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1 Introduction

1.1 Hepatitis C Virus

1.1.1 Hepatitis C Virus

According to the world health organisation (WHO), approximately 71 million people, meaning
1 % of the total world population, are currently chronically infected with the hepatitis C virus
(HCV). In 2016, 399 000 people suffering from the consequences of a chronic HCV infection
died (1). HCV has evolved several strategies to persist in the body, despite of ongoing
replication without being cleared by the immune system over decades, even though the innate
immune system is activated vigorously. HCV infection leads in 70-80% of infected people to a
lifelong chronic infection (2). A chronic infection can result in mild inflammation or develop into
severe inflammation of the liver. This inflammation can then lead to fibrosis and finally to
cirrhosis or hepatocellular carcinoma (HCC) (3). One in four cases of liver cancer is attributed
to HCV, rendering it the only known oncogenic positive stranded RNA virus today. Besides
HCV, there are so far only six other viruses known which are oncogenic (4). After a decade of
research regarding the formerly termed non-A non-B hepatitis agents, or as agents causing
hepatitis, HCV has been described as such for the first time in 1989 from Choo and colleagues.
They could demonstrate that HCV is a RNA virus, consisting of at least 10 000 nucleotides (5).
In the 1990s it was confirmed that the genome of HCV is around 10 kilobases (kb) long.
Additionally, it was established that HCV is a positive-sense single-stranded RNA (+ssRNA)
virus with sequence similarities and some homologies to Flaviviruses and Pestiviruses (6).
HCV was therefore classified as a Flaviviridae family member and was the first member of a
new genus: Hepacivirus. The family Flaviviridae consists of four different genera termed:
Flavivirus, Pestivirus, Hepacivirus and Pegivirus, containing 60 different species in total (7, 8).
They all have in common that they are ssRNA viruses with a genome range of 9 to 13 kb, they
replicate in vesicles derived from the endoplasmic reticulum (ER) in the cytoplasm, and are
enveloped as 40 to 60 nm virions with a single core protein and two or three envelope proteins
(9). Today, 14 different viruses belong to the genus Hepacivirus and the best categorized
among them is HCV (10). Eight different genotypes (GTs) of HCV have been reported that
differ from each other by 32-35% in nucleotide sequence. The different GTs can be divided
into several subgenotypes that differ from each other by 20-25% in nucleotide sequence (11-
13). Distribution of GTs is epidemiologically distinct. GT1 is the most common HCV GT

worldwide and also the most widely distributed in Germany (14).
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1.1.2 Viral proteins

HCV contains a 9.6 kb positive-strand RNA genome composed of a 5" and a 3" untranslated
region (UTR), four structural proteins (core, E1, E2, p7) and five non-structural (NS) proteins
(NS2, NS3/4A, NS4B, NS5A and the RNA-dependent RNA polymerase (RdRp) NS5B) (15).
The genome consists of one large open reading frame (ORF) encoding one polyprotein (16)
(Fig. 1). The 5'and 3° UTRs are highly structured RNA sequences which are essential for
replication and RNA translation (15). The core protein forms the viral nucleocapsid and
terminates with E1. E1 is cleaved from core via signal-peptide (SP) peptidase. Recent studies
showed that SP-cleavage is dispensable for HCV budding but is required for infectivity and
virus-particle secretion (17, 18). Interestingly, however, there is no accumulation of virus
particles in the cell, which indicates that the number of newly formed viral particles is
determined before they are secreted. The exact mechanisms are not yet known (18).

The core protein has been described to have an impact on host cellular functions by engaging
several interactions with host proteins (19-22). It was reported to downregulate insulin-receptor
substrate 1 protein levels via downregulation of peroxisome proliferator-activated receptor y
(PPARY) (23). In another study, Wu et al. could show that phosphatase and tensin homolog
(PTEN) interacts with the viral core protein. It binds to the R50 domain | of HCV core protein
and inhibits HCV replication (24). Contrarily, it was demonstrated that PTEN is downregulated
by HCV core protein on both messenger RNA (mRNA) expression and protein level (25, 26).
Additionally, evidence was provided that protein kinase B (AKT) and nuclear Factor k-light
chain enhancer of B-cells (NFkB) are both activated in response to PTEN downregulation via
HCV core protein (26).

The two envelope proteins E1 and E2 seem to have different roles during viral entry and
assembly. They interact with each other and are both involved in the attachment of the virus
to different receptors, in fusion processes and in viral assembly. They can interact with claudin
1 (CLDN1) as E1/E2 heterodimer, but the exact mechanism remains unclear (27).
Furthermore, E1 binds apolipoprotein E (ApoE) and ApoB, which is critical for HCV cell entry
(28). It was shown that the back layer domain, a specific domain of E2, induces conformational
changes of E1 and thus enables the HCV membrane to fuse with the cellular membrane (29,
30).

The structural viral protein p7 can form an ion channel and is thus classified as viroporin. It
acts during assembly, envelopment and secretion of viral proteins but is dispensable for
replication. It modulates the formation of complexes between NS2, E2, NS3 and NS5A,
allowing regulation of assembly events (31). Furthermore, it regulates the localization of the

core protein at lipid droplets in anterograde direction, it modulates the envelopment of viral

20



particles and regulates the pH to guarantee the protection and secretion of infectious particles
(31).

NS2 has cysteine protease activity responsible for NS2/3 cleavage. Hence, it separates itself
from NS3 via cleavage and reaches then full function. Additionally, it was reported to be crucial
for viral assembly (32).

The NS3/4A complex is a S protease that cleaves C-(S/A) peptide bonds, exhibits both
helicase and protease activity and is responsible for processing the non-structural part of the
polyprotein. The interaction between NS3 with NS4A was already demonstrated in the early
1990s. Here, NS4A is the activating subunit, while NS3 is the catalytic subunit (33-35). NS3/4A
not only cleaves viral proteins, but it also cleaves several host proteins and intervenes in the
host immune reaction (36). By disruption of the retinoic acid-inducible gene-I (RIG-I) signalling
via proteolytic cleavage of CARD adaptor-inducing interferon (IFN) B/mitochondrial antiviral
signalling protein (CARDIF/MAVS), it blocks the cellular IFN response to exogenous double-
stranded RNA (37). Furthermore, NS3/4A cleaves the adaptor molecule Toll/Interleukin-1
receptor (TIR) domain-containing adaptor-inducing IFNB (TRIF) and disrupts Toll-like receptor
(TLR) 3 signalling (37). In addition, other host cell proteins, such as the T-cell protein tyrosine
phosphatase (TCPTP) are cleaved by NS3/4A, resulting in activity enhancement of epidermal
growth factor (EGF) receptor (EGFR) by phosphorylation (36).

NS4B is essential for the formation of the so-called “membranous web” in which the virus
replicates (38). Both NS4B and NS5A are essential for viral replication and assembly (39).
NS5A can be phosphorylated to form two different isoforms, by basal phosphorylation (p65) or
by hyperphosphorylation (p58). The two forms have different molecular masses (40, 41). NS4B
is required for NS5A phosphorylation (42). When NS5A is phosphorylated, it switches from
replication to assembly activity by stabilization of NS2 in dotted structures (43). At its amino
terminus it contains an amphipathic a-helix which shows membrane association (44, 45). The
further structure consists of three domains (46, 47).

NS5B represents the RdRp (48, 49) and exhibits RdRp activity even in the absence of other
HCV specific viral proteins. It does not preferentially bind to the HCV 3'-end sequence when
also other RNAs are present, which shows that the HCV RdRp not only catalyses synthesis of
HCV-specific RNA (50, 51). In collaboration with other viral and host proteins NS5B
synthesizes a negative strand of RNA. As other RdRps the catalytically active domain of NS5B
contains the subdomains “fingers”, “palm” and “thumb” (52). The RdRp catalyses RNA via de
novo synthesis of a single-stranded template as well as by primer extension from RNA

duplexes or from a pre-annealed template (53, 54).
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1.1.3 HCV - therapeutic aspects

Before the 1990s no treatment was available for HCV infection (56). Afterwards, interferon a
(IFNa)-based regimens were the standard treatment for many years. The treatment had
significant limitations, the efficacy was extremely low, dependent on the GT of the virus, and
in many cases the therapy did not achieve eradication. Besides that, there were several side
effects noticed (57).

In 1998 it was demonstrated that a treatment with pegylated-IFNa (PEG-IFNa), which is a long-
acting interferon in combination with ribavirin (RBV) could enhance the cure rates, but also this
treatment had many limitations similar to IFNa therapy and also the combination with RBV
showed low efficacy and eradication of the virus was often not achieved (58). Only 40% of
patients infected with HCV GT1 or GT6 could be cured by this treatment. Nevertheless, some
advantages over IFNa therapy have been reported e. g. the sustained virologic response
(SVR) was much higher in some GTs than before and the tolerability was enhanced, since the
treatment was given only once a weak instead of three times (56). Due to the lack of other
treatments, PEG-IFNa in combination with RBV remained the standard therapy until 2011.

In 2011, directed antiviral agents (DAAs) were licensed for treatment of patients infected with
HCV GT1. Telaprevir and Boceprevir were termed first-wave or first-generation DAAs. Both
act by inhibiting the viral NS3/4A protease. These protease inhibitors were used in combination
with RBV and IFNa. The cost of these therapies was high and the SVR was at 60-75%.
Therefore, further DAAs were needed.

In 2014, three new DAAs were available: sofosbuvir, which inhibits the RdRp NS5B,
simeprevir, a second wave NS3/4A protease inhibitor, and daclatasvir, a NS5A inhibitor.
Sofosbuvir was indicated in combination with RBV for GT2 and GT3, the SVR was around 80-
95%. Sofosbuvir in combination with simeprevir or daclatasvir yielded a SVR of 93-100% in
patients infected with HCV GT1 (59).

Today, a broad spectrum of different DAAs exists (60). The development of DAAs was only
possible due to the development of suitable HCV cell culture systems. DAAs nowadays can
cure >95% of HCV-infected patients, leading to the question whether further research
regarding a curable disease is actually necessary. But there are certain challenges that cannot
be combated with DAAs and therefore further research, in particular on the interference of
HCV with its host cell, is more than appropriate. To underline this, some aspects should be
mentioned. First, although the immune system is activated, the virus can often not be cleared
and replicates at high levels. HCV is then often only recognized when the patient develops
HCC or cirrhosis and these clinical issues, can no longer be cured with DAAs. Worldwide, HCV
is most common in resource-limited countries. As DAAs are expensive, most patients in need

of them cannot afford them. Clinically relevant antiviral resistance could occur in the future.
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HCV itself infers no protective immunity. Hence, cured patients are not protected from
reinfection with HCV. Thus, when not recognized at an early stage chronic HCV-induced

hepatitis may result in the development of cirrhosis and cirrhosis-associated complications (4,

61).
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1.1.4 Viral cell entry

HCV can only lead to chronic infection in humans, chimpanzees, and to a limited extent, in
shrews (62, 63). This may be due to certain receptors that enable the virus to enter the cell
and replicate there. There are numerous studies that try to explain the host specificity of HCV
(64-66). However, the exact mechanism has not yet been fully explained. In recent studies it
was demonstrated that HCV has the ability to replicate at low levels in the brain (67), but the
main reservoir are hepatocytes, which express the full range of receptors needed for cell entry.
Hepatocytes show a high polarity, adjacent membranes are separated from tight junctions and
disconnect the apical-canicular from the basolateral-sinusoidal domain (68). HCV particles are
strongly connected with lipoproteins forming a complex termed lipoviroparticle (LVP), those
LVPs are transported into the space of Dissé where the virus can come in contact with the
receptors needed for cell entry (69, 70). Several receptors are needed for viral entry. Viral entry
can be roughly divided into three steps: the attachment to hepatocytes, receptor-mediated
endocytosis and endosomal fusion (71). For attachment of the virus to the hepatocytes, the
two binding factors glycosaminoglycans present on heparan sulfate proteoglycans (HSPGs)
and the low density lipoprotein (LDL) receptor (LDLR) play a crucial role (72). For receptor-
mediated endocytosis, the scavenger receptors class B type 1 (SR-B1) (73), tetraspanin (74),
the tight junction proteins, CLDN1 and occludin are important (65, 75, 76). In addition, other
receptors are also crucial for HCV entry, including EGFR, ephrin receptor A2 (EphA2) (77),
transferrin receptor 1, and the cholesterol transporter Niemann-Pick C1-like 1 (NPC1L1)
receptor (71, 78, 79). ApoE binds to LDLRs and appears to play a role in both HCV entry and
assembly of infectious viral particles (80). HSPGs interact with ApoE and facilitate HCV
attachment, while SR-B1 is relevant for VLDL uptake and also for the uptake of VLDLs
associated with HCV LVPs (81). The viral envelope proteins E1 and E2 mediate viral entry by
forming a non-covalent heterodimer where E2 binds to entry receptors prior to internalization
(27). 40 % of total viral particles in the plasma are bound to triglyceride-rich lipoproteins
containing ApoB, ApoE, ApoC1, C2 and C3 (82, 83). Studies suggest that CLDN1 directly
binds to HCV E2 protein (27) and that during HCV entry CLDN1 and CD81 interact with each
other forming a complex which is critical for HCV entry (84). EGFR does not interact directly
with HCV but binding of HCV to the cell surface results in the colocalization of EGFR and CD81
(63, 85). Although the exact role of EGFR during viral cell entry is not yet known, EGFR has
been reported to play a role at the interface between the colocalization of CD81 and CLDN1
and the clathrin-mediated endocytosis (CME) of HCV (63, 85) (Fig. 2).
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Fig. 2- Schematic depiction of the different cell entry factors of HCV. HCV particles circulate in the blood often
associated with lipoproteins. In the first step (7) either E1/E2 binds to CLDN1/CD81 or ApoE binds to the heparan

sulfate proteoglycan (HSPG) or to the LDLR (2), SR-BI is also important for the binding of HCV via lipoproteins or

E2 (3). The receptor tyrosine kinases (RTKs) (4), such as EGFR and EphA2 are important for the association
between CD81 (5) and CLDN1 (6) and therefore contribute to HCV entry. The entry factor OCLN (7) is important
for post entry steps of HCV and is a component of tight junctions along with CLDN1. The NPC1L1 (8) contributes

to the cholesterol reabsorption from biliary secretion of cholesterol and is also a cofactor of HCV entry. The final

step of HCV entry is the fusion of the host membrane (9) with the viral envelope. The nucleocapsid escapes the

early endosome and viral RNA is translated in the cytoplasm. Modified according to Zeissel et al., Hepatitis C Virus

from Molecular Virology to Antiviral Therapy, page 90 (86).
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1.1.5 HCV - cell culture systems

Four different cell culture systems exist to study different steps of viral infection.

The first available HCV cell culture system was the subgenomic replicon system generated by
Lohmann et al. in 1999, where the NS proteins of the virus are stably expressed in Huh7 cells
(87). These replicon cells can replicate but fail to produce viral particles because they have no
structural proteins and are thus not infectious, while NS proteins are expressed. The first
replicon system was generated by replacement of the encoding region of core to NS2 by two
non-HCV sequences: a gene encoding for a reporter or a selection marker that gives
resistance to the cytotoxic drug Geneticin (G418) and an additional internal ribosomal entry
site (iRES) derived from encephalomyocarditis virus (ECMV). The iRES of ECMV serves for
the synthesis of NS3 to NS5B, whereas the iRES of HCV serves for the synthesis of the
selection marker. Huh7 cell lines are then transfected with both constructs. The first replicon
systems were constructed containing HCV GT1b subgenomic replicon sequences (87, 88). In
the beginning of these studies, only a few cells survived the G418 selection pressure, because
the cells had to adapt to the cell culture conditions. Several adaptive mutations were noted in
subgenomic replicon cells, whereas the 5" and 3" UTR showed no mutations. In the
subgenomic replicon system Con1, several adaptive mutations were noted within the NS4B,
NS5A and NS5B coding regions, upstream of the IFN sensitivity-determining region (89, 90).
Already in 2011, it was noted that HCV has evolved a mechanism to enhance Pl; kinase llla
(P1:KA) activity (91). In 2016, it could be demonstrated that the level of PIsKA in Huh7 cells is
much higher compared to primary hepatocytes, leading to overactivation of PIsKA after HCV
infection due to a mechanism of HCV which enhance the levels of PI4KA in the cell. An adaptive
mutation leading to a loss of function of the PI4sKA amplification mechanism of HCV was found
in the replicon systems, which shows that the overactivation of PI4KA triggered by HCV
infection prevents the cells from becoming infected. The adaptive mutation that led to the
decreased activation of PI4KA was crucial for the successful replication of HCV in Huh7 cells
(92). Most GT1b isolates require only a single adaptive mutation for efficient replication in cell
culture, whereas most of the other GTs require several adaptive mutations to replicate
efficiently (93). With the knowledge of which adaptive mutations are essential for the survival
of the virus in the cell culture system, it was possible to establish various subgenomic and full-
length replication systems (89, 90, 94-97).

In 2003, the HCV pseudoparticle system (HCV,), which is often used to study HCV cell entry,
was established (98, 99). Here, HEK293T cells are transfected with three plasmids containing
retroviral group specific antigens (gag) and the desoxyribonucleic acid (DNA) polymerase (pol)
gene of murine leukaemia virus (MLV) or human immunodeficiency virus (HIV), a reporter

gene, and the envelope proteins of HCV E1 and E2. Particles containing the HCV proteins E1
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and E2 on the surface are released into the cell culture media (100). Huh7 cells are then
exposed to the cell culture medium containing those particles. Productive entry events can be
recognized via the reporter gene which emits detectible light whenever cells display E1 and
E2 in their envelope. Because HCV pseudoparticles carry the structural proteins of HCV, like
HCV particles, they enter the cell via CME. HCV pseudoparticles do not replicate in the cell
because they do not carry the RNA required for this. Therefore, only the HCV cell entry can be
investigated via the HCV,, (98, 100).

In 2005, fully permissive cell culture systems were described (101-103). The cloning of the
HCV GT2a, isolated from a Japanese patient suffering a fulminant course of hepatitis termed
Japanese fulminant hepatitis 1 (JFH1) (104), was crucial for the generation of the HCV... Three
groups reported independently from each other, but nearly at the same time that the wild-type
JFH1 genome, or chimeras containing the JFH1 replicase genes NS3-NS5B and core to NS2
regions from other isolates, based on the same or other GTs, replicated efficiently in Huh7
cells. Since then, this specific HCV genome was used for the HCV,. (100-103). In detail,
Lindenbach et al. described for the first time in 2005 a HCV chimeric genome, were they used
the NS3-NS5B proteins from JFH1 and the core to NS2 proteins from another GT2a isolate,
the isolate J6 (strain J6/JFH1, JC1 was created) which is the HCV. strain used in the present
work (101). Most of the chimeric genomes created contain the NS3-NS5B proteins from JFH1
due to their high efficiency which this is also the case for the chimeric genome created by
Pietschmann et al. in 2006, where the NS3-NS5B proteins from JFH1 and the core-NS2
proteins from the GT1b Con1 isolate are used (105).

In 2008, the trans-complemented particle system (HCV+cp) was described (15). Here, the HCV
replicon RNA is transfected into a packaging cell line, which stably expresses the structural
proteins of HCV. When naive cells are transfected with the HCVrcp, the particles replicate only

once, because the HCV structural proteins are missing in the sequence of HCVrcp (15).
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1.2 Interference of HCV with the host cell

When HCV enters the hepatocyte, it is recognized by pattern recognition receptors (PRRs) via
presentation of pathogen-associated molecular patterns (106). One of those PRRs is the RIG-
. It recognizes HCV viaits 3" UTR and structural intermediates during replication. The cascade
which is switched on in turn involves the CARDIF/MAVS and several downstream molecules,
such as the NFkB and the interferon regulatory factor (IRF) 3 (107, 108). MAVS, first described
by Meylan et al. in 2005 is a RIG-I-interacting adaptor protein, which among others, leads to
the activation of NFkB and IRF3. MAVS is cleaved by the HCV viral protease NS3/4A, resulting
in its degradation (109).

Another PRR which recognizes HCV, is the TLR3. In contrast to RIG-I it recognizes only the
double stranded structural intermediates of HCV during replication and results in upregulation
of IRF3 and NFkB (110, 111).

NS3/4A is known to cleave several host cell proteins, thereby interfering in various cell
signalling pathways of the host. Another example is the cleavage of TRIF which transmits
signals from TLR3 (112). Important for this work is the cleavage of the TCPTP by the viral
protein NS3/4A, since TCPTP is known to be one of the main endogenous negative regulators
of EGFR (36) (described in more detail in chapter 1.3.1.2).

HCV shows a high replication rate of 10'? -10'* particles/day. This high replication rate and the
fact that RdRp has no proofreading function, leads to the presence of a multitude of
quasispecies in the blood of a patient, allowing HCV to escape the CD8* T-cell response (113).
CD8" cytotoxic T lymphocytes (CTL) pressure results in HCV quasispecies formation
harbouring mutations in class | MHC epitopes that allows the virus to escape CTL control. It
was seen that the quasispecies with those mutations are found predominantly in chimpanzees
infected chronically with HCV, while chimpanzees that resolved HCV spontaneously were
found to lack those mutations (114).

In this thesis the interference of HCV with EGF, as well as with the cytokines interleukin (IL)-
18 and tumour necrosis factor (TNF) a signalling pathways was investigated. Therefore, the
downstream signalling pathways of the EGFR and the cytokines IL-18 and TNFa will be

described in more detail in the following chapters.
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1.3 Interference of HCV with growth factors

1.3.1 ErbB family

The ErbB family consists of the EGFR (also termed as Heregulin (HER) 1 or ErbB1),
ErbB2/HER2, ErbB3/HER3 and ErbB4/HER4 (Fig. 4). The ErbB family members play a role,
among others, in the development and progression of cancer as well as in processes in
development, homeostasis and pathologies. ErbB family members can be activated by several
ligands including EGF, transforming growth factor alpha (TGFa), epiregulin (EPR), epigen and
neuregulins 1-6 (NRG), some of which are specific for one receptor, while others have a
broader binding pattern (115) (Fig. 4).

The EGFR is composed of a large extracellular ligand binding site, a transmembrane and a
cytoplasmic region, which becomes phosphorylated at several Y residues after ligand binding
(116-118) (Fig. 4).

The structure of ErbB2 is highly similar to that of EGFR (Fig. 4). Although it has no known
ligand which binds directly to ErbB2, it is a RTK which acts as a co-receptor to the other ErbB
receptors. It can form heterodimers with the other ErbB members and is the preferred binding
partner for the EGFR compared to the other dimerization partners in response to EGF.
Additionally, it decreases the dissociation of EGF from the EGFR which results in a longer
receptor activation (119). Furthermore, the dimers formed with ErbB2 are more stable and less
catalytically degraded (120).

As ErbB2, also ErbB3 shows high structural similarities to EGFR (Fig. 4). ErbB3 has long been
assumed to lack catalytical activity itself, although it was known that it contains C-terminal Y
residues, which can be phosphorylated after heterodimerization of ErbB3 with other ErbB
receptors (120). In the last years it could be demonstrated that ErbB3 has a much weaker
catalytic activity compared to EGFR, yet it can bind ATP and promotes trans-
autophosphorylation (121). ErbB3 has got some ligand binding sites, such as for EPR, NRG1
and 2, which results in heterodimerization of the receptor (120). ErbB3 heterodimers activate
PI3K signalling but they cannot activate the mitogen-activated protein kinase (MAPK)
signalling, hence they are not interacting with growth factor receptor-bound protein 2 (GRB2),
like EGFR is (122). In a recent publication, the authors demonstrated that ErbB3 also
homodimerizes in response to ligand binding and that homodimers of ErbB3 can be monitored
at the cell surface of the cell in the absence of ligands (123).

ErbB4 shows structural similarities to the other ErbB family members but it has some unique
structures which for example results in enhanced cleavage of ErbB4 by metalloproteases at
the cell surface. Several binding partners for ErbB4 exist, including EPR, NRG3 and 4 (120).
EPR, heparin-binding epidermal growth factor-like factor (HB-EGF) and betacellulin are
binding to the EGFR as well as to the ErbB4 receptor due to their high structural similarity. In
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addition to the EGFR, also ErbB4 is recruiting and activating GRB2 and Shc. Additionally it

recruits and activates signal transducer and activator of transcription 5 (122).
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Fig. 4- Schematic depiction of the different ErbB receptors. The extracellular domain (ECD) of ErbB receptors
consists of two leucin-rich and two cysteine-rich sub domains (L1; L2; CR1; CR2 respectively). ErbB2 has no known
ligand. ErbB3 has weak protein tyrosine kinase (PTK) activity, therefore shown in orange. The intracellular domain
(ICD) consists of a bilobal PTK indicated as N and C which is connected to the transmembrane domain via a short
juxtamembrane sequence. The Y residues become phosphorylated on receptor activation. The ErbB4 receptor has
a so called “stalk” region marked in yellow near to the transmembrane. EGF, HB-EGF, EPR, TGFa, betacellulin
and amphiregulin are known to bind to the EGFR while EPR, NRG1 and 2 are binding to ErbB3 and HB-EGF, EPR,
betacellulin, NRG1, 2, 3 and 4 are binding to ErbB4. The inactive domain of ErbB2 is depictured in red colour.
Modified to Fuller et al., J Mol Cell Cardiol. 2008 May;44(5):831-54 doi:10.1016/j.yjmcc.2008.02.278 (120) and to
Steinkamp et al., Mol Cell Biol. 2014 Mar;34(6):965-977 doi:10.1128/MCB.01605-13 (124).
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1.3.1.1 EGFR - signalling cascade

The RTK EGFR is a glycosylated plasma membrane receptor with a molecular weight of
170 kDa, and is involved in different cellular processes like development, proliferation,
differentiation, cell survival and motility (116-118). EGFR can be present as a monomeric
structure on the cell surface or as preformed dimer. Dimerization of EGFR leads to rapid
internalization of the receptor. The receptor can then be either lysosomally degraded or
recycled back to the cell surface. Which path is preferred, is dependent on its phosphorylation
status. Low concentration of EGF results in CME and a large portion of EGFR is recycled back
to the plasma membrane, while a high concentration increases the rate of lysosomal
degradation of the EGFR by internalization through clathrin-independent mechanisms (125).
The binding of EGF to the binding site of the receptor leads either to rapid homo- or
heterodimerization with itself or other members of the ErbB family (126). Both the monomeric
and the dimeric form of EGFR binding EGF resulting in autophosphorylation of the EGFR, with
the dimeric form binds EGF with higher affinity (126). Phosphorylation leads to conformational
changes in the inner membrane domain of the EGFR and creates binding sites for GRB2,
specifically to its Src homology 2 (SH2) domain, and additionally to SH2 domains from other
downstream effector molecules (127). GRB2 binds directly to EGFR at Y1068, Y1086 and
indirectly at Y1173. Here, GRB2 binds SH2-domain containing transforming protein 1 (SHC1),
then the SH2 domain of SHC1 is binding directly to the EGFR at Y1173 or Y992 (128). GRB2,
once bound to the phosphorylated residues of EGFR, builds with or without SHC1 a complex
in which Ras exchange factor SOS is recruited and exchanges RAS-GDP for RAS-GTP,
activating RAF1 which in turn activates the MAPKSs. In general a MAPK kinase kinase (MKKK
or MEKK or MAP3K), e. g. Raf, phosphorylates a downstream MAPK kinase (MKK or MEK or
MAP2K), e. g. MEK1/2, which in turn phosphorylates and activates, e. g. the downstream
MAPK extracellular signal-regulated kinase (ERK) 1/2 (129). MAPK protein phosphatases can
inactivate MAPK by dephosphorylation of their S/T residues. Three MAPK signalling pathways
are well investigated today: the ERK1/2, the c-JUN N-terminal kinase 1, 2 and 3 (JNK1/2/3)
and the p38 MAPK q, B, 6 and y pathways. In a simplified model ERK1/2 is phosphorylated in
response to growth factors, hormones and proinflammatory stimuli, while JNK1/2/3 and p38
MAPK a, B, & and y are activated in response to cellular and environmental as well as
proinflammatory stimuli (130-132). The activation of the MAPKSs results in a final activation of
several transcription factors, such as NFkB, cAMP response element-binding protein (CREB)
1, or specificity protein (SP) (133-135) (Fig. 5).

Apart from MAPKSs, also the phosphatidylinositol-3 kinase (PI3K) pathway can be switched on
after a ligand binds to an ErbB receptor. PI3K is composed of the p85 subunit which binds to

the ErbB specific docking sites and activates thereby the catalytic subunit p110, which in turn
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activates the second messenger phosphatidylinositol 3, 4, 5-triphosphate (Ptdins 3, 4, 5 P3
(PIP3)) via phosphorylation of Ptdins 4, 5 P2 (PIP2) (136). EGFR has no direct binding site for
the p85 subunit of PI3K, here GRB2-associated binding protein 1 (GAB1) is interconnected
between the EGFR and PI3K (137). Next, AKT is recruited, its pleckstrin homology domain
binds directly to PIP; and AKT gets phosphorylated at T308 and S473 by the 3-
phosphoinositide-dependent protein kinase 1/2 (PDK1/2) (138). Precisely, when AKT is
recruited, PH binds to PIPs;, to this end the residue T308 is unmasked and can be
phosphorylated by PDK1. To fully activate AKT it has to be additionally phosphorylated at
S473, this phosphorylation occurs either via autophosphorylation or by PDK2 (139, 140). AKT
in turn activates several transcription factors, among them NFkB and CREB (141, 142) (Fig.
5). Those transcription factors activate, among others, the transcription of the chemokines
CXCL1, 2, 3 and 8 (143, 144). A third downstream signalling pathway can be activated
immediately after EGF binding to EGFR: the phospholipase C y (PLCy) pathway. PLCy is
activated after binding to activated EGFR via its SH domain (145).

\ Chemokines /
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Fig. 5- Schematic depiction of EGFR downstream signalling pathways. EGF binds to the EGFR, which results
in homo- or heterodimerization of the receptor. In response the Y residues of the receptor are autophosphorylated
and GRB2, SOS and GAB1 are recruited to the receptor as described in 1.3.1. They further activate downstream
targets, among others the MAPK and the PI3K signalling pathways. Modified according to Scaltriti and Baselga,
The Epidermal Growth Factor Receptor Pathway: A Model for Targeted Therapy, Clinical Cancer Research, 2006
September 12;18 (146)
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1.3.1.2 Growth factors and HCV

In 2011 Lupberger et al. described EGFR and EphA2 as two essential cofactors for HCV cell
entry (77). In this context EGFR activates or modulates cell surface trafficking of CLDN1, CD81
or both to form CLDN1-CD81 complexes, which are necessary for HCV entry (77, 84). It was
demonstrated that after binding of HCV.. particles to human hepatocytes, EGFR is activated
and in turn HCV. interacts with CD81, but not with CLDN-1. It was further shown that EGFR
is internalized after ligand binding and colocalizes with CD81, suggesting that EGFR interacts
with CD81 during HCV entry, which is known to be one of the essential HCV entry factors (84,
147).

Already in 2009, it could be demonstrated by Brenndorfer et al. that HCV degrades TCPTP by
cleavage at two C-(S/A) peptide bonds that are located at position aa 123/124 (C/A) and aa
216/217 (C/S), via the viral protease NS3/4A, resulting in enhanced phosphorylation and
therefore activation of EGFR and AKT (36). TCPTP is a well-known endogenous negative
regulator of EGFR. In response to EGF, the nuclear form of TCPTP translocates to and
accumulates in the cytoplasm. It then dephosphorylates the Y residues, important for the EGF-
induced association with GRB2, which in response can no longer phosphorylate proteins of
the downstream signalling pathways of EGFR like the MAPK RAS/RAF/MEK/ERK and the
PIsK (117, 148, 149).

In 2016 Stindt et al. demonstrated that HCV upregulates the EGFR and ErbB2 protein levels
on the cell surface, whereas ErbB3 protein levels were downregulated. Additionally, they
elucidated the mechanisms behind this and showed that ErbB3 protein levels are
downregulated via SP1-induced upregulation of NRG1 and AKT activation in HCV-infected
cells and this downregulation enhances the upregulation of EGFR and ErbB2 on the cell
surface, showing a cross-regulation between the different ErbB receptors (150).

Besides EGF, also the vascular endothelial growth factor (VEGF) was reported to play an
important role during HCV infection (151, 152). Interestingly, EGF stimulation of the cell results
in an induction of VEGF mRNA expression in keratinocytes (151). VEGF is known to be critical
in pathological angiogenesis and for HCV cell entry (152). HCV results in an upregulation of
VEGF mRNA expression in primary hepatocytes and hepatoma cells, leading to a reduced
polarity of the cells (153). HCV infection can result in the development of fibrosis, and the
fibrosis status of the liver was reported to correlate with the VEGFA levels in the sera of

patients, which are chronically infected with HCV (154).
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1.4 Interference of HCV with cytokines

1.4.1 Cytokines

The term cytokine can refer to various growth factors, interleukins as well as tumour necrosis
factors (TNF) and chemokines. Cytokines, as well as growth factors, prostaglandins, and
interferons are proteins that are released by cells to communicate with other cells to maintain
cellular homeostasis in response to several stressors. Often a single cytokine acts on several
cells at the same time (pleiotropy). It is known that several cytokines can have both redundant
and synergistic effects (155, 156). They have a plethora of functions, e. g. they are part of the
stem cell development, embryonic development, progression of degenerative processes of
aging, as well as response to infections (157).

During an infection, cytokines can be released from cells and the cascade released in this
process subsequently leads to the recruitment of various regulatory immune cells to the site of
inflammation (158). Cytokine production is associated with the regulation of several
transcription factors such as IRFs, NFkB and AP-1 (159). In this manner, they react to
inflammation, activate or reduce the immune response and respond to infection and trauma
(160).

Two of the proinflammatory cytokines playing a role during HCV infection are described in this

chapter in detail.
1.4.2 Interleukin-1

The IL-1 family comprises 11 family members, from which every single protein is encoded by
a different gene (161). Their main function is to control infections by being major regulators of
the innate immune system, they induce the mRNA expression of several genes and of
themselves (162). Due to their strong and rapid activation, their control is of high relevance.
They can be inactivated via different mechanisms, e. g. by control of receptors on the cell
surface, by activation of the IL-1B-processing protease caspase 1 and by regulation of
downstream signalling (161). The most studied representatives of the IL-1 family members are
IL-1a and IL-1B (163). IL-1a is located in the nucleus where it acts as transcription factor and
activate transcription of several genes such as CXCL8 after binding of extracellular IL-1a to
the IL-1 receptor type 1 (IL1R1) (163). It is constitutively present in mesenchymal and epithelial
cells (164). IL-1B is synthesized as pro-IL-1B and has to be cleaved by caspase 1 to mature
IL-1B, which is activated by the inflammasome a complex consisting of different PRRs

depending on the inflammatory stimulus. During infection with an RNA virus the
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inflammasome, which is often activated consists of the pro-caspase 1, NOD-like receptor
(NLR) family pyrin domain containing 3 (NLRP3) and RIG-I (165-168).

1.4.2.1 Interleukin-1f3 signalling cascade

IL-1B was first purified in 1977 from rabbits after producing a monophasic fever, whereas the
cDNA from human IL-13 was first cloned in 1984 (169, 170). IL-1B binds to the IL1R1, which
is ubiquitously expressed, forming a trimeric complex with the IL-1 receptor accessory protein
(IL-1RAcP) (171). The trimeric complex formation results in the recruitment of TIR like
domains, leading to the recruitment of myeloid differentiation primary response gene 88
(MYD88), Toll-interacting protein as well as IL-1 receptor-associated kinase (IRAK) 4 resulting
in the formation of a complex of these proteins (172). Next IRAK4, IRAK2 and IRAK1 are
phosphorylated and in turn TNFR-associated factor (TRAF) 6 is recruited (173, 174). TRAF6
functions as ubiquitin E3 ligase, in concert with other ubiquitin ligases it attaches K63-linked
polyubiquitin chains to IL-18 downstream signalling intermediates, e. g. to IRAK1, TGFj3-
activated protein kinase-binding proteins (TAB) 2 and 3, as well as TGFB-activated protein
kinase, a member of the MAP3K family transforming growth factor B-activated kinase (TAK) 1
(175-178). As a result, ubiquitinated TAK1 associates with TRAF6 and another MAP3K
MEKK3. TAK1 MEKK3 complex formation and oligomerization of TRAFG6 lead to the activation
of different downstream components of the IL-1B signalling pathway such as NFkB or the
MAPKs JNK, ERK via MAP2K MEK and p38 (178-181). The activation of p38 occurs via
phosphorylation of p38 at T180/Y182 (182) (Fig. 6).

JNK activation leads to the activation of c-Jun and in turn the activation of the activating
transcription factor (ATF) 2 (183).

The NFkB complex consists of five different structural proteins, termed NFkB subunits, namely
the subunits p50 (NFkB1), p52 (NFkB2), p65 (RelA), RelB and c-Rel, which have
transcriptional activity (184). In case of activation of the NFkB complex they form hetero- or
homodimers and translocate to the nucleus where they function as transcriptional activators or
repressors for several genes (184). NFkB activation is rapid, meaning it can be activated within
minutes, and does not require de novo protein synthesis (185).

NFkB is trapped in the cytoplasm by IkBa and can be released via phosphorylation and thereby
degradation of IkBa by the IkB kinase (IKK) (Fig. 6). Once NFkB is released, its subunits
translocate as homo- or heterodimers to the nucleus where they function as transcription factor
and activate several genes such as CCL2, CXCL1, 2, 3 and 8 but also /IL-18 itself (162, 186-
192). To activate transcription of several genes, NFkB recruits different coactivation factors
such as CREB1, CCAAT/ enhancer-binding protein (C/EBPB) and SP1 (193-195).
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Interestingly, IL-1B transactivates the EGFR mediated by CXCL1 in dysplastic oral

keratinocytes cells (196).
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Fig. 6- Schematic depiction of the IL-1f signalling pathway. IL-1( binds to the IL-1R type I. The IL-1RAcP is
then recruited and forms a heterodimer with the IL-1R type 1. MyD88 is recruited and recruits TIR. IRAK1-4 is
recruited and phosphorylated, in turn TRAF6 is recruited. TRAF6 and IRAK1-4 dissociate to the plasma membrane
where they associate with TAK1, TAB2 and TAB3. The complex then migrates back to the cytoplasm, TAK1 is
subsequently phosphorylated, and TRAF6 ubiquitinated. Different pathways can be activated, including the
IKK/IkB/NFKB and the MKK-MAPK/JNK/ERK signalling pathway. Modified to Sienstra et al. 2012, The
inflammasome puts obesity in the danger zone, Cell Metab., 2012 Jan 4;15 (197)
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1.4.2.2 Interference of HCV with Interleukin-13

Patients chronically infected with HCV show higher IL-1( levels in the serum compared to
healthy persons and higher IL-1(3 levels in liver tissue compared to patients suffering from HCC
without HCV infection (198, 199). In patients infected chronically with HCV and having a
narcotic drug consumption history, IL-183, IL-6 and TNFa are highly enhanced (200). Increased
serum levels of IL-1B after HCV infection are higher in patients chronically infected with HCV
GT3 compared to GT1 (201).

In a cohort of 92 patients suffering from chronic HCV infection, those with an IL-13 gene
polymorphism on the -31 T allele had a worse prognosis for the development of HCC (202). In
addition to that IL-1B -551 T/T is associated with the development of HCC in patients
chronically infected with HCV, although patients which spontaneously cleared HCV do not
show polymorphism in the -551 allele of IL-18 (203, 204).

Although, HCV can neither infect Kupffer cells nor non-resident macrophages, they are
nonetheless exposed to the virus in the liver. Therefore, Shrivastava et. al differentiated THP-
1 cells via phorbol 12-myristate 13-acetate stimulation into macrophages which were exposed
to HCV, supernatant was collected, and protein levels of different cytokines were examined.
Additionally, they isolated human primary macrophages from PBMCs and exposed them to
HCV. They demonstrated that HCV exposure of macrophages enhances the secretion of pro-
IL-1B and pro-IL-18 mediated by NFkB (168).

In another study, it was shown via electrophoretic mobility shift assay (EMSA) and via
immunohistochemistry that NFkB is activated in the liver tissue from patients chronically
infected with HCV, as well as in HCV-core transfected HepG2 cells (205), constant activation
of NFkB is observable in many solid tumours (206). In addition to that, activation of NFkB in
response to HCV core-transfection was shown to result in downregulation of PTEN, which is
known to be a negative regulator of AKT (26). Also AKT is known to be constantly activated in
many tumours (207).

In 2013, Negash et al. collected liver samples from HCV-infected patients with mild
inflammation (without fibrosis), percutaneous liver samples of HCV-infected patients which
suffered from severe liver damage during transplantation as well as from the donor liver. By
RNA-sequencing (RNAseq), they could demonstrate that HCV infection enhances, among
others IL-18 mRNA expression. Furthermore, they co-stained liver sections from both control
liver samples and samples from HCV-infected patients with both anti-IL-1 and anti-CD68 and
showed that the staining of IL-13 was increased during HCV infection in Kupffer cells, while it
was not enhanced in hepatocytes. In addition to that, they demonstrated that HCV activates
the NLRP3 inflammasome, which in turn leads to an activation of pro-IL-1 via activation of

caspase 1 (208).
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HCV infection leads to the upregulation of IL-1 proteolytic activation and secretion in Huh7.5
cells infected with the JFH1 via recruitment of NLRP3 and another protein complex of the
inflammasome apoptosis-associated speck-like protein containing a CARD (ASC) (209). The
inflammasome complex formation leads to the proteolytic processing of pro-caspase 1 to

caspase 1, which in turn activates IL-1 (209).
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1.4.3.1 Tumour necrosis factor a

TNFa was first described in 1975 by Carswell et al. as a molecule that causes haemorrhagic
necrosis in tumours in animals infected with bacillus Calmette-Guérin and treated with
lipopolysaccharide (LPS) (210). TNFa is proinflammatory and plays a role in apoptosis,
inflammation, cell proliferation and differentiation (211).

TNFa can be found as a soluble (sTNFa) and as a transmembrane form (mTNFa). The mTNFa
form is the precursor of sTNFa and can be cleaved by the TNFa-converting enzyme. Both
forms can bind to the TNF receptor 1 (TNFR1) and only the mTNFa form can bind to the TNF
receptor 2 (TNFR2) (212). TNFR1 is ubiquitously expressed and plays a critical role in
proinflammatory and proapoptotic processes, while TNFR2 is mainly expressed in
lymphocytes and is responsible for their proliferation (212).

TNFR1 is described to be a death receptor (DR), containing death domains (DDs) in its
cytoplasmic part (213). The DD is mainly responsible for signalling after ligand binding. It
triggers necroptosis, apoptosis and activates NFkB signalling (214, 215). Binding of a ligand
to TNFR1 leads to recruitment of TNFR1-associated death domains (TRADD) and receptor-
interacting protein kinase 1 (RIPK1) (216, 217). After binding of TRADD and RIPK1 to TNFR1
TRAF2 homotrimers are recruited, these leads to recruitment of the E3 ligases cellular inhibitor
of apoptosis protein (clAP) 1 and 2 to the TNFR1 complex, where they attach K63-linked
ubiquitin chains to the components of the TNFR1, e. g. RIPK1 (218, 219). This results in TAK1
recruitment via TAB2 and the inhibitor of IkB kinases complex (IKK), TAK1 then
phosphorylates the IKK; subunit of IKK leading to the phosphorylation and degradation of IkBa
and therefore to the release of NFkB (218, 219) (Fig. 7).

Interestingly, TNFa increases the protein levels of EGFR on the cell surface as well as
intracellularly (220). Apart from activating the EGFR and NFkB, TNFa activates several MAPKs
such as ERK, p38 and JNK. The MAPKK MEK activates herein the MAPK ERK (221, 222).
JNK and p38 are activated by TRAF2 via activation of different MAP3Ks (222-224).

In addition to that, AKT, which is activated by PI3K downstream of binding of different ligands
to RTKs such as EGFR, can contribute to the TNFa-induced NFkB transcriptional activity,

although the exact mechanism is not elucidated yet (225).
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Fig. 7- Schematic depiction of the TNFa signalling pathway. TNFa binds to the TNFR1. The death domain (DD)
of the receptor leads to the recruitment of TRADD and the RIPK. After binding of TRADD to TNFR1 and TRADD to
RIPK, TRAF2 is recruited. (1) In turn the E3 ubiquitin ligases clAP1 and clAP2 are recruited. Thereafter, RIPK and
the other proteins of the receptor complex are ubiquitinated which leads to the recruitment of LUBAC, TAK1, TAB2
and the IKK. IKK phosphorylates IkBa, the phosphorylation leads to the degradation of IkBa. The subunits p50 and
p65 of NFkB are no longer trapped by IkBa in the cytoplasm and can translocate to the nucleus, where they function
as transcription factors, resulting in an enhancement of different target genes, among others the chemokines
CXCLA1, 2, 3. (2) On the other hand, PI3K activates AKT in response to growth factor activation and in turn AKT
contributes to the TNFa-mediated activation of p65. (3) Additionally, TNFa activates different MAPKs via TRAF2.
Modified to Wajant et al., TNFR1 induced activation of the classical NFkB pathway, FEBS J., 2011 Apr;278(6):862-
76 (215) and Baud et al., Signal transduction by tumor necrosis factor and its relatives, Trends Cell Biol., 2001
Sep;11(9):372-7 (222).
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1.4.3.2 Interference of HCV with the tumour necrosis factor a

Patients chronically infected with HCV show significantly higher TNFa levels in the serum and
the TNFa concentration is positively correlated with the severity of the infection (199, 226-228).
Additionally, TNFa mRNA expression was found to be enhanced in the liver and mononuclear
cells from patients chronically infected with HCV (229).

Transgenic mice expressing NS3/4A in the liver show lower levels of CD4* T-cells and type /1l
dendritic cells in the liver compared to wild type mice (230, 231). In addition, they are protected
from otherwise lethal TNFa and LPS-mediated liver damage via upregulation of NFkB
activation and TNFa levels. The inhibition of p38 MAPK reverses this effect (230, 231).
Besides, the resistance to LPS and TNFa-induced liver damage, the NS3/4A transgenic mice
showed increased cytokine (IFNy and IL-10) and chemokine levels (CCL3, CCL17, CCL22,
CXCL9 and CXCL11) (232).

Another study demonstrated that Huh7 cells, which stably express NS5A show decreased
activation of the apoptotic pathway induced after TNFa binding to the TNFR1 via caspase 8,
although this is NFkB independent (233).

In 2015, it could be shown that TNFa is induced in Huh7 cells in response to HCV infection
mediated by TLR7 and TLR8. Furthermore, it could be demonstrated that TNFa prevents the
depletion of the interferon a/p receptor (IFNAR) 2 by HCV, meaning IFNAR2 can no longer
bind IFN and activate downstream signalling pathways which would lead to an inflammatory
activation (226).

Furthermore, HCV core enhances NFkB activation after TNFa stimulation of Huh7 cells
independent of JNK, via a mechanism that has not been elucidated yet (234). In contrast to
that, it was shown that the viral protein NS3 binds to LUBAC and renders it inactive, resulting
in decreased activation of NFkB (235).

Core-transfected HepG2 cells have been shown to be resistant against TNFa-induced
apoptosis due to NFkB activation. When the activation of NFkB is blocked by pyrrolidine

dithiocarbamate, it has been shown that TNFa-induced apoptosis is reactivated (205).
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1.5 Interference of HCV with Chemokines

1.5.1 Chemokines

Chemokines are responsible for the chemotactic migration of multiple leukocytes, such as
haematopoietic precursors, mature leukocytes of the innate immune system as well as naive,
memory and effector lymphocytes belonging to the adaptive immune system (236). In addition,
they are also known to stimulate other types of migratory behaviour including, but not limited
to, haptotaxis and chemokinesis, as well as induction of cell adhesion and arrest. They play a
central role in the homeostasis of the immune system (237), also they are important during
embryonic development of the central nervous system and mediate angiogenetic effects,
which is important e. g. during cancer development (238, 239). The classification of
chemokines is determined by the arrangement of their C residues and their primary amino acid
sequences (240). One chemokine monomer consists of a central three stranded B-sheet, a C-
terminal a-helix and a short N-terminus which is important for receptor activation and is
between 8 and 12kDa in size (241, 242). Four groups of chemokines exist and to which of
them a distinct chemokine belongs is dependent on the position of the two Cs that are nearest
to the N-terminus. While these Cs are directly adjacent in case of CC chemokines, CXC
chemokines have another amino acid in between the two Cs, CX3sC has three amino acids
between the two Cs and XC, of which two forms exist in humans and one in mice, has only
one C after a random amino acid (240) (Fig. 8). Chemokine names include chemokine
designation (CC, CXC, CX3C or XC, where X may be any amino acid) followed by the letter L
for ligands or R for receptors, followed by a number, dependent on when the gene was first
isolated (237, 243). The receptors are seven transmembrane-domain G protein-coupled
receptors (GPCRs) (244). In this work, the CXC ligands of the CXCR2 are of great interest and
are thus described in further detail.
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Fig. 8- Schematic depiction of the different structures from the four subtypes of chemokine ligands. C
chemokines contain one C at the n-terminus, CC chemokines contain two Cs, CXC two Cs, which have another
amino acid in between of the two Cs and CXsC chemokines have three other amino acids in between the two Cs.
Modified to Zhang et al. 2018, Function of chemokines in the perineural evasion of tumours, Int J Oncol. 2018
May;52(5):1369-1379 (240).

1.5.2 CXC ligands

CXC chemokines can be subdivided into two different groups dependent on whether the
tripeptide glutamic acid-leucine-arginine (ELR) precedes the C (ELR™) or not (ELR") (Tab. 1),
of which the ELR* chemokines, among others CXCL1, 2, 3 and 8, mainly bind to the CXCR2
and are known to be angiogenic factors (245, 246). The receptor CXCR2 is the major receptor
for ELR* CXC ligands and mediates angiogenesis. The CXCR2 is expressed in many cell
types, including mast cells, monocytes, neutrophils, eosinophils and oligodendrocytes (247).
CXC ligands are ubiquitously expressed (248). In the liver, hepatocytes, Kupffer cells, stellate
cells, sinusoidal endothelial cells, biliary epithelial cells and infiltrating immune cells can
release chemokines and are in turn responsible for the chemoattractant-induced migration of
different immune cells to the liver (249-251). The infiltration of different immune cells can lead
to chronic inflammation, liver injury or regeneration as well as to progression or resolution of
fibrosis (252). Growth factors, other cytokines and cellular stressors lead to an enhanced
expression of chemokines in hepatocytes (249-251). After liver injury, the chemokine ligands
CXCLA1, 2 and 8 play a crucial role, since their binding to the chemokine receptors CXCR2 and
1 ensures that monocytes and neutrophils migrate to the liver (253, 254). In 1987, IL-8 or
CXCL8 was the first chemokine described as being a chemotactic proinflammatory human

protein that recruits neutrophils after LPS stimulation of monocytes (255). CXCL8 expression
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is enhanced by different stimuli, such as the cytokines TNFa and IL-13. The stimulation results
in @ 10-100-fold induction of CXCL8 mRNA expression mediated by NFkB and activator-
protein 1 (AP1) (256, 257). CXCL1, also known as GROa, shows both inflammatory and
growth-regulatory functions (258). CXCL2/GROB/MGSAB and CXCL3/GROy/MGSAy show 90
and 86% identity at the deduced amino acids to CXCL1 (GROa) (258). CXCL1 and 2 mediate
recruitment of neutrophil granulocytes to the site of infection (259). In addition to that, CXCL1
is essential for reactive oxygen species (ROS) formation at the site of infection to combat
microbials in the tissue (260). CXCL1 signals via binding to either CXCR2 or to
glycosaminoglycans (GAGs) on epithelial and endothelial cells (261). CXCL1 can be found in
monomeric or dimeric forms whereas the dimeric form binds GAG with higher affinity (262).
CXCLS8 binds with high affinity to both receptors CXCR1 and 2 while CXCL1, 2, and 3 primarily
bind to CXCR2 (263).

Tab. 1- ELR positive CXC chemokines and their corresponding receptors. All synonyms for the CXC ligands
in humans and the binding affinities to their corresponding receptors are listed. The table was modified according
to Yuan Cheng et al., Potential roles and targeted therapy of the CXCLs/CXCR2 axis in cancer and inflammatory
diseases, Biochim Biophys Acta Rev Cancer., 2019 April, 1871 (247).

Systemic name Synonyms Receptors Affinity to CXCR2
(nM, Ka)
CXCL1 GROa CXCR2 5
MGSAa
CXCL2 GROB CXCR2 4
MGSAB
MIP2a
CXCL3 GROy CXCR2 1
MGSAy
MIP23
CXCL5 ENA78 CXCR1, CXCR2 11
CXCL6 GCP2 CXCR2 N/A
CXCL7 NAP2 CXCR2 7
CXCL8 IL8 CXCR1, CXCR2 4

1.5.3 CC ligands

Today, there are 28 different CC chemokines described. CC chemokines bind to the CC
receptors (CCRs), from which 10 different members are known until now (CCR1-10). CC
chemokine release results in the recruitment of several immune cells, mainly monocytes and
lymphocytes, but also basophils, eosinophils and neutrophils (264). Especially CCR2
chemokine ligands, such as CCL2, CCL7 and CCL12, specifically recruit monocytes and

macrophages to the site of infection or to the damaged tissue (265-267). In addition to the
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function of recruiting monocytes and macrophages, CCL2 is responsible for regulating
adhesion molecules and the release of the proinflammatory cytokines IL-1B and IL-6 in
monocytes (268). CCL2 mRNA expression is enhanced in hepatocytes under different
pathological conditions, among others non-alcoholic and alcoholic fatty liver disease (269,
270). CCR2 deficient mice do not develop liver fibrosis, because inflammatory G1* monocytes,
which are suggested to be key players in the progression of liver fibrosis, are not recruited to
the injured liver (271).

Tab. 2- CC chemokines and their corresponding receptors. All synonyms for the CC ligands in human and their
corresponding receptors are listed. The table does not include all members of the CC ligand family. The table was
modified according to Deshmane et al., Monocyte Chemoattractant Protein-1 (MCP-1): An Overview, J. Interferon
Cytokine Res., 2009 Jun; 29(6): 313-326 (272).

Systemic name Synonym(s) Receptor(s)
CCL1 1-309 CCRS8
MCP-1
CCL2 MCAF CCR2
TDCF
ceLs MIP-1a CCR1
LD78a CCR5
CCL4 MIP-1B CCR5
CCR1
CCL5 RANTES CCR3
CCR5
CCL6 - Unknown
CCR1
CCL7 MCP-3 CCR2
CCR5
CCR1
CCL8 MCP-2 CoR2
CCR3
CCR5
CCL12 - CCR2

1.5.4 Interference of HCV with CXC and CC ligands

In most liver diseases, chemokines and their receptors are key players in activating the
inflammatory response of the cell leading to recruitment of several immune cells to the affected
organ (273).

Once HCV infects liver cells the immune system is activated and different cells such as
neutrophils are recruited to the site of infection. This results in liver inflammation, liver damage,
fibrosis, cirrhosis and HCC development (108). Two to five weeks after HCV infection, CXCR3
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and CCRS5-binding chemokines are detected in the peripheral blood of HCV-infected
individuals, while antigen-specific intrahepatic T cells are detectable after eight to twelve
weeks. Since CXCR3 are type 1 helper T cells (Th1)-associated, not the chemokine response
of the cells, but the priming of T cells may be delayed during HCV infection (274).

Increased protein levels of CXCL1, 2, 3 and 8 in the sera of patients has already been
described for various tumours and viral infections (247). Also in sera from HCV-infected
patients, the CXCLS8 protein levels are upregulated when compared to healthy control patients
sera, correlating with the severity of liver inflammation (108).

Additionally, CXCL8 mRNA expression, as well as CXCL8 protein levels are upregulated in
Huh7 cells when they are transfected with the NS proteins NS4A, NS4B and NS5A of HCV
(275).

Already in the late 1990ies, interference of HCV proteins with several cellular signalling
pathways was demonstrated, because both NS5A and E2 HCV proteins inhibit the protein
kinase R, which is an interferon-induced enzyme and is therefore important to activate the
cellular immune response against viral invasion of the cell (276, 277). In studies further
investigating the effects of the HCV protein NS5A, it was shown that NS5A upregulates CXCL8
MRNA expression and CXCL8 protein levels resulting in the inhibition of IFNa-induced antiviral
responses of the cell (278). TNFa stimulation of Henrietta Lacks (HeLA) cells resulted in an
NFkB and AP1 mediated upregulation of CXCL8 mRNA expression (278).

In addition, elevated TNFa as well as CXCLS8 protein levels were observed in sera of patients
chronically infected with HCV (279). Protein levels of CXCL8 are highly upregulated in patients
not responding to IFN therapy, whereas the protein levels of CXCL8 in patients sera decreased
after successful IFN therapy (279).

The transcription of CXCL8 is not only induced in response to NS4A, NS4B and NS5A, but
also activated in NS2-transfected HepG2 cells, which is mediated via NFkB. After the binding
site of the CXCL8 promoter for kB is abolished by mutagenesis, increased CXCLS8 transcription
is no longer observable in NS2-transfected cells (280).

Interestingly, in chronic infection models of HCV, such as the subgenomic replicon cell system
(1.1.5), upregulation of CXCL8 protein levels correlates with HCV replication and HCV
replication stops when CXCL8 is removed, while in an acute infection model of HCV CXCL8
production is inhibitory for HCV replication of low replicative capacity-exhibiting viruses. This
data demonstrates both pro- and antiviral effects of CXCL8 depending on different parameters,
such as acute or chronic infection or the replication rate of the virus (281).

Besides CXCL8, also the mRNA expression of the chemokine CCL2 is altered during HCV
infection. Consequently, hepatic CCL2 is upregulated in response to HCV infection (274). The

susceptibility of HCV infection was shown to be associated with a specific single nucleotide
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polymorphism (SNP) in the CCR2 gene. Additionally, it was demonstrated that successful HCV
clearance is associated with a SNP in the C allele of CCL2 and in the T allele of CCL5 (282).
HCV.. particles co-cultured with macrophages upregulated the CCL2 mRNA expression, as
well as the CCL2 protein levels in the macrophages, resulting in enhanced release of CCL2
and subsequently enhanced recruitment of monocytes. Additionally, /IL-18, TNFa and IL-6

MRNA expression was upregulated in macrophages co-cultured with HCV particles (283).
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1.6 Aim of the work

It is well known that HCV interferes in several intra-and intercellular signalling pathways and
modulates them. HCV has established several mechanisms to circumvent the immune system
and to modulate cell signalling pathways. The liver is composed of different cell types, mainly
hepatocytes, which are, among others, capable of releasing different cytokines and
chemokines to guide immune cells to the liver after inflammation, as a stress response or after
injury. In previous studies it could be demonstrated that the HCV protease NS3/4A not only
cleaves viral proteins, but also several host proteins such as TCPTP (36). TCPTP is one of the
endogenous negative regulators of EGFR. EGFR is known to play a crucial role during HCV
infection, although the mechanism behind it is not precisely elucidated yet. In transgenic mice
expressing NS3/4A in the liver, it could be seen that TNFa levels are increased as well as
NFkB p65 activation is upregulated. Additionally, these mice are protected from otherwise
lethal TNFa and LPS challenges (230, 231). Furthermore, it was shown that the mRNA
expression of CXCL1, 2, 3 and 8 as well as the protein levels of those chemokines are
upregulated after HCV infection. Recently, our research group demonstrated that this

upregulation is further enhanced after EGF stimulation (284).

In this work, it should be investigated whether growth factors, cytokines and/or chemokines
are altered in sera of patients chronically infected with HCV.

In addition to that, it should be analysed which EGFR downstream signalling components are
involved during EGF-induced mRNA expression of CXCL1, 2, 3 and 8 mRNA enhanced by
HCV infection, to identify the underlying molecular mechanisms behind the chemokine
expression regulation in context of HCV.

Additionally, it should be determined whether also the cytokines TNFa and IL-1(3 play a role
during HCV-dependent mRNA expression upregulation of the chemokines CXCL1, 2, 3and 8
and so, the underlying molecular mechanisms should be uncovered.

Furthermore, the effect of HCV infection on the expression regulation of those analytes should
be analysed.

The mechanisms behind the upregulation of CXCL1, 2, 3and 8 mRNA expression in response
to HCV infection should be elucidated as well.

Additionally, the role of TCPTP and AKT in the context of HCV should be analysed. Therefore,
knockout cell lines should be generated using clustered regularly interspaced short palindromic

repeats (CRISPR)/Cas9-mediated genome editing.
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2 Materials

2.1 Materials for cell culture

Tab. 3- List of plastic goods used in this study.

Item Company Item number
75 cm? tissue culture flask Greiner (Solingen, Germany) #658 170

6 cm tissue culture dish Falcon (Heidelberg, Germany) #353004

10 cm tissue culture dish Falcon (Heidelberg, Germany) #353003

6-well tissue culture plate Greiner (Solingen, Germany) #665180
12-well tissue culture plate Greiner (Solingen, Germany) #657160
96-well tissue culture plate Eppendorf (Hamburg, Germany) #0030730119

Filtropur S 0.2 ym filter

Sarstedt (NUmbrecht, Germany)

#83.1826.001

Filtropur 0.45 pm filter Sarstedt (NUmbrecht, Germany) #83.1826
Hybond P 0.45 PVDF blotting GE Healthcare (Chicago, lllinois, USA) #10600023
membrane

2.2 Cell culture media

Tab. 4- List of cell culture media used in this study.
Item Company Iltem number
DMEM 4.5 g/L glucose Merck (Darmstadt, Germany) #FG-0445
DMEM 4.5 g/L glucose PAN BIOTECH (Aidenbach, Germany) #P04-03600
DMEM/HAM’s F-12 Merck (Darmstadt, Germany) #FG-4815

(NEAA)

DMSO Sigma Aldrich (St. Louis, Missouri, USA) #D2650-5X5ML
FBS Thermo Fisher (Waltham, Massachusetts, USA) #10270-106
G418 Geneticin Thermo Fisher (Waltham, Massachusetts, USA) #10131-027
L-Glutamine (200mM) Thermo Fisher (Waltham, Massachusetts, USA) #25040081
MEM Non-essential-amino-acids

Thermo Fisher (Waltham, Massachusetts, USA) #11140-035
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OptiMEM Thermo Fisher (Waltham, Massachusetts, USA) #51985-06
PBS PAN BIOTECH (Aidenbach, Germany) #P04-36500
Penicillin/Streptomycin Thermo Fisher (Waltham, Massachusetts, USA) #15140-122
Trypsin/EDTA Cytogen (Sinn-Fleisbach, Germany) #10-023

2.3 Chemicals

Tab. 5- List of chemicals used in this study.
ltem Company Item number
5x siRNA Buffer #B-002000-WB-100

Dharmacon (Colorado, USA)

Germany)

6-aminocaproic acid AppliChem (Darmstadt, Germany) #A2266
8-Bromo adenosine 3’, 5’-cyclic
monophosphate Sigma Aldrich (St. Louis, Missouri, USA) #B5386
Acrylamide AppliChem (Darmstadt, Germany) #A0951
Agar Biozym (Oldendorf, Germany) #840004
Ammonium persulfate Serva (Heidelberg, Germany) #13375.05
Ampicillin Sigma Aldrich (St. Louis, Missouri, USA) #A1593

. New England Biolabs (Frankfurt am Main,
Antarctic phosphatase #M02895

#A4529-10MG

Aprotinin Sigma Aldrich (St. Louis, Missouri, USA)

ATP Sigma Aldrich (St. Louis, Missouri, USA) #A1852
Benzamidine Sigma Aldrich (St. Louis, Missouri, USA) #12072
B-Glycerophosphate Sigma Aldrich (St. Louis, Missouri, USA) #50020
Bradford protein assay BioRad (Hercules, California, USA) #500-0006
Bromocresol green sodium salt Sigma Aldrich (St. Louis, Missouri, USA) #B1256
BSA Thermo Fisher (Waltham, Massachusetts, USA) #15561020
DharmaFECT 4 Dharmacon (Colorado, USA) #T-2004-03
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Dodecyl sulfate/1 1 ddH20

EDTA

Glucose

GoTaq gPCR and RT-qPCR

Kanamycin

Leupeptin

Methanol

NazVOs4

NaOH

ReBlot Plus Strong Antibody
Stripping Solution

Recombinant human IL-18

L-Glutathione, reduced

Serva (Heidelberg, Germany)

Carl Roth (Karlsruhe, Germany)

Merck (Darmstadt, Germany)

Promega (Madison, Wisconsin, USA)

VWR (Radnor, Pennsylvania, USA)

Sigma Aldrich (St. Louis, Missouri, USA)

Merck (Darmstadt, Germany)

Merck Millipore (Darmstadt, Germany)

Roche (Basel, Switzerland)

#20763

#CNO6

#346351

#A6001

Sigma Aldrich (St. Louis, Missouri, USA) #60615
Sigma Aldrich (St. Louis, Missouri, USA) #Y0000517

Sigma Aldrich (St. Louis, Missouri, USA) #19783-25MG

#20847.320

#56508

#1.06498.500

#2504

#11457756001

53




Recombinant human TNFa

Roche (Basel, Switzerland)

#11088939001

SDS

Sigma Aldrich (St. Louis, Missouri, USA)

#L3771

siGENOME Non-Targeting-siRNA
#1

Dharmacon (Colorado, USA)

#D-001210-01-05

siGENOME Non-Targeting-siRNA
#3

Dharmacon (Colorado, USA)

#D-001210-03-05

siGENOME Non-Targeting-siRNA
#5

Dharmacon (Colorado, USA)

#D-001210-05-05

siGENOME SMARTpool Human
AKT1 siRNA

Dharmacon (Colorado, USA)

#M-003000-03-
0005

siGENOME SMARTpool Human
ATF2 siRNA

Dharmacon (Colorado, USA)

#M-009871-00-
0005

siGENOME SMARTpool Human
CREB1 siRNA

Dharmacon (Colorado, USA)

#M-003619-01-
0005

siGENOME SMARTpool Human
C/EBPg siRNA

Dharmacon (Colorado, USA)

#M-006423-03-
0005

siGENOME SMARTpool Human
EGF siRNA

Dharmacon (Colorado, USA)

#M-011650-01-
0005

siGENOME SMARTpool Human
MEK1 siRNA

Dharmacon (Colorado, USA)

#M-003571-01-
0005

siGENOME SMARTpool Human
MAP3K7 siRNA

Dharmacon (Colorado, USA)

#M-003790-06-
0005

siGENOME SMARTpool Human
MAPKS8 siRNA

Dharmacon (Colorado, USA)

#M-003514-04-
0005

siGENOME SMARTpool Human
MAPK9 siRNA

Dharmacon (Colorado, USA)

#M-003505-02-
0005

siGENOME SMARTpool Human
RELA siRNA

Dharmacon (Colorado, USA)

#M-003533-02-
0005

siGENOME SMARTpool Human
SP1 siRNA

Dharmacon (Colorado, USA)

#M-026959-00-
0005

Spermidine Sigma Aldrich (St. Louis, Missouri, USA) #56766
TEMED Sigma Aldrich (St. Louis, Missouri, USA) #9281
Tetrasodium pyrophosphate Sigma Aldrich (St. Louis, Missouri, USA) #SLBW3580
Tris VWR (Radnor, Pennsylvania, USA) #103156X
Triton X-100 Merck (Darmstadt, Germany) #CC-1025
Tryptone/Peptone Merck (Darmstadt, Germany) #1022390500
Tween 20 Merck (Darmstadt, Germany) #8221840050
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Western Lightning Plus-ECL

Perkin Elmer (Waltham, Massachusetts, USA)

# NEL104001EA

Kit

Yeast extract Sigma Aldrich (St. Louis, Missouri, USA) #70161
2.4 Kits
Tab. 6- List of kits used in this study.
ltem Company Item number
Human Custom ProcartaPlex 8- . #PPX-08-
Thermo Fisher (Waltham, Massachusetts, USA)
plex MXGZFPT
Human IL-8 ELISA Ready-SET
) Thermo Fisher (Waltham, Massachusetts, USA) #88-8086-22
GO! (S Generation)
NucleoBond Xtra Midi Macherey Nagel (Diren, Germany) #740410
NucleoSpin Macherey Nagel (Diren, Germany) #740588
NucleoSpin Gel and PCR clean-up | Macherey Nagel (Diren, Germany) #740609
QIAGEN Plasmid Giga Kit Qiagen (Hilden, Germany) #12191
QlAshredder Qiagen (Hilden, Germany) #79656
QuantiTect Reverse Transcription
kit Qiagen (Hilden, Germany) #205314
i
RNeasy Mini Kit Qiagen (Hilden, Germany) #74106
Simple ChIP Enzymatic Chromatin ] ] )
Cell Signaling (Cambridge, UK) #9003
IP Kit Magnetic Beads
VenorGEM Mycoplasma Detection . ) .
Minerva Biolabs (Berlin, Germany) #11-1050
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2.5 PCR and molecular cloning

Tab. 7- List of components for PCR and molecular cloning.

Item Company Iltem number
dNTP mix eBioscience (San Diego, USA) #15521197
GoTaq gRT-PCR Master Mix Promega (Madison, Wisconsin, USA) #A6002
High-Fidelity DNA Polymerase Qiagen (Hilden, Germany) #74104

IPTG Qiagen (Hilden, Germany) #205314

. . Eurogentec (Luttich, Belgium); Eurofins
Oligonucleotides

(Luxemburg)
Restriction enzymes Macherey Nagel (Diren, Germany) #740609
RNasin Ribonuclease inhibitor Macherey Nagel (Diren, Germany) #740588
rNTP mix Merck (Darmstadt, Germany) #79656
Sequencing Eurofins (Luxemburg)
Smart Ladder/MassRuler DNA

Fermentas (Waltham, Massachusetts, USA) #SM0408

Ladder Mix

Smart Ladder Low
Thermo Fisher (Waltham, Massachusetts, USA) #SM0383
Range/MassRuler

New England Biolabs (Ipswich, Massachusetts,
T4-DNA Ligase USA) #M0202

T7-RNA Polymerase Promega (Madison, Wisconsin, USA) #P207E

Tag-Polymerase Hot Start 5U/uL

Minerva Biolabs (Berlin, Germany) #53-0250
250Units
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2.6 Antibodies

Tab. 8- List of antibodies used in this study.

Item Company Iltem number
AKT Cell Signaling (Cambridge, UK) #9272
AKT (pan) (40D4) Cell Signaling (Cambridge, UK) #2920
AKT pS473 Cell Signaling (Cambridge, UK) #3787
B-actin Abcam (Cambridge, UK) #ab6276
EGFR Cell Signaling (Cambridge, UK) #2232
EGFR pY1068 Cell Signaling (Cambridge, UK) #2234
EGFR pY1173 Cell Signaling (Cambridge, UK) #4407
ERK 1/2 Cell Signaling (Cambridge, UK) #4695
ERK 1/2 pT202/pY204 Cell Signaling (Cambridge, UK) #9106
Goat anti-Mouse Alexa Flour 488 Abcam (Cambridge, UK) #ab150117
Goat anti-Rabbit Alexa Flour 647 Abcam (Cambridge, UK) #ab150083
HCV NS3 [8-G-2] Abcam (Cambridge, UK) #ab65407
HCV NS3 [H23] Abcam (Cambridge, UK) #ab13830
HRP-coupled goat anti-rabbit Agilent Technologies (Glostrup, Denmark) #P0448
HRP-coupled rabbit anti-mouse Agilent Technologies (Glostrup, Denmark) #P0260
JNK Cell Signaling (Cambridge, UK) #9252
JNK pT183/pY 185 Cell Signaling (Cambridge, UK) #9251
MEK1/2 Cell Signaling (Cambridge, UK) #9122
MEK1/2 pS217/pS221 Cell Signaling (Cambridge, UK) #9121
NFkB p65 Cell Signaling (Cambridge, UK) #6956
NFkB p65 (D14E12) Cell Signaling (Cambridge, UK) #8242
NFkB p65 pS536 Cell Signaling (Cambridge, UK) #3033
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p38MAPK Cell Signaling (Cambridge, UK) #9212
p38MAPK hT180/pY 182 Cell Signaling (Cambridge, UK) #9211
TCPTP Cell Signaling (Cambridge, UK) #58935

2.7 Inhibitors

Tab. 9- List of inhibitors used in this study.
ltem Company Item number
AG1478 Sigma Aldrich (St. Louis, Missouri, USA) #658552
IKK-2 Inhibitor Sigma Aldrich (St. Louis, Missouri, USA) #401479
JNK | Inhibitor Merck (Darmstadt, Germany) #420116
SB203580 HCI Promega (Madison, Wisconsin, USA) #A6001
Triciribine Merck (Darmstadt, Germany) #79656
u0126 Qiagen (Hilden, Germany) #205314

2.8 Bacterial strains

Tab. 10- Bacterial strains used in this study.
ltem Company Item number
E. coli JM109 Promega (Madison, USA) #L.2005
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3 Methods

3.1 Cell biological methods

3.1.1 Cell culture

The human hepatoma cell line Huh7 and the Huh9.13 cell line harbouring the subgenomic
HCV GT 1b-derived replicon were cultured in Dulbecco’s modified Eagle’s medium/nutrient
mix F-12 (DMEM/F12) supplemented with 10 % (vol/vol) heat-inactivated fetal bovine serum
(FBS) at 37 °C in a humidified atmosphere with 5 % COs.. In the case of Huh9.13 cells, 2 %
Geneticin was added to the medium to guarantee integration of the replicon due to Geneticin
resistance. The human hepatoma cell line Huh7.5 was cultured in DMEM 4.5 g/L glucose
supplemented with 9 % (vol/vol) heat-inactivated FBS, 2 mM glutamine, 100 U/mL penicillin,
100 pg/mL streptomycin, 1 % nonessential amino acids (modified Eagle medium nonessential
amino acids solution). Medium was changed 16 h before experiments were performed. The
use of the different Huh cell lines is covered by a material transfer agreement with Apath, L.L.C.
(New York City, New York, USA). All cell lines were tested regularly for mycoplasma
contamination using the Venor GeM Mycoplasma PCR Detection Kit according to the
manufacturer’s instructions. To freeze cells, they were seeded for 3-4 days in 75 cm? cell
culture flasks. Once the cells were about 90 % confluent they were washed once with PBS, 1
mL Trypsin was added, and cells were incubated for 4 min at 37 °C and 5 % CO: in the
incubator. Subsequently 9 mL medium was added for resuspension followed by a
centrifugation step at 4 °C at 90 g for 10 min. The supernatant was discarded, and the pellet
was resuspended in the medium used for the specific cell type, as depicted in Tab. 11
containing 10 % dimethyl sulfoxide (DMSO) and 20 % FBS. In general, growth medium was

changed every 2 days and cells were passaged every 3 to 4 days.

Tab. 11- List of cell lines used in this study. Cell lines, description, cell culture media and supplements to the

cell culture media used are listed below.

Cell line Description Culture media Supplements

Human hepatoma cell
Huh7 ' DMEM/HAM’s F-12 10 % FCS
ine
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Human hepatoma cell

line HUh7 with
integrated 10 % FCS
Huh9.13* DMEM/HAM’s F-12
subgenomic replicon 1 mg/mL Geneticin
(NS3-NS5B) of HCV
(GT1b)
10 % FCS
2 mM Glutamine
Human hepatoma cell
100 U/mL Penicillin
Huh7.5** line, which carries a DMEM (4.5 g/L Glucose)
; 100 pg/mL
RIG-I mutation
Streptomycin
1x NEAA
10 % FCS

Huh7.5 AKT1 1.1 KO***

Human hepatoma cell
line Huh7.5, which

carries a RIG-/

DMEM (4.5 g/L Glucose)

2 mM Glutamine
100 U/ml Penicillin

Huh7.5 AKT1 2.3.5 KO***

] ] 100 pg/mL
mutation and AKT1 is )
Streptomycin
stably knocked out
1x NEAA
10 % FCS

Human hepatoma cell
line Huh7.5, which
carries a RIG-/

DMEM (4.5 g/L Glucose)

2 mM Glutamine
100 U/mL Penicillin

Huh7.5 TCPTP 4.6 KO***

. . 100 pg/mL
mutation and AKTT is .
Streptomycin
stably knocked out
1x NEAA
10 % FCS

Human hepatoma cell
line Huh7.5, which

carries a RIG-/

DMEM (4.5 g/L Glucose)

2 mM Glutamine
100 U/mL Penicillin

Huh7.5 TCPTP 2.3 KO***

] 100 pg/mL
mutation and TCPTP )
) Streptomycin
is stably knocked out
1x NEAA
10 % FCS

Human hepatoma cell
line Huh7.5, which
carries a RIG-I
mutation and TCPTP
is stably knocked out

DMEM (4.5 g/L Glucose)

2 mM Glutamine
100 U/mL Penicillin
100 pg/mL
Streptomycin

1x NEAA
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10 % FCS
2mM Glutamine
100 U/mL Penicillin

Human hepatoma cell
line Huh7.5, which
Huh7.5 TCPTP 3.4 KO*** carries a RIG-/ DMEM (4.5 g/L Glucose)

] 100 pg/mL
mutation and TCPTP ]
) Streptomycin
is stably knocked out
1x NEAA

*provided by Ralf Bartenschlager, Heidelberg, Germany
**provided by the company Apath, New York, USA
***Generated from Huh7.5 cells using CRISPR/Cas9 (3.2.8)

3.1.2 Transfection procedure with small interfering RNA

For lipofection of small interfering RNAs (siRNAs), cells were seeded one day before
transfection. Afterwards cells were counted using a Neubauer chamber, 1.5 * 10° Huh9.13
cells or 1 * 10° Huh7 cells were seeded in 6-well plates or 0.7 * 10° Huh7.5 cells were seeded
in 12-well plates. On the following day, specific SIRNAs were diluted in 1x siRNA buffer to
obtain a final concentration of 5 uM. The siRNA or the non-targeting siRNAs were mixed with
DharmaFect4 reagent according to the manufacturer’s instructions. Shortly, to obtain a 5 nM
concentration of the siRNA in a 6-well with a total volume of 2000 uL, 5 yl Dharmafect4 were
added to 195 pyL OptiMEM and in parallel 180 yL OptiMEM was mixed with 20 yL of a 5 yM
targeting or non-targeting siRNA. After 5 min incubation at room temperature (RT),
Dharmafect4 and siRNA dilution were combined and after additional 20 min, 400 uL for 6-well
plates or 200 pL for 12-well plates were added to the cells where the media was changed in
the meanwhile to 1600 uL for 6-well plates or 800 uL for 12-well plates of the respective culture
medium without antibiotics. After 6-8 h transfection medium was changed and the cells were
incubated for additional 72 h.
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3.1.3 Transfection Procedure with plasmids containing Cas9, gRNA and GFP

Cells were seeded one day before transfection. After counting, 5 * 10° cells were seeded in 6-
well plates. After 24 h, 2.5 ug of the specific plasmid were added to OptiMEM to receive a total
volume of 150 L. Additionally, 10 pL Lipofectamin2000 were added to 140 uL OptiMEM and
incubated for 5 min at RT. The two solutions were combined by pipetting the
Lipofectamine2000 solution up and down into the plasmid solution and were incubated for
another 20 min at RT. 250 L of the Lipofectamin2000/plasmid suspension were added
dropwise to the cells after adding the respective culture medium (containing antibiotics) to the

cells. The plasmid amount was 2 ug. Cells were incubated for 72 h without medium change.
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3.2 Molecular biological methods

3.2.1 RNA isolation and cDNA synthesis

For mRNA isolation, cells were lysed in 100-150 pL of RLT buffer containing 0.1 % fresh (-
mercaptoethanol. The lysates where homogenized using the QlAshredder and isolated using
the RNeasy Mini Kit according to manufacturer’s instructions. Afterwards, RNA concentrations
were measured at 260 nm using the spectrophotometer Nanodrop1000 (Thermo Scientific).
The calculations are based on the Beer-Lambert-law (285). 1 pg of total RNA was reverse
transcribed via the QuantiTect Reverse Transcription Kit. To get rid of genomic DNA (gDNA)
contamination, 2 yL of gDNA wipe out was added to the sample and the sample was incubated
for 2 min at 42 °C. Directly afterwards, 4 pyL of 10x reaction buffer and 1 uL of reverse RNA-
dependent DNA polymerase reverse transcriptase (rT) and 1 pL primer mix were added to the
sample. Reverse transcription was carried out at 42 °C for 25 min and terminated by
inactivating the rT via incubation of the sample at 95 °C for 5 min. Finally, the sample was

diluted 1/8 with RNase-free water.

3.2.2 Quantitative real time PCR

The quantitative real time PCR (qRT-PCR) is a method to measure the fluorescence increase
in real time. In this study the dye cyanine (SYBR Green) was used. SYBR Green intercalates
into double-stranded DNA, which leads to a fluorescent signal. The intensity of the
fluorescence can be measured in real time. Hence, the amount of a target sequence can be
quantified. The quantification is done in the exponential phase of the PCR when the fluorescent
signal is higher than the background signal. As SYBR Green can also bind to primer dimers, it
is of highest importance to perform a melting curve at every PCR run to check for unspecific
binding such as primer dimer formation which results in peaks at a melting temperature
different from that of the desired PCR product. Primers were designed using Primer3Plus
(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi/) and checked for specificity
in the PubMed database using primer blast (https://www.ncbi.nlm.nih.gov/tools/primer-blast/).
1.6 pL of the diluted cDNA was added as template to a final volume of 20 pL including 1x
SYBR Green PCR master mix. The primers used are listed in Tab. 12. The final concentration
of the primers was 400 nM. No template and no reverse transcriptase controls were used to
control specificity of qRT-PCR. During gRT-PCR, the cDNA was heated for denaturation at 95
°C for 10 min. Amplification was performed for 40 cycles with 2 steps: the cDNA was heated
for another 15 s at 95 °C for denaturation and then cooled to 60 °C for 1 min for the elongation

process. All samples were measured in duplicates and mean values calculated.
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Semiquantitative PCR results were obtained using the AACt method (286). The Ct (cycle
threshold) value represents the point where the fluorescence of the product overreaches the
background fluorescence the first time. Apart from Fig. 11, SDHA was used as reference gene
for calculation of the qRT-PCR data presented in this thesis. Quantification cycles were
normalized to SDHA and in Fig. 11 also to the reference genes HPRT-1, HBMS, GAPDH or
TBP. Data from at least three independent experiments are presented as mean + standard
error of means (SEM). For data analysis, the software of ViiA™7 RUO (Applied Biosystems)
(2010) was used.

Tab. 12- Primer pairs used for qRT-PCR. Sequences are given 5-> 3",

Name NS5A Replicon

Sense AAT-TAT-TCT-AGG-GCG-CTG-TGG

Antisense GAG-CTG-TGA-CCC-AAC-CAG-GT

Name CXCL8

Sense AGA-AGT-TTT-TGA-AGA-GGG-CTG-AGA

Antisense CAG-ACC-CAC-ACA-ATA-CAT-GAA-GTG

Name NS5A JC1

Sense GTT-GCT-GGA-GGG-CTT-CTG-AT

Antisense CCG-TTG-CTG-GTT-GTG-CTC-T

Name SDHA

Sense AGA-TGT-GGT-GTC-TCG-GTC-GAT

Antisense CGT-GAT-CTT-TCT-CAG-GGC-CA

Name YWHAZ

Sense GTG-AGC-AGC-GAG-ATC-CAG-GG

Antisense CGA-CAA-TCC-CTT-TCT-TGT-C

Name B2M

Sense CTC-CGT-GGC-CTT-AGC-TGT-G

Antisense TTT-GGA-GTA-CGC-TGG-ATA-GCC-T

Name GAPDH

Sense TGC-ACC-ACC-AAC-TGC-TTA-GC

Antisense GGC-ATG-GAC-TGT-GGT-CAT-GAG

Name HMBS

Sense TGC-AAC-GGC-GGA-AGA-AAA

Antisense ACG-AGG-CTT-TCA-ATG-TTG-CC

Name HPRT-1
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Sense

TGA-CAC-TGG-CAA-AAC-AAT-GCA

Antisense GGT-CCT-TTT-CAC-CAG-CAA-GCT
Name UBC

Sense CGG-TGA-ACG-CCG-ATG-ATT-AT
Antisense ATC-TGC-ATT-GTC-AAG-TGA-CGA
Name TBP

Sense TTC-GGA-GAG-TTC-TGG-GAT-TGT-A
Antisense TGG-ACT-GTT-CTT-CAC-TCT-TGG-C
Name CXCL2

Sense GCA-GGG-AAT-TCA-CCT-CAA-GA
Antisense GAC-AAG-CTT-TCT-GCC-CAT-TC
Name PUMA

Sense GAC-GAC-CTC-AAC-GCA-CAG-TA
Antisense GGT-AAG-GGC-AGG-AGT-CCC-AT
Name PPARy

Sense GGG-CGA-TCT-TGA-CAG-GAA-AG
Antisense GGG-GTG-ATG-TGT-TTG-AAC-TTG-AT
Name EGF

Sense CCA-GCT-CTG-CGT-TCC-TCT-TA
Antisense GCA-AAC-AGC-AAA-AAT-GGT-TGT-GG
Name CXCL1

Sense CTG-GCG-GAT-CCA-AGC-AAA-T
Antisense CAT-TCC-CCT-GCC-TTC-ACA-AT
Name CXCL3

Sense TGC-TTG-TAG-GGC-ATA-ATG-CCT
Antisense AGA-GAA-ACG-CTG-CAG-AAT-GGA
Name NfkB p65

Sense CCT-GTC-CTT-TCT-CAT-CCC-ATC-TTT
Antisense ATC-TCA-TCC-CCA-CCG-AGG-CA
Name NfkB p65

Sense CAG-TGT-GTG-AAG-AAG-CGG-GA
Antisense TCC-CCA-CGC-TGC-TCT-TCT-AT
Name NS3 JC1

Sense CTA-CGG-TGT-GCG-CCA-GAG
Antisense CCC-AAA-CGG-TAC-AGG-AGA-GG
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Name

TCPTP or PTPN2

Sense CAC-AGG-GTC-CAC-TTC-CTA-ACA
Antisense TTC-AGC-ATG-ACA-ACT-GCT-TTG
Name SLC19A1

Sense ACC-TTT-GCT-TCT-ACG-GCT-TC
Antisense CCG-GCG-TGA-TCT-CGT-TC

Name SHMT

Sense ACT-ATG-GCG-GGA-CTG-AGT-TT
Antisense CTG-AGT-AGG-GCT-GGA-CGT-TG
Name PHGDH

Sense AAA-GAG-GAG-CTG-ATA-GCG-GAG
Antisense TTT-CTC-AGC-TGC-GTT-GAT-GAC
Name PRPS1

Sense CAG-AAA-ATT-GCT-GAC-CGC-CTG
Antisense TCC-TCT-CCA-CGT-ACA-CTT-TCA-C
Name UCK2

Sense GCC-AGT-TCA-ACT-TTG-ACC-ACC
Antisense TAC-ACG-GGG-ATC-TGG-ACT-GT
Name CXCLS8IN1EX2

Sense TTA-ACA-ACA-TCG-TAA-GTC-AAA-CTC-A
Antisense GGA-AAT-TAG-TCC-CAG-CTC-AAC-A
Name TAK1 FWD REV1

Sense AAC-GGA-CAGC-CAA-GAC-GTA-G
Antisense TCA-GGG-GTC-CAT-GGA-TGA-CT
Name JNK1 FWD REV1

Sense AGA-AGC-AAG-CGT-GAC-AAC-AA
Antisense CGG-CTT-AGC-TTC-TTG-ATT-GC
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3.2.3 Restriction and ligation of DNA fragments

To check for correct sizes of cloning reactions, restriction digests were performed. Class Il
restriction enzymes were used. These restriction enzymes recognize palindromic sequences
and cleave them (287). All restriction enzymes were purchased from New England Biolabs
with the indicated reaction buffers ensuring highest activity and specificity.

50-200 ng DNA were mixed with 10-20 Units of restriction enzyme, filled to a total volume of
10 pL with water and incubated for 1 h at 37 °C. After heat inactivation for 20 min, at 65 to 80
°C depending on the enzyme, samples were loaded on 1 % agarose gels and gel
electrophoresis was performed at 120 V. Linearized plasmid backbones were
dephosphorylated by addition of 1/10 volumes Antarctic Phosphatase 10 x reaction buffer and
5 UL Antarctic Phosphatase.

Reaction was applied on an agarose gel and the band was either cut out of the gel or directly
purified if only 1 band appeared. The DNA was extracted from the gel piece or PCR product
using the NucleoSpin Gel and PCR clean up kit according to the manufacturer’s instructions.
For the ligation of DNA fragments, molar insert to vector ratio was 2: 1. Ligation was carried
out by adding 0.5 uL T4 DNA ligase (400 000 U/mL) for a total of 10 yL and 1x ligation buffer
(50 M Tris-HCL, 10 mM MgClz, 1 mM ATP, 10 mM DTT, pH 7.5) were added and incubated
for 10 min at RT.

3.2.4 Transformation of competent E. coli bacteria

Competent E. coli strain JM109 were thawed on ice for 5 min. 5 pL of the ligation mix were
added to 50 pL competent E. coli and incubated for 10 min on ice. Bacteria were heat shock
transformed at 42 °C for 45 s to generate pores in the membrane of E. coli and thus introduce
the DNA. Cells were then incubated for 2 min on ice and afterwards recovered by addition of
900 pL LB medium (5 g/L yeast extract, 10 g/L tryptone, 5 g/L natrium chloride) and incubation
in a shaker at 150-300 rpm for 1 h at 37 °C. 100-200 pyL were streaked on an agar plate
containing the respective antibiotics (ampicillin [50 mg/L] or kanamycin [25 mg/L]) to allow for
selection of successfully transformed cells, and incubated overnight at 37 °C.

For cryoconservation, an overnight culture of 800 yL LB media plus 200 uL glycerol was

prepared and stored at -80 °C.

67



3.2.5 Preparation of plasmid DNA from bacterial cells

The isolation of bacterial DNA was performed according to the manufacturer’s instruction via
NucleoBond Xtra Midi or the QIAprep Spin Miniprep or Gigaprep Kit. Afterwards, DNA
concentration was measured at 260 nm using the spectrophotometer Nanodrop1000 (Thermo

Scientific).

3.2.6 Polymerase chain reaction

For each reaction, 12.8 uL DNase free water, 2 uL 10x RctBuffer, 0.3 uL MgCl,[100 mM], 0.4
ML dNTPs [10 mM each], 5 uL Taq Polymerase Hot Start, 2 yL Primermix (1: 2 each primer)
and 2 uL sample, or water for the negative control, were mixed and added to the polymerase
chain reaction (PCR) cycler at the following conditions according to the annealing temperature
of the primer pair: 95 °C for 5 min for denaturation, followed by 35 cycles of 95 °C for 30 s
(annealing), 62 (RLP30) or 54 °C (CXCL8 NFkB binding site) for 30 s (dependent on the
melting temperature (Tm) of the primer pair) and 72 °C for 30 s (extension). A final elongation
step at 72 °C for 5 min was included before samples were cooled to 4 °C. For Tm calculation
the New England Biolabs Tm calculator was used which uses the method of Santa Lucia and
the alternate salt correction to allow compatibility (288, 289). The PCR reactions were

performed in 0.2 mL tubes using the thermocycler PTC-200 (MJ-Research).

Tab. 13- Primer pairs for PCR. Sequences are given 5-> 3",

Name CXCL8 NFkB binding site

Sense AAG-AAA-ACT-TTC-GTC-ATA-CTC-CG

Antisense TGG-CTT-TTT-ATA-TCA-TCA-CCC-TAC

3.2.7 Agarose gel electrophoresis

To check whether the product of interest was amplified during PCR, the size of the amplified
DNA fragment was controlled. Therefore, an agarose gel electrophoresis was performed. 1 %
(v/w) agarose gels were cast by dissolving agarose in buffer TAE 1x (242 g/L Tris, 100 mL/L
EDTA 0,5 M pH 8.0, 1 mL/L acetic acid) in the microwave at 900 W for 2 min. After cooling
down, 6 drops of ethidium bromide [250 ug/mL] were added, and the agarose solution filled
into a chamber for polymerization. After polymerization, 6x Gel Loading Dye was added to the
samples and the samples loaded. MassRuler or MassRuler Low Range DNA ladder was used

as size marker (Thermo Fisher Scientific). Imaging of the gel was performed using a Doc-Print-
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Gel documentation system (Peglab).

3.2.8 Generation of knockout cell lines using the CRISPR/Cas9 method

To protect itself from invading viruses and plasmids, bacteria and archea have developed a
system termed clustered regularly-interspaced short palindromic repeats ((CRISPR)/CRISPR-
associated endonuclease (Cas)) (290). Gene editing tools perform double strand breaks
(DSBs) and therefore switch on the cellular repair machinery, which uses nucleotides in the
environment to refill the breaks. This refilling is error-prone and can lead to deletions or
insertions causing translation of unfunctional proteins or complete absence of translation of a
specific protein. A DSB can be repaired by two different pathways, either the homology-
directed repair or the non-homologous end joining (NHEJ) (291) (Fig. 9). To generate knockout
(KO) cell lines, the plasmid px458-mCherry expressing Cas9 and fluorescent protein mCherry
via a post-translationally cleaved 2A tag (292, 293) was linearized via Bpll-HF as described in
3.2.3. The gene-specific sgRNAs were designed containing 4 nucleotide overhangs for ligation
into the plasmid backbone (Tab. 14). The ssDNA sgRNAs were hybridized, phosphorylated,
and ligated into dephosphorylated linearized plasmid backbone. To this end, 1 yL sgRNA
forward [100 mM], 1 pL sgRNA reverse [100 mM], 1 pyL T4 ligation buffer, 1 uyL T4
polynucleotidkinase and 6 uL water were mixed per reaction and incubated at 37 °C for 30
min, followed by incubation at 72 °C for 20 min and 5 min at 95 °C, followed by 14 cycles
whereby after each cycle the temperature was reduced by 5 °C. The samples were stored at
4 °C. The plasmid additionally contains an ampicillin resistance allowing for positive selection
of transformed bacteria. Competent E. coli JIM109 were transformed as described in 3.2.4 and
grown on agar plates containing 1 mg/mL ampicillin.

The day after, DNA was extracted via a mini preparation kit as described in 3.2.5. The plasmid
DNA was sequenced by Sanger sequencing (Eurofins). Huh7.5 cells were transfected with the
plasmid according to 3.1.3. Afterwards, single cells were sorted into 96-well plates containing
100 yL DMEM (DMEM containing 10 % FCS, 1 % Penicillin/Streptomycin, 1 % Glutamine and
1 % non-essential-amino-acids (NEAA)) using the FACS Aria Il (BD Bioscience). After sorting,
the cells were grown for about 4-5 weeks. Afterwards, genotyping touchdown PCR (3.2.9)
followed by Sanger sequencing and immunoblot (3.3.3) were performed for KO verification. To
check the efficacy of the sgRNAs the remaining fluorescence positive cells were sorted into a
6-well plate. The genomic DNA was extracted from fluorescence-positive sorted bulk cells via
the GenElute kit according to the manufacturer’s instruction. Elution was performed using 100
ML of the elution buffer. DNA concentration was determined via spectrophotometer
NanoDrop1000 (Thermo Scientific) at 260 nm. The efficacy of each gRNA was determined
comparing the potential KO to wild type sequence by tracking of indels via decomposition (294)
(Tab. 15).
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Fig. 9- Schematic depiction of the CRISPR/Cas9 system. A) The Cas9 endonuclease is guided via a specific
guide RNA (gRNA) to the target sequence in the genome where it cleaves the DNA double strand. The repair
mechanism of the cell refills the strand with nucleotides via non-homologous end joining. This error-prone process
often leads to small insertions or deletions (indel mutations) of nucleotides which causes the loss of correct protein
translation subsequently. B) The plasmid containing the Cas9 and the gRNA contains also the fluorescent protein
RFP/mCherry. The cells were, in the case of this work, transfected via lipofection. Fluorescence-positive cells were
then single-sorted via fluorescence-activated cell sorting (FACS) and verified via sequencing and immunoblotting.

Modified to: https://www.computescotland.com/crisprcas9-genome-editing-8111.php.

Tab. 14- Sequence of sgRNAs used in this study. Sequences are given 5-> 3".

Name TCPTP-sgRNA1

Sense CAC-CCC-ACT-CTA-TGA-GGA-TAG-TCA
Antisense AAA-CTG-ACT-ATC-CTC-ATA-GAG-TGG
Name TCPTP-sgRNA2

Sense CAC-CAA-ACC-CAC-AAG-TAC-TTA-CAT
Antisense AAA-CAT-GTA-AGT-ACT-TGT-GGG-TTT
Name AKT1-sgRNA1

Sense CAC-CGA-GCG-ACG-TGG-CTA-TTG-TGA
Antisense AAA-CTC-ACA-ATA-GCC-ACG-TCG-CTC
Name AKT1-sgRNA2

Sense CAC-CGA-GGG-TTG-GCT-GCA-CAA-ACG
Antisense AAA-CCG-TTT-GTG-CAG-CCA-ACC-CTC
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Tab. 15- Efficacy of sgRNAs used in this study.

sgRNA Efficacy (percentage of non-wildtype sequence)
AKT1 sgRNA1 40,2%

AKT1 sgRNA2 43,1%

TCPTP sgRNA1 1%

TCPTP sgRNA2 35,2%
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3.2.9 Touchdown PCR

To make sure PCR is working best, different conditions for each primer pair were tested. To
this end, different approaches were used: with or without DMSO and with different primer
concentrations [500 or 1000 nM]. 5 uL RctBuffer 10x, 2 yL MgSO4[1 mM final concentration],
0.25 pL VentPolymerase, with or without 2.5 yL DMSO, 1 uL dNTP mix (10 mM each) and 500
nM or 1000 nM of each primer (forward and reverse) were prepared as mastermix and filled
with DNAse-free water to a final volume of 50 uL per reaction. The DNA was denaturated at
95 °C for 5 min. Afterwards, 11 cycles of 95 °C for 1 min (annealing), 70 or 65 °C for 1 min
(dependent on Tm of the primer pair), and 72 °C for 1 min (extension) followed by 25 cycles of
95 °C for 1 min, 60 °C or 56 °C for 1 min (dependent on Tm of the primer pair), 72 °C for 1 min
were performed. A final elongation step at 72 °C for 5 min was included before samples were
cooled to 4 °C. For Tm calculation the New England Biolabs Tm calculator was used as
described in 3.2.6. The PCR reactions were performed in 0.2 mL tubes using the thermocycler
PTC-200 (MJ-Research). Primer pairs used for touchdown PCR are listed in Tab. 16.

Tab. 16- Primer pairs for touchdown PCR. Sequences are given 5-> 3.

Name TCPTP

Sense AGC-CTT-TCA-TCC-CTC-ACA-GA
Antisense CCA-AGC-CCT-CCT-TTT-CAC-TA
Name AKT

Sense TGG-GGG-TCA-GAG-AGC-TTA-GA
Antisense CAC-AGA-CCC-TGG-GGC-TAC-TA
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3.2.10 Chromatin Immunoprecipitation

Chromatin immunoprecipitation (ChlP) is a method for studying DNA-protein interactions
(295).

ChIP was performed according to the manufacturer's instruction. Precisely, 2 * 10° Huh9.13
cells and 1.1 * 10° Huh7 cells were prepared in 15 cm plates and grown for 72 h. For each
condition, 2 15-cm plates of Huh7 cells and 4 15 cm plates of Huh9.13 cells were seeded.
Proteins were crosslinked to DNA by addition of 1250 yL 16 % formaldehyde to every 15 cm
plate. In addition to that, 2 mL of 10x glycine were added to the cells and cells were incubated
for 5 min. Afterwards, cells were washed twice with 20 mL ice-cold PBS and 2 mL pre-prepared
PBS and protease inhibitor cocktail (PIC) was added to each 15 cm plate. After harvesting the
cells, the plates of each condition were pooled into 15 mL falcons and centrifuged for 5 min at
4 °C at 2000 g. The supernatant was discarded, and the pellet was either frozen in liquid
nitrogen or directly processed by resuspending the pellet in 1 mL Buffer A mixture (250 pL 4x
buffer A, 750 pyL water, 0.5 yL 1M DTT, 5 yL 200x PIC per IP prep) and incubated on ice for
10 min mixing the suspension every 3 min. For nuclei preparation and chromatin digestion, the
double amount of buffer was used for Huh9.13 cells. Nuclei were pelleted by centrifugation for
5 min at 4 °C at 2000 g, supernatant removed, and cells resuspended in 1 mL ice-cold 1x
Buffer B mixture (275 pL 4x Buffer B, 825 uL water, 0.55 pL 1M dithiothreitol (DTT) per
immunoprecipitation (IP) prep). Centrifugation was repeated, the pellet resuspended in 100 uL
1x Buffer B mixture and transferred into a 1.5 mL tube. From here, both cell types were treated
equally, meaning the same buffer amount was used for Huh7 and Huh9.13 cells. 0.5 pL
Micrococcal Nuclease per IP was added, cells were incubated for 20 min at 37 °C to digest
DNA to fragments of approximately 150-900 bp length. Every 3 min the tubes were inverted
for mixing. The digestion was stopped by addition of 10 uyL 0.5 M EDTA per IP and incubation
on ice for 2 min. For nuclei preparation and chromatin digestion, the double amount of buffer
was used for Huh9.13 cells. Nuclei were pelleted by centrifugation at 16000 g for 1 min at4 °C
and resuspended in 100 yL of 1x ChIP buffer mixture (10 yL 10x ChlP Buffer, 90 uL water, 0.5
ML 200x PIC per IP prep). The suspension of every sample was divided in two different 1.5 mL
tubes and sonicated using the ultrasonic processor UP50H (Hielscher) at an amplitude of 40
%, 1 cycle, needle MS1 in 3 sets of 20 sec pulses with 20 sec pauses after every set. Lysates
were clarified by centrifugation at 9400 g for 10 min at 4 °C. Supernatants from the same
sample were reunited in a new 1.5 mL tube, 50 yL of each sample was removed for the
analysis of chromatin digestion and the rest was frozen at -80 °C. To control whether chromatin
digestion occurred correctly, 100 pL water was added to the 50 pL chromatin sample plus 6
ML 5 M NaCl and 2 pL RNAse A, vortexed and incubated at 37 °C for 30 min. Afterwards,

additional 2 uL of Proteinase K were added, the samples vortexed and incubated for another
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2 hat 65 °C. DNA was purified according to the manufacturer’s instructions. 10 yL were applied
on a 1 % agarose gel to check chromatin digestion and DNA concentration was determined by
spectrophotometry using the spectrophotometer Nanodrop1000 (Thermo Scientific); the
expected concentration is about 50-200 ng/pL. To perform chromatin immunoprecipitation, a
mastermix containing 400 pL 1x ChIP Buffer and 2 yL 200x PIC per IP sample, including
Histone H3 positive control and negative control IgG for each sample was prepared. For each
reaction, 10 ug of sample was used and the amount was calculated based on the concentration
amount of the sample determined by spectrophotometry. 10 uL were removed for 2 % input
sample, which was used as the reference for densitometric analysis, and stored at -20 °C. To
perform immunoprecipitation, the specific antibodies were added to the diluted chromatin and
incubated overnight at 4 °C with rotation.

Magnetic beads were vortexed and 30 pL were immediately added to each IP sample and
incubated for 2 h at 4 °C. Afterwards, the tubes were placed in a magnetic separation rack,
supernatant was discarded and the beads washed once with 1 mL low salt wash buffer (300
ML 10x ChIP buffer, 2.7 mL water) and twice with 1 mL high salt wash buffer (100 uL 10x ChIP
buffer, 70 yL 5 M NaCl) before 150 pL of 1x ChIP Elution buffer was added to the 2 % input
sample and to the IP sample. Chromatin was eluted from the antibody by placing the tubes for
30 min at 65 °C with gentle vortexing (1200 rpm) and additional separation by the magnetic
separation rack by transfer eluted chromatin supernatant in a new tube. Reverse cross-linking
was performed using 6 pL of 5 M NaCl and 2 uL Proteinase K to all samples (including 2 %
input control) and incubation at 65 °C. DNA was purified using spin columns according to the
manufacturer’s instruction. Primers were designed by determination of the binding site of the
transcription factor of interest to the promoter region of interest from a data base
(https://epd.epfl.ch//index.php) and primer binding sites were visualized using Snap Gene
Viewer 5.0.6. Primers were designed using Primer3Plus. PCR was performed according to

3.2.6. Densitometric calculations were performed using the Image Lab Software 6.0 (BioRad).
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3.3 Biochemical methods

3.3.1 Preparation of total cell lysates, immunoblotting and immunodetection

For protein analysis of whole cell lysate samples, cells were washed once with PBS and
resuspended in Triton lysis buffer (1 %Triton, 20 mM Tris/HCI pH 7.4, 13.6 mM NaCl, 2 mM
EDTA, 50 mM B-glycerophosphate, 20 mM sodium pyrophosphate, 1 mM NazVOs4, 4 mM
benzamidine, 0.2 mM Pefabloc, 5 ug/mL aprotinin, 5 ug/mL leupeptin, 10 % glycerol, and 0.2
% SDS) on ice. 100-150 uL Triton lysis buffer was used for one 6- or two 12-wells and 150 uL
Triton lysis buffer was used for 6 cm plates. Protein-containing samples were vortexed and
kept on ice for 10 min. They were then cleared, centrifuged for 15 min at 14000 rpm and 4 °C,

and protein-containing supernatants transferred to fresh reaction tubes.

3.3.2 Protein concentration determination according to Bradford

The Bradford test is a photometric method to determine the protein concentration in a
suspension. The triphenylmethane dye Coomassie-brilliant-blue G-250 forms complexes with
nonpolar cationic side chains of proteins in an acidic solution resulting in a colour change from
originally red to its blue anionic sulfonate mode. The absorption maximum is changing from
470 nm to 595 nm accordingly. Enhancement of the absorption in comparison with the free
colour reagent can be measured spectrophotometrically and the protein concentration

determined by Ultrospec 2100 pro (Amersham Biosciences).

3.3.3 SDS-PAGE and immunoblot

The sodium dodecyl phosphate polyacrylamide gel electrophoresis (SDS-PAGE) is a method
to separate proteins according to their mass in an electric field. 30 ug of protein were mixed
with 4x Lammli-buffer (250 mM Tris/HCL pH 6.8, 40 % glycerol, 5 % SDS, 0.002 %
bromophenol blue, 8 % 2-mercaptoethanol) and the mixture was boiled at 95 °C for 5 min to
denature the proteins. Afterwards, samples were loaded onto a polyacrylamide gel between
10 and 15 % acrylamide content depending on the molecular mass of the proteins of interest.
Precision Plus Protein Dual Color Standard (BioRAD) was used as a protein size marker.
Separation of proteins during gel electrophoresis was performed at a constant voltage of 120
V. The electrophoretically separated proteins were transferred onto polyvinylidene difluoride
(PVDF) membranes with 0.45 ym pore size by semidry western blotting at 1 mA/cm? gel

constant current. For this, 5 whatman papers were dipped into anode buffer 1 (0.3 M Tris, 20
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% methanol), 3 whatman papers were dipped into anode buffer 2 (0.025 M Tris, 20 %
methanol) and placed above the whatman papers dipped in anode buffer 1 on the blotting
chamber. Then, the preactivated (incubated in methanol for 30 s) PVDF membrane was placed
above the whatman papers dipped in anode buffer 2, and the SDS gel was placed above the
PVDF membrane. Finally, 5 whatman papers were dipped into the cathode buffer (0.04 M
aminocaproic acid, 20 % methanol) and placed above the gel. The gel was blotted for 1-2 h
depending on the molecular mass of the protein of interest. Nonspecific binding was blocked
via 5 % bovine serum albumin (BSA) in Tris-buffered saline with Tween-20 (TBS-T) (20 mM
Tris/HCI, pH 7.4, 137 mM NaCl, and 0.1 % Tween-20) for 1 h. After extensive washing with
TBS-T (3 times 20 min), membranes were incubated with appropriate secondary antibodies
(Tab. 7). After further extensive washing with TBS-T, the immunoblots were detected either by
chemiluminescence or fluorescence depending on the secondary antibody coupled either to
horse radish peroxidase (HRP) or fluorescence protein. Detection was carried out using the
ChemiDOC MP system (BioRAD).

3.3.4 Enzyme-linked immunosorbent assay

The enzyme-linked immunosorbent assay (ELISA) is a method to quantify the content of a
protein of interest in a given sample. Therefore, a microtiter plate is coated with a primary
antibody and incubated with a sample containing the protein of interest which is binding to the
primary antibody via antigen-antibody-binding. After this binding, it is immobilized. The
secondary antibody is linked to an enzyme. The enzyme’s substrate is then added to the
solution, resulting in a colour switch if the secondary antibody has bound to the antigen-
antibody-complex. The plate must be washed carefully after every step. The colour switch can
be measured photometrically. The manufacturer’s standard containing the protein of interest
in known amount is used to create a standard curve to determine the protein concentration of
the analysed samples.

To perform the ELISA, serum samples from patients chronically infected with HCV and, as a
control, non-infected patients were collected, centrifuged at 1400 g and stored at -80 °C. ELISA

was performed according to the manufacturer’s instructions.

3.3.5 ProcartaPlex Immunoassay

The ProcartaPlex Immunoassay allows the measurement of multiple protein targets in one
single sample at the same time. Magnetic microsphere technology licensed by Luminex

Corporation is used to simultaneously detect up to 100 protein targets. To perform the
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ProcartaPlex Immunoassay, sera samples from patients chronically infected with HCV,
patients without infection or healthy people were collected, centrifuged at 1400 g and stored
at -80 °C until they were used. ProcartaPlex Immunoassay was performed according to the

manufacturer's instructions.
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3.4 HCV-derived cell culture system

3.4.1 In vitro transcription

Because HCV is a ssRNA* virus, viral DNA first needs to be transcribed into RNA. 10 pg of
viral DNA were digested using Mlul and purified via the QIAquick PCR purification kit. The
DNA was eluted in 60 uL RNAse free water. 20 uL 5x RRL-buffer (400 mM Hepes pH 7.5, 60
mM MgCl,, 10mM spermidine, 200mM DTT), 12.5 yL rNTPs [25 mM], 2.5 pL RNasin [40 U/uL]
and 4 uL T7/RNA polymerase [20 U/uL] were added to the eluate. After 3 h of incubation at 37
°C, another 2 pL of T7/RNA polymerase were added to the solution. The mixture was incubated
overnight at 37 °C. On the next day, 2.5 pL [3 U/mL] DNAse were added for 30 min at 37 °C
to the mixture to eliminate remaining DNA. The RNA was then purified using the RNeasy Mini
Kit. The concentration of RNA was determined photometrically via NanoDrop1000 (Thermo
Scientific) at 260 nm.

3.4.2 Electroporation

Huh7.5 cells were used for electroporation at 80-90 % confluency. After washing the cells once
with PBS, they were detached using 1 mL trypsin, incubated for 4 min at 37 °C and 5 % CO,,
and resuspended in 9 mL cell culture medium. 1.5 * 107 cells were transferred to a 50 mL
collection tube and centrifuged at 90 g for 10 min at 4 °C. The pellet was washed once with
PBS and after another centrifugation step resuspended in 1 mL cytomix (120 mM KCI, 0.15
mM CaClz, 10 mM kaliumphosphate buffer pH 7.6, 25 mM Hepes pH 7.6, 2 mM EGTA, 5 mM
MgCl.) containing ATP (2mM, pH 7.6) and GSH [5mM]. For the electroporation, 400 pL cell
suspension were mixed with 10 ug viral RNA while pipetting the RNA three times up and down
in an electroporation tube. The tube was placed inside the electroporation chamber and cells
were electroporated with 975 pyF and 270 V using the Gene Pulser Xcell Electroporation
System (BioRad). The time constant was at 20 ms. One and a half electroporation approaches

were pooled in 18 mL Huh7.5 medium and plated on a 15 cm plate.

Tab. 17- Strain used for HCV-derived cell culture system.

Name Description

Jc1 pFK_JH1/J6/C-846_dg
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3.4.3 Virus harvest and PEG precipitation

The supernatant of the electroporated cells was collected after 24 h, 48 h and 72 h. At every
time point, the supernatant was centrifuged at 1000 rpm for 5 min at RT, transferred into a new
falcon and stored at 4 °C. Immediately after collection of the last time point, 4.8 mL PEG-
8000/PBS was added to 20 mL of collected supernatant for virus precipitation. The
supernatants were then incubated for 72 h at 4 °C. Afterwards, they were centrifuged at 8000
g for 90 min at 4°C. The pellet was resuspended in 250 yL DMEM per plate and all samples
pooled, aliquoted and stored at -80 °C.

3.4.4 TCID50

The tissue culture infection dose 50 (TCID50) determines the viral amount which can infect 50
% of the plated cells. 0.01 * 108 Huh7.5 cells per well were seeded in a 96-well plate. 24 h later,
they were infected with the virus in dilutions from 1: 30 to 1: 50. The dilution was prepared in
Huh7.5 cell culture medium for six wells to a total volume of 240 uL. Six wells in a row were
infected with either 1: 30, or 1: 40 or 1: 50 dilutions. 200 uL cell culture medium without virus
was pipetted to each remaining well. 40 pL of the wells in the first row were transferred to the
next row of wells, mixed and 40 pL were transferred to the next row of wells and so on.
Therefore, the dilution ratio was every time 1: 6. The cells were then incubated for 72 h at 37
°C and 5 % CO:: in the incubator. After incubation, they were washed twice with PBS and fixed
with ice cold methanol for 15 min at -20 °C. The methanol was discarded, and cells air-dried
for 5 min at RT. Then, they were washed once with PBS and permeabilized with 50 pL/well
TritonX-100/PBS for 5 min at RT. They were washed three times with PBS. The fixed cells
were incubated for 45 min at RT with primary antibody for NS3 [1:1000] diluted in PBS under
gentle shaking in the dark. Afterwards, they were washed three times with PBS and incubated
with the secondary antibody anti-mouse HRP pre-diluted in PBS [1: 200] for 1 h. They were
washed three times with PBS and incubated with carbazole substrate solution (5ml NaOAc
(0.5 M sodium acetate, 0.5 M acidic acid, filled at 1050 mL with water), 1.5 mL carbazole (0.16
g 3-amino-ethyl-carbazole, 49.5 mL N-N-N-dimethylformamide for a total of 50ml (stable for 3
months)), 20ul 30 % H20.). The carbazole-substrate-solution must be mixed immediately
before usage and filtered using a 0.45 um pore filter. The reaction must be stopped after 30
min by discarding the solution and adding 50 pL water to the cells. The NS3-positive cells were
analysed by light microscopy and the positive wells were counted. A well was counted positive
when it had at least one positive cell in it. The TCID50 was calculated by the Spearman and
Kaerber algorithm (296).
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3.5 Statistical evaluation

Statistics were calculated using the SPSS Statistics software from IBM (Ehningen, Germany).
The significance was calculated using the Mann-Whitney-U Test. In Fig. 10 the calculations
were performed using the Kruskal-Wallis Test. The Pearson correlation coefficient was used
to calculate correlations between the different analytes in Tab. 19. Data are expressed as
fractions of the normalized value of the control, which was set to 1. Data are presented as
mean + SEM (n 2 3). P values smaller than 0.05 were considered significant. Data were
marked with * for p < 0.05, ** for p < 0.01, or *** for p < 0.001.

3.6 Serum sample collection

Serum samples were taken from patients with chronic hepatitis C infection or HCV-negative
controls after informed consent and approved by the Ethics Committee of the University of
Dusseldorf, Germany (Studiennummer: 5552 “Interferenz des Hepatitis C Virus mit Produktion
und Signalwirkung von Wachstumsfaktoren — molekulare Mechanismen und funktionelle
Konsequenzen.”), and in consent of the Declaration of Helsinki. Serum samples from patients
with other liver diseases excluding HCV were taken after informed consent and approved by
the Ethics Committee of the University of Dusseldorf, Germany (Studiennummer: 5350
“Aufklarung von molekularen Mechanismen bei Leberschadigung, Leberregeneration oder
Covid-19 Erkrankung®). Information regarding age, sex, viral load, liver status and HBV

infection of the group Patients w/o HCV can be found in Tab. 18.
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4 Results

4.1 VEGFA, EGF, TNFa and CXCLS8 protein levels are elevated in sera of
patients chronically infected with HCV when compared to sera of healthy

patients

To determine whether chronic HCV infection influences the protein levels of the growth factors,
chemokines and cytokines investigated in this study, sera of patients suffering from chronic
HCV infection, of patients suffering from liver diseases except HCV and of healthy people were
collected with the approval of the Ethics Committee of the University of Disseldorf.

It was also investigated whether HCV affects the protein levels of the growth factor VEGFA,
which was shown to be upregulated in peripheral blood mononuclear macrophages in patients
chronically infected with HCV (154). Additionally, the protein levels of the two chemokines
CCL2 and CCL7, which are known to be mainly responsible for the recruitment of
macrophages, and CXCL8, which is mainly responsible for the recruitment of neutrophil
granulocytes (255, 264), were analysed in sera of patients.

Specific information on age, sex, liver fibrosis status, HBV infection and the viral HCV load of

the patients is listed in Tab. 18.

Tab. 18- Baseline characteristics of analysed patients.

Healthy people Patients w/o HCV Patients HCV

(n=10) (n=17) (n =43)
Age, year (Mean £ SEM) 343+29 51.3+34 54.8 +21
Sex - no. (%)
Female 5 (50 %) 9 (52.9 %) 21 (48.8 %)
Male 5 (50 %) 8 (47.1 %) 22 (51.2 %)
Liver fibrosis 0 3(17.6 %) 8 (18.6 %)
Steatosis hepatis 0 2 (11.8 %) 11 (25.6 %)
Liver cirrhosis 0 1(5.9 %) 9 (20.9 %)
HBV (n) 0 2(11.8 %) 4 (9.3 %)
Viral Load (HCV) [U/mL] - - 2.28* 105+ 3.44 * 10°

Protein levels of the chemokines CXCL8, CCL2 and CCL?7, the cytokines TNFa and IL-1p3 and
the growth factors VEGFA and EGF in sera of patients were analysed by LUMINEX or, in case
of CXCLS8, by ELISA. Both VEGFA and EGF protein levels were significantly higher in the
serum samples of the group of patients chronically infected with HCV when compared to
healthy control serum samples (Fig. 10A/B). In case of EGF, these results are in line with

published data of our working group (284). The group of patients chronically infected with HCV
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displayed nearly the same amount of VEGFA as well as EGF protein levels in their sera
compared to the group of patients suffering from liver diseases other than HCV (Fig. 10A/B).
In case of EGF, patients w/o HCV exhibited significantly higher serum protein levels compared
to healthy people (Fig. 10B), suggesting an upregulation of EGF and VEGFA in the sera of
both HCV-infected patients but also patients suffering from other liver diseases.

Neither CCL2 nor CCL7 protein levels in the serum were significantly affected by chronic HCV
infection or by other liver diseases (Fig. 10C/D).

The protein levels of CXCL8 were significantly elevated in sera of patients chronically infected
with HCV compared to the healthy control sera, but were slightly upregulated in sera of patients
w/o HCV infection as well (Fig. 10E).

Patients infected chronically with HCV displayed significantly higher protein levels of TNFa in
the serum compared to the healthy control group (Fig. 10F).

Taken together, these results demonstrated elevated CXCL8 protein levels in sera of patients
chronically infected with HCV, while protein levels of CCL2 and CCL7 were not affected.

In addition to that, the protein levels of both growth factors VEGFA and EGF and of the cytokine
TNFa were elevated in the sera of patients chronically infected with HCV as well as in sera of

patients suffering from other liver diseases than HCV.
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Fig. 10- VEGFA, EGF, CCL2, CCL7, CXCL8 and TNFa protein levels in sera of analysed patients. Serum
samples were collected, and protein levels were measured using LUMINEX multiplex or ELISA (for CXCL8 only).
(A) VEGFA (n =10, 11, 43), (B) EGF (n = 10, 17, 41), (C) CCL2 (n = 8, 8, 24), (D) CCL7 (n =4, 5, 21) and (E)
CXCL8 (n = 10, 15, 41) and (F) TNFa (n = 8, 11, 28) levels of healthy people, patients w/o HCV or of patients
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chronically infected with HCV were determined. n for each condition is given in this order. Data are presented as
individual data points and mean + SEM. Asterisks mark significant protein level changes in sera of patients or
healthy people versus the different cohorts of patients or healthy people calculated by the Kruskal-Wallis-Test:
p<0.05 = *, p<0.01 = **, p<0.001 = ***,

Next, correlation analysis was performed to identify proteins with potentially related patterns.
Tab. 19 shows the pairwise analysis of correlation coefficients (Pearson) for every analysed
group. TNFa protein levels correlated significantly positive with both EGF (r = 0.655; p <
0.001**) or VEGFA (r = 0.904; p < 0.001**) protein levels in sera of patients chronically infected
with HCV, while there was no correlation between these proteins in sera of healthy people or
of patients w/o HCV.

In healthy people, CCL2 (r = 0.770; p < 0.05%) and CCL7 (r = 0.840; p < 0.05%) protein levels
positively correlated with the TNFa protein levels and CCL7 protein levels correlated strongly
positive with the VEGFA protein levels (r = 0.993; p < 0.001*).

The EGF protein levels of patients w/o HCV positively correlated with the CXCL8 (r = 0.800; p
< 0.001**) and the VEGFA protein levels (r = 0.613; p < 0.05%).

TNFa, EGF and VEGFA protein levels significantly correlated in the serum of patients
chronically infected with HCV, suggesting that these three proteins may somehow be

interrelated.

Tab. 19- Pearson correlation analysis for CCL2, CCL7, CXCL8, EGF, VEGFA and TNFa protein levels in sera
of the analysed patients’ groups and the group of healthy people. Analytes correlating significantly with each

other are marked in light green for p<0.05 = * and dark green for p<0.01 = **,

Healthy People Patients w/o HCV Patients HCV
Analytes R p r p r p
CCL2/CCL7 0.274 0.599 -0.770 0.073 0.197 0.392
CCL2/CXCL8 -0.193 0.648 0.679 0.064 0.055 0.804
CCL2/EGF 0.098 0.853 0.668 0.070 0.404 0.050
CCL2/VEGFA 0.447 0.267 0.410 0.314 -0.080 0.711
CCL2/TNFa 0.770 0.025* -0.340 0.410 -0.038 0.859
CCL7/CXCL8 -0.052 0.922 -0.120 0.820 -0.061 0.799
CCL7/EGF -0.433 0.467 0.016 0.976 0.146 0.529
CCL7/VEGFA 0.260 0.619 0.261 0.254
CCL7/TNFa 0.840 0.037* 0.725 0.103 0.241 0.294
CXCL8/EGF 0.532 0.214 0.090 0.596
CXCL8/VEGFA -0.165 0.649 0.437 0.080 -0.112 0.484
CXCL8/TNFa -0.181 0.667 0.073 0.843 -0.037 0.857
EGF/VEGFA -0.441 0.381 0.613 0.026* 0.197 0.230
EGF/TNFa -0.276 0.597 0.096 0.799
VEGFA/TNFa 0.699 0.054 0.420 0.227
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4.2 HCV interference with EGF signalling pathways

4.2.1 HCV upregulates the basal and EGF-induced mRNA expression of CXCR2

ligands

The EGFR is essential for HCV cell entry, which was shown in 2011 by Lupberger et al. (77).
The exact mechanism how HCV influences downstream signalling pathways of EGFR is not
yet established. In general, the immunological composition of the liver is dependent on several
small signalling molecules, such as chemokines, which guide different immune cells to the
inflamed organ. Previous work from our group, using a proteome profiler chemokine array and
gRT-PCR, showed that the mRNA expression of several chemokines was upregulated in
Huh9.13 cells harbouring the subgenomic replicon of HCV compared to Huh7 control cells.
Among them, the strongest mRNA expression upregulation was seen for CXCL1, 2, 3 and 8.
Additionally, upregulation of CXCL8 protein levels in cells harbouring the subgenomic replicon
of HCV was shown in previous work of our working group (284). Therefore, CXCL1, 2, 3 and
especially 8 were of interest for further studies.

To test whether these HCV effects are also observable in a model of acute infection, Huh7.5
cells were infected with HCV, mRNA was collected, and gRT-PCR was performed. In line with
the previously obtained results, it could be demonstrated that CXCL7, 2, 3 and 8 mRNA
expression levels were induced by HCV in the HCV.. model of acute infection as well (284).
To rule out the influence of HCV on the housekeeping gene used (SDHA), CXCL8 mRNA
expression was additionally normalized to other housekeeping genes: hypoxanthin-
phosphoribosyl-transferase 1 (HPRT-1),  glycerinaldehyd-3-phosphat-dehydrogenase
(GAPDH), hydroxymethylbilan-synthase (HMBS), TATA-box binding protein (TPB) and beta-2
microglobulin (B2M) levels were measured by qRT-PCR and induction of gene expression
calculated via the AACT method (286).

The results clearly show that HCV upregulated the CXCL8 mRNA expression levels
independent of the reference gene used for normalization (Fig. 11A/B), indicating that HCV

infection enhances basal as well as EGF-induced expression of CXCL8 mRNA.
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Fig. 11- CXCL8 mRNA expression normalized to different housekeeping genes in two HCV cell culture
systems with and without EGF administration. Expression of CXCL8 mRNA was analysed by gRT-PCR (A) in
Huh9.13 replicon or (B) Huh7.5 cells infected with the HCVcc strain JC1 (MOI = 1) and compared to respective
control cells. Cells were stimulated with 40 ng/mL EGF [40 ng/mL] for 160 min or left unstimulated. Results are
expressed as fractions of the normalized value of the control, which was set to 1, and data are presented as means
+ SEM of at least three independent experiments. Asterisks mark significant differences versus the infected and

control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***

4.2.2 HCV enhances basal expression of CXCL8 mRNA and results in a substantial
enhancement of CXCL8 mRNA expression even in response to low EGF

concentrations

To examine down to which concentration of EGF the enhancing effect of HCV on EGF-
inducible CXCL8 mRNA expression is still detectable, cells were stimulated with different
concentrations of EGF, and CXCL8 mRNA expression was determined via qRT-PCR.

It could be demonstrated that already a EGF concentration of 1.25 ng/mL leads to a 7-fold
upregulation of CXCL8 mRNA expression in cells infected with HCV compared to unstimulated
cells infected with HCV. With increasing EGF concentrations, also the mRNA expression of
CXCL8 increased in cells harbouring the subgenomic replicon of HCV (Fig. 12, light grey bars).
Although also in Huh7 cells EGF stimulation resulted in a 3-fold induction of the CXCL8 mRNA
expression, the enhancement was not as high as seen in Huh9.13 cells (Fig. 12, dark grey
bars), once again pointing at HCV to substantially enhance EGF-induced expression of CXCL8
mRNA.
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Fig. 12- CXCL8 mRNA expression after administration of EGF in concentrations up to 40 ng/mL in both
Huh9.13 and Huh7 control cells. Expression of CXCL8 mRNA was analysed by gqRT-PCR in Huh9.13 replicon
cells and compared to respective control cells. Cells were stimulated with the indicated concentrations of EGF for
160 min. SDHA was used as reference gene. Results are expressed as fractions of the normalized value of the
control, which was set to 1, and data are presented as means + SEM of at least three independent experiments.
Asterisks mark significant differences versus the infected and control cell lines described as follows: p<0.05 = *,
p<0.01 = **, p<0.001 = ***,

4.2.3 EGF-induced activation of EGFR downstream signalling is enhanced after HCV

infection

EGF protein levels were found to be upregulated in sera of patients chronically infected with
HCV (4.1). Additionally, prior work from our group demonstrated that TCPTP, an endogenous
negative regulator of the EGFR, is degraded by HCV, leading to an upregulation of relative
EGFR phosphorylation levels (36). Furthermore, it could be demonstrated that EGFR protein
levels are enhanced on the cell surface, while ErbB3 protein levels are decreased,
demonstrating cross-regulation between the different ErbB receptors (150). Therefore, the
question arose, whether the activation of the downstream signalling pathways of EGFR is also
influenced by HCV. To address this question, cells harbouring the subgenomic replicon of HCV
(Huh9.13) and cells infected with HCV (HCV,.) as well as Huh7 and Huh7.5 control cells were
stimulated with EGF [40 ng/mL] for 20 or 40 min, proteins were extracted, and immunoblotting
was performed.

Relative EGFR phosphorylation levels at Y1068 tended to be higher in Huh9.13 cells than in
Huh7 cells. However, these differences did not reach the level of significance (Fig. 13A/B),
whereas TCPTP was downregulated significantly (Fig. 13A/C).

Phosphorylation of PLCy at Y783 was neither affected by HCV alone nor by HCV after EGF
stimulation compared to control cells (Fig. 13A/D).

EGF-induced AKT phosphorylation at S473 was found to be significantly enhanced in cells

harbouring the subgenomic replicon of HCV after 20 min of EGF stimulation, whereas basal
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as well as EGF-induced AKT phosphorylation levels were slightly upregulated after 40 min
EGF stimulation (Fig. 13A/E). Phosphorylation of the MAPKs MEK1/2 at S217/T221 and p38
at T180/Y182 was upregulated after EGF stimulation in Huh7 as well as Huh9.13 cells (Fig.
13A/F/G/H) but did not differ between Huh7 and Huh9.13 cells, while phosphorylation of
ERK1/2 on T202/Y204 appeared to be stronger in Huh9.13 cells than in Huh7 cells, but these
differences also did not reach the level of significance.

Taken together, the obtained results are, at least with respect to the impact of HCV on TCPTP
protein levels and on AKT activation, in line with results published from our group in 2009 (36).
HCV infection resulted in reduced TCPTP protein levels. AKT phosphorylation levels were
increased in cells harbouring the subgenomic replicon of HCV and EGF-induced AKT
phosphorylation levels were significantly enhanced by HCV after 20 min, indicating that AKT
was activated after HCV infection and that EGF-induced AKT activation was enhanced by HCV
infection. These results suggest that AKT may be also a candidate that could play a role in

mediating the impact of HCV on CXCL8 mRNA expression.

A

PEGFR (Y1068) -

-
B v————

EGFR

pPLCy (Y783)

PLCY

PAKT (S473)

AKT

pp38 (T180/Y182)

p38

— e — . -

Y —

TV S — — —

-—

—

- — — ——

pMEK (S217/T221) — — —
B EGFR (Y1068
MEK — W g W p ( )
100
PERK (T202/Y204) | - sm— e — 90
T 80
ERK —— —— £
®
TCPTP - g 60
@ mHuh?7
= £ 50 Huh9.13
3 % Q uh9.
NS3 dpc M 3 40
a
B- actin R T TR T ——— g ¥
20 2
EGF [min] 20 40 - 20 40 . T
Huh7 Huh9.13 0 — i
EGF [min] 20 40

87



C TcPTP D  pPLCy(Y783)

1,6 3,5
2
14 3,0
=2 L 525
5 [ — g
91,0 2
N B 2,0
mHuh7 @ mHuh7
£08 c
2 Huh9.13 T 15 Huh9.13
© 21,
306 T T g
° 3 1.0
04 T 2 T T
0,2 0,5
0,0 0,0
EGF [min] - 20 40 EGF [min] - 20 40
E PAKT (S473) F pMEK (S217/T221)
18 7

5 7 S5
= 12 g
= 2
g 10 uHuh? G4 * mHuh?
5 8 Huho13 4 Huh9.13
S S
S 6 &
3 " ®2
A ‘[
.
2 O .
0 L 0
EGF [min] - 20 40 EGF [min] - 20 40

G PERK (T202/Y204) H pp38 (T180/Y182)

70 12

60 10
§ 50 S
5 g8
2 2
S 40 mHuh7 8 mHuh?7
b otz 5 ° Huh9.13
[} und. * uh9.
£ 30 2
g i S 4
g 5 [ .

0 b ,

EGF [min] - 20 40 EGF [min] - 20 40

Fig. 13- Protein activation of key proteins in the downstream signalling pathways of the EGFR and total
protein levels of TCPTP in Huh9.13 and Huh7 control cells. Abundance and activation of key proteins of the
PIBK/AKT and the MAPK signalling pathway were analysed by immunoblotting in Huh9.13 replicon cells and
compared to respective controls. Cells were stimulated with 40 ng/mL of EGF for the indicated time periods or left
untreated. (A) Representative immunoblots for the analysed proteins are depicted. Densitometric analyses were
performed for the protein amounts or activation of (B) pEGFR (Y1068), (C) TCPTP, (D) pPLCy (Y783), (E) pAKT
(S473), (F) pMEK (S217/T221), (G) pERK (T202/Y204) and (H) pp38 (T180/Y182) and calculated to the respective
total protein levels, which were normalized to the reference protein B-actin. Results are expressed as fractions of
the normalized value of the control, which was set to 1, and data are presented as means + SEM of at least three
independent experiments. Asterisks without lines mark differences between stimulated cells compared to the
respective unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines
described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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In case of the HCV,; system, relative phosphorylation of EGFR was significantly upregulated
at Y1068 after HCV infection, while the EGF-induced EGFR phosphorylation was not
significantly affected by HCV infection (Fig. 14A/B).

As in the subgenomic replicon system, also in the HCV,; system TCPTP was downregulated
significantly in the infected cells compared to control cells (Fig. 14A/C), while PLCy
phosphorylation at Y783 was not affected by HCV (Fig. 14A/D).

Additionally, relative AKT phosphorylation levels at S473 were slightly upregulated in cells
infected with HCV and EGF-induced AKT phosphorylation was significantly enhanced after
HCV infection after 20 min of EGF stimulation (Fig. 14A/E).

MEK1/2 phosphorylation at S217/T221 was not affected by HCV, but as seen before in the
subgenomic replicon system, upregulated in both HCV-infected as well as in Huh7.5 control
cells in response to EGF (Fig. 14A/F).

In contrast, EGF-induced ERK1/2 phosphorylation at T202/Y204 was enhanced significantly
in the presence of HCV (Fig. 14A/G).

Additionally, contrary to the results obtained for the replicon system, the basal p38
phosphorylation as well as the EGF-induced p38 phosphorylation at T180/Y182 was likewise
significantly upregulated after HCV infection (Fig. 14A/H).

Hence, the data presented herein provide evidence that the effects previously described in the
replicon system could be also observed in a system that is based on infectious cell
culture- adapted HCV.

Interestingly, in the acute infection system the EGF-induced phosphorylation of the two MAPKs
p38 and ERK as well as the phosphorylation of AKT was significantly enhanced after HCV
infection, rendering them potential candidates for transducing signals being responsible for

CXCL8 mRNA expression enhancement after HCV infection in response to EGF.
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Fig. 14- Protein activation of key proteins in the downstream signalling pathways of the EGFR and total
protein levels of TCPTP in HCV-infected Huh7.5 and Huh7.5 control cells. Abundance and activation of key
proteins of the PIBK/AKT and the MAPK signalling pathway were analysed by immunoblotting in Huh7.5 cells
infected with the HCVcc strain JC1 (MOI = 1) and compared to respective controls. Cells were stimulated with 40
ng/mL of EGF for the indicated time periods or left untreated. (A) Representative immunoblots for the analysed
proteins are depicted. Densitometric calculations were performed for the protein amounts or activation of (B) pEGFR
(Y1068), (C) TCPTP, (D) pPLCy (Y783), (E) pAKT (S473), (F) pMEK 1/2 (S217/T221), (G) pERK 1/2 (T202/Y204)
and (H) pp38 (T180/Y182) and calculated to the respective total protein levels, which were normalized to the
reference protein B-actin. Results are expressed as fractions of the normalized value of the control, which was set
to 1, and data are presented as means + SEM of at least three independent experiments. Asterisks without lines
mark differences between stimulated cells compared to the respective unstimulated control cells. Asterisks mark
significant differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **,
p<0.001 = ***,

4.2.4 EGF-induced expression of CXCL1, 2, 3 and 8 mRNA enhanced by HCV
infection is regulated via different signalling pathways

As described (4.2.1), earlier studies from our group could demonstrate that HCV enhances the
mRNA expression of CXCR2 chemokine ligands CXCL1, 2, 3 and especially 8. Additionally,
EGF-induced mRNA expression of those chemokines was enhanced after HCV infection of
the cells (284).

EGF-induced expression of CXCL1, 2, 3 and 8 mRNA enhanced by HCV infection was next
investigated via inhibition or knockdown of several key proteins downstream of EGFR. In
previous work, it could be shown that MEK1, p38, AKT and EGF positively influence the
upregulation of CXCL8 mRNA expression in Huh9.13 cells (284).

To examine whether these proteins are also involved in the upregulation of the different
CXCR2 chemokine ligands in the HCV,. system of acute infection, they were either knocked
down by siRNA or inhibited by use of chemical inhibitors. Afterwards, the mRNA expression of
the different CXCR2 ligands was analysed by qRT-PCR.

The EGF-induced expression of CXCL8 mRNA enhanced by HCV infection was slightly
reduced after MEK1 inhibition (U0126) as well as significantly in response to EGFR inhibition
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(AG1478) (Fig. 15A/B), while AKT inhibition (Triciribine) did not prevent the enhancement of
CXCL8 mRNA expression in response to HCV infection (Fig. 15C). Additionally, NFkB p65
knockdown resulted in an impaired HCV-specific CXCL8 mRNA expression enhancement as
well as in a reduction of EGF-induced expression of CXCL8 mRNA enhanced by HCV infection
(Fig. 15F).

Additionally, NFkB p65 knockdown resulted in a slight reduction of CXCL8 mRNA expression
in Huh7 control cells as well, indicating that CXCL8 mRNA expression regulation is, at least
partly, mediated by NFkB p65 (Fig. 15F).

Contrary to the assumption that AKT plays a major role in the EGF-induced expression of
CXCL8 mRNA enhanced by HCV infection, MEK and EGFR seem to be the major regulators
of this, while AKT does not seem to have any impact.

Additionally, these results indicate that MEK induces NFkB p65 signalling leading to an EGF-
induced expression of CXCL8 mRNA enhanced by HCV infection.
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Fig. 15- CXCL8 mRNA expression in both HCV-infected Huh7.5 and Huh7.5 control cells after inhibition or
knockdown of different EGFR downstream signalling components with or without EGF administration.
Expression of CXCL8, EGF and p65 mRNA was analysed by qRT-PCR in Huh7.5 cells infected with the HCVcc
strain JC1 (MOI = 1) and compared to respective control cells. Cells were treated with (A) MEK1 inhibitor U0126
[10 uM], (B) EGFR inhibitor AG1788 [10 uM] or (C) AKT inhibitor Triciribine [10 yM]. Inhibitors or DMSO, as a
control for all inhibitors, were added to the cells 1 h prior to a 160 min EGF [40 ng/mL] stimulation. Cells were
treated with (D)+(E) EGF siRNA or (F)+(G) p65 siRNA and stimulated with EGF [40 ng/mL] for 160 min 72 h after
transfection. (F) EGF and (G) p65 knockdown were verified by gqRT-PCR. Control siRNA was added as a control
for all siRNA experiments. SDHA was used as reference gene. Results are expressed as fractions of the normalized
value of the control, which was set to 1, and data are presented as means + SEM of at least three independent
experiments. Asterisks without lines mark differences between stimulated cells compared to the respective
unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines described
as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

CXCL1 mRNA expression was significantly upregulated in HCV-infected cells compared to
control cells. EGF-induced expression of CXCL1 mRNA was enhanced by HCV infection.

Knockdown of EGF resulted in a slightly reduced CXCL7 mRNA expression in cells infected
with HCV (Fig. 16A). The enhancement of EGF-induced CXCL1 mRNA expression by HCV
was downregulated by inhibition of AKT using the inhibitor Triciribine (Fig. 16B). This suggests
that activation of AKT may be involved in the regulation of CXCL7 mRNA expression by HCV.
Of note, in particular in the absence of addition of EGF stimulation, inhibition of AKT completely
abolished the enhancing effect of HCV on induction of CXCL1 mRNA expression by HCV. This
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indicates that upregulation of CXCL71 mRNA by HCV alone requires activation of AKT. MEK1
inhibition (U0126) did not influence the CXCL1 mRNA expression (Fig. 16C).

While the EGF-induced expression of CXCL8 mRNA enhanced by HCV is thus suggested to
be mediated by MEK1 (Fig. 15A), the EGF-induced expression of CXCL7 mRNA enhanced by
HCV infection seems to be mediated by AKT (Fig. 16B).
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Fig. 16- CXCL1 mRNA expression in both HCV-infected Huh7.5 and Huh7.5 control cells after inhibition of
AKT or MEK1 or knockdown of EGF with or without EGF administration. Expression of CXCL7 mRNA was
analysed by gRT-PCR in Huh7.5 cells infected with the HCVcc strain JC1 (MOI = 1) and compared to respective
control cells. Cells were treated with (A) EGF siRNA, (B) AKT inhibitor Triciribine [10 uM] or (C) MEK1 inhibitor
U0126 [10 uM]. In case of inhibitor experiments inhibitors were added to the cells 1 h prior to a 160 min EGF [40
ng/mL] stimulation of the cells. In case of siRNA cells were stimulated with EGF [40 ng/mL] for 160 min 72 h after
transfection. DMSO was added as a control for all inhibitors. Control siRNA was added as a control for the siRNA
experiment. SDHA was used as reference gene. Results are expressed as fractions of the normalized value of the
control, which was set to 1 and data are presented as means + SEM of at least three independent experiments.
Asterisks without lines mark differences between stimulated cells compared to the respective unstimulated control
cells. Asterisks mark significant differences versus the infected and control cell lines described as follows: p<0.05
=* p<0.01 =**, p<0.001 = ***,

The basal upregulation of CXCL2 and 3 mRNA expression in response to HCV infection was
slightly reduced after EGF knockdown (Fig. 17A/D). Neither inhibition of AKT nor of MEK1

significantly affected the induction of CXCL2 and 3 expression after EGF treatment and/or after
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HCYV infection, suggesting that upregulation of CXCL2 and 3 expression in this context occurs
independent of AKT or MEK1 (Fig. 17B/C). The signalling pathways leading to enhancement
of CXCL2 and 3 mRNA expression and EGF-induced expression of CXCL2 and 3
enhancement by HCV need to be elucidated in future studies.
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Fig. 17- CXCL2 mRNA expression after inhibition of AKT or MEK with and without EGF administration and
CXCL2 and 3 mRNA expression after EGF knockdown in both HCV-infected Huh7.5 and Huh7.5 control
cells. Expression of CXCL2 and 3 mRNA was analysed by gRT-PCR in Huh7.5 cells infected with the HCVc. strain
JC1 (MOI = 1) and compared to respective control cells. Cells were treated with (A)+(D) EGF siRNA, (B) AKT
inhibitor Triciribine [10 uM] or (C) MEK1 inhibitor U0126 [10 uM]. In case of inhibitor experiments inhibitors were
added to the cells 1 h prior to a 160 min EGF [40 ng/mL] stimulation of the cells. In case of siRNA, cells were
stimulated with EGF [40 ng/mL] for 160 min 72 h after transfection. DMSO was added as a control for all inhibitors.
Control siRNA was added as a control for all siRNA experiments. SDHA was used as reference gene. Results are
expressed as fractions of the normalized value of the control, which was set to 1, and data are presented as means
+ SEM of at least three independent experiments. Asterisks without lines mark differences between stimulated cells
compared to the respective unstimulated control cells. Asterisks mark significant differences versus the infected
and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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4.3 Interference of HCV with IL-1 signalling pathways

4.3.1 IL-1B-induced expression of CXCR2 ligands is enhanced by HCV infection in a

time and concentration dependent manner

As described, it could be shown that HCV upregulates the mRNA expression and protein levels
of CXCR2 chemokine ligands and EGF-induced mRNA expression of CXCR2 chemokine
ligands was enhanced after HCV infection ((284) and (4.2.1)).

Moreover, additionally to increased protein levels of EGF, it has been reported that patients
infected with HCV display higher protein levels of IL-1 in the serum (198, 199).

Therefore, the question whether also IL-1B influences the expression of these chemokines
during HCV infection arose. Hence, concentration and time course experiments with IL-13
stimulation were performed.

To elucidate whether IL-1B-induced expression of CXCR2 chemokine ligand mRNA is affected
by HCV infection, Huh9.13 subgenomic replicon cells and cells infected with the HCV strain
JC1 (MOI = 1), as well as Huh7 and Huh7.5 control cells, were stimulated with different
concentrations of IL-1( for 8 h. To perform time course experiments, Huh7.5 cells infected with
HCV and control cells were stimulated with 5 U/mL IL-1 for up to 32 h and compared to control
cells.

IL-1B-induced expression of CXCL8 mRNA was time- and concentration dependently
enhanced by HCV infection (Fig. 18A/B). In Huh9.13 cells, the HCV-dependent enhancement
of CXCL8 mRNA expression was observable when the cells were stimulated with IL-13
concentrations as low as 0.1 U/mL (Fig. 18C), which are near to the pathophysiological levels
measured in human serum samples of patients [0.1 U/mL = 2 pg/mL] (199). The expression of
CXCL1, 2 and 3 mRNA was also shown to be upregulated after HCV infection, and IL-1p3-
induced expression of CXCL1, 2 and 3 mRNA was enhanced by HCV (Fig. 18D/E). As shown
in Fig. 18A/C, the fold induction of CXCL8 mRNA expression in Huh9.13 cells after stimulation
with 0.1 U/mL was as high as in Huh7.5 infected cells after stimulation with 5 U/mL of IL-1p.
Therefore, these two concentrations were used in further experiments.

The results allow to conclude that besides EGF- also IL-1B-induced expression of CXCL1, 2,
3 and 8 mRNA is enhanced by HCV infection of the cells.
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Fig. 18- CXCL1, 2, 3 and 8 mRNA expression after administration of IL-18 in concentrations up to 50 U/mL
or for different time periods in both HCV-infected Huh7.5 and Huh7.5 control cells as well as in Huh9.13 and
Huh7 cells for CXCL8 mRNA expression. Expression of CXCL1, 2, 3 and 8 mMRNA was analysed by qRT-PCR in
Huh9.13 or in Huh7.5 cells infected with the HCVc strain JC1 (MOI = 1) and compared to respective control cells.
Cells were treated with (A)+(C)+(E)+(G) different concentrations of IL-1 for 8 h or (B)+(D)+(F)+(H) 5 U/mL IL-1B
for the indicated time periods. SDHA was used as reference gene. Results are expressed as fractions of the
normalized value of the control, which was set to 1, and data are presented as means + SEM of at least three
independent experiments. Asterisks without lines mark differences between stimulated cells compared to the
respective unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines
described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

4.3.2 IL-1B-induced expression of CXCL8 mRNA enhanced by HCV infection occurs

before splicing

As described in 4.3.1, HCV infection results in upregulation of CXCL8 mRNA expression and
enhances IL-1B-induced expression of CXCL8 mRNA expression. To check whether also
CXCL8 pre-mRNA is upregulated after HCV infection, intron-exon spanning primers were
designed, and pre-mRNA was measured via qRT-PCR. Consistent with CXCL8 mRNA
expression, CXCL8 pre-mRNA expression was upregulated in cells infected with HCV and IL-
1B-induced CXCL8 pre-mRNA expression was enhanced in response to HCV infection (Fig.
19), suggesting that both the IL-1B-induced as well as HCV-enhanced IL-1B-induced

expression of CXCL8 mRNA occurs before splicing.

98



CXCL8

—
—
w —
caf 10N
. 2 5 10 20 50
Fig. 19- CXCL8 pre-mRNA expression after administration of IL-1f in concentrations up to 50 U/mL in both

HCV-infected Huh7.5 and Huh7.5 control cells. Expression of CXCL8 pre-mRNA was analysed by gRT-PCR in
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stimulated with different concentrations of IL-18 for 8 h or left unstimulated. SDHA was used as reference gene.
Results are expressed as fractions of the normalized value of the control, which was set to 1, and data are presented
as means + SEM of at least three independent experiments. Asterisks without lines mark differences between
stimulated cells compared to the respective unstimulated control cells. Asterisks mark significant differences versus

the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***.

4.3.3 Promoter analysis to identify transcription factors regulating CXCL8 expression

To investigate which transcription factors are mainly responsible for the upregulation of CXCL8
mRNA expression in response to HCV infection as well as the enhancement of IL-1p-induced
CXCL8 mRNA expression upon infection with HCV, the promoter region of CXCL8 gene was
analysed and potential candidate transcription factors identified. As NFkB p65 was found to be
important in upregulation of CXCL8 mRNA expression after HCV infection, transcription factors
known to act as co-transcription factors of NFkB p65 were analysed. Thus, besides NFkB p65,
also SP1, C/EBP and CREB1 were chosen for further investigation (Fig. 20).
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Fig. 20- Promoter region of CXCL8 with binding sites of different transcription factors. Binding sites of several

transcription factors are highlighted in different colours and the bases where the transcription factors bind to

from -1000 to 100 bp relative to the transcription start site (TSS) of CXCL8 and a p-value of 0.001 are indicated in
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brackets: yellow: SP1 (-959, -828; -446; -145; -114); orange: CREB1 (-77; -76); green: C/EBP (-371; -370) and
blue: NFkB p65 (-87). The TSS of the CXCL8 gene is marked by an arrow and a green square. The analysis was
performed using the Eukaryotic promoter database. Modified to Dreos et al. 2017, The eukaryotic promoter

database in its 30th year: focus on non-vertebrate organisms, Nucleic Acids Res. 2017 Jan 4;45(D1):D51-D55
(297).

4.3.4 IL-1B-induced expression of CXCL1, 2, 3 and 8 mRNA enhanced by HCV is
mediated by different signalling pathways

To check which signalling pathways are involved in the enhancing effect of HCV on the IL-1(3-
induced expression of CXCL1, 2, 3and 8 mRNA, several signalling pathways and transcription
factors were analysed using either siRNA mediated gene knockdown or inhibition of the
respective signalling intermediates. Transcription factors were selected according to the
CXCL8 promoter analysis (4.3.3).

It is noteworthy to mention that siRNA treatment of the subgenomic replicon cells resulted in
some experiments in an enhancement of CXCR2 ligand mRNA expression per se. To calculate
statistical significance of differences, siRNA transfected cells were therefore compared with
corresponding control cells transfected with control siRNA.

As demonstrated, IL-1B-induced expression of CXCL8 mRNA was increased in HCV-infected
cells (Fig. 18G-I). Because of NFKkB p65 knockdown, upregulation of CXCL8 mRNA expression
by HCV infection was significantly reduced in both the replicon (Fig. 21A) and the HCV,. cell
culture system (Fig. 21C). Additionally, the enhancement of IL-1B-induced CXCL8 mRNA
expression by HCV infection was also significantly diminished (Fig. 21A/C). Both results
indicate that the NFkB subunit p65 plays an important role in the HCV mediated upregulation
of CXCL8 mRNA expression but is also induced in regulation of CXCL8 mRNA expression by
IL-1B. Besides NFkB p65, also TAK1 knockdown resulted in a significant reduction of CXCL8
mRNA expression enhancement by HCV infection and IL-1B-induced expression of CXCL8
MRNA enhanced by HCV infection, although the reduction was lower compared to the
reduction after NFkB p65 knockdown.

The data thus suggest an influence of TAK1 on IL-1B-induced expression of CXCL8 mRNA
enhanced in response to HCV infection. The exact mechanism by which NFkB p65 promotes
IL-1B-induced CXCL8 mRNA expression enhanced by HCV infection remains to be elucidated,
but TAK1 may play a (subordinate) role.

Additionally, NFkB p65 and TAK1 knockdown resulted in a slight reduction of CXCL8 mRNA
expression in Huh7 cells as well (Fig. 21C/E), suggesting an involvement of both proteins in

the basal regulation of CXCL8 mRNA expression.
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Interestingly, EGFR inhibition using AG1478 [10 uM] resulted in a slightly reduced IL-1p3-
induced expression of CXCL8 mRNA enhanced by HCV infection (Fig. 21G), indicating
involvement of EGFR transactivation by IL-1f3 under these conditions.
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Fig. 21- CXCL8 mRNA expression after knockdown of NFkB p65 or TAK1 or inhibition of the EGFR in both
Huh9.13 and Huh? cells as well as after NFkB p65 knockdown in HCV-infected Huh7.5 and Huh7.5 control
cells with and without IL-18 administration. Expression of CXCL8, p65 and TAKT mRNA was analysed by qRT-
PCR in Huh9.13 or in Huh7.5 cells infected with the HCVcc strain JC1 (MOI = 1) and compared to respective control
cells. Cells were treated with (A)+(B)+(C)+(D) p65 siRNA (E)+(F) TAK1 siRNA or (G) EGFR inhibitor AG1478 [10
MUM]. The inhibitor was added to the cells 1 h prior to a 8 h IL-18 (0.1 U/mL; in case of AG1478 with 5 U/mL)
stimulation of the cells. siRNA experiments were performed after stimulation with 0.1 U/mL IL-1 for Huh9.13 cells
and respective control cells or 5 U/mL IL-18 for Huh7.5 cells infected with the HCVcc strain JC1 (MOI = 1) and
respective control cells for 8 h and 72 h after transfection. (F) TAK7, and (B)+(D) p65 knockdown was verified by
gRT-PCR. DMSO was added as a control for the inhibitor. Control siRNA was added as a control for siRNA
experiments. SDHA was used as reference gene. Results are expressed as fractions of the normalized value of the
control, which was set to 1, and data are presented as means + SEM of at least three independent experiments.
Asterisks without lines mark differences between stimulated cells compared to the respective unstimulated control
cells. Asterisks mark significant differences versus the infected and control cell lines described as follows: p<0.05
=* p<0.01 =** p<0.001 = ***,

Neither p38 inhibitor (SB203580), nor IKKa/B inhibitor (IKK Inhibitor II), nor AKT inhibitor
(Triciribine), nor MEK1 inhibitor (U0126), nor JNK1 inhibitor (JNK Inhibitor 1), nor siRNA
targeting C/EBPSB, SP1, CREB1 and ATF2 resulted in any obvious effects on the HCV and IL-
1B-induced expression of CXCL8 mRNA enhanced by HCV infection (Fig. 22A-F/H/J/L),
indicating that none of these factors is involved in the regulation of this chemokines under the
analysed conditions.
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Fig. 22- CXCL8 mRNA expression after inhibition of key components of the PI3BK/AKT or MAPK signalling
pathway or after knockdown of different NFkB p65 co-transcription factors in both Huh9.13 and Huh7 cells
with and without IL-18 administration. Expression of CXCL8, C/EBPB, SP1, CREB1 and ATF2 mRNA was
analysed by gqRT-PCR in Huh9.13 and compared to respective control cells. Cells were treated with (A) p38 inhibitor
SB203580 [10 pM] (B) IKKa and B inhibitor IKK Inhibitor 1l [10 uM] (C) AKT inhibitor Triciribine [10 uM] (D) MEK1
inhibitor U0126 [10 uM] (E) JNK1 Inhibitor JNK Inhibitor | [10 uM] (F)+(G) C/EBPB siRNA (H)+(I) SP1 siRNA (J)+(K)
CREB1 siRNA and (L)+(M) ATF2 siRNA. In case of inhibitor experiments inhibitors were added to the cells 1 h prior
to 8 h IL-1B (0.1 U/mL; in case of SB203580, IKK Inhibitor Il and Triciribine experiments 5 U/mL) stimulation of the
cells. siRNA experiments were performed 72 h after transfection. Cells were stimulated with 0.1 U/mL IL-1 for
Huh9.13 and respective control cells or 5 U/mL IL-1B for Huh7.5 infected with the HCV strain JC1 (MOI = 1) and
respective control cells for 8 h. DMSO was added as a control for all inhibitors. Control siRNA was added as a
control for all siRNA experiments. SDHA was used as reference gene. Results are expressed as fractions of the
normalized value of the control, which was set to 1. Data are presented as means + SEM of at least three
independent experiments. Asterisks without lines mark differences between stimulated cells compared to the
respective unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines
described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

As described before, CXCL1 mRNA expression was upregulated by HCV (Fig. 18A/B). IL-1B3-
induced expression of CXCL1 mRNA was found to be enhanced after HCV infection of the
cells, as demonstrated in Fig. 18. Knockdown of NF«kB p65 resulted in diminished upregulation
of CXCL1 mRNA expression in HCV-infected cells as well as in diminished IL-1B-induced
expression of CXCL1 mRNA enhanced in response to HCV infection (Fig. 23A/B). TAK1
downregulation resulted in a slight reduction of the IL-1B-induced expression of CXCL7 mRNA
enhanced by HCV infection (Fig. 23C). These data indicate that CXCL7 mRNA expression
regulation seems to be mediated by NFkB p65 and to a lesser extent by TAK1 (Fig. 23A-C).
Both NFKkB p65 and TAK1 knockdown resulted in a significant reduction of CXCL7 mRNA
expression in Huh7 cells as well, suggesting that CXCL1 mRNA expression regulation is
mediated by NFkB p65 and TAK1, while IL-1B-induced expression of CXCL7 mRNA was not
affected (Fig. 23A-C).
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Fig. 23- CXCL1 mRNA expression after knockdown of NFkB p65 or TAK7 in both Huh9.13 and Huh? cells
as well as after NFkB p65 knockdown in HCV-infected Huh7.5 and Huh7.5 control cells with and without IL-
1B administration. Expression of CXCL1 mRNA was analysed by qRT-PCR in Huh9.13 or in Huh7.5 cells infected
with the HCV. strain JC1 (MOI = 1) and compared to respective control cells. Cells were treated with (A)+(B) p65
siRNA and (C) TAK1 siRNA. siRNA experiments were performed after stimulation with 0.1 U/mL IL-1p for Huh9.13
and respective control cells or 5 U/mL IL-1p for Huh7.5 infected with the HCVc strain JC1 (MOI = 1) and respective
control cells for 8 h, 72 h after transfection. DMSO was added as a control for all inhibitors. Control siRNA was
added as a control for all siRNA experiments. SDHA was used as reference gene. Results are expressed as
fractions of the normalized value of the control, which was set to 1 and data are presented as means + SEM of at
least three independent experiments. Asterisks without lines mark differences between stimulated cells compared
to the respective unstimulated control cells. Asterisks mark significant differences versus the infected and control
cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

Neither use of EGFR inhibitor (AG1478), nor p38 inhibitor (SB203580), nor IKKa/B inhibitor
(IKK Inhibitor 1), nor AKT inhibitor (Triciribine), nor JNK1 inhibitor (JNK Inhibitor I) showed any
effect on CXCL1 mRNA expression regulation (Fig. 24A-E).
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Fig. 24- CXCL1 mRNA expression after inhibition of different key components of the PI3K/AKT or MAPK
signalling pathway in both Huh9.13 and Huh7 cells with and without IL-1B administration. Expression of

CXCL1 mRNA was analysed by qRT-PCR in Huh9.13 and compared to respective control cells. Cells were treated
with (A) EGFR inhibitor AG1478 [10 uM], (B) p38 inhibitor SB203580 [10 uM] (C) IKKa and B inhibitor IKK Inhibitor
I [10 yM] (D) AKT inhibitor Triciribine [10 uM] (E) JNK1 Inhibitor JNK Inhibitor | [10 uM]. Inhibitors were added to
the cells 1 h prior to a 8 h IL-18 (5 U/mL; in case of JNK Inhibitor | experiments 0.1 U/mL) stimulation of the cells.

DMSO was added as a control for all inhibitors. SDHA was used as reference gene. Results are expressed as

fractions of the normalized value of the control, which was set to 1, and data are presented as means + SEM of at

least three independent experiments. Asterisks without lines mark differences between stimulated cells compared

to the respective unstimulated control cells. Asterisks mark significant differences versus the infected and control

cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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Additionally, IL-1B-induced expression of CXCL2 mRNA was enhanced in HCV-infected cells.
NFkB p65 or TAK1 knockdown resulted in reduced upregulation of CXCL2 mRNA expression
by IL-1B (Fig. 25A-C), while JNK1 inhibition slightly reduced the IL-1B-induced expression of
CXCL2 mRNA enhanced by HCV (Fig. 25D).
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Fig. 25- CXCL2 mRNA expression after knockdown of NFkB p65 or TAK1 or inhibition of JNK1 in both
Huh9.13 and Huh? cells as well as after NFkB p65 knockdown in HCV-infected Huh7.5 and Huh7.5 control
cells with and without IL-1B administration. Expression of CXCL2 mRNA was analysed by qRT-PCR in Huh9.13
or in Huh7.5 cells infected with the HCV. strain JC1 (MOI = 1) and compared to respective control cells. Cells were
treated with (A)+(B) p65 siRNA, (C) TAK1 siRNA or (D) JNK inhibitor (JNK Inhibitor ). The inhibitor was added to
the cells 1 h prior to 8 h IL-1B [0.1 U/mL] stimulation of the cells. In case of siRNA, Huh9.13 and respective control
cells were stimulated with 0.1 U/mL IL-1B, Huh7.5 cells infected with the HCV¢ strain JC1 and respective control
cells with 5 U/mL IL-1p3 for 8 h, 72 h after transfection. DMSO was added as a control for the inhibitor. Control siRNA
was added as a control for all siRNA experiments. SDHA was used as reference gene. Results are expressed as
fractions of the normalized value of the control, which was set to 1. Data are presented as means + SEM of at least
three independent experiments. Asterisks without lines mark differences between stimulated cells compared to the
respective unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines
described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

Neither EGFR inhibitor (AG1478), nor p38 inhibitor (SB203580), nor IKKa/B inhibitor (IKK
Inhibitor Il), nor AKT inhibitor (Triciribine) showed any effect on CXCL2 mRNA expression
regulation (Fig. 26A-D). This data indicates that induction of CXCL2 mRNA expression by IL-
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1B in hepatic cell lines requires activation of p65, whereas it appears not to play a major role
in the enhancement of CXCL2 mRNA expression by HCV.
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Fig. 26- CXCL2 mRNA expression after inhibition of different key components of the PI3K/AKT or MAPK
signalling pathway in both Huh9.13 and Huh7 cells with and without IL-1B administration. Expression of
CXCL2 mRNA was analysed by gRT-PCR in Huh9.13 and compared to respective control cells. Cells were treated
with (A) EGFR inhibitor AG1478 [10 pM], (B) p38 inhibitor SB203580 [10 uM] (C) IKKa and B inhibitor IKK Inhibitor
I [10 uM] (D) AKT inhibitor Triciribine [10 yM]. Inhibitors were added to the cells 1 h prior to 8 h IL-13 [5 U/mL]
stimulation of the cells. DMSO was added as a control for all inhibitors, except for SB203580, which was diluted in
water. SDHA was used as reference gene. Results are expressed as fractions of the normalized value of the control,
which was set to 1. Data are presented as means + SEM of at least three independent experiments. Asterisks
without lines mark differences between stimulated cells compared to the respective unstimulated control cells.
Asterisks mark significant differences versus the infected and control cell lines described as follows: p<0.05 = *,
p<0.01 = **, p<0.001 = ***,

CXCL3 mRNA expression was upregulated in response to HCV infection. Additionally, IL-18-
induced expression of CXCL3 mRNA was enhanced after HCV infection (Fig. 19). Knockdown
of either NFKB p65 or TAK1 resulted in a diminished upregulation of CXCL3 mRNA expression
in both HUh9.13 replicon as well as Huh7 control cells (Fig. 27A-C), suggesting NFkB p65 and
TAK1 being mediators of CXCL3 mRNA expression regulation.
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Fig. 27- CXCL3 mRNA expression after knockdown of NFkB p65 or TAK7 in both Huh9.13 and Huh? cells
as well as after NFkB p65 knockdown in HCV-infected Huh7.5 and Huh7.5 control cells with and without IL-
1B administration. Expression of CXCL3 mRNA was analysed by qRT-PCR in Huh9.13 or in Huh7.5 cells infected
with the HCVc strain JC1 (MOI = 1) and compared to respective control cells. Cells were treated with (A)+(B) p65
siRNA or (C) TAK1 siRNA. Huh9.13 and respective control cells were stimulated with 0.1, Huh7.5 cells infected
with the HCVcc strain JC1 and respective control cells with 5 U/mL IL-1B for 8 h, 72 h after transfection. Control
siRNA was added as a control for all siRNA experiments. SDHA was used as reference gene. Results are expressed
as fractions of the normalized value of the control, which was set to 1. Data are presented as means + SEM of at
least three independent experiments. Asterisks without lines mark differences between stimulated cells compared
to the respective unstimulated control cells. Asterisks mark significant differences versus the infected and control

cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

Neither EGFR inhibitor (AG1478), nor p38 inhibitor (SB203580), nor IKKa/B inhibitor (IKK
Inhibitor II), nor AKT inhibitor (Triciribine), nor JNK1 inhibitor (JNK Inhibitor I) showed any effect
on CXCL3 mRNA expression regulation (Fig. 28A-E). This data indicates that IL-13 induction
of CXCL3 mRNA expression in hepatic cell lines requires activation of p65, whereas it appears
not to play a major role for enhancement of CXCL3 expression by HCV.
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Fig. 28- CXCL3 mRNA expression after inhibition of different key components of the PI3K/AKT or MAPK
signalling pathway in both Huh9.13 and Huh7 cells with and without IL-18 administration. Expression of
CXCL3 mRNA was analysed by qRT-PCR in Huh9.13 and compared to respective control cells. Cells were treated
with (A) EGFR inhibitor AG1478 [10 uM], (B) p38 inhibitor SB203580 [10 uM] (C) IKKa and B inhibitor IKK Inhibitor
Il [10 uM] (D) AKT inhibitor Triciribine [10 uM] or (E) JNK inhibitor JNK inhibitor | [10 uM]. Inhibitors were added to
the cells 1 h prior to 8 h IL-1B (5 U/mL; in case of JNK inhibitor | experiments 0.1 U/mL) stimulation of the cells.
DMSO was added as a control for all inhibitors, except for SB203580, which was diluted in water. SDHA was used
as reference gene. Results are expressed as fractions of the normalized value of the control, which was set to 1.
Data are presented as means + SEM of at least three independent experiments. Asterisks without lines mark
differences between stimulated cells compared to the respective unstimulated control cells. Asterisks mark
significant differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **,
p<0.001 = ***,
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4.3.5 HCV infection causes enhanced binding of NFkB p65 to the CXCLS8 transcription

factor binding site in response to IL-13

The observation that NFkB p65 knockdown diminished the IL-1B-induced expression of CXCL8
mRNA enhanced by HCV infection and that HCV infection enhances the IL-1B-induced pre-
MRNA expression of CXCL8 was decisive to perform a chromatin immunoprecipitation (ChIP)
assay. Therefore, Huh7 and Huh9.13 cells were stimulated with IL-18 for 30 min or left
untreated. Afterwards, proteins were chemically crosslinked to DNA and binding to the CXCL8
promoter region was analysed by PCR. After IL-1B stimulation, binding of NFkB p65 to the
NFkB p65 transcription factor binding site of CXCL8 was strongly and significantly increased
in cells harbouring the HCV replicon compared to Huh7 control cells, strongly suggesting that
p65 plays a key regulatory role during IL-13-mediated chemokine transcription in HCV-infected
cells (Fig. 29).
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Fig. 29- DNA levels of the chromatin-immunoprecipitated NFKB p65 bound CXCL8 promoter region in both
Huh9.13 and Huh7 control cells with or without IL-18 administration. (A) Relative amount of chromatin-
immunoprecipitated NFkB p65 bound CXCL8 DNA were analysed by PCR in Huh9.13 and Huh7 cells with and
without IL-1B stimulation for 30 min at a concentration of 5 U/mL. (B) PCR products were size separated via agarose
gel electrophoresis and densitometric analysis was performed. Results are expressed as fractions of the normalized
value of the control, which was set to 1, and data are presented as means + SEM of at least three independent
experiments. Input was used as reference for normalization. Asterisks mark significant differences versus the

infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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4.3.6 IL-1B-induced phosphorylation of p38 and NFkB p65 is upregulated after HCV

infection

To determine whether HCV influences the upregulation of NFkB p65 or MAPK p38
phosphorylation in response to IL-1B, cells harbouring the HCV subgenomic replicon or cells
infected with HCV were stimulated with IL-18 [5 U/mL] for different time periods or left untreated
for control. Afterwards, total NFkB p65 protein as well as relative phosphorylation of p38 and
NFkB p65 were analysed by immunoblotting.

Interestingly, total protein levels of p65 were slightly enhanced in cells harbouring the
subgenomic replicon of HCV, whereas this effect disappeared after IL-13 stimulation (Fig.
30D).

In Huh9.13 cells the relative phosphorylation of p38 at T180/Y182 was significantly
upregulated in response to IL-18 stimulation of the cells for 240 min (Fig. 30A/B). Additionally,
the relative phosphorylation of NFkB p65 at S536 was significantly upregulated in Huh9.13
cells after 10, 30, and 60 min IL-1B stimulation of the cells when compared to Huh7 control
cells (Fig. 30A/C).
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Fig. 30- Protein activation NFkB p65 or p38 and of total NFkB p65 protein levels in Huh9.13 and Huh7 control
cells with or without IL-1B stimulation for the indicated time periods. Protein levels of p38 and NFkB p65 were
analysed by immunoblotting in Huh9.13 replicon and compared to respective controls. Cells were stimulated with 5
U/mL of IL-1B for the indicated time periods or left untreated. (A) Representative immunoblots of at least three
independent experiments are shown. Densitometric calculations were performed for the total protein levels of (B)
pp38 (T180/Y182), (C) pp65 (Ser536) and (D) p65. Total protein levels were calculated relative to the reference -
actin. Relative phosphorylation levels of proteins were calculated to total protein levels. Results are expressed as
fractions of the normalized value of the control, which was set to 1. Data are presented as means + SEM of at least
three independent experiments. Asterisks without lines mark differences between stimulated cells compared to the
respective unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines
described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

In contrast to Huh9.13 replicon cells, Huh7.5 cells infected with HCV displayed higher basal
phosphorylation levels of p38 at T180/Y182. IL-1B stimulation of these cells resulted in
significant upregulation of p38 phosphorylation at T180/Y182 after 10 or 30 min of IL-1
stimulation in Huh7.5 cells infected with HCV compared to uninfected control cells (Fig. 31A/B).
Total protein amount of NFkB p65 was not influenced by HCV infection compared to uninfected
control cells (Fig. 31A).

NFkB p65 phosphorylation at S536 was significantly higher in HCV-infected cells after
stimulation with IL-1B for 30 min compared to uninfected control cells (Fig. 31A/C).

Since phosphorylated NFkB p65 at S536 has a lower affinity to IkBa, it can act as a
transcription factor even when IkBa is not degraded (298), pointing at HCV to activate NFkB

p65 activity independent of IkBa.
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Fig. 31- Protein activation of NFKB p65 or p38 in HCV-infected Huh7.5 and Huh7.5 control cells with or
without IL-18 stimulation for the indicated time periods. Protein levels of p38 and NFkB p65 were analysed by
immunoblotting in Huh7.5 cells infected with the HCV.c strain JC1 (MOI = 1) and compared to respective controls.
Cells were stimulated with 5 U/mL of IL-1p for the indicated time periods or left untreated. (A) Representative
immunoblots for the analysed proteins. Densitometric calculations were performed for the protein levels of (B) pp38
(T180/Y182) and (C) pp65 (Ser536). Total protein levels were calculated to the reference B-actin. Relative
phosphorylation levels of proteins were calculated to total protein levels. Results are expressed as fractions of the
normalized value of the control, which was set to 1. Data are presented as means + SEM of at least three
independent experiments. Asterisks without lines mark differences between stimulated cells compared to the
respective unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines
described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

4.3.7 IL-1B-induced expression of CXCL8 mRNA enhanced by HCV infection is
mediated by degradation of IkBa and activation of NFkB p65

To check whether IL-1f3 de novo synthesis is responsible for the long-term observed activation
of CXCL8 mRNA expression (Fig. 18), 1 ng/mL cycloheximide (CHX), a protein de novo
synthesis inhibitor, was added to the cells for 8 or 24 h. After 1 h, cells were stimulated with
IL-1B8 [5 U/mL]. As shown in Fig. 32A+D, IL-1B-induced upregulation of CXCL8 mRNA
expression was further enhanced in HCV-infected cells. After CHX treatment for 8 and 24 h,
CXCL8 mRNA expression was further increased (Fig. 32A+D). The NS5A and NS3 mRNA

expression was downregulated significantly after CHX treatment for 24 h, while after 8 h it was
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not significantly affected compared to absence of treatment (Fig. 32B/C+D/E), indicating a

reduction of viral replication after inhibition of protein de novo synthesis for 24 h.

A
CXCL8 NS5A
180 .
1
160 20 -
140 ®
€
é 120 :: 14
g 100  — mHuh7.5 E 1.2
Z s0 = Huh7.5 JC1 < 1,0 = Huh7.5 JC1
«
£ * 1 n: 0,8
5 60 [
[ 3 06
40
«
=l
20 . ﬁ
, "= ml N ml a& - m
DMSO - - + + - - DMSO + + - -
CHX - - - - + + CHX - = - - + +
IL-1B - + - + - + IL-1B - + - + - +
C NS3 . D CXCL8
18 <1 600
16
500
14
€ € :
é 12 é 400 ]
2 10 2 00 mHuh7.5
2 0e ®Huh7.5 JC1 z X = Huh7.5 JC1
= S -
506 5 200 —
04 —=
100
i N = *
|
00 0 - - — - i
DMSO - - + + - - DMSO - - + + - -
CHX - - = - + + CHX - - o = + +
IL-18 - + - + - + IL-1B - + - + - +
E NS5A F NS3
16 16
14 14
12 1.2
5 g
° o
g 10 210
o ®
<08 <08
< ;
g = Huh7.5 JC1 nzé = Huh7.5 JC1
! 0,6
® E
04 0.4
0,2 0,2
0,0 0,0
DMSO - - + * - - DMSO - - * * . .
CHX - - - - + + CHX - - - - + +
IL-1B - + - + - + IL-18 - * - + - +

Fig. 32- NS3, NS5A and CXCL8 mRNA expression before and after protein de novo synthesis inhibition with
or without IL-1B8 administration in Huh9.13 or Huh7 control cells. Expression of CXCL8, NS5A and NS3 mRNA
was analysed by gqRT-PCR in Huh7.5 cells infected with the HCVcc strain JC1 (MOI = 1) and compared to respective
control cells. Cells were treated with the protein de novo synthesis inhibitor Cycloheximide [1 ng/mL] for 8h or 24h
and mRNA expression of (A)+(D) CXCL8, (B)+(E) NS5A or (C) NS3 was analysed by gRT-PCR. The inhibitor was
added to the cells 1 h prior to (A)+(B)+(C) 23 or (D)+(E)+(F) 7 h of IL-1B [5 U/mL] stimulation of the cells. DMSO
was added as a control. SDHA was used as reference gene. Results are expressed as fractions of the normalized
value of the control, which was set to 1, and data are presented as means + SEM of at least three independent
experiments. Asterisks without lines mark differences between stimulated cells compared to the respective
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unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines described
as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***.

Furthermore, the protein levels of NS3 were significantly downregulated after CHX treatment
for 24 h, whereas already after 1 h 40 min of CHX treatment the NS3 protein amount was
decreasing (Fig. 33A/B+D/E). IkBa, which traps NFkB p65 in the cytoplasm and therefore
inactivates it, was downregulated significantly after HCV infection and IL-1B-induced
downregulation of IkBa was further reduced in HCV-infected cells (Fig. 33C+F). After treatment
of cells with CHX for 24 h, IkBa protein levels were strongly decreased, suggesting an
enhanced release of NFKB p65 and, in turn, an enhanced activation of CXCL8 transcription
(Fig. 32A/D+ 33A/C). Taken together, these results additionally indicate an IkBa-dependent
activation of NFkB p65 by HCV in addition to the prior noted IkBa-independent activation of
NFkB p65 by HCV.
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Fig. 33- Protein levels of NS3 and IkBa in HCV-infected Huh7.5 and Huh7.5 control cells after and before
inhibition of protein de novo synthesis for different time periods and with or without IL-1f stimulation for
the indicated time periods. Protein levels of IkBa and NS3 were analysed by immunoblotting in Huh7.5 cells
infected with the HCVcc strain JC1 (MOI = 1) and compared to respective controls. Cells were stimulated with 5
U/mL of IL-1B8 1 h after inhibitor addition for the indicated time periods or left untreated. (A)+(D) Representative
immunoblots for the analysed proteins. Densitometric calculations were performed for the protein levels of (B)+(E)
NS3 and (C)+(F) IkBa. Total protein levels were calculated to the reference B-actin. The inhibitor was added to the
cells 1 h prior to a (A)+(B)+(C) 23 or (D)+(E)+(F) 7 h IL-18 [5 U/mL] stimulation of the cells. DMSO was added as
a control. Results are expressed as fractions of the normalized value of the control, which was set to 1. Data are
presented as means + SEM of at least three independent experiments. Asterisks without lines mark differences
between stimulated cells compared to the respective unstimulated control cells. Asterisks mark significant

differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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4.4 Interference of HCV with TNFa signalling pathways

4.4.1 TNFa-induced expression of CXCL3 and 8 mRNA is enhanced by HCV

As described in 4.2.1 and 4.3.1, the mRNA expression of CXCL1, 2, 3 and 8 is increased by
HCV and EGF- and IL-1B-induced expression of those chemokines is enhanced by HCV
infection of the cells.

TNFa levels were shown to be enhanced in transgenic mice expressing NS3/4A in the liver
and thus leading to the protection of the mice upon TNFa/D-galactosamine (D-galN)- and
LPS/D-galN-induced liver damage (231).

In addition, it was demonstrated previously in the literature and in our own cohorts that TNFa
protein levels are significantly elevated in the sera of HCV-infected patients (199, 226, 227)
and 4.1).

Therefore, it was investigated whether HCV also interferes with TNFa-mediated upregulation
of the CXCR2 ligands CXCLA1, 2, 3 and 8. Therefore, cells infected with HCV were stimulated
for different time periods with 1 or 5 ng/mL TNFa or with different concentrations of TNFa for
8 h. Fig. 34A-F shows that TNFa-induced concentration-dependent expression of CXCL3 and
8 mRNA was enhanced by HCV infection. After 2 and 4 h, the TNFa-induced expression of
CXCL3 mRNA was not enhanced by HCV infection, while after 8 h HCV enhancement of the
TNFa-induced CXCL3 mRNA expression by HCV could be observed (Fig. 34B/C).
Interestingly, when cells were stimulated with 1 ng/mL TNFa for 16 h, TNFa-induced
expression of CXCL3 mRNA was enhanced by HCV infection, while this was not the case
when cells were stimulated with 5 ng/mL TNFa (Fig. 34B/C).

In case of CXCL8 mRNA expression, HCV enhanced TNFa-induced expression of CXCL8
mMRNA after 8 h, while after 2, 4 and 16 h HCV infection did not result in an enhancement of
the TNFa-induced expression of CXCL8 mRNA (Fig. 34F/E).

The data presented in this thesis thus show that, besides EGF- and IL-1B-, also TNFa-induced
expression of CXCL3 and 8 mRNA is enhanced by HCV infection.
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Fig. 34- CXCL3 and 8 mRNA expression after administration of TNFa in concentrations up to 5 ng/mL for
the indicated time periods in both HCV-infected Huh7.5 and Huh7.5 control cells. Expression of CXCL3 and
8 mRNA was analysed by qRT-PCR in Huh7.5 cells infected with the HCVcc strain JC1 (MOI = 1) and compared to
respective control cells. Cells were treated with (A)+(D) different concentrations of TNFa for 8 h, (B)+(E) 1 ng/mL
TNFa for different time periods, (C)+(F) 5 ng/mL TNFa for different time periods. SDHA was used as reference
gene. Results are expressed as fractions of the normalized value of the control, which was set to 1. Data are
presented as means + SEM of at least three independent experiments. Asterisks without lines mark differences
between stimulated cells compared to the respective unstimulated control cells. Asterisks mark significant

differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

In contrast to CXCL3 and 8 mRNA expression, TNFa-induced expression of CXCL1 and 2
mRNA was not enhanced by HCV infection (Fig. 35A-F), indicating that in contrast to EGF-
and IL-1B-, TNFa-induced expression of CXCL1 and 2 mRNA is not affected by HCV.
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Fig. 35- CXCL1 and 2 mRNA expression after administration of TNFa in concentrations up to 5 ng/mL for
the indicated time periods in both HCV-infected Huh7.5 and Huh7.5 control cells. Expression of CXCL1 and
2 mRNA was analysed by qRT-PCR in Huh7.5 cells infected with the HCVc¢ strain JC1 (MOI = 1) and compared to
respective control cells. Cells were treated with (A)+(D) different concentrations of TNFa for 8 h, (B)+(E) 1 ng/mL
TNFa for different time periods, or (C)+(F) 5 ng/mL TNFa for different time periods. SDHA was used as reference
gene. Results are expressed as fractions of the normalized value of the control, which was set to 1. Data are
presented as means + SEM of at least three independent experiments. Asterisks without lines mark differences
between stimulated cells compared to the respective unstimulated control cells. Asterisks mark significant

differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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4.4.2 TNFa-induced expression of CXCL8 pre-mRNA is enhanced by HCV infection

As described in 4.4.1, HCV enhanced TNFa-induced expression of CXCL8 mRNA. To check
whether CXCL8 pre-mRNA is upregulated by TNFa and whether HCV infection affects the
CXCL8 expression at pre-mRNA level, intron-exon spanning primers (4.3.2) were used to
quantify pre-mRNA via qRT-PCR. Here, it could be demonstrated that administration of a
concentration of 1 ng/mL or higher concentrations of TNFa-induced CXCL8 pre-mRNA
expression (Fig. 36). Additionally, HCV enhanced CXCL8 pre-mRNA expression significantly.
The TNFa-induced expression of pre-mRNA was significantly enhanced in response to HCV
infection after administration of 2 ng/mL TNFa. In summary, the data presented in Fig. 36
suggest that TNFa- as well as HCV-dependent enhancement of CXCL8 mRNA expression
occurs, at least partly, before splicing. How exactly this specific significant enhancement of
TNFa-induced expression of CXCL8 pre-mRNA by HCV is mediated has to be further
investigated.
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Fig. 36- CXCL8 pre-mRNA expression after administration of TNFa in concentrations up to 5 ng/mL in both
HCV-infected Huh7.5 and Huh7.5 control cells. Expression of CXCL8 pre-mRNA was analysed by qRT-PCR in
Huh7.5 cells infected with the HCVc strain JC1 (MOI = 1) and compared to respective control cells. CXCL8 pre-
mMRNA expression was measured after treatment of the cells with different concentrations of TNFa for 8 h. SDHA
was used as reference gene. Results are expressed as fractions of the normalized value of the control, which was
set to 1. Data are presented as means + SEM of at least three independent experiments. Asterisks without lines
mark differences between stimulated cells compared to the respective unstimulated control cells. Asterisks mark
significant differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **,
p<0.001 = ***,
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4.4.3 IL-1B and TNFa do not act synergistically to enhance CXCL8 mRNA expression

in response to HCV infection

To analyse whether IL-18 can further enhance the TNFa-induced expression of CXCL8 mRNA
enhanced by HCV infection, cells were stimulated with varying concentrations of TNFa and
with or without IL-18 [0.1 U/mL] for 8 h. The TNFa-induced expression of CXCL8 mRNA
enhanced after HCV infection was not further enhanced by addition of IL-1f (Fig. 37). Thus, a
synergistic effect of the two cytokines is not suggested by these experiments. Fig. 37 shows
that the relative CXCL8 mRNA levels were nearly the same in Huh9.13 cells after stimulation
with IL-18 at a concentration of 0.1 U/mL as they were after stimulation with TNFa at a
concentration of 100 pg/mL. Considering that 0.1 U/mL IL-1 B reflect a concentration of 2
pg/mL, a 50-fold higher concentration of TNFa is necessary to reach the same effect on CXCL8

mRNA expression levels.
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Fig. 37- CXCL8 mRNA expression after administration of TNFa in concentrations up to 0.5 ng/mL in both
Huh9.13 and Huh7 control cells with and without IL-18 administration. Expression of CXCL8 mRNA was
analysed by gRT-PCR in Huh9.13 cells compared to respective control cells. Cells were treated with the indicated
concentrations of TNFa for 8 h with or without the addition of 0.1 U/mL IL-1B for 8 h or left untreated. SDHA was
used as reference gene. Results are expressed as fractions of the normalized value of the control, which was set
to 1. Data are presented as means + SEM of at least three independent experiments. Asterisks mark significant

differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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4.4.4 TNFa-induced CXCL8 mRNA expression is mediated by NFkB p65

To investigate the involved signalling pathways in the TNFa-induced expression of CXCL1, 2,
3 and 8 mRNA as well as the TNFa-induced expression of CXCL3 and 8 mRNA enhanced by
HCYV infection, siRNA and inhibitor experiments were performed.

Overall, the herein used inhibitors (MEK, JNK, EGFR, p38, IKKa and 3 and AKT) showed no
effects on the regulation of CXCL8 mRNA expression (Fig. 38A-F).

In contrast, TNFa-induced expression of CXCL8 mRNA enhanced by HCV infection was
diminished significantly after siRNA-mediated NFkB p65 knockdown when compared to control
siRNA-treated Huh9.13 cells, while TAK7 knockdown only slightly reduced the TNFa-induced
expression of CXCL8 mRNA in Huh9.13 cells (Fig. 38G/l), suggesting that NFkB p65 signalling
has to be, at least partially, activated via other mechanisms in this context.

TNFa- induced CXCL8 mRNA expression was also reduced, although not significantly, in
Huh7 cells after NFkB p65 knockdown (Fig. 38G/l), while TAK7 knockdown did not influence
TNFa- induced expression of CXCL8 mRNA in Huh7 cells, suggesting that NFKB p65 may be
activated via other signalling pathways in this context.

In addition, CXCL8 mRNA expression was, although not significantly, reduced in Huh7 and
Huh9.13 cells after both NFkB p65 and TAK1 knockdown (Fig. 38G).

Taken together, these experiments suggest that the NFkB subunit p65 is the leading mediator
in TNFa-induced expression of CXCL8 mRNA enhanced by HCV infection, and partly mediates
the TNFa-induced expression of CXCL8 mRNA in Huh7 cells as well, TAK1 on the other hand
is suggested to partly mediate TNFa-induced expression of CXCL8 mRNA only if it is
enhanced after HCV infection.

In contrast, CXCL8 mRNA expression is slightly reduced in Huh9.13 and in Huh7 cells in
response to both NFkB p65 and TAK1 knockdown, indicating that both factors mediate CXCL8

MRNA expression regulation in both cell lines.
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Fig. 38- CXCL8 mRNA expression after knockdown of NFkB p65 or TAK1 or inhibition of the EGFR, IKK as
well as key components of the PI3BK/AKT or MAPK signalling pathway in Huh9.13 and Huh7 cells with and
without TNFa administration. Expression of CXCL8, p65 and TAKT mRNA was analysed by gRT-PCR in Huh9.13
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and compared to respective control cells. Cells were treated with (A) MEK 1 inhibitor U0126 [10 uM], (B) JNK
inhibitor JNK inhibitor I [10 uM], (C) EGFR inhibitor AG1478 [10 uM], (D) p38 inhibitor SB203580 [10 pM], (E) IKKa/
inhibitor IKK Inhibitor 1l [10 pM] or (F) AKT inhibitor Triciribine [10 uM]. DMSO was added as a control for all
inhibitors, except for SB203580 which was diluted in water. Inhibitors were added to the cells 1 h prior to 8 h TNFa
(1 ng/mL; 0.1 ng/mL in case of p65 and TAK1 siRNA as well as JNK inhibitor | experiments) stimulation of the cells.
Furthermore, cells were treated with (G)+(H) p65 siRNA or (I)+(J) TAK1 siRNA and stimulated with TNFa [1 ng/mL]
for 8 h without or 72 h after transfection. Control siRNA was added as a control for all siRNA experiments. SDHA
was used as reference gene. Results are expressed as fractions of the normalized value of the control, which was
set to 1. Data are presented as means + SEM of at least three independent experiments. Asterisks without lines
mark differences between stimulated cells compared to the respective unstimulated control cells. Asterisks mark
significant differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **,
p<0.001 = ***,

Inhibition of MEK, JNK, EGFR, p38, IKKa and B and AKT did not show any effects on the
CXCL1 mRNA expression regulation (Fig. 39A-D).

TNFa-induced CXCL17 mRNA expression was not enhanced by HCV infection (4.4.1).
Knockdown of NFkB p65 resulted in reduced CXCLT mRNA expression (Fig. 39E). TAK1
knockdown significantly reduced the CXCL1 mRNA expression in Huh7 as well as in Huh9.13
cells (Fig. 39F). This suggests that TAK1 as well as NFkB p65 mediate CXCL7 mRNA
expression regulation in these cells.

Interestingly, TAK7 knockdown did not affect TNFa-induced CXCL 1 mRNA expression in Huh7
cells, whereas NFkB p65 did, suggesting that NFkB p65 needs to be activated via other

upstream mediators in this context.
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Fig. 39- CXCL1 mRNA expression after knockdown of NFkB p65 or TAK1 or inhibition of the EGFR, IKKa/B,
AKT and p38 in Huh9.13 and Huh7 cells with and without TNFa administration. Expression of CXCL7 mRNA
was analysed by qRT-PCR in Huh9.13 and compared to respective control cells. Cells were treated with (A) EGFR
inhibitor AG1478 [10 uM], (B) p38 inhibitor SB203580 [10 uM], (C) IKKa/B inhibitor IKK Inhibitor 1l [10 uM] or (D)
AKT inhibitor Triciribine [10 uM]. Inhibitors were added to the cells 1 h prior to a 8 h TNFa (1 ng/mL; 0.1 ng/mL in
case of siRNA experiments) stimulation. DMSO was added as a control for all inhibitors, except for SB203580,
which was diluted in water. Cells were treated with (E) p65 siRNA or (F) TAK1 siRNA and were stimulated with
TNFa [1 ng/mL] for 8 h, 72 h after transfection. Control siRNA was added as a control for all siRNA experiments.
SDHA was used as reference gene. Results are expressed as fractions of the normalized value of the control, which
was set to 1. Data are presented as means + SEM of at least three independent experiments. Asterisks mark
significant differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **,
p<0.001 = ***,

Consistently, HCV infection also resulted in enhancement of CXCL2 and 3 mRNA expression
levels. TNFa-induced CXCL3 mRNA expression was enhanced by HCV, while TNFa-induced
CXCL2 mRNA expression was not affected by HCV infection.

Neither inhibition of MEK, nor JNK, nor EGFR, nor p38, nor IKKa/B, nor AKT showed any
effects on the regulation of CXCL2 or 3 mRNA expression levels (Fig. 40A-D/G-J).

CXCL2 mRNA expression was reduced upon NFkB p65 or TAK1 knockdown, suggesting that
CXCL2 mRNA expression regulation is mediated by both NFkB p65 and TAK1 (Fig. 40E/F).
CXCL3 mRNA expression was already upregulated by control siRNA in cells harbouring the
subgenomic replicon of HCV, indicating that siRNA treatment per se influences CXCL3 mRNA
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expression in Huh9.13 cells. Therefore, experiments performed with siRNA must be compared
to control siRNA experiments. When compared to control siRNA, CXCL3 mRNA expression
was reduced after NFkB p65 or TAK1 knockdown, suggesting that CXCL3 mRNA expression
might be regulated by NFkB p65 as well as TAK1 (Fig. 40K/L).
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Fig. 40- CXCL2 and 3 mRNA expression after knockdown of NFkB p65 or TAK1 or inhibition of the EGFR,
IKKa/B, AKT or p38 in Huh9.13 and Huh7 cells with and without TNFa. Expression of CXCL2 and 3 mRNA was
analysed by qRT-PCR in Huh9.13 and compared to respective control cells. Cells were treated with (A)+(G) EGFR
inhibitor AG1478 [10 uM], (B)+(H) p38 inhibitor SB203580 [10 uM], (C)+(l) IKKa/B inhibitor IKK Inhibitor Il [10 puM]
or (D)+(J) AKT inhibitor Triciribine [10 uM]. Inhibitors were added to the cells 1 h prior to a 8 h TNFa (1 ng/mL; 0.01
ng/mL in case of siRNA experiments) stimulation of the cells. DMSO was added as a control for all inhibitors, except
for SB203580, which was diluted in water. Furthermore, cells were treated with (E)+(K) p65 siRNA or (F)+(L) TAK1
siRNA, stimulated with TNFa [1 ng/mL] for 8 h, 72 h after transfection. Control siRNA was added as a control for all
siRNA experiments. SDHA was used as reference gene. Results are expressed as fractions of the normalized value
of the control, which was set to 1. Data are presented as means + SEM of at least three independent experiments.
Asterisks mark significant differences versus the infected and control cell lines described as follows: p<0.05 = *,
p<0.01 = **, p<0.001 = ***,

4.4.5 Total p65 protein levels are elevated in response to HCV infection after TNFa

stimulation

To determine whether TNFa stimulation of the HCV-infected cells results, as observed for IL-
1B (4.3.6), in enhanced phosphorylation of p38 at T180/Y182 or NFkB p65 at S536, cells were
stimulated with TNFa, the proteins extracted and phosphorylation status as well as total protein
levels of both p38 and NFkB p65 determined via immunoblot.
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TNFa-induced phosphorylation of NFKB p65 at S536 was not further enhanced after HCV
infection. The phosphorylation of p38 at T180/Y182 was neither affected by TNFa stimulation
nor by HCV infection of the cells.

Interestingly, as shown in Fig. 41, cells harbouring the subgenomic replicon of HCV displayed

higher total protein levels of NFkB p65.
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Fig. 41- Protein activation of NFkB p65 or p38 and total protein levels of NFkB p65 in both Huh9.13 and
Huh7 control cells with or without TNFa stimulation for the indicated time periods. Protein levels of p38 and
NFkB p65 were analysed by immunoblotting in Huh9.13 cells and compared to respective controls. Cells were
stimulated with 1 ng/mL of TNFa for the stated time periods or left untreated. (A) Representative immunoblots for
the analysed proteins are shown. Densitometric calculations were performed for the protein levels of (B) pp38
(T180/Y182), (C) pp65 (Ser536) and (D) p65. Total protein levels were calculated to the reference -actin. Relative
phosphorylation levels of proteins were calculated to total protein levels. Results are expressed as fractions of the
normalized value of the control, which was set to 1. Data are presented as means + SEM of at least three
independent experiments. Asterisks without lines mark differences between stimulated cells compared to the
respective unstimulated control cells. Asterisks mark significant differences versus the infected and control cell lines
described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,
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4.5 The role of AKT1 and TCPTP during acute HCV infection

4.5.1 AKT1 knockout results in decreased HCV infection in Huh7.5 cells

In previous experiments, it could be shown that HCV infection results in upregulation of relative
phosphorylation levels of AKT at S473 (Figs. 13+14). To further investigate the role of AKT1
during HCV infection AKT1 knockout (KO) cell lines were generated using CRISPR/Cas9.
Mutants were confirmed via sanger sequencing and immunoblotting (Fig. 42A/B).
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Fig. 42- AKT1 knockout verification by immunoblotting. Protein levels of AKT1 and B-actin were analysed by
immunoblotting in (A) Huh7.5 AKT1 1.1 KO and control cells, (B) Huh7.5 AKT1 2.3.5 KO, Huh7.5 AKT1 2.1.3 KO
and in Huh7.5 cells either infected with the HCVcc strain JC1 (MOI = 1) or left uninfected.

Two different clones were used to study the influences of AKT1 on HCV infection. The clonal
lines termed Huh7.5 AKT1 2.3.5 KO and Huh7.5 AKT1 1.1 KO, and Huh7.5 control cells were
infected with HCV. Subsequently, NS3 protein levels were determined via immunoblotting. All
AKT1 KO cell lines showed decreased viral protein levels (Fig. 43A-D), suggesting an

important role of AKT1 for viral replication or infection.
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Fig. 43- Protein levels of NS3 in HCV-infected Huh7.5 AKT1 1.1 KO, Huh7.5 AKT1 2.3.5 KO and Huh7.5
control cells. Protein levels of NS3 and B-actin were analysed by immunoblotting in (A) Huh7.5 and Huh7.5 AKT1
1.1 KO cells either infected with the HCVcc strain JC1 (MOI = 1) or left uninfected. (B) Densitometric calculation
was performed for NS3. Protein levels of NS3 and B-actin were analysed by immunoblotting in (C) Huh7.5 AKT1
2.3.5 KO cells with or without HCV infection (MOI=1). (D) Densitometric calculation was performed for NS3. Total
protein level was normalized to the reference B-actin. Results are expressed as fractions of the normalized value
of the control, which was set to 1. Data are presented as means + SEM of at least three independent experiments.
Asterisks mark significant differences versus the infected and control cell lines described as follows: p<0.05 = *,
p<0.01 = ** p<0.001 = ***,

Additionally, NS5A mRNA expression was determined using qRT-PCR. Consistently, NS5A
mRNA expression was significantly downregulated in both AKT1 1.1 KO and AKT1 2.3.5 KO

cells compared to control cells (Fig. 44A-C).
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Fig. 44- NS5A mRNA expression in HCV-infected Huh7.5 AKT1 1.1 KO, Huh7.5 AKT1 2.3.5 KO and Huh7.5
control cells. Expression of NS5A mRNA was analysed by qRT-PCR in (A) Huh7.5 AKT1 1.1 KO, (B) Huh7.5
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as reference gene. Results are expressed as fractions of the normalized value of the control, which was set to 1.
Data are presented as means + SEM of at least three independent experiments. Asterisks mark significant

differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***.

4.5.2 Enhancement of chemokine expression by HCV is abolished in Huh7.5 AKT1 1.1
KO cells

To elucidate the effect of AKT1 on the chemokine expression after HCV infection, Huh7.5 cells
were infected with HCV, mRNA was extracted, and qRT-PCR analyses were performed. The
individual clones showed different results regarding the amplitude of the influence of AKT1 on
the mRNA expression of CXCL1, 2, 3and 8.

Huh7.5 AKT1 1.1 KO cells displayed significantly lower CXCL1 and 2 mRNA expression when
compared to control cells (Fig. 45A/B+E/F/H+I/J), and the upregulating effect of HCV on
CXCL1, 2, 3 and 8 mMRNA expression was completely abolished (Fig. 45A-D).

To analyse whether the EGF- , IL-1B3- or TNFa-induced expression of CXCR2 ligand mRNA
enhanced by HCV infection is affected by AKT1 KO, the cells were infected with HCV or left
uninfected and stimulated with EGF, IL-13 or TNFa.

EGF-induced expression of CXCL1 and 2 mRNA enhanced by HCV infection was unaffected
by AKT1 KO in Huh7.5 AKT1 1.1 KO cells compared to control cells, whereas EGF-induced
expression of CXCL3 and 8 mRNA enhanced by HCV infection was reduced significantly in
the Huh7.5 AKT1 1.1 KO cells (Fig. 45A-D).

TNFa-induced expression of CXCL7 and 2 mRNA as well as TFNa-induced expression of
CXCL3 mRNA enhancement by HCV infection was unaffected by AKT1 KO in Huh7.5 AKT1
1.1 KO cells compared to control cells (Fig. 45E-G). In contrast, TNFa-induced expression of
CXCL8 mRNA enhanced by HCV infection was reduced, although not significantly, in Huh7.5
AKT1 1.1 KO cells when compared to Huh7.5 control cells (Fig. 45H).

IL-1B-induced expression of CXCL1 and 2 mRNA enhanced by HCV infection was reduced,
although not significantly, in AKT1 KO cells (Fig. 451/J). Interestingly, IL-1B-induced expression
of CXCL3 and 8 mRNA enhanced by HCV was significantly reduced in Huh7.5 AKT1 1.1 KO
cells (Fig. 45J-L).

Taken together, these results indicate that AKT1 plays a pivotal role in the HCV-dependent
upregulation of CXCL1, 2, 3and 8 mRNA expression as well as in the EGF- and IL-13-induced
expression of CXCL3 and 8 mRNA enhanced by HCV infection.
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Fig. 45- CXCL1, 2, 3 and 8 mRNA expression in Huh7.5 AKT1 1.1, Huh7.5 control cells as well as in HCV-
infected Huh7.5 AKT1 1.1 KO and Huh7.5 control cells with and without EGF, TNFa or IL-1 administration.
Expression of CXCL1, 2, 3 and 8 mRNA was analysed by qRT-PCR in Huh7.5 AKT1 1.1 KO and Huh7.5 cells
infected with the HCVc¢ strain JC1 (MOI = 1) and compared to respective controls. Cells were treated with EGF [40
ng/mL] for 160 min or TNFa [1 ng/mL] or IL-1B [5U/mL] for 8 h and the mRNA expression levels of (A)+(E)+(l)
CXCL1, (B)*(F)+(J) CXCL2, (C)+(G)+(K) CXCL3 and (D)+(H)+(L) CXCL8 were analysed by qRT-PCR. sDHA was
used as reference gene. Results are expressed as fractions of the normalized value of the control, which was set
to 1. Data are presented as means + SEM of at least three independent experiments. Asterisks mark significant

differences versus the infected and control cell lines described as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

In contrast to the Huh7.5 AKT1 1.1 KO cells, CXCL2 and 8 mRNA expression enhancement
after HCV infection was only weakly reduced in Huh7.5 AKT1 2.3.5 KO cells when compared
to control cells and no effect was observable for CXCL1 and 3 mRNA expression.
Interestingly, CXCL1, 2, 3 and 8 expression was downregulated significantly in Huh7.5 AKT1
2.3.5 KO cells when compared to Huh7.5 cells (Fig. 46A-D).

In case of AKT1 2.3.5 KO cells, AKT1 KO resulted in impaired HCV replication as determined
by total protein levels of the viral non-structural protein NS3 (Fig. 43), while in contrast to the
Huh7.5 AKT1 1.1 KO cells, the upregulation of CXCL1, 2, 3and 8 mRNA expression after HCV
infection was nearly unaltered compared to Huh7.5 control cells (Fig. 45/46).

In Huh7.5 AKT1 2.3.5 KO cells as well as in Huh7.5 AKT1 1.1 KO cells, CXCL71 and 2 mRNA
expression was reduced when compared to Huh7.5 cells, suggesting that AKT1 is important
for CXCL1 and 2 mRNA expression regulation (Fig. 45/46).
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Interestingly, in Huh7.5 AKT1 2.3.5 KO cells, CXCL3 and 8 mRNA expression was also
significantly reduced when compared to Huh7.5 cells, which was not the case for Huh7.5 AKT1
1.1 KO cells. The different clones need to be studied more closely to find out how these

different effects can be explained.
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Fig. 46- CXCL1, 2, 3 and 8 mRNA expression in Huh7.5 AKT1 2.3.5, Huh7.5 control cells as well as in HCV-
infected Huh7.5 AKT1 2.3.5 KO and Huh7.5 control cells. Expression of CXCL1 (A), 2 (B), 3 (C) and 8 (D) mRNA
was analysed in Huh7.5 AKT1 2.3.5 KO and Huh7.5 cells infected with the HCV¢c strain JC1 (MOI = 1) and
compared to respective controls. SDHA was used as reference gene. Results are expressed as fractions of the
normalized value of the control, which was set to 1. Data are presented as means + SEM of at least three
independent experiments. Asterisks mark significant differences versus the infected and control cell lines described
as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***,

4.5.3 TCPTP knockout results in decreased HCV infection in Huh7.5 cells

Previous studies demonstrated that HCV influences the phosphorylation levels of the EGFR
by cleavage and thereby degradation of TCPTP (36). TCPTP is a tyrosine phosphatase and
act as an endogenous negative regulator of EGFR. EGFR is necessary for a successful HCV
infection (77). It was therefore hypothesized that TCPTP plays a crucial role during HCV
infection. TCPTP KO cells were generated as AKT1 KO cells using the CRISPR/Cas9 method

and verified via immunoblotting and sanger sequencing (Fig. 47A/B). Contrary to the
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hypothesis, all three TCPTP KO cell lines (2.3, 3.4 and 4.6) displayed reduced HCV infection

as measured by NS3 protein levels compared to Huh7.5 control cells (Fig. 47A-D).

A B
TCPTP | i — TCPTP
NS3 | e— —— —— NS3
B-aCtin | —— — —— — —— B-actin

Huh7.5 Huh7.5 Huh7.5 Huh7.5 Huh7.5 Huh7.5
Jc1 TCPTP  TCPTP  TCPTP  TCPTP
2.3KO 2.3KO 3.4KO 3.4KO
JC1 Jc1
C NS3 D
12 —— 12
—

1,0 1
308 308
£ [ =Huh7.5 JC1 E
£06 Huh7.5 TCPTP 2.3 KO JC1 £ 06
S ®Huh7.5 TCPTP 3.4 KO JC1 2
a Q
;Té 04 E; 0,4

0,2

0,0

K
N

L — ——
Huh7.5 Huh7.5 JC1 Huh7.5 TCPTP Huh7.5 TCPTP
4.6 KO 4.6 KO
JC1
NS3
-

= Huh7.5 JC1
mHuh7.5 TCPTP 4.6 KO JC1

Fig. 47- Protein levels of NS3 in HCV-infected Huh7.5 TCPTP 2.3 KO, Huh7.5 TCPTP 3.4 KO and Huh7.5
control cells. Protein levels of TCPTP, NS3 and -actin were analysed by immunoblotting in (A) Huh7.5, Huh7.5
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normalized value of the control, which was set to 1. Data are presented as means + SEM of at least three

independent experiments. Asterisks mark significant differences versus the infected and control cell lines described
as follows: p<0.05 = *, p<0.01 = **, p<0.001 = ***.
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5 Discussion

Today, 71 million people are chronically infected with HCV. HCV can persist in patients over
decades without being cleared by the immune system, even though the immune system is
activated vigorously. Decades after initial infection, patients can develop irreversible liver
damage, like liver cirrhosis, which can lead to the development of liver cancer. HCV is thought
to escape the immune system by interfering with host cell processes without affecting the
viability of the cell. Communication signals, such as chemokines which are released from the
cells, are important for immune cell recruitment. HCV is suggested to have the capability to
modify this process. The aim of this PhD project was thus to elucidate how HCV interferes with
the expression of different chemokines in response to EGF or the cytokines TNFa and IL-1p.
To that end, two different cell culture systems where used: the replicon system, which stably
expresses the NS proteins NS3-NS5B and thus is a model for chronic infection, and the HCV .-

modelling an acute stage of HCV infection with cells being infected for 72 h with the virus.

5.1 Protein levels of EGF, VEGFA and TNFa positively correlate in serum

samples of patients chronically infected with HCV

Protein levels of the growth factors VEGFA and EGF were significantly upregulated in the
serum samples of patients infected chronically with HCV when compared to the serum samples
of healthy people (Tab. 18; Fig. 10A/B). Besides, also patients with other liver diseases than
HCV displayed higher VEGFA and EGF protein levels in their serum samples when compared
to serum samples of healthy people (Tab. 18; Fig. 10A/B). Taken together, these results
suggest that both VEGFA and EGF protein level upregulation may be due to liver damage in
general, but to a higher extent after chronic HCV infection. In line with the results shown in this
thesis, recently published work from Salum et al. demonstrates that both mRNA expression
and protein levels of VEGFA are highly upregulated in peripheral blood mononuclear cells
isolated from HCV-infected patients (154). Additionally, it could be shown in a previous study
from our group that both EGF mRNA expression as well as protein levels are upregulated in
cells infected with HCV and in cells harbouring the subgenomic replicon of HCV (284),
suggesting both growth factors to be important in the context of HCV infection. To further
investigate the influences of HCV on EGF and VEGFA signalling was thus of great interest.

Neither the protein levels of CCL2 nor of CCL7 were found to be affected in patients with
chronic HCV infection (Fig. 10C/D), while CXCL8 protein levels were significantly upregulated
in patients infected chronically with HCV when compared to protein levels in the serum of

healthy people (Fig. 10E). Upregulation of CXCL8 protein levels in serum samples of patients
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infected chronically with HCV is in line with several publications (227, 279, 299). CXCLS8 is
known to mainly recruit neutrophil granulocytes, while CCR2 chemokine ligands such as CCL2
and CCL7, are known to mainly recruit monocytes and macrophages to the site of infection or
to the damaged tissue (266, 267, 300), suggesting that macrophage and monocyte recruitment
when compared to neutrophil granulocyte recruitment, might be lower in response to chronic
HCV infection. Results obtained in previous studies from our group could demonstrate that
neutrophil granulocyte but not monocyte recruitment is indeed enhanced after chronic HCV
infection (284).

Additionally, TNFa protein levels were significantly increased in serum samples of patients
infected chronically with HCV when compared to serum samples of healthy people (Fig. 10F).
These results are in line with the literature, because TNFa protein levels are known to be
enhanced in plasma as well as in liver tissue of HCV-infected patients (301). In addition to that,
HCV was found to interact directly with the TNF type | receptor via the HCV specific core
protein and to thereby influence the activity of the TNF receptor (302). It was further shown
that TNFa levels as well as NFkB activation are enhanced in the liver of mice expressing the
non-structural proteins NS3/4A of HCV (231).

Notably, in the herein presented PhD work it was shown that TNFa protein levels were strongly
and significantly positively correlated with both EGF and VEGFA protein levels in the serum of
patients chronically infected with HCV, whereas they were neither correlated in the serum
samples of healthy people nor of patients with other liver diseases than HCV (Tab. 19),
suggesting these three protein patterns to be somehow interrelated during chronic HCV
infection.

Furthermore, these results support the assumption that HCV modulates the protein levels of
TNFa, EGF, CXCL8 and VEGFA.
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5.2 Enhancement of EGF-induced expression of CXCR2 ligands by HCV

infection is mediated by different signalling pathways

In 2011, Lupberger et al. identified the EGFR as an essential co-factor for HCV cell entry (77).
Protein phosphorylation of the EGFR at Y1068 as well as EGF-induced protein
phosphorylation of the EGFR downstream effector proteins of the PI3K/AKT and MAPK
signalling pathways (Fig. 14), and mRNA expression of CXCL1, 2, 3 and 8 were upregulated
in response to HCV infection in the HCV.c model of acute infection (Fig. 12), suggesting an
activation of those signalling pathways and in turn enhancement of chemokine mRNA
expression by HCV.

Enhancement of EGF-induced expression of CXCL1, 2, 3 and 8 mRNA (Fig. 11 and (284))
and protein phosphorylation enhancement of AKT (Fig. 13/14) in response to HCV infection
were observed in both the subgenomic replicon as well as the HCV.. cell culture model. In
contrast to the HCV,. system, the phosphorylation of the MAPKs MEK and ERK was not
affected in cells harbouring the subgenomic replicon of HCV (Fig. 13). The increase in
activating phosphorylation of AKT in response to EGF strongly suggests an EGF-dependent
activation of the AKT signalling pathway resulting in enhancement of chemokine expression
regulation in cells harbouring the subgenomic replicon of HCV (Fig. 13/14 and (284)).

Protein levels of TCPTP, which is an endogenous negative regulator of EGFR (148), were
observed to be downregulated in cells harbouring the subgenomic replicon of HCV (Fig.
13A/C). This is in line with previously obtained results of our group and caused by cleavage of
TCPTP by the viral NS3/4A protease (36). Additionally, TCPTP protein levels were also
strongly reduced in HCV-infected cells (Fig. 14A/C).

Interestingly, in replicon cells, which express only the NS proteins NS3-NS5B of HCV and thus
partly mimic a chronic infection, the basal relative EGFR phosphorylation was not enhanced
when compared to control cells (Fig. 13A/B). On the other hand, in the acute system, where
cells are infected with the whole genome of HCV, EGFR phosphorylation was significantly
enhanced by HCV infection (Fig. 14A/B). The enhanced phosphorylation and therefore
activation of the EGFR in response to HCV infection may be induced by the virus via various
signalling pathways to facilitate viral entry which is in line with assumed necessity of
phosphorylation-induced EGFR internalization being critical for HCV cell entry (125, 147).

It is conceivable that cells acutely infected with HCV behave differently than cells stably
expressing only the viral NS proteins. An obvious explanation may be the interference of
structural proteins with different host cell signalling pathways. This idea is supported by the
fact that activation of MAPK signalling (MAPKs ERK and p38) was influenced by HCV only in
acutely infected cells (Fig. 14G/H) but not in the replicon system (Fig. 13G/H). This is in line

with the results of another study showing that soluble E2 protein of HCV, which is not
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expressed in cells harbouring the subgenomic replicon of HCV, causes upregulation of the
phosphorylation of the MAPKs ERK and p38 in NIH3T3 as well as HEK293T cells expressing
the HCV binding receptor dendritic cell-specific intracellular adhesion molecule-3-grabbing
nonintegrin (303).

In contrast to this, He et al. demonstrated in 2001 that the HCV NS5A protein causes
downregulation of the EGF-induced phosphorylation of p38 MAPK in cultured cells (304).
However, these experiments were performed in HelLa cells stably expressing the HCV NS
protein NS5A, and different results may thus reflect cell type-specific cell signalling responses.
Regarding the PI3K signalling pathway, AKT signalling was enhanced, although not
significantly, in both cell culture systems already at basal levels (Fig. 13/14E). This is in line
with the literature and previous results from our group (150). Furthermore, it is known that
NS5A binds to the SH3 domain of the PI3K p58 regulatory subunit and causes its activation
(305). As a result, AKT is constitutively activated and promotes cell survival which the authors
hypothesized to potentially lead to HCC formation (305). Additionally, activation of PISK/AKT
signalling by HCV was demonstrated to occur due to induction of oxidative stress by HCV
(306). Previous studies from our group demonstrate that TCPTP is cleaved by the viral
protease NS3/4A and that EGF and PI3K/AKT signalling is constitutively active in cells
harbouring the subgenomic replicon of HCV as well as in transgenic mice expressing NS3/4A
stably in the liver (36). These results highly suggest that the cleavage of TCPTP by NS3/4A
constitutively activates the PI3K/AKT signalling in the context of HCV.

EGF-induced expression of CXCL8 mRNA enhanced by HCV infection in a concentration
dependent manner is in line with previous experiments of our working group which have shown
that HCV upregulates CXCL1, 2, 3and 8 mRNA as well as chemokine protein levels in replicon
cells (284).

To identify the involved factors and chronology of events, key proteins of EGFR and
downstream signalling pathways were then inhibited chemically or by siRNA knockdown.
Knockdown of EGF resulted in a significant reduction of the prior noted upregulation of CXCL8
mMRNA expression via HCV and in a partial downregulation of the prior noted upregulation of
CXCL1, 2 and 3 mRNA expression, suggesting that HCV influences EGF signalling to induce
CXCL8 mRNA expression enhancement and, at least partially, to induce CXCL1, 2 and 3
mRNA expression enhancement (Fig. 15D/16-17A/17D).

The EGF-induced further enhancement of CXCL1, 2, 3 and 8 mRNA expression in response
to HCV is suggested to be regulated via different signalling pathways by the data presented
herein. While CXCL8 expression is mainly regulated via the MEK/ERK signalling pathway (Fig.
15A), CXCL1 mRNA expression is mainly regulated via the AKT signalling pathway (Fig. 16B
and (284)). The results further suggest that both CXCL2 and 3 mRNA expression levels are
neither regulated by MAPK nor by AKT signalling pathways (Fig. 17B/C). The signalling
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pathways underlying the observed enhancement in response to HCV need to be investigated
in future studies.

In addition, enhancement of CXCL8 mRNA expression in HCV-infected cells as well as EGF-
induced expression of CXCL8 mRNA enhanced by HCV infection was impaired after NFkB
p65 knockdown (Fig. 15F), pointing at NFkB p65 to be involved in the regulation of CXCL8
mMRNA expression. Considering that replicon cells at least in part reflect the situation of chronic
infection (87), NFKB p65 appears to play a role in upregulation of CXCL8 mRNA expression,
particularly in the context of chronic infection, but also in the situation of acute infection.

Data on the interference of HCV with the regulation of the NFkB p65 signalling in the literature
are conflicting. While several publications suggest that HCV triggers release and nuclear
translocation of the p65 subunit of the NFkB complex (205, 307), others show the exact
opposite (235, 308). These conflicting data may be attributed to the expression of isolated viral
proteins in different cell types (205, 235, 307, 308). Hence, the exact mechanism between
HCYV infection and regulation of the transcription factor NFkB p65, and the genes activated by
it, must be further delineated in future studies.

In summary, the present PhD work shows that EGFR downstream signalling pathways are
affected after HCV infection. In prior studies from our group, it could be shown that HCV
infection enhances the mRNA expression of the chemokines CXCL1, 2, 3 and 8 as well as the
EGF-induced upregulation of those chemokines (284). In the herein presented thesis,
evidence is provided that EGF stimulation results in activation of the MAPKs ERK and p38 in
the HCV system, mimicking acute HCV infection, whereas this was not seen in cells stably
expressing the NS3-NS5B viral proteins, mimicking chronic HCV infection. This suggests that
either the different results are attributed to structural proteins missing in the subgenomic
replicon system or MAPKSs signalling is affected only during the acute status of HCV infection.
This may reflect the acute or chronic status of the disease. Additionally, activation of AKT
phosphorylation was shown to be enhanced in both cell culture systems, pointing at AKT as
being important during acute as well as chronic HCV infection. CXCL8 mRNA expression
enhancement was significantly impaired after EGF knockdown, suggesting EGF to be one of
the factors that plays an overall role in HCV-mediated regulation of CXCL8 mRNA expression.
EGF-induced further enhancement of CXCL8 mRNA expression by HCV infection was
impaired after NFKB p65 knockdown and after inhibition of MEK1, while CXCL71 mRNA
expression was impaired after inhibition of AKT, suggesting that CXCL7 and CXCL8 mRNA
expression regulation in response to EGF during HCV infection is regulated via two different

EGFR downstream signalling pathways.
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5.3 Enhancement of IL-1B-induced expression of CXCL1, 2, 3 and 8

MRNA after HCV infection is mediated by different signalling components

IL-1 family members induce mRNA expression of hundreds of genes, including CXCR2
ligands, as well as of IL1 family members themselves via activation of different transcription
factors such as NFkB, CREB1, C/EBPB and SP1 (161). Considering this and based on the
effects of HCV on EGF-induced regulation of cellular chemokine expression levels discussed
in 5.2, the influence of HCV on IL1B-induced cellular chemokine expression levels was
investigated.

The IL-1B-induced expression of CXCL1, 2, 3 and 8 mRNA was concentration- and time-
dependently enhanced after HCV infection (Fig. 18).

The data presented herein demonstrate that IL-1B-induced expression of chemokines
enhanced by HCV is much higher compared to EGF-induced expression of chemokines
enhanced by HCV infection, indicating that IL-13 is strongly activating downstream signalling
pathways resulting in transcriptional regulation of chemokine expression during HCV infection.
In line with this, serum levels of IL-1B are increased in individuals chronically infected with HCV
(199), which, at least in part, might cause the observed upregulation of CXCL8 mRNA
expression (Fig. 18). It has been reported that HCV proteins enhance IL-1 secretion from
THP-1 cells, primary macrophages and Kupffer cells via NFkB-induced upregulation of /L-16
(168), potentially resulting in an additional upregulation of IL-13 in HCV-infected patient sera
(199). Since the IL-1B-induced expression of CXCL8 mRNA was enhanced in HCV-infected
cells even after 32 h stimulation, the data points at IL-1B to induce its own expression by a
positive feedback loop.

In addition to that, knockdown experiments using specific sSiRNAs showed that IL-1B-induced
expression of CXCL8 mRNA enhanced by HCV infection was TAK1-dependent (Fig. 21E).
TAK1 is a member of the MAPKKK family, which is activated after IL-1 binding to the IL-1
receptor (174), indicating that HCV directly influences IL-1 signalling at the receptor level.
Further, HCV-dependent upregulation of CXCL7 mRNA expression was found to be mediated
by TAK1 (Fig. 23C). Whether TAK1 is activated by HCV infection directly or indirectly should
be analysed in future studies. Chronic HCV infection can, in a subset of patients, lead to the
development of fibrosis, steatosis and HCC (3). In line with this notion, it was demonstrated
that high-fat diet-fed mice overexpressing tumour-necrosis factor receptor-associated factor 3
(TRAF3) displayed enhanced hepatic steatosis formation, while high fat diet fed mice lacking
TRAF3 displayed ameliorated liver function (309). Since TRAF3 directly activates TAK1 and
subsequently NFkB and JNK signalling, thus causing increased hepatic steatosis (310), a link
between TAK1 during HCV infection and liver injury is suggested.

However, knockdown of NFkB p65, which is activated downstream of TAK1 (174), almost
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abolished HCV-induced CXCL8 mRNA expression and resulted in a strong reduction of IL-1[3-
induced expression of CXCL8 mRNA enhanced by HCV infection (Fig. 21A/C). Taken
together, these results suggest that TAK1 and NFkB are involved in regulation of CXCL8
MRNA expression in response to IL-1B as also reported by others (108, 309, 311) and may be
involved in the enhancement of basal and inducible expression of CXCL8 mRNA expression
by HCV. CXCL8 mRNA expression was reported to be also induced by viral infection
dependent on RIG-I signalling and downstream activation of NFKB p65 which then binds to the
promoter region of CXCL8 (312, 313). In line with this, HCV has been previously reported by
our group and in this thesis to mediate CXCL8 mRNA expression via EGF signalling in a NFkB
p65-dependent manner (284). Additionally, p65 NFkB has been reported by prior studies of
our group to mediate the protective effects of NS3/4A in this context (231).

Additionally, NFKkB p65 and TAK1 knockdown resulted in a slight reduction of CXCL8 mRNA
expression in Huh7 cells as well (Fig. 21A/C/E), suggesting an involvement of both proteins in
the regulation of basal CXCL8 mRNA expression without infection which has been described
already in other studies in different cell types (108, 174, 314) and further highlights the
essential role for these proteins to regulate chemokine expression.

Interestingly, EGFR inhibition also led to a slightly diminished IL-1B-induced expression of
CXCL8 mRNA enhanced by HCV infection (Fig. 21G). As IL-1p was described to transactivate
the EGFR (196), this may be also the case for HCV-dependent CXCL8 mRNA expression
induction. The exact mechanism is not yet known and further studies are needed to elucidate
the underlying molecular mechanisms behind this potential EGFR transactivation by IL-1( in
the context of HCV infection.

Additionally, NFkB p65 knockdown resulted in diminished upregulation of the CXCL71 mRNA
expression after HCV infection, both at basal levels as well as for IL-1p-induced expression of
CXCL1 mRNA enhanced by HCV infection (Fig. 23A/B), while TAK7 downregulation resulted
in a slight reduction of the IL-1B-induced expression of CXCL1 mRNA enhancement after HCV
infection (Fig. 23C). These data indicate that HCV mediates upregulation of CXCL1 mRNA
expression involving NFKB and in part also TAK1. Additionally, both NFkB p65 and TAK1
knockdown resulted in a significant reduction of CXCL71 mRNA expression in Huh7 cells as
well, indicating that basal CXCL1 mRNA expression regulation is mediated by NFkB p65 and
TAK1, while IL-1B-induced expression of CXCL1 mRNA was not affected (Fig. 23A-C). In the
serum of primary liver cancer patients, CXCL1 as well as IL-1]3 protein levels were found to be
increased (315). Additionally, it was demonstrated in another study that the CXCL1 rs4074
polymorphism represents a genetic risk factor for cirrhosis development during chronic HCV
infection (316). In sum, this leads to the assumption that CXCL7 mRNA expression is
enhanced by HCV, mediated by NFkB and TAK1, and this enhancement could thus result in

an increased risk of HCC development.
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In case of CXCL2 and 3 mRNA expression, NFkB p65 or TAK1 knockdown resulted in reduced
upregulation of CXCL2 and 3 mRNA expression (Fig. 25A-C), while JNK1 inhibition slightly
reduced the enhancing effect of HCV on IL-1B-induced expression of CXCL2 mRNA (Fig.
25D).

These data suggest that both NFkB p65 and TAK7 mediate the mRNA expression regulation
of CXCL2 and 3, while JNK1 activates, at least partially, IL-1B-induced CXCL2 mRNA
expression enhanced after HCV infection. NFkB p65 and TAK1 are known to induce
expression of CXCL2 and 3 mRNA in different cell types (144, 190, 191). In bone marrow
macrophages, it was demonstrated that upon LPS challenge, CXCL2 mRNA expression was
upregulated via JNK1, p38 and NFkB signalling (317). IL-18 might induce CXCL2 mRNA
expression and HCV might in parallel enhance the expression via JNK1 activation in response
to IL-1P.

As already described in the results (4.3.4 and 4.4.4), it has to be kept in mind that siRNA
treatment of the subgenomic replicon cells resulted in some experiments in an enhancement
of CXCR2 ligand mRNA expression, especially of CXCL3 mRNA expression, per se. It might
therefore be the best way for data analysis to calculate statistical significance of differences
between siRNA-transfected cells and corresponding control cells transfected with control
siRNA.

Neither p38, nor IKKa/B, nor AKT inhibition showed any effect on CXCL17, 2, 3 or 8 mRNA
expression enhancement (Fig. 22/24/26/28).

In contrast to this, IL-1 was shown to activate p38, which in turn activates MK2 in hepatocytes
(318), which is known to play an important role during chemokine regulation in different cell
types (319). Additionally, a study published in 2001 reported upregulation of CXCL8 and
CXCL1 mRNA expression in human retinal pigment epithelial cells after IL-13 and TNFa
stimulation and this upregulation was diminished after MEK1 or p38 inhibition (320). However,
in line with the results described herein, the study additionally showed that IL-18 and TNFa
stimulation of the cells results in IkBa degradation followed by NFkB p65 translocation into the
nucleus independent from p38 or MEK1 (320). The involvement of different pathways to induce
chemokine expression after cytokine treatment most likely is cell type-dependent and might
thus explain the discrepancies between the observations reported herein and those of the
aforementioned study.

IL-1B is known to trigger its own synthesis in a positive feedback loop in multiple different cell
types, such as e. g. macrophages and monocytes, chondrocytes and fibroblasts (161). In
principle, this could explain the observed long-lasting IL-1B-induced expression of CXCL1, 2,
3 and 8 mRNA enhanced by HCV infection (Fig. 18). However, inhibition of de novo protein
synthesis resulted in an enhancement of the effects of IL-18 and/or HCV on CXCL8 mRNA

expression and not in an inhibition. As NFKB p65 induces its own inhibition via upregulation of

145



IkBa production, this effect most likely is due to a block of de novo IkB synthesis (Fig. 32A/D).
Therefore, the effect may not be attributable to a positive feedback loop of IL-1B. Additionally,
IL-1B8 is known to strongly induce NFkB signalling by degradation of IkBa via IKKs and
subsequent release and nuclear translocation of NFkB (186, 187). The protein levels of IkBa
were decreased by HCV and IL-1B in a synergistic manner (Fig. 33), strongly suggesting that
upregulation of chemokine expression by HCV is mediated by enhanced degradation of IkBa
and subsequent increase of NFkB levels. Taken together, these results suggest that the
upregulation of CXCL8 mRNA expression is independent of de novo synthesis of regulatory
factors and strongly corroborate the described influence of NFkB p65 during HCV and IL-13-
dependent CXCL8 mRNA expression enhancement.

ChIP analysis (Fig. 29) confirmed p65 as one of the major transcription factors binding to the
promoter region of the CXCL8 gene in the presence of both IL-1(, as an inflammatory stimulus,
and HCV.

Phosphorylation of p65 at S536, which is known to occur independent from IkBa action (321)
and modulates the transcriptional activity of p65 (322), was enhanced in both the chronic and
acute HCV infection model after IL-1p stimulation (Fig. 30/31), indicating that HCV activates
and/or modulates NFkB p65 signalling both via enhanced cleavage of IkBa and via increased
phosphorylation IkBa of NFkB p65.

Phosphorylation of p65 S536 can be regulated by at least five different proteins: IKKa, IKKj,
IKKe, TBK1 and Ribosomal subunit S6 kinase 1 (323-326). Buss et al. demonstrated that NFkB
p65 phosphorylation is independent of p38 or AKT activation (323). In contrast to this, Madrid
et al. showed an involvement of p38 in p65 phosphorylation at S536 (225). Both studies are in
line with the results obtained in this thesis, because phosphorylation of both proteins p38 and
p65 was enhanced in HCV-infected cells in response to IL-18 stimulation (Fig. 30/31), while
IL-1B-induced expression of CXCL8 mRNA enhanced by HCV infection was reduced after
NFkB p65 knockdown, whereas neither p38, nor MEK1, nor AKT inhibition showed any effect
regarding CXCL8 mRNA expression upregulation (Fig. 18).

Surprisingly, none of the NFkB p65 co-transcription factors C/EBPB, CREB1 and SP1 (193-
195) showed any considerable effect on CXCL8 mRNA expression regulation in this context
(Fig. 22).

The herein presented results comprehensively illustrate that HCV modulates IL-1B-induced
signalling by enhancing the binding of p65 to the CXCL8 promoter region where it acts as a
transcription factor for CXCL8 gene expression. Knockdown of NFkB p65 consequently nearly
resulted in abolishment of the IL-1B-induced expression of CXCL8 mRNA enhanced by HCV

infection in the HCV,. as well as in the subgenomic replicon system.
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5.4 Enhancement of TNFa-induced expression of CXCL3 and 8 mRNA by
HCV is mediated by NFkB p65 signalling

VEGFA, TNFaq, IL-1B and CXCLS8 protein levels have been described to be upregulated in the
serum of HCV-infected patients (4.1 and (154, 199, 279, 299)). Additionally, TNFa levels were
observed to be upregulated in transgenic mice expressing the HCV proteins NS3/4A in the
liver, resulting in protection of these mice against TNFa/D-galactosamine (D-galN) or LPS/D-
galN-induced liver damage (231).

Hence, potential interference of HCV with TNFa-induced upregulation of chemokine
expression was investigated.

TNFa-induced expression of CXCL3 and CXCL8 mRNA was enhanced after HCV infection
(Fig. 34), indicating that HCV, besides the EGF- and IL-13-induced also interferes with TNFa-
induced expression of CXCL3 and CXCL8 mRNA.

In contrast to CXCL3 and 8, CXCL1 and 2 mRNA expression levels were found to be
upregulated by TNFa, but not further affected by HCV infection (Fig. 35). Compared to the IL-
1B-induced expression of chemokines enhanced by HCV infection, TNFa-induced expression
of chemokines enhanced by HCV infection was much weaker in terms of fold-induction,
because as concentration of 2 pg/mL IL-1B resulted in an equal upregulation of chemokine
expression in HCV-infected cells compared to 500 pg/mL TNFa (Fig. 37).

In human hepatoma cell lines, it was demonstrated that HCV infection results in activation of
TLR3 and subsequent regulation of NFkB-mediated expression of different chemokines,
including CCL3, CXCL10, CCL4 and IL-6 (111), suggesting that also other chemokine mRNA
expression apart from CXCL3 and 8, is mediated by HCV infection. Additionally, liver-specific
NS3/4A expression in mice was shown to result in enhanced intrahepatic CCL2 and TNFa
expression levels as well as in an enhanced number of macrophages in these livers (230). In
addition to that also TNFa-induced CXCL8 expression is known to activate recruitment of
immune cells to the liver (108). Since CXCLS8 is a chemoattractant for neutrophil granulocytes
(327), its secretion can result in recruitment of these immune cells to the liver and therefore
alter the hepatic immunological environment.

The knockdown experiments performed during this thesis revealed that TNFa-induced
upregulation of CXCL1 mRNA expression was mediated by both TAK1 and NFkB p65 (Fig.
39E/F). Interestingly, TAK71 knockdown did not affect the upregulation of CXCL7 mRNA
expression by TNFa in Huh7 cells, whereas NFkB p65 did, suggesting that NFkB p65 needs
to be activated via other upstream mediators in this context. Since TNFa can activate NFkB
p65 via a non-canonical pathway via activation of the NFkB-inducing kinase (NIK) or the
canonical pathway via activation of TAK1 (328), it is suggested that the TNFa-induced CXCL1

MRNA expression in Huh7 might be activated via the non-canonical NFkB pathway activated
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by NIK.

CXCL2 and 3 mRNA expression was reduced upon NFkB p65 or TAK7 knockdown,
suggesting that both CXCL2 and 3 mRNA expression regulation is mediated by NFkB p65 and
TAK1 (Fig. 40E/F+K/L) and therefore via the canonical NFkB pathway, which is activated by
TAK1 (328).

Furthermore, TAK1 inhibition diminished the CXCL8 mRNA expression upregulation after HCV
infection, while it had no influence on the TNFa-induced expression of CXCL8 mRNA in Huh7
cells which was shown to be mediated by NFkB p65 only (Fig. 38G/l). The data suggest that
TNFa-induced mRNA expression of CXCL1 as well as of CXCL8 is regulated via the non-
canonical NFkB p65 pathway (328). To strengthen this suggestion, the non-canonical NFkB
p65 pathway should be investigated in future studies. Knockdown studies performed in this
thesis further suggest NFkB p65 to have a decisive influence on the TNFa-induced expression
of CXCL8 mRNA (Fig. 38G). Therefore, in addition to the prior described IL-18 and EGF-
induced (5.2 and 5.3) expression of CXCL8 mRNA, NFkB also mediates TNFa-induced
expression of CXCL8 mRNA (Fig. 21A/C/15F).

Furthermore, NFKB p65 can be phosphorylated at several different phosphorylation residues,
of which today 11 different ones are known. Among them, the best studied is the
phosphorylation residue at S536. When phosphorylated, e. g. by IKKa, IKKB or IKKe, p65
undergoes conformational changes and the affinity to IkBa decreases (329). Because IkBa
degradation occurs upon phosphorylation by IKK and this is known to be partly mediated by
TAK1 (330), and TNFa-induced expression of CXCL8 mRNA enhanced by HCV was observed
to be NFkB p65- but not TAK1-mediated, it is conceivable that NFkB p65 mediates CXCLS8
MRNA expression independent of IkBa degradation. Therefore, relative phosphorylation of p65
was analysed, but was not found to be enhanced after TNFa stimulation of the cells. Whether
HCV alters the subcellular localization of p65, thereby resulting in enrichment of nuclear p65,

will thus be an interesting point to investigate in the future.
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5.5 AKT1 as well as TCPTP knockout results in reduced HCV infection
rate and altered signal transduction

As it was described in previous studies from our group, TCPTP is degraded by the viral
protease NS3/4A (36). Therefore, the effects of downregulation of TCPTP on viral replication
were investigated.

In case of AKT, it was demonstrated in previous studies that the ErbB family member ErbB3
is downregulated via SP1-dependent upregulation of NRG1 and AKT activation in HCV-
infected cells and that this downregulation enhances the upregulation of EGFR and ErbB2 on
the cell surface, demonstrating cross-regulation between the different ErbB receptors (150).
Furthermore, it was demonstrated that the basal activating phosphorylation of AKT was
enhanced in HCV replicon cells. Additionally, EGF-induced phosphorylation of AKT was
enhanced in HCV replicon cells when compared to Huh7 control cells (36).

To investigate the role of both proteins during HCV infection, AKT and TCPTP KO cell lines
were generated using the CRISPR/Cas9 system of genome editing (Fig. 42/47).

Both TCPTP and AKT1 KO led to reduced HCV infection compared to control cells as
determined by immunoblot of viral proteins (Fig. 43/47). In case of AKT1 KO, mRNA
expression levels of transcription coding for viral proteins were reduced as determined by qRT-
PCR (Fig. 44). The findings regarding AKT1 are in line with the literature, demonstrating that
AKT gene knockdown or inhibition of the protein abolished HCV entry in the HCV,, system
(331).

Surprisingly, the absence of TCPTP also resulted in downregulation of HCV infection. This is
in contrast to the expected increase in infection due to the fact that TCPTP is cleaved by the
viral protease NS3/4A (36). Since this finding was confirmed in three different TCPTP KO cell
lines (Fig. 47), clonal effects can be nearly ruled out. Mechanistically, this might suggest that
HCV downregulates TCPTP to a level that is beneficial for the virus and a complete KO is
conversely detrimental for the virus. Alternatively, absence of TCPTP might affect cell viability,
but further analysis will be necessary to clarify this. The EGFR is known to be internalized via
endocytosis after activation. When EGF binds to EGFR at low concentrations, EGFR is mainly
recycled to the plasma membrane, while high concentrations of EGF enhance degradation of
EGFR (86). It thus may be assumed that TCPTP KO results in prolonged activation of the
EGFR, thereby resulting in enhanced EGFR degradation and reduction of cell surface levels.
Following that line of thought, HCV cell entry could be reduced as a result of absence of
TCPTP.

Alternatively, HCV might be degraded alongside the EGFR within the lysosomal lumen and
thus infection levels might also be lowered.

Although the occurrence of off-target effects caused by unspecific Cas9 targeting to undesired

genomic loci can be reduced by sophisticated computational guide design (332), they cannot
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be fully excluded without sequencing the whole genome of the respective KO cell line. Re-
insertion of the correct coding sequence mediated by CRISPR/Cas9-mediated HDR (333)
could be performed to test whether the phenotype can be rescued.

Huh7.5 AKT1 1.1 KO cells showed an abolishment of the upregulation of CXCL1, 2, 3 and 8
mRNA expression levels after HCV infection compared to control cells (Fig. 45), while Huh7.5
AKT 2.3.5 KO cells showed nearly no effect on chemokine expression enhancement after HCV
infection when compared to Huh7.5 control cells (Fig. 46).

Besides, basal CXCL1 and 2 mRNA expression was reduced in both analysed AKT1 KO cell
lines (Fig. 45/46), strongly suggesting an important role of AKT1 in the regulation of these
chemokines in general and especially in the context of HCV infection.

IL-1B as well as EGF stimulation could not restore the abrogated HCV effect on basal
chemokine expression of CXCL3 and 8 in Huh7.5 AKT1 1.1 KO cells, indicating that AKT1
mediates the IL-1B- and EGF-induced expression of CXCL3 and 8 mRNA enhanced by HCV
infection (Fig. 45C/D+KIL).

That AKT1 KO results in impaired HCV infection of the cells is in line with previous studies
from our and from other groups (36, 150, 331, 334). In AKT1 1.1 KO cells, the enhanced
CXCL1, 2, 3 and 8 mRNA expression after HCV infection was nearly abolished, suggesting
that AKT1 activation is responsible for the enhancement of CXCR2 ligand expression in
response to HCV infection. However, clonal effects must be excluded since AKT1 2.3.5 KO
cells showed nearly no reduction in HCV-induced CXCR2 ligand chemokine mRNA expression
enhancement (Fig. 46).

Further analysis of the complex interplay between TCPTP, AKT1, EGFR and HCV will be of
high importance in the future to further understand the molecular mechanisms underlying HCV

infection and chronic persistence.
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6 Summary

The hepatitis C virus (HCV) persists in patients for decades without causing recognisable
symptoms. Such chronic infection leads to the development of chronic hepatitis, progression
to liver cirrhosis and its consequences in a subset of patients. This long-lasting and slowly
progressive course, despite sustained viral replication presupposes that HCV must possess
mechanisms that enable it to undermine antiviral immunity, to influence the inflammatory
response of the host, and ultimately to use the infrastructure of the host cell without impairing
its viability too much.

It is therefore obvious that HCV must have developed mechanisms in the course of co-
evolution that enable the virus to influence the intercellular communication of the host cell and,
via this, the local immunological milieu. In addition, preliminary findings, in which our research
group was involved, suggest that a sustained, limited increase in serum concentrations of
inflammatory cytokines such as TNFa activates latency mechanisms that can ultimately also
mediate protective effects.

Preliminary findings of the research group, predominantly collected at the replicon system,
further demonstrate that HCV modifies epidermal growth factor (EGF)-dependent signal
transmission of the host cell and influences the regulation of chemokine expression in
response to EGF. Based on these findings, the molecular mechanisms were to be further
investigated in the present thesis using cell culture models based on infectious HCV particles.
In addition, it should be investigated to what extent HCV also influences the expression of
chemokines in the host cell induced by inflammatory cytokines such as IL-18 and TNFa and
to clarify the underlying molecular mechanisms.

In agreement with the results of previous studies of the research group, the present work could
demonstrate that HCV infection leads to an increased mRNA expression of the chemokines
CXCL1, 2, 3 and 8, which belong to the group of CXCR2 ligands, and that this is based on an
EGF-mediated feedback mechanism. Furthermore, it could be demonstrated that EGF-
induced expression of transcripts encoding the analysed CXCR2 ligands is enhanced by HCV
and that this occurs at the level of NFkB-dependent regulation and, in part, via MEK1-mediated
signalling. In addition, HCV was also shown to induce IL-1B- and to a limited extent TNFa-
induced expression of the aforementioned CXCR2 ligands, although in the case of TNFa this
was limited to chemokines CXCL3 and 8. Knockdown experiments using siRNA as well as
chromatin immunoprecipitation experiments and experiments with inhibition of de novo protein
synthesis suggest that, in the case of IL-13, the amplification occurs at the level of degradation
of IkBa and activation of NFkB.

In addition, knockout cell lines of T-cell protein tyrosine phosphatase (TCPTP), an important

negative regulator of the EGFR, and of AKT1, an important signalling molecule in EGF
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signalling, were generated using the CRISPR/Cas9 technology. Initial studies on these cells
suggest that AKT1 may play a role in the regulation of expression of CXCL7 and 2 in Huh7.5
cells.

In summary, the findings described in this work demonstrate that HCV influences host cell-
derived intercellular communication in response to concurrent signals such as growth factors
or inflammatory mediators. It thus can be assumed that HCV is able to influence the local
composition of immune cell populations and thereby the inflammatory reaction as well as the

immune response of the host.
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Fig. 48- Schematic depiction of the summary. HCV infection of the cell enhances the mRNA expression of EGF
and CXCL1, 2, 3 and 8. EGF binds to the EGFR, which results in homo-or heterodimerization of the receptor and
enhanced phosphorylation of EGFR. EGFR activation results in a further upregulation of CXCL1, 2, 3 and 8 mRNA
expression mediated by MEK1, AKT and NFkB p65. IL-1B further upregulates the CXCL17, 2, 3 and 8 mRNA

expression in HCV-infected cells via enhanced translocation of NFkB p65 into the nucleus mediated by TAK1 where

it functions as transcription factor for CXCL8. Additionally, phosphorylation of both p38 and p65 is enhanced in
infected cells after IL-1B stimulation. Additionally, TNFa further enhances the upregulation of CXCL3 and 8 mRNA
expression in HCV-infected cells mediated by NFkB p65 and upregulates p65 protein levels in total cell lysates. In
previous studies from our group, it was demonstrated that TCPTP is degraded by HCV leading to enhanced EGFR
phosphorylation (36) and that recruitment of neutrophil granulocytes but not monocytes is enhanced in HCV-
infected cells (284).
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7 Zusammenfassung

Das Hepatitis C Virus (HCV) persistiert in Patienten Uber Jahrzehnte, ohne erkennbare
Symptome zu verursachen und fuhrt nur bei einem Teil der Patienten zur Ausbildung einer
chronischen Hepatitis und ihrer Progression zu Leberzirrhose und deren Folgen. Dieser, trotz
anhaltender viraler Replikation, vieljahrige und nur langsam progrediente Verlauf setzt voraus,
dass HCV Uber Mechanismen verfligen muss, die es ihm ermdglichen die antivirale Immunitat
zu unterlaufen, die Entziindungsantwort des Wirtes zu beeinflussen und letztlich die
Infrastruktur der Wirtszelle zu nutzen, ohne ihre Lebensfahigkeit zu sehr zu beeintrachtigen.
Es ist daher naheliegend, dass HCV im Verlauf der Coevolution Mechanismen entwickelt
haben muss, die es dem Virus ermdglichen die interzellulare Kommunikation der Wirtszelle zu
beeinflussen und hierliber das lokale immunologische Milieu zu verandern. Dartber hinaus
legen Vorbefunde, an denen unsere Arbeitsgruppe beteiligt war, nahe, dass uber eine
anhaltende, begrenzte Erhdhung der Serumkonzentrationen inflammatorischer Zytokine, wie
zum Beispiel TNFa, Latenzmechanismen aktiviert werden, die letztlich auch protektive Effekte
vermitteln kénnen.

Uberwiegend am Replikonsystem erhobene Vorbefunde der Arbeitsgruppe belegen, dass
HCV die EGF-abhangige Signalubertragung der Wirtszelle modifiziert und die Regulation der
Chemokin-Expression in Reaktion auf EGF beeinflusst. Ausgehend von diesen Befunden
sollten im Rahmen der vorliegenden Dissertation unter Hinzuziehung von auf infektiosen HCV
Partikeln basierenden Zellkulturmodellen die molekularen Mechanismen weitergehend
untersucht werden. Daruber hinaus sollte untersucht werden inwieweit HCV auch die durch
inflammatorische Zytokine wie IL-13 und TNFa induzierte Expression von Chemokinen in der
Wirtszelle beeinflusst, sowie die zugrundeliegenden molekularen Mechanismen aufgeklart
werden.

In Ubereinstimmung mit den Ergebnissen vorangehender Untersuchungen der Arbeitsgruppe
konnte in der vorliegenden Arbeit belegt werden, dass eine HCV-Infektion zu einer erhéhten
mRNA-Expression der zur Gruppe der CXCR2-Liganden gehérenden Chemokine CXCL1, 2,
3 und 8 fuhrt und dass diesem ein EGF-vermittelter Riickkopplungsmechanismus zugrunde
liegt. Darlber hinaus wurde nachgewiesen, dass die EGF-induzierte Expression von
Transkripten, die fur die oben genannten CXCR2-Liganden kodieren, durch HCV verstarkt wird
und dass dies auf der Ebene der NFkB-abhangigen Regulation erfolgt und zum Teil Gber eine
durch MEK1 vermittelte SignallUbertragung. Dartber hinaus konnte belegt werden, dass HCV
auch die durch IL-1B- und in begrenztem Umfang auch die TNFa induzierte Expression oben
genannter CXCR2 Liganden induziert, wobei sich dies im Falle von TNFa auf die Chemokine
CXCL3 und 8 begrenzt. Sowohl knockdown Experimente mittels siRNA als auch Chromatin-

Immunoprazipitationsexperimente und Untersuchungen unter Hemmung der de novo
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Proteinsynthese legen hierbei nahe, dass im Falle von IL-1B die Verstarkung auf Ebene der
Degradation von IkBa und der Aktivierung von NFkB erfolgt.

Im Rahmen der hier vorgelegten Doktorarbeit wurden zusatzlich mittels der CRISPR/Cas9
Technologie Knockout (KO)-Zelllinien der T-Zell Protein Tyrosin Phosphatase (TCPTP), einem
wichtigen Negativ-Regulator des EGF-Rezeptors, generiert. Ferner wurden KO-Zellen fir
AKT1, einem wichtigen Signalmolekiil in der EGF Signaltbertragung, hergestellt, wobei erste
Untersuchungen an diesen Zellen nahelegen, dass AKT1 fir die Expression von CXCL1 und
2 in Huh7.5 Zellen eine Rolle spielen kdnnte.

Zusammenfassend, belegen die in dieser Arbeit erhobenen Befunde, dass HCV die von der
Wirtszelle ausgehende interzellulare Kommunikation in Abhangigkeit von gleichzeitig
agierenden Signalen wie Wachstums- oder Entzindungsfaktoren beeinflusst. Es ist deshalb
davon auszugehen, dass HCV  hieriber die lokale Zusammensetzung der
Immunzellpopulationen beeinflussen kann und hierdurch die Entziindungsreaktion wie auch

die Immunantwort des Wirtes moduliert.
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