by the Abl and Src family of protein tyrosine kinases
(Selbach et al., 2002, Stein et al., 2002, Hatakeyama, 2004, Tammer et al., 2007). Once
phosphorylated, EPIYA motifs are considered to be scaffolds or hubs for interaction with
different host proteins, including pro-oncogenic (Src homology region 2 domain-containing)
tyrosine phosphatase Shp2, thus being aberrantly activated (Higashi et al., 2002b,
Hatakeyama, 2004). This induces membrane accumulation and the activation of further host
cellular Src homology 2 (SH2) domain-containing proteins, such as adapter proteins Crk or
Grb2, thus altering different signaling cascades, like the activation of the PI3K/Akt pathway
(Selbach et al., 2009) and a gp130-mediated switch from the JAK/STAT3 to the MAPK/Erk
(K-ras) pathway (Bronte-Tinkew et al., 2009, Lee et al., 2010). The latter entails a
characteristic morphological change that was termed the “hummingbird phenotype” due to
the pronounced gastric epithelial cell elongation (Segal et al., 1999, Mimuro et al., 2002,
Suzuki et al., 2005). It could be demonstrated that Shp2 is a bona fide oncogene that is
altered or mutated in a number of cancers (Mohi and Neel, 2007) that might be particularly
attributed to its Grb2/MAPK/Erk pathway activation (Hatakeyama, 2004). There are several
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CagA variants regarding the number of EPIYA motifs (Covacci et al., 1993, Tummuru et al.,
1993, Higashi et al., 2002a), and different types of EPIYA motifs can be further discriminated.
The CagA proteins of Western H. pylori strains show variable numbers of types A, Band C
(see Figures 1 and 2), whereas East Asian strains present type D rather than type C (Higashi
et al., 2002a). The higher the count of EPIYA motifs, the more pronounced the SH2 binding
and, accordingly, CagA proteins comprising more than one EPIYA motif favor host cell
invasion into the extracellular matrix (Nagase et al., 2015).

However, phosphorylation of CagA is not imperative for the substantial encroachment on cell
signaling: Through the interaction of the adapter protein Grb2 with the carboxy-terminal part
of CagA, apart from its EPIYA motifs, transcriptional activity and cell scattering can likewise
be effected via MAPK/Erk signaling (Hirata et al., 2002, Mimuro et al., 2002). This has been
shown to increase interleukin-8 (IL-8) expression levels by the translocation of the nuclear
factor-kB (NF-kB) p65 subunit into the nucleus in a c-Met-independent way (Brandt et al.
2005), which has been related to angiogenesis, tumorigenesis and metastasis (Waugh and
Wilson, 2008, Song et al., 2010).

A further type of carboxy-terminal multimerization motif has been independently
characterized by Ren et al. (2006), Suzuki et al. (2009) and Nesic et al. (2010), latterly
referred to as CagA multimerization (CM) motif. These are located in the C-terminal reach of
the EPIYA motifs (see Figure 1) and differentiated into Western (CMY), Eastern (CME) and
further subtypes, depending on the geographic variant of CagA (Ren et al., 2006). With
regard to Suzuki et al. (2009) in particular, the amino acid sequence of the Western type
reads as FPLKRHDKVDDLSKVG, which, except for the substitution of aspartate (D) by glycine
(G) at position 10, corresponds to three sites at the carboxy-terminal part of wt CagA from
(Western) H. pylori strain G27 (see Figure 2). The CM" motifs can mediate the aberrant
activation of phosphatidyl-inositol-3 kinase (PI13K) and Akt via activated tyrosine kinase c-Met
(Suzuki et al., 2009). Here, CagA utilizes the gastric cancer stem cell marker CD44 (Takaishi et
al., 2009) to form a complex with c-Met and the hepatocyte growth factor (HGF), which
ultimately provokes proliferation (Bertaux-Skeirik et al., 2015, Wroblewski et al., 2015), most
likely through NF-kB signaling (Suzuki et al., 2009). Further, it was concordantly found that
the CMW motif is capable of impeding the activity of the PAR1/MARK (partitioning
defective/microtubule affinity regulating kinases) family of protein kinases by direct
interaction with PAR1 (Saadat et al., 2007, Nesic et al., 2010), which Saadat et al. (2007)
showed could cause disruption of the host cellular polarity very quickly (< 24 h) (Segal et al.,
1999, Amieva et al., 2003, Bagnoli et al., 2005) through junctional and polarity defects in an
EPIYA phosphorylation-independent way. The strength of this interaction is subject to CM
polymorphisms such as its copy number or sequence composition (Nishikawa et al., 2016).

As the deregulation of (canonical) Wnt/B-catenin signaling (see 1.3) is a substantial driver of
gastric carcinogenesis (Clements et al., 2002, Ooi et al., 2009, Nguyen et al., 2012), there is
much evidence that CagA might also have an impact on B-catenin turnover, although
observations at large do not provide a clear picture. The implication of CagA phosphorylation
concerning the alteration of the (canonical) Wnt/B-catenin pathway is not concordant, and
nor is its presumed ability to disrupt adherence junctions to increase the cytosolic B-catenin
amount. According to EI-Etr et al. (2004), CagA causes phosphorylation-dependent up-
regulation of B-catenin expression and, consequently, transcription of its target genes,
indicating its role in effecting (canonical) Wnt/B-catenin signaling by nuclear accumulation of
B-catenin. Murata-Kamiya et al. (2007) demonstrated the formation of CagA/E-cadherin
complexes in a CagA phosphorylation-independent way that are (mostly) lacking B-catenin.
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At the same time, they observed a cytosolic and nuclear accumulation of B-catenin causing a
differential B-catenin-dependent gene expression. In contrast, Suzuki et al. (2005) on the one
hand related cytosolic accumulation of B-catenin to the disruption of adherence junctions in
a predominantly CagA phosphorylation-dependent way. On the other hand, nuclear
translocation of B-catenin in AGS cells seemed to be independent of disruption of adherence
junctions, since functional E-cadherin was not mandatory for this and it could not be induced
by the artificial disintegration of adherence junctions. Instead, Wnt/B-catenin signaling
activation could be caused via CM"W-mediated c-Met/PI3K/Akt signaling in a phosphorylation-
independent manner, in addition to NF-kB activation (Suzuki et al., 2009). An unprejudiced
look at the immunofluorescence microscopy data of these investigations generally gives the
impression of an unchanged intense membranous B-catenin load, irrespective of its cytosolic
and nuclear accumulation. Notably, it could be shown, at least for colon cancer, that
B-catenin and NF-kB signaling crosstalk at several levels, since B-catenin can directly bind to
and thus inhibit NF-kB (Deng et al., 2002).

Map of wild type CagA
H. pylori strain G27

Membrane Membrane Multimerization
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N | |
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Figure 1: Map of wild type CagA.

Schematic representation of wt CagA (AA 1-1216) from H. pylori strain G27 (Odenbreit, 2000, Selbach et al.,
2002, Stein et al., 2002, Bagnoli et al., 2005, Tammer et al., 2007, Tsang et al., 2010, Pelz et al., 2011, Hayashi et
al., 2012); orange section: N-terminal part (AA 1-200) for membrane tethering; pink sections: WW1

(AA 120-152) and WW2 (AA 204-236) domains; blue hatched section: middle domain (roughly AA 450-650) for
membrane interaction; dark section: multimerization site (AA 846-1069), depicted in detail in the enlargement;
white sections: EPIYA motifs (type A, B or C); teal sections: CM" motifs.
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CagA: primary Structure
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Figure 2: Sequence of wild type CagA.

Translation of wt cagA from H. pylori strain G27 into an amino acid sequence was performed in silico by NCBI
BLASTX® after DNA sequencing of pTRE-tight-GFP-cagA-wt-SBP plasmid (kindly provided by Dr. Roger
Vogelmann). Referring to Tsang et al. (2010), CagA features tandem WW domains (pink: the carboxy-terminal
domain with three single AA substitutions in the middle part, IFDKK rather than VFNKE); according to Suzuki et
al. (2009), G27 CagA (Western) features four EPIYA motifs (bold/framed: ABCC) and three distinct CM" motifs
(teal: with substitution of D by G at position 10); WW1 at AA 120, WW2 at AA 204; EPIYA motifs are located at
AA 892, 911, 965 and 999; CMW motifs are located at AA 944, 978, 1012.

1.3 Canonical Wnt/B-catenin signaling

The Wnt pathway is a markedly conserved means of regulating a variety of fundamental
functions, such as cell proliferation, cell motility, tissue-specific single cell polarity, cell
differentiation, apoptosis, definition of body axis as well as homeostasis of mature tissues
(Logan and Nusse, 2004, Clevers, 2006, Willert and Nusse, 2012). Paradigms are changing
towards a more integrated concept that considers Wnt signaling as a complex network
processing intercellular and tissue-specific information (Kestler and Kiihl, 2008, van
Amerongen and Nusse, 2009, White et al., 2012). There are at least three characteristic
routes known that can be induced by cell surface receptor binding of Wnt proteins.
Regulation of the cytosolic B-catenin turnover is denoted by the canonical Wnt pathway (or
rather the Wnt/B-catenin pathway) due to its outstanding role in controlling specific
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processes in mature tissues (Clevers, 2006). Moreover, as this is presumably one target of
CagA, it will be further addressed below. Mammalian genomes typically comprise 19 distinct
Whnt genes that can be assigned to 12 subfamilies (Clevers, 2006, Willert and Nusse, 2012).
Lipid modification of Wnt proteins is crucial for secretion into the extracellular space as well
as accurate signaling properties (Willert et al., 2003).

1.3.1 Signal transduction and target genes

Once successfully secreted, Wnt proteins represent short-range signals affecting adjacent
cells or those in close proximity by means of binding to a membrane-bound heterodimeric
receptor complex (Sato et al., 2011). Whereas members of the frizzled protein family
comprise seven transmembrane domains and each can interact with different Wnt proteins
and vice versa (Bhanot et al., 1996), its vertebrate LDL receptor-related proteins 5 and 6
(LRP5/6) counterparts are single-pass transmembrane proteins that harbor distinct binding
sites for several Wnt proteins (Pinson et al., 2000, Gong et al., 2010). In cases of inactive
(canonical) Wnt/B-catenin signaling (see Figure 3, A), the unbound cytosolic axin acts as a
scaffold and forms the so-called destruction complex (DC) by interaction with dishevelled
(Dvl), CK1a/6 and GSK3a/B, together with the tumor suppressor proteins adenomatous
polyposis coli (APC) and WTX (Hart et al., 1998, |keda et al., 1998, Liu et al., 2002, Major et
al., 2007). This mediates phosphorylation and thus a rapid degradation of cytoplasmic
B-catenin by the proteasome after ubiquitination due to recognition by BTrCP of the

E3 ubiquitin ligase complex (Aberle et al., 1997, Major et al., 2007, Clevers and Nusse, 2012).

In terms of the activated (canonical) Wnt/B-catenin pathway (see Figure 3, B), shortly after
Whnt has bound to the extracellular parts of the heterodimeric receptor, the LRP6 cytoplasmic
domain is phosphorylated by serine-threonine kinases, either glycogen synthase kinase 3 3
(GSK3p) or casein kinase 1y (CK1y) (Zeng et al., 2005), which is a prerequisite for the
cytosolic binding of axin to LRP6 (Tamai et al., 2004) that is promoted by dishevelled through
its interaction with the frizzled cytoplasmic domain (Chen et al., 2003). Unlike other
pathways, activated Wnt/B-catenin signaling does not recruit graded protein
phosphorylation, but implies a distinct means of inducing signal transduction: The binding of
axin to the receptor complex entails the disintegration of the DC and, consequently, the
cessation of B-catenin ubiquitination (Bhanot et al., 1996, Pinson et al., 2000), causing its
accumulation in the cytosol which, ultimately, facilitates the translocation of
unphosphorylated B-catenin to the nucleus (Behrens et al., 1996, Molenaar et al., 1996). In
the nucleus, B-catenin transiently converts DNA-bound T-cell factor or lymphoid enhancer
binding factor (TCF/LEF) family members into transcriptional activators (Molenaar et al.,
1996, Behrens et al., 1996) by superseding the Groucho corepressor (Daniels and Weis,
2005). There is some evidence that active (canonical) Wnt/B-catenin signaling is independent
of the absolute amount of unphosphorylated pB-catenin in the nucleus, and is rather based on
its relative change (Goentoro and Kirschner, 2009), which refers to the ratio of the B-catenin
amounts prior to and after alteration of the (canonical) Wnt/B-catenin pathway. Notably,
even though B-catenin is located in substantial amounts at the cell membrane, due to its
relevance for the attachment of the cytoskeleton to the plasma membrane by means of
interaction with E-cadherin at adherence junctions (Peifer et al., 1992), a physiological
interconnection between these two properties of B-catenin is not assumed (Clevers and
Nusse, 2012).

Considering these multiple B-catenin/TCF/LEF target genes (Vlad et al., 2008, Nusse, 2016),
the histologic character of each particular cell determines its unique expression pattern
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(Logan and Nusse, 2004). Several factors and regulators of the (canonical) Wnt/B-catenin
pathway are controlled by B-catenin/TCF/LEF itself. Wnt signaling is negatively regulated by
its induction of axin and inhibition of frizzled or LRP6 (Logan and Nusse, 2004, Khan et al.,
2007) and it is augmented by increased TCF and LEF gene expressions (Arce et al., 2006).
Considering that the Wnt pathway plays an elementary role in development and cell
homeostasis, it is not surprising that proto-oncogenes like CCND1 (Shtutman et al., 1999,
Tetsu and McCormick, 1999), encoding for Cyclin D1 protein, and MYC (He et al., 1998),
encoding for c-Myc, are likewise among the target genes. Moreover, the expressions of
matrix metalloproteinase 7 (MMP7), extracellular matrix proteolysis and motility promoting
uPAR as well as activator protein 1 (AP-1), influence many fundamental cellular processes
and are controlled by B-catenin/TCF/LEF (Brabletz et al., 1999, Mann et al., 1999).
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Figure 3: Canonical Wnt/B-catenin pathway.

LRP5/6: LDL receptor-related proteins 5 and 6; Dv/: dishevelled; APC: adenomatous polyposis coli protein;
GSK38: glycogen synthase kinase 3 B; CK1: casein kinase 1; 8-cat: B-catenin; 8TrCP: B-transducin repeat-
containing protein; Ub: ubiquitin; P: phosphate group; TCF/LEF: T-cell factor or lymphoid enhancer binding
factor. [A] Low cytosolic B-catenin levels in the absence of Wnt: remote LRP5/5 and frizzled receptor proteins;
axin evokes assembly of multiprotein destruction complex (with its core components APC, GSK3, CK1, BTrCP
and B-catenin) to phosphorylate cytosolic B-catenin; subsequent ubiquitination and proteasomic degradation of
phosphorylated B-catenin. [B] Elevated cytosolic and nuclear B-catenin levels through extracellular binding of
Wnt to heterodimeric receptor: CK1 and GSK3B phosphorylate dimerized frizzled/LRP5/6 receptor; attaching of
axin and Dvl; receptor-bound axin inhibits GSK3f and thus phosphorylation and degradation of cytosolic
B-catenin; nuclear translocation of B-catenin and target gene expression by means of TCF/LEF.

1.3.2 CagA Wnt-dependent dysregulation: Pivotal for gastric
tumorigenesis

Correa (1988) presented a human model of gastric carcinogenesis that conceives the
tumorigenesis of intestinal-type gastric adenocarcinoma as a multistage process. In this
model, chronic superficial gastritis develops into chronic atrophic gastritis, intestinal
metaplasia, followed by dysplasia and, ultimately, gastric adenocarcinoma. In more than 70%
of patients diagnosed with gastric cancer, several kinds of signaling pathways were
dysregulated. These were proliferation or stem cell-related pathways and are associated with
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various cell cycle regulators (e.g., c-Myc, E2F, p21), NF-kB signaling and Wnt/B-catenin
signaling (Ooi et al., 2009). As mentioned above (see 1.3), Wnt/B-catenin signaling is a highly
conserved means of controlling fundamental cellular and tissue-specific processes in
multicellular animal organisms (Logan and Nusse, 2004, Clevers, 2006, Clevers and Nusse,
2012) and greatly crosstalks with other important routes of signal transduction (Hendriks and
Reichmann, 2002, Katoh, 2007, Takebe et al., 2011, Borggrefe et al., 2016). Remarkably,
30-50% of gastric cancers show the activation of Wnt signaling (Clements et al., 2002, Ooi et
al., 2009). The outstanding significance of the Wnt pathway in gastric malignancy is reflected
in the finding that homeostasis of gastric cancer stem cells (GCSC) depends on it. Cycling of
CD44 positive GCSC can be triggered by PGE2 or Wnt (Araki et al., 2003, Castellone et al.,
2005, Ishimoto et al., 2010). Nguyen et al. (2012) found a strong correlation between
tumorigenesis and progression through the maintenance of GCSC on the one hand and the
aberrant activation of Wnt/B-catenin on the other. In addition, as intestinal-type gastric
carcinomas present with a more invasive phenotype according to elevated nuclear B-catenin
levels (Miyazawa et al., 2000), the (canonical) Wnt/B-catenin pathway seems to have a strong
impact on epithelial-mesenchymal transition (EMT) and thus metastasis (Talbot et al., 2012).

As Wnt/B-catenin signaling is increasingly gaining significance concerning tumorigenesis of
gastric cancer, somatic mutations of Wnt signaling pathway proteins are found in gastric
cancer cells. Next-generation sequencing and genotyping confirmed CTNNB1 and APC as
driver genes, although with varying prevalence (Holbrook et al., 2011, Wang et al., 2011, Lee
et al., 2012b, Nagarajan et al., 2012, Zang et al., 2012, Fassan et al., 2014). In addition to
mutations of the TCF/LEF family (Duval et al., 1999, Kim et al., 2009), mutations of the
CTNNB1 gene, encoding the B-catenin protein, show an enhanced Wnt signaling activator
function. Mutations in CTNNB1 predominantly occur at exon 3, encoding for the GSK3
phosphorylation consensus region of B-catenin, thus making it resistant to the DC and
causing its constitutive activation (Park et al., 1999, Woo et al., 2001, Clements et al., 2002,
Ebert et al., 2002). Mutations of APC can be found in more advanced tumor stages with a
frequency similar to that of CTNNB1 (Rhyu et al., 1994, Ogasawara et al., 2006, Fang et al.,
2012), thus emphasizing its relevance regarding tumor progression. Further, the loss of the
Wnt repressor function in gastric cancer has been shown for mutations in DKK1 (Aguilera et
al., 2006), AXIN1 (Kim et al., 2009) or RUNX3 (Ito et al., 2011), which are inhibitors of the
(canonical) Wnt/B-catenin pathway.
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1.4 Objectives

Dysregulation of (canonical) Wnt/B-catenin signaling is a substantial driving force of gastric
tumorigenesis. Notably, H. pylori was demonstrated to alter TCF/LEF transcriptional activity
and hence appears to be some kind of catalyzer of gastric cancer. This effect is mainly
attributed to its virulence factor CagA (see 1.2.4), which alters the (canonical) Wnt/B-catenin
signaling activity level and could be correlated with premalignant conditions. However, the
exact mechanisms of how CagA affects (canonical) Wnt/B-catenin signaling and the
involvement of distinct CagA domains are not understood. Therefore, the main aim of this
work is to decipher CagA’s impact on (canonical) Wnt/B-catenin signaling.

To address this, the following specific objectives were defined:

Impact of CagA on (canonical) Wnt/B-catenin signaling:
= Does CagA induce changes in TCF/LEF transcriptional activity?
= Does CagA exert influence on the host cells in a dose-dependent manner?

Relevance of CagA domains:

= To what extent are the amino- and carboxy-terminal domains involved in the effects on
(canonical) Wnt/B-catenin signaling activity?

Spatial distribution in the host cell:

= Do the amino- and carboxy-terminal domains show differential subcellular localization
once CagA is translocated into the host cell?
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2.1 Laboratory equipment
2.1.1 Instruments and devices

Instrument
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Advanced fluorescence and ECL imager

Biofuge fresco (Heraeus)

C1000 Touch thermal cycler

Forma Series Il water jacket CO,-incubator
Gel Doc™ XR* documentation system

Hera cell 240 CO,-incubator (Heraeus)
Hera freeze basic (Heraeus)

Hera safe KS18 safety cabinet (Heraeus)
Leica SP5, confocal microscope

Mega fuge 2.0 RS (Heraeus)

Mini-Sub Cell GT electrophoresis chamber
NanoDrop ND 1000 spectrometer

Nikon Eclipse TS 100 + Nikon Digital Sight DS-L3
Novex® XCell SureLock™ mini-cell

Orion microplate luminometer

Power Pac HC

Trans Blot SD Semidry, transfer cell

Intas Science Imaging Instruments, Gottingen
(Germany)

Thermo Fisher Scientific, Waltham, MA (USA)
Bio Rad Laboratories, Hercules, CA (USA)
Thermo Fisher Scientific, Waltham, MA (USA)
Bio Rad Laboratories, Hercules, CA (USA)
Thermo Fisher Scientific, Waltham, MA (USA)
Thermo Fisher Scientific, Waltham, MA (USA)
Thermo Fisher Scientific, Waltham, MA (USA)
Leica, Wetzlar (Germany)

Thermo Fisher Scientific, Waltham, MA (USA)
Bio Rad Laboratories, Hercules, CA (USA)
Thermo Fisher Scientific, Waltham, MA (USA)
Nikon, Tokio (Japan)

Life Technologies, Carlsbad, CA (USA)
Berthold, Bad Wildbad (Germany)

Bio Rad Laboratories, Hercules, CA (USA)

Bio Rad Laboratories, Hercules, CA (USA)

Table 1: Laboratory equipment
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2.1.2 Consumables

Consumables

Manufacturer

Blotting paper (Whatman)

Cover slips

Cryotubes (Nalgene)

Filter 0,45 um

Microcentrifuge tubes (0.5 ml, 1.5 ml, 2.0 ml)
Microscope slides, superfrost plus

Multiwell tissue culture plates (6-, 12-, 24-well)
(Falcon)

Novex® gel cassettes
Novex® gel combs
Parafilm® “M”
Pipette tips

Protran® nitrocellulose transfer membrane
(Whatman)

Serologic pipettes (2 ml, 5 ml, 10 ml, 25 ml)
TipOne® graduated filter tips

Tissue culture dishes (100 x 20 mm; Dia x H)
(Falcon)

Tissue culture flasks (25 cm?, 75 cm?, 185 cm?)

Tubes, polypropylen (15 ml, 50 ml)

GE Healthcare, Little Chalfont (UK)

Menzel, Braunschweig (Germany)

Thermo Fisher Scientific, Waltham, MA (USA)
Sartorius, Gottingen (Germany)

VWR international, Radnor, PA (USA)

Menzel, Braunschweig (Germany)

BD Labware, Franklin Lake, NJ (USA)

Life Technologies, Carlsbad, CA (USA)

Life Technologies, Carlsbad, CA (USA)

Pechiney Plastics Packaging, Boscobel, WI (USA)
VWR international, Radnor, PA (USA)

GE Healthcare, Little Chalfont (UK)

Greiner Bio-one, Kremsmiinster (Austria)
Starlab, Hamburg (Germany)
BD Labware, Franklin Lake, NJ (USA)

VWR international, Radnor, PA (USA)

Greiner Bio-one, Kremsmiinster (Austria)

Table 2: Consumables

2.1.3 Software

Software

Manufacturer

ChemoStar recording software

CLC Workbench

GraphPad Prisme

IMAGEJ software

Microsoft Excel

Molecular Imager Gel Doc XR* System

Photoshop CS

Intas Science Imaging Instruments, Gottingen
(Germany)

Quiagen, Venlo (Netherlands)

GraphPad Software, La Jolla, CA (USA)
Wayne Rasband, NIH, Bethesda, MD (USA)
Microsoft Corporation, Redmond, WA (USA)
Bio Rad Laboratories, Hercules, CA (USA)
Adobe Systems, Mountain View, CA (USA)

Table 3: Software
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2.2.1 Cell culture reagents

Reagent

Materials & Methods

Manufacturer

27

Dulbecco’s modified Eagle medium (D-MEM; 1x;
+4.5 g/| D-glucose, +L-glutamine), liquid

Fetal bovine serum (FBS), liquid

L-glutamine (200 mM)

Lipofectamine® 2000 reagent, liquid

Lithium Chloride, powder

Opti-MEM® | reduced-serum medium (1x),
liquid

Penicillin-streptomycin (10,000 U/ml)
Puromycin, powder

RPMI 1640 medium (1x; + L-glutamine), liquid
Trypsin, 0.25% (1x), phenol red, liquid

Gibco, Carlsbad, CA (USA)

Sigma-Aldrich, St Louis, MO (USA)
Gibco, Carlsbad, CA (USA)

Life Technologies, Carlsbad, CA (USA)
Merck, Darmstadt (Germany)

Gibco, Carlsbad, CA (USA)

Gibco, Carlsbad, CA (USA)
Merck, Darmstadt (Germany)
Gibco, Carlsbad, CA (USA)
Gibco, Carlsbad, CA (USA)

Table 4: Cell culture reagents

2.2.2 Microbiology, molecular biology and biochemistry reagents

Reagent

Manufacturer

2-[4-(2-hydroxyethyl)piperazin-
1-yl]ethanesulfonic acid (HEPES)

Acetic acid

Acetone

Acrylamide (Bis 19:1, 40%)
Agar-Agar

Ammonium persulfate (APS)
Ampicillin sodium salt

Beef serum albumin (BSA), albumin fraction V
(pH 7.0)

BHI medium
Brucella broth
Bromophenol blue

Clarity™ Western ECL substrate,
immunodetection reagent

Columbia blood agar

Sigma-Aldrich, St Louis, MO (USA)

Merck, Darmstadt (Germany)
Merck, Darmstadt (Germany)
Ambion, Carlsbad, CA (USA)

Roth, Karlsruhe (Germany)

Roth, Karlsruhe (Germany)
Sigma-Aldrich, St Louis, MO (USA)
AppliChem, Darmstadt (Germany)

Sigma-Aldrich, St Louis, MO (USA)
Oxoid Limited, Basingstoke (UK)
Bio Rad Laboratories, Munich (Germany)

Bio Rad Laboratories, Hercules, CA (USA)

Oxoid Limited, Basingstoke (UK)
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Defibrinated horse blood

Disodium hydrophosphate (Na;HPO,)
Dithiothreitol (DTT)

Ethanol, absolute
Ethylene-diamine-tetraacetic acid (EDTA)
Ethylene-glycol-tetraacetic acid (EGTA)
Glucose

Glycerol

Glycin

Glycylglycine (GlyGly)

GoTaq® DNA polymerase

Helicobacter pylori selective supplement (DENT
supplement)

Herculase® Il fusion DNA polymerase
Hydrochloric acid (HCI)

Isopropyl alcohol

Kanamycin sulfate

Lithium chloride (LiCl)

Lysogeny broth agar (LB, Luria/Miller)
Lysogeny broth medium (LB, Luria/Miller)
Magnesium sulfate

Methanol, absolute

Milk powder, blotting grade
Monopotassium phosphate (KH2PO4)
Phosphate buffered saline (PBS)
Ponceau S

Potassium chloride (KCI)

Potassium nitrate (KNOs)

Precision Plus Protein™ all blue standard

Precision Plus Protein™ dual color standard

Restore Western BGA, stripping buffer
Roti®-Safe GelStain

Saponin

Sodium chloride (NaCl)

Sodium dodecyl sulfate (SDS)

Sodium hydroxide (NaOH)

Oxoid Limited, Basingstoke (UK)
Merck, Darmstadt (Germany)
Roth, Karlsruhe (Germany)
AppliChem, Darmstadt (Germany)
AppliChem, Darmstadt (Germany)
Roth, Karlsruhe (Germany)
Thermo Fisher Scientific, Waltham, MA (USA)
AppliChem, Darmstadt (Germany)
Roth, Karlsruhe (Germany)
AppliChem, Darmstadt (Germany)
Promega, Madison, WI (USA)
Oxoid Limited, Basingstoke (UK)

Agilent Technologies, Santa Clara, CA (USA)
Merck, Darmstadt (Germany)
AppliChem, Darmstadt (Germany)
Sigma-Aldrich, St Louis, MO (USA)
Merck, Darmstadt (Germany)

Roth, Karlsruhe (Germany)

Roth, Karlsruhe (Germany)

Roth, Karlsruhe (Germany)

Merck, Darmstadt (Germany)

Roth, Karlsruhe (Germany)

Merck, Darmstadt (Germany)

Roth, Karlsruhe (Germany)
Sigma-Aldrich, St Louis, MO (USA)
Merck, Darmstadt (Germany)

Merck, Darmstadt (Germany)

Bio Rad Laboratories, Hercules, CA (USA)
Bio Rad Laboratories, Hercules, CA (USA)

Thermo Fisher Scientific, Waltham, MA (USA)
Roth, Karlsruhe (Germany)

Sigma-Aldrich, St Louis, MO (USA)

Roth, Karlsruhe (Germany)

Roth, Karlsruhe (Germany)

AppliChem, Darmstadt (Germany)




Tetramethylethylenediamine (TEMED, ultra
pure)

Tris
Triton® X-100 (Octoxynol-9)
Tryptone

Tween® 20 (Polyoxyethylene sorbitan
monolaurate)

Vectashield® HardSet™ mounting medium with
DAPI

WC agar
Yeast extract

B-Mercaptoethanol
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Life Technologies, Carlsbad, CA (USA)

Roth, Karlsruhe (Germany)

AppliChem, Darmstadt (Germany)
AppliChem, Darmstadt (Germany)
AppliChem, Darmstadt (Germany)

Vector Lab, Burlingame, CA (USA)

Oxoid Limited, Basingstoke (UK)
Sigma-Aldrich, Buchs (Switzerland)
Sigma-Aldrich, St Louis, MO (USA)
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Table 5: Molecular biology and biochemistry reagents

2.2.3 Cloning materials

Item

Manufacturer

Agarose, low EED

BamHl, Bglll, BspHI, Dpnl, EcoRlI, EcoRV, Mlul,
Ncol, Nhel, Pstl, Pvull, Sall, Smal, Spel, Sphl
(Restriction enzymes)

Bench Top 1kb DNA ladder
pCignal™ Lenti Renilla Control
pCignal™ Lenti TCF/LEF Reporter
Gel loading dye (6x)

Gibson Assembly® cloning kit

One Shot® MAX Efficiency™ DH10B™ T1 phage
resistant cells

One Shot® OmniMax™ 2 T1R?

Platinum® Tag DNA polymerase high fidelity
Subcloning Efficiency™ DH5a™ competent cells
sureENTRY™ Transduction Reagent

T4 DNA Ligase

TOPO® TA Cloning® kit

Sigma-Aldrich, St Louis, MO (USA)
Promega, Madison, WI (USA)

Promega, Madison, WI (USA)
Quiagen, Venlo (Netherlands)
Quiagen, Venlo (Netherlands)

Roth, Karlsruhe (Germany)

NEB, lpswich, MA (USA)

Life Technologies, Carlsbad, CA (USA)

Life Technologies, Carlsbad, CA (USA)
Life Technologies, Carlsbad, CA (USA)
Life Technologies, Carlsbad, CA (USA)
Quiagen, Venlo (Netherlands)

NEB, lpswich, MA (USA)

Life Technologies, Carlsbad, CA (USA)

Table 6: Cloning materials
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2.2.4 Plasmids

Plasmid

Originator/Distributor/Manufacturer

pcDNA3.1

pcDNA4/TO

pCignal™ Lenti Renilla Control (luc)
pCignal™ Lenti TCF/LEF Reporter (luc)
pCMV-dR8.91

pEGFP-C1
pPEGFP-N1
pFOPflash

pLenti CMV Puro DEST
pMD2.G

pRL CMV (Renilla luciferase)
pTOPflash

Thermo Fisher Scientific, Waltham, MA (USA)
Thermo Fisher Scientific, Waltham, MA (USA)
Quiagen, Hilden, Germany
Quiagen, Hilden, Germany

Kindly provided by Prof. D. Trono, Lausanne,
Switzerland

Clontech Laboratories, Mountain View, CA (USA)
Clontech Laboratories, Mountain View, CA (USA)

Kindly provided by Prof. H. Clevers, Utrecht,
Netherlands (Korinek et al., 1997)

Addgene, Cambridge, MA (USA)

Kindly provided by Prof. D. Trono, Lausanne,
Switzerland

Promega, Madison, WI (USA)

Kindly provided by Prof. H. Clevers, Utrecht,
Netherlands (Korinek et al., 1997)

Table 7: Plasmids used (for cloning, transfection, transduction, stuffer, etc.)

2.2.5 Kits

If not stated otherwise, those commercial kits were used according to the manufacturer’s

protocol.

Kit

Manufacturer

DNeasy® Blood&Tissue kit
Dual-Luciferase® reporter assay system
Pure Yield™ plasmid midi prep system
Pure Yield™ plasmid mini prep system

Wizard® SV gel and PCR clean-up system

Quiagen, Venlo (Netherlands)
Promega, Madison, WI (USA)
Promega, Madison, WI (USA)
Promega, Madison, WI (USA)
Promega, Madison, WI (USA)

Table 8: Preparation kits utilized
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Buffer
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Composition
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Fixation solution (for IF)

Lysis buffer (TOP/FOP assay)

PBS buffer (phosphate buffered saline, 10x)

Permeabilization and blocking buffer (for IF)

SDS lysis buffer (1x)

SDS running buffer (10x)

SDS sample buffer (4x)

Semi dry transfer buffer

TAE buffer (1x)

Methanol/Acetone 1:1 (-20 °C)
25 mM GlyGly

4 mM EGTA (pH 8.0)

15 mM MgSO,

1% Triton X-100
[optional: 1 mM DTT]
1.37 M NacCl

27 mM KCl

100 mM Na;HPO4

18 mM KH;PO,4

pH 7.4 (HCI)

PBS (1x)

3% (w/v) BSA

1% (w/v) Saponin

0.5% Triton X-100

2% w/v SDS

62.5 mM TRIS pH 6.8
10% Glycerol

0.01% Bromophenol blue
50mM DTT (added instantly before use)
0.1% (w/v) SDS

25 mM Tris (pH 6.8)

200 mM Glycine

0.8% (w/v) SDS

160 mM Tris (pH 6.8)
30% Glycerol

0.01% (w/v) Bromophenol blue
48 mM Tris ultra

39 mM Glycine

0.0379% SDS (10%)

20% MeOH

40 mM Tris

20 mM Acetic acid
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TBS buffer (10x)

TBS-T buffer (1x)

Washing buffer 1 (for IF)

Washing buffer 2 (for IF)

1 mM EDTA (pH 8.0)
500 mM Tris

1.5 M NaCl

pH 7.5 (HCl)

1/10 TBS (10x) buffer diluted in ddH,0
0.1% Tween 20

PBS (1x)

3% (w/v) BSA

1% (w/v) Saponin
PBS (1x)

1% (w/v) Saponin

Table 9: Prepared buffers and solutions

2.2.6 Antibodies

Antibody Dilution Manufacturer

Alexa Fluor 488 goat anti-mouse IF 1:300 Molecular Probes, Invitrogen, OR (USA)

Alexa Fluor 594 chicken anti-rabbit IF 1:300 Molecular Probes, Invitrogen, OR (USA)

Anti-goat IgG, HRP conjugate IB 1:2500 Promega, Madison, WI (USA)

Anti-mouse IgG, HRP conjugate IB 1:2500 Promega, Madison, WI (USA)

Anti-rabbit IgG, HRP conjugate IB 1:2500 Promega, Madison, WI (USA)

Hoechst 33342 IF 1:10000 Hoechst, Frankfurt (Germany)

Mouse anti-B-actin IF 1:1000 Sigma-Aldrich, St Louis, MO (USA)

Mouse anti-B-catenin IB 1:2000 BD Transduction Laboratories, Franklin Lake,
IF 1:500 NJ (USA)

Rabbit anti-CagA;.s77 IB 1:5000 Against CagA AA 1-877 (recombinant GST
IF 1:200 fusion protein expressed in E. coli)

Rabbit anti-FLAG IB 1:2500 Sigma-Aldrich, St Louis, MO (USA)
IF 1:200

Rabbit anti-nonP-B-catenin IB 1:1000 Cell Signaling, Boston, MA (US)

Rabbit anti-P-B-catenin IB 1:1000 Cell Signaling, Boston, MA (US)

Table 10: Antibodies used (IB: Western blotting, IF: Imnmunofluorescence staining)



2.2.7 Media and agarose plates

Medium

Composition
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Comment

Luria-Bertani (LB) agar plates

Luria-Bertani (LB) medium

Super optimal broth
(SOB medium)

Super optimal broth with
catabolite repression
(SOC medium)

WC DENT horse blood agar
plates

0.5% (w/v) NaCl

0.5% (w/v) Yeast extract
1.0% (w/v) Tryptone
1.5% (w/v) Agar-Agar
pH 7.4 (NaOH)

1.0% (w/v) NacCl

0.5% (w/v) Yeast extract
1.0% (w/v) Tryptone

pH 7.4 (NaOH)

10 mM Nacl

2.5 mM KCI

0.5% (w/v) Yeast extract
2.0% (w/v) Tryptone

pH 7.4 (NaOH)

20 mM MgSO4

SOB medium

20 mM Glucose solution
(20%)

500 ml ddH,0

43 g/I WC agar

0.8 g/I KNO;

DENT supplement”

35 ml (defibrinated) horse
blood 10%

[optional:
100 pg/ml kanamycin]

After autoclaving, medium was
cooled down to approximately 55 °C,
corresponding antibiotic was added
and medium was transferred to
culture plates, once having reached
RT plates were stored at -4 °C

After autoclaving, medium was
cooled down to approximately 55 °C,
corresponding antibiotic was added,
once having reached RT medium was
stored at -4 °C

Preparation and MgS0O4 may be
autoclaved the same time, but
separately, afterwards merging of
both

After cooling of SOB medium to less
than 50 °C, filter-sterilized glucose
solution was added

WC agar and KNOs were dissolved in
deionized water and autoclaved

(2 min), thereafter cooling down
medium to 50 °C and subjoining dent
supplement” and defibrinated horse
blood, solution was immediately
dispensed in petri dishes, stored at
4°C

* comprising: 5 mg Vancomycin; 2.5 mg
Trimethoprim; 2.5 mg Cefsulodin;

2.5 mg Amphotericin B

Table 11: Media and agarose plates
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2.3 Cell lines and bacterial strains

2.3.1 Eukaryotic cells

Cell line

Origin

Specification

AGS

MKN45

alias:
MKN-45

23132
alias:
23132-87
23132/87

293T

alias:
HEK 293T

Homo sapiens ?
stomach, gastric
adenocarcinoma

(primary)

Homo sapiens ?
stomach, gastric
adenocarcinoma
(metastasis)

Homo sapiens &
stomach, gastric
adenocarcinoma

(primary)

Homo sapiens ?
fetal kidney,
(presumably)
immature neurons
from adrenal
precursor structure
(Shaw et al., 2002,
Lin et al., 2014)

Hyperdiploid (modal chromosome number 49, 60% of
cells), persistently infected with parainfluenza virus type 5
(PIV5) (ATCC, CRL-1739); mutations: activation of
Wnt/B-catenin signaling through mutation at CTNNB1
(Caca et al., 1999, Asciutti et al., 2011); frameshift causing
dysfunctional E-cadherin (CDH1) expression (Caca et al.
1999, Oliveira et al., 2009); deleterious mutations at
LGR5, KRAS and TAB2 (5.1.1.2.1); Wnt/B-catenin signaling
activity: strong (= 0.68, by comparison to NCI-N87 (= 1)
(see 5.1.2.3);

Hypertriploid (8% polyploidy); poorly differentiated;
impaired stabilization of wt p53 through deletion at
CDKN2A (lida et al., 2000); mutations: 4-AA deletion at
E-cadherin key Ca%**-binding motif presumably effecting
reduced cell-cell-adhesion (Oda et al., 1994); deleterious
mutations at WNT5B and FZD7 (see 5.1.1.2.2);
Wnt/B-catenin signaling activity: weak (= 0.06), by
comparison to NCI-N87 (= 1) (see 5.1.2.3);

Aneuploid (chromosomal numbers varying: 30-109);
mutations: microsatellite instability, causing various
frameshifts (AXIN1, AXIN2, FZD6, NLK, RNF43, WNT1);
pathologic mutation at CDH1 affecting cadherin domain
(Klijn et al., 2015); deleterious mutations at CSNK1E,
DKK1, DKK2, DVL2, FZD5, FZD8, LRP6 and TCF3 (see
5.1.1.2.3); Wnt/B-catenin signaling activity: subordinate
(= 0.08), by comparison to NCI-N87 (= 1) (see 5.1.2.3);

Hypertriploid (modal chromosome number 64, 30% of
cells) (ATCC, CRL-1573); potentially tumorigenic
(Stepanenko and Dmitrenko, 2015); Human Embryonic
Kidney (HEK) 293 cells are transduced by sheared
adenovirus type 5 (AD5) (Graham et al., 1977) causing
deregulation of pRB/p53 pathways (Stepanenko et al.,
2013) thus interfering with cell cycle control and
counteracting apoptosis (Berk, 2005); 293T derivate with
additionally compromised genome integrity through
overexpression of SV40 LTag therefore inhibiting p53
(DuBridge et al., 1987, Lin et al., 2014); mutations:
deleterious mutations at LGR4, TP53 and ZNRF3 (see
5.1.1.3); Wnt/B-catenin signaling activity: intact (Liu et
al., 2007, Upadhyay et al., 2008);

Table 12: Immortalized cell lines



2.3.2 Prokaryotic cells

H. pylori strain

Origin
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Specification

G27

G27 ACagA

PMSS1

PMSS1 ACagA

Isolated from
endoscopy biopsy
specimens (Covacci
et al., 1993)

H. pylori strain G27

Clinical isolate
capable of infecting
mice, premouse
strain (Lee et al.,
1997)

H. pylori strain
PMSS1

Human pathogen, single circular chromosome

(1,652,983 bp), contains one plasmid of 10,032 bp
encoding 11 genes, single plasticity region (between ORFs
927 and 985) containing many H. pylori-specific genes
(Baltrus et al., 2009)

CagA deficient isogenic strain generated by allelic
exchange through natural transformation

Human pathogen, CagA and VacA positive (Lee et al.,
1997)

CagA deficient isogenic strain generated by allelic
exchange through natural transformation

Table 13: Helicobacter pylori strains

2.4 Cloning of the cagA gene and its constructs

In addition to the full-length wild type (wt) cagA gene, truncated versions (so-called
“constructs”) have also been created that can likewise be introduced into eukaryotic host
cells by transfection or transduction. These are all derived from a
pTRE-tight-GFP-cagA-wt-SBP plasmid kindly provided by Dr. Roger Vogelmann and originally
constructed from wt cagA of H. pylori strain G27 (Covacci et al., 1993). In general, wt cagA
and its constructs were defined and amplified by PCR using primers that attached additional
sequences (such as FLAG-tag, the Kozak sequence or just linker-DNA). All constructs were
verified by sequencing.

Basically, this should generate or provide three different variants of the CagA protein: In
addition to wt CagA also an amino-terminal (“NT”) as well as a carboxy-terminal variant
(“CT”) of this protein (see Figure 4). The latter are also collectively referred to as "constructs"
or "truncated versions" in the following.

=  wtcagA — wt CagA
Full length CagA protein comprising amino acids 1-1216 (i.e., cagA bp 1-3648)

=  cagA-NTaai1-200 — CagA-NTaai-200

The amino-terminal domain of CagA, comprising amino acids 1-200 (i.e., cagA bp 1-600)

= cagA-CTaaz01-1216 — CagA-CTaaz01-1216
The middle and carboxy-terminal domains of CagA, harboring the EPIYA and CMW
multimerization motifs and comprising amino acids 201-1216 (i.e., cagA bp 601-3648)
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Map of the CagA protein and its constructs
H. pylori strain G27

Membrane Membrane Multimerization
Tethering Interaction Site
N — | |
1 200 450 650 846 1069 1216
1 | 1 | 1 1 1
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1 200
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Detail of Multimerization Site:
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Figure 4: Map of CagA protein and its constructs.

Schematic representation of H. pylori strain G27 wild type CagA (AA 1-1216) and its constructs (CagA-NTaa1-200
and CagA-CTaazo01-1216); Orange section: N-terminal part (AA 1-200) for membrane tethering; pink sections: WW1
(AA 121-153) and WW2 (AA 205-237) domain, respectively; blue hatched section: middle domain (roughly

AA 450-650) for membrane interaction; dark section: multimerization site (AA 846-1069), depicted in detail in
the enlargement; white sections: EPIYA motifs (type A, B or C), teal sections: CM" motifs.

2.4.1 pEGFP-cagA (wt or constructs)

Since successfully transfected eukaryotic cells can be easily detected by green fluorescence
through expression of the EGFP gene (Chalfie et al., 1994, Cormack et al., 1996), the pEGFP
cloning vector system was used. It basically comprises two variants with different localization
of the multi cloning site with respect to the EGFP gene, allowing for production of fusion
proteins in which the insert is either located at the carboxy-terminal (pEGFP-C1-3) or at the
amino-terminal (pEGFP-N1.3) part of the EGFP gene. In transfection experiments only
PEGFP-C1-cagA constructs have been utilized (see 3.2.2). The CMV promoter ensures that
construct genes are strongly expressed and the SV40 poly A sequence, located downstream
of the multi cloning site, stabilizes the mRNA following transcription. To add specific
restriction sites, cloning into the pEGFP vector system was done in a two-step approach,
which comprised TOPO® TA cloning (see 2.4.1.1) followed by conventional cloning (see
2.4.1.2).

2.4.1.1 TOPO® TA cloning (step 1)

In contrast to conventional molecular cloning (see 2.4.1.2), the TOPO® TA cloning technique
allows for subcloning without the use of restriction enzymes. The rationale is based on two
principles: (i) the ability of the complementary single overhanging 3’-adenin (A) and
3’-thymidine (T) residues of two different DNA fragments to spontaneously hybridize and (ii)
the fact that vaccinia virus topoisomerase | provides a phosphor-tyrosyl bond between itself
and a terminal DNA fragment (in this context, at the overhanging 3’-thymidine of the vector).
This bond can then be targeted by the non-overhanging 5’-hydroxyl group of the second DNA
fragment (i.e., the insert) once hybridization has been completed, resulting in ligation of the
two fragments. The probability is even increased if the primers used for amplification of the
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particular insert contain guanine residues close to the 5’-end. In addition to the possibility of
adding distinct restriction sites by suitable primers, the single 3’-adenin overhangs are
attached to the insert by using a Tag DNA polymerase for its amplification (due to its non-
template-dependent terminal transferase activity). In these experiments, the TOPO® TA
cloning kit was used, which provides an already linearized plasmid vector (pCR™4-TOPO®)
with single 3’-thymidine overhangs. The latter belong to the 5’-CCCTT parts where vaccinia
virus topoisomerase | has already bound and cleaved the (former) phosphodiester backbone
just behind. Whereas the native topoisomerase only mediates the covalent rejoining of the
backbone after relaxation of the DNA molecule, the provided topoisomerase remains
covalently bound to the linearized vector waiting for its own liberation. Once the
complementary 3’-adenosin of the insert hybridizes with the single overhanging 3’-thymidine
of the vector, the phosphodiester backbones are covalently connected while releasing the
topoisomerase. According to the manufacturer’s protocol, the whole procedure was done at
RT within 30 minutes.

In order to preserve the different cagA constructs and to be capable of DNA sequencing,
TOPO® TA cloning was utilized as the first step of transferring them to the desired expression
vector system (pEGFP-C1, pEGFP-N1). First, wt cagA and its constructs (cagA-NTaa1-200,
cagA-CTaaz01-1216) Were defined and amplified by PCR using primers that attached a
Pstl-cleavage site to the 5’-end and a Smal-cleavage site to the 3’-end (see 5.2.1). In this case,
Platinum® Tag DNA polymerase was used and a pTRE-tight-GFP-cagA-wt-SBP plasmid, kindly
provided by Dr. Roger Vogelmann, served as template. Thereafter, TOPO® TA cloning was
performed following the manufacturer’s instructions. Finally, constructs were transformed
into competent E. coli (DH5a™) and cultivated overnight (o/n). After evaluating the

pCR4 TOPO cagA constructs by sequencing, further cloning steps were conducted via
conventional cloning by means of restriction enzyme digestion and ligation (see 2.5.3 and
2.4.1.2).

2.4.1.2 Conventional molecular cloning (step 2)

H. pylori wt cagA and its constructs were inserted into the pEGFP-C1 vector to express them
in different immortalized cell lines. The template wt cagA and its constructs were generated
by TOPO® TA cloning (see 2.4.1.1). Conventional molecular cloning is based on (i) specific
restriction enzyme cleavage followed by (ii) the correct recombination of the intended vector
system and the insert, i.e., the gene of interest. In the first step, both the vector and the
insert are digested by at least one distinct restriction enzyme, whereas the insert has to be
cut twice. It is more convenient to use two different restriction enzymes for cutting both in
order to make sure there is only one possible orientation the insert can be successfully
introduced into the vector. If the preferential restriction enzymes do not show identical or
compatible working conditions, two consecutive steps are applied. This was the case with the
cloning of wt cagA and its constructs into the pEGFP-C1 vector system, as Smal and Pstl were
applied, which have different optimal work temperatures (25 °C vs. 37 °C). After cleavage of
the DNA, the fragments were run over agarose gels to verify and separate the desired gene
or vector backbone. The bands were cut out and purified using commercial kits (see 2.2.5).
Subsequently, the fragments were combined in a 2:1 to 3:1 molar ratio of insert and vector
(50 ng) and ligated by the T4 ligase at 14 °C o/n, using a thermal cycler to ensure a constant
temperature. DH10B™ competent E. coli was used to obtain high transformation yields. The
bacterial suspension was spread and incubated on agarose plates (containing the required
antibiotic) and lastly individual colonies were propagated and screened for the desired DNA
construct by restriction enzyme digestion (see 2.5.3).
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2.4.2 pcDNA4/TO-cagA (wt or constructs): Isothermal assembly

In 2009 Daniel Gibson and colleagues developed a very powerful method that allows several
different DNA fragments to be combined in an isothermal reaction to form new constructs
regardless of their length (Gibson et al., 2009, Gibson, 2011). Compared to conventional
cloning strategies using restriction endonucleases and ligases, it holds several advantages.
This so-called Gibson assembly (i) is less laborious since it comprises fewer work steps and
thus is less time consuming, it (ii) circumvents restriction digestion, it is possible to (iii)
synthesize the entire backbone vector by PCR, furthermore, (iv) no restriction scars are
generated, and (v) multiple DNA fragments can be joined simultaneously in a single-tube
reaction.

The underlying principle is to generate adjacent fragments with identical (redundant)
sequences at the ends. With appropriate primers, each fragment can be extended by the
terminal sequence of the intended neighboring fragment by means of PCR. Thereby the
5’-end of the primer should be identical to the terminal 30 bp (3’-end) of the drafted
adjacent fragment (i.e., complementary to the 5’-end of its complementary strand). The
3’-end of the primer should anneal to the terminal part (i.e., the 3’-end of the
complementary strand) of the other fragment (i.e., the template of the PCR). To verify size
and yield of the obtained PCR products, they can be run over an agarose gel and
subsequently gel purified, if necessary. To perform the assembly reaction, fragments should
be put together in equimolar concentrations. In the first step, a T5 exonuclease cuts back the
5’-ends, generating single strain 3’-DNA overhangs that can subsequently anneal to each
other by forming hydrogen bonds. Afterwards, a DNA polymerase replenishes the gaps
between assembled DNA fragments by means of the complementary DNA strand. Finally, the
fragments are covalently linked by a DNA ligase creating a new contiguous DNA construct of
immaculately joined fragments. The DNA construct is then transformed into competent
bacteria (see 2.6.2), propagated o/n (see 2.6.1), extracted and purified (see 2.5.1) and finally
screened via restriction digestion (see 2.5.3). To definitely verify the newly created DNA
construct, at least the crucial parts, such as intersection areas between the particular
fragments, were sequenced.

This method was utilized to insert wt cagA and its constructs into the pcDNA4/TO vector
backbone. To introduce a FLAG-tag (Hopp et al., 1988) (in order to be capable of easily
detecting the wt CagA protein and its constructs by anti-FLAG-antibodies), primers were
partly equipped with a FLAG-sequence (DNA: GATTATAAAGATGATGATGATAAG — protein:
DYKDDDDK) plus a short linker sequence (DNA: CGTAGTCGTAGT or GCCTCGGCCTCG —
protein: ASAS) to circumvent steric hindrance by the CagA protein (see 5.2.2). Thus, each
construct was created in three versions: one without FLAG-tag or linker sequence, one with
N-terminal FLAG-tag and one with C-terminal FLAG-tag. Furthermore, to make sure cagA was
highly expressed in eukaryotic cells, the N-terminal parts of wt cagA and its constructs were
upgraded by a Kozak (Kozak, 1987) consensus sequence (DNA: GCCACCATGG). Ultimately, the
primers comprised two parts: one consisting of approximately 20 bp for the correct
annealing with wt cagA, its constructs or the vector backbone, respectively, the other of
roughly 30 bp either consisting of FLAG-tag plus linker sequence (plus Kozak sequence,
where required) or just vector or sequence (plus Kozak sequence, where required),
respectively, depending on the particular ending and the intended localization of the FLAG-
tag. Conditioning and amplification of the DNA fragments was done by means of the
Herculase® Il fusion DNA polymerase according to the manufacturer’s protocol. Table 14
describes the optimized approach, Table 15 shows the implemented PCR protocol. Since
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some primer combinations appeared to be quite complex in that showing diverging
annealing temperatures, cycling was done with distinct temperature gradients. For fragment
lengths shorter than 1 kb, only 2% DMSO was used.

Reagent/Item Volume
Herculase buffer (5x) 5.0 ul
dNTPs 0.25 ul
DNA template (15 ng) 5.0 ul
forward primer (100 nM) 0.625 pl
reverse primer (100 nM) 0.625 pl
DMSO (2-4%) 0.5-1.0 pl
ddH,0 ad 25 ul
Herculase® Il DNA polymerase 0.25 ul
Total volume 25 ul

Table 14: Conditioning and amplification of DNA fragments for isothermal assembly via PCR, thermocycling
approach

Repetition Temperature Duration
1x 95 °C 2’
30x 95 °C 20"
50-70 °C (gradient) 20"
72°C 30”
1x 72 °C 3’
12 °C )

Table 15: Conditioning and amplification of DNA fragments for isothermal assembly via PCR, thermocycling
protocol

Analytical agarose gel electrophoresis (see 2.5.4) of merely 1 pl per PCR product solution
provided sufficient information in terms of successful amplification, yield, purity and optimal
annealing temperature. To eliminate unmodified templates, PCR products were digested by
Dpnl, to eliminate PCR primers the solution was subsequently column purified by the
Wizard® SV gel and PCR clean-up system kit.

The recombination reaction was performed in a total volume of 10 ul in a thermocycler at a
constant temperature of 50 °C for one hour, and the volume of PCR product used did not
exceed 5 pl, since a total of 5 pl of Gibson Assembly® master mix, containing all necessary
enzymes, was required. The total amount of DNA used was between 0.001 and 0.25 pmol
(total mass: 25 to 50 ng). The insert and the vector were applied at a molar ratio of 3:1. The
Gibson Assembly product was transformed into competent E. coli and the bacterial
suspension was then spread on LB-agar plates containing the appropriate antibiotic (see
2.6.1). For verification of reliable expression of cloned wt cagA or its construct see 2.8.3.
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2.4.3 Lentivirus suitable cagA constructs: Gateway® recombinational
cloning

Gateway cloning is a high throughput means of transferring virtually any kind of DNA
sequence into a suitable expression vector. It involves at least two successive recombination
reactions (first BP, then LR), each of which completely dispenses with restriction enzymes
and ligations in the sense of conventional cloning strategies and, moreover, reliably preserves
the reading frame. (Hartley et al., 2000, Katzen, 2007). It is therefore a very forward, fast and
easy technique, which proves to be very convenient, particularly for the transfer of large
constructs. In this project, Gateway® recombinational cloning was applied to generate wt
cagA or its constructs that can be easily transduced into eukaryotic cells via a lentiviral
shuttle (Salmon and Trono, 2001). Both recombination reactions are derived from lambda
bacteriophage’s (lysogenic) recombination capability, at which recombinations take place
between (pairwise) specific sequences of two different DNA fragments or vectors (i.e., BP:
attB1/attB2 vs. attP1/attP2, then LR: attL1/attL2 vs. attR1/attR2), respectively, resulting in
circular structures.

The first reaction (BP) introduces the desired DNA fragment into a so-called donor vector,
resulting in a so-called entry clone that is a prerequisite for the second reaction (LR).
Therefore, the DNA fragment has to be equipped with flanking attB1 and attB2
recombination sites. This was done by PCR with Herculase® Il fusion DNA polymerase after
suitable primers have been designed according to the manufacturer’s protocol (see 5.2.3).
Since the plasmid that is hosting the template (pEGFP-N1-cagA) and the donor vector
(pDONR™221) both carry kanamycin resistance cassettes, the PCR product had to be treated
by Dpnl in order to cleave the originating vector and facilitate the selection of the generated
constructs. To monitor quality and yield, 2 pl of Dpnl-digested PCR product was subjected to
agarose gel electrophoresis (see 2.5.4). Other than recommended by the protocol,
purification of PCR products was performed directly by means of the Wizard® SV Gel and PCR
clean-up system. As mentioned above, the BP-recombination reaction between the
linearized attB PCR product (i.e., the DNA construct) and the donor vector simply creates the
entry clone carrying the desired DNA sequence, which is then flanked by attL recombination
sequences. To this end, the attB PCR product and donor vector had to be merged in
equimolar amounts of 50 fmol and a total volume of 10 pl. The reaction was performed
according to the protocol by accurately applying the provided reagents. Thereafter, DH5a™
chemically competent E. coli was transformed immediately (see 2.6.2) and finally spread on
prewarmed LB-agar plates containing 100 pug/ml of kanamycin for positive selection of
clones. The donor vectors that have not undergone recombination inhibit growth of
competent bacteria since they still possess the ccdB gene, which is located at the very
section (embraced by the attP recombination sequences) that should have been replaced by
BP-reaction, hence enabling a negative selection upon transformation. Prior to verifying
successful cloning by DNA sequencing, constructs were screened by restriction enzyme
digestion (see 2.5.3). Correct pPDONR™221 wt cagA or its constructs were stored in glycerol
stocks (see 2.6.1).

The second reaction (LR) finally transfers the desired DNA construct to a target vector by a
simple recombination reaction. This was done according to the manufacturer’s protocol, but
at halved volumes and amounts. For the recombination reaction, both the particular entry
clones (i.e., pPDONR™ 221 cagA constructs) and the destination vector, which was

pLenti CMV Puro DEST, were utilized in amounts of 150 pg plus the volumes of LR Clonase™
mix (2 ul) and TE buffer (pH 8; 6 ul). The total reaction volume of 10 ul was briefly vortexed
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twice and thereafter incubated for 16.5 h at constantly 25 °C. Replenished by 1 pl of
Proteinase K solution the formulation was finally incubated again at 37 °C for 10 minutes.
Thereafter, One Shot® OmniMax™ 2 T1R competent cells were transformed (see 2.6.2) and
spread on prewarmed LB-agar plates containing 35-50 ug/ml of ampicillin for positive
selection. Negative selection was again achieved by positive clones lacking the ccdB genes
(and competent bacteria lacking the ccdA gene). In order to check for positive

pLenti CMV Puro cagA (wt or constructs), small aliquots of bacterial suspension underwent
colony PCR (see 2.5.6) prior to generating glycerol stocks and further working steps.

2.5 Molecular biological techniques

2.5.1 DNA extraction and purification

The isolation of plasmid DNA from suspensions of transformed bacteria (see 2.6.2) comprises
several steps. Whereas chromosomal DNA and proteins are denatured at alkaline conditions,
plasmid DNA remains stable. Consecutive neutralization causes precipitation of the former
while the relatively small bacterial DNA plasmids stay in solution. Thereafter, silica
membrane columns are used for plasmid extraction and purification. Prior to washing
column bound DNA, purity and suitability for further biologic usage, such as transfection of
eukaryotic cells, is ensured by removing endotoxins from the column bound plasmids.
Depending on the amount of bacterial suspension, the isolation of plasmid DNA from o/n
cultivation was done either with the Pure Yield™ plasmid mini prep system (3 ml) or the
Pure Yield™ plasmid midi prep system (100 ml), according to the manufacturer’s protocol.
The elution of the purified DNA plasmids was done with 50 pl or 500 pl, respectively, of
nuclease free ddH,0 prewarmed at 50 °C. If not meant for immediate usage, plasmid
solutions were short time stored at -4 °C or permanently stored at -80 °C.

2.5.2 Photospectrometric analysis of DNA

By means of photospectrometric analysis, the concentration and purity of nucleic acid
solutions can be evaluated. Here the optical density, as defined by specific absorption
patterns at distinct wavelengths of ultraviolet light, is measured. UV light of 260 nm
wavelength is absorbed directly proportional to the concentration of nucleic acids. This
correlation is described by the Beer-Lambert law, which allows calculation of the quantity of
unknown nucleic acid samples due to absorbance at 260 nm (Az60) by choosing the
appropriate conversion factor. Since proteins absorb UV light at 280 nm wavelength, possible
contaminations can be estimated by the Azso/A2g0 relationship: Pure DNA will show an
Azs0/A250 Of about 1.8. Quantitative and qualitative analysis of DNA probes were conducted
via NanoDrop ND 1000 spectrometer.

2.5.3 Restriction enzyme cleavage

The selective hydrolysis of plasmids or DNA fragments by restriction endonucleases was
done for analytical or processing purposes. In order to process DNA or to verify that a cloning
strategy achieved successful insertion of the required DNA sequence into the vector system,
the plasmid or construct was specifically cleaved at at least two different sites by one or two
distinct restriction enzymes, simultaneously or sequentially. The fragments were separated
by agarose gel electrophoresis (see 2.5.4) and analyzed by UV light. If necessary, DNA bands
were carefully excised from the gel and purified using the Wizard® SV Gel and PCR Clean-Up
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system, according to the manufacturer’s protocol. The cloning strategies required, in part, a
specific treatment of the DNA constructs to be processed, such as degradation of original
vector DNA with Dpnl after PCR amplification or linearization of intermediates prior to
further working steps. The restriction enzymes were purchased at Promega and each was
used with the recommended and provided buffer solution according to manufacturer’s
instructions. Usually, DNA was digested at 37 °C for one hour following optional heat
inactivation at 65 °C for 15 minutes. The calculations were normally based on a total volume
of 20 pl. The optimized protocol is shown in Table 16.

Reagent/Item Volume
DNA 200 ng
Restriction enzyme (10 U/pl) 0,5 ul
Buffer (10x) 2 ul
ddH,0 ad 20 ul
Total volume 20 ul

Table 16: Standard protocol for restriction enzyme cleavage

2.5.4 Agarose gel electrophoresis

The separation of mixtures of different DNA fragments can easily be done by agarose gel
electrophoresis. While setting in the cast, agarose forms three-dimensional structures with
more or less defined pores whose sizes depend on the agarose concentration. The main
factor for DNA migration in an electric field is the size of the DNA molecule. In the electric
field, the negatively charged phosphate backbone is pulled towards the anode. Smaller
molecules can much easier pass the agarose pores and therefore migrate faster. The velocity
of double stranded DNA is inversely proportional to the logarithm to the base 10 of the
number of base pairs. In addition, the movement of circular DNA is depending on its
conformation, as supercoiled plasmids are more compact and can therefore migrate faster
than relaxed forms, resulting in several mostly distinct bands whose sizes are sometimes not
correctly represented by standard DNA size markers.

To prepare gels, agarose was diluted in 1x TAE buffer (see Table 9) in a concentration of 0.5 to
2.0% (w/v) according to the length of the fragments to separate. For complete dissolution,
the gel formulation was carefully heated by means of a microwave oven to approximately

85 °C. After cooling down, Roti®-Safe DNA stain was added at a concentration of 4 pl per

100 ml liquid agarose gel. Once polymerized, the comb, providing wells for the samples, was
removed, the gel transferred to the electrophoresis chamber and entirely submerged in

1x TAE buffer. Prior to pipetting the prepared DNA samples into the wells, they were mixed
with sample buffer (containing BFB) by 20% (v/v). Finally, the lid was put on the chamber, a
voltage of 70 V was applied, and DNA fragments were separated for 60 to 90 minutes
according to their length and agarose concentration. The visualization and documentation of
the separated DNA bands was done with the Gel Doc™ XR* documentation system by means
of UV light (302 nm) and a computer-assisted photo-documentation system (see 2.1).
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2.5.5 Polymerase chain reaction

By means of polymerase chain reaction, even single copies of a distinct DNA region of up to
10 kb can be specifically amplified by several orders of magnitude through utilizing
appropriate primers. An editing of DNA sequences is possible as well. In principle, a PCR is a
matched algorithm with different temperature regimens that enables specific biochemical
processes. In the first step, the temperature is risen to 95 °C in order to entirely separate the
double-stranded DNA template by disrupting the hydrogen bonds between complementary
bases (denaturation). After 20 to 30 seconds, the temperature is reduced to about 50 °C
depending on the optimal annealing temperature of the primer pair (which is approximately
5 °C below their Tm). Primers are short single stranded DNA sequences complementary to
both three prime ends of the separated sense and anti-sense strands of the target DNA.
Upon binding to the templates, stable hydrogen bonds are formed between the
complementary DNA bases. After the annealing step, the temperature is increased to the
optimal working temperature of the applied heat stable DNA polymerase, which is 72 °Cin
case of the Tag DNA polymerase. If dNTPs are present, the polymerase starts to add them in
complementary fashion to the templates in 5’-3’ direction (elongation/extension), starting
with the free 3’-hydroxyl group of the attached primer, creating a new complementary
strand. The elongation time depends on the length of the template: At optimal conditions
the DNA polymerase is capable of adding up to 1000 residues per minute. The particular
sequence of working steps is repeated around 30 times, with the amount of the target
increasing exponentially as the newly synthesized strands themselves become templates.
This whole process is preceded by an initialization step at 95 °C for 2 to 5 minutes, during
which the DNA polymerase is heat activated. To make sure that any remaining single-
stranded DNA is entirely complemented after the last cycle, a final elongation step of
additional 5 to 15 minutes is added. Finally, to prevent degradation of the PCR product until
it is retrieved from the device, a final hold at 4 to 12 °C is set for infinite time. Table 17
exemplifies the standard PCR protocol used for cloning H. pylori cagA (wt or constructs) into
pEGFP vectors.

Repetition Temperature Duration
1x 95 °C 5
30x 95 °C 30”

60 °C 45"

72°C 30” (1’/kb)
1x 72 °C 10

4°C oo

Table 17: Standard PCR protocol

2.5.6 Colony PCR

Colony PCR is a fast and simple way to specifically screen colonies of transformed bacteria for
distinct DNA sequences. This technique was applied in several approaches to circumvent
rather laborious screening for correct clones by DNA purification and restriction digestion.
Individual colonies of bacteria, which were transformed the previous day by plasmids
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comprising the putative new DNA constructs and grown on LB agar plates o/n, were picked
by sterile filter tips and resuspended in 3 ml of double distilled water. Thereafter, they were
incubated for at least one hour at 37 °C at an ambient air containing 5% CO; under
permanent agitation at 220 rpm. At last, 10 ul of bacterial suspension were supplemented
with 12.5 pl of GoTaqg polymerase and 1 uM of appropriate forward and reverse primers to a
total volume of 25 pl. The amplification of the target sequences was done in a thermocycler
according to Table 18.

To verify that cloning was successful, 10 pl per PCR product was run over an agarose gel. If
so, the corresponding bacterial colonies were propagated o/n and the DNA was extracted
the following day and sequenced.

Repetition Temperature Duration
1x 95 °C 5’
30x 95°C 30”

60 °C 45"

72°C 30” (1’/kb)
1x 72°C 5

4°C oo

Table 18: Colony PCR protocol

2.6 Microbiological techniques

In order to minimize the risk of contaminating experiments, heat-stable equipment and
solutions were consequently autoclaved at 121 °C and 2 bar for at least 20 minutes prior to
usage. Heat sensitive media and solutions were sterilized by filters with appropriate pore size
to remove bacteria or viruses (200 nm or 20 nm, respectively).

2.6.1 Culture and storage conditions of £. coli

Competent E. coli strains (DH5a™, DH10B™) were cultivated o/n at 37 °C and 5% CO,, either
on LB-agar plates or in LB-medium shaking at 220 rpm, both containing the appropriate
antibiotic.

From bacteria that had been successfully transformed and propagated o/n on LB-agar plates
(see 2.6.2), individual colonies were transferred separately by sterile pipette tips to 3 ml of
fresh LB-medium containing the appropriate antibiotic. If not meant to be used for screening
by colony PCR (see 2.5.6), transformed and suspended bacteria were thus again o/n
cultivated in 100 ml of fresh LB-medium containing the appropriate antibiotic to obtain a
dense bacterial suspension. Storage of bacteria was done by means of so-called glycerol
stocks that were prepared as follows: LB-medium suspensions of o/n bacterial cultures were
transferred into cryotubes containing 30% (v/v) Glycerol, vortexed very briefly but thoroughly
and then immediately shock frozen in liquid nitrogen and finally stored at -80 °C.
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In the case of bacteria from deep-frozen glycerol stocks, a tiny heap of still frozen bacterial
suspension was carefully transferred by an inoculation loop to 100 ml of fresh LB-medium
containing the appropriate antibiotic and cultivated o/n.

2.6.2 Transformation of chemically competent bacteria (£. coli)

Deep-frozen vials containing suspensions of competent bacteria were placed directly on ice
to thaw to freezing point. The DNA solutions were precooled in the same manner, and the
volume used for transformation was no more than one-tenth the volume of the competent
bacteria. Both were carefully merged (i.e., 4 ul DNA-solution vs. 50 pl cell suspension),
strictly avoiding pipetting up and down during mixing. After 30 minutes of incubation on ice,
bacteria were heat-shocked for 30 seconds at 42 °C (water bath) and again put on ice for two
further minutes. Afterwards, competent cells were mixed with 950 ul of SOC-medium and
incubated at 37 °C and 250 rpm for at least one hour. Then bacteria were spun down at
5000 rpm for 3 minutes and resuspended in 300 pl of fresh LB-medium. Finally, 1:1 and 1:10
suspensions were spread onto prewarmed LB-agar plates (37 °C) containing the appropriate
selection antibiotic and incubated o/n at a constant temperature of 37 °C and ambient air
containing 5% CO..

2.6.3 Culture and storage conditions of H. pylori

For each experiment, frozen H. pylori strains were freshly taken from a -80 °C stock,
immediately resuspended in 500 ul of prewarmed (37 °C) Brucella DENT medium
supplemented with 10% FBS and consecutively spread onto freshly prepared and prewarmed
(37 °C) WC DENT horse blood agar plates, or those containing extra kanamycin, as in case of
ACagA H. pylori strains. After the bacterial suspension was allowed to dry on the plates for
about half an hour, they were turned upside down and incubated at 37 °C under
microaerophilic conditions (5% O,, 5% CO,) for two days.

Bacteria were subcultured by carefully harvesting with an inoculation loop and thoroughly
resuspending in 500 pl of prewarmed (37 °C) Brucella DENT medium supplemented with
10% FBS. After microscopically verifying high numbers of the motile spiral form of H. pylori,
thereof 100 pl were again spread onto prewarmed (37 °C) WC DENT horse blood agar plates
containing additional kanamycin, where required, and grown for two further days in the
incubator.

2.6.4 H. pylori stocks

Bacteria were harvested from WC DENT agar plates by cautiously scraping the surface with a
sterile bacterial spreader and resuspended in 1000 ul of prewarmed (37 °C) Brucella broth,
supplemented with 20% FBS and 20% glycerol. Aliquots of 100 ul were snap frozen in liquid
nitrogen.

2.7 Cell culture

Cell lines were grown in DMEM supplemented with D-Glucose (4.5 g/l), L-Glutamine (2 mM),
penicillin and streptomycin (100 U/ml each), and 10% FBS. When cells were not to be used
for other purposes, they were routinely cultured in 75 cm2-tissue culture flasks, incubated at
37 °C and 5% CO; atmosphere. The splitting of the cultured cells was done at a confluence of
roughly 80-90%. To this end, culture medium was completely removed, cells were carefully
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rinsed once with 1x PBS and 1 ml of 0.25% trypsin solution was added. To block up
trypsinization, normal culture medium supplemented with 10% FBS was added after

2-5 minutes of incubation. The cell suspension was thoroughly resuspended and transferred
into 15 ml-tubes. After centrifugation at 1200 rpm for 4 minutes, cells were resuspended in
fresh culture medium and approximately one-sixth to one-eighth of the volume of the
suspensions was transferred to new culture flasks (of the same size) and sufficiently provided
with fresh medium.

For the selection and propagation of stable cell lines (see 2.7.3), the culture medium was
directly supplemented with puromycin solution according to the tolerated concentration of
the respective cell line (i.e., AGS and 23132: 0.75 pg/ml, MKN45: 1.0 pg/ml).

2.7.1 Cell counting

The Neubauer hemocytometer is a useful instrument to determine the number of cells. It
consists of a transparent block of glass that, together with an appropriate cover slip, confines
a counting chamber that can be examined by a light microscope. In order to exclude dead
cells, cell suspensions were 1:10 diluted in trypan blue, which cannot pass intact cell
membranes, and 10 pl of the diluted cell suspensions were added to the counting chamber.
Cell concentrations are obtained by relating averaged live cell numbers of the four corner
squares (each consisting of 16 smaller squares) to the volume (0.1 mm x 1 mm?2 = 0.1 pl).

2.7.2 Transfection

2.7.2.1 Performing transfection of eukaryotic cells

24 h prior to transfection, cells were seeded in the designated plates at the appropriate
concentration and volume (see Table 19). Basically, the transfection formulation for each
approach was subdivided for the preparation of the lipofection agent (Lipofectamine® 2000)
and the DNA solution. After mixing, the solutions were incubated at room temperature for
30 minutes in order to effectively form the liposomes that entrap the plasmids. Finally, the
transfection solution was added directly to the culture medium. In general, cells were
incubated for 24 h (unless otherwise noted).

Prior to cell lysis, cells were rinsed once with 1x PBS after of the culture medium was
removed. Lysis was done according to the setup of the experiment: 24 well plates were lysed
with 100 pl of lysis buffer, 12 and 6 well plates with 500 or 1000 pl, respectively. After brief
incubation at RT, lysates were vigorously resuspended. Samples that were not processed
immediately were stored at -20 °C.
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Luciferase assay Immunofluorescence  Western blot
Well plate size 24 well 12 well 6 well
Cell concentration 1 x 10° cells/well 1.5 x 10° cells/well 5 x 10° cells/well
Volume medium 500 pl/well 1000 pl/well 2000 pl/well
Volume transfection 100 pl/well 200 pl/well 500 pl/well
formulation
Lipofectamine® 2000 0.625* pl/well 2.5 pl/well 3.125 pl/well
DNA 500* ng/well 1000 ng/well 2500 ng/well

Table 19: Conditions and prerequisites for transfections.
* In case of transfection and pTOPflash/pFOPflash reporter assay of 293T cells (see 3.2.2) a total amount of
1.75 pl/well Lipofectamine® 2000 and 350 ng/well DNA were used.

2.7.2.2 Optimization of the transfection protocol

In order to optimize the efficiency of the transfection protocol, a two dimensional approach
was derived from the luciferase assay, as described in Table 19 (see 2.7.2.1). For this, the
total amount of DNA (200, 350, 500 and 650 ng/well) and the relative amount of
Lipofectamine® 2000 (ul per ug of DNA) allocated per well (24 well plate) were varied.
Therefore, in addition to the obligatory 6.25 ng/well of Renilla luciferase plasmid (pRL CMV;
see 2.2.4 & 2.10), the empty pcDNA3.1 vector was utilized to adjust the amount of DNA (see
2.2.4). After incubation at 37 °C and 5% CO; atmosphere for 24 h, 293T cells were lysed and
subjected to luciferase assay. The experiment was performed in duplicates. As depicted in
Figure 5, the highest luminescence could be obtained at a total of 350 ng/well and a
Lipofectamine ratio of 1:5 [pug/ul].
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Figure 5: Optimization of the transfection conditions.

Transfection of 293T cells with different amounts of DNA and lipofectamine: Normalization to obligatory Renilla
luciferase encoding plasmid (pRL CMV; see 2.2.4; 6.25 ng/well), p)cDNA3.1 plasmid was utilized to adjust DNA
amounts applied per well; cells were incubated for 24 h and thereafter lysed and immediately deep-frozen for
later analysis; transfection efficiency is shown as mean (N = 2) of relative light units (RLU) according to Renilla
luciferase activity (see 2.10).
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2.7.3 Transduction: Generation of stable cell lines

Lentivirus was used to stably integrate specific DNA sequences into mammalian cell lines
with a very high efficiency (Salmon and Trono, 2001). Stable cell lines have been generated
by lentiviral transduction employing two different protocols: Cells with an inducible TCF/LEF
reporter (i.e., firefly luciferase) and/or constitutively expressing Renilla luciferase were
generated using commercial kits (pCignal™), whereas stable expression of cagA (wt or
constructs) in eukaryotic cells was achieved by cloning and transduction through second-
generation packaging (Zufferey et al., 1997).

2.7.3.1 Transduction by pCignal™ Lenti reporter assay

Inducible TCF/LEF reporter (i.e., firefly luciferase) cell lines or those constitutively expressing
Renilla luciferase or those with both were generated using pCignal™ Lenti TCF/LEF Reporter
(luc) or pCignal™ Lenti Renilla Control (luc), respectively (see 2.2.4). Cells were seeded at a
density of 5 x 10° cells per well in a 12 well plate containing a total volume of 1000 pl
(Medium: DMEM supplemented with D-Glucose, L-Glutamine, penicillin and streptomycin as
well as 10% FBS; see 2.7). Incubation was done at 37 °C and 5% CO atmosphere. The
medium was removed after 24 h of incubation and 450 pl of DMEM containing 10% FBS but
not supplemented with antibiotics, 50 ul of lentiviral constructs, and 0.4 pl of positively
charged sureENTRY™ transduction reagent were added. After 20 h of incubation with
lentiviral constructs, the medium was exchanged for DMEM/FBS supplemented with
penicillin and streptomycin. To select successfully transfected clones, selection antibiotic
(puromycin) was added (MKN45 cells: 1 pg/ml; 23132 and AGS cells: 0.75 pg/ml). Viability
was verified by inspecting the cells under a light microscope. Transduced cell lines were
cultured for an additional 5 days in selection medium before experimental use.

2.7.3.2 Transduction by lentivirus second-generation packaging

According to the second-generation lentiviral packaging system (Zufferey et al., 1997), the
envelope vector pM2.G and packing vector pCMV-dR8.91 (both kindly provided by Professor
Didier Trono; see 2.2.4) were used to transfer cagA (wt or constructs) into immortalized cell
lines. In a first step, cagA (wt or constructs) had been Gateway cloned into the lentiviral
destination vector pLenti CMV Puro DEST (see 2.4.3) (Campeau et al., 2009).

2.7.3.2.1 Generation of viral particles and CaCl;-mediated transfection

Lentiviral particles were generated by means of CaCl,-mediated transfection of 293 cells with
pLenti CMV Puro cagA (wt or constructs) (see 2.4.3) according to a protocol adapted from
laboratory of virology and genetics of Professor Didier Trono, Lausanne, Switzerland. Cells
were seeded in 100 x 20 mm tissue culture dishes at a concentration of 4 x 10° cells per
plate. 1 ml of 0.25 M CaCl; solution was supplemented with pMD2.G, pCMV-dR8.91 and
pLenti CMV Puro cagA (wt or construct; 20 ug each) to produce the required components for
a potential lentivirus (being capable of transducing cagA or its constructs into mammalian
cell lines). While carefully blowing bubbles into this preparation with a serologic 2 ml pipette,
1 ml of 2x HEPES was added dropwise. After 20 minutes of incubation at RT, 1 ml of the
solution was dropwise distributed directly to the medium of the 293 cells prepared the
former day. 24 h after CaCl, transfection, the cell culture medium was replaced by fresh one,
and after another 30 h, the supernatant containing the functional lentivirus particles was
harvested, centrifuged at 2000 rpm for 8 min at 4 °C and filtered (pore size 0.45 um). The
filtrate was immediately either used for transduction or stored at -80 °C.
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2.7.3.2.2 Transduction by cag4 (wt or constructs) lentivirus particles

Cell lines with an inducible firefly luciferase and a constitutively expressed Renilla luciferase
(see 2.7.3.1; AGS, MKNA45 and 23132 cells) were seeded the day before at a concentration of
5 x 10° cells per well to a 6 well plate, according to a protocol of Eric Campeau (Campeau,
2016). For transduction, cells were trypsinized, centrifuged (300 g, 5 min, RT) and
resuspended in fresh prewarmed medium containing 25%, 50% or 75% of lentivirus filtrate.
After 48 h of incubation, medium was replaced by fresh one supplemented with puromycin,
in the case of MKN45 cells at a concentration of 1.0 ug/ml, in the case of 23132 and AGS
cells at a concentration of 0.75 pg/ml. The medium was exchanged every 48 h and cell
viability was verified using light microscopy. No cell swelling or detachment could be
observed for any of the cell lines used. 5 days after transduction and after sufficient growth
in selection medium, the cell lines were again trypsinized, centrifuged and distributed in
fresh 24 well plates (125,000 cells/well; 500 pl/well; n = 2). The cells were cultivated at
appropriate concentrations of puromycin for another 24 h at humidified ambient air with
5% CO; and 37 °C and lastly lysed and treated as described in 2.7. It should be noted that two
different internal controls have been utilized in these experiments, cell culture medium
either containing puromycin at the appropriate concentration or just plain cell culture
medium.

2.7.4 Lithium chloride-induced Wnt/B-catenin signaling activation

LiCl is an inhibitor of GSK3B-kinase and therefore an activator of (canonical) Wnt/B-catenin
signaling as the B-catenin destruction complex is impaired (Stambolic et al., 1996, Hedgepeth
et al., 1997). Within the context of cell culture experiments, LiCl provides a suitable means of
increasing the (canonica)l Wnt/B-catenin signaling level. 24 h after the transfection
procedure, the appropriate volume of a sterile LiCl stock solution was directly added to the
cell culture medium in the wells (24 well plate) at different molar concentrations (50 and

100 mM). Cells were incubated for additional 24 h and lysed (see 2.7) to analyze Wnt
signaling activity by means of the pTOPflash/pFOPflash reporter assay (see 2.10).

2.7.5 Infection: Co-culture with H. pylori

4 x 10* cells per well were seeded in 24 well plates to achieve 50-60% confluency at the time
of infection. To synchronize cells, cell culture medium was replaced by fresh medium not
supplemented by FBS and cells were o/n cultivated. Prior to infection, medium was
exchanged again by medium containing FBS but no antibiotics. At the day of the infection,
the cells were counted to determine the quantity of bacteria to be added. The cells were
infected at MOI 20. To calculate the number of bacteria, the number of cells was multiplied
by the MOI:

Npacteria = Ncells X MOI [CFU]

Bacteria, grown on agar plates, were harvested and thoroughly resuspended in 1 ml of
Brucella medium supplemented with DENT and 10% FBS. From a 1:10 dilution the OD (at
600 nm) was measured in order to calculate the bacteria concentration by means of the
conversion factor (2 x 108 CFU/ml), which has beforehand been empirically deduced from a
growth curve and is representing the amount of bacteria causing an optical density of 1
(Blanchard and Nedrud, 2012):
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Chacteria = ODgoonm X 2 x 108 x 10 [CFU/mI]

The volume of bacteria suspension required per well could thus be calculated, whereas a
total volume of 1000 ul was to be administered per well:

Vbacteria = Nbacteria/cbacteria X 103 [IJ-I]

The co-cultures were incubated in separate biosafety level 2 (BSL-2) incubators and the
experiment was finally terminated by adding lysis buffer (see Table 9) in order to quantify
protein levels or the activity level of Wnt signaling, respectively.

2.8 Western blotting

2.8.1 Sodium dodecyl sulfate polyacrylamide gel electrophoresis

Sodium dodecyl sulfate (SDS) is an anionic detergent that linearizes polypeptide chains and
imparts an evenly distributed negative charge according to their overall length (i.e., charge
per unit mass). To overcome tertiary and quaternary structures, disulfide linkages need to be
treated by reducing agents such as DTT while heating up to near boiling. Thus protein
mixtures can be separated according to their size by means of a homogeneous electric field:
the larger the polypeptide chain, the more delayed the passage through the pores in the gel.
Acrylamide gels are used for SDS gel electrophoresis. Their pore size depends on the amount
of acrylamide being cross-linked by bisacrylamide in a polymerization reaction. This is
induced by ammonium persulfate and TEMED, which provide free radicals and stabilize the
reaction. The definition of the pore size is crucial for the size spectrum of efficiently
separated proteins.

After cells have been lysed according to 2.7, cell lysates were transferred to microcentrifuge
tubes and boiled at 95 °C for 15 minutes. The separating gels were prepared according to the
pore size required (see Table 20). Since the molecular weight of B-catenin is about 92 kDa, a
12% (m/v) polyacrylamide gel was suitable for separation. This was also applicable to B-actin
(about 42 kDa), whereas wt CagA has a molecular weight of about 145 kDa, which required
gels at lower percentages for sufficient separation. To obtain both separation of $-actin and
wt CagA on a single membrane, gels with a polyacrylamide gradient were produced, ranging
from 6% (m/w) at the top (cathode) to 15% (m/w) at the bottom (anode).
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Stacking gel  Separating gels

- 6% 12% 15%
TRIS 0.5 M pH 6.5 0.4% SDS 0.5 ml - - -
TRIS 1.5 M pH 8.8 0.4% SDS - 1.5ml 1.5ml 1.5 ml
10% APS 10l 30 ul 30 ul 30 ul
TEMED 2 ul 6 ul 6 ul 6 ul
40% Acrylamide 0.2 ml 0.9 ml 1.8 ml 2.25 ml
dH,0 1.288 ml 3.564 ml 2.664 ml 2.214 ml
Total volume 2 ml 6 ml 6 ml 6 ml

Table 20: Western blot acrylamide gel composition.

Gels were cast in vertically oriented Novex® gel cassettes, thereby leaving enough spacing to
the upper edge to cast the stacking gel later on. They were finally covered by isopropyl
alcohol to avoid bubbles while completely setting for approximately half an hour.
Subsequently, the stacking gel (see Table 20) was cast on top after entirely removing
isopropyl alcohol coverage. The comb was carefully placed into the stacking gel, strictly
avoiding trapping of air bubbles, and again the gel was allowed to fully set for half an hour.
The gel cassette containing the polymerized acrylamide gel was then mounted into the
appropriate Novex® XCell SureLock™ chamber that was hereafter filled with 1x SDS running
buffer. After removing the comb, making sure no air bubbles were left behind and wells were
correctly formed, cell lysates were slowly pipetted into the latter, also taking account of an
appropriate marker (Precision Plus Protein™). Finally, the chamber was closed and connected
to the power supply. In order to properly run the proteins through the stacking gel part, the
voltage was set to 120 V for the first 20 minutes. Hereafter it was raised to 150 V and the gel
was run until the protein front reached the lower end of the separating gel.

2.8.2 Semi dry blotting & blocking

Transferring the separated proteins from the acrylamide gel to a nitrocellulose membrane
was done by the semi dry method. The gel cassette was removed from the chamber and
carefully opened keeping the gel on one of the halves. Before transferring it to the
preincubated nitrocellulose membrane in the transfer cell, the stacking gel part and the
protruding notch in the lower part of the gel (cathode site of the gel) were truncated. To
avoid drying-out, the gel was immediately covered with preincubated filter membranes.
After the membrane-gel-filter pile was soaked with 1x semi dry buffer (see Table 9) the
chamber was closed. With a constant current of 2 mA/cm? the proteins were blotted into the
nitrocellulose membrane for 100 minutes.

Ponceau S dye was used to verify that proteins were successfully transferred to the
nitrocellulose membrane prior to further working steps. If indicating a sufficient protein
loading, the membrane was repeatedly rinsed with 1x TBS-T buffer (see Table 9) until the red
stain was entirely removed. The membrane was subsequently blocked for 1 h by 1x TBS-T 5%
non-fat milk at RT in order to prevent further non-specific binding of proteins to the
membrane and thus reducing background noise. Thereafter it was briefly rinsed in 1x TBS-T.
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2.8.2.1 Incubation with primary antibody

The primary antibodies were diluted in 1x TBS-T supplemented with 5% BSA according to
Table 10 (see 2.2.6). The membranes were transferred to appropriate plastic boxes or 50 ml
polypropylene tubes maintaining the side formerly in contact with the agarose gel top face.
In most cases, the membranes were split to be able to investigate blotted cell lysates with
different antibodies in the same working step. After sufficiently covering the membranes
with primary antibody solution, the boxes were sealed with Parafilm® or, respectively, the
tubes just closed by lids (to make sure the membrane could not run dry). Then, the
membranes were incubated o/n at 4 °C, being gently agitated or, in case of tubes, steadily
rolled. The next day, the antibody solution was removed and the membranes were rinsed
five times with 1x TBS-T buffer for at least 10 minutes each time in order to entirely eliminate
primary antibodies that were not specifically bound.

2.8.2.2 Incubation with secondary antibody

Each secondary antibody used within the scope of these experiments was coupled with a
horseradish phosphatase that mediates a chemiluminescent reaction by cleaving an
appropriate substrate. The secondary antibodies were used in a dilution of 1:2500 in

1x TBS-T 5% non-fat milk and added abundantly to the particular membranes. Since the
membranes were incubated for only 1 h at RT under gentle agitation no covering was
required. Thereafter the secondary antibodies were removed by rinsing the membranes at
least three times with 1x TBS-T prior to detection.

2.8.2.3 Chemiluminescence detection

Detection of stained protein bands was done according to the manufacturer’s protocol of
Clarity™ Western ECL substrate, which is a suitable substrate for the horseradish
phosphatase that was linked to the secondary antibodies. The membranes were incubated
for approximately 5 minutes at RT while protected from light and wrapped in plastic foil
afterwards. Chemiluminescence was detected by a fluorescence imager (see 2.1.1).

2.8.3 Expression of cagA (wt or constructs) in eukaryotic cells

To make sure that plasmidic wt cagA or its constructs (see 2.4.2) could be reliably expressed
in the host cells, 293T cells were transiently transfected and amounts of correctly expressed
proteins were quantified by immunoblotting. After 36 h of incubation following transfection,
distinct bands of correct molecular weight could be detected, verifying successful
transfection and expression of most types of wt CagA or its constructs (see Figure 6).
CagA-NTaa1-200 constructs were expressed, although the carboxy-terminal tagged variant
(CagA-NTaa1-200-FLAG) appeared to be far less pronounced. CagA-CTaaz01-1216 COnstructs were
expressed as well, although their bands appeared very faint, by way of comparison. The
bands of wt CagA turned out something more distinct than those of CagA-CTaa201-1216
constructs. Interestingly, lanes of both non-tagged and amino-terminal FLAG-tagged types of
wt CagA and CagA-CTaa2o1-1216, presented further bands. Whereas CagA-CTaa201-1216 W/0
showed an additional band at roughly 90 kDa, wt CagA w/o and wt CagA N-FLAG showed an
additional band at roughly 80 kDa and 65 kDa, respectively, which might have been the very
same.
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Figure 6: Expression of wt cagA and its constructs subsequent transient transfection.

Cell lysates of 293T cells 36 h subsequent transfection by plasmidic cagA (wt or constructs) were
immunoblotted with antibodies specific for either FLAG (amino or carboxy-terminal tagged constructs) or
CagAi-s77 (w/o = without tagging); [A] CagA-NTaa1-200 (W/0, N-terminal FLAG or C-terminal FLAG); [B]
CagA-CTaaz01-1216 OF Wt (W/0, N-terminal FLAG or C-terminal FLAG); loading control was provided by B-actin; left
side: molecular weight markers positions [kDa]; CagA-NTaa1-200 constructs (~23 kDa) are clearly expressed;
CagA-CTaaz01-1216 (~113 kDa) and wt CagA (~135 kDa) show rather marginal amounts; additional bands can be
found with CagA-CTaazo01-1216 W/0 (~90 kDa), wt CagA w/o (~80 kDa) and wt CagA N-FLAG (~65 kDa).

2.9 Immunofluorescence staining

Immunofluorescence staining is a powerful means of visualizing distinct cellular structures in
the context of entire cells, especially if combined with confocal laser scanning microscopy.
Similar to staining of a western blot membrane, primary antibodies are used that specifically
attach to distinct cellular peptide structures or epitopes, labeling them for the secondary
antibodies. While the former are produced in organisms exposed to certain foreign proteins,
the latter are solely species-specific and linked to a specific fluorophore that can be excited
by a distinct wavelength and thus gives a very detailed spatial resolution. In contrast to
conventional light microscopy, a confocal laser scanning microscope does a punctual readout
by using point illumination while disregarding light beams not parallel to the optically
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conjugate plane by means of a pinhole. By scanning over a regular raster, 2D or 3D imaging is
possible, allowing optical sectioning.

Before seeding cells in (conventional) 12 well plates, they were lined with sterile glass cover
slips. To prevent confluency, only 1.5 x 10° cells were applied per well. The next day, cells
were transfected with the desired plasmid using Lipofectamine® 2000 (per well: 1000 ng
DNA, 2.5 pl Lipofectamine®; see Table 19). As a control, 1000 ng of empty pcDNA4/TO were
used. 24 h following transfection culture medium was removed, cells were carefully rinsed
once with 1x PBS and subsequently covered by ice cold 1:1 acetone/methanol fixative for
15 minutes. Hereafter, fixed cells were rinsed thrice with 1x PBS and transferred to opaque
plastic chambers lined up with Parafilm® and providing sufficient humidity by means of wet
strips of paper towel. Since orientation of the cover slips remained the same, 200 pl of
permeabilization and blocking buffer (see Table 9) could be applied for 15 minutes at RT in
order to precondition cells for the next step. The primary antibody was diluted in washing
buffer 1 according to Table 10 (see Table 9 and 2.2.6, respectively). Independently from
plasmidic cagA (wt or construct) transfected, mouse anti-B-catenin antibody was applied to
stain the cytoskeleton (B-actin). Untagged wt CagA or its constructs were stained by rabbit
anti-CagAi.s77 antibody, in the case of FLAG-tagged constructs, rabbit anti-FLAG-antibody was
used instead. After providing each glass platelet with 50 ul of the respective antibody
solution, cells were incubated o/n at 4 °C in their humidified chamber protected from light.
The following day, secondary antibodies and Hoechst 33342, a specific fluorophore and blue
DNA stain, were diluted in washing buffer 1 according to Table 10 (see Table 9 and 2.2.6,
respectively). Here Alexa Fluor 488 goat anti-mouse antibody was used to ultimately stain
the cytoskeleton (B-actin) and Alexa Fluor 594 chicken anti-rabbit antibody to finally stain
CagA (wt or constructs). Cover slides were rinsed thrice with washing buffer 1 and afterwards
incubated with the secondary antibody dilution as well as the fluorophore for at least 1 h at
RT, again protected from light in the opaque chamber with sufficient humidity. Slides were
rinsed thrice with washing buffer 2 (see Table 9) and finally transferred upside down to
microscope slides already provided with a small droplet of Vectashield® HardSet™ mounting
medium. In order to circumvent fluorescence intensity decrease, confocal laser scanning
microscopy was performed within 3 days and the slides were stored at -20 °C until then.

2.10 pTOPflash/pFOPflash reporter system

By linking a particular promoter region to the coding sequence for an unrelated reporter
gene, alterations in the expression level of certain pathways can be examined, such as the
(canonical) Wnt/B-catenin pathway by means of the pTOPflash/pFOPflash reporter assay
system (Van de Wetering et al., 1996, Korinek et al., 1997). This comprises two distinct
plasmids, both containing the coding sequence for firefly (Photinus pyralis) luciferase and a
c-Fos minimal promoter. Whereas pTOPflash comes with three copies of TCF/LEF binding
sites (CCTTTGATC) upstream of the promoter, activating firefly luciferase transcription upon
B-catenin binding, pFOPflash contains only mutated copies of TCF/LEF and therefore serves
as a negative control, representing the leakiness of this promoter. Firefly luciferase is
synthesized depending on the amount of B-catenin stabilized. By adding a defined amount of
a suitable substrate of firefly luciferase to cell lysates, the actual activity level of (canonical)
Wnt/B-catenin signaling is represented by the amount of luminescence generated, which can
easily be read by means of a luminometer (see below). Beside the readout from pFOPflash
transfected cells, another internal control representing the transfection efficiency or the
extent of successfully treated cells is necessary. Hence, a constitutively expressed luciferase
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from sea pansy (Renilla reniformis), encoded by a further plasmid, is co-transfected and its
activity can be readout the same way. Since the luciferases are of different evolutionary
origin and therefore have distinct structures and substrates, they can be investigated
sequentially in the same sample if activity of the first one is being quenched while
simultaneously adding the substrate for the second one.

Transfections were performed according to 2.7.2, in each case, cells were seeded in 24 well
plates. Experiments were done in duplicates and in two separate plates, one for pTOPflash
and another for pFOPflash plasmids. The total amount of DNA per well was 500 ng in the
case of the experiments presented under 3.2.1 or 350 ng in the case of the experiments
presented under 3.2.2. These were allocated to 100 ng of either pTOPflash or pFOPflash
plasmids, 6.25 ng of the Renilla luciferase encoding plasmid (pRL CMV; see 2.2.4) and
different amounts of cagA (wt or constructs; 20, 100 or more nano grams, as stated at the
respective results). Empty vectors (pcDNA4/TO or pEGFP, respectively) were used to adjust
the amount of DNA in each well and as negative controls. 24 h after transfection, cells were
rinsed once with 1x PBS. Lysis was done with 100 pl of lysis buffer per well (24 well plate;
see Table 9) and 15 min of agitation at a rocking table (50 rpm). If lysed probes were meant
to be analyzed by western blotting, 10 ul of cell lysates were boiled in 4x SDS sample buffer
(see Table 9). Samples that were not processed immediately were stored at -20 °C.

20 ul of the lysate were transferred to an appropriate white colored round-bottom 96 well
plate for automatic readout by a Orion Microplate luminometer. Therefore, the Dual-
Luciferase® reporter assay system was used according to the manufacturer’s protocol.
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3 Results

3.1 Infection of eukaryotic cells with H. pylori

3.1.1 H. pylori and particularly CagA attenuate TCF/LEF
transcriptional activity level

AGS, MKN45 and 23132 cell lines, stably transduced with (the genes of) both an inducible
TCF/LEF reporter (i.e., firefly luciferase) and a constitutively expressed Renilla luciferase (see
2.7.3.1), were infected (MOI 20; N = 2) with CagA-proficient wt H. pylori or an isogenic
mutant strain (ACagA). After adding the bacteria to the cells, transcriptional activity was
analyzed every two hours and its progression over time from 4 to 24 h p.i. is depicted in
Figure 7.

As described in 5.1.2, the utilized cell lines show different intrinsic Wnt/B-catenin signaling
activity levels. AGS cells show the strongest intrinsic Wnt/B-catenin signaling activity (roughly
10-times higher than MKN45 and 23132 cells, see 5.1.2.3 and Figure 24) and in general
showed the most distinct reactions among all gastric cancer cell lines in respect to CagA (see
Figure 8, A). Since cell lines differed considerably (by several powers of ten) concerning
Renilla and firefly luciferase raw value ranges (Renilla: 23132 > AGS > MKN45), the relative
firefly luciferase values (as simple quotient from both) were incomparable. To obtain an
estimation of dimensions, entire MKN45 and 23132 cell records (i.e., all Renilla and firefly
luciferase raw values) were adjusted/offset to the mean (N = 48) Renilla luciferase raw values
of the entire AGS cell record (i.e., adjusting/offsetting of cell lines’ putative different general
expression levels). In addition, adjusted/offset raw values were also normalized to mean
Renilla luciferase values of uninfected AGS cells 4 h p.i. (control). For comparability, the
corresponding relative TCF/LEF expression values were also normalized to the relative
TCF/LEF values from uninfected AGS cells 4 h p.i.

Concerning the underlying adjusted/offset and normalized absolute Renilla luciferase
intensities, no relevant variation could be seen in respect of uninfected controls, at least for
AGS and MKNA45 cells (see Figure 7, A to B, lower small graphs, right lateral, grey lines). Cells
subjected to infection by both, wt H. pylori or its CagA-deficient isogenic mutant strain,
showed generally elevated Renilla luciferase readouts compared to uninfected controls (see
Figure 7, A to C, lower small graphs, right lateral, dark and light green lines). In infected
MKN45 and 23132 cells, there is a (further) decrease in Renilla luciferase activity due to CagA
(i.e., wt H. pylori). 23132 cells evinced a decline in all adjusted/offset and normalized
absolute Renilla luciferase values over the course of 24 h. These are transiently highest in
infected cells at 10 to 12 h p.i. (see Figure 7, C, lower small graphs, right lateral).

The corresponding adjusted/offset and normalized absolute firefly luciferase levels evinced
an increasing trend over the 24 h of infection, which likewise applied to uninfected control
cells (see Figure 7, A to C, upper small graphs, right lateral). AGS cells showed the most
distinct response, which is quite meager in case of MKN45 and 23132 cells and roughly
conforms with the intrinsic Wnt/B-catenin signaling activity level (slope of adjusted/offset
normalized firefly value in uninfected AGS cells approx. 4 times higher than in MKN and
23132 cells; compare Figure 24). For AGS cells, adjusted/offset and normalized absolute
firefly luciferase levels of the uninfected control partly surpassed those of infected cells,
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while the lowest values were obtained for those infected by CagA-proficient wt H. pylori (see
Figure 7, A, upper small graph, right lateral, dark green line). Findings were different for
MKN45 and 23132 cells, where infection with wt H. pylori implied slightly higher absolute
firefly luciferase values compared to uninfected controls (see Figure 7, B and C, upper small
graphs, right lateral). Irrespective of cell line, at the interval 4-12 h p.i., wt H. pylori strain
PMSS1 caused a small peak in adjusted/offset and normalized firefly luciferase values.

A general comparison of the normalized relative TCF/LEF transcriptional activity of the CagA-
deficient isogenic mutant strain with wt H. pylori-infected cells revealed that CagA causes its
increment over 24 h of infection (irrespective of cell line; see Figure 7, A to C, large graphs).
Since infection as such provoked an increase in the Renilla luciferase expression in gastric
cancer-derived cells lines, the evaluation should focus mostly on infected cells.

In summary, CagA proficiency entailed a reduction in the absolute and relative TCF/LEF
transcriptional activity level, particularly concerning AGS cells. According to their higher
intrinsic Wnt/B-catenin signaling activity, these showed a strong response, whereas MKN45
and 23132 cells behaved rather inertly.
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Figure 7: Time progression of TCF/LEF transcriptional activity due to infection by H. pylori strains.

[A] AGS, [B] MKN45 and [C] 23132 cell lines (stably transduced with inducible TCF/LEF-controlled firefly
luciferase and constitutively expressed Renilla luciferase) were co-cultured with H. pylori strain PMSS1 (wt) or
its CagA-deficient isogenic mutant PMSS1 ACagA (MOI 20) for at least 24 h; grey: uninfected controls; light
green: isogenic mutant strain (ACagA); dark green: wt H. pylori; graphs on the left show relative TCF/LEF
transcriptional activity uniformly normalized to relative TCF/LEF from uninfected AGS cells 4 h p.i. (note
different scaling!) is shown as mean (N = 2); small graphs on the right illustrate adjusted (to mean Renilla from
entire AGS series) and normalized (to Renilla from uninfected AGS cells 4 h p.i.) firefly and Renilla luciferase
intensities (mean, N = 2).
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3.1.2 Wild type H. pyloriinitially induces transient morphological
changes

To determine whether CagA-proficient wt H. pylori or its isogenic mutant strain (ACagA) were
able to induce hummingbird morphological changes in host cells and to be able to correlate
these changes with the effects observed on TCF/LEF transcriptional activity level (see 3.1.1),
the phenotype of the cells was repeatedly microscopically monitored for 24 h. Pictures were
taken every two hours after infection.

Although AGS, MKN45 and 23132 cell lines all originate from gastric adenocarcinomas, the
latter do not change their phenotype at all, while the former transiently presents the
hummingbird phenotype if infected with the CagA-proficient wt strain (see Figure 8, A and
C). This morphological alteration was also observed in MKN45 cells (see Figure 8, B), but
again only when infected with CagA-proficient wt H. pylori. The first changes in cell
morphology were recognized 4 h p.i., while after 12 h these changes were clearly less marked
in the observed cultures of AGS and MKN45 cells and disappeared 20 h p.i.

In short, CagA can induce a transient change in host cell morphology in the very early
infection (4-12 h p.i.).
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3.1.3 Alteration of B-catenin amounts owing to CagA

To assess the levels of phosphorylated and unphosphorylated B-catenin in the context of

H. pylori-altered (canonical) Wnt/B-catenin signaling activity, the very same samples were
utilized as in 3.1.1. (i.e., AGS, MKN45 and 23132 cells vs. wt H. pylori or its isogenic ACagA
mutant strain). Note that protein load is very limited since experiments were performed in a
24-well plate setting (see 2.7.5).

Figure 9 shows the amounts of CagA detected by anti-CagAi.s77 antibodies after 12 and 24 h
of infecting different cultured cell lines with the wt H. pylori PMSS1 or PMSS1 ACagA strain,
in terms of a co-culture. At 12 h following infection with the wt strain (PMSS1), the roughly
125 to 145 kDa protein CagA (Covacci et al., 1993, Segal et al., 1999, Stein et al., 2002) could
be reliably detected from lysates of infected AGS, MKN45 and 23132 cell lines (which were
stably transduced with an inducible TCF/LEF-controlled firefly luciferase and a constitutively
expressed Renilla luciferase). There was no CagA detectable in cases of infection with the
CagA isogenic mutant strain (PMSS1 ACagA) in conformity with the controls. Although
amounts were far less pronounced after 24 h, wt CagA was still detectable.

Concerning the impact on B-catenin amounts, cell lines were considered separately, as in
3.1.1 regarding the evaluation of the TCF/LEF time progression. In AGS cells, particularly after
24 h of infection by wt H. pylori, the amounts of phosphorylated B-catenin increased at the
expense of unphosphorylated B-catenin, while total B-catenin amounts were unaffected (see
Figure 10, A and B, first column). The opposite was observed during infection by an isogenic
mutant strain, which instead shows a reduction in phosphorylated B-catenin to even below
the level of uninfected controls.

In contrast, MKN45 cells show a reduction in phosphorylated B-catenin in favor of
unphosphorylated B-catenin in light of stable amounts of total B-catenin through wt

H. pylori, predominantly at 24 h p.i. (see Figure 10, A and B, second column). Accordingly, the
isogenic mutant strain indicates comparably higher amounts of phosphorylated B-catenin,
which, other than for AGS cells, tends to surpass those of uninfected controls.

The interpretation of the behavior of 23132 cells with respect to infection and/or CagA is
more intricate and is also aggravated because of the (inadvertent) elution of the right part of
the non-P-B-catenin plot at 24 h p.i. (see Figure 10, B, third column, lowest line, right-hand
plot). Whereas at 12 h p.i., the infection per se (i.e., both wt and isogenic mutant strain)
causes an increment in unphosphorylated B-catenin at the expense of phosphorylated
B-catenin (see Figure 10, A, third column), the opposite can cautiously be deduced at 24 h
p.i., where values drop even below uninfected controls 24 h p.i. (see Figure 10, B, third
column). Both correspond to the behavior of all adjusted/offset and normalized absolute
Renilla luciferase values over the course of 24 h in Figure 7 C (lower small graphs, right
lateral).

In conclusion, depending on the intrinsic Wnt/B-catenin signaling activity level of the cell
lines used, CagA causes either an increment in phosphorylated B-catenin (high Wnt: AGS
cells) or a decrement in phosphorylated B-catenin (low Wnt: MKN45 and 23132 cells).
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Figure 9: Amounts of wt CagA due to infection by H. pylori PMSS1.

Different cell lines (AGS, MKN45 and 23132; each stably transduced by inducible TCF/LEF-controlled firefly
luciferase and constitutively expressed Renilla luciferase, see 3.1.1 and 2.7.3) were co-cultured (MOI 20) with
either wt H. pylori strain PMSS1 or its isogenic mutant strain PMSS1 ACagA for 12 or 24 h, respectively; cell
lysates were immunoblotted with antibodies specific for CagAi.s77; loading control was provided by B-actin;
infection with wildtype strain, but not with its isogenic ACagA mutant strain, yielded a distinct CagA band at
roughly 135 kDa; small arrows up (‘) indicate impairment of WB developing due to air bubbles.
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Figure 10: Amounts of total, phosphorylated and unphosphorylated B-catenin due to infection by CagA-
proficient HP wt strain or its isogenic mutant.

Different cell lines (AGS, MKN45, 23132; each stably transduced by inducible TCF/LEF-controlled firefly
luciferase and constitutively expressed Renilla luciferase, see 3.1.1 and 2.7.3) were co-cultured (MOI 20) with
either wt H. pylori strain PMSS1 or its isogenic mutant strain PMSS1 ACagA for [A] 12 and [B] 24 h, respectively;
first, cell lysates were immunoblotted with antibodies specific for B-catenin (total) and, following stripping,
again immunoblotted with antibodies specific for either phosphorylated B-catenin (P-B-catenin) or
unphosphorylated B-catenin (nonP-B-catenin); loading control was provided by B-actin; in the case of AGS cells,
the increment in phosphorylated B-catenin was at the expense of unphosphorylated B-catenin, whereas the
inverse of this behavior was observed in the case of MKN45 and apparently inconclusive behavior in the case of
23132 cells.
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3.2 H. pylori CagA and its domains in context of (canonical)
Wnt/B-catenin signaling

From 3.1.1 it can be concluded that wt CagA proficiency caused an alteration of relative (and
absolute) TCF/LEF transcriptional activity of the host cells upon infection (see Figure 7, Ato C,
large graphs, left lateral). From 4-12 h p.i., a transient increment of (relative and absolute)
TCF/LEF transcriptional activity could be observed regarding infection by H. pylori per se (see
Figure 7, A to C, upper small graphs, right lateral), which coincided with the transient
occurrence of the hummingbird phenotype (see Figure 8, A and B, second and third rows).

With respect to wt CagA, an increment of phosphorylated B-catenin at the expense of
unphosphorylated B-catenin could be deduced for AGS cells, which was the opposite in the
case of MKN45 cells (see Figure 10, A and B, first and second columns) and indicates that this
was context-dependent.

To verify these findings of CagA’s impact on the (canonical) Wnt/B-catenin pathway, wt cagA
was overexpressed in host cells while monitoring TCF/LEF activity levels by means of the
pTOPflash/pFOPflash reporter assay (see 2.10). In addition, as CagA’s impact on the host cells
was demonstrated to be domain-specific (Bagnoli et al., 2005, Pelz et al., 2011, Hayashi et al.,
2012), truncated cagA constructs (see 2.4) were likewise applied.

3.2.1 CagA alters Wnt signaling activity

3.2.1.1 Transfection of different cell lines with H. pylori wt cagA or its
constructs

Eukaryotic cell lines (AGS, MKN45 or 23132), previously stably transduced with an inducible
TCF/LEF-controlled pTOPflash reporter gene, were transiently transfected with wt cagA or its
constructs (i.e., cagA-NTaa1-200 or cagA-CTaa201-1216) and a constitutively expressed Renilla
luciferase (coinstantaneously). For verification that artificially introduced cagA (wt or
constructs) were expressed in eucaryotic cells, see 2.8.3. Figures 11, 12 and 13 (large graphs)
illustrate alterations in the relative TCF/LEF transcriptional activity level. As described below,
this relative transcriptional behavior needs to be considered with reservation, even more
since uniformly adjusting firefly luciferase raw data to mean Renilla luciferase readouts, as
was done in 3.1.1, was rather unrewarding.

Initially, and independently of cell lines, transient transfection with low DNA amounts of wt
cagA or its constructs yielded an increment of relative TCF/LEF transcriptional activity after
24 h compared to controls, represented by blank pcDNA4/TO plasmids (see Figures 11, 12
and 13, Ato C, large graphs, left lateral, 20 ng/well cagA DNA). Further, cagA-CTaaz01-1216 (i.€.,
CagA-CTaaz201-1216 protein) featured a behavior almost similar to that of wt cagA, which was
mostly opposite to that of cagA-NTaa1-200 (i.e., CagA-NTaa1-200 protein). Regardless of cell line,
it was notable that C-terminal FLAG-tagged cagA-NTaa1-200, 0n the one hand, and all
cagA-CTaa201-1216 and wt cagA variants, on the other, showed a contrasting behavior
regarding DNA up-titration (see Figures 11, 12 and 13, C, large graphs, left lateral, orange
bars). While in all cell lines the amount of transfected cagA-NTaa1-200-FLAG and the relative
TCF/LEF transcriptional activity were proportional (i.e., through increasing the load of
construct-encoding plasmid, higher relative TCF/LEF transcriptional values were obtained),
with a maximum activation of 8-fold in AGS cells (MKN45: 6-fold; 23132: 3-fold), the opposite
was observed in the case of cagA-CTaa201-1216 and wt cagA (i.e., a maximum elevated relative
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TCF/LEF transcriptional activity level at lowest DNA amounts). Moreover, with regard to AGS
cells, at high amounts, cagA-CTaaz01-1216 and wt cagA reduced the relative TCF/LEF
transcriptional activity level even below the baseline value, indicating its relative inhibition.
Similar observations were made using MKN45 cells subjected to transfection with the
carboxy-terminal FLAG-tagged cagA-CTaaz01-1216 and wt cagA. The 23132 cells displayed a
rather indolent behavior. Concretely, during up-titration, relative TCF/LEF transcriptional
activity levels in AGS cells, transfected with cagA-CTaa2o1-1216 Or Wt cagA (all variants in each
case), decreased from an initial 2-4-fold (20 ng/well DNA) to 0.7-fold at higher amounts
(500 ng/well DNA). Accordingly, MKN45 cells yielded a reduction in relative TCF/LEF
transcriptional activity from an initial 5-2.5-fold to 1.5-fold and 23132 cells from an initial
2.5-fold to 1.5-fold. For all cell lines, the cagA-NTaa1-200 (W/0) construct showed a slightly
inversely proportional declining increased relative TCF/LEF transcriptional activity by up-
titration (AGS: 3- to 2-fold; MKN45: 5- to 4-fold; 23132: 2- to 1.5-fold). The impact of amino-
terminal FLAG-tagged cagA-NTaa1-200 on TCF/LEF transcriptional activity in part corresponded
to that of cagA-CTaazo1-1216 Or Wt cagA.

It is worth noting that when looking at underlying normalized absolute firefly and Renilla
luciferase readouts (see Figures 11, 12 and 13, small graphs, right-hand side) compared to
the controls, a considerable decline in the net Renilla luciferase intensity by a factor of
approximately 0.2 to 0.4 could be found, if even minute amounts of wt cagA or its constructs
(20 ng/well DNA) were expressed in these unpolarized gastric adenocarcinoma-derived cell
lines. This was in contrast to the highest amounts of cagA-CTaazo1-1216 and wt cagA, where
Renilla luciferase intensities in particular transcended the control levels. Firefly luciferase
intensities did not show such a clear trend for this and were, by tendency, slightly reduced
related to the control values. As described above with respect to relative TCF/LEF
transcriptional activity, C-terminal FLAG-tagged cagA-NTaa1-200 in particular displayed an
opposing behavior: Whereas absolute normalized Renilla luciferase intensity showed a dose-
dependent inverse proportional behavior, the corresponding normalized absolute firefly
luciferase intensity recovered and in part exceeded the control level while up-titrating. As
absolute firefly luciferase activity was basically referred to Renilla luciferase activity, this
explained the relative inhibition or activation of TCF/LEF transcriptional activities in cases of
cagA-CTan201-1216 and wt cagA or cagA-NTaai-200, respectively.

In summary, although validity was affected by a reduction of Renilla luciferase expression
through even minute amounts of pcDNA4/TO plasmid-encoded CagA, this experiment at
least supports the conclusion that CagA’s impact on host cellular gene expression is dose-
dependent and that CagA-CTaa2o1-1216 acts similarly to wt CagA, in contrast to CagA-NTaa1-200.
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Figure 11: Transient expression of wt cagA and its construct DNA in AGS cells.

Altered Wnt signaling levels in terms of TCF/LEF transcriptional activity through increasing amounts of
cagA-NTaa1-200, cCAgA-CTanz01-1216 and wt cagA (pcDNA4/TO-encoded; amino- or carboxy-terminal FLAG, tagged
or without tag = w/o, respectively) transfected to AGS cells (see 2.7.2) shown as mean (N = 2) of intensity of
firefly bioluminescence divided by the corresponding internal standard (Renilla luciferase, see 2.10) and finally
in reference to a control (cells transfected by blank pcDNA4/TO); right side: small graphs illustrate respective
normalized absolute firefly and Renilla luciferase intensities; lysis of cell cultures after 24 h of incubation; [A]
without tag; [B] amino-terminal FLAG-tag; [C] carboxy-terminal FLAG-tag; orange: cagA-NTaa1-200; blue:
cagA-CTaazo1-1216; Olive: wt cagA,; basically, cagA and both constructs were capable of increasing levels of
(canonical) Wnt/B-catenin signaling; intriguingly, increasing amounts of all amino-terminal FLAG-tagged
constructs and all versions of the large constructs (cagA-CTaazo1-1216 and wt cagA), respectively, caused a
reduction in TCF/LEF transcription activity relating to an initial maximum, even partly below control levels
(cagA-CTaa201-1216 and wt cagA); titration of cagA-NTaa1-200-FLAG effected a kind of a proportional increment of
Wnt signaling activity and in the case of non-tagged cagA-NTaai-200, besides generally activating TCF/LEF
expression levels, no clear trend could be perceived.
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Figure 12: Transient expression of wt cagA and its construct DNA in MKN45 cells.

Altered Wnt signaling levels in terms of TCF/LEF transcriptional activity through increasing amounts of
cagA-NTaa1-200, CAgA-CTanz01-1216 and wt cagA (pcDNA4/TO encoded; amino- or carboxy-terminal FLAG, tagged
or without tag = w/o, respectively) plasmids transfected to MKN45 cells (see 2.7.2) is shown as mean (N = 2) of
intensity of firefly bioluminescence divided by corresponding internal standard (Renilla luciferase, see 2.10) and
referred to control (cells transfected by blank pcDNA4/TO); right side: small graphs illustrate respective
normalized absolute firefly and Renilla luciferase intensities; lysis of cell cultures after 24 h of incubation; [A]
without tag; [B] amino-terminal FLAG-tag; [C] carboxy-terminal FLAG-tag; orange: cagA-NTaa1-200; blue:
cagA-CTaazo1-1216; Olive: wt cagA; basically, cagA and both constructs were capable of increasing levels of
(canonical) Wnt/B-catenin signaling; intriguingly, increasing amounts of all amino-terminal FLAG-tagged
constructs and all versions of the large constructs (cagA-CTaazo1-1216 and wt cagA), respectively, caused a
reduction in TCF/LEF transcription activity relating to an initial maximum, even partly below control levels
(cagA-NTaaz01-1216 and wt cagA); titration of cagA-NTaa1-200-FLAG effected a kind of a proportional increment of
Wnt signaling activity and in the case of non-tagged cagA-NTaai-200, besides generally activating TCF/LEF
expression level, no clear trend could be perceived.
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Figure 13: Transient expression of wt cagA and its construct DNA in 23132 cells.

Altered Wnt signaling levels in terms of TCF/LEF transcriptional activity through increasing amounts of
cagA-NTaa1-200, cCAgA-CTanz01-1216 and wt cagA (pcDNA4/TO-encoded; amino- or carboxy-terminal FLAG, tagged
or without tag = w/o, respectively) plasmids transfected to 23132 cells (see 2.7.2) is shown as mean (N = 2) of
intensity of firefly bioluminescence divided by corresponding internal standard (Renilla luciferase, see 2.10) and
referred to control (cells transfected by blank pcDNA4/TO); right side: small graphs illustrate respective
normalized absolute firefly and Renilla luciferase intensities; lysis of cell cultures after 24 h of incubation; [A]
without tag; [B] amino-terminal FLAG-tag; [C] carboxy-terminal FLAG-tag; orange: cagA-NTaa1-200; blue:
cagA-CTaazo1-1216; Olive: wt cagA; basically, cagA and both constructs were capable of increasing levels of
(canonical) Wnt/B-catenin signaling; intriguingly, increasing amounts of all amino-terminal FLAG-tagged
constructs and all versions of the large constructs (cagA-CTaazo1-1216 and wt cagA), respectively, caused a
reduction in TCF/LEF transcription activity relating to an initial maximum; titration of cagA-NTaa1-200-FLAG
effected a kind of proportional increment of Wnt signaling activity and in the case of non-tagged cagA-NTaai-200,
besides generally activating TCF/LEF expression level, no clear trend could be perceived.
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3.2.1.2 Transduction of different cell lines with cag4 (wt or constructs)

As transduction provides a very powerful means of successfully transferring and expressing
even large nucleic acids in host cells, it was utilized as a further attempt to study the
(canonical) Wnt/B-catenin signaling activity level in the context of wt cagA or its constructs
(see 2.7.3.2.2). Moreover, since this approach is largely different, systematic errors resulting
from transfection could possibly, at least in part, be circumvented. Experiments were
performed with AGS, MKN45 and 23132 cell lines that had been previously stably transduced
with both an inducible TCF/LEF reporter (i.e., firefly luciferase) and a constitutively expressed
Renilla luciferase (see 2.7.3.1). Figure 14 shows that wt cagA and its deletion constructs
exhibited similar trends to those already observed in the previous titration experiments
transfecting pcDNA4/TO-cagA (see 3.2.1.1), although the MKN45 cells displayed an entirely
inverse behavior in this case (which however corresponds to findings in 3.1.3). A similar
procedure was followed as in 3.1.1 in order to make firefly luciferase raw data comparable
and obtain an estimation of firefly luciferase amounts with respect to the underlying Renilla
luciferase readouts: The entire AGS, MKN45 and 23132 cell records (i.e., all Renilla and firefly
luciferase raw values) were (i) adjusted to the mean (N = 2) Renilla luciferase raw values of
untransfected but puromycin-treated AGS cells (i.e., adjusting/offsetting of cell lines’ putative
different general expression levels) and (ii) also normalized to it. Relative TCF/LEF values of
the entire record were likewise referred to the mean (N = 2) relative TCF/LEF values of non-
transduced but puromycin-treated AGS cells.

Again, the comparatively strongest response was observed in the AGS cells. Although the
corresponding normalized relative TCF/LEF transcriptional activity levels were far lower in the
case of 23132 cells, increasing amounts of cagA-NTaa1-200-containing lentiviral supernatants
caused a proportionally increasing relative TCF/LEF transcriptional activity level (see Figure
14, A and C, large graphs, left lateral, orange bars). Whereas in the case of AGS cells 25% of
cagA-NTaai-200-containing lentiviral supernatant reduced the relative TCF/LEF transcriptional
activity level by 0.6-fold with respect to the control, and 75% of the lentiviral supernatant
caused an increase of 1.2-fold, in the case of 23132 cells even 25% of cagA-NTaa1-200-
containing lentiviral supernatant sufficed to increase relative TCF/LEF transcriptional activity
level by 1.7-fold and 75% increased the relative TCF/LEF transcriptional activity level by
3.3-fold. Here, both cagA-CTaa201-1216 and wt cagA indicated an opposing trend that could be
seen in AGS cells showing the highest increment of normalized relative TCF/LEF
transcriptional activity level with 25% of the lentiviral supernatant (see Figure 14, A, large
graphs, left lateral, blue and olive bars; cagA-CTaa2o01-1216: 2.0-fold, wt cagA: 1.8-fold), which
decreased to even below base level with 75% of the lentiviral supernatant (cagA-CTaazo1-1216:
0.7-fold, wt cagA: 1.1-fold). Likewise, in the case of 23132 cells, 25% of the cagA-CTaa201-1216-
or wt cagA-containing lentiviral supernatant increased relative TCF/LEF transcriptional
activity levels to 3.7- and 3.5-fold, respectively (see Figure 14, C, large graphs, left lateral,
blue and olive bars). The lowest values were obtained with 75% of cagA-CTaa201-1216- Or Wt
cagA-containing lentiviral supernatant (cagA-CTaaz01-1216: 1.6-fold, wt cagA: 1.7-fold).

As already mentioned, MKN45 cells displayed a totally contrary behavior in this context (see
Figure 14, B). Beginning with cagA-NTaa1-200, 25% of lentiviral supernatant resulted in a
1.3-fold increase in normalized relative TCF/LEF transcriptional activity levels, whereas 75%
of lentiviral supernatant decreased this by 0.6-fold. In contrast, referring to the control,
cagA-CTaa201-1216 and wt cagA caused a considerable reduction in relative TCF/LEF
transcriptional activity levels at small amounts (25% of lentiviral supernatant;
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cagA-CTaaz01-1216: 0.6-fold, wt cagA: 0.5-fold) and induced its enhancement at high amounts
(75% of lentiviral supernatant; cagA-CTaa201-1216: 1.1-fold, wt cagA: 1.6-fold).

The corresponding underlying adjusted/offset and normalized absolute firefly and Renilla
luciferase readouts (see Figure 14, small graphs, right-hand side) in the case of AGS and
23132 cells showed that, unlike firefly luciferase activity, Renilla luciferase activity did not
substantially correspond to increasing amounts of cagA lentiviral supernatant. In contrast,
titration of MKN45 cells with increasing amounts of cagA and its deletion constructs altered
the absolute Renilla luciferase activity (i.e., the adjusted/offset and normalized absolute
Renilla luciferase readouts) in that cagA-NTaa1-200 caused an increase and wt cagA an
incremental reduction in adjusted/offset normalized absolute Renilla luciferase activity, yet
invariably still above the control level. Nevertheless, looking at the absolute firefly luciferase
activity of cagA-CTAA201-1216 and wt cagA in MKN45 cells, their dose-dependent increase is
evident. This is consistent with the findings in 3.1.3, where infection by CagA proficient

H. pyloriin MKN45 cells causes a decrease in phosphorylated B-catenin, leading to activation
of (canonical) Wnt/B-catenin signaling.

In conclusion, stably transduced cagA affects (canonical) Wnt/B-catenin signaling activity,
and depends on the applied amounts, the cagA domains expressed and the host cellular
context. CagA-NTaa1-200 and CagA-CTaazo01-1216 (i.€., N- and C-terminal CagA) are functional
opponents that can both decrease or increase Wnt/B-catenin signaling activity in a dose-
dependent manner: At low amounts, the N-terminal part causes inhibition while the
C-terminal part promotes activation. This is entirely reciprocal at medium to higher doses
and is most evident in AGS cells. However, in MKNA45 cells, with restriction, a completely
opposite behavior is shown.
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Figure 14: Stable expression of wt cagA and its constructs in different cell lines.

Lentiviral transduction of [A] AGS, [B] MKN45 and [C] 23132 cell lines by wt cagA and its constructs at different
amounts (i.e., ratio of lentiviral supernatant applied; cells previously transduced by inducible TCF/LEF reporter
and constitutively expressing Renilla luciferase); left side: altered (canonical) Wnt/B-catenin signaling by means
of relative TCF/LEF transcriptional activity shown as mean (N = 2) firefly bioluminescence divided by
corresponding internal standard (Renilla, see 2.7.3) and uniformly referred to AGS cell control (no lentiviral
particles, medium containing puromycin, note different scaling!); right side: small graphs illustrate respective
adjusted/offset and normalized absolute firefly and Renilla luciferase intensities (both adjusted to mean Renilla
luciferase of non-transduced but puromycin-treated AGS cells); lysis after 24 h of incubation in cell culture
medium comprising 25, 50 or 75% (v/v) of cagA-NTaa1-200, cagA-CTanz01-1216 OF Wt cagA lentiviral supernatant;
grey: culture medium containing puromycin; white: plain culture medium (w/o puromycin); orange:
cagA-NTaa1-200; blue: cagA-CTanzo1-1216; Olive: wt cagA; titration of cagA (wt or constructs) evokes opposite
behavior of (i) AGS and 23132 and (ii) MKN45 cells: In (i) AGS and 23132 cells, increasing amounts of
cagA-CTaa01-1216 and wt cagA initially increase relative TCF/LEF transcriptional activity levels and subsequently
gradually reduce it to roughly base level or below (AGS cells) and impact of cagA-NTaa1-200 on Wnt signaling
activity is kind of proportional; in (ii) MKN45 cells, cagA-NTaa1-200 is capable of increasing relative TCF/LEF
transcriptional activity level by factor 1.3 at lower amounts and higher concentrations attenuate it even below
base level, whereas cagA-CTaaz01-1216 and wt cagA displays inverse behavior.
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3.2.2 Carboxy terminal CagA inhibits (canonical) Wnt/B-catenin
signaling in dose-dependent manner

To gain a more comprehensive insight into the impact of CagA on host cellular (canonical)
Wnt/B-catenin signaling activity, 293T cells were given preference to gastric
adenocarcinoma-derived cell lines. The 293T cells feature a markedly high transfection
capability and have an intact (canonical) Wnt/B-catenin pathway that can easily be induced
(Liu et al., 2007, Upadhyay et al., 2008), allowing the adjustment of different levels of
(canonical) Wnt/B-catenin signaling activity through graded LiCl induction (see 2.7.4). A
higher extent of control could be obtained by conducting parallel transfections of host cells
with pTOPflash or pFOPflash reporter plasmids (plus a constitutively expressed Renilla
luciferase in each case), in contrast to the abovementioned experiments where cell lines
stably transduced with an inducible TCF/LEF reporter (i.e., firefly luciferase) were used.
Transfections were conducted according to the optimized transfection approach (DNA

350 ng/well, Lipofectamine ratio 1:5 [ug/ul]; see 2.7.2.2). Since the localization of the FLAG-
tag on CagA-NTaa1-200 constructs had an effect on the response of (canonical) Wnt/B-catenin
signaling (see 3.2.1.1), these were not applied here. Instead, the pEGFP-C1 vector system was
utilized, meaning that wt CagA and its constructs were linked to an EGFP protein at their
N-terminal end, whereas the expression of this fusion protein is regulated by a CMV
promoter (see 2.4.1). Relative TCF/LEF transcriptional activities were referred to controls
(transfection by blank vector; N = 6). To assess the dimensions of the responses with respect
to underlying Renilla luciferase raw values, which are (directly) affected by LiCl, entire records
(i.e., all Renilla and firefly luciferase raw values) were (i) adjusted to the mean (N = 12) Renilla
luciferase raw values of the entire record at 0 mM LiCl (i.e., adjusting/offsetting of the cell
lines’ putative different general expression levels) and also (ii) normalized to it.

Figures 15 and 16 depict the results of these experiments. The higher the Wnt/B-catenin
activity level, the more pronounced are the cells’ responses to CagA or its constructs. On the
left side of Figure 15 (large graphs), cellular response in terms of normalized relative TCF/LEF
transcriptional activity level to the titration of different amounts of wt cagA or its constructs
at distinct (canonical) Wnt/B-catenin signaling activity levels is shown, with the
corresponding bars of the pTOPflash and pFOPflash readout values directly adjoining
(pTOPflash: left; pFOPflash: right). It should be noted that the corresponding pFOPflash
values turned out to be so low that they are hardly visible above the abscissa. Figure 16
shows the very same data in a comparative manner, disregarding the corresponding
pFOPflash values to emphasize the differences between wt cagA and its constructs.

With respect to cells cultivated in an LiCl-free medium, the induction of the normalized
relative TCF/LEF transcriptional activity of vector control-transfected cells could be achieved
by means of 50 mM (factor 1.65) and 100 mM LiCl (factor 6-7) (see Figures 15 and 16, large
graphs, left-hand set of bars). In contrast to the previous transfection experiments

(see 3.2.1), wt cagA and its constructs did not increase the relative TCF/LEF transcriptional
activity level, neither at low amounts nor at higher amounts, as these invariably show values
lower than the corresponding controls. Regarding cagA-NTaa1-200 (see Figure 15, A, and Figure
16, Ato C, large graphs, orange bars, respectively), at each specifically adjusted (canonical)
Wnt/B-catenin signaling activity level (i.e., LiCl 0, 50 or 100 mM), a slight decline, if any
alteration, in normalized relative TCF/LEF transcriptional activity level could be observed with
increasing amounts transfected. However, cagA-CTaazo01-1216 (See Figure 15, B, and Figure 16,
A to C, large graphs, blue bars, respectively) and wt cagA (see Figure 15, C, and Figure 16, A
to C, large graphs, olive bars, respectively) showed a consistent negative trend with
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increasing amounts. This even held true for cells with uninduced (canonical) Wnt/B-catenin
signaling activity levels (i.e., LiCl 0 mM; see Figure 16, A, large graph). Here, 20 ng/well of
plasmidic cagA sufficed to reduce normalized relative TCF/LEF transcriptional activity levels
by 0.82-fold (cagA-CTaazo01-1216) and 0.7-fold (wt cagA), respectively. At high (canonical)
Wnt/B-catenin signaling activity levels (i.e., LiCl 100 mM; see Figure 16, C, large graph),
cagA-CTaa201-1216 reduced normalized relative TCF/LEF transcriptional activity level by 0.8-fold
(20 ng/well) and 0.57-fold (100 ng/well), compared to the base level, which was even more
pronounced in cells transfected by wt cagA. Here, normalized relative TCF/LEF transcriptional
activity levels were reduced by 0.67-fold (20 ng/well) and 0.39-fold (100 ng/well),
respectively. In both cases, a further reduction in normalized relative TCF/LEF transcriptional
activity levels was obtained by transfection with higher amounts of plasmidic cagA

(240 ng/well), which could hardly be recognized by cagA-NTaa1-200.

The relation of corresponding adjusted/offset and normalized absolute firefly and Renilla
luciferase values is shown in the small graphs on the right side of Figures 15 and 16. With
increasing amounts of cagA DNA (cagA-CTaa201-1216 and wt cagA), firefly luciferase values
(TOPflash) revealed a steadily decreasing trend (Figure 15, B and C, and Figure 16, Ato C,
small upper graphs, right side, blue and olive bars), where Renilla luciferase values of
cagA-CTaaz01-1216 Showed an almost negligible increasing trend (Figure 15, B, and Figure 16, A
to C, small lower graphs, right side, blue bars), while those of wt cagA showed a steadily
increasing trend, most evident in cases of the highest DNA amounts (Figure 15, C, and Figure
16, A to C, small lower graphs, right side, olive bars). The situation with cagA-NTaa1-200 was
different: Except for its highest amounts, no decline in adjusted/offset and normalized firefly
luciferase activity could be seen, whereas Renilla luciferase activity showed a steadily
decreasing trend (see Figure 16, A to C, small lower graph, right side, orange bars).

In conclusion, similar to wt CagA, CagA’s carboxy-terminal domain (CagA-CTaa201-1216) clearly
had a negative impact on (canonical) Wnt/B-catenin signaling in a dose-dependent manner
that was more pronounced the higher the cellular (canonical) Wnt/B-catenin signaling
activity level.
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Figure 15: Titration of wt cagA or its constructs at varying (canonical) Wnt/B-catenin signaling activity levels.
Altered Wnt signaling activity levels through increasing transfected amounts of cagA-NTaa1-200 (0range),
cagA-CTaazo1-1216 (blue) and wt cagA (olive) (pEGFP-C1) at different molar concentrations of LiCl (0, 50 and

100 mM) in 293T cells by means of TCF/LEF transcriptional activity are shown as mean (N = 2) of intensity of
firefly luciferase bioluminescence related to corresponding internal transfection standard (see 2.10) and
referred to the control (cells transfected by blank pEGFP-C1, no LiCl added, N = 6); right side: small graphs
illustrate respective adjusted/offset and normalized absolute firefly and Renilla luciferase intensities; lysis of cell
cultures after 48 h of incubation (see 2.7.2.1); pale: LiCl 0 mM (pTOPflash), pale/hatched: LiCI 0 mM
(pFOPflash), medium: LiCl 50 mM (pTOPflash), medium/hatched: LiCl 50 mM (pFOPflash), dark: LiCl 100 mM
(pTOPflash), dark/hatched: LiCl 100 mM (pFOPflash); note that corresponding pFOPflash values (always on the
right) almost merge with the abscissa; [A] cagA-NTaa1-200; [B] cagA-CTaaz01-1216; [C] Wt cagA; distinct (canonical)
Whnt/B-catenin activity levels are obtained according to the particular amounts of LiCl provided; increasing
amounts of cagA-NTaa1-200 do not appreciably affect TCF/LEF transcriptional activity, irrespective of its
underlying activity level; increasing amounts of cagA-CTaazo1-1216 Or Wt cagA inversely proportionally reduce the
TCF/LEF transcriptional activity level in each case.
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Figure 16: Titration of wt cagA and its constructs at varying (canonical) Wnt/B-catenin signaling activity levels
(pTOPflash, competitive).

Altered Wnt signaling activity levels through increasing transfected amounts of cagA-NTaa1-200 (0range:
pale/medium/dark), cagA-CTaazo1-1216 (blue: pale/medium/dark) and wt cagA (olive: pale/medium/dark)
(pEGFP-C1-encoded) in 293T cells by means of TCF/LEF transcriptional activity (pTOPflash solely) are
competitively shown as mean (N = 2) of intensity of firefly luciferase bioluminescence related to corresponding
internal transfection standard (see 2.10) and referred to the control (cells transfected by blank pEGFP-C1, no
LiCl added, N = 6) at different molar concentrations of LiCl (0, 50 and 100 mM, note different scaling!); right
side: small graphs illustrate respective adjusted/offset and normalized absolute firefly and Renilla luciferase
intensities; lysis of cell cultures after 48 h of incubation (see 2.7.2.1); [A] LiCl 0 mM (pale); [B] LiCl 50 mM
(medium); [C] LiCl 100 mM (dark); distinct (canonical) Wnt/B-catenin activity levels are obtained according to
the particular amounts of LiCl provided; increasing amounts of cagA-NTaa1-200 do not appreciably affect TCF/LEF
transcriptional activity, irrespective of its underlying activity level; increasing amounts of cagA-NTaaz01-1216 OF Wt
cagA inversely proportionally reduce the TCF/LEF transcriptional activity level in each case.
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3.3 Intracellular localization of CagA and its constructs

To address the role of CagA domains on its localization in the host cell, pcDNA4/TO wt cagA
and its deletion constructs (cagA-NTaa1-200, cagA-CTaa201-1216, Se€ 2.4) were transfected in
AGS and MKN45 cells. Procedures were performed as described in 2.9 and Table 19, because
previous experiments indicated that cells need to be transfected with higher amounts of wt
cagA or its constructs to allow for detection via immunofluorescence imaging.

In Figures 17, 18, 19 and 20, the cytoskeleton (B-actin) displays cyan green, wt CagA and its
constructs display red and the nucleus displays blue due to the actual excitation maxima of
the secondary antibodies or the (conjugated) florescent dyes. Note that both the anti-
CagAi-g77 and the anti-FLAG-antibody showed background staining in the nuclear region of
controls. It becomes obvious that CagA-NTaa1-200 constructs (second row in each case)
distribute homogeneously throughout the cytoplasm and in a less pronounced way
throughout the nucleoplasm, thus sparing the plasma membrane and nuclear membrane
plus its affiliated cell organelles (see Figures 17, 18, 19 and 20, second row). Since in AGS
cells the B-actin filaments permeate the cytoplasm to a considerable extent, cytoskeletal
cyan green and red gleaming CagA-NTaa1-200 in part superimpose and the cytoplasm appears
bright red/tangerine (see Figures 17 and 18, second row, merge column). As the staining of
the MKN45 cells cytoskeleton (i.e., B-actin filaments) is primarily restricted to the plasma
membrane region, hardly any superimposition can be recognized (see Figures 19 and 20,
second row, merge column). In contrast, CagA-CTaa201-1216 and wt CagA almost spare the
nucleus, irrespective of FLAG-tagging or cell line used. They predominantly accumulate at the
plasma membrane and localization in the cytosol is very subordinate (see Figures 17, 18, 19
and 20, third and fourth row). Here, the co-localization of CagA and the cytoskeleton again
display the plasma membrane region as partly bright red/tangerine, which can be seen in
MKN45 cells in particular.

In summary, CagA-NTaa1-200 does not show localization at the plasma membrane and,
contrary to CagA-CTaazo1-1216 and wt CagA, is also distributed in the cytosol and the nucleosol.
Since both CagA-CTaa201-1216 and wt CagA show a similar intracellular distribution pattern, its
carboxy-terminal AA 201-1216 seem capable of predominantly tethering the whole wt CagA
molecule to the plasma membrane.
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Figure 17: Spatial intracellular distribution of wt CagA and its constructs (without tag) in AGS cells.

Transient transfection of AGS cells by means of pcDNA4/TO cagA (wt or constructs; 24 h); confocal laser
scanning microscopy: x-y planes; white scale bar: 10 um; controls: transfection with blank pcDNA4/TO; cyan
green: B-actin (mouse anti-B-catenin); blue: nucleus (Hoechst 33342); red: wt CagA or its constructs (rabbit
anti-CagAi.s77); bright red/tangerine cytoplasm since CagA-NTaa1-200 homogeneously distributes to the
cytoplasm, sparing both plasma membrane and nuclear membrane; superimposition of CagA-CTaaz01-1216 O Wt
CagA at the plasma membrane (bright red/tangerine).
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AGS + FLAG-CagA
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Figure 18: Spatial intracellular distribution of N-terminal FLAG-tagged wt CagA and its constructs in AGS cells.
Transient transfection of AGS cells by means of pcDNA4/TO cagA (wt or constructs; 24 h); confocal laser
scanning microscopy: x-y planes; white scale bar: 10 um; controls: transfection with blank pcDNA4/TO; cyan
green: B-actin (mouse anti-B-catenin); blue: nucleus (Hoechst 33342); red: wt CagA or its constructs (rabbit anti-
FLAG); bright red/tangerine cytoplasm since CagA-NTaa1-200 homogeneously distributes to the cytoplasm,
sparing both plasma membrane and nuclear membrane; superimposition of CagA-CTaazo01-1216 OF Wt CagA at the
plasma membrane (bright red/tangerine).
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Figure 19: Spatial intracellular distribution of wt CagA and its constructs (without tag) in MKN45 cells.
Transient transfection of MKN45 cells by means of pcDNA4/TO cagA (wt or constructs; 24 h); confocal laser
scanning microscopy: x-y planes; white scale bar: 10 um; controls: transfection with blank pcDNA4/TO; cyan
green: B-actin (mouse anti-B-catenin); blue: nucleus (Hoechst 33342); red: wt CagA or its constructs (rabbit
anti-CagAi.s77); CagA-NTaa1-200 homogeneously distributes to the cytoplasm, sparing both plasma membrane
and nuclear membrane; bright red/tangerine plasma membrane through superimposition of CagA-CTaa201-1216
or wt CagA, respectively (since B-actin is predominantly localized at the plasma membrane).
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Figure 20: Spatial intracellular distribution of N-terminal FLAG-tagged wt CagA and its constructs in MKN45
cells.

Transient transfection of MKN45 cells by means of pcDNA4/TO cagA (wt or constructs; 24 h); confocal laser
scanning microscopy: x-y planes; white scale bar: 10 um; controls: transfection with blank pcDNA4/TO; cyan
green: B-actin (mouse anti-B-catenin); blue: nucleus (Hoechst 33342); red: wt CagA or its constructs (rabbit anti-
FLAG); CagA-NTaa1-200 homogeneously distributes to the cytoplasm, sparing both plasma membrane and nuclear
membrane; bright red/tangerine plasma membrane through superimposition of CagA-CTaaz01-1216 OF Wt CagA,
respectively (since B-actin is predominantly localized at the plasma membrane).
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4 Discussion

A growing body of evidence proposes H. pylori CagA’s impact on (canonical) Wnt/B-catenin
signaling, the deregulation of which has been demonstrated to be involved in the
development of gastric adenocarcinoma (see 1.1). Bagnoli et al. (2005) found (for MDCK
cells) that wild type CagA is capable of disrupting host cell polarity and inducing
morphological changes, which resemble epithelial-mesenchymal transition (EMT). In this
context, the amino-terminal two-thirds of CagA show affinity for the apicolateral cell-cell
junctions, whereas the carboxy-terminal domain, harboring the multimerization motifs (see
1.2.4), can induce cell elongation and pseudopodia. Based on this, Pelz et al. (2011) observed
(in MDCK and NCI-N87 cells) that C-terminal CagA, similar to wt CagA, positively regulates
(canonical) Wnt/B-catenin signaling activity, whereas CagA’s N-terminal AA 1-200 promote
cell-cell adhesion and exhibit an antagonistic role concerning morphological changes, which
was attributed to the inhibition of (canonical) Wnt/B-catenin signaling activity. This project,
therefore, involved a more comprehensive examination of these findings, mainly of the
impact on (canonical) Wnt/B-catenin signaling activity, hypothesizing amino-terminal CagA
having an inhibitory effect that (partly) counteracts the activating effect of the C-terminal
part. Accordingly, wild type CagA as well as its N- and C-terminal constructs (i.e.,
CagA-NTaa1-200 or CagA-CTana2o01-1216; See 2.4) were examined regarding their influence on
(canonical) Wnt/B-catenin signaling activity in a dose-dependent manner, which was
furthermore related to the particular spatial allocation in host cells. For this purpose, gastric
cancer cell lines should be exposed to (i) wt CagA by infection with wt H. pylori strains or to
(ii) plasmid-encoded cagA or its deletion mutants through transfection or transduction while
observing their (canonical) Wnt/B-catenin signaling activity (i.e., TCF/LEF transcriptional
activity) by use of a pTOPflash/pFOPflash luciferase reporter system and, in addition, by
confocal immunofluorescence microscopy.

4.1 Observations and implications

The impact of CagA on the (canonical) Wnt/B-catenin pathway was investigated using
different approaches. In accordance with their higher intrinsic (canonical) Wnt/B-catenin
signaling activity level (see 5.1.2.3), AGS cells basically showed the most distinct effects
among the gastric adenocarcinoma cell lines. In contrast, 23132 cells exerted the most inert
behavior, which can presumably be attributed to the various deleterious mutations of
(canonical) Wnt/B-catenin signaling components (see 5.1.1.2.3).

Contrary to the underlying hypothesis and the general opinion (EI-Etr et al., 2004, Franco et
al., 2005, Murata-Kamiya et al., 2007, Kurashima et al., 2008, Suzuki et al., 2009), wt CagA
and its C-terminal part were first of all found to inhibit (canonical) Wnt/B-catenin signaling
activity, which puts the focus on potential technical inconsistencies and limitations. Although
transfection (and transduction) of cultured (cancer) cells appears to be unfavorable in several
aspects (see 4.2), it is a well-established technique and widely used regarding CagA research
and thus considered an appropriate means of comparing the various approaches. As
transfection experiments with cagA-NTaa1-200 yield high amounts of (truncated) CagA protein
(see 2.8.3), the cloning strategy and transfection protocol applied in this work were efficient.
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Concerning cell culture, the inhibition of (canonical) Wnt/B-catenin signaling activity in
principle allows different scenarios to be considered. However, it should be pointed out that
this has a decisive influence on cell division. Since B-catenin is directly regulating the
expression of c-Myc (He et al., 1998) and cyclin D1 (Tetsu and McCormick, 1999, Herbst et al.,
2014), which triggers G1-phase progression (Shtutman et al., 1999, Tetsu and McCormick,
1999), and, moreover, since axin, GSK3B, APC and B-catenin are involved in organizing
mitosis (Niehrs and Acebron, 2012), the latter playing a leading role in coordinating
centrosome function (Hadjihannas et al., 2010, Mbom et al., 2013), it was demonstrated by
Stolz et al. (2015) that unimpaired (canonical) Wnt/B-catenin signaling allows for the proper
course of mitosis by means of microtubule assembly and chromosome segregation. If
experimental conditions of CagA exposure were to cause a general inhibition of cell division
of a cell culture, corresponding Renilla luciferase readouts would be basically reduced related
to the controls at the time of lysis — but this could not be observed in general (see 4.1.1.1
and 3.2.2 in particular). On further reflection, an inhibition of (canonical) Wnt/B-catenin
signaling (due to methodical reasons) affecting only part of the cells (i.e., those efficiently
exposed to wt cagA or its constructs DNA) would not be readily apparent, but, on the
contrary, would rather promote the selection of those with unaffected or increased
(canonical) Wnt/B-catenin signaling activity, with the consequence that net (canonical)
Wnt/B-catenin signaling activity of the cell culture would be equal to controls’ or even
increased. Thus, it can be assumed that inhibition of the (canonical) Wnt/B-catenin signaling
activity under the premise of relatively stable corresponding Renilla luciferase expression
may indeed be a valid observation.

In short, inhibition of (canonical) Wnt/B-catenin signaling in the context of these experiments
need not be fundamentally aberrant. Since infection of gastric adenocarcinoma cell lines
with wt H. pylori can in fact cause an attenuation of the transcriptional activity at the TCF/LEF
consensus site while promoting phosphorylation of B-catenin (see 3.1.1), the observation of
reduced TCF/LEF transcriptional activity cannot simply be ascribed to inadequate
experimental conception and implementation.

4.1.1 CagA’s impact on transcriptional activity

4.1.1.1 Impact on CMV promoter-driven Renilla luciferase expression

A considerable issue in this work was the interference with CMV promoter-driven
constitutive expression of Renilla luciferase, which was utilized as an internal transfection
and expression control in the pTOPflash/pFOPflash reporter assays (see 2.10). In preliminary
experiments, when transfecting N87, MDCK, COS and 293 cells with different vectors (i.e.,
pTETon, pEGFP), even blank vectors or plain induction with doxycycline affected its
expression level compared to controls. This was further complicated through the expression
of cagA (wt or constructs). To overcome these constraints — in terms of a straightforward,
strong and constitutive expression of cagA, avoiding the need for its induction or EGFP
labeling (but also having the possibility of introducing sequences, like Kozak, and
circumventing classical restriction digestion) — advanced cloning strategies were applied, also
with regard to the capability of transduction of cagA (see 2.4). However, there was only
moderate success.

Attention should at first be directed to Renilla luciferase readouts in Figures 11, 12 and 13
(lower small graphs, right lateral). Despite the highly cautious handling of cultivated cell lines
and adhering most carefully to the transfection protocol, the Renilla values of controls (blank
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pcDNA4/TO plasmids) and those of (transiently) cagA-expressing cells are not comparable
and imply that CagA interferes with the constitutive expression of Renilla luciferase (similar
to previous experiments).

Hauser et al. (1995) demonstrated that the viral promoter-driven expression of foreign genes
depends on ras and (the gene products of) other oncogenes, such as receptor tyrosine
kinases, serine/threonine kinases or GTP-binding proteins. Accordingly, Behre et al. (1999)
showed that the CMV promoter-driven expression of the Renilla luciferase gene is increased
by 4-fold owing to ras activity. Although experiments in this work also evinced reverse trends
by reducing Renilla luciferase expression, this does not preclude this being directly attributed
to CagA: Independent of labeling with the FLAG-tag, cagA-CTaa201-1216 and wt cagA show a
regressive inhibition of Renilla expression under up-titration (see Figures 11, 12 and 13,
lower small graphs, right lateral, blue and olive bars) and even cause its activation at very
high doses (500 ng/well DNA) relative to the controls. This possibly suggests the interaction
of carboxy-terminal multimerization motifs with MAPK/Erk, i.e., the K-ras pathway (see
1.2.4). Unlabeled and amino-terminal FLAG-tagged cagA-NTaa1-200 do not seem to affect
Renilla luciferase expression at higher amounts (see Figures 11, 12 and 13, A and B, lower
small graphs, right lateral, orange bars). Likewise, at low amounts of transfection (20 ng/well
DNA) and related to controls, Renilla luciferase expression is hardly affected by carboxy-
terminal FLAG-tagged cagA-NTaa1-200 in all gastric cancer cell lines. However, increasing
amounts show a reduction of Renilla luciferase activity (i.e., its decreased expression) in a
dose-dependent manner, indicating the FLAG-tag might influence distinct host cellular
processes (see Figures 11, 12 and 13, C, lower small graphs, right lateral, orange bars). It
needs to be pointed out that the CagA region around AA 200 harbors tandem WW domains
(see 1.2.4 and Figure 4), according to which CagA-NTaa1-200 has a single WW domain at its
C-terminal end. Thus, assuming that the interaction by means of WW domains has an
influence here, the observations concerning CagA-NTaa1-200-FLAG suggest that the amino-
terminal WW domain (AA 120-152) might be affected by the C-terminal FLAG-tag.
Concerning LiCl-treated (polarized) 293T cells (see 3.2.2), wt cagA and its constructs do not
seem to affect Renilla luciferase expression at lower amounts (20 ng/well DNA). However,
except for cagA-CTaazo01-1216, the situation is different at higher amounts (240 ng/well DNA):
Whereas wt cagA causes an increment, cagA-NTaa1-200 could rather cause a slight decrement
of Renilla luciferase expression (see Figures 15 and 16, lower small graphs, right lateral).
Taken together, this implies that N-terminal CagA, probably by means of its WW domain(s),
has access to the same processes as the C-terminal multimerization motifs, which conversely
affect Renilla luciferase expression in a dose-dependent manner.

In addition to transient cagA-expression, CMV promoter-driven constitutive expression of
Renilla luciferase is promoted by H. pylori infection itself, independent of its ability to
transfer wt CagA to host cells, i.e., independent of CagA (see Figure 7, A to C, lower small
graph, right lateral). This emphasizes that infection per se has a considerable influence on
host cellular signaling networks (see 4.2.2). At least in AGS and MKN45 cells infected with wt
H. pylori or its CagA-deficient isogenic mutant strain, Renilla luciferase expression levels are
stable throughout the observation period and therefore comparable.

4.1.1.2 Implications for relative TCF/LEF transcriptional activity

At transfection experiments, due to the interference with CMV promoter-driven expression
of Renilla luciferase (see 4.1.1.1), the relevance of the relative TCF/LEF transcriptional activity
is limited as this represents firefly luciferase activity with respect to the underlying Renilla
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luciferase activity. In principle, observations at very high amounts (> 240 ng/well DNA) of
cagA or its constructs should be interpreted with care, if not disregarded. Moreover, since
the Renilla luciferase expression levels of the lowest cagA amounts already differ
considerably from those of the controls, particularly concerning transfected gastric cancer
cell lines (see 3.2.1.1), a qualitative comparison of the two lowest cagA amounts (i.e., 20 vs.
100 ng/well) should be given preference over the general comparison with the blank vector.
The following can therefore be concluded from relative TCF/LEF transcriptional activity: wt
CagA dose-dependently affects the (canonical) Wnt/beta-catenin pathway, which might be its
activation at very low doses (see 3.2.1.2) but its inhibition at medium to higher doses. This
also pertains to CagA-CTaa201-1216 and behaves in the opposite way with regard to
CagA-NTaa1-200. With increasing levels of host cellular (canonical) Wnt/B-catenin signaling
activity, this impact becomes even more pronounced (see 3.2.2).

Firefly luciferase readouts from infected gastric cancer cell lines indicate that CagA impairs
(canonical) Wnt/B-catenin signaling activity. This is reflected by a reduction in relative
TCF/LEF transcriptional activity levels, independent of cellular context (see 3.1.1). In the case
of AGS cells that feature strong intrinsic (canonical) Wnt/B-catenin signaling activity (see
5.1.2.3), CagA entails a reduction of normalized TCF/LEF transcriptional activity, even below
the levels of uninfected cells, contrary to (canonical) Wnt/B-catenin signaling in rather inert
MKN45 and 23132 cells, where at best the infection-related (i.e., the CagA deficient isogenic
mutant strain effected) increment of normalized TCF/LEF transcriptional activity is slightly
reduced by CagA (see Figure 7, A to C, upper small graph, right lateral). Corresponding
western blots from AGS cells, particularly at 24 h p.i., substantiate these findings, as
phosphorylated B-catenin increases at the expense of unphosphorylated B-catenin (see
Figure 10), which conforms with a reduction in (canonical) Wnt/B-catenin signaling activity
since B-catenin is being directed to destruction. Western blots from MKN45 and 23132 cells
in this regard are rather inconclusive, which might be due to their considerably lower
intrinsic (canonical) Wnt/B-catenin signaling activity level (see 5.1.2.3) and the fact that
infection per se with H. pylori causes mild activation of normalized TCF/LEF transcriptional
activity compared to uninfected controls. Thus, in the infection experiments, a comparison of
relative TCF/LEF transcriptional activity should generally be limited to the infected cells
(primarily AGS und MKN45), which means that the impact of wt H. pylori on (canonical)
Wnt/B-catenin signaling is reasonable only in relation to its CagA-deficient isogenic mutant
strain. From this, it can be concluded that infection with CagA-proficient H. pylori causes
inhibition of the (canonical) Wnt/B-catenin pathway (during the observation period of 24 h).

4.1.1.3 Aberrant behavior of transduced MKN45 cells

The transduction of gastric cancer cell lines with cagA (or its constructs; see 3.2.1.2) should
overcome the putative effects of transfection on Renilla luciferase expression. In contrast to
transduced AGS and 23132 cells, for which the expression of wt cagA or its constructs shows
no clear trend, and at best a slight reduction in Renilla luciferase expression (see Figure 14, A
and C, lower small graphs, right lateral), transduced MKN45 cells display an increase in
Renilla luciferase expression (see Figure 14, B, lower small graph, right lateral). Curiously, in
the case of cagA-NTaa1-200, this is even enhanced in a dose-dependent manner, while in the
case of wt cagA, an anti-proportional behavior is observed, which is also opposed to
observations on transfected gastric cancer cell lines, including MKN45 (compare 4.1.1.2,
second paragraph, and 4.2.4).
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This completely opposite behavior in transduced MKN45 cells (see 3.2.1.2) with respect to
cagA-NTaa1-200 on the one hand and cagA-CTaazo01-1216 and wt cagA on the other hand should
be questioned. Here, it might be that the experimental manipulations, not least the stable
transduction performed preliminarily, have caused a fundamental disruption. Conceivably,
this could be a switch in the TCF/LEF isoform expression (Tang et al., 2008), which would
effectively intercede at the promoter level, or an actual pathway misdirection by means of
differential gene expression (see 4.2.4). The conditions here could also have selected those
cells with increased (canonical) Wnt/B-catenin signaling activity, as explained above (see 4.1).
An accidental confusion of the firefly and Renilla luciferase values during the evaluation of
the experiment can be considered excluded.

4.1.1.4 CagA (also) inhibits TCF/LEF transcriptional activity, and is partly
antagonized by its N-terminal domain

In summary, considering the previous subchapters, there is an interaction between CagA and
the general host cellular expression level (by means of constitutive Renilla luciferase
expression): While the impact of wt CagA is more pronounced at higher host cellular
Wnt/B-catenin signaling activity, high amounts of wt CagA are positively feeding back to
cellular expression levels. Although observations revealed inadvertent technical
shortcomings, they imply that (i) the impact of CagA basically seems to be dose-dependent
and that (ii) its amino-terminal part around AA 200 (i.e., CagA-NTaa1-200) also impinges on
host cellular signal transduction, including Wnt/B-catenin signaling, which seems to be in
opposition to wt and particularly to carboxy-terminal CagA (i.e., CagA-CTaa201-1216). These
findings are principally in line with the hypothesis of Pelz et al. (2011) (see 4, first paragraph)
— although reversed at higher doses as well as by infection with wt H. pylori! The
comprehensive discussion of observations, including transduction and infection experiments,
concordantly indicates that, in general, wt CagA is capable of inhibiting (canonical)
Wnt/B-catenin signaling activity in the host cell at medium to higher doses, while its amino-
terminal domain around AA 200 counteracts this by causing an increment; this impact is
reversed at lower doses (both accounting for unpolarized cells after 24 h of incubation).

4.1.2 Intracellular concentration of CagA

4.1.2.1 CM¥-mediated specific CagA degradation (in unpolarized cells)?

Whereas the anti-CagAi-g77 antibody did not show additional bands in the western blot from
lysates of cagA-NTaa1-200 transfected (polarized) 293T cells after 48 h of incubation (see
Figure 6, A), lysates from cagA-CTaazo1-1216 and wt cagA (encoding for proteins of ~113 kDa
and ~135 kDa, respectively) transfected 293T cells revealed further bands at roughly 75 and
90 kDa, respectively (see Figure 6, B). Similarly, supposing CagA has mostly been transferred
via T4SS (see 4.1.2.2), the anti-CagAi.s77 antibody identified further bands at roughly 70, 100
and 110 kDa from lysates of wt CagA-proficient H. pylori strain PMSS1-infected AGS cells. In
consideration of incubation times until lysis, and therefore the mostly disrupted polarization
of 293T cells (see 1.2.4), these additional bands may point towards the intracellular
breakdown of CagA, irrespective of the host cells’ initial polarization status or mode of CagA
insertion (T4SS vs. artificial). Although there is little published work in this respect and the
mechanisms are not well understood, it is conceivable that the small CagA-NTaa1-200
construct meets a different intracellular fate due to a lack of multimerization motifs (see
1.2.4, 2.4 and Figure 4). In AGS cells, Ishikawa et al. (2009) demonstrated that wt CagA is not




90 Discussion

degraded by the 26S proteasome and that its half-life (of about 200 min) depends on PAR1
interaction at the CMW motif, where, according to Tsugawa et al. (2012), Akt is a significant
contributor in triggering autophagocytosis (in AGS cells). This fits well with the observation
by Suzuki et al. (2009) that in CagA-proficient H. pylori-infected AGS cells, CagA’s CM" motifs
target and presumably co-activate c-Met and therefore recruit PI3K/Akt (see 4.2.3).

Hypothesis Unpolarized cells: CMW/PAR1 > c-Met/PI3K/Akt T -» Autophagocytosis of CagA

4.1.2.2 CagA peak(s) upon very early infection?

Owing to the fact that wt H. pylori-infected unpolarized gastric cancer cell lines featured the
hummingbird phenotype more frequently between 4 to 12 h p.i. and that it had almost
completely regressed by 20 h p.i. (see Figure 8, A and B), it can be reasoned that (i) CagA
seems to have access to fundamental cellular processes and that (ii), in line with EI-Etr et al.
(2004), the significance of CagA appears to change, which could be due to a shifting of the
host cellular CagA concentration. It is unlikely to be a coincidence that over the same period,
all gastric cancer cell lines co-cultured with the wt H. pylori strain PMSS1 showed an initial
increment in firefly luciferase readouts (and thus in normalized TCF/LEF transcriptional
activity level) between 4 and 12 h p.i. and then a certain consecutive decline (see Figure 7, A
to C, upper small graph, right lateral).

It should be pointed out that although infected cell lines were not examined concerning
successfully transferred CagA, this may nevertheless generally apply. Host cellular CagA
concentrations in the context of a co-culture are subject to several conditions and therefore
not easily derivable. Jimenez-Soto and Haas (2016) demonstrated that at 1 h p.i. (AGS cells,
H. pylori strain P12, MOI 30), around 1.5% of the bacterial CagA pool was translocated to the
host cells, and after 3 h it was roughly 7.5%. Since the transfer rate showed a linear progress,
one could expect a transfer rate of roughly 30% after 12 h and almost 50% after 24 h of
co-culture. One must take into account that at the outset of a co-culture, bacteria are still
proliferating and that cagA expression depends on the actual bacterial growth phase.
Thompson et al. (2003) determined an increment of the cagA expression rate by a factor of
at least 2.6 at the transition from the log to the stationary H. pylori growth phase and that
the latter subsequently evinces a doubling cagA expression time of initially a roughly 10 h.
Not least due to the morphological changes from a motile long helical shape to rather less
mobile rod-like shape after approximately one day of cultivation (Shimomura et al., 2004),
one can assume that the transition from the log to the stationary growth phase occurred
during the 24 h co-culture in the experiments in this work. This implicates a very effective
CagA transfer causing an exponential increment of the host cells’ cytosolic CagA amount
during the very early stages of infection. As outlined in 4.1.2.1, unpolarized host cells in
particular presumably shed wt CagA by means of autophagocytosis. Assuming a half-life of
about 3 h in a co-culture of eukaryotic cells with CagA-proficient wt H. pylori, after 12 h only
6.25% and after 24 h only 0.4% of the original quantity of CagA are extant according to
Ishikawa et al. (2009). Cautiously adding the T4SS-transferred CagA to host cells, the
assumed doubling time of CagA production by H. pylori during co-culture (i.e., under terms
of infection) and its mostly autophagocytosis-dependent much shorter half-life in host cells
(that might need to initiate), would entail a relatively high host cellular CagA concentration at
the very early stages of infection, which, in the longer term, might approach a steady state at
a rather low concentration.
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Despite the fact that the approach did not allow for the quantification of the effectively
translocated CagA fraction, by comparing CagA amounts at 12 and 24 h p.i. in the western
blot of AGS, MKN45 and 23132 cells (see Figure 9), it becomes obvious that the larger part of
CagA was already substantially diminished one day after infection. Although investigating wt
cagA in functional E-cadherin-featuring (polarized) MKN28 cells, a decline in its cellular
amounts was observed by Murata-Kamiya et al. (2007) 24 h after initiating its expression

(cf. Figure 3, A). In the absence of other explanations for the reduction of CagA in this
context, be it a wash out of bacteria due to the repeated exchange of culture medium or its
decay through unphysiological conditions, the difference in CagA amounts is very likely due
to active depletion by host cell autophagocytosis. These observations are therefore indicative
of (i) a large share of bacterial CagA being transferred to the host cells within 12 to 24 h of
co-culture and (ii) a rather limited cytosolic half-life of T4SS-transferred CagA, entailing
minute intracellular CagA concentrations in the longer term. CagA amounts at 12 h p.i., as
determined from Figure 9 (A), might be a snapshot of an early CagA peak. This initial burst
might have drastic transitory effects on the host cells, like an increased impact on (canonical)
Wnt/B-catenin signaling activity and morphological changes.

4.1.3 Differential CagA domain membrane interaction

Since the polarization status of the host cells most likely alters CagA'’s signaling activity (see
4.2.3), it further appears to affect the interaction of N-terminal CagA with its target
structures. In preliminary transfection experiments, when utilizing polarized MDCK cells,
overexpressed cagA-NTaai-200 (PEGFP-C1 vector) showed a modest affinity for the plasma
membrane by immunofluorescence imaging (see Figure 29 in the appendix), but also being
granularly distributed in the cytoplasm and, in particular, concentrated close to the nucleus,
presumably in the endoplasmic reticulum. More distinct and divergent results were obtained
concerning the expression of cagA-NTaa1-200 in unpolarized AGS and MKN45 cells (see 3.3 and
below). On the contrary and independent of the polarization of the cells, in MDCK cells as
well as in AGS and MKN45 cells, analogously applied cagA-CTaaz01-1216 indicated substantial
membrane tethering, which is corresponding to the literature (Bagnoli et al., 2005, Higashi et
al., 2005, Pelz et al., 2011). As with CagA-CTaazo01-1216, Wt CagA was located at the plasma
membrane of AGS and MKN45 cells (see Figures 17, 18, 19 and 20, lower two rows). The
rather subordinate cytosolic localization of CagA-CTaa201-1216 and wt CagA might be due to the
saturation of membranous binding capacity resulting from overexpression.

Amino-terminal CagA (AA 1-877), which according to Pelz et al. (2011) could be further
specified to its N-terminal AA 1-200, is attributed a pivotal role in attaching CagA’s carboxy-
terminal EPIYA motif (phosphorylation independently) to the membrane in transiently
transfected polarized MDCK cells (even if both parts of cagA are expressed in trans), where
CagA’s C-terminal AA 550-1216 seem incapable of spontaneously doing this (Bagnoli et al.,
2005). This is partly in line with Hayashi et al. (2012), delineating that the reach of roughly
AA 450-600 can mediate membrane tethering in MDCK cells via a basic patch interacting with
membranous phosphatidylserine. However, Higashi et al. (2005) investigated unpolarized
AGS cells and demonstrated that CagA phosphorylation independently exhibits affinity to
host cellular membrane if it features at least one EPIYA motif and an unspecified additional
amino-terminal located part that seems to correlate to AA 587-868 (of CagA from H. pylori
strain NCTC 11637). Here, the amino-terminal AA 1-612 do not attach to the cell membrane
and are therefore diffusely spread throughout the cytoplasm.
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Pelz et al. (2011) showed that 24 h after its expression was initiated, N-terminal CagA

(AA 1-200; strain G27) co-localized with B-catenin around cell-cell junctions of transfected
polarized MDCK cells, where B-catenin is bound to the plasma membrane by E-cadherin
(Peifer et al., 1992, Oliveira et al., 2009). But this did not apply to CagA’s AA 1-150 or

AA 27-225. As mentioned introductory, tandem WW domains are located at this region

(AA 120-152 and AA 204-236; see 1.2.4 and Figure 1). It seems conceivable that the
colocalization of CagA’s AA 1-200 with membrane bound B-catenin can be ascribed to at least
one complete (singular) WW domain. Since AGS and MKN45 cells do not express functional
E-cadherin (see 5.1.1.2), where B-catenin should thus not properly accumulate at the plasma
membrane, the observation that CagA-NTaa1-200 is freely distributed in the cytosol and
nucleosol (see Figures 17, 18, 19 and 20, second row), is hardly surprising and in line with
Higashi et al. (2005). Here, an (indirect) interaction between amino-terminal CagA and
unbound (cytosolic) B-catenin seems possible. Regardless of localization, the interaction
between N-terminal CagA and B-catenin could be mediated by RUNX (see 4.3.2), which are
recognized by CagA's WW domains and interact directly with B-catenin (Tsang et al., 2010).

Hypothesis
Membrane interaction:
Polarized  Unpolarized

N-terminal (AA 1-200)

— WW?

Centerpiece (AA 450-600)
< basic patch

C-terminal (AA 600-1216)
< ??? + EPIYA

r CagA-NTaa1-200

- wt CagA
[ CagA-CTaa201-1216

4.2 General objections and technical limitations

Within these experiments, an unexpected as well as contrary behavior with respect to CagA
has been observed in several respects. In addition to the ambivalent effect on (canonical)
Wnt/B-catenin signaling and on CMV-driven Renilla expression (see 4.1.1), ambiguities were
also seen with respect to the cell lines used (in due consideration of the literature), as well as
the means by which CagA was introduced into host cells. This chapter therefore addresses
problematic aspects and technical limitations that result quite fundamentally from the
conception and approach to achieving the objectives. The artificial transfer and expression of
genes as well as characteristics of the cell lines used for this purpose are to be viewed in
more detail. Ultimately, the methods applied may have been too drastic to provide a
differentiated picture of the subtle nuances of CagA's impact on the host cells.

4.2.1 Lipofection of large nucleic acids and overexpression

In addition to the artificial way of introducing cagA (wt or constructs) into host cells by
lipofection (i.e., transfection by liposomes through cationic lipids) and subsequent gene
expression, the high molecular masses and high numbers of the molecules involved might (A)
compromise the transfection outcome and furthermore (B) impair pivotal processes such as
protein expression and signaling pathways. This could be due to the specific biochemistry of
macromolecules like CagA-CTaa201-1216 (~113 kDa) and wt CagA (~135 kDa).
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(A) Although it has long been known that liposomes are capable of transferring DNA
molecules successfully into eukaryotic cells (Felgner et al., 1987), the distinct steps and
mechanisms that are elementary in directing foreign nucleic acids to the nucleus have not, to
date, been fully elucidated and are thus susceptible to perturbations (Hoekstra et al., 2007,
Pichon et al., 2010). Several obstacles are discussed in the course of lipofection-mediated
DNA delivery. Once consigned to the cytosol after liberation from endosomes or liposomes,
plasmids must find their way to the nucleus. In the context of molecular crowding, probably
by high numbers of supplied plasmids as well as the high viscosity of eukaryotic cytosol, the
cytoplasmic diffusion coefficient of plasmid DNA is inversely related to its molecule size
(Lukacs et al., 2000). Thus, diffusion of the relatively large cagA-carrying plasmids
(pcDNA4/TO wt cagA accounts for a 323 kDa molecule) through the cytosol appears to be
rather languid, which, in addition, makes them prone to degradation by cytosolic nucleases
(Lechardeur et al., 1999, Pollard et al., 2001). Even though cationic lipid/DNA complexes
provide some protection from nucleases (Eastman et al., 1997), while apparently being
mostly attached to the perinuclear region (Zabner et al., 1995), translocation into the nucleus
does not occur immediately but notably at breakdown of the nuclear membrane during
mitosis (Mortimer et al., 1999, Tseng et al., 1999). Among other reasons, such as degradation
(see 4.1.2.1 and 4.1.2.2), this could be why transfection of cagA-CTaa201-1216 Or Wt cagA, by
comparison, shows less efficacy in terms of protein expression.

(B) In crowded or confining media, such as the cytosol of eukaryotic cells, large biomolecules
with a high molecular mass show high effective concentrations depending on the actual
concentration in a highly non-linear way. This signifies that increasing the former even
further ultimately augments their chemical reactivity (Minton, 2001). This might pertain
particularly to overexpressed EGFP-tagged CagA-CTaa201-1216 (~140 kDa) and wt CagA

(~162 kDa). Due to differences in excluded volumes, the kinetics of macromolecular
reactions can be significantly altered (Minton, 2001), resulting in modified activity of DNA
polymerases (Zimmerman and Harrison, 1987), altered protein folding processes (van den
Berg et al., 1999, van den Berg et al., 2000) and affected protein shapes, hence
compromising protein function and causing malfunction, respectively (Homouz et al., 2008).
Thus, it cannot be excluded that cagA-CTaazo1-1216 Or Wt cagA might be improperly expressed
and might not show true pathophysiological activity.

4.2.2 Aberrant host protein interaction through artificial CagA
delivery

It was demonstrated that infection by wt H. pylori caused an altered gene expression of 92%
of infection-activated eukaryotic host cell genes owing to the cagPAl (i.e., 610 of 670 genes).
Of this, the expression of 79% (479) of genes was altered by CagA (EI-Etr et al., 2004). This
suggests that the expression of 21% (131) of genes was not altered by CagA, but rather other
cagPAl-encoded (virulence) factors. These genes might therefore not be addressed by
artificial CagA delivery, as this disregards T4SS and additional about 29 proteins encoded by
the cagPAl (Tomb et al., 1997, Odenbreit, 2000). Hence, a considerable amount of highly
conserved T4SS surface proteins and effector proteins (Fischer et al., 2001, Olbermann et al.,
2010) relevant for CagA transfer and probably its activity in the host cell is disregarded. A
finding by Wang et al. (2016) indicates that the host cellular stability of CagA depends on the
cagPAl-encoded T4SS pilus component Cagl. Furthermore, the pathophysiological instillation
at the inner cell membrane via T4SS (Censini et al., 1996, Akopyants et al., 1998) requires
direct contact of the pilus tip attached CagA with B1l-integrine or phosphatidylserine at the
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outer host cell membrane (Jiménez-Soto et al., 2009, Murata-Kamiya et al., 2010). Here, the
T4SS pilus component Cagl plays an important role in CagA translocation and its subsequent
tyrosine phosphorylation (since mimicking fibronectin in various cellular functions, like the
activation of B1l-integrine and tyrosine kinases) (Kwok et al., 2007, Tegtmeyer et al., 2010,
Conradi et al., 2012), finally causing induction of Erk/c-Myc. This is in line with findings from
infection studies in AGS cells by Glowinski et al. (2014) that demonstrate distinct and
divergent tyrosine phosphorylation events through T4SS/CagA by wt H. pylori strains or just
T4SS in CagA-deficient isogenic mutants. Moreover, peptidoglycans are transferred via T4SS
causing the activation of NF-kB via the IKK complex and Nod1 (Sokolova et al., 2014).
Altogether, this ultimately hypothesizes a rather complex interplay and timing of CagA
administration, which might not be accurately provided within the context of expression of
plasmidic cagA by the host cells themselves. Consequently, the observed characteristics of
TCF/LEF transcriptional activity levels might not reflect the true pathophysiologic behavior.

Concerning morphological changes and the interaction with certain pathways, there are
reports that transfected cagA seems to diverge from T4SS-transferred CagA by cagPAlI-
positive H. pylori. Churin et al. (2003) did not show any motility changes due to cagA
overexpression in AGS cells. A similar observation was made by other groups: Transiently
cagA-transfected AGS cells showed cell scattering to a much lesser extent (7-25%) (Higashi et
al., 2004) compared to those that were really infected by cagPAl-positive strains of H. pylori
(70-80%) (Suzuki et al., 2005). Differences in host cell response regarding CagA delivery could
be ascribed inter alia to interaction with divergent adapter proteins. No evidence was found
for direct interaction between the SH2 adapter protein Grb2 and CagA that was artificially
introduced (i.e., transfected) into AGS or COS7 cells, respectively (Churin et al., 2003,
Tsutsumi et al., 2003), whereas infection experiments with cagPAl-positive H. pylori yielded
such protein complexes in AGS cells (Mimuro et al., 2002), with Grb2 in particular
representing the link towards activation of the MAPK/Erk (K-ras) pathway, thus causing the
hummingbird phenotype morphological changes (see 1.2.4). The interaction of CagA with the
Gab1 adapter protein, a key coordinator of cellular responses to c-Met (Birchmeier et al.,
2003) and relevant for transcriptional activation of B-catenin/TCF/LEF and NF-kB (Suzuki et
al., 2009), occurs if plasmidic cagA is transfected to AGS cells, but not if CagA is transferred
into AGS cells via T4SS (Churin et al., 2003), where, according to Suzuki et al. (2009), the
CagA CMY motif directly interacts with c-Met (see 4.2.3).

4.2.3 Host cell polarization affects CagA’s signaling activity

CagA’s impact on host cellular signaling has been predominantly studied by means of
immortalized human gastric adenocarcinoma-derived cell lines, which do not inevitably show
a true physiological behavior. The fact that AGS cells in particular do not express functional
E-cadherin (see 5.1.1.2.1) makes them more prone to evolve an invasive phenotype by
infection (Oliveira et al., 2009) and appears to affect B-catenin turnover. This might also
pertain to the other cell lines probed: Although it was shown that MKN45 cells strongly
express E-cadherin, this might have a reduced membrane tethering potential since its key
Ca?*-binding motif seems to be impaired by conformational alterations due to a 4-amino acid
deletion (Oda et al., 1994) (see 5.1.1.2.2). Klijn et al. (2015) demonstrated that the
transcritptome of 23132 cells features a deleterious mutation in the CDH1 gene, which is
encoding E-cadherin (see 5.1.1.2.3).

Since AGS cells in particular do not show a polar organization, CagA-membrane interaction
may be different from polarized host cells (Murata-Kamiya et al., 2010, Takahashi-Kanemitsu
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et al., 2020). At infection of primordial unpolarized AGS cells with wt H. pylori, as has been
demonstrated by Suzuki et al. (2009), CagA directly targets and presumably co-activates
c-Met via CMW, resulting in increased NF-kB signaling, but more importantly, an elevated
cytosolic availability of B-catenin. Interestingly, infection-transferred CagA seems to build a
complex with E-cadherin and c-Met at the membrane of AGS cells, having been stably
transduced by functional E-cadherin. Here, on the contrary, a reduced c-Met phosphorylation
was observed (Oliveira et al., 2009).

Although admittedly no direct correlation to (canonical) Wnt/B-catenin signaling can be
inferred from this, the different polarization of AGS, MKN45 and 23132 cells on the one hand
and 293T cells on the other hand could explain the divergent behavior regarding cagA up-
titration (see Figure 11, olive bars, vs. Figure 15, C).

Hypothesis Polarized cells: [CagA] ~» c-Metié -» NF-kB {, cytosolic B-catenin ?
Unpolarized cells: CMY > c¢c-Met? -» NF-kB 1, cytosolic B-catenin ©

4.2.4 Signaling misdirection because of differential gene expression
(DGE) due to manipulations?

The literature includes several examples where pathway activity and gene expression
indicate a rather unexpected (i.e., ambivalent) behavior. As (numerical) chromosome
instability (CIN) is an essential feature of human cancer (Lengauer et al., 1998), it could be
demonstrated that karyotypical heterogeneity increases the fitness of cultured cancer cells
after several passages through genomic plasticity (Lukow et al., 2021). According to Ben-
David et al. (2018), the clonal heterogeneity of cultured cancer cells is accompanied by
differential gene expression (DGE), which is dependent on culture conditions and genetic
manipulations; a median of 22% of the genome across 916 cell lines from the Cancer Cell
Line Encyclopedia (CCLE) was estimated to be affected by subclonal events. Here, it was
hypothesized that cultured cancer cell lines are basically neither clonal nor genetically stable,
which causes variability relating to drug response. A potentially instable karyotype as well as
subclonal events can thus be expected for all gastric cancer cell lines utilized in this work, as
each evinces aneuploidy (see 2.3.1). Although not of cancerous provenance, this likewise
pertains to 293T cells (Lilyestrom et al., 2006, Lin et al., 2014).

The transfer of foreign DNA appears to further increase the genetic instability (i.e., CIN) of
the utilized cell lines and effectively entail DGE (Gao et al., 2007, Habermann et al., 2011).
According to Bardwell (1989), foreign DNA can engender mutations of homologous host
cellular chromatin and select subpopulations of recipient cells. Very interestingly, while only
a relatively small amount of DGE was ascribed to recombinant DNA itself, Jacobsen et al.
(2009) recognized off-target effects through both lipofection (particularly by
Lipofectamine® 2000; see 2.7.2) and the empty vector backbone that were able to cause
substantial DGE with respect to cellular metabolic processes and translation, which was
analogous to a viral infection and intrinsic cellular immune responses. It could be
demonstrated that replication stress (in terms of DNA damage response) or the stable
transfection of 293 cells with an empty pcDNA3.1 vector can drive CIN (Burrell et al., 2013,
Stepanenko and Dmitrenko, 2015). Ultimately, by causing DGE, the shift in karyotypic context
and heterogeneity due to drug treatment also affects the activity of multiple signaling
pathways (Stevens et al., 2014). Hence, it cannot be excluded that the latter also applied to
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cell lines that were stably transfected with reporter plasmids some time (i.e., passages or
mitoses, to be exact) before the actual experiments (see in particular 3.2.1.2), which would
allow subclonal events or selection of specific clones.

In Addition, CagA as such seems to promote and presumably aim for CIN in host cells,
aggravating the eventual manipulatory impact on genetic stability and making DGE even
more likely. It could be demonstrated for polarized MKN28 cells (Guo et al., 2014) that CagA
can cause (microtubule-based) spindle malformation by inhibiting PAR1 (Umeda et al., 2009),
with increased mis-segregation of chromosomes due to a merotelic kinetochore orientation
triggering CIN in stable, near-diploid cells (Thompson and Compton, 2008).

In conclusion, transferring cagA to cancer cell lines by employing (stable) transfection or
transduction could have a sustained impact on the transcriptome (i.e., cause DGE).
Concerning the experimental approaches in this work, the considerations described above
reveal certain elements of uncertainty, as (i) cell lines potentially have instable karyotypes,
according to which subclonal events and DGE must be considered, which is (ii) presumably
aggravated due to (plain) manipulations such as (stable) transfection, transduction or
infection, and (iii) hypothetically further potentiated through (the expression of) cagA,
ultimately (iv) causing unpredictably altered, ambivalent signaling activity and therefore
inconsistent results. This may provide an explanation why particularly MKN45 cells exhibited
comparatively unusual behavior during transduction with cagA (see 3.2.1.2) that could not
be observed regarding transfection (see 3.2.1.1).

4.3 Prospect: Ambivalence through interaction partners?

Assuming that observations are not exclusively attributable to an unfavorable conception
and approach (see 4.1.1.1 and 4.2), this chapter will further elucidate the ambivalent impact
of CagA on (canonical) Wnt/B-catenin signaling and hence evolve a possible prospect. This
ambivalence may eventually also be due to specific (direct) interaction partners which have
not yet been investigated in detail with respect to CagA, although this by no means excludes
the aforementioned, of course. The control of the destruction complex (DC) is still elusive
and it is presumed that CagA rather circumvents the complex coordination of (canonical)
Wnt/B-catenin signaling by simply liberating B-catenin from membranous repositories (of
primarily polarized host cells), assuming the DC is incapable of promptly degrading it (EI-Etr
et al., 2004, Suzuki et al., 2005, Murata-Kamiya et al., 2007, Kurashima et al., 2008).
However, the conditions seem to be in fact more complex, as (i) altered (canonical)
Wnt/B-catenin signaling activity is also reported from a priori unpolarized cell lines, basically
not allowing for membranous B-catenin liberation due to a lack of functional E-cadherin
(Franco et al., 2005, Suzuki et al., 2009), since (ii) CagA-competent wt H. pylori-infected
unpolarized cell lines did not show considerable alterations of absolute cytosolic B-catenin
amounts (see 3.1.3) and because (iii) if not affected by CagA itself, the activity of components
of (canonical) Wnt/B-catenin signaling (viz. frizzled, dishevelled and particularly DC) would,
on principle, unabatedly continue working (without coincidental inhibition by means of
Wnt3a). Thus, additionally accruing cytosolic B-catenin would rapidly and effectively be
degraded by the still active DC (Stamos and Weis, 2013). Furthermore, in the long term,
concerning the promotion of carcinogenesis, a sustained impact on (canonical)
Wnt/B-catenin signaling needs to be considered as a precondition. Therefore, rather than the
transitory liberation of B-catenin from repositories such as the plasma membrane, more
profound and potentially long-lasting alterations must be assumed.
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Since the bustling CagA appears to be studded with functional domains that evidently (dose-
dependently) interact with a variety of crucial signaling pathways, these interfaces appear to
be substantial for impinging upon host cells. Type C EPIYA, for instance, directly activates
TAK1 (TGFP activated kinase 1) at the plasma membrane (host cell polarization
independently), which is relevant for the activation of NF-kB signaling (Lamb et al., 2009,
Lamb et al., 2013, Papadakos et al., 2013), as it is tightly cross-linked with (canonical)
Wnt/B-catenin signaling (Deng et al., 2002, Deng et al., 2004, Kavitha et al., 2013, Ma and
Hottiger, 2016). Apart from EPIYA and CM motifs, CagA features additional largely conserved
functional domains in its amino-terminal part by means of the tandem WW domains (see
1.2.4), which proposes a tight interaction with further very effective factors. Yet it should be
mentioned that Hayashi et al. (2012) doubt the functionality of CagA’s WW domains due to
inconclusive structural data (showing no short helix and disordered segment), although they
investigated CagA from another H. pylori strain (26695), the primary structure of which
differs from that of strain G27, which was studied in this work (and that of strain NTC 11637,
see 1.2.4 or Tsang et al. (2010), respectively; strain 26695: WW1 domain starting at AA 125
rather than AA 120, K instead of N at position 133, corresponding to position 128). However,
Ingham et al. (2005) identified a total of 148 binding partners of human WW domains that
are at least related to transcription, RNA processing and cytoskeletal regulation. Accordingly,
additional routes need to be taken into consideration regarding CagA’s impact on
Wnt/B-catenin signaling. For this, regulation of the DC, control of B-catenin nuclear import
and the impact on the TCF/LEF activity level could provide auspicious perspectives.

4.3.1 WW/DDX3: Control of B-catenin nuclear import and regulation
of the destruction complex (DC)

The DEAD box (Asp-Glu-Ala-Asp) RNA helicase DDX3 (Park et al., 1998) interacts with
abovementioned TAK1 (Sokolova et al., 2018) and thus potentially indirectly with type C
EPIYA motifs at the C-terminal part of CagA. But more intriguingly, DDX3 features the PPxY
motif and therefore is recognized by WW domains (Ingham et al., 2005), which suggests a
direct interaction with N-terminal CagA. The impact of DDX3 on (canonical) Wnt/B-catenin
signaling activity at least emanates from two characteristics that are virtually mutually
exclusive: The control of the B-catenin nuclear import and the regulation of DC and therefore
CagA destruction by means of CK1 isoforms. Bol et al. (2015) consider a direct involvement of
DDX3 in B-catenin nuclear shuttling. According to Botlagunta et al. (2008), DDX3 relocates
membranous B-catenin to the cytosol and nucleus, diminishes E-cadherin expression at a
transcriptional level and can cause EMT in breast cancer cells. Moreover, for the
medulloblastoma, Pugh et al. (2012) showed that the mutation of DDX3’s helicase function
(i.e., its RNA-binding domain) increases TCF transcriptional activity through ubiquitination-
resistant B-catenin. It was demonstrated that DDX3 acts as both a tumor suppressor and
tumor promoter in a tissue-specific way and that, by contrast, the inhibition of DDX3
negatively affects (canonical) Wnt/B-catenin signaling activity (Bol et al., 2015, Heerma van
Voss, 2015). In line with this, according to Dolde et al. (2018), the inhibition of DDX3'’s
helicase capability promotes its kinase activity that activates CK1 isoforms in a
“moonlighting” way (Cruciat et al., 2013). CK1 isoforms are relevant for B-catenin destruction
in two respects as CK1la is indispensable for B-catenin’s priming phosphorylation at Ser45
(Liu et al., 2002, Sinnberg et al., 2010, Thorne et al., 2010) and CK1e phosphorylates APC,
which promotes B-catenin ubiquitination through an increased affinity for B-catenin
(Rubinfeld et al., 2001, Ha et al., 2004).
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In addition, DDX3 is relevant for antiviral innate immunity by activating several steps
between RIG-I-like receptors (RLRs) and interferon beta (IFN-B) (Schroder, 2011, Oshiumi et
al., 2016), and is therefore selectively targeted and attenuated by different viruses (Schroder
et al., 2008, Wang et al., 2009). It is merely a matter of conjecture, however, with regard to a
longer-term infection of the gastric mucosa, it is plausible that H. pylori might act in like
manner and deploy CagA in order to affect DDX3 (i.e., its helicase function). But according to
the logic of this project, nevertheless, simple premises are rather inappropriate as the
aforementioned could also signify additional conceptional limitations (see 4.2): Cultured host
cells might face lentiviral gene transfer or an unrecognized virus infection with a reduced
DDX3 availability (Hempel et al., 2013, Heerma van Voss et al., 2017, Uphoff et al., 2019),
which should then also apply to infection with H. pylori or exposure to CagA and further
increase the uncertainty regarding impact on (canonical) Wnt/B-catenin signaling.

4.3.2 WW/RUNX: Direct interaction with B-catenin/TCF

Runt-related transcription factors (RUNX) also show an ambivalent effect on (canonical)
Wnt/B-catenin signaling and functionally overlap with DDX3 in several aspects. RUNX1 and
RUNX3 likewise feature conserved PPxY motifs (Ito, 2004, Tsang et al., 2010) but were
demonstrated to directly interact with CagA’s WW domains (owing to specific recognition of
their PPxY motifs, inducing CagA’s proteasome-mediated degradation) (Tsang et al., 2010).
Both RUNX1 and RUNX3 impact (canonical) Wnt/B-catenin transcriptional activity through
the direct interaction with B-catenin/TCF, causing either an inhibition or activation of
(canonical) Wnt/B-catenin signaling (Ito et al., 2008, Ito et al., 2011, Ju et al., 2014, Medina et
al., 2016, Li et al., 2019, Sweeney et al., 2020). RUNX3'’s function in leukocytes seems
essential concerning protection against pathogens and inflammation (Brenner et al., 2004,
Cheroutre et al., 2011). The RUNX cluster is regulated by cell cycle and posttranslational
modifications and, aside from the mandatory RUNX-cofactor CBFp (core-binding factor
subunit beta), a further cofactor is assumed (Ju et al., 2014).

Context-dependently, RUNXs can act as oncogenes (Ito et al., 2015), which was shown for
RUNX3 in an H. pylori-mediated c-Src tyrosine phosphorylation-dependent way (Cinghu et
al., 2012). Although Lotem et al. (2015) could clearly refute the “RUNX3 tumor suppressor
paradigm”, especially as it is typically not expressed in the gastric epithelium due to its
markedly hypermethylated P1 promoter (Kurklu et al., 2015), the RUNX cluster seems to
compensate for the reduced availability of particular members by up-regulation of others (Ito
et al., 2015, Morita et al., 2017). As can be deduced from Figure 25, which shows relative
RNA expression levels referred to the mean expression level of several HKG (see 5.1.2.3), the
utilized gastric cancer cell lines (AGS, MKN45 and 23132) admittedly evince very minute to
no expression of RUNX2 and RUNX3. In comparison, this is clearly overcome by RUNX1, most
distinctly in AGS cells, while CBFp is reliably expressed in each case, which is why the direct
interaction between RUNX1 and N-terminal CagA seems plausible and must therefore be
considered. This possibly affects (canonical) Wnt/B-catenin signaling.

4.3.3 EPIYA/TAK1/NLK: Noncanonical interaction with TCF

Owing to the above mentioned interaction between Type C EPIYA and TAK1 (see 4.3), the
atypical MAP kinase NLK (Nemo-like kinase), as part of the noncanonical Wnt pathway,
becomes activated, which directly inhibits TCF transcriptional activity downstream of
B-catenin by means of TCF phosphorylation in a (polarized) 293 cell line-based pTOPflash
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reporter gene assay (Ishitani et al., 1999, Ishitani et al., 2003). Thus, while entirely bypassing
the canonical route, Type C EPIYA motifs exert a negative impact on the Wnt signaling activity
of polarized cells (see 4.2.3) by using TAB2 (TAK1 binding protein 2) as the scaffolding
protein, linking TAK1 and NLK (Li et al., 2010a). Interestingly, according to data from EI-Etr et
al. (2004), at early infection stages (8 h p.i.) of E-cadherin-competent (polarized) T84 cells
with wt H. pylori, TAB2 intermittently becomes massively down-regulated, probably in order
to compromise the EPIYA/TAK1/TAB2/NLK-induced inhibition of TCF activity.

4.4 Conclusions

In general, this project essentially suffered from three issues, which meant working was very
much occupied by trouble shooting: (i) the difficult generation of cagA constructs, requiring
elaborate cloning approaches (see 2.4), (ii) the context-dependent interference with the
(constitutive) expression of Renilla luciferase (i.e., impairment of transfection control or
expression reference), and (iii) the unpredictability (i.e., ambivalence) of TCF/LEF
transcriptional responses to CagA, or more specifically, the unexpected observation of the
inhibition of TCF/LEF transcriptional activity through wt CagA. As mentioned above (see
1.2.4), regarding the increment in (canonical) Wnt/B-catenin signaling activity levels, there is
comprehensive evidence from studies, predominantly based on the transfection of
recombinant DNA to human (gastric) cancer cell lines (EI-Etr et al., 2004, Franco et al., 2005,
Murata-Kamiya et al., 2007, Kurashima et al., 2008, Suzuki et al., 2009). However, the
observed inhibition of TCF/LEF transcriptional activity in response to wt CagA that can be
deduced from wt H. pylori infection experiments (see 3.1.1) as well as from transfection (see
3.2.1.1 and 3.2.2) or transduction (see 3.2.1.2) of cagA-expressing constructs of lentivirus
necessitates a more detailed discussion.

In conclusion, the following can be stated:

Wt CagA is capable of reducing Wnt/B-catenin signaling activity through infection by

H. pylori. In terms of transfection and transduction, the C-terminal 83% of CagA

(AA 201-1216) behaves like wt CagA, whereas the N-terminal 17% of CagA (AA 1-200) differs
in two respects concerning the host cell: (i) intracellular localization and (ii) dose-dependent
impact on (canonical) Wnt/B-catenin signaling activity. While (i) CagA’s N-terminal AA 1-200
distribute diffusely in the cytoplasm and nucleoplasm of functional E-cadherin-deficient host
cells, CagA’s C-terminal AA 201-1216 display affinity for the plasma membrane, comparable
to wt CagA. In (ii) intermediate to higher concentrations in host cells, CagA’s N-terminal

AA 1-200 tend to increase TCF/LEF transcriptional activity. This is completely opposite to
CagA’s C-terminal AA 201-1216, which clearly cause its inhibition comparable to wt CagA and
consistent with infection by CagA-proficient H. pylori. Furthermore, the higher the intrinsic
(canonical) Wnt/B-catenin activity of the host cells, the more pronounced is the impact of
CagA.

Comparison of the data with a comprehensive literature research also indicates that the
polarization status of host cells predetermines CagA’s scope of interaction. Moreover, the
introduction of CagA by infection (i.e., T4SS-mediated) on the one hand, and transfection or
transduction on the other, implies a divergent interaction between CagA and host cellular
factors.
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5 Appendix

5.1 Characterization of the cell lines

5.1.1 Mutation analysis

The comprehensive search for information on cell line-specific mutational data related to
(canonical) Wnt/B-catenin signaling by means of a literature research is very time-consuming
and rather dissatisfactory. Therefore, additional publicly available web-service databases for
genomic studies were systematically scoured for relevant mutations in the cell lines used in
this work, focusing on components that are crucial in (canonical) Wnt/B-catenin signaling, in
particular targets of (canonical) Wnt/B-catenin signaling and certain other important gastric
cancer related factors such as k-ras (KRAS), p53 (TP53) or E-cadherin (CDH1). Although some
of them are typically not considered canonical, with respect to Wnt and frizzled proteins, all
families were considered because most of them seem to be able to induce Wnt/B-catenin
signaling in a context-dependent manner (MacDonald and He, 2012, Niehrs, 2012, Nusse and
Clevers, 2017). While several databases address different cancer cell lines (namely AGS,
MKN45, 23132 and NCI-N87 cells), obtaining mutational information on 293T cells has been
more laborious (see below).

In general, and because this was most practical, mutation data were referred to the genome
reference consortium human build 37 patch release 13 (GRCh37.p13). Whenever possible,
mutation data were cross-checked with the web-services of the

European Molecular Biology Laboratory (2021) genome browser (Ensembl), the

Catalogue Of Somatic Mutations In Cancer (2021) (COSMIC), the National Center for
Biotechnology Information (NCBI) concerning the Single Nucleotide Polymorphism Database
(2020) (dbSNP) as well as the public archive of interpretations of clinically relevant variants
(Landrum et al., 2014, Landrum et al., 2020) (ClinVar) and, furthermore, the

Genome Aggregation Database (2018) (gnomAD). By this means, the findings were revised
with regard to their relevance and potential adverse functional or clinical impact. The most
common mutation-type was the single nucleotide variation (SNV) followed by short
insertions or deletions (indels). Intronic localizations and synonymous (silent) substitutions
have been disregarded. Therefore, relevant translocations were not obtained in all cancer
cell lines investigated. For example, AGS cells show a duplication-like translocation in TP53
(breakpoint 1 at 17:7582851+, breakpoint 2 at 17:7585042-) that is entirely intronic. In
accordance with Lek et al. (2016) and Ghandi et al. (2019), an allelic frequency (AF) filter of
107 was applied to SNVs (AF predominantly attained from gnomAD v2.1.1) to exclude
germline-like variants and emphasize potentially deleterious variants (which was causing no
conflict with findings from the literature). Where corresponding records were accessible via
web-services, prediction of the functional impact of non-synonymous (missense)
substitutions was predominantly based on the composite and consequently superior
measure REVEL, or at least on FATHMM or SIFT (see 5.1.1.1). Although it was not always
commented on, frame shift mutations were basically considered to be deleterious. The
mutation data were cross-checked with the literature concerning observations in gastric
cancer in general as well as in the particular cell line (see Table 21, A to E, column “Literature
/ Comment”). For all cell lines, irrelevant mutation data were obtained regarding WNT2,
WNT2B, WNT3, WNT3B, WNT4, WNT5A, WNT6, WNT7A, WNT7B, WNT9A, WNTI10A, LRP5,
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FZD3, FZD4, DVL1, CSNK1A, CSNK1D, GSK3B, TCF4 (syn. TCF7L2), TCF10, LEF1 (syn. TCF7L3),
TAK1 (syn. MAP3K7), CCND1, RUNX1, RUNX2, RUNX3, CBFB. This likewise pertains to ACTB,
GAPDH, MYC, IPO8, and PUM1 (see 5.1.2.3).

While Table 21 provides a detailed information, Figure 21 gives a condensed overview of the
compiled mutation data, taking into account the observed or predicted pathogenicity.
Although the gastric cancer cell line NCI-N87 was not used, at least in the experiments
presented in this work, it is included as an internal reference (see 5.1.2.3).
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Figure 21: Compressed outline on cell lines mutational data.

AGS, MKN45, 23132, NCI-N87 and (HEK) 293T cell line-specific synopsis on mutated components crucial in
Whnt/B-catenin signaling, targets of Wnt/B-catenin signaling and other important gastric cancer related factors,
basically disregarding intronic localizations and synonymous (silent) substitutions; mutated genes are displayed
in HGNC notation (TCF7L1 is synonymous to TCF3); target of Wnt/B-catenin signaling (see 5.1.2.1), bold up
arrow: up-regulation and positive feedback, slender up arrow: up-regulation and negative feedback, down
arrow: down-regulation; canonical according to (Niehrs, 2012) and (MacDonald and He, 2012); gastric
expression according to Evolutionary Bioinformatics group (2022) database (Bgee); red boxes: frame shift
mutations or somatic SNV predicted deleterious (REVEL) with known AF, red/grey hatched boxes: somatic SNV
predicted deleterious (REVEL) and AF higher than cut of (FZD7 at MKN45) or somatic SNV predicted deleterious
(just FATHMM) and AF unknown, grey boxes: somatic SNV with unknown prediction of functional impact and
unknown AF, green/grey hatched boxes: somatic SNV predicted innocuous (just FATHMM) and known AF, green
boxes: somatic SNV predicted innocuous (REVEL) with known AF; D-tag: deletion, I-tag: insertion, S-tag: SNV,
3’-tag: SNV at 3’-UTR, 5’-tag: SNV at 5’-UTR; abbreviations: AF = allelic frequency.

5.1.1.1 Predicting the functional impact of single nucleotide variations

REVEL (Rare Exome Variant Ensembl Learner): Prediction of the pathogenicity of missense
variants by means of a composite of several individual tools (FATHMM, GERP, LRT,
MutationAssessor, MutationTaster, MutPred, phastCons, phyloP, Poly-Phen, PROVEAN, SIFT,
SiPhy and VEST); training was performed by comparing recently discovered rare neutral and
pathogenic missense variants (while omitting those priorly used for training of individual
tools), therefore showing best discriminating performance (loannidis et al., 2016).

Range 0-1, deleterious if > 0.5 (probability 75.4%, derived from Ensembl)

FATHMM (Functional Analysis Through Hidden Markov Models): Protein-related means for
retrieving information on pathogenicity without background information on the protein;
multiple sequence alignment by an iterative search procedure and species-specific so-called
pathogenicity weights by comparison with the frequencies of functionally neutral and
disease associated amino acids in conserved domains of the protein (Shihab et al., 2013).
Range 0-1, deleterious if > 0.7 (derived from COSMIC)

SIFT (Sorting Intolerant From Tolerant): Estimating the probability of tolerance of an amino
acid according to most tolerated amino acids at each position after alignment of related
proteins in respect of the impact on the protein function (Ng and Henikoff, 2003).

Range 0-1, deleterious if < 0.05 (derived from Ensembl)
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5.1.1.2 Gastric cancer cell lines

Mutation data on gastric cancer cell lines (AGS, MKN45, 23132 and NCI-N87) were primarily
retrieved from the Cancer Cell Line Encyclopedia (2022) (CCLE) or, to be more precise, from
the related Cancer Dependency Map (2021) (DepMap). This genomic studies database
provides a cell line-specific tabulation of mutated genes and translocations. To this end,
according to Ghandi et al. (2019), a variant calling pipeline and filtering of germline variants
from sequencing data of whole exome sequencing, whole genome sequencing, RNA-seq data
and other has been performed to identify mutations such as somatic SNVs and short indels;
gene fusions have been analyzed from RNA-seq data. In consideration of Ben-David et al.
(2018), the COSMIC cell lines project was used in an analogous manner, which combines data
from full exome sequencing and molecular profiling of human cancer cell lines with COSMICs
largely hand curated information on somatic mutations derived from the literature (Tate et
al., 2019).

As mentioned above (see 5.1.1), no deleterious translocations (in terms of duplication- and
deletion-like exonic mutations or frame shifts) were found in any of the gastric cancer cell
lines investigated. If not already indicated by the CCLE results, somatic SNVs were cross-
checked for reference SNPs (by dbSNP). There were some minor differences between the
CCLE and COSMIC data, but on the whole the somatic SNV data were consistent and
complementary.

5.1.1.2.1 AGS cells

AGS cells do not show many mutations at the genes that are predominantly crucial for
(canonical) Wnt/B-catenin signaling (see Figure 21 and Table 21). In the first place, according
to Caca et al. (1999), Asciutti et al. (2011) and Chang et al. (2016), the CTNNB1 gene
(B-catenin) has a pathologic somatic SNV at codon 34, which means activation of (canonical)
Wnt/B-catenin signaling through constitutive TCF/LEF transcriptional activity, since mutated
B-catenin is resistant to regulation by APC and GSK3p (Caca et al., 1999). The driver mutation
of AGS cells is a missense substitution in the KRAS gene (k-ras), as described by Lee et al.
(1995), Hotz et al. (2012) and Nemtsova et al. (2020). Comprehensibly, both SNVs show
pathologic REVEL predictions. Caca et al. (1999) and Oliveira et al. (2009) state that a
frameshift insertion at the CDH1 gene entails dysfunctional E-cadherin expression. This is
supported by the National Institutes of Health (NIH) based Clinical Genome Resource (2022)
(ClinGen), as this results in a premature stop codon, causing a missing or truncated protein.
According to CCLE and COSMIC, LGR5 (Lgr5; leucine-rich repeat-containing G-protein coupled
receptor 5) and TAB2 (TGFp activated kinase 1/MAP3K7 binding protein 2, syn. MAP3K7IP2)
have a somatic SNV each, but in both cases, no reference SNP and no AF can be drawn from
dbSNP or gnomAD. Their functional impact is predicted just by FATHMM, which proves to be
deleterious. LGR6 shows a somatic SNV with different ancestral allels at CCLE and COSMIC
(c.2365G>C vs. €.2365G>T, the former is known to gnomAD and dpSNP). Since both cause an
identical protein change (p.V789L), an innocuous REVEL prediction applies anyway.

SNV: CTNNB1, LGR5, LGR6, TAB2, KRAS
Other: CDH1 (insertion)
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5.1.1.2.2 MKN45 cells

Because the somatic SNV in TP53 is predicted to be innocuous (see Figure 21 and Table 21),
MKN45 cells express wild type p53 (Yokozaki, 2000, Mashima et al., 2005). However,
homozygous deletion of the tumor suppressor gene CDKN2A (cyclin-dependent kinase
inhibitor 2A) causes a depletion of the tumor suppressor p14ARF, which therefore does not
stabilize the tumor suppressor p53 (lida et al., 2000). Concerning CDH1, CCLE points to a
deletion of 18 residues (GCTCTTCCAGGTATATCC) at 3’ of Exon 6, the last eight residues of
which are intronic, resulting in a splice donor variant and loss of four AAs
(p.AlaLeuProGly275del). This is consistent with Oda et al. (1994), who describe a deletion of
four amino acids between two key Ca?*-binding motifs of the first cadherin domain, which
presumably causes reduced cell-cell-adhesion. In accordance with both CCLE and COSMIC,
WNT5B (Wnt 5B) features a somatic SNV, but neither a reference SNP (dbSNP) nor its AF
(gnomAD) can be obtained, so prediction of its adverse functional effects is based solely on
FATHMM. Although FZD7 has a somatic SNV according to CCLE, its AF (4.03 x 10**) does not
meet the cut-off criteria. However, because its functional impact is predicted deleterious
(REVEL) and MKN4S5 cells show a strong expression of functional frizzled class receptor 7
(Flanagan et al., 2019), which is the predominant receptor for Wnt/B-catenin signaling in
gastric cancer cells (Kirikoshi et al., 2001), this mutation is also included.

SNV: WNT5B, FZD7, TP53
Other: CDH1 (deletion)

5.1.1.2.3 23132 cells

Due to microsatellite instability (MSI) (Ghandi et al., 2019), 23132 cells show several
mutations at proteins involved in Wnt/B-catenin signaling (see Figure 21 and Table 21):
WNT1, FZD6, AXIN1 (axin-1), AXIN2 (axin-related protein), NLK (Nemo-like kinase) and RNF43
(ring finger protein 43). Concerning these short indels, the COSMIC genomic locations differ
by 4 to 7 bp from those of CCLE despite identical reference transcripts. This is due to the
short repetitive DNA sequences where deletions or insertions of single residues are
referenced to either their 5’ or 3’ end. As recommended by den Dunnen et al. (2016), the
most 3’-located position was considered here. RNF43 shows another short deletion distant
from a microsatellite, according to COSMIC. FZD5, FZD8 and DKK1 (dickkopf-related

protein 1) show somatic SNVs, which REVEL predicts as deleterious. LRP6 (low-density
lipoprotein receptor-related protein 6) has a somatic SNV that FATHMM predicts as
pathogenic; there are no records concerning its AF. According to CCLE, DKK2 features an out
of frame de novo start at 5'-UTR, which is predicted to be damaging. The somatic SNV at
CDH1 is localized in its extracellular part and causes an AA change in the so called “cadherin
domain”. In line with data from Klijn et al. (2015) (cf. supplementary data 3), FATHMM
predicts it to be deleterious, but no records concerning its AF could be found. Somatic SNVs
at FZD1, FZD2, DVL3 (dishevelled segment polarity protein 3) and LGR4 are predicted
innocuous (REVEL). Two somatic SNVs at DVL2 and TCF3 (transcription factor 3, syn. TCF7L1),
derived from COSMIC could not be comprehensively cross-checked, and therefore their
deleterious functional impacts are predicted only according to FATHMM. In the case of DVL2,
AF could not be obtained at all, presumably because it is located 3’-UTR, and in the case of
TCF3 (syn. TCF7L1), AF was only obtained from EXAC. The estimation of AF of a deleterious
somatic SNV at CSNK1E (CK1g, casein kinase 1€) was obtained from TOPMed. APC2
(adenomatous polyposis coli like) features two somatic SNVs according to CCLE, that have no
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equivalents at COSMIC, dpSNP or gnomAD. Thus, there is no information about their AF nor
any prediction about their functional impacts.

SNV: LRP6, LGR4, DKK1, FZD1, FZD2, FZD5, FZD8, DVL2 (3’-UTR), DVL3, CSNK1E, APC2, TCF3
(syn. TCF7L1), CDH1

Microsatellites: WNT1 (deletion), FZD6 (deletion), RNF43 (deletion), AXIN1 (deletion), AXIN2
(deletion), NLK (deletion)

Other: RNF43 (deletion), DKK2 (out of frame de-novo-start at 5'-UTR)

5.1.1.2.4 NCI-N87 cells

As mentioned above (see 5.1.1), NCI-N87 cells were not used in the experiments presented
in this work. However, since they are used to compare different cell lines (see 5.1.2), their
relevant mutational data in respect of Wnt/B-catenin signaling will be briefly depicted. As
shown in Figure 21 and Table 21, NCI-N87 have three somatic SNVs. The one located at the
5’-UTR of WNTS8A as well as the one located at WNT10B are both predicted to be innocuous
by FATHMM and REVEL. The third SNV, located at TP53, seems harmful according to REVEL.
Note that WNT8A does not show gastric expression according to the database of the
Evolutionary Bioinformatics group (2022) (Bgee).

SNV: WNT8A, WNT10B, TP53
Other: none

5.1.1.3 293T cells

293T call are neither of gastric origin nor cancer cells. Therefore, they are not taken account
of in comprehensive cancer cell line databases like CCLE or COSMIC. Instead, mutational data
on the 293T cell line were obtained from Lin et al. (2014) (cf. supplementary data 2) and from
the related genomic study database HEK293 Multigenome Variation Viewer (2014), which is
based on whole genome sequencing and provides a search tool for mutated genes. Since this
web-service uses the NCBI36/hg18 reference genome, the coordinate mapping was
translated to GRCh37.p13 using Ensembl (more precisely by BLAST against reference
transcripts). As outlined above (see 5.1.1), mutation data were then cross-checked using
Ensembl, COSMIC, dpSNP, ClinVar as well as gnomAD to get a prediction of the functional
impact and clinical significance. Again, an AF filter of 10~ for SNVs and indels was applied.
According to Figure 21 and Table 21 somatic SNVs were obtained with comprehensive
records for WNT11 (innocuous) and LGR4 (deleterious). LGR6 shows an exonic SNV that
causes a protein change for which there are no equivalents in other databases, hence no AF
or prediction of its functional impact are available. TP53 features a harmful missense
substitution at the E4F1 interacting domain, which has a negative impact on DNA binding by
p53 (Lin et al., 2014). This is supported by FATHMM prediction, but there are no reports
concerning its AF. 293T cells show an insertion that causes a frameshift in ZNRF3 (zinc and
ring finger 3), which could not be cross-checked via COSMIC or Ensembl.

SNV: WNT11, LGR4, LGR6, TP53
Other: ZNRF3 (insertion)
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Appendix 109

5.1.2 Relative TCF/LEF transcriptional activity level of cell lines

The estimation of the (intrinsic) TCF/LEF activity of the respective cell lines allows to evaluate
the impact of CagA on the Wnt pathway more precisely and furthermore to compare the cell
lines with each other in this respect. In some studies, gastric cancer cell lines were compared
for their TCF/LEF transcriptional activity level using a luciferase assay (Caca et al., 1999,
Nojima et al., 2007, Asciutti et al., 2011). However, the relevance to the cell lines used in this
work is rather limited because (i) none of the cited studies covered all cell lines investigated
here at once and (ii) the approaches are methodically different, be it the way nucleic acids
are introduced (i.e., transfection vs. transduction), the reporter plasmid used (i.e.,
pTOPflash/pFOPflash vs. pGL3-OT/pGL3-OF), the internal standard (i.e., Renilla luciferase vs.
B-galactosidase) or the incubation time until lysis (i.e., 24 hours up to four days). In NCI-N87
cells, which have largely unimpaired core components of Wnt/B-catenin signaling (see
5.1.1.2.4), data of Nojima et al. (2007) show similar relative TCF/LEF transcriptional activity to
MKN45 cells, which is considerably reduced in the case of AGS (0.044-fold) and KATOIII cells
(0.018-fold). According to Caca et al. (1999), the TCF/LEF transcriptional activity of NCI-N87
cells (i.e., TOP/FOP mean fluorescent intensity) is only 0.14-fold that of AGS cells but exceeds
that of SNUS5 cells by more than 2-fold. Asciutti et al. (2011) report similar levels for NCI-N87,
AGS and KATOIII cells, which, however, exceed SNU5 cell levels by more than 20-fold. Among
the cell lines used in this work, it could therefore basically be deduced that AGS cells show a
comparably strong and MKN45 cells a rather inferior TCF/LEF transcriptional activity level. In
addition, there is no way to obtain an estimate of 23132 cells in which Wnt/B-catenin
signaling seems to be affected by MSI and other mutations (see 5.1.1.2.3).

Lustig et al. (2002) reported a negative feedback loop of the (canonical) Wnt/B-catenin
pathway through its target gene AXIN2 in human tumors, particularly in cultured colorectal
cancer cells. It was shown that it is possible to use the mRNA levels of Wnt/B-catenin target
genes AXIN2, NKD1 and TCF7 (syn. TCF1) as specific biomarkers for activated Wnt/B-catenin
signaling using real-time quantitative PCR related to the housekeeping gene GAPDH in the
cultured colon cancer cell line SW620 (Yan et al., 2001) and 293T cells (Li et al., 2012).
Accordingly, a culture of cell lines as a whole basically represents a steady state with respect
to the activity of the signaling pathways (irrespective of any recent manipulation). Thus, a
dynamic equilibrium is established in the diverse signaling pathways, not least due to
feedback regulation by certain target genes. Or viewed the other way around, the expression
level of target genes that generate feedback loops can be used to roughly estimate the
signaling activity of a particular pathway, allowing comparison of different cultured cell lines.
Since genomic study databases such as the DepMap portal provide cell line-specific gene
expression levels, they are very useful for comparing cell lines in this regard. Therefore, the
expression levels of Wnt/B-catenin signaling target genes that show feedback regulation by
encoding for a component of the pathway (see 5.1.2.1) were related to the mean expression
levels of selected housekeeping genes in a cell line-specific manner. Since the above studies
on TCF/LEF transcriptional activity overall refer to NCI N87 cells, which have largely native
Wnt/B-catenin signaling components (see 5.1.1.2.4), they were used as a reference, as were
KATOIIl and SNU5 cells, to provide a more conclusive picture.

5.1.2.1 Wnt/B-catenin signaling target genes encoding for pathway
components

There are several components of (canonical) Wnt/B-catenin signaling that are themselves
also target genes of (canonical) Wnt/B-catenin signaling and are regulated by it in a context-
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dependent manner. With respect to the stomach, LEF1 (lymphoid enhancer-binding factor 1,
syn. TCF7L3) (Alok et al., 2017) and LGR5 (Simon et al., 2012, Wang et al., 2018) are up-
regulated by Wnt/B-catenin signaling and show positive feedback regulation. AXIN2 (Alok et
al., 2017), NKD1 (Nkd1, naked cuticle 1) (Katoh, 2001, Alok et al., 2017) and TCF7 (syn. TCF1)
(Alok et al., 2017) are also up-regulated by Wnt/B-catenin signaling but show a negative
feedback loop. Expression of the Wnt/B-catenin signaling inhibitors RNF43 (Hao et al., 2012,
Koo et al., 2012) and ZNRF3 (Van der Flier et al., 2007, Hao et al., 2012) has been shown to
be up-regulated, at least in the intestine. The human Wnt co-receptor LRP6 (Khan et al.,
2007, Li et al., 2010b) is down-regulated by Wnt/B-catenin signaling. Although it has been
shown that the Wnt/B-catenin signaling target gene DKK1 is up-regulated and to generates a
negative feedback loop (Sato et al., 2010), it has not been considered due to its still
controversial role in gastric cancer (Menezes et al., 2012), which has been shown to be a
Wnt/B-catenin-independent (negative) prognostic factor for overall survival and disease-free
survival if highly expressed (Gao et al., 2012, Lee et al., 2012a, Hong et al., 2018).

5.1.2.2 RNA-sequencing

By analyzing the entire transcriptome, RNA-sequencing (RNA-seq) permits assessment of the
expression of specific genes. This requires the generation of complementary DNA (cDNA) by
reverse transcription following selection and enrichment of messenger RNA (mRNA). After
fragmentation and amplification, this cDNA library is subjected to high-throughput
sequencing. The number of reads mapped to single loci or genes in the transcriptome
assembly (read counts) quantifies the respective level of gene expression. The normalization
of read counts basically comprises two steps: Due to different library sizes, comparison
between experiments requires normalization for sequencing depth (i.e., coverage), which is
done by referring to total number of reads per million. Since longer genes show more read
counts, normalization based on gene length (reads per kilobase; RPK) is also performed.
There is an ongoing debate about the normalization of quantification measures with respect
to inter-sample comparison. Provided that identical sample preparation protocols were
applied, that samples originated from the same tissue, and that total RNA amounts were
similar, the normalized expression measure transcripts per million (TPM) allows comparison
across samples (Wagner et al., 2012, Abrams et al., 2019, Zhao et al., 2020). But comparison
across different samples by (common) quantification measures such as TPM is limited,
especially in case of lowly expressed genes, and there is growing evidence for more
appropriate measures, which, however, require not-differentially expressed genes (Dillies et
al., 2013, Zhao et al., 2020, Zhao et al., 2021). Regarding TPM, the reads per kilobase (RPK),
i.e., the read counts divided by the length of each gene in kilobases, are referred to the sum
of all RPK values in a sample (that has been) divided by 106:

TPM = RPK x 1/5(RPK) x 108
RPK = (total reads mapped to gene) x 103 / (gene length [bp])

The DepMap portal (see above) also provides bulk RNA-seq data on the gastric cancer cell
lines AGS, MKN45, 23132 and NCI-N87. Here, alighment of RNA-seq reads was performed
with a GTEx/TOPMed pipeline (GTEx Consortium, 2013) using a Homo sapiens reference
genome (GRCh38). The expression measure of results is presented as log2(TPM+1).
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5.1.2.3 Comparison of the relative TCF/LEF transcriptional activity level
of the cell lines

The expression measures obtained from the DepMap portal have been converted to plain
TPM. Aside from the common housekeeping genes (HKG) ACTB (B-actin) and GAPDH
(glyceraldehyde-3-phosphate dehydrogenase), according to Racz et al. (2021), the
housekeeping genes CNOT4 (CCR4-NOT transcription complex subunit 4), HNRNPL
(heterogeneous nuclear ribonucleoprotein L), IPO8 (importin 8), PUM1 (pumilio RNA binding
family member 1) and SNW1 (SNW domain containing 1) were additionally used as internal
standards, which show stable expression patterns in human cancer cell lines. As can be seen
in Figure 22, the general expression levels (TPM) of the cell lines vary markedly for both
housekeeping and Wnt/B-catenin signaling target genes, with the general expression level
being most pronounced in AGS cells (see Figure 22, B, text box). In Addition, the expression
levels of Wnt/B-catenin signaling target genes differ, in some cases substantially, from those
of HKG, particularly highly expressed ACTB and GAPDH. Compared to all other cell lines
investigated, KATOIII cells show considerable expression of CTNNB1 (see Figure 22, C). Beside
CTNNB1 in AGS cells (see 5.1.1.2.1), there are some mutations of other HKGs: CNOT4 shows
an exonic frameshift by insertion of a single adenine at 23132 cells (COSV59654242,
p.GIn84Tyrfs*5), HNRNPL shows a SNV at MKN45 cells (COSV55496396, rs764751159,
p.Met567Val) and SNW1 shows a SNV at 23132 cells (COSV55054626, rs759186141,
p.Ala85Val), both SNVs are predicted innocuous by REVEL. But the expression levels of these
HKG in in the concerned cells do not differ.

For each cell line, the expression levels of target genes were normalized by the mean
expression level of all HKG that were considered (ACTB, CNOT4, GAPDH, HNRNPL, IPOS,
PUM1, and SNW1) and multiplied by 102 for convenience (see Figure 23). Relative
Wnt/B-catenin signaling target gene expression levels indicate a comparatively high
expression of Wnt/B-catenin signaling target genes in NCI-N87 (particularly LEF1, AXIN2,
NKD1, RNF43) and their relatively strong expression in AGS cells (particularly LGR5, AXIN2,
RNF43). KATOIIl show a low mid-level relative expression of Wnt/B-catenin signaling target
genes (see AXIN2 and RNF43), 23132 and MKN45 indicate a considerably inferior expression
levels, while SNUS5 cells show almost inactive expression, by way of comparison. A clear
reciprocal behavior of negatively controlled LRP6 expression with respect to other target
genes cannot be deduced.

While the expression of the target genes investigated could admittedly be driven by other
pathways, the highly dissimilar relative expression of the Wnt/B-catenin signaling target
genes suggests that there are also substantial differences in cellular Wnt/B-catenin signaling
activity (with no significant deleterious mutations in the corresponding genes). Notably,
AXIN2 and LGR5 are highly Wnt/B-catenin responsive target genes. Yan et al. (2001)
demonstrated a strong correlation between the cytosolic amount of B-catenin and the
expression level of AXIN2 as well as NKD1, while Barker et al. (2010) depicted that the
expression of LGR5 in the stomach is highly up-regulated by increased activity of
Wnt/B-catenin signaling. Consequently, the mean cell line-specific relative expression level of
Wnt/B-catenin signaling target genes (excluding LRP6) gives a vague idea of the dimensions
despite substantial measures of dispersion (SD): 11.11% (NCI-N87), 7.58% (AGS), 2.16%
(KATOIIN), 0.89% (23132), 0.68% (MKN45) and 0.17% (SNU5) (see Figures 23 and 24, small
insert).

Consistent with the data of Caca et al. (1999), Nojima et al. (2007) and Asciutti et al. (2011),
AGS cells show a relatively strong Wnt/B-catenin signaling activity level among the cell lines




112 Appendix

investigated, whereas SNU5 cells show the least activity. Unlike the other authors, but in line
with Asciutti et al. (2011), NCI-N87 cells show the strongest mean relative Wnt/B-catenin
signaling activity level. As mentioned earlier (see 5.1.1 and 5.1.1.2.4), NCI-N87 cells exhibit
intact, i.e. native Wnt/B-catenin signaling components, and therefore their Wnt/B-catenin
signaling levels can most likely be considered robust in the context of gastric cancer cell lines.
The very low TCF/LEF signaling activity of NCI-N87 cells in the data of Caca et al. (1999) and
Nojima et al. (2007) might be due to their limited transfectability (whereas Asciutti et al.
(2011) transduced them with the reporter plasmid). In contrast to Nojima et al. (2007) and
Asciutti et al. (2011), RNA-seq data for KATOIII cells show a comparatively low mean relative
Wnt/B-catenin signaling activity level but a substantially stronger CTNNB1 expression (see
Figure 22, C), which is in agreement with data from Suriano et al. (2005) and may indicate an
(false positive) impact on the expression of luciferase reporter plasmids and thus TCF/LEF
transcriptional activity. Therefore, CTNNB1 was excluded from calculation of mean HKG
expression levels. The rather subordinate Wnt/B-catenin signaling level of the 23132 cells
corresponds well the data from the mutational analysis (see 5.1.1.2.3), where, not least due
to MSI, a considerable degradation of its signaling pathway components can be concluded
(deleterious mutations at AXIN2, DKK1, RNF43 and LRP6). MKN45 cells also show a
comparatively weak mean relative Wnt/B-catenin signaling activity level, although the core
components of signal transduction are largely unimpaired. As described above (see 5.1.2.1),
pronounced expression of DKK1 does not inevitably imply strong Wnt/B-catenin signaling
activity. In the absence of a known cut-off value, DKK1 was disregarded, potentially
disfavoring MKN45 cells that show strong expression of DKK1 (see Figure 22, E).

After normalization to NCI-N87 cells, the estimates for the mean expression levels of
Wnt/B-catenin signaling target genes (excluding LRP6) are as follows: 0.68 (AGS), 0.19
(KATOIII), 0.08 (23132), 0.06 (MKN45) and 0.02 (SNUS5) (see Figure 24).

A: NCI-N87 B: AGS
Gene expression [TPM] Gene expression [TPM]
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
™ ACTB 1,787.70 ™ ACTB 5,354.00
™CNOT4 | 6.17 ™ CNOT4
™ GAPDH 2,586.69 ™ GAPDH 3,540.49
™ HNRNPL 313.38 *™ HNRNPL 498.78
™|PO8 | 26.94 ™|PO8 | 24.81
™PpUML || 27.57 ™PUM1 | 54.47
™SNW1 [I 64.13 ™SNW1 1 113.25
CDH1 [ 104.37 *CDH1 | 9.92
CTNNB1 I 92.76 *CTNNB1 [ 324.33
DKK1 | 3.25 DKK1 [ 476.74
MYC [0 156.23 MYC I 65.52
LEF1 10.68 LEF1 | 0.02
LGR5 | 0.04 *LGR5 [H 259.89
AXIN2 [l 300.58 AXIN2 [ 338.06
NKD1 I 52.43 NKD1 | 9.05
TCF7 | 35.72 TCF7 | 2331
RNF43 [1 99.75 RNF43 [I 86.28
INRF3 | 35.44 mean (w/o LRP6) *ZNRF3 | 11.58 mean (w/o LRP6)
LRP6 | 19.34 316.88 + 700.12 LRP6 | 18.54 622.3 +1,435.31




C: KATOIII

0 1,000

Gene expression [TPM]
2,000 3,000 4,000 5,000 6,000 7,000

™ ACTB
™ CNOT4

4,635.30

3,008.20

[N 2,003.40

mean (w/o LRP6)
590.89 + 1,293.01

Gene expression [TPM]
2,000 3,000 4,000 5000 6,000 7,000

™ GAPDH
™ HNRNPL 310.02
™|PO8 28.66
™PUM1 | 3524
™SNW1 || 69.87
*CDH1 I 108.36
CTNNB1
DKK1 [ 141.49
MYC I 110.94
LEF1 | 0.00
LGR5 | 0.79
AXIN2 54.07
NKD1 | 0.03
TCF7 23.26
RNF43 || 83.01
ZNRF3 13.83
LRP6 16.50
E: MKN45
0 1,000
™ ACTB | :
™ CNOT4
™ GAPDH
™ HNRNPL
™ |PO8 37.49
™PpUM1 46.88
™SNW1 [ 85.98
* CDH1 227.93
CTNNB1 : 174.93
DKK1 [ 193.35
MYC 36.22
LEF1 | 0.78
LGRS 9.91
AXIN2 2.16
NKD1 0.92
TCF7 12.21
RNF43 29.12
ZNRF3 4.20
LRP6 34.47

2,488.80

5,676.62

mean (w/o LRP6)
521.39 + 1,409.69

D: 23132

0 1,000
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Gene expression [TPM]
2,000 3,000 4,000 5,000 6,000 7,000

™ ACTB
*™ CNOT4

1,624.20

™ GAPDH 2,910.30
™ HNRNPL 254.82
™|PO8 31.59
™pUML | 38.42
™SNW1 I 102.90
* CDH1 158.79
CTNNB1 : 188.33
*DKK1 | 0.45
MYC [I 108.41
LEF1 | 0.46
LGRS | 0.75
*AXIN2 | 1.48
NKD1 | 1.32
TCF7 | 2.50
*RNF43 | 27.45
ZNRF3 | 10.20 mean (w/o LRP6)
*LRP6 | 16.59 303.98 + 751.31
F: SNU5
Gene expression [TPM]
0 1,000 2,000 3,000 4,000 5000 6,000 7,000

™ ACTB
™ CNOT4
™ GAPDH

3,034.00

4,288.10

™ HNRNPL 249.99
™1PO8 20.21
™PpUML | 19.79
™SNW1 | 5831
*CDHL | 1.46
CTNNB1 I 92.15
DKK1 [@ 253.59
MYC 1 158.99
LEF1 | 0.47
LGR5 | 0.06
AXIN2 | 0.11
NKD1 0.05
TCF7 9.67
RNF43 | 0.20
INRF3 | 2.35 mean (w/o LRP6)
LRP6 | 8.23 455.39 + 1,188.80

Figure 22: Evaluation of gene expression through RNA-seq [TPM].
Data obtained from Cancer Dependency Map (2021) genomic studies database as log,(TPM+1) were converted
to TPM; genes displayed in HGNC notation; superscripts: trade-mark (™) = housekeeping gene (HKG) taken into
account, asterisk (*) = deleterious mutation; [A] NCI-N87 cells, HKG 687.51 + 1055.30; [B] AGS cells, HKG
1370.97 + 2172.13; [C] KATOIII cells, HKG 1156.70 + 1882.94; [D] 23132 cells, HKG 710.22 + 1129.54; [E] MKN45
cells, HKG 1241.89 + 2150.87; [F] SNUS5 cells, HKG 1096.84 + 1790.637 (mean TPM = SD); black/grey:
housekeeping genes (ACTB, CNOT4, GAPDH, HNRNPL, IPO8, PUM1, SNW1); blue: CTNNB1 and disregarded
target genes (CDH1, DKK1, MYC); green: up-regulated positive feedback Wnt/B-catenin signaling target genes
(LEF1, LGR5); brown/yellow: up-regulated negative feedback Wnt/B-catenin signaling target genes (AXIN2,
NKD1, TCF7 (syn. TCF1), RNF43, ZNRF3); red: down-regulated Wnt/B-catenin signaling target gene (LRP6); note
that regulation of RNF43, ZNRF3 and LRP6 are not gastric cell-specific; text box: mean (+ SD) of all investigated

Cancer Dependency Map (2021) genes (except for LRP6).
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A: NCI-N87 B: AGS
Relative gene expression [%] Relative gene expression [%]
0 10 20 30 40 50 0 10 20 30 40 50
LEF1 h 1.55 LEF1 | 0.00
LGR5 | 0.01 * LGRS 18.96
AXIN2 43.72 AXIN2 = 24.66
NKD1 7.63 NKkD1 || 0.66
TCF7 [ s.20 TcF7 [0 1.70
RNF43 [ ] 1451 RNF43 [ ] 6.29
NREs L] 515 mean (w/o LRP6) "ZNRF 1 084 mean (w/o LRP6)
LRP6 - 2.81 11.11+£15.12 LRP6 F 1.35 7.58 +10.07
C: KATOIlI D: 23132
Relative gene expression [%] Relative gene expression [%]
0 10 20 30 40 50 0 10 20 30 40 50
LEF1 | 0.00 LEF1 | 0.06
LGR5 | 0.07 LGR5 | 0.11
AXIN2 [ 4.67 *AXIN2 | 0.21
NKD1 | 0.00 NKD1 0.19
TCF7 [ 2.01 TCF7 | 0.35
RNF43 [ ] 718 *RNF43 [ ] 3.87
2R3 ] 1.20 mean (w/o LRP6) aNRE3 L 144 mean (w/o LRP6)
LRPG F 1.43 2.16+2.77 * LRP6 F 2.34 0.89+1.40
E: MKN45 F: SNU5S
Relative gene expression [%] Relative gene expression [%]
0 10 20 30 40 50 0 10 20 30 40 50
LEF1 | 0.06 LEF1 | 0.04
LGRS [l 0.80 LGR5 | 0.01
AXIN2 | 0.17 AXIN2 | 0.01
NKD1 | 0.07 NKD1 | 0.00
TCF7 [] 0.98 TcF7 [ o.88
RNF43 [] 2.34 RNF43 | 0.02
ZNRF3 | 0.34 INRF3 | 0.21
mean (w/o LRP6) mean (w/o LRP6)
LRP6 - 2.78 0.68 + 0.82 LRP6 | 0.75 0.17 £0.32

Figure 23: Relative cell line-specific Wnt/B-catenin target gene expression [%].

Gene expression data [TPM] (obtained from Cancer Dependency Map (2021) were cell line-specifically referred
to mean TPM of HKG (ACTB, CNOT4, GAPDH, HNRNPL, IPO8, MYC, PUM1, SNW1) and multiplied by 10? (for
convenience); genes displayed in HGNC notation; superscript: asterisk (*) = deleterious mutation; [A] NCI-N87
cells; [B] AGS cells; [C] KATOIII cells; [D] 23132 cells; [E] MKN45 cells; [F] SNUS5 cells; green: up-regulated
positive feedback Wnt/B-catenin signaling target genes (LEF1, LGR5); brown/yellow: up-regulated negative
feedback Wnt/B-catenin signaling target genes (AXIN2, NKD1, TCF7 (syn. TCF1), RNF43, ZNRF3); red: down-
regulated Wnt/B-catenin signaling target gene (LRP6); note that regulation of RNF43, ZNRF3 and LRP6 are not
gastric cell-specific; text box: relative mean (x SD) of all investigated target genes (except for LRP6).
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Figure 24: Mean relative Wnt/B-catenin target gene expression normalized to NCI-N87 cells.

Mean of relative cell line-specific Wnt/B-catenin target gene expression (LEF1, LGR5, AXIN2, NKD1, TCF7 (syn.
TCF1), RNF43, ZNRF3, excluding LRP6) normalized to NCI-N87 cell line; small insert: without normalization;
NCI-N87 cells (grey): gastric cancer cell lines with unimpaired/robust Wnt/B-catenin signaling (mean relative
11.11% + 15.12), AGS cells (green): strong signaling activity (mean relative 7.59% + 10.07), KATOIIl (purple): low
mid-level (mean relative 2.16 + 2.77), 23132 (orange): subordinate (0.89 + 1.40), MKN45 (blue): weak (mean
relative 0.68% + 0.82), SNU5 (yellow) almost inactive (mean relative 0.17% + 0.32); marked SD due to very
distinct relative gene expression levels.
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A: NCI-N87 B: AGS
Relative gene expression [%] Relative gene expression [%]
0 10 20 30 40 50 0 10 20 30 40 50
RNF43 [ ] 1451 RNF43 || 0.84
RUNXL 2.65 rRunxt [ 466
RUN2 [l 1.42 RUNX2 | 0.01
RUNX3 1.58 RUNX3 | 0.01
CBFB 7.58 CBFB — 7.13
C: 23132 D: MKN45
Relative gene expression [%] Relative gene expression [%]
0 10 20 30 40 50 0 10 20 30 40 50
*AXIN2 | 0.21 AXIN2
*RNF43 || 3.87 RNF 43
RuNXL ] 1.18 RUNXL
RUNX2 | 0.07 RUNX2
RUNX3 | 0.00 RUNX3

cBFB _ 6.88

CBFB 4.19

Figure 25: Relative cell line-specific gene expression of RUNX cluster [%)].

Gene expression data [TPM] (obtained from Cancer Dependency Map (2021) were cell line-specifically referred
to mean TPM of housekeeping genes (ACTB, CNOT4, GAPDH, HNRNPL, IPO8, MYC, PUM1, SNW1) and multiplied
by 102 (for convenience); genes displayed in HGNC notation; superscript: asterisk (*) = deleterious mutation;

[A] NCI-N87 cells; [B] AGS cells; [C] 23132 cells; [D] MKN45 cells; brown and yellow: AXIN2 and RNF43,
respectively (for comparison); purple: RUNX1, RUNX2, RUNX3; lighter purple: CBFB.
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5.2 Cloning primers

5.2.1 pEGFP-cagA constructs: Restriction digestion (following
TOPO® TA cloning)

Forward primers
Pstl-cagA1-21-fwd (wt & 1-200) [L: 29 bp; GC: 41%; T: 63.9 °C]
- CTGCAGTAGTGACTAACGARACCATTAAC i/~

PstI cagA 1-21

Pstl-cagA601-620-fwd (201-1216) [L: 28 bp; GC: 60.71%; T,: 71.98 °C]
- -CTGCAGTAEECCTACTGOTGGGEATTE 1 -~

PstI cagA 601-620

Reverse primers
cagA580-600-Smal-rev (1-200) [L: 30 bp; GC: 43%; T 65.4 °C]
5’ ~CCCGGGTTATCCATTTTTTTCTGCTTCTTG-3" ~—>

Smal cagA 600-580

cagA3629-3648-Smal-rev (wt & 201-1216) [L: 29 bp; GC: 48%; T.: 66.7 °C]
5’ -CCCGGGTTAGCAAGATTTTTGGARACCAC- 3/ ~—>

Smal cagA 3648-3629

cagA wt: Pstl-cagA1-21-fwd + cagA3629-3648-Smal-rev

PstI cagA 1-21
57— T2 STGGTITCCKR TG -3
37 - ATCACTGATTGCTTIGGTART TG : -5/
cagA 3629-3648 Smal
I I
cagA wt (AA 1-1216)
cagA-NTaa1-200: Pstl-cagA1-21-fwd + cagA580-600-Smal-rev
PstI cagA 1-21
37 - CATCACTGATTGCTTTGGTART TG —<<-- ATT -5
cagA 580-600 Smal
I |
cagA-NT (AA 1-200)
cagA-CTanz01-1216: Pstl-cagA601-620-fwd + cagA3629-3648-Smal-rev
PstI cagA 601-620
57— T2 ——>>——CTGGCTTTCCARE A KTCTTGCTAR -3/
e T << S BB, . W_ iy

cagA 3629-3648 Smal

cagA-CT (AA 201-1216)

Figure 26: pEGFP-cagA cloning primers and concept.

Forward (fwd) and reverse (rev) primers to define cagA wt and its constructs (cagA-NTaa1-200 and

cagA-CT aaz01-1216) for introduction into (the multiple cloning site downstream of EGFP gene of) pEGFP-C1 vector
(via TOPO® TA cloning and restriction digestion); reading frames as alternating normal/bold nucleotide triplets;
since the Pstl restriction site is shifted downstream by one nucleic acid, just two nucleotides between the Pstl
restriction sites and cagA at the forward primer (to keep cagA constructs in frame with the EGFP gene, stop
codons downstream of Smal in all reading frames); teal: cagA; pink: Pstl restriction site; blue: Smal restriction
site; orange: spacer to keep cagA in frame; hatched: synthesized complementary strand; abbreviations:

L = length, GC = guanine-cytosine content, T = melting temperature.
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5.2.2 pcDNA4/TO-cagA constructs: Isothermal assembly

Vector (pcDNA4/TO)

Forward primers

pcDNA4-post-wo-fwd (wo 3’-FLAG, all) [L: 32 bp; GC: 62.5%; Tr,: 70 °C]

5’ -TCTGCAGATATCCAGCACAGTGGCGGCCGCTC-3" —->
Vector

pcDNA4-post-3'-FLAG-fwd (3’-FLAG, all ASAS#) [L: 56 bp; GC: 46.43%; T,,: 72 °C]
5’ -GCCTCGGCCTCGEATTATARAGATCATCGATCATARGTC TGCAGATATCCAGCACAG-3" ——>

ASASH# FLAG 1-24 Vector

Reverse primers

pcDNA4-pre-wo-rev (wo 5'-FLAG, all) [L: 41 bp; GC: 53.66%; T 71 °C]

5’ -CATGGTGGCCTTAAGTTTAAACGCTAGAGTCCGGAGGCTGG-3" ——>
Kozak Vector

pcDNA4-pre-5’-FLAG-rev (5’-FLAG, all) [L: 68 bp; GC:39.71%; T,,: 71 °C]
5’ -TGATGCTGATGCCTTATCATCATCATCTTTATAATCCATGGTGGCCTTAAGT TTAAACGCTAGAGTCC-3" ——>

ASAS FLAG 24-1 Kozak Vector

Insert (cagA)

Forward primers
pcDNA4-pre-wo-cagA1-20-fwd (wo 5’-FLAG, wt & 1-200) [L: 50 bp; GC: 40%; Tw: 68 °C]
5/ -ACTCTAGCGTTTAAACTTAAGGCCACCATGGTGACTAACGARACCATTAA-3" ——>

Vector Kozak cagA 1-20

pcDNA4-pre-wo-cagA601-619-fwd (wo 5’-FLAG, 201-1216) [L: 49 bp; GC: 51.02%; Tw: 72 °C]

5/ -ACTCTAGCGTTTAAACTTAAGGCCACCATGGGGCCTACTGGTGEGGATT -3 ——>
Vector Kozak cagA 601-619

5’-FLAG-cagA1-22-fwd (5’-FLAG, wt & 1-200) [L: 52 bp: GC: 38.46%: T..: 68 °C]

5 - AAAGATGATGATGATARGGCATCAGCATCAGTGACTAACGARACCATTAACS 2 >
FLAG 7-24 ASAS cagA 1-22

5’-FLAG-cagA601-620-fwd (5’-FLAG, 201-1216) [L: 50 bp; GC: 48%: T,.: 71 °C]
5 - EAAGATGATEATCATARGC ATCAGC ATCAGGGCCTACTGETGEREATTG 2 ——>

FLAG 7-24 ASAS cagA 601-620

Reverse primers
pcDNA4-post-wo-cagA581-600-rev (wo 3'-FLAG, 1-200) [L: 50 bp; GC: 50%; Tr: 72 °C]
5/ -GCGGCCGCCACTGTGCTGGATATCTGCAGATCCATTTTTTTCTGCTTCTT -3 ——>

Vector cagA 600-581

pcDNA4-post-wo-cagA3629-3648-rev (wo 3’-FLAG, wt & 201-1216) [L: 46 bp; GC: 50% T 71 °C]
5’ -CCGCCACTGTGCTGGATATCTGCAGAGCARGATTTTTGGAAACCAC-3" ——>

Vector cagA 3648-3629

cagA578-600-3'-FLAG-rev (3'-FLAG, 1-200) [L: 51 bp: GC: 45.1%: T..: 70 °C]

5’ - CATCATCTTTATARTCCGAGGCCGAGGCTICCATTTTTTTICTCETTCTTENC 3 ——>
FLAG 16-1 ASAS# cagA 600-578
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cagA3628-3648-3'-FLAG-rev (3'-FLAG, wt & 201-1216) [L: 49 bp: GC: 46.94%: T,.: 70 °C]
5 - CATCATCT T TATARTCCGAGGCCGAGGCCARGATTTTTGEARACCACE -3 ——>

FLAG 16-1 ASAS# cagA 3648-3628

Isothermal assembly
wo cagA wt:

Vector: pcDNA4-post-wo-fwd + pcDNA4-pre-wo-rev
Insert: pcDNA4-pre-wo-cagA1-20-fwd + pcDNA4-post-wo-cagA3629-3648-rev

Vector
/--CCAGCCTCCGGACTCTAGCGTTTAAACTTAAGGCCACCATG-3" 5/ ~TCTGCAGATATCCAGCACAGTGGCGGCCGCTC-~/
VECtOI' /--GGTCGGAGGCCTGAGATCGCAAATTTGAATTCCGGTGGTAC-5" 37 -AGACGTCTATAGGTCGTGTCACCGCCGGCGAG-—/
Vector Kozak
+
Vector Kozak  cagA 1-20
57 -ACTCTAGCGTTTAAACTTAAGGCCACCATE -—>> - -GG A ARA TP TGC TCTGCAGATATCCAGCACAGTGGCGG -3
Insert 37 ~TGAGATCGCAAATTTGAATTCCGGICGTACC A PGAT IGCTT GG TARTT -~ << AGACGTCTATAGGTCGTGTCACCGCC-5"
cagA 3629-3648 Vector
l \/ N/ \/ \/ NN/
/--CCAGCCTCCGGACTCTAGCGITTAAACT TAAGGCCACCATE] > G A BAR TP TEE TCTGCAGATATCCAGCACAGTGGCGGCCGCTC——/
Result --cerceencacereacarcocanarrcantrcceenaeracss ARPT--<<~-| AGACGTCTATAGGTCGTGTCACCGCCGGCGAG-~/

Vector Kozak Vector

cagA wt (AA 1-1216)

wo cagA-NTaa1-200:

Vector: pcDNA4-post-wo-fwd + pcDNA4-pre-wo-rev
Insert: pcDNA4-pre-wo-cagA1-20-fwd + pcDNA4-post-wo-cagA581-600-rev

Vector
/--CCAGCCTCCGGACTCTAGCGTTTARACTTAAGGCCACCATG-3” 57 ~TCTGCAGATATCCAGCACAGTGGCGGCCGCTC--/
Vector /--GGTCeGAGECCTGAGATCGCAAATTTIGAATTCCGGTGGTAC 5" 3’ ~AGACGTCTATAGGTCGTGTCACCGCCGGCOGAG—/
Vector Kozak
+
Vector Kozak cagA 1-20

Insert 57 -ACTCTAGCGTTTAAACTTAAGGCCACCATE BB ORI BRI GG T CTGCAGATATCCAGCACAGTGGCGGCCGC -3

e 37 -TGAGATCGCAAATTTGAATTCCGGTGGTACCE AGACGTCTATAGGTCGTGTCACCGCCGGCG-5"

cagA 581-600 Vector
l \/ N/ \/ \/ NN/

/--CCAGCCTCCGGACTCTAGCGTTTAAACTTAAGECCACCATE] TCTGCAGATATCCAGCACAGTGGCGGCCGCTC——/
Result /--GGTCGGAGGCCTGAGATCGCARATTTGAATTCCGGTGGTACCACTCAT AGACGTCTATAGGTCGTGTCACCGCCGGCGAG—-/
Vector Kozak Vector

| |
cagA-NT (AA 1-200)

T IOCACII B T oL%

wo cagA-CTaa01-1216:

Vector: pcDNA4-post-wo-fwd + pcDNA4-pre-wo-rev
Insert: pcDNA4-pre-wo-cagA601-619-fwd + pcDNA4-post-wo-cagA3629-3648-rev

Vector
/--CCAGCCTCCGGACTCTAGCGTTTAAACTTARGGCCACCATG-3" 5’ -TCTGCAGATATCCAGCACAGTGGCGGCCGCTC-~/
VECtOI' /--GGTCGGAGGCCTGAGATCGCAAATTTGAATTCEGGTGETAC-5" 3’ -AGACGTCTATAGGTCGTGTCACCGCCGGCGAG-—/
Vector Kozak
+
Vector Kozak  cagA 601-619
| 57 -ACTCTAGCGTTTAAACTTAAGGCCACCATE |-—>>--GTEC TP TCCKARART 6L TCTGCAGATATCCAGCACAGTGGCGG-3"
nsert 37 -TGAGATCGCARATTTGAATTCCGGTIGGTA PAA— <<~ AGACGTCTATAGGTCGTGTCACCGCC-5"
cagA 3629-3648 Vector
l \/ N/ \/ \/ \/ \/
/-~CCAGCCTCCGGACTCTAGCGTTTARACTTAAGECCACCATE] - ->> - - GG A AR TIGETCTGCAGATATCCAGCACAGTGGCGECCGCTC - -/

Res u |t /--GGTCGGAGGCCTGAGATCGCAAATTTGAATTCCGGTGGTA
Vector Kozak

AGACGTCTATAGGTCGTGTCACCGCCGGCGAG--/
Vector

|
cagA-CT (AA 201-1216)

5’-FLAG cagA wt (N-terminal):

Vector: pcDNA4-post-wo-fwd + pcDNA4-pre-5’'-FLAG-rev
Insert: 5’-FLAG-cagA1-22-fwd + pcDNA4-post-wo-cagA3629-3648-rev

Vector
VeCtor | -—ceacroraccerrmanactmnncooece A ean IR AT S GRE i ARG ATCACCATCA 3 5/ ~TCTGCAGATATCCAGCACAGTGGCGGCCGCTC-/
/--~CCTGAGATCGCAAATTTGAATTCCGGTGETAC CGTAGTCGTAGT-5’ 37 -AGACGTCTATAGGTCGTGTCACCGCCGGCGAG-~/

Vector Kozak  FLAG 1-24 ASAS
+
FLAG 7-24 ASAS
| t GCATCAGCATCA TCTGCAGATATCCAGCACAGTGGCGG-3"
nser 5 COGTAGTCGTAGTCACTG TTCCTARTTICE AGACGTCTATAGGTCGTGTCACCGCC-5”
1 cagA 3629-3648 Vector
\/ \/ \/ \/ \/ \/
| /--GGACTCTAGCGTTTAAACTTARGECCACCATCEATTAT] GCATCAGCATCA -—>>--GIGE TCTGCAGATATCCAGCACAGTGGCGGCCGCTC—-/
Result /--CCTGAGATCGCAAATTTGAATTCCGGTCCTAC) CGTAGTCGTAGTCACTG ATTGG-—<<—-| AGACGTCTATAGGTCGTGTCACCGCCGGCGAG-~-/

Vector Kozak FLAG ASAS Vector

I
cagA wt (AA 1-1216)
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5’-FLAG cagA-NTaai-200 (N-terminal):

Vector: pcDNA4-post-wo-fwd + pcDNA4-pre-5’'-FLAG-rev
Insert: 5’-FLAG-cagA1-22-fwd + pcDNA4-post-wo-cagA581-600-rev

Vector
~-GGACTCTAGCGTTTARACTTAAGGCCACCATGEATTHLS AKGGCHTCACCATCA-3" 5 ~TCTGCAGATATCCAGCACAGTGGCGGCCGCTC -~/
Vector /--ccTeaAGATCGCAAATTTGAATTCCGGTGGTA CGTAGTCGTAGT-5' 37 -AGACGTCTATAGGTCGTGTCACCGCCGGCGAG--/
Vector Kozak FLAG 1-24 ASAS
+
FLAG 7-24 ASAS
GCATCAGCATCA ~~>>— - RGN GG KA ABAG A TGGEAT CTGCAGATATCCAGCACAGTGGCGGCCGC-3"
Insert CTAC L ACTAC T AT ICC G TAGTCGTAGTCACTGAT TECTITECTART GG -~ <<~ AGACGTCTATAGGTCGTGTCACCGCCGGCG-5"
cagA 581-600 Vector
l \/ \/ \/ \/ \/ \/
/--GGACTCTAGCGTTTARACTTAAGGECACCATE, GCATCAGCATCA SATCTGCAGATATCCAGCACAGTGGCGGCCGCTC -/
Result --ccreacarcecaanrrrcantrecaarécta CGTAGTCGTAG! AGACGTCTATAGGTCGTGTCACCGCCGGCGAG—-/

Vector Kozak FLAG ASAS Vector
|

I
cagA-NT (AA 1-200)

5’-FLAG cagA-CTaaz01-1216 (N-terminal):

Vector: pcDNA4-post-wo-fwd + pcDNA4-pre-5’-FLAG-rev
Insert: 5'-FLAG-cagA601-620-fwd + pcDNA4-post-wo-cagA3629-3648-rev

Vector
/--GGACTCTAGCGTTTARACT TARGGCCACC AT CEN IR A G AT G R T AAGGC HTCAGCATCR -3 5’ ~TCTGCAGATATCCAGCACAGTGGCGGCCGCTC-—/
Vector /--ccTGAGATCGCARATTTGARTTCCGGTGET CGTAGTCGTAGT-5' 3’ -AGACGTCTATAGGTCGTGTCACCGCCGGCGAG——/

Vector Kozak FLAG 1-24 ASAS

+ FLAG 7-24
| t GG e A AR P TGCTCTGCAGATATCCAGCACAGTGGCGG-3"
nser AGACGTCTATAGGTCGTGTCACCGCC-5"

cagA 3629-3648 Vector
l \/ \/ \/ \/ \/ N/
| /--GGACTCTAGCGTTTAAACT TARGGCCACCATGEAZIRA] GCATCAGCATCA RIG - - >> - -G PG E I A MBA P TGC TCTGCAGATATCCAGCACAGTGGCGGCCGCTC - - /

ReSU t /--CCTGAGATCGCARATTTGAATTCCGGTGGTA CGTAGTCGTAG' GA jo A CCrT 177<<77 JAGACGTCTATAGGTCGTGTCACCGCCGGCGAG--/

Vector Kozak FLAG ASAS Vector

I
cagA-CT (AA 201-1216)

cagA wt 3’-FLAG (C-terminal):

Vector: pcDNA4-post-3’-FLAG-fwd + pcDNA4-pre-wo-rev
Insert: pcDNA4-pre-wo-cagA1-20-fwd + cagA3628-3648-3’-FLAG-rev

RSASH FLAG 1-24 Vector
/-~CCAGCCTCCGGACTCTAGCGTTTARACTTAAGECCACCATG-3” 57 ~GCCTCGECCTCE] TCTGCAGATATCCAGCACAG--/
Vector /--GGTCeGAGECCTGAGATCGCAAATTIGAATTCCGGTGGTAC 5 37 ~CGGAGCCGGAGT AGACGTCTATAGGTCGIGIC--/
Vector Kozak
+
Vector Kozak  caga 1-20
| 57 -ACTCTAGCGTTTAAACTTAAGECCACCATE] PTICCAA BRI TGCGCCTCGECCTCGE
nsert 3’ -TGAGATCGCAAATTTGAATTCCGGTGGTACCA! T CGGAGCCGGAGC
cagA 3628-3648 RSASH FLAG 1-16
l \/ \/ \/ \/ \/ \/
/-~CCAGCCTCCGGACTCTAGCGTTTARACTTAAGECCACCATE GCCTCGGCCTCH TCTGCAGATATCCAGCACAG--/
Result /--cerceencecereacarcecanatrrcanTrcceeraeraces PTTGCTAK] CGGAGCCG ZAGACGTCTATAGGTCGTGTIC--/

Vector Kozak ASAS# FLAG Vector

cagA wt (AA 1-1216)

cagA-NTaa1-200 3’-FLAG (C-terminal):

Vector: pcDNA4-post-3’-FLAG-fwd + pcDNA4-pre-wo-rev
Insert: pcDNA4-pre-wo-cagA1-20-fwd + cagA578-600-3’-FLAG-rev

ASASH FLAG 1-24 Vector
/--CCAGCCTCCGGACTCTAGCGTTTARACTTAAGGCCACCATG-3" 5/ ~GCCTCGGCC! TCTGCAGATATCCAGCACAG--/
--GGTCGGAGGCCTGAGATCGCAAATTTGAATTCCGGTGGTAC - -G {ofe] CTARTATTT AC T ATICAGACGTCTATAGGTCGTGIC——
/ GTGGTAC-5' 3 -CGGAGCCGGAGCLT! TATEC /
Vector Kozak
+
Vector Kozak cagA 1-20
5 ~ACTCTAGCGTTTAAACTTAAGGCCACCATG] e\ i eler rit0.V $. e cler Cluley (o cleiuloy Lolcle -3
Insert 3/ -TGAGATCGCARATTTGAATTCCGGTGCTACCACTGE - << CGGAGCCGGA -5"
cagA 578-600 ASASH FLAG 1-16
l \/\/\/ \/ \/ \/
/--CCAGCCTCCGGACTCTAGCGTTTAAACT TAAGECCACCATE! -—>>--GLECRRGIAGCRH [ PGEAGCCTCGGCC! TCTGCAGATATCCAGCACAG--/
--GGTCGGAGGCCTGAGATCGCAAATTTGAATTCCGGTGGTA - << CG CG AGACGTCTATAGGTCGTGIC-—
Result GTGGT: GAGC Z /

Vector Kozak ASASH# FLAG Vector AYAVAVS

|
cagA-NT (AA 1-200)
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cagA-CTanz01-1216 3’-FLAG (C-terminal):

Vector: pcDNA4-post-3’-FLAG-fwd + pcDNA4-pre-wo-rev
Insert: pcDNA4-pre-wo-cagA601-619-fwd + cagA3628-3648-3’-FLAG-rev

ASASH FLAG 1-24 Vector

/--CCAGCCTCCGGACTCTAGCGTTTAARCTTARGGCCACCATG-3" 5 ~GCCTCGGCCTC TCTGCAGATATCCAGCACAG--/

Vector‘ /--GGTCGGAGGCCTGAGATCGCAAATTTGAATTCCGGTGGTAC-5" 3’ -CGGAGCCGGAGCT T ARTR Y IR Y X CTAC TATTCAGACGTCTATAGGTCGTGTC—~/
Vector Kozak
+
Vector Kozak cagA 601-619

I 5 ~ACTCTAGCGTTTAAACTTAAGGCCACCATE] {eloloh [olelclule (oleict gy L yieiler Uict ekl
nsert 3/ -TGAGATCGCARATTTGAATTCCGGTGGTACCLLCCATEACCAC L COPAA CGGAGCCGGAGC -5

cagA 3628-3648 ASASH FLAG 1-16

\/ NN/

CPPGECECCTCEECCTC TCTGCAGATATCCAGCACAG-~/
% CGGAGCCGGAGC! PCAGACGTCTATAGGTCGTGTC-—/
Vector Kozak ASAS# FLAG Vector

| |
cagA-CT (AA 201-1216)

Figure 27: pcDNA4/TO-cagA cloning primers and concept.
Forward (fwd) and reverse (rev) primers to define cagA wt and its constructs (cagA-NTaa1-200 and

121

cagA-CTaaz01-1216) for introduction into pcDNA4/TO vector (behind the CMV2 promoter at the multiple cloning

site followed by bGH terminator, via isothermal assembly); reading frames as alternating normal/bold

nucleotide triplets; teal: cagA; orange: Kozak sequence (with start codon highlighted red); brown: short linker

(ASAS); pink: FLAG-tag; grey: vector (pcDNA4/TO multi cloning site); hatched: synthesized complementary
strand; abbreviations: L = length, GC = guanine-cytosine content, T, = melting temperature.
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5.2.3 pLenti-cagA constructs: Gateway® recombinational cloning
Forward primers

attB1-cagA1-22-fwd (wt & 1-200) [L: 53 bp; GC: 41.51%; T..: 69.232 °C]

5’ ~GGGGACAAGTTTGTACAAAAAAGCAGGCTTAGTGACTAACGARACCATTAACC-3/ -—>

attBl cagA 1-22

attB1-cagA601-619-fwd (201-1216) [L: 50 bp; GC: 50%; T 71.952 °C]
5’ ~-GGGGACAAGTTTGTACAAAAAAGCAGGCTTAGGGCCTACTGGTGGGGATT -3/ ——>

attBl cagA 601-619

Reverse primers

cagA578-600-attB2-rev (1-200) [L: 53 bp; GC: 45.28%; T..: 70.779 °C]

5/ ~GGGGACCACTTTGTACAAGAAAGCTGGGTATCCATTTTTTTCTGCTTCTTGCC-3/ - —>
attB2 cagA 600-578

cagA3628-3648-attB2-rev (wt & 201-1216) [L: 51 bp; GC: 47.06%; Tn:,71.01 °C]

5’ ~GGGGACCACTTTGTACAAGARAGCTGGGTAGCAAGATTTTTGGAAACCACC-3" ——>
attB2 cagA 3648-3628

cagA wt: attB1-cagA1-22-fwd + cagA3628-3648-attB2-rev

attBl cagA 1-22
5’ -GGGGACAAGTTTGTACAAAAAAGCAGGCTTA
37 -CCCCTGTTCAAACATGTTTTTTCGTCCGAATCACTGATTCCTTIGGTA

-->>- - CETCCT I CAKAAATCT TG TACCCAGCTTTCTTGTACARAGTGGTCCCC- 37
ATGGGTCGAAAGAACATGTTTCACCAGGGG-5"
cagA 3628-3548 attB2
| |

cagA wt (AA 1-1216)

cagA-NTaa1-200: attB1-cagA1-22-fwd + cagA578-600-attB2-rev

attBl cagA 1-22
5’ ~GGGGACAAGTTTGTACAAAAAAGCAGGCTTA
3/ -CCCCTGTTCARACATGTTTT T TCGTCCGARTC ACTGAT TGCTTIGCTART GG <<~

GCECHACKAGC KGRI A AR CCATACCCAGCTTTCTTGTACARAGTGETCCCC-3"

ATGGGTCGAAAGAACATGTTTCACCAGGGG-5"
cagA 578-600 attB2

| |

cagA-NT (AA 1-200)

cagA-CTanz01-1216: attB1-cagA601-619-fwd + cagA3628-3648-attB2-rev

attBl cagA 601-619
5’ -GGGGACAAGTTTGTACAAAAAAGCAGGCTTA
37 -CCCCTGTTCAAACATGTTTTTTCGTCCGAATCCCGGATGACCACCCCTAN

TACCCAGCTTTCTTGTACARAGTGGTCCCC-3"

ATGGGTCGAAAGAACATGTTTCACCAGGGG-5"
cagA 3628-3648 attB2

| |

cagA-CT (AA 201-1216)

-->>--GETCCTTICCARAINTCTTCL

Figure 28: pLenti-cagA cloning primers and concept.

Forward (fwd) and reverse (rev) primers to define cagA wt and its constructs (cagA-NTaa1-200 and
cagA-CTaaz01-1216) for introduction into pLenti CMV Puro DEST vector (via BP und LR recombination reactions);
reading frames as alternating normal/bold nucleotide triplets; to keep cagA constructs in frame with attB1 (and
therefore the destination vector), two additional nucleotides have been introduced at the forward and one at
the reverse primer; teal: cagA; brown: attB1 and attB2 sites; grey: recommended sites (according to
manufacturer’s protocol); orange: spacer to keep cagA in frame; hatched: synthesized complementary strand;
abbreviations: L = length, GC = guanine-cytosine content, T, = melting temperature.
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5.3 Additional figures

5.3.1 MDCK cells: Intracellular localization of CagA-NTaa1-200 and
CagA-CTaaz01-1216

Control (blank pEGFP-C1) EGFP-CagA-NTaa1-200 EGFP-CagA-CTanz01-1216
[merge, XY-plane] [merge, XY-plane] [merge, XY-plane]

EGFP'CagA'CTAA201_1216 EGFP'CagA'CTAA201_1216
[merge, XY-plane] [merge, 3D: Z-stacks of XY-planes]

Figure 29: Spatial intracellular distribution of N-terminal EGFP-tagged CagA-NTaa1-200 and CagA-CTaaz01-1216 in
(transfected) MDCK cells.

Transient transfection of MDCK cells by means of pEGPF-C1 cagA constructs (confluency about 80%,
Lipofectamine LTX & PLUS, 500 ng DNA/well, 24-well-plate, 24 h of incubation); confocal laser scanning
microscopy: x-y planes and three-dimensional (3D) reconstruction (successive z-stacks of x-y planes), white
scale bar: 20 um; controls: transfection with blank pEGFP-C1; cyan green: EGFP (1% anti-body: mouse anti-GFP,
2" anti-body: goat anti-mouse-IgG Alexa Fluor 488); blue: nucleus (DAPI); red: F-actin (i.e., plasma membrane,
Phalloidin 594); white arrowheads () indicate accumulation at plasma membrane; in these preliminary
experiments (with admittedly suboptimal image quality), channels have already been merged; blank vector
pPEGFP-C1 shows homogenous distribution throughout cytoplasm; EGFP-CagA-NTaai-200 displays affinity for the
region of the plasma membrane at lower intracellular concentrations (taking into account the pseudopodia) in
addition to strong accumulation in the perinuclear region (presumably rough endoplasmic reticulum) and the
fine-granular distribution in the cytoplasm; the expression (i.e., intracellular concentration) of
EGFP-CagA-CTaaz01-1216 Was considerably lower, localizing mainly in the F-actin region, as indicated by
superimposition (yellow), particularly in the 3D reconstruction; note that EGFP-CagA-NTaa1-200 could definitely
be verified by western blotting, whereas EGFP-CagA-CTaaz01-1216 could induce the hummingbird phenotype, but,
at best, only the faintest traces of it could be detected in the western blot.
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