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Zusammenfassung

Humane endogene Retroviren (HERVs) haben sich vor Gber 40 Millionen Jahren in die men-
schliche DNA integriert und haben einen Anteil von bis zu acht Prozent am menschlichen Genom.
Obwohl jene normalerweise still sind, kdnnen sie reaktiviert werden und die Genexpression bee-
influssen. Die Expression von HERV-K Untertyp HML2 wurde beispielsweise bei Leberzirrhose
oder hepatozellularem Karzinom als signifikant erhéht beschrieben. Jedoch muss die Rolle von
HERV-K HML2 in Hepatitis C erst noch geklart werden.

In dieser Studie wurden 42 Hepatitis C Patienten mit einer direkt agierenden antiviralen (DAA)
Kombinationstherapie behandelt. Klinische und experimentelle Parameter wurden zu Thera-
piebeginn (baseline), in Woche 2 und Woche 4, am Ende der Behandlung sowie 12 Wochen
nach Ende der DAA-Therapie, was als anhaltendes virologisches Ansprechen 12 (SVR 12) beze-
ichnet wird, gesammelt. Zusatzlich wurden vier gesunde Probanden eingeschlossen, um die
HERV-K HML2 Expression mit der gesunder Erwachsener zu vergleichen. Das Blut der Hepatitis
C Patienten und der gesunden Kontrollen wurde auf die Expression von HERV-K HML2 sowie
der Entzindungsmarker tumor necrosis factor alpha-induced protein 3 (A20), interferon gamma-
induced protein 10 (IP-10), interleukin-6 und interleukin-10 untersucht.

93% der Patienten konnten ein anhaltendes virologisches Ansprechen erreichen. Die Leberfunk-
tion der Patienten verbesserte sich, was sich laborchemisch durch eine signifikante Verbesserung
der Gamma-Glutamyltransferase, Aspartat-Aminotransferase und Alanin-Aminotransferase zeigte.
Leberzirrhose und ein Albouminspiegel von < 35 g/l zeigten eine signifikante Korrelation mit klin-
ischen Parametern einer schlechteren Leberfunktion.

Eine erhdhte HERV-K HML2 Expression war stark mit niedrigem Albumin und Leberzirrhose in
Hepatitis C Patienten assoziiert. Die HERV-K HML2 Expression zu Therapiebeginn korrelierte
mit der quantitativen Hepatitis C Virus RNA zum Zeitpunkt SVR 12.

Hepatitis C Patienten ohne Leberzirrhose sowie diejenigen mit einem Albuminspiegel Uber 35 g/I
zeigten signifikant niedrigere Expression von HERV-K HML2 und gleichzeitig signifikant hGhere
Expression von IP-10 verglichen mit den gesunden Kontrollen. Die H6he der IP-10 Expression
nahm nach Beginn der DAA-Therapie ab und zum Zeitpunkt SVR 12 konnte kein signifikanter
Unterschied in der H6he der Genexpression von IP-10 zwischen den Hepatitis C Patienten und
den gesunden Probanden festgestellt werden.



Diese Arbeit zeigt den Zusammenhang zwischen HERV-K HML2 und Leberzirrhose sowie
niedrigen Albuminwerten in Hepatitis C Patienten zum ersten Mal. DarUber hinaus zeigten Pa-
tienten, die kein anhaltendes virologisches Ansprechen erreichen konnten, signifikant hdhere Ex-
pression von HERV-K HML2 zu Behandlungsbeginn, was darauf hinweist, dass HERV-K HML2
als Kandidat fur einen Biomarker zur Evaluation von Therapieerfolg herangezogen werden kén-
nte. Die Daten zeigen eine klare Notwendigkeit, die funktionelle Rolle von HERVs in der Patho-
genese des Hepatitis C Virus zu verstehen, um die antivirale Therapie zu verbessern.



Abstract

Human endogenous retroviruses (HERVSs) integrated into the human DNA over 40 million years
ago and make up eight percent of the human genome. Even though they are usually silenced,
they can be reactivated in diseases and consequently modify gene expression. Expression of
HERV-K subtype HML2 has been shown to be significantly increased in liver cirrhosis and hep-
atocellular carcinoma. However, the role of HERV-K HML2 in hepatitis C has yet to be elucidated.

In this study, 42 hepatitis C patients were treated with direct acting antiviral (DAA) combina-
tion therapy. Clinical and experimental parameters were monitored at baseline, week 2, week 4,
end of treatment and 12 weeks after completion of DAA treatment, referred to as sustained viro-
logic response 12 (SVR 12). To compare HERV-K HML2 levels with those of healthy adults, four
healthy controls were included. Patients as well as healthy controls were screened for expression
of HERV-K HML2 as well as four inflammation markers: tumor necrosis factor alpha-induced pro-
tein 3 (A20), interferon gamma-induced protein 10 (IP-10), interleukin-6 (IL-6) and interleukin-10
(IL-10).

93 % of patients achieved sustained viral respons. Liver function improved throughout treat-
ment as alanin-aminotransferase, aspartate-aminotransferase and gamma-glutamyl transferase
decreased significantly. Liver cirrhosis and albumin levels of < 35 g/l significantly correlated with
clinical parameters indicating worse liver function.

Higher HERV-K HML2 expression levels were strongly associated with lower albumin levels and
with the presence of liver cirrhosis in HCV positive patients. HERV-K HML2 levels at baseline
were significantly correlated with quantitative hepatitis C virus RNA at SVR 12.

Hepatitis C patients without liver cirrhosis as well as those with baseline albumin levels of > 35
g/l showed significantly lower HERV-K HML2 levels and significantly higher IP-10 expression at
baseline than healthy controls. IP-10 expression levels declined after start of DAA treatment and
at SVR 12 no significant difference of IP-10 levels between hepatitis C patients and healthy con-
trols could be detected.

This thesis provides the first evidence of an association of HERV-K HML2 and hepatitis C
patients with liver cirrhosis as well as low albumin levels. Above, the patients who failed to
achieve sustained viral response showed significantly higher expression levels of HERV-K HML2
at baseline indicating that HERV-K HML2 might be considered as a biomarker candidate for



successful treatment. These data clearly highlight the necessity to understand the functional role
of HERVs in HCV pathogenesis to improve antiviral treatment.



Nomenclature

A20  Tumor necrosis factor alpha-induced protein 3
ADAMTS A disintegrin and metalloproteinase with thrombospondin motifs
AKT Protein kinase B

ALAT Alanin amino transferase

ALS Amyotrophic lateral sclerosis

ASAT Aspartate amino transferase

CD  Cluster of differentiation

CMV Cytomegalovirus

CRP C-reactive protein

DAA Direct acting antivirals

DN A Deoxyribonucleic acid

EBYV Ebstein Barr virus

EGRF Epidermal growth factor receptor

EOT End of treatment

ERK Extracellular signal-regulated kinases

GGT Gamma-glutamyl transferase

HC'  Healthy control

HCC Hepatocellular carcinoma

HCV Hepatitis C virus

HERV Human endogenous retrovirus

HHYV Human herpes virus



HIV Human immunodeficiency virus

H ML Human endogenous murine mammary tumor virus (MMTV)-like
1L Interleukin

INR International Normalized Ratio

IP — 10 Interferon-gamma induced protein 10
IRAKA4 Interleukin-1 receptor-associated kinase 4
IRF Interferon regulatory factor

LC  Liver cirrhosis

LTR Long terminal repeats

MAPK Mitogen-activated protein kinase

MFEK Mitogen-activated protein kinase kinase
MMTV Murine mammary tumor virus

mTOR Mammalian target of rapamycin

Myd88 Myeloid differentiation primary response 88
NF — kB Nuclear factor kappa-light-chain-enhancer of activated B cells
NS  Non-structural

NTR Non translated regions

ORF Open reading frame

p70S6K Ribosomal protein S6 kinase beta-1

PAH Pulmonal arterial hypertension

PBMC Peripheral blood mononuclear cells

PCR Polymerase chain reaction

PI3K Phosphoinositide3-kinase

RA  Rheumatoid arthritis

RF  Rheumatoid factor

Vi



RN A Ribonucleic acid

RT  Reverse transcriptase

SARMT1 Sterile alpha and TIR motif containing 1
SV R Sustained viral response

TLR Toll like receptor

VEGF(R) Vascular endothelial growth factor(receptor)

Vii
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1 Introduction

1.1 Hepatitis C

1.1.1 Hepatitis C - a global burden

Worldwide 71 million people were chronically infected with hepatitis C virus (HCV) in 2019 (World
Health Organization, 2020). With anti-HCV seroprevalence of 2.4 % in Central and Western Eu-
rope and 2.9 % in Eastern Europe hepatitis C affected millions of people in Europe alone. Anti-
HCV seropositivity was most prevalent in North Africa and the Middle East (3.6 %) as well as
Asia with an estimate of 3.5 % in 2005 (Mohd Hanafiah et al., 2013). In Germany the incidence
of hepatitis C had been increasing since the second half of 2017. In 2018 there were 7.1 new
infections per 100,000 inhabitants (Robert Koch Institut, 2019). The virus is contracted parenter-
ally, e.g. by contaminated needles via tattooing, intravenous drug consumption or injuries in a
health care setting (Alter et al., 1992). Vertical transmission from mother to child is yet another
important, but less common, possibility. The risk of this way of transmission is 5.8 % for children
of anti-HCV and HCV RNA positive mothers and 10.8 % of mothers co-infected with HIV (Benova
et al., 2014). High risk groups can be derived from the most prevalent ways of infection. Up to
around 50 years ago blood transfusions were a relevant risk factor for contraction of the virus
in countries with high medical standards. Due to hygienic improvements blood transfusions no
longer pose a high risk of contracting HCV in these regions. However, this is not necessarily true
for resource limited countries. Egypt serves as an example as a big part of the population was
infected through mass vaccination against shistosomiasis in the 1960s (Rao et al., 2002). While
in 2005 14.2 % were anti-HCV positive (El-Zanaty & Way, 2009), 6.3 % of the 1 - 59 year old
were seropositive in 2014 (Ministry of Health and Population, Cairo, Egypt et al., 2015), which is
far above the global average. Additionally, blood transfusion protocols there only mandated anti-
HCV antibodies which may remain negative for several weeks after infection, whereas HCV RNA
is detectable much earlier by PCR (Abdelrazik et al., 2018). The combination of these factors
contributes to a high risk of further transmission in countries like Egypt.

Symptoms of acute hepatitis C are unspecific. They may include, but are not limited to, jaun-
dice, fatigue, abdominal pain in the right upper quadrant, ALAT and bilirubin elevation (Gerlach
et al., 2003; Wiegand et al., 2006). As the incubation time is eight weeks and many patients are
asymptomatic (Cox et al., 2005), diagnosis of acute hepatitis C is not rarely missed. Some of
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the infected clear the virus spontaneously, however in 75 - 85 % the infection leads to chronic
disease (Rustgi, 2007).

Nowadays the vast majority of patients can be cured as new antiviral medications, direct act-
ing antivirals (DAA), were developed. If left untreated or treated unsuccessfully, chronic hepatitis
C can lead to liver cirrhosis responsible for 720,000 deaths each year and eventually liver cancer
causing approximately 470,000 deaths per year (Colombo et al., 1989; World Health Organiza-
tion, 2017). Viral hepatitis, especially caused by HCV and HBV infection, is one of the leading
causes of hepatocellular carcinoma (HCC) (de Martel et al., 2015). Thus, prevention and treat-
ment of viral hepatitis are key factors for effective reduction of this global burden (Wedemeyer et
al., 2015).

1.1.2 Hepatitis C virus

Hepatitis C virus is a hepacivirus within the flaviviridae

family. It is a positive-sense single stranded RNA virus q . ’

of 9.6 kb and a diameter of 50 - 65 mm. .\ 1 /'

In figure 1.1 the viral structure consisting of single-

stranded RNA surrounded by the core protein and a lipid

bilayer with envelope proteins E1 and E2 is depicted. - -9

Distribution of HCV genotypes ‘/ " )

Seven HCV genotypes are known. Above that high ‘ b
replication rates (Neumann et al., 1998) and the lack of
a functioning proof reading system cause high genetic Figure 1.1 Hepatitis C virus: green =

variability in HCV leading to quasispecies within an in- single-stranded RNA, blue = core, yellow
fected person (Moradpour et al., 2007). There are geo- lipid bilayer, orange = E1, marroon = E2.
graphical differences in the distribution of genotypes. In
Europe genotype 1 was most prevalent (64.4 %, world-
wide 46.2 %) followed by genotype 3 making up 25.5 % (worldwide 30.1 %) of HCV infections
(Petruzziello et al., 2016; Messina et al., 2015). In other regions genotype 2 was second most
prevalent instead (Central Latin America 19.3 %, Western sub-Saharan Africa 23.0 %, Southeast
Asia 18.2 %). In South Asia genotype 3 made up 71.6 %, in Eastern sub-Saharan Africa geno-
type 4 came in second with 30.7 % while this genotype took the first place in North Africa and
Middle East with 65.3 %. In Southern sub-Saharan Africa genotype 5 made up 58.8 % and in
East Asia genotype 6 was the second most prevalent genotype (16.2 %) after genotype 1 with
58.0 % (Messina et al., 2015). Genotype seven has been discovered in patients in Africa recently
and seems not to have spread widely by this point in time (Murphy et al., 2015). Determination
of the HCV genotype is not only important for therapeutic planning, but some genotypes showed
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clinically relevant peculiarities. Genotype 3 for example has been shown to be associated with
a higher score of steatosis (Rubbia-Brandt et al., 2000), which may be due to an interaction of
HCV core with lipid droplets affecting lipid metabolism (Moradpour et al., 2007). Thus, knowledge
about the genotype is important for patient assessment after diagnosis.

Structure of the HCV genome

Structurally, HCV consists of a 5’ non translated region (NTR), an open reading frame (ORF) en-
coding for structural and non-structural (NS) proteins and a 3'NTR. Especially the non-structural
proteins serve as targets for antiviral treatment as HCV replication can be interrupted by inhibit-
ing parts of these proteins. Therefore the HCV genome and its function, mainly focusing on viral
replication, is summarized here (figure 1.2).

The 5’NTR is highly preserved between genotypes and contains an internal ribosome entry site
(IRES). IRES has an important role in high-level viral replication, but without the first 125 of 5’NTR
which are located upstream of IRES replication itself is not achievable (Friebe et al., 2001).

The other end of the viral genome, 3'NTR, is mainly made up of short and variable sequences.
Here, a 98 nucleotide element also known as 3’X or X-tail which is highly conserved is indispens-
able for replication (Friebe & Bartenschlager, 2002).

Core, the envelope proteins and p7 can be classified as structural HCV proteins. Core encodes
for the viral nucleocapsid. It is an alpha helical protein found in ER membranes and membranous
webs - distinct membrane alterations aiding viral replication by hosting replication complexes (Eg-
ger et al., 2002). The n-terminal domain is involved in RNA-binding and homo-oligomerization
(Moradpour et al., 2007). The region between core and E1 is responsible for targeting the viral
genome to the membrane of the endoplasmatic reticulum (ER), so E1 can translocate into its
lumen (McLauchlan et al., 2002). E1 and E2 serve as building block for the viral envelope. p7
is also konwn as viroporin. This is due to its function as ion channel with two transmembrane
domains (Griffin et al., 2003; Pavlovic et al., 2003). Additionally, it controls levels of E2 and is
involved in viral particle maturation, packaging and release (Denolly et al., 2017).

Non-structural proteins NS2-5 are essential for viral replication. The c-terminal of NS2 in com-
bination with the n-terminal third of NS3 form an autoprotease containing two composite active
sites. NS3 surface patch is critical for the activation of the NS2 protease as well as NS5A hyper-
phosphorylation and thus may regulate active HCV replication (Isken et al., 2015). NS4A serves
as co-factor of the NS3 serine protease with its center being integrated as component into the
enzyme core (Shiryaev et al., 2012; Lin et al., 1995). The n-terminal of NS4A is responsible for
the formation of the replication complex and NS3 harbors residues involved in membrane asso-
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ciation of the NS3-4 complex (Brass et al., 2008). The two thirds of NS3 on the c-terminal side
unwind RNA as RNA helicase and NTPase (Wardell et al., 1999). The complex as a whole inacti-
vates proteins provoking a detection by the innate immune response (K. Li et al., 2005; Meylan et
al., 2005). For replication positive-strand RNA viruses alter membranes. A specific one of these
membrane alterations is called membranous web and is prompted by NS4B. HCV most likely
modifies ER membranes for its membranous web (Gosert et al., 2003; Neufeldt et al., 2016).
NS5A is a phosphoprotein whose phosphorylation state of certain serine residues determines
the efficiency of viral replication (Chong et al., 2016). Phosphorylation of NS5A is not only found
in HCV, but also other hepaci- and flaviviridae. NS5A is responsible for binding the viral RNA to
intracellular membranes. This tethering process results in the creation of a track for RNA to slide
along (Moradpour et al., 2007). Other NS5A regions act as guardians of the viral RNA protecting
it from being degraded by cellular RNAses or being detected by defense mechanisms (Morad-
pour et al., 2007).

NS5B produces a negative strand copy of the original HCV RNA and uses it as a template for the
synthesis of the new positive strand RNA (Moradpour et al., 2007). RNA dependent RNA poly-
merase is the enzyme playing the main role in the process (Lohmann et al., 1997; Behrens et al.,
1996). As it is essential for replication and shares motifs with RNA dependent RNA polymerases
of other viruses, it serves as a candidate target for antiviral therapy. Apart from that NS5B also
contains a cis-acting replication element in its c-terminal region (You et al., 2004).

Envelope glycoproteins Serine RNA binding, switch

protease / replication /assembly
helicase /
NTPase,
assembly

Capsid Cysteine NS3 RNA-dependent

protein protease, protease RNA-polymerase

assembly cofactor
Core El E2 p7| NS2 NS3 NS4A| NS4B NSSA NSSB
Viroporin Membranous

web

Figure 1.2 An overview of the functional proteins of the hepatitis C virus.

1.1.3 Diagnosis and current treatment schemes for hepatitis C

To diagnose hepatitis C, the level of anti-HCV antibodies is measured. If these antibodies are
positive, a RT-PCR to measure HCV RNA is carried out as second step. Negative HCV RNA in
combination with positive anti-HCV antibodies is a sign for healed acute HCV infection. In im-
munosuppressed patients anti-HCV antibodies may be falsely negative.

HCV RNA is measured by RT-PCR. The result of this test is called viral load and used as a
parameter for infectiousness as well as treatment outcome. HCV RNA can be detectable 1 - 2
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weeks after infection, whereas it takes 7 - 8 weeks until anti-HCV antibodies can be detected
in blood samples (Pawlotsky, 2002). Consequently HCV RNA can also be used to detect acute
HCV infection. Once HCYV infection is confirmed the genotype is determined.

To get a clinical grasp of the state of disease, blood analyses and an HCC-screening consisting
of abdominal sonography and an elastography of the liver will be performed. Blood analyses are
used to determine if liver synthesis is impaired and if there are co-infections with HBV, HAV or
HIV. Imaging methods help detect and monitor liver steatosis, fibrosis, or cirrhosis. Knowledge
about these liver conditions is important for the assessment of the patients’ risk to develop HCC
(Sarrazin et al., 2018).

Acute hepatitis C generally is not an indication to start antiviral treatment, though it may be
treated in individual cases. Yet, chronic HCV infection is an indication to start antiviral treatment
irrespective of the absence of complications. First line therapy in Germany (Sarrazin et al., 2018)
involves a combination of direct acting antivirals (DAAs) with a possible addition of the nucleoside
analogon ribavirin. The selection of the preferable DAAs mainly depends on the HCV genotype.
In some cases comorbidities, prior treatment and other factors have to be taken into account as
well to choose the right agents.

Before DAAs revolutionized hepatitis C treatment in 2015, a combination of PEG IFN alpha and
ribavarin had been used. Severity of adverse effects was an important issue and viral clearance
was only achieved in less than half of the monoinfected patients and even less often in patients
with complications or co-infections (Moreno et al., 2005). Thanks to advancements in the under-
standing of the HCV replication cycle and non-structural proteins the development of DAAs as
drugs targeted at specific parts of the virus was possible. Nomenclature of these drugs is simple.
Protease inhibitors end in "-previr" and target NS3/4. NS5A inhibitors are named "-asvir". The
polymerase is located in NS5B and is the aim of drugs ending in "-buvir" (Zeuzem, 2017). With
the combination of different DAAs and in some cases addition of ribavirin an overall sustained
viral response of > 90 % can be achieved (Suwanthawornkul et al., 2015; Wei et al., 2018). As
they are well tolerated, DAAs can be offered almost any patient irrespective of their comorbidities.
However, due to the high cost of DAAs global accessibility remains an issue to be tackled.

Table 1.1 provides an overview of antiviral drugs used in this study. It defines the targets of the
DAAs as well as the HCV genotypes the respective medication can be used against.



Targets of antiviral drugs applied in this study
Drug Target / mechanism Genotype
Simeprevir NS3 4 1
Daclatasvir NS5A 1,3
Ledipasvir NS5A 1a, 1b, 4a, 5a, less activity: 2a, 3a
Exviera = Dasabuvir NS5B 1
Viekirax NS5A (ombitasvir) + NS3 4 (paritaprevir) and CYP3A4 (ritonavir) 1
Sofosbuvir NS5B (in combination with other DAAs) 1-6
Ribavirin Nucleoside analog 1-6

Table 1.1 Antiviral treatment: DAAs used in this study with their respective targets and suitable HCV geno-
types (Spengler, 2018). Ribavirin is a nucleoside analog which can be used in addition to a combination
therapy of two or more DAAs. Viekirax is a drug combination consisting of two DAAs and ritonavir, a
CYP3A4 inhibitor.

In this study patients with genotypes 1, 3 and 4 were included. According to current German
guidelines (Sarrazin et al., 2018) the following drug combinations can be applied in clinical routine
for the respective genotypes:

Genotype 1 Genotype 3 Genotype 4
Ledipasvir + Sofosbuvir 4 Ribavirin Velpatasvir + Sofosbuvir Velpatasvir + Sofosbuvir
Velpatasvir + Sofosbuvir Daclatasvir + Sofosbuvir | Paritaprevir + Ombitasvir + Ribavirin
Grazoprevir + Elbasvir + Ribavirin Ledipasvir + Sofosbuvir + Ribavirin
Paritaprevir + Ombitasvir + Dasabuvir + Ribavirin Grazoprevir + Elbasvir & Ribavirin
Simeprevir + Sofosbuvir + Ribavirin Simeprevir + Sofosbuvir + Ribavirin
Daclatasvir + Sofosbuvir & Ribavirin Daclatasvir + Sofosbuvir & Ribavirin

Table 1.2 Antiviral combination treatment for different genotypes of HCV according to German guidelines
(Sarrazin et al., 2018).

Notably, treatment approaches for genotype 1 are more diverse than for genotypes 3 and 4.
For genotype 3 a NS5A-inhibitor is combined with a NS5B inhibitor and no ribavirin is added. For
genotype 4 a protease inhibitor is included in any possible scheme.

1.2 Retroviruses

Retroviruses consist of a single stranded RNA genome that is reversely transcribed into a double
stranded DNA by their reverse transcriptase. The produced DNA integrates into the genome of
the host cell as a provirus.

There are three major coding sequences, gag, pol and env, within the genome (figure 1.3).
Gag is responsible for synthesis of structural proteins, the matrix, and the capsid. Pol contains
information for the polymerase which is a reverse transcriptase in retroviruses and env synthe-
sizes the envelope. These sequences are surrounded by long terminal repeat (LTR) regions at
the 3’ and 5’ ends (Coffin et al., 1997).



5LTR H gag H pol H env H 3'LTR

Figure 1.3 Genomic organization of the DNA of retroviruses (Coffin et al., 1997).

There are two subfamilies of retroviridae - Spumaretrovirinae and Orthoretroviridae (table 1.3).
Spumaretrovirinae consist of a single genus whereas Orthoretroviridae consist of six genera.
Some retroviruses are known to cause disease in humans, mammals or birds.

Family Subfamily Genus Example
Alpharetrovirus Avian sarcoma virus
Betaretrovirus Mouse mammary tumor virus
Gammaretrovirus Feline leukemia virus

N Orthoretroviridae
Retroviridae Deltaretrovirus Human T-cell leukemia virus

Epsilonretrovirus Walleye epidermal hyperplasia virus

Lentivirus Human immunodeficiency virus

Spumaretrovirinae Spumaretrovirus Human foamy virus

Table 1.3 Classification of retroviridae (King et al., 2012).

Apart from exogenous retroviruses which contain all information needed to form infectious viral
cycle and thus infectious particles there are endogenous retroviruses.

1.3 Human endogenous retroviruses

Human endogenous retroviruses (HERVs) are retroviral elements that first integrated into the hu-
man DNA over 40 million years ago (Mager & Freeman, 1995). These elements make up 8 % of
the human genome (Lander et al., 2001).

There are three classes of HERVs (figure 1.4) according to their sequence homologies to ex-
ogenous retroviruses within the pol-gene. Class | are gamma-retrovirus related, class Il are
beta-retrovirus related and class Ill are spumavirus-related elements (Seifarth et al., 2005). Sub-
division into viral families is based on sequence similarity of their putative tRNA primer binding
site specificity. For example, the primer binding site for HERV-K matches the end of the tRNA of
K, lysine (Ono et al., 1986). As oftentimes HERVs are primed by the same tRNA, pol sequence
similarities and other structural traits are used for phylogenetic classification (Jern et al., 2005).
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Figure 1.4 Classification of human endogenous retroviruses. HERV-K HML2 belongs to Class Il or beta-
retroviruses. Information in graph extracted from (Jern et al., 2005) and (Leib-Mdsch & Seifarth, 1996)

The first invasion of HERVs into the primate genome took place before the separation of the
lineage of old (catarrhine) and new world monkeys (platyrrhine) more than 40 million years ago
(Mager & Freeman, 1995; Takahata & Satta, 1997). The majority of identified HERVs was found
in old world monkeys only. As germline cells were infected, HERVs are passed to subsequent
generations by vertical transmission. Proliferation was mainly achieved by retrotransposition as in
HERV-H or reinfection as in HERV-K HML2. Within new world monkeys a wide range of amplifica-
tion and distribution took place. The youngest amplification event occured after the separation of
chimpanzees from humans which happened about 5 - 7 million years ago (Glazko, 2003). Inser-
tion polymorphisms found in HERV-K HML2 hint at recent or even ongoing reinfections (Mamedov
et al., 2004). Due to their early integration into the primate genome HERVs represent millions of
years of primate and human evolution.

HERVs are structured similarly to exogenous retroviruses with retroviral protein genes surrounded
by long terminal repeat (LTR) regions (Yu et al., 2013). The LTR regions at the 3’ and 5’ ends may
function as promoter or enhancer regions crucial for retroviral transcription. The 3’ LTR region
consists of U3 containing promoters, enhancer-elements and transcription factor binding sites.
The 5" LTR consists of R, defined as the starting point of transcription within the 5’ LTR. R con-
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tains a polyadenylation site at the border to U5 (Baust et al., 2001; Lania et al., 1992). These
elements may affect the expression of neighboring genes and thus the activation of oncogenes
or inactivation of tumor suppressor genes. HERV-K HML2 expresses spliced RNA encoding Np9
(Armbruester et al., 2002) and Rec (Lower et al., 1995), proteins involved in oncogenesis, that
are shown to be elevated in cancerous tissue compared to non-pathological cells of the same
cell type (BUscher et al., 2006; Tavakolian, Goudarzi, & Faghihloo, 2019; Tavakolian, Goudarzi,
Lak, & Faghihloo, 2019; Chen et al., 2013; Chan et al., 2019), but also in some healthy tissues
(Schmitt et al., 2015). Gag, pol and env often contain mutations and deletions. Subsequently,
HERVs do not have the capacity to replicate and infect independently. As LTR retrotransposons
some of them posses the ability to generate mRNA from intact open reading frames (ORF) and
translate this mRNA into cDNA. Generated cDNA has the ability to reintegrate into the host DNA.
For this process a reverse transcriptase and an integrase are needed that HERVs either code
themselves or borrow from other retroelements. There are only three HERVs with intact ORFs
for gag, pol and envy, all of which belong to HERV-K HML2 (Dewannieux et al., 2005; Mayer et al.,
1999). However, these HERVs contain point mutations within critical parts of RT as well. Through
retrotransposition thousands of HERV copies were spread throughout all human chromosomes
(Fraser et al., 1988).

Most HERVs are silenced epigenetically, but reactivation through radiation, chemicals, internal
signals (Schanab et al., 2011; Hohenadl et al., 1999; Ono et al., 1987) or a wide range of other
viruses, e.g. HIV, HSV-1, HHV-6, EBV and CMV (Contreras-Galindo et al., 2007; Nellaker et al.,
2006; Sutkowski et al., 2001; Tai et al., 2009; Hsiao et al., 2009), is possible. Reactivation can
increase the level of transcript, lead to the expression of env or gag, or even to a formation of
retroviral particles. HERV-K HML2 and HML4 have been shown to be stimulated by steroids by
cause of their glucocorticoid responsive element (Ono et al., 1987; Seifarth et al., 1995). Fur-
thermore, activity of HERV-K has been shown to be influenced by EBV and CMV (Freimanis et
al., 2010; Nelson et al., 1999).

As highly mutated, non-infectious, and replication deficient elements HERVs have long been
considered junk DNA. Reactivation of the normally suppressed HERVs may play a key role in the
development of certain diseases and thus needs to be studied more extensively.

1.3.1 Human endogenous retrovirus type K HML2

HERV-K subtype HML2 is a beta-class human endogenous retrovirus. The subtype HML means
human endogenous murine mammary tumor virus (MMTV)-like.

HERV-K is considered to be the youngest and most active HERV (Subramanian et al., 2011).
It is the only subtype known to have members specific for humans (Medstrand & Mager, 1998;
Buzdin et al., 2003) and slight differences within gag sequences in HERV-K hint at this subtype
being transcriptionally active (Lower et al., 1993). In vitro the production of infectious virions
could be achieved by combinination of several HERV-K proviruses (Dewannieux et al., 2006)
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suggesting that under certain circumstances there is a possibility of viral particle production in
vivo. HML2 transcripts as well as proteins could be detected in healthy tissues (Mehraein et al.,
2006) to a certain extent, but especially in embryonic cells (Fuchs et al., 2013), and in malignan-
cies (Buscher et al., 2006).

HERV-K HML2 plays a role in embryogenesis and human stem cell development. It is expressed
early in embryonic development up to the blastocyste stage, but in contrast to other HERVs down-
regulated later in the process. Upregulation of HERV-K HML2 in human stem cells could be ob-
served throughout various genetic backgrounds (Grow et al., 2015). HERV-K HML2 is involved
in the maintenance of pluripotency of cells. Differentiation of stem cells induced downregulation
of HERV-K HML2 (Fuchs et al., 2013) and HERV-K expression was highly correlated with sev-
eral pluripotency biomarkers (Mareschi et al., 2019). These findings are congruent with the role
of HERV-K HML2 in embryogenesis as well as its possible contribution to the development of
associated diseases.

HERV-K in disease

Examples of cancers associated with HERV-K are liver cancer, teratocarcinoma, germ cell tu-
mors, melanoma, ovarian, breast, and prostate cancer (Lower et al., 1984; Herbst et al., 1998;
Muster et al., 2003; Bischer et al., 2005; Wallace et al., 2014; Wang-Johanning et al., 2007,
2008; Kurth & Bannert, 2010). Androgens had the ability to stimulate HERV-K HML2 expression
(Hanke et al., 2013) and thus might be mechanistically involved in its role in prostate cancer. In
teratocarcinomas and melanomas viral like particles played an important role (Léwer et al., 1984;
Buscher et al., 2005; Schmitt et al., 2013). Furthermore, the HERV-K accessory protein Np9 has
been found to be expressed in various tumor tissues such as in breast and ovarian cancer as
well as leukemia cells (Armbruester et al., 2002; Chen et al., 2013). Even though HERV-K HML2
was correlated with prognosis and progress of HCC (Ma et al., 2016), studies examining HERV-K
HML2 and the factors leading to HCC, e.g. viral hepatitis, are missing.

Of autoimmune diseases the association between HERVs and amyotrophic lateral sclerosis
(ALS) has been studied the most thoroughly. The viral proteins gag, pol and env of the HML2
subgroup could be detected in brains of ALS patients. Additionally, RT and env protein expres-
sion was found in cortical neurons (Douville et al., 2011; W. Li et al., 2015). Induced expression of
HML2 in neurons lead to neuronal injury and cell death. This was achieved either by transfection
with the complete consensus sequence or by targeting HML2 LTRs with the CRISPR technol-
ogy. Transgenic mice in which HML2 Env was expressed under a neuronal promoter developed
progressive motor dysfunction with specific loss of neurons in the motor cortex and the anterior
horn of the spinal cord (W. Li et al., 2015). RT activity in the blood and cerebrospinal fluid of ALS
patients could be detected in various studies (Viola et al., 1975; Steele et al., 2005; McCormick
et al., 2008). At the same time, the use of reverse transcriptase inhibitors as antiviral drugs in
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HIV patients with ALS could reverse or slow down neurological symptoms in some patients, es-
pecially early after the symptomatic onset of the disease (Alfahad & Nath, 2013), leading to the
assumption that this may be due to the association of ALS with human endogenous retroviruses
and a consecutive antiviral effect on HERV activity.

Sequence variations and polymorphisms within HERVs are linked to autoimmune disease and di-
abetes. Immunosuppressive properties were characteristic of many retroviruses and HML2 had
retained this feature (Denner, 1998). HML2 particles released from a human teratocarcinoma cell
line, a recombinant Env transmembrane (TM) protein, and a peptide corresponding to a highly-
conserved region of the TM were able to inhibit human immune cell proliferation, change the
expression of numerous cytokines, such as increasing IL-10, and affect gene expression (Moro-
zov et al., 2013). HERVs also showed interaction with beta-catenin, a protein involved in the wnt
pathway (Chen et al., 2013). Activation of this pathway contributes to tumorogenesis (reviewed
by (Krishnamurthy & Kurzrock, 2018)). Apart from this, binding sites for pro-inflammatory tran-
scription factors could be found within the HML2 LTR consensus sequence (Manghera & Douville,
2013).

HERVs share structural similarities with exogenous retroviruses. As infection with the retrovirus
HIV is a global health issue, several studies looking for a link between HIV infection and HERV
expression have been conducted. HIV infection was able to increase the levels of HML2 mRNA
in PBMC (Contreras-Galindo et al., 2007; Ormsby et al., 2012; Bhardwaj et al., 2014) and the
activation of certain HML2 loci was cell-type specific (Vincendeau et al., 2015). HERV-levels
in PBMC of HIV-positive individuals were elevated in comparison to healthy controls, even when
HML2 RNA could not be detected in plasma (Sugimoto et al., 2001; Bhardwaj et al., 2014; Brinze-
vich et al., 2014). When LC5-cells, a cell line frequently used for studying HIV, were persistently
infected with HIV-1, HML2 transcript levels increased about 1.8-fold compared to uninfected cells.
This effect was even higher in newly infected cells resulting in an approximately 8-fold increase
(Vincendeau et al., 2015). Reverse transcriptase and integrase inhibitors are integral parts of
antiviral treatment in HIV. In in-vitro studies, these drugs proved to be somewhat effective against
HERV-K HML2 as well, yet to a much lesser extent than against HIV (Contreras-Galindo et al.,
2017; Tyagi et al., 2017). This effect may, however, still be relevant to find treatment for HERV-K
related diseases that are either badly or non-treatable.

Consequences of HERV-K HML2 reactivation for gene expression

As described in the previous section HERV-K is reactivated in various diseases. LTRs found within
HERV-K HML2 can modify gene expression by acting as alternative promoters or as enhancers
for other promoters in specific cell types. A HERV-K HML2 long terminal repeat (LTR) has been
shown to induce the expression of a luciferase in certain cell lines. For example, in Tera-1, a
human testicular embryonal carcinoma cell line, the LTR showed promoter as well as enhancer
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activity compared to a control plasmid. Yet, these effects could not be achieved in NT2/D1, a cell
line derived from the same carcinoma, possibly due to differences in protein interactions and thus
distinct complexes formed between the LTR and the proteins of each cell line highlighting the cell
type specificity (Ruda et al., 2004; Domanski et al., 2002). These effects on gene expression may
contribute to disease progression and perhaps explain altered response to treatment in some
individuals. However, this mechanism could also be exploited for new or additional treatment
options in the future.

The potential link between HERV-K HML2 and hepatitis C

So far only one study screening for HERV-K HML2 in hepatits C patients has been conducted.
Plasma of HCV-infected individuals was screened for HERV-K HML2 in Great Britain, but expres-
sion of HERV-K pol RNA was only detected in 1 out of 19 patients (Contreras-Galindo et al.,
2006). As plasma samples were screened in this study, an intracellular upregulation of HERV-
K HML2 expression possibly modifying downstream gene expression or other intracellular pro-
cesses without release of HERV RNA may have been missed. Thus, it would make sense to
screen cellular material of hepatitis C patients for HERV-K expression.

A different study linked intravenous drug abuse in hepatitis C patients to HERV-K HML2. In pa-
tients with ongoing long-term addictive behaviour of a duration of least two years a 3.5 fold higher
frequency of HERV-K HML2 integration within RASGRF2, a gene related to addiction, was found
(Karamitros et al., 2018). This study, however, did not show an association between HERV-K
HML2 and HCV. The control group were hepatitis C patients who did not consume drugs intra-
venously. No other studies on RASGRF2 and hepatitis C or HCV have been published.

Even though HERV-K HML2 has been linked to many diseases, a possible association with hep-
atitis C has not been studied in depth yet. Hepatitis C is caused by viral infection and leads to
liver cirrhosis and HCC. HERV-K HML2 has been shown to be associated with all of the latter, but
to date there is low evidence for an association with hepatitis C. Additionally, hepatitis C is linked
to cryoglobulinemia, a cutaneous as well as systemic autoimmune disease (Ramos-Casals et
al., 2012) and HERV-K HML2 is associated with autoimmune diseases as well. Thus, it seems
reasonable to investigate whether HERV-K HML2 is involved in the pathomechanisms of hepatitis
C and its associated diseases as well as long-term complications.

1.4 Aim of the work

There are hints that HERV-K HML2 expression may play an important role in hepatitis C pathogenic-
ity. To investigate a possible link between HERV-K HML2 levels and HCV infection and treatment,
the following central hypotheses were addressed:
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» DAA treatment leads to clearance of quantitative HCV RNA and to improvement of clinical
parameters indicating impaired liver function.

» There is a difference in HERV-K HML2 expression between HCV infected patients and
healthy controls.

« Patients with impaired liver function at baseline have different expression levels of HERV-K
HML2 than the rest of the cohort.

« HERV-K HML2 expression levels change over the course of DAA treatment.
« HERV-K HML2 levels are different in patients who fail to achieve sustained viral response.

» There is an association between the level of HERV-K HML2 expression and clinical (leuko-
cytes, CRP) as well as experimental (A20, IL-6, IL-10 and IP-10) inflammation markers in
this cohort.

In order to shed light onto this possible association of HCV and HERV-K HML2, a cohort of
42 hepatitis C patients treated with direct acting antiviral therapy was analyzed. The primer used
in this study binds to cDNA encoding for Gag, a functional protein responsible for antibody gen-
eration and encoding matrix, capsid or nucleocapsid proteins. These functions could imply that
activation of this part of a HERV may be involved in autoantibody production or pathogenic pro-
cesses. As patient samples were collected for various time points throughout antiviral treatment,
a modulation of HERV-K HML2 expression over the course of treatment was identifiable.

The level of HERV-K HML2 expression was monitored over the course of treatment and asso-
ciations with clinically relevant values and changes thereof were investigated. A comparison of
HERV-K HML2 levels between baseline and end of treatment (EOT) as well as 12 weeks after
EOT (SVR 12) is reasonable since patients with absence of detectable HCV RNA at SVR 12 are
clinically considered as cured. To determine if there was a difference of HERV-K HML2 expres-
sion between healthy controls and patients infected with HCV, HERV-K HML2 levels at baseline
were compared to those of healthy blood donors.

My results support an association between relative HERV-K HML2 expression levels and HCV
infection that was affected by DAA treatment. They provide the foundation for the revelation of
the role of HERV-K HML2 in pathogenesis, treatment outcome and progression of hepatitis C.
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2 Material

2.1 Consumable material

Product

Manufacturer

Certified RNAse/DNAse and pyrogen safe pipette tips
96 well plates
Eppendorf tubes 0,5 ml, 1,5 ml, 2 ml
Falcon 10 ml and 20 ml tubes
Counting chamber Fast Read 102
FrameStar R 480/96 for Roche Lightcycler 480

VistaLab Technologies, USA
Nunc International, Wiesbaden
Eppendorf, Hamburg
Becton Dickinson, USA
Madaus Diagnostics, Cologne

Brooks Life Sciences, USA

2.2 Kits

Product

Manufacturer

SuperScript TM first-strand synthesis system

DNase Treatment Kit

invitrogen, Karlsruhe

KAPA SYBR® FAST One-Step gRT-PCR Master Mix (2X) Kit | KAPA Biosystems Inc., USA

Promega, USA

15




2.3 Chemicals

Product

Manufacturer

2-Propanol Rotipuran > 99.8%
Chloroform 99.8%
Dimethyl sulfoxide (DMSO)
Ethanol absolute
Fetal Bovine Serum (FBS)

Ficoll Solution

Nuclease free water B1500S
Phosphate buffered saline (PBS)
RPMI-1640
RQ1 RNAse-free DNAse
RQ1 DNAse 10X reaction buffer
RQ1 DNAse stop solution
TRIzol reagent

Tuerk Solution

LightCycler 480 SYBR Green | Master (LC)

Carl Roth, Karlsruhe
acros organics, USA
Sigma Aldrich, USA
Merck, Darmstadt
Thermo Fisher, USA
Sigma Aldrich, USA
Roche Diagnostics, Mannheim
New England BioLabs, United Kingdom
Thermo Fisher, USA
Thermo Fisher, USA
Promega, USA
Promega, USA
Promega USA
invitrogen, USA
Sigma Aldrich, USA

2.4 Equipment

Product

Manufacturer

Eppendorf research plus pipettes
Eppendorf centrifuge 5415 R
Eppendorf Thermomixer 5436

Nanodrop
Roche Lightcycler 480 |l
TB2 Thermoblock
Thermo scientific Heraeus Pico 17

Vortex VF2

Eppendorf, Hamburg
Eppendorf,
Eppendorf, Hamburg
Thermo Fisher, USA
Roche, Switzerland
Biometra, Géttingen

Thermo Fisher, USA

Janke & Kunkel (IKA) Labortechnik, Staufen
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2.5 Primers

Primer sequences

RPII forward GCACCACGTCCAATGACAT

RPIl reverse GTC GGC TGC TTC CAT AA
HERV-K10 sense GCA AGT AGC CTATCAATACTG C

HERV-K10 antisense GCA GCCCTATTT CTT CGG ACC

IL-6 reverse 5-GCT CCT CCT TGC TGC TTT CAC-3’

IL-6 forward 5’-GGT ACA TCC TCG ACG GCA TCT-3’

IL10 forward CTGGAGGAGGTGATGCCCCAA

IL10 reverse ACCTGCTCCACGGCCTTGCT

IP10 forward 5-ACTGTACGCTGTACCT-3

IP10 reverse 5-TGGCCTTCGATTCTGGA-3
TNFAIP3 forward 5-TTTTGTACCCTTGGTGACCCTG-3’
TNFAIP3 reverse 5-TTAGCTTCATCCAACTTTGCGG-3

The final concentration of the primers used in this study was 20 “%01 Primers were manufactured
by Metabion international AG, Germany.

2.6 Study population
42 hepatitis C patients and 4 healthy controls were included in the study. Ethical permission and

informed consent for collection of blood and consecutive experiments as well as analyses were
obtained.

2.7 Software

Product Manufacturer
SPSS Version 26 IBM corp., USA
Roche Lightcycler 480 Software Roche Diagnostics, Mannheim
Microsoft Word, Excel and Powerpoint for MAC Microsoft Corp., USA
MAC OSX 10.15.4 Apple Inc., USA
Mendeley Elsevier, Netherlands
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3 Methods

3.1 Experimental methods

3.1.1 Isolation of peripheral blood mononuclear cells (PBMC)

Heparinized whole blood was collected by venipuncture and stored at room temperature. Within
8 h PBMC isolation was performed. After 1:2 dilution with PBS, whole blood was carefully trans-
ferred onto 15ml of Ficoll solution. A Ficoll density gradient was created by centrifugation (800 g,
15 min, 21°C, brakes off). PBMC were separated and washed twice with RPMI-1640 (250 g, 10
min, 21°C). Tuerk solution was used as stain to induce erythrocyte lysis for live/dead discrimina-
tion and viable PBMC were then counted under a light microscope. PBMC were chilled during
the last centrifugation step (250 g, 10 min, 21°C).

3.1.2 Cryoconservation and thawing of PBMC

For cryopreservation, PBMC were re-suspended in freezing medium containing FBS and 10 %
DMSO at a concentration of one million cells per milliliter. Subsequently, PBMC were slowly
frozen inside a controlled-grade freezing container at —80°C. PBMC stored at —80°C were thawed
partially in a water bath. After around 20 seconds, before the suspension becomes completely
liquid, the PBMC suspension was transferred into 10 ml PBS.

3.1.3 Isolation of RNA using a Trizol gradient

PBMC were thawed and centrifuged (1200 rpm, 10 min, 21°C). Supernatant was discarded. 1
mL of Trizol was added to the pellet and incubated for 5 min at room temperature. 0.2 mL
of chloroform were added and after being mixed well the colloid was transferred to Eppendorf
tubes. Tubes were centrifuged at 12,000 g for 15 min at 4°C to create a density gradient. The
aqueous phase containing RNA was transferred to a new Eppendorf tube. 0.5 mL of 100 %
isopropanol were added followed by a 10 min incubation at room temperature. Then, the mixture
was centrifuged at 12,000 g for 10 min at 4°C. Supernatant was discarded and 1 mL of 75 %
ethanol was added. Another centrifugation step (7500 g, 5 min, 4°C) followed. Supernatant was
discarded again and the pellet was air-dried for 15 min. Afterwards, it was re-suspended in 30 pL.
of RNAse free water. RNA concentration and quality were verified by Nanodrop.
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3.1.4 DNAse treatment

1000 ng of RNA were transferred into an Eppendorf tube. If the total volume was less than 8 uL,
H-.O was added to even out the difference in volume. 1puL of DNAse as well as 1 uL. of DNAse
buffer were added to each tube. Following an incubation of 30 min at 37°C 1 uL. of RQ1 DNAse
stop solution was added and the tubes were incubated for 10 min at 65°C.

3.1.5 First strand cDNA synthesis using random primers

After DNAse treatment 1 pL. of 10 m dNTP mix and 2 puL. of random hexamers (50 %) were added
to each tube. An incubation step of 5 min at 65°C followed. Next, the samples were chilled on ice
for at least 1 min. For the next step, a master mix was prepared consisting of the following:

Master mix per tube

Reagent Amount
10X RT buffer 2 uL
25 mM MgCI2 4uL

0.1 MDTT 2uL
RNAse OUT (40 u%) 1L

9 uL. of the master mix were added to each tube and content was collected by brief centrifuga-
tion. This mixture was incubated for 2 min at room temperature. 1L of Superscript 2 RT was
added to each reaction. An incubation of 10 min at room temperature, 50 min at 42°C and 15 min
at 70°C followed. Then, the reaction was chilled on ice and brief centrifugation was performed.
1 uL. of RNAse H was added per tube and the tubes were incubated for 20 min at 37°C. cDNA
was stored at —20° C.

3.1.6 Quantitative polymerase chain reaction
Two step RT-qPCR

All parts of the procedure were executed on ice. Centrifuge was cooled down to 4°C. Primers
were diluted to achieve a final concentration of 10 umol. A master mix consisting of 10 uL. LC,
1 uL. each of the respective forward and reverse primer, and 6 uL. of H,O per well was prepared.
18 ul. of the master mix were distributed into each well of a 96 well plate. RP2 was included
as housekeeping gene on every plate. 2 uL. of cDNA were added to the respective wells and a
control with 2 uL. of H,O was included for every primer. The plate was centrifuged at 1500 rpm
for 2 min at 4°C and then put back onto ice. Afterwards, the plate was covered with transparent
foil. Quantitative PCR was performed with Roche Light Cycler.

PCR conditions can be found in table 3.1.
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Temperature Time [min:sec]
Pre-incubation 95 °C 5:00
Amplification 95 °C 0:10
60 °C 0:10
72 °C 0:10
Melting curve 95 °C 0:05
65 °C 1:00

97 °C 5 acquisitions/°C
Cooling 40 °C 0:30

Table 3.1 PCR conditions for SYBR green two step qPCR. 45 amplification cycles were carried out.

One-step RT-gPCR

Temperature Time [min:sec]

Reverse transcription 42 °C 5:00
95 °C 3:00
Amplification 95 °C 0:10
60°C 0:20
72 °C 0:01
Melting curve 95 °C 0:05
65 °C 1:00

97 °C 5 acquisitions/°C
Cooling 40 °C 0:10

Table 3.2 PCR conditions for KAPA SYBR FAST one-Step RT-gPCR. 40 amplification cycles were per-
formed.

As sufficiently low Ct-values could not be achieved for some samples using two step RT-qPCR,
gRT-PCR using KAPA SYBR FAST One-Step was implemented. DNAse treatment was per-
formed prior to qRT-PCR, but no cDNA synthesis was performed prior as cDNA synthesis took
place inside the Light Cycler in this approach.

An amount of 20 ng of RNA suspended to a volume of 2.5 uL. was used per well. A master mix
consisting of 10 uL. KAPA SYBR FAST qPCR Master Mix (2X), 0.4 uL. 10 mM dUTP, 0.4 uLL 10
forward primer, 0.4 uL. 10 p reverse primer, 0.4 0.4 uL. 50X KAPA RT Mix, and H,O up to a total of
18.25 uLL per well was prepared and plated onto a cooled 96 well plate. 2.75 uL. of RNA mixture
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was added to each well. RP2 was used as housekeeping gene on each plate. An H,O con-
trol was included for every condition. The following steps were identical to the qPCR described
above, but a different template was required.

PCR conditions can be found in table 3.2.

Analysis of qPCR results

On every plate a negative control for each primer and for the housekeeping gene RPII was in-
cluded to rule out contamination of the reagents. RPIl served as a reference gene to calculate
relative expression of experimental parameters of interest. The fit point method was chosen to
get Cr-values and values of > 35 were discarded. AC+t-values were calculated as follows: ACt
= Ct(Primer) - C+(RPIl). The x-fold induction of experimental parameters relative to RPIl was
calculated by the 24°T method (Livak & Schmittgen, 2001).

Due to a lack of sufficient patient material, it was not possible to use duplicates or triplicates.
However, two exemplary probes that could be duplicated were be evaluated here (table 3.3). For
both samples, standard deviation (SD) and coefficient of variation (CV) were calculated. Sample
1 had a SD of 0.0042 and a CV of 10.76 % and sample 2 had a SD of 0.0134 and a CV of 6.37
%.

Sample Ct(RPIl) | Cr(Primer) | ACt 2:4Cr
Sample 1 27.77 32.33 4.56 0.042393885
Sample 1 28.47 33.25 4.78 0.036397925
Sample 2 27.77 29.96 2.19 0.21915143
Sample 2 28.47 30.79 2.32 0.200267469

Table 3.3 Cr-values obtained by qPCR and calculated respective ACt and 22°7 of two duplicate samples.

3.2 Statisticical analysis

SPSS version 26 was used to complete statistical analysis and to generate graphs.

The level of significance was set to 5%. Thus, p-values of < 0.05 were considered statistically
significant and p < 0.01 was considered highly significant. Bonferroni correction was applied as
post-hoc test whenever pairwise comparisons or associations between more than two groups or
time points were calculated. With this method, the level of significance is divided by the number
of time points analyzed and adjusted accordingly (Curtin & Schulz, 1998). For example, when
three time points were included in analysis, the calculation was 0.05/3 = 0.0167. Therefore, in
that example p < 0.017 was considered statistically significant.

For pairwise comparison of different subgroups the independent samples t-test was used for
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normally distributed data (clinical data) and Mann-Whitney U was used for non-parametric data
(experimental data). To analyze if data for two different time points within the same subgroup sig-
nificantly differed from each other, paired samples t-test was used for normally distributed data
and the Wilcoxon-Sign test was used for data that did not show normal distribution.

In order to be able to interpret the development of parameters over time, one-way analysis of vari-
ance (ANOVA) was chosen for parameters which were normally distributed. Using this method
an interpretation of significant differences between the mean value of each time point was pos-
sible and every time point got taken into account (Bender et al., 2007). For the experimental
parameters which were not distributed normally, mixed model analysis was implemented (Cnaan
et al., 1997). Subjects were defined by Patient ID, time points as the repeated measures. The
repeated covariance type was set as unstructured as no specific structure within covariances
could be identified. Restricted maximum likelihood and Satterwhaite approximation were used.
The Cl was set to 95 % according to the aforementioned level of significance in this study. The
time points were set as fixed effects. No covariates were taken into account as neither gender,
age nor liver cirrhosis had a significant influence on the fit of the curve. Mixed model analysis
tries to find a converging non-linear line that fits the development of the parameter on the y-axis
over - in this case - time represented on the x-axis. The y-intercept does not have to be equal for
all subjects. So each subject has its own curve that may be shifted on the y-axis, but the shape
of the curve is equal for all subjects (figure 3.1). So with this tool a non-linear development can
be analyzed even if starting points differ per individual.

y-axis

«

X-axis

Figure 3.1 A simplified representation of mixed model analysis. Each curve represents the fitting line of
one subject. Subjects may have different y-intercepts, but the shape of the curve does not differ between
subjects.

Associations between binary variables were evaluated using the chi-square test. Higher values
of chi-square correspond to higher association between the variables. For easier interpretation,
the results were converted into Cramer’s V. The output values of Cramer’s V range from zero
(no association) to 1, corresponding to perfect association. As the cohort could not be seen as
representative of the population, the calculation of odds ratios were chosen over risk ratios.

For correlations between experimental and clinical data, a method to detect associations be-
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tween parameters with non-parametrical distribution had to be used as experimental data were
not distributed normally. Spearman’s rho was considered. However, this method tends to over-
estimate correlations in small sample sizes, which | did not want to risk. Additionally, one value
that behaves like a stray bullet can mess up the correlation coefficient. Kendall’s tau, also known
as Kendall Rank Correlation Coefficient, is less sensitive to such errors since its calculations are
based on concordant and discordant pairs while Spearman’s rho relies on deviations. Kendall's
Tau is defined as the quotient of the difference of discordant (D) and concordant pairs (C) and
the sum of concordant and discordant pairs (Liu et al., 2016).

(C - D)

Kendall's tau = m

Having juxtaposed the pros and cons, kendall’s tau was chosen as the method of choice for this
study.

To determine if a dichotomous variable had an effect on the odds of having a higher or lower
value of a certain continuous variable, binary logistic regression was implemented. B was defined
as the coefficient in the null model. Exp(B) is the exponentiation of B and can be more easily
interpreted than the coefficient as Exp(B) it represents an odds ratio.

24



4 Results

4.1 Cohort characteristics

42 patients were treated with different combinations of DAAs and some additionally Ribavirin over
the course of 8 — 24 weeks. 50 % (n = 21) of patients were female, 50 % (n = 21) male. The age
ranged from 34 to 74 years with a median of 54 years. For most patients the way of infection was
unknown (52.5 %, n = 23). 25 % (n = 10) were infected via intravenous drug abuse, 10.0 % (n =
4) via blood transfusion and 12.5 % (n = 5) are native of a high-risk country for hepatitis C. 71.4 %
(n = 30) of patients were infected with HCV genotype 1, 23.8 % (n = 10) with genotype 3 and 4.8
% (n = 2) with genotype 4 (figure 4.1). For some patients, the subtype of genotype was known.
The genotype distribution seen in the study cohort corresponded with genotype 1 being the most
prevalent in Europe (Petruzziello et al., 2016). A complete table of patient characteristics and the
respective drugs the patients were treated with is provided as supplementary material.

2.

HCV

Gender Genotype

Mfemale 1 3

Mmale H1A 3A

Wiz M4
(a) Gender distribution (b) Distribution of HCV genotypes
Way of Liver cirrhosis
infection Hno
Mdrugs Myes
.native of high risk
country
Mtransfusion
Munknown

(c) Way of infection (d) Liver cirrhosis

Figure 4.1 Distribution of descriptive parameters throughout the hepatitis C patient population (n = 42).
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4.2 Monitored time points

Patients were treated over the course of 8 — 24 weeks depending on their drug scheme (figure
4.2). End of treatment marked the last day of DAA administration after 8 (n = 1), 12 (n = 34), or
24 (n = 6) weeks respectively. P08 died of a cardiovascular event before completion of treatment.
Clinical data were collected for the following time points: baseline, week 2, week 4, end of treat-
ment (EOT) and sustained viral response (SVR 12). To monitor treatment success, all patients
were screened for sustained viral response 12 weeks after the end of treatment, some addition-
ally 24 weeks after end of treatment. Data for time points week 8 and SVR 24 were available for
a small number of patients only and therefore these time points were excluded from statistical
analysis. As P08 died after week 8, this time point was included in descriptive analysis of exper-
imental parameters in patients who failed to achieve SVR. Clinical parameters for the other time
points were collected for every patient with few exceptions.

DAA treatment
baseline week2 week4 end of treatment sustained viral response

(EOT) (SVR 12)

Figure 4.2 Time points of collection of clinical and experimental data. DAA treatment started at baseline
and lasted until end of treatment (EOT). Twelve weeks after EOT sustained viral response was achieved if
no quantitative HCV RNA could be detected at that time point.

4.3 Drug combinations

Treatment schemes depended on the HCV genotype the patients were infected with as well as
their clinical status of the liver before the start of the treatment. All patients underwent combina-
tion therapy including one or more DAAs as well as an addition of Ribavirin for some patients.
For genotype 1, any of the DAAs as well as Ribavirin is suitable. Sofosbuvir targets NS5B and
can be applied for all 6 genotypes. It is always combined with other DAAs. Daclatasvir targets
NS5A and works for genotypes 1 and 3. Ledipasvir also uses NS5A as target and can be used
for genotypes 1a, 1b, 4a, and 5a. However, it shows less activity when applied to genotypes 2a
or 3a. Exviera, also known as Dasabuvir, targets NS5B. Viekirax is a combination of Ombitasvir
targeting NS5A and Paritaprevir (target: NS3/4) and Ritonavir (cytochrome P450 3A4 inhibitor).
Ribavirin is a nucleoside analog which has been used for HCV treatment for a long time. DAAs
were the first efficient HCV therapy which did not have to rely on Ribavirin. Yet, Ribavirin was
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Drug combinations

Simeprevir + Sofosbuvir 4+ Ribavirin 5 patients
Simeprevir + Sofosbuvir 6 patients
Daclatasvir + Sofosbuvir 16 patients

Daclatasvir + Sofosbuvir + Ribavirin 3 patients
Ledipasvir + Sofosbuvir 5 patients

Ledipasvir + Sofosbuvir + Ribavirin 2 patients

Viekirax 4+ Exviera 4 patients

Viekirax 4+ Ribavirin 1 patient

Table 4.1 Drug combinations among the cohort of hepatitis C patients. Five direct acting antivirals
(Simeprevir, Sofosbuvir, Daclatasvir, Ledipasvir, and Exviera) as well as Ribavirin, a nucleoside analogon,
and Viekirax, a combination drug targeting NS5A, NS3-4 and CYP3A4, were used to treat the patients.

often applied in addition to DAAs in order to achieve a higher SVR in patients with previously
unsuccessful treatment or advanced liver damage (Mathur et al., 2018).

The majority of patients (n = 37) received Sofosbuvir as part of their combination therapy. 19
patients were treated with Daclatasvir, 11 Simeprevir, 7 Ledipasvir, 5 Viekirax, and 4 Exviera (ta-
ble 4.1).

There were 11 patients who received Ribavirin in addition to DAA treatment, whereas 31 pa-
tients completed a Ribavirin-free treatment scheme.

4.4 An overview of monitored clinical and experimental
parameters

4.4.1 Clinical parameters

An overview of clinical parameters monitored in this study and their respective normal ranges
(table 4.2) is provided in this section.

Aspartate amino transferase (ASAT) and Alanin amino transferase (ALAT) are transaminases
used to quantify liver damage. While ASAT is a nearly ubiquitous enzyme which can be found in
the liver, but also e.g. in erythrocytes as well as myocardial and skeletal muscle tissue (Gressner
& Gressner, 2019c), ALAT is more liver specific (Gressner & Gressner, 2019a). A quotient of
ASAT divided by ALAT can be calculated to estimate the type of the liver damage. This quotient
is called De-Ritis quotient. A De-Ritis quotient below 1 is indicative of an inflammatation as found
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in acute viral hepatitis, while values above 1 signal necrotic liver damage as seen in liver cirrhosis
or chronically active as well as alcohol-toxic hepatitis (Gressner & Gressner, 2019f).
Gamma-Glutamyl-Transferase (GGT) and bilirubin are cholestasis markers. GGT is sensitive to
alcohol abuse as well (Gressner & Arndt, 2019). Bilirubin is not only a marker for posthepatic
icterus as in cholestasis, but can also be elevated due to pre- or intrahepatic icterus. Prehepatic
icterus can be caused by hemolysis and intrahepatic icterus by disruption of absorption, conju-
gation or excretion of bilirubin in the liver (Gressner & Gressner, 2019d).

Albumin is synthesized in the liver and makes up around 60 % of plasma protein. Low albumin
levels can occur due to - among others - impaired liver synthesis function, malnutrition or inflam-
mation. Clinically, hypoalbuminemia may lead to a decline of oncotic pressure and consequently
edema and ascites (Gressner & Gressner, 2019b).

Creatinine is an indirect, but widely used, indicator of kidney function. However, it is linearly de-
pendent on the mass of muscle tissue. In patients with low muscle mass, creatinine levels only
start to rise once glomerular filtration is highly reduced (Guder, 2019). So this parameter needs
to be interpreted with caution.

Coagulation was monitored by Quick (Lichtman et al., 2000) and the international normalized
ratio (INR) in this study. The INR is standardized and can therefore its results can be compared
between different laboratories (Kirkwood, 1983).

Thrombocytes are blood platelets that are responsible for primary hemostasis by building aggre-
gates and activating plasmatic coagulation (Baum, 2019). When thrombocyte levels drop below
50 - 80 /nl there is an increased likelihood of thrombopenic bleeding (Kreuzer et al., 2019).
Leukocytes are white blood cells whose count rises fast when inflammatory processes unfold.
C-reactive protein (CRP) is an inflammation marker synthesized in hepatocytes that starts to rise
four to six hours after onset of the inflammatory event (Gressner & Gressner, 2019e).

Viremia of HCV infection and therefore response to antiviral therapy can be monitored by quan-
titative HCV-RNA (Ehling et al., 2019). If HCV-RNA is undetectable at SVR 12, patients are
considered healed.
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Clinical parameter Normal range

ASAT male: < 50 U/
female: < 35 U/

ALAT male: 5- 35 U/l
female: 5 - 31 U/l

GGT male: 12 - 64 U/
female: 9 - 36 U/l

Bilirubin 0.2 - 1.2 mg/dl
Albumin 34 - 48 g/l
Creatinine male: 0.7 - 1.3 mg/dl

female: 0.6 - 1.1 mg/dl

C-reactive protein <5 mg/l
Quick 70-120 %
International normalized ratio (INR) <1.1
Hemoglobin male: 14 - 18 g/dl

female: 12 - 16 g/dI

Leukocytes 3.5-10/nl
Thrombocytes 150 - 360 /nl
quantitative HCV-RNA non-detectable

Table 4.2 Normal ranges for clinical parameters as provided by the University of Mainz (Institut fir klinische
Chemie und Laboratoriumsmedizin, 2020)

4.4.2 Experimental parameters

HERV-K HML2 as well as inflammation markers A20, IP-10, IL-6 and IL-10 were monitored ex-
perimentally. A detailed description of HERV-K HML2, a human endogenous retrovirus involved
associated with numerous diseases e.g. liver cirrhosis (Ma et al., 2016), can be found in the
introduction of this thesis.

The remaining experimental parameters are involved in inflammation by either being part of
or being regulated by NF-kB signalling. As HERV-K HML2 is associated with inflammatory pro-
cesses, these parameters were taken a closer look at.

Interferon-gamma inducible protein (IP-10) or CXCL10 is secreted in response to interferon
gamma (Luster & Ravetch, 1987) and acts as a chemokine. NF-kB can induce IP-10 expression
(Nakamichi et al., 2005). Increased IP-10 expression compared to healthy controls has been
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shown in chronic hepatitis C (Mihm et al., 2003) and IP-10 promotes HCC progression by attrac-
tion of protumorogenic macrophages (Liu et al., 2015).

IL-6 is an acute phase protein secreted by monocytes and macrophages (Bazin & Lemieux,
1987). It supports the growth of B cells (Tosato et al., 1988). As proinflammatory cytokine its
expression is induced by NF-kB (Matsusaka et al., 1993; Ndlovu et al., 2009) and it leads to hy-
pothalamic upregulation of body temperature resulting in fever (Evans et al., 2015). IL-6 serves
as an essential part of the immune response to infection or trauma (Kopf et al., 1994). However, it
can also contribute to diseases, e.g. to fatty liver disease (Miller et al., 2011) (Gavito et al., 2016)
and HCC (Wan et al., 2015; Kong et al., 2016).

Both of these proteins contribute to systemic inflammation and have the ability to enhance dis-
ease progression or development.

In contrast, A20 as well as IL-10 serve as anti-inflammatory proteins. A20, also known as

tumor necrosis factor alpha induced protein 3, inhibits NF-kB and TNF-induced apoptosis (Lee
et al., 2000; He & Ting, 2002; Shembade et al., 2010; K. Z. Li et al., 2019), e.g. in acute liver
failure (K. Z. Li et al., 2019). It helps prevent autoimmune conditions (Sokhi et al., 2018) like
allergies (Schuijs et al., 2015), atopy (Devos et al., 2019) or inflammatory bowel disease (Zaidi et
al., 2018). Loss of A20 expression is associated with the development B cell lymphomas (Kato
et al., 2009; Novak et al., 2009).
IL-10 is an anti-inflammatory cytokine which blocks NF-kB activitation (Lentsch et al., 1997) and
thus the production of pro-inflammatory agents (Fiorentino et al., 1989). Yet, the fact that high
doses of IL-10 can also show pro-inflammatory effects (Lauw et al., 2000) needs to be taken into
consideration when IL-10 is studied. In the liver, IL-10 shows hepatoprotective effects (Louis et
al., 1997; Di Marco et al., 1999) and IL-10 therapy in hepatitis C patients has been shown to
reduce hepatic inflammation and fibrosis (Nelson et al., 2000).

All of these proteins interact with NF-kB signaling and are capable of modulating immune re-
sponse to viral infections.

4.5 Development of clinical parameters over time and
treatment outcome

To evaluate the success of DAA treatment in this cohort, the development of clinical parameters
throughout drug administration as well as at SVR 12 was observed. Ideally, clinical parameters
normalized until the end of treatment and stayed within normal range at follow-up twelve weeks
later as well. The absence of quantitative HCV RNA at SVR 12 was defined as treatment success.
One way ANOVA was performed to determine significant differences of clinical parameters over
time. For P39 no clinical data were available. Analysis of the whole cohort showed no significant
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differences for albumin, creatinine, Quick, INR, leukocytes, thrombocytes and c-reactive protein.
ASAT (p < 0.001, figure 4.3), ALAT (p < 0.001, figure 4.4) and GGT (p = 0.001, figure 4.5)
decreased significantly over time suggesting a recovery of liver function. Quantitative HCV RNA
showed a drastic decrease from baseline to week 2. At EOT, no HCV RNA was detectable in any
patient and at SVR 12 in two patients only.

Level of ASAT over time
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_T/
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baseline week 2 week 4 end of SVR 12
treatment

Time Point

Figure 4.3 A drop in mean ASAT levels after the start of treatment could be observed (p < 0.001). Mean
levels of ASAT in U/l over the course of time are shown. Error bars depict the 95% confidence intervals of

the mean at each time point, n = 32.
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Figure 4.4 A decline of ALAT levels after the start of DAA treatment was observed (p < 0.001). The y-
axis shows mean ALAT levels in U/l and the x-axis five distinct time points. Error bars depict the 95%
confidence intervals of the mean at each time point, n = 32.
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Figure 4.5 From baseline to EOT mean GGT levels declined (p = 0.001). Mean levels of GGT in U/l are
shown on the y-axis and five time points on the x-axis. Error bars depict the 95% confidence intervals of
the mean at each time point, n = 32.
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Level of HCV RNA over time
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Figure 4.6 There was a decline of quantitative HCV RNA after the start of treatment. At EOT, HCV RNA
was not detectable for any of the patients. At SVR 12, quantitative HCV RNA was detectable in two
patients. Mean levels of quantitative HCV RNA over the course of time are depicted. Error bars depict the
95% confidence intervals of the mean at each time point, n = 34.

A pairwise comparison between baseline and SVR 12 confirmed the decrease of liver parame-
ters ALAT, ASAT and GGT as seen over time (table 4.3). Additionally, a highly significant decrease
in HCV-RNA (p < 0.001) could be detected meaning HCV-RNA stayed successfully suppressed
12 weeks after the end of treatment. Compared to baseline, mean hemoglobin was by 0.74 g/dl
lower at EOT and by 0.51 g/dl at SVR 12. These differences were significant. The decrease of
mean hemoglobin by almost one point from baseline to EOT and its recovery up to a mean of
14.27 g/dl after the end of treatment could infer that hemoglobin levels might have decreased due
to DAA treatment.

To determine whether changes of experimental parameters at baseline compared with SVR 12
differed significantly, the sign test comparing the median of differences was applied.

IP-10 showed negative differences compared to baseline for patients who were not treated with
Ledipasvir (p = 0.017) or took no Ribavirin (p = 0.027). This trend was also notable for the whole
cohort, but it was not significant (p = 0.054). Patients treated with Simeprevir showed increased
IL-10 levels at SVR 12 compared to baseline (p = 0.031).

33



Clinical Baseline vs. SVR12

clinical parameter p-value n
ALAT p < 0.001 n=237
ASAT p < 0.001 n=237
GGT p<0.001 | n=37
Bilirubin p =0.036 n=237
Albumin p = 0.067 n=237
Creatinine p=0418 n=237
Quick p = 0.664 n=237
INR p =0.078 n=237
Hemoglobin p = 0.003 n=238
Leukocytes p = 0.690 n=238
Thrombocytes p = 0.882 n =238
HCV-RNA p < 0.001 n=39
C-reactive protein p=0.108 n =236

Table 4.3 ALAT, ASAT, GGT, bilirubin, and HCV RNA were significantly lower at SVR 12 than at baseline,
while hemoglobin was significantly higher. Paired samples t-tests of clinical parameters at baseline and
SVR 12 were conducted.

4.6 Influence of medication on clinical and experimental
parameters

As patients were treated with different DAAs and some patients were administered Ribavirin in
addition to DAA treatment, the influence of these differences on clinical as well as experimental
parameters was investigated. Ledipasvir as well as Daclatasvir inhibit NS5A and therefore they
were not only analyzed separately, but also as group of NS5A inhibitors due to their common
target.

For time points baseline, week 2, week 4, EOT and SVR 12 differences between patients receiv-
ing one specific drug and the rest of the cohort were analyzed. To avoid alpha error accumu-
lation, p-values below 0.01 were considered significant to maintain a significance level of 0.05
(Bonferroni-correction).

Patients treated with Ribavirin showed differences in blood count. Their hemoglobin was about
two points lower at week 4 (p = 0.008) and EOT (p = 0.002), thrombocyte count was significantly
lower at all time points (see table 4.4) and leukocyte count was lower as well (baseline p = 0.015,
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week 2 p < 0.001, week 4 p = 0.002, EOT p = 0.001, SVR 12 p = 0.007). Mean leukocyte count
was within normal range for both groups, though, and CRP did not differ significantly.

Time point | mean thrombocyte count without Ribavirin mean thrombocyte count with Ribavirin p-value
baseline 214.5/nl 105.0 /nl p < 0.001
week 2 225.3 /nl 113.1/nl p =0.001
week 4 228.0 /nl 114.6 /nl p =0.001

EOT 211.0/nl 117.0 /nl p = 0.001
SVR 12 213.9/nl 115.6 /nl p = 0.001

Table 4.4 Patients treated with Ribavirin showed significantly lower thrombocyte counts at all time points.
P-values were calculated by independent samples t-tests.

Of the five patients who did not receive Sofosbuvir, four received Viekirax plus Exviera and
one Viekirax only. Patients who did not take Sofosbuvir showed significantly lower mean ASAT
(24.80 IU/I' vs. 33.57 IU/l, p = 0.001) and ALAT (19.40 U/l vs. 29.26 U/, p = 0.009) levels at end
of treatment, even though there was no significant difference at baseline. No other significant
differences could be detected for the rest of the clinical or experimental parameters.

Neither Sofosbuvir nor Ribavirin showed a significant influence on the expression level of

HERV-K HML2, A20, IP-10, IL-6 or IL-10. Patients treated with Exviera and/or Viekirax did not
show significant differences of these parameters, either.
Simeprevir is a NS3-4 inhibitor. Ledipasvir and Daclatasvir target NS5A. Baseline levels of HERV-
K HML2 were significantly different between Ledipasvir and Daclatasvir as well as each of these
drugs or both combined compared with Simeprevir (figure 4.7). However, the difference in HERV-
K HML2 expression when comparing the two NS5A inhibitors was only significant at baseline,
whereas it remained highly significant at EOT and SVR 12 for any of the aforementioned drug
combinations in comparison with Simeprevir (Table 4.5). Simeprevir had a significant influence
on the development of HERV-K HML2 levels over time when looking at patients treated with ei-
ther Simeprevir or another NS5A inhibitor (mixed model analysis, Type Ill Test of fixed effects: F
= 50.703, p < 0.001).
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HERV-K HML2 expression levels over time by DAA group
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Figure 4.7 Patients treated with NS5A inhibitors show significantly lower HERV-K HML2 expression levels
at baseline, EOT and SVR 12. The development of median HERV-K HML2 expression levels over time for
patients treated with Simeprevir and patients treated with a NS5A inhibitor is outlined. Error bars show the
95 % confidence intervals and the y-axis is scaled logarithmically.

Median of HERV-K HML2 levels compared to Simeprevir

Time point | Simeprevir Ledipasvir (p-value) Daclatasvir (p-value) NS5A inhibitors (p-value)
baseline 1.945 0.007 (p = 0.001) 0.077 (p = 0.001) 0.041 (p < 0.001)
EOT 2.010 0.002 (p = 0.008) 0.102 (p = 0.001) 0.100 (p < 0.001)
SVR 12 7.835 0.004 (p = 0.008) 0.100 (p = 0.001) 0.072 (p < 0.001)

Table 4.5 Patients treated with Simeprevir showed significantly higher HERV-K HML2 expression levels
at baseline, EOT and SVR 12 compared to any of the NS5A inhibitors used in this study. P-values were
calculated by Mann-Whitney-U tests.

There was a significant difference in IL-6 expression levels between the group of NS5A in-
hibitors and Simeprevir at week 4 (p = 0.004) as well as Daclatasvir and Simeprevir (p = 0.008)
at that time point. Comparing only Daclatasvir and Simeprevir patients, IL-6 levels were lower in
Simeprevir patients at SVR 12 as well (median 0.254 vs. 0.049, p = 0.007). Patients receiving
Simeprevir also showed significantly higher IP-10 levels at week 2 (median 3.25) compared with
Daclatasvir or both NS5A inhibitors (both: median 0.032, p = 0.006). Ledipasvir patients neither
showed differences in IL-6 nor in IP-10 expression levels compared with any of the other drugs
used. However, patients receiving this DAA exhibited lower IL-10 levels at SVR 12 when com-
pared with Daclatasvir (median Ledipasvir 0.076 vs. Daclatasvir 0.275,p = 0.015), even though
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there was no significant difference between the groups at baseline or EOT.

Clinically, patients treated with NS5A inhibitors showed significantly lower levels of bilirubin
than those treated with Simeprevir. When comparing Ledipasvir with Daclatasvir, no statisti-
cally significant difference in bilirubin levels was detectable, but if either drug was compared with
Simeprevir, there was a clinically relevant difference. Yet, at SVR 12 the levels of bilirubin did not
differ significantly between these groups anymore (table 4.6).

Mean bilirubin levels compared to Simeprevir
Time point Simeprevir Ledipasvir (p-value) Daclatasvir (p-value) NS5A inhibitors (p-value)
baseline 1.44 mg/dl 0.64 mg/dl (p = 0.009) 0.95 mg/dI (p = 0.066) 0.86 mg/dl (p = 0.014)
week 2 1.82mg/dl | 0.61 mg/dl (p=0.003) | 0.91 mg/dl (p = 0.009) 0.81 mg/dl (p = 0.010)
week 4 1.86 mg/dl 0.60 mg/dl (p = 0.001) 0.72 mg/dI (p = 0.002) 0.68 mg/dl (p = 0.002)
EOT 2.08 mg/d| 0.55 mg/dl (p = 0.005) 0.72 mg/dl (p = 0.010) 0.67 mg/dl (p = 0.008)
SVR 12 1.36 mg/dl | 0.60 mg/dl (p =0.023) | 0.72 mg/dl (p = 0.048) 0.69 mg/dl (p = 0.039)

Table 4.6 Simprevir patients showed higher bilirubin levels at all time points compared to patients treated
with any of the NS5A inhibitors used in this study. P-values were calculated by independent samples t-
tests.

There were differences in albumin levels between Simeprevir and any NS5A inhibitor (see table
4.7), but none of them were statistically significant at SVR 12. While mean albumin levels were
above 35 g/l and thus within normal range for serum albumin in all groups except for patients who
were treated with Simeprevir at all time points, mean albumin of Simeprevir patients recovered to
35.60 g/l at SVR 12. So it showed a tendency towards normalization of serum albumin.

Mean albumin levels compared to Simeprevir
Time point | Simeprevir Ledipasvir (p-value) Daclatasvir (p-value) NS5A inhibitors (p-value)
baseline 32.50 g/l 39.57 g/l (p = 0.004) 37.44 g/l (p = 0.031) 38.04 g/l (p =0.017)
week 2 32.82¢g/l | 39.43 g/l (p=0.003) | 36.08g/ (p=0.115) 37.25 g/l (p = 0.031)
week 4 33.36 g/l 39.86 g/l (p = 0.003) 37.33 g/l (p = 0.055) 38.26 g/l (p =0.017)
EOT 33609/l | 39.57g/(p=0.010) | 37.61g/ (p=0.011) 38.16 g/l (p = 0.017)
SVR 12 35.60 g/l | 39.33¢g/l (p=0.052) | 38.33g/ (p=0.135) 38.58 g/l (p = 0.098)

Table 4.7 Patients treated with Simeprevir showed lower albumin levels than Ledipasvir patients. However,
the observed difference was not significant anymore at SVR 12. P-values were calculated by independent
samples t-tests.

Furthermore, Ledipasvir patients showed a lower De-Ritis quotient at baseline (p = 0.003) and
EOT (p = 0.013) compared to patients receiving Daclatasvir. At SVR 12, however, the mean
De-Ritis quotient was not significantly different. At baseline Simeprevir patients had a mean De-
Ritis quotient of 1.19, which was significantly higher than in patients who received Ledipasvir (p =
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0.008) or NS5A inhibitors (p = 0.015). Between Ledipasvir and Daclatasvir only the mean throm-
bocyte count at SVR 12 (Ledipasvir: 243.17 /nl, Daclatasvir: 184.50 /nl, p = 0.007) differed apart
from that. For both groups, however, the mean was within normal range. Patients who received
Simeprevir started out with a significantly lower mean Quick (78.40 %) than patients treated with
Ledipasvir (p = 0.003, respective INR: p = 0.016). At SVR 12 this difference was still observable
as the mean Quick of Simeprevir patients was 84.00 %, whereas it was 107.67 % for Ledipasvir
patients (p = 0.010).

No influence by medication could be observed at baseline, which was as expected since base-
line marked the start of drug administration.

4.7 Genotype specific differences

HCV genotype 3 is known to be associated with a higher score of steatosis (Rubbia-Brandt et
al., 2000). Therefore, a comparison between patients infected with different HCV genotypes was
conducted.

As there were only two patients, P28 and P30, with genotype 4, no statistical analysis between
these two patients and the other genotypes could be conducted. For P28 no experimental data
were available. Strikingly, quantitative HCV RNA was still detectable for both of these patients at
week 4. Apart from this, none of the clinical values deviated markedly from the respective normal
range for P28 or P30.

To evaluate if the genotype influences treatment outcome, SVR 12 was compared between pa-
tients infected with HCV genotypes 1 and 3.

Genotype 1 and 3 did not show significant differences in HERV-K HML2 expression levels. So
HERV-K HML2 expression seemed to be independent of the HCV genotype in this cohort. There
was, however, a significant difference in expression levels of IL-6 at SVR 12 (p = 0.037, figure
4.8). P30 who was infected with HCV genotype 4 had an IL-6 expression level of 0.1467 at SVR
12.
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Figure 4.8 Patients with HCV genotype 3 (n = 7) showed higher median levels of IL-6 at SVR 12 than pa-
tients with HCV genotype 1 (n = 22) (p = 0.027, Mann-Whitney-U test). Boxplots comparing the expression
levels of IL-6 at SVR 12 for genotypes 1 and 3 are depicted on a logarithmic scale.

As IL-6 is a pro-inflammatory marker, CRP and leukocytes at SVR 12 were compared between
these groups. CRP and leukocyte count in patients infected with genotype 3 were higher at SVR
12, but the differences were not statistically significant. Inflammation could be involved in the
development of liver steatosis and elevated IL-6 expression levels in HCV genotype 3 patients
corresponded to that. Patients infected with genotype 3 had lower bilirubin levels at EOT (p =
0.001). All patients with liver cirrhosis were infected with HCV genotype 1, which might explain
this difference since liver cirrhosis leads to elevated bilirubin levels and is thus included in clinical
scores like the Child Pugh score (Child & Turcotte, 1964) (Pugh et al., 1973). As for the patients
infected with genotype 4, P28 had a bilirubin level of 0.53 mg/dl and P30 of 1.04 mg/dl at EOT.

There were neither genotype-specific differences in clinical outcome nor in the development of
clinical parameters except for bilirubin levels at EOT. The significantly higher expression levels
of IL-6 in genotype 3 patients at SVR 12 may hint at liver inflammation which could be part of a
steatotic transformation of liver tissue.

4.8 Analysis of patients without treatment success

To assess what might set patients with unsuccessful treatment apart from the rest of the cohort,
they were analyzed in comparison with the rest of the cohort. In order to identify factors that may
contribute to failure of viral clearance, baseline values of patients with and without successful
treatment as well as the development of parameters over the course of time were compared.

In total, there were three patients without treatment success. P08 died after week 8. Two patients
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did not reach a sustained viral response at time point SVR 12. This means that 39 out of 42
patients (92.86 %) achieved sustained viral response. A recent meta analysis shows that pooled
sustained viral response in HCV patients treated with various DAAs was above 90 % (Zoratti et
al., 2020), which was consistent with our cohort. All three of the patients whose treatment was
unsuccessful were infected with HCV genotype 1.

Quantitative HCV RNA values at baseline were 320,000 IU/ml for P02, 500,000 IU/ml for PO8 and
3,800,000 IU/ml for P10. At week 4 all three patients had a non-detectable level of HCV RNA
which continued to be non-detectable at EOT for P02 and P10. At SVR 12 however, P02 had a
rebound of HCV RNA to 660,000 IU/ml and P10 to 2,800,000 IU/ml, meaning they did not achieve
sustained viral response (figure 4.9). P02 even exceeded its baseline value of quantitative HCV
RNA. The mean levels of HCV RNA at SVR 12 were significantly higher than in the rest of the
cohort (p < 0.001).
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Figure 4.9 P02, P08 and P10 did not achieve sustained viral response. Level of quantitative HCV RNA
over the course of time of each patient without treatment success is depicted on a logarithmic scale.

ASAT levels were much higher in the three patients with treatment failure than in the rest of the
cohort at all time points. These three patients started out with a mean value of ASAT of 168.67
U/l (rest of the cohort: 72.41 U/l) decreasing to a mean value of 68.33 U/l at week 2 (rest of the
cohort: 31.00 U/l). All three patients experienced a decrease of ASAT from baseline to week 2.
There was an increase of ASAT between the respective last time points. For P08 this was from
week 2 (62 U/l) to week 4 (65 U/l). For the remaining two patients there was an increase from
EOT to SVR 12. P02’s ASAT increased from 45 U/l to 153 U/l and P10 from 71 U/l to 123 U/I
(figure 4.10).
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Figure 4.10 ASAT levels increased from EOT to SVR 12 for P02 and P10 and from week 2 to week 4 for
P08. Levels of aspartate amino transaminase (ASAT) over the course of time of patients without treatment
success are shown on a linear scale.

There was an increase of ALAT between the last two time point in all three patients (figure
4.11). P10 had a very high starting value of 273 U/l. From baseline to week 2 there was a
decrease of ALAT levels in P02 and P10. ALAT levels significantly differed from the rest of the
cohort at SVR 12 (p < 0.001) with a mean of 99.00 U/l for P02 and P10 and 26.41 U/l for the rest
of the cohort.

ALAT and ASAT matched the development of HCV RNA levels of all three patients over time
by decreasing after the start of treatment and increasing after EOT.
P10’s baseline value of GGT at 431 U/l was distinctively high compared to the rest of the cohort.
P08’s GGT was at a steady level of right above 100 U/I, while P02's GGT levels were within nor-
mal range at all time points. There was an increase of GGT in P02 and P10 from EOT to SVR
12 (P02: 23 U/l to 41 U/l, P10: 77 U/l to 167 U/l). The mean of GGT of the patients without
successful treatment was significantly higher than for the rest of the cohort at all time points.
Bilirubin values were within normal range for P08. P02 had an elevated starting value of 3.14
mg/dl. P02 and P10 showed a decrease of bilirubin from EOT to SVR 12. The mean of bilirubin
was significantly higher than for the rest of the cohort at EOT (p < 0.001).
Albumin levels were significantly lower at baseline (p = 0.001), week 2 (p = 0.004) and week 4 (p
= 0.003) compared to the rest of the cohort as P02 and P08 showed albumin levels below 30 g/l
at all time points.
Creatinine levels of P02 and P10 were below 1. At baseline P08 had a creatinine of 1.74 mg/dl
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Figure 4.11 ALAT levels increased from EOT to SVR 12 for P02 and P10 and from week 2 to week 4 for
P08. Levels of alanine amino transaminase (ALAT) over the course of time of patients without treatment
success are shown on a linear scale.

which decreased slightly to 1.64 mg/dl at week 4. Both values were elevated indicating kidney
damage.

Quick and INR were within normal range for P10 at all time points. P08 experienced a decrease
of INR from 1.7 to 1.5 (Quick from 49 % to 59 %), while P02 experienced a continuous increase
of INR from week 2 (INR 1.5, Quick 46 %) to SVR 12 (INR 1.9, Quick 42 %). The mean INR was
not significantly different from the rest of the cohort.

P08 started out with a low hemoglobin level of 8.5 mg/dl at baseline increasing up to 9.8 mg/dl
at week 4. For week 8 no hemoglobin value could be collected. P02 and P10 had hemoglobin
levels within normal range at all time points.

Notably, all three patients had thrombocyte levels below the normal range of 150 - 360 /nl. P02’s
thrombocyte levels were below 50 /nl throughout the whole monitored time period. At SVR 12
thrombocyte count was even lower (39 /nl) than at baseline (46 /nl). Mean thrombocytes were
lower than in the rest of the cohort at all time points. Even though this difference was not signif-
icant, it could be clinically relevant as thrombocyte levels below 50 - 80 /nl are clinically critical
because of an increased likelihood of thrombopenic bleeding (Kreuzer et al., 2019).

Leukocytes and CRP did not show a clear tendency for the three patients without treatment suc-
cess. CRP and lekocytes did not significantly differ from values of the rest of the cohort. This
made inflammation unlikely to play an important role in treatment failure of these patients. How-
ever, due to the low number of patients without treatment success, no clear statement about this
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could be made. Experimentally, IL-6 did not show a clear increase or decrease, either. The anti-
inflammatory marker IL-10 increased over time in all three patients, however (figure 4.12).
Median relative IL-10 transcript levels at baseline were higher than in patients whose treatment
turned out to be successful. There was an increase of IL-10 in all three patients for the last two
measured time points. P02 showed an increase from 0.21 at EOT to 0.38 at SVR 12, P08 had
a baseline expression level of 0.00 which increased to 0.30 at week 2 and P10’s IL-10 levels
increased from 0.63 at EOT to 1.04 at SVR 12.
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Figure 4.12 IL-10 expression increased for all three patients without successful treatment over time. Rel-
ative transcript levels of interleukin-10 (IL-10) relative to the house keeping gene RPIl over the course of
time of patients without treatment success are depicted on a linear scale.

The median baseline value of HERV-K HML2 (P02: 3.63, P08: 1.71, P10: 3.92) was signif-
icantly higher in patients without treatment success (U = 92, p = .029, n = 38). Only baseline
values were compared as for P08 values for EOT and SVR 12 were not obtainable. There was
an increase in relative transcript levels of HERV-K HML2 from week 2 to the last time point for
each of the three patients (figure 4.13). P08 showed a drastic increase of HERV-K HML2 before
death (week 2 2.17, week 8 16.91). The remaining patients P02 and P10 showed an increase
in HERV-K HML2 expression after EOT (P02: EOT 1.34, SVR 12 7.26, P10 EOT 2.11, SVR 12
2.69). So, similar to IL-10 expression, there was an increase from the second-to-last to the very
last time point in each patient.
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Expression of HERV-K HML2 over time
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Figure 4.13 HERV-K HML2 expression levels increased from week 2 to week 8 for P08 and from EOT to
SVR 12 for P02 and P10.Transcript levels of human endogenous retrovirus type k (HERV-K) HML2 relative
to the house keeping gene RPII over the course of time of patients without treatment success are shown
on a logarithmic scale.

For A20 there was no clear direction of development like in the rest of the cohort. The median

of A20 did not differ significantly between these groups. P02 had a peak of 2.69 at week 8. How-
ever, there was no striking peak of any other experimental value at week 8 and clinical data were
not available for P02 at this time point.
IP-10 levels did not show a homogeneous tendency in the patients who failed to achieve sus-
tained viral response, either. P02 had a relatively high IP-10 starting value of 2.20 and showed
an increase in IL-10 levels at week 2 (5.28), then IP-10 fell drastically to a level of 0.07 at week
4 and stayed at a low level at week 8 with a relative transcript level of 0.06. P08 showed an
increase in IP-10 from week 2 (0.02) to the last time point measured at week 8 (0.63).

While all three patients showed relative HERV-K HML2 expression levels of more than 1 at base-
line, they started out with low IL-10 levels which increased over time in all patients. An increase
in HERV-K HML2 levels could be observed between the last two time points in each of these
patients respectively. Thus, high expression levels at baseline and/or rising HERV-K HML2 levels
may be predictive of the outcome of DAA treatment.
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4.9 Analysis of the influence of liver cirrhosis

HCV infection can lead to liver cirrhosis (World Health Organization, 2020). Liver cirrhosis sig-
nals preexisting damage to liver tissue prior to start of treatment. In total there were 10 patients
with liver cirrhosis in this cohort, including the three patients who failed to clear the virus (P02,
P08 and P10). The administration of Ribavirin was significantly associated with pre-existing liver
cirrhosis (Chi-square p < 0.001, Cramer’s V 0.553, Fisher’'s Exact Test p = 0.001). The odds ratio
for liver cirrhosis patients to be administered Ribavirin was 15.750 (95 % Cl 2.842 - 87.280). The
addition of Ribavirin to the respective treatment regimen is common in patients with advanced
liver disease or patients who have failed to achieve sustained viral response in previous treatment
attempts (Mathur et al., 2018).

Patients with liver cirrhosis were 1.131 as likely to have an ASAT baseline value of one unit
higher (binary logistic regression: p = 0.022). They were, however, less likely to have a by one
unit higher ALAT baseline level (p = 0.029 , odds ratio 0.882). This corresponded well with the
higher De-Ritis quotient observed in these patients.

A comparison of clinical parameters at baseline, EOT and SVR 12 can be found in table 4.8.
ASAT levels were significantly higher in liver cirrhosis patients at EOT. De-Ritis quotient used to
classify liver damage was significantly higher at baseline (p < 0.001) and SVR 12 (p = 0.006)
in these patients. DAA treatment might be the cause for the lack of a significant difference at
EOT and the following relapse in liver cirrhosis patients twelve weeks later. Bilirubin levels were,
as expected, higher in liver cirrhosis patients, but the difference was only statistically significant
at baseline (p = 0.008). Aloumin, hemoglobin and thrombocyte levels were significantly different
at all of the aforementioned time points. Quick levels showed a significant difference, while INR
levels did not.

HCV RNA baseline levels were not significantly different between the two groups. However, both
patients who showed a rebound of quantitative HCV RNA at SVR 12 had liver cirrhosis.

Clinical parameter no liver cir- liver cirrhosis p-value
rhosis

ASAT baseline 69.60 1U/I 109.70 1U/I n.s.

ASAT EOT 28.90 1U/I 45.44 1U/| p=0.013

ASAT SVR 12 28.21 1U/I 62.00 1U/I n.s.

De-Ritis quotient baseline 0.787 1.348 p < 0.001

De-Ritis quotient EOT 1.155 1.870 n.s.
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De-Ritis quotient SVR 12 1.181 1.565 p = 0.006
Bilirubin baseline 0.78 mg/dl 1.61 mg/dl p = 0.008
Bilirubin EOT 0.77 mg/dl 2.02 mg/dl n.s.

Bilirubin SVR 12 0.73 mg/dl 1.36 mg/dl n.s.

Albumin baseline 38.53 g/l 31.30 g/l p = 0.001
Albumin EOT 38.63 g/l 32.00 g/l p < 0.001
Albumin SVR 12 38.86 ¢/l 34.33 ¢/l p=0.015
Quick baseline 100.87 % 73.10 % p = 0.001
Quick EOT 100.30 % 75.67 % p = 0.004
Quick SVR 12 100.31 % 74.22 % p = 0.002
Hemoglobin baseline 14.95 g/dl 12.81 g/dl p = 0.001
Hemoglobin EOT 14.50 g/dl 11.60 g/dl p < 0.001
Hemoglobin SVR 12 14.63 g/dl 12.90 g/dl p = 0.001
Thrombocytes baseline 212.20 /nl 104.40 /nl p = 0.001
Thrombocytes EOT 213.17 /nl 97.67 /nl p < 0.001
Thrombocytes SVR 12 213.59 /nl 105.33 /nl p < 0.001

Table 4.8 Patients with liver cirrhosis were characterized by a higher baseline De-Ritis quotient, higher
baseline bilirubin levels as well as lower serum albumin, lower Quick, lower hemoglobin and thrombocyte
counts at baseline, EOT and SVR12. Overview of the means of clinical parameters of patients with and
without liver cirrhosis. At baseline there were 30 patients without and 10 patients with liver cirrhosis. At
EQT only 9 patients without liver cirrhosis were left. SVR 12 values were available for 29 patients without
liver cirrhosis, except for HCV RNA (n = 30). Test used: t-test, Bonferroni-correction was applied, p <
0.0167 can be considered statistically significant to maintain the level of significance at 5 %. LC = liver
cirrhosis, n.s. = not significant.

Liver cirrhosis has been shown to be associated with higher levels of HERV-K (Ma et al., 2016).
Comparing the median values of HERV-K HML2 of the patients with and without liver cirrhosis,
the HERV-K HML2 levels at baseline (U = 207.00, p = 0.003, n = 37), EOT (U = 142.00, p =
0.010, n = 30) and SVR 12 (U = 138.00, p = 0.009, n = 31) were significantly higher in patients
suffering from liver cirrhosis. Patients with liver cirrhosis were also more likely to have relative
HERV-K HML2 transcript levels of above 1 at baseline (chi-square 9.475, p = 0.002, Cramer’s
V 0.506, odds ratio 12.000, 95 % CIl 2.098 - 68.635) as well as SVR 12 (chi-square 8.272, p =
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0.004, Cramer’s V 0.517, odds ratio 14.667, 95 % CI| 1.828 - 117.675).

Presence of liver cirrhosis was positively correlated with HERV-K HML2 levels at SVR 12 (0.410,
p = 0.022, n = 31, figure 4.14). It was also positively correlated with the HCV RNA levels at SVR
12 (correlation coefficient 0.358, p = 0.025 , n = 39) as well as clinical parameters for liver function
at SVR 12 (ASAT: 0.554, p < 0.001, n = 38; GGT 0.498, p = 0.001, n = 38, bilirubin 0.456, p =
0.004, n = 38). Strikingly, these correlations were either stronger at SVR 12 than at baseline or
EOT or significant for SVR 12 only.

HERV-K HML2 expression in patients with and without liver cirrhosis
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Figure 4.14 Patients with liver cirrhosis showed significantly higher expression levels of HERV-K HML2 at
SVR 12 (p = 0.009, n = 27). Boxplots of HERV-K HML2 transcript levels at SVR 12 relative to the house
keeping gene RPIl in patients with and without liver cirrhosis are shown on a logarithmic scale.

At SVR 12, not only HERV-K HML2, but also IL-10 was higher (U = 116.00, p = 0.009, n = 27)
in liver cirrhosis patients. HERV-K HML2 induced IL-10 release had been described before (Mo-
rozov et al., 2013). Subsequently, IL-10 expression may have been triggered by HERV-K HML2
in this subset of patients.

As expected, liver cirrhosis patients performed worse when it came to liver related clinical
parameters. The drop in mean hemoglobin by more than one point at EOT may have been due
to the higher percentage of Ribavirin administration as this drug is known to induce hemolysis
and a consequent drop in hemoglobin (Karasawa et al., 2013). All patients whose treatment
was unsuccessful had liver cirrhosis. Interestingly, liver cirrhosis patients showed higher levels of
HERV-K HML2 and were more likely to have HERV-K HML2 expression levels of above 1.
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4.10 Influence of baseline serum albumin levels

Albumin levels are one of the default parameters monitored in patients with liver disease. Many
clinical scores for liver cirrhosis include albumin levels. The Child Pugh Score is used widely for
an estimate of liver cirrhosis mortality (Child & Turcotte, 1964; Pugh et al., 1973). Albumin levels
below normal range (< 35 g/l) add points to the score. Accordingly, a cutoff at 35 g/l was chosen
to define high or low albumin levels at baseline.
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Figure 4.15 HERV-K HML2 expression at baseline (p = 0.004, n = 36) and SVR 12 (p = 0.006, n = 30)
was significantly higher in patients with baseline albumin levels of < 35 g/l. Relative expression levels of
HERV-K HML2 at baseline and SVR 12 relative to the housekeeping gene RPII between patients with high
(> 35 g/l) and low (< 35 g/l) albumin levels at baseline are depicted as boxplots on a logarithmic scale.

HERV-K HML2 levels at baseline were significantly higher in patients with low albumin starting
levels (p = 0.004, n = 36). Even though this difference was not significant at EOT (p = 0.104,
n = 30), a highly significant difference could be detected at SVR 12 (p = 0.006, n = 30) (see
figure 4.15). High HERV-K HML2 expression - defined by relative transcript levels of 1 or higher
- was strongly correlated with albumin levels below 35 g/l at baseline and vice versa (chi-square
10.153, p = 0.001, Cramer’s V 0.531). The odds of baseline HERV-K HML2 levels above 1 are
much lower for patients with albumin starting levels of > 35 g/l (odds ratio 0.078, 95 % C1 0.014 -
0.436).

Patients who showed lower albumin levels also had higher bilirubin levels (figure 4.16), both
indicating liver damage. At baseline, patients with low albumin started out with approximately
double the mean bilirubin compared to patients with baseline albumin levels within normal range,
however the difference was not significant at that time point (p = 0.016). During treatment bilirubin
levels differed significantly (week 2 p = 0.001, week 4 p = 0.004). After treatment respective mean
values converged as they declined in both groups (EOT p = 0.018, SVR 12 p = 0.062).

De-Ritis quotient was higher in patients with albumin starting levels of < 35 g/l (baseline p <
0.001, EOT p=0.017, SVR 12 p = 0.003).
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Figure 4.16 Patients with low albumin levels (< 35 g/l) tend to have higher bilirubin levels. The development
of mean bilirubin levels over time for patients with different albumin starting ranges is depicted. Error bars
show the 95 % confidence intervals.
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Figure 4.18 Patients with albumin baseline levels of > 35 g/l tended to have higher mean thrombocyte
counts. Error bars show the 95 % confidence intervals.
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Hemoglobin over time by baseline albumin levels
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Figure 4.17 Patients with albumin levels of above 35 g/l at baseline showed significantly a higher
hemoglobin count at all time points. Mean hemoglobin count for patient groups characterized by albumin
levels of below or above 35 g/l over time is depicted in the graph. Error bars show the 95 % confidence
intervals.

Hematology in patients with low (left) or high (right) serum albumin levels at baseline
Time point Mean hemoglobin Mean thrombocyte count
<359/ > 35 ¢/l p-value <359/ > 359/l p-value
baseline 12.73 g/dI 15.06 g/dl p = 0.003 117.73 /nl 210.86 /nl p = 0.004
week 2 12.20g/dl | 1491 g/dl | p<0.001 116.60/nl | 220.96 /nl | p=0.005
week 4 11.91 g/dI 14.87 g/dl p < 0.001 135.50 /nl 216.19 /nl p = 0.027
EOT 11.80g/dl | 1453 g/dl | p<0.001 108.00/nl | 213.59/nl | p < 0.001
SVR 12 12.91 g/dl 14.69 g/d| p < 0.001 119.50 /nl 212.39 /nl p = 0.002

Table 4.9 Patients with baseline serum albumin levels of < 35 g/l showed lower hemoglobin levels and a
lower thrombocyte count. P-values were calculated by independent samples t-tests.

Mean hemoglobin was about two to three points lower in patients with low albumin starting

levels (figure 4.17, table 4.9). A gender bias between the groups could be ruled out (chi-square
0.25, p = 0.873). The lower mean hemoglobin levels were not worryingly low as the mean was still
three points above the relative indication for transfusion of erythrocyte concentrates. Hemoglobin
of less than 6 g/dl is considered an absolute indication for transfusion according to German
guidelines (Vorstand der Bundesarztekammer auf Empfehlung des Wissenschaftlichen Beirats,
2014), which is much lower than the levels seen in these patients. P08 was the only patient with
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hemoglobin levels of under 10 g/dl.

Not only did thrombocyte count differ significantly between the two groups at all time points except
week 4 (table 4.9, figure 4.18), but for some patients the count was low enough that the risk for
thrombocytopenic bleeding was increased (Kreuzer et al., 2019). Four patients (P08, P13, P15,
P19) had thrombocyte counts of below 100 /nl and thrombocyte counts of P02, P07 and P17
were even below 50 /nl. Only three patients (P09, P14 and P40) with aloumin levels below 35 g/l
at baseline showed thrombocyte counts within normal range.
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Figure 4.19 Mean Quick differed between patients with high and low baseline albumin levels at all time
points. This difference was highly significant for any of the time points (p < 0.001). Error bars show the 95

% confidence intervals.

Hemostaseology in patients with low (left) or high (right) serum albumin levels at baseline

Time point Mean Quick Mean INR
<359/ > 35 ¢/l p-value <359/ > 35 ¢/l p-value

baseline 66.55% | 104.31 % | p<0.001 1.38 1.01 p = 0.007

week 2 66.40% | 105.50% | p < 0.001 1.46 1.02 p = 0.036

week 4 71.40 % 103.46% p < 0.001 1.37 1.03 p=0.014

EOT 66.30% | 104.38% | p<0.001 1.41 0.99 p = 0.008

SVR 12 65.90% | 104.21 % | p<0.001 1.44 1.01 p=0.010

Table 4.10 Patients with baseline serum albumin levels of < 35 g/l showed a lower Quick and higher INR.
P-values were calculated by independent samples t-tests.

Coagulation was impaired in patients with low albumin levels at baseline (figure 4.19, table
4.10). This may be due to defective liver function, but anticoagulatory drugs might have acted
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as confounding variable. No information about anticoagulation itself or secondary diseases was
obtained, thus an impact of these factors cannot be ruled out. However, albumin levels drop in
advanced liver disease as it is synthesized in this location (Carvalho & Machado, 2018) and there
was a clear correlation between albumin levels of < 35 g/l at baseline and liver cirrhosis in this
cohort (chi-square 18.433, p < 0.001, Cramer’'s V 0.679).

Even though leukocyte count did not show drastic differences between the groups (figure 4.20),
it was significantly lower in patients who started out with low albumin levels at week 4 (p = 0.008),
EOT (p =0.002) and SVR 12 (p = 0.004). Mean leukocyte count was within normal range for both
groups and CRP did not show a significant difference at any time point.
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Figure 4.20 Patients with low baseline albumin levels (< 35 g/l) showed significantly lower leukocyte
counts at week 4, EOT and SVR 12. Error bars show the 95 % confidence intervals.

Albumin levels seemed to play an important role for a variety of clinical parameters including
blood count and parameters for coagulation as well as cholestasis. Baseline levels of albumin
below normal range were indicative of high HERV-K HML2 levels.

4.11 HERV-K HML2

4.11.1 HERV-K HML2 expression in HCV patients and healthy controls

Even though there are associations of HERV-K with a variety of viruses (see introduction) and
HERV-K HML2 with liver disease (Ma et al., 2016), a role of HERV-K HML2 in hepatitis C has yet
to be revealed. To shed light on this, HERV-K HML2 expression levels of healthy blood donors
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were compared with those of a cohort of HCV positive patients undergoing DAA therapy. Addi-
tionally, clinical data as well as HERV-K HML2 expression levels of the hepatitis C patients were
obtained throughout treatment as well as 12 weeks after the end of treatment. This way the as-
sociation between HERV-K HML2 and clinical development as well as outcome of these patients
could be studied.

HERV-K HML2 levels in hepatitis C patients at baseline and SVR 12 are visualized in figure
4.21. The majority of patients had relative transcript levels of HERV-K HML2 below 1 at baseline
as well as SVR 12. Yet, there were some patients whose HERV-K HML2 levels were especially
high at baseline or SVR 12 respectively. Overall, HERV-K HML2 expression seemed to be dis-
tributed very heterogeneously among hepatitis C patients.

Relative expression levels of HERV-K at baseline and SVR 12

M Baseline
64.00 B SVR 12

32.00

16.00

8.00

4.00

2.00

relative transcript levels of HERV-K

1.00

0.00EO0

Patient ID

Figure 4.21 HERV-K HML2 expression levels at baseline and SVR 12 showed a heterogeneous pattern
for hepatitis C patients. The distribution of HERV-K HML2 expression levels relative to the housekeeping
gene RPIIl in 42 hepatitis C patients at baseline and SVR 12 is depicted as a barchart on a logarithmic
scale.

Four healthy controls were screened for HERV-K HML2 expression levels. They showed a
median HERV-K HML2 expression of 0.958. HCO1 had a HERV-K HML2 expression level of
1.057, HCO02 of 0.859, HC 03 of 1.165 and HCO04 of 0.678. There was much less variation of
HERV-K HML2 expression in this group. However, only four people were screened. Considering
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the high degree of variation within the group of HCV positive patients, more healthy volunteers
need to be screened for a better comparison.

Subgroup baseline p-value SVR 12 p-value
all patients 0.077 p=0.184 0.100 p=0.128
liver cirrhosis 1.705 p=0414 2.694 p = 0.648

no liver cirrhosis 0.035 p = 0.020 0.050 p=0.015
albumin > 35 g/l 0.032 p=0.013 0.044 p = 0.038
albumin < 35 g/l 1.705 p = 0.489 0.688 p=0.71
Simeprevir 1.945 p =0.226 7.835 p =0.073
no Simeprevir 0.032 p=0.010 0.051 p = 0.006

Table 4.11 Patients with albumin levels of > 35 g/l or without liver cirrhosis showed significantly lower
HERV-K HML2 expression levels at baseline. Median relative expression of HERV-K HML2 for subgroups
compared to healthy controls is depicted. Healthy controls showed a median HERV-K HML2 expression of
0.958. P-values were calculated by Mann-Whitney-U tests.

Comparing the cohort of HCV infected patients with the healthy controls, no significant differ-

ence in HERV-K HML2 expression levels could be detected at baseline or SVR 12. However, as
depicted in table 4.11, patients without liver cirrhosis as well as patients with albumin levels within
normal range at baseline had significantly lower HERV-K HML2 levels at baseline compared to
the healthy controls. For both aforementioned conditions median HERV-K HML2 levels were low
at SVR 12 as well. The boxplots of baseline HERV-K HML2 expression levels compared to HC
clearly depicted the wider range of HERV-K HML2 expression in hepatitis C patients. Yet, for both
subgroups the whole span of the interquartile range projected below the HERV-K HML2 levels
found in healthy controls in the graphs.
Patients infected with HCV, but without severe liver damage, showed suppressed HERV-K HML2
expression. In patients with severe liver damage - e.g. liver cirrhosis or albumin levels below
the normal range as indicator of impaired liver synthesis function - median HERV-K HML2 levels
at baseline were above 1 (figure 4.22). For patients with liver cirrhosis the median stayed at a
high level at SVR 12, whereas it dropped in patients with baseline albumin levels of < 35 g/l.
Interestingly, IP-10 levels were significantly elevated in the same subgroups at baseline (table
4.14).
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Figure 4.22 Healthy controls showed higher median baseline HERV-K HML2 levels than hepatitis C pa-
tients without liver cirrhosis or baseline albumin within normal range. Boxplot of median HERV-K HML2
expression levels at baseline of hepatitis C patients a) without liver cirrhosis (n = 28) and b) with baseline
albumin levels of > 35 g/l (n = 25) compared to healthy controls (n = 4).

4.11.2 Correlation of HERV-K HML2 expression at different time points

To examine the dynamics of HERV-K HML2 expression levels more closely, the development of
parameters over time and correlations between different time points were examined.

Generally, HERV-K HML2 levels were positively correlated with each other at almost all time
points except for week 2. An overview of the correlation matrix can be found in Table 4.12.
HERV-K HML2 levels at week 2 did not correlate significantly with the other time points. Baseline
HERV-K HML2 levels showed strong correlations (correlation coefficient of > 0.5) with HERV-K
HML2 levels at any of the later time points, though. This means that high baseline expression
levels were indicative of high HERV-K HML2 levels after week 2 and vice versa. Looking at the
development of HERV-K HML2 levels in each patient depicted in Figure 4.23 there was either a
spike or a dent visible for many patients at week 2. Start of treatment may influence expression
levels at first. The correlation coefficient of HERV-K HML2 between EOT and SVR 12 was lower
than between other time points. Thus, stopping DAA treatment may also have had an influence
on HERV-K HML2 expression. The time difference between EOT and SVR 12 was twelve weeks,
whereas week 2 was measured two weeks after the beginning of treatment. So HERV-K HML2
levels might already have partially recovered from DAA treatment by SVR 12. At EOT HERV-
K HML2 expression levels also seemed to be much less spread out between patients than at
other time points, which might be a hint that DAA treatment might have influenced HERV-K HML2
levels. Mixed model analysis showed a significant increase in HERV-K HML2 levels (p = 0.039)
of 0.2667 to 9.869 (95 % confidence interval) between EOT and SVR 12. As liver cirrhosis was
positively correlated with HERV-K HML2 levels at SVR 12, it was added to the model as a fixed
effect. However, liver cirrhosis did not have a significant influence on this model (mixed model
analysis, Type Il Test of fixed effects: F = 4.467, p = 0.062).
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baseline

week 2

week 4

EOT

SVR 12

baseline
week 2
week 4
EOT
SVR 12

]
0.281 (p = 0.103)
0.660 (p < 0.001)
0.566 (p < 0.001)
0.540 (p < 0.001)

0.281 (p = 0.103)
1

0.283 (p = 0.126)

0.495 (p = 0.014)

0.257 (p = 0.181)

0.660 (p < 0.001)
0.283 (p = 0.126)
1
0.516 (p = 0.010)
0.486 (p = 0.012)

0.556 (p < 0.001)

0.495 (p = 0.014)

0.516 (p = 0.010)
1

0.399 (p = 0.006)

0.540 (p < 0.001)

0.257 (p = 0.181)

0.486 (p = 0.012)

0.399 (p = 0.006)
1

Table 4.12 Baseline expression levels of HERV-K HML2 did not correlate with those at week 2, but with
week 4, EOT and SVR 12. A correlation matrix of HERV-K HML2 for five time points with correlation
coefficients (kendall’s tau) and respective p-values are shown.

Expression level of HERV-K HML2 over time per patient
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Figure 4.23 HERV-K HML2 expression levels showed the least spread between individual patients at EOT.
Expression levels of HERV-K HML2 over time per patient are depicted on a logarithmic scale.

HERV-K HML2 expression levels showed a dynamic throughout the study. The start of DAA
treatment seemed to alter HERV-K HML2 levels as seen at week 2. At end of treatment, levels
of HERV-K HML2 expression showed the least variability and at that point there were no patients
with relative expression levels above 5. This effect most likely caused by drug administration
could not be seen at SVR 12 as HERV-K HML2 levels spread out again (figure 4.23).

4.11.3 Correlations of HERV-K HML2 with clinical parameters

To explore if HERV-K HML2 played a role in hepatitis C, baseline values of clinical parameters
were correlated with HERV-K HML2 expression levels. Above that, end of treatment as well as
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SVR 12 were taken a closer look at to evaluate if HERV-K HML2 levels either influence the out-
come of DAA treatment or if treatment changed HERV-K HML2 expression levels.

HERV-K HML2 baseline transcript levels were compared with HCV RNA at SVR 12 to assess
if HERV-K HML2 expression at baseline might affect treatment outcome. As no HCV RNA was
detectable for any patient at EOT, statistical analysis of this time point was not reasonable. There
was a significant correlation of 0.273 (p = 0.049) between baseline and SVR 12 in this cohort. A
pairwise comparison of HERV-K HML2 levels at baseline revealed a tendency of higher starting
levels of HERV-K HML2 in patients who did not achieve sustained viral response (p = 0.051, fig-
ure 4.24). As there were only two patients who did not achieve sustained viral response, however,
more data on patients without treatment success are needed to conclude if HERV-K HML2 could
be a predictor for HCV levels at SVR 12.

100.00

10.00

=
(=3
o

.10

at baseline

.01

.00

relative transcript levels of HERV-K HML2

.00

not detectable detectable

quantitative HCV RNA at SVR 12

Figure 4.24 Patients without sustained viral response showed a tendency to higher HERV-K HML2 ex-
pression levels at baseline. HERV-K HML2 expression levels at baseline for patients for patients with (n =
36) and without (n = 2) sustained viral response are depicted as boxplots on a logarithmic scale.

There was a positive correlation between HERV-K HML2 at EOT and ASAT at SVR 12 (0.416,
p = 0.002). HERV-K HML2 levels at SVR 12 correlated positively with the De-Ritis quotient at
baseline (0.343, p = 0.008, n = 30), end of treatment (0.342, p = 0.007, n = 31) as well as SVR 12
(0.333, p = 0.010, n = 30). The positive correlation can be visually identified by taking a glance
at the respective scatterplots (figures 4.25 and 4.26). There was no statistically significant corre-
lation between HERV-K HML2 and ALAT.
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Correlation between HERV-K HML2 at EOT and ASAT levels at SVR 12
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Figure 4.25 Higher levels of HERV-K HML2 at EOT correlated with higher ASAT levels at SVR 12. The
correlation between ASAT at SVR 12 and HERV-K HML2 at EOT is shown as a scatter plot on a logarithmic
scale.

Correlation between De-Ritis quotient at baseline and HERV-K HML2 at SVR 12
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Figure 4.26 Higher levels of HERV-K HML2 at SVR 12 correlated with a higher De-Ritis quotient at base-

line. The correlation between HERV-K HML2 at SVR 12 and De-Ritis quotient at baseline is shown as a
scatter plot on a logarithmic scale.
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Higher HERV-K HML2 levels at baseline correlated with lower albumin levels at EOT (-0.331,
p = 0.006, n = 36). HERV-K HML2 expression levels at SVR 12 inversely correlated with albumin
levels at baseline (-0.347, p = 0.009, n = 30) and EOT (-0.435, p = 0.001, n = 31). In the scatter
plot (figure 4.27) patients with high albumin levels at baseline or EOT tended to have low HERV-K
HML2 expression levels at SVR 12 and vice versa.

Correlation of HERV-K HML2 at SVR 12 with albumin levels

D
v
45.00 o
(o) o
[4)
® 5
— e e 00 ) )
= 40.00 o e o e  o® N
=) PIPS e o o o ° g
o [oR) ° o ) [¢) S &
£ ° ° . 3
o [ [} [ o =
¥ 35.00 I ® :
o ) ' -
4 o ° ® ui m
© ° s O
E [o) [ ] [} -
£ 30.00 ° ® ® =
= ~
e ° =
< ) @
8
25.00 @
® N
v
20.00 °
.000 .001 010 .100 1.000 10.000 100.000 oS

relative transcript levels of HERV-K HML2 at SVR 12

Figure 4.27 Higher levels of HERV-K HML2 at SVR 12 correlated with lower albumin levels at baseline and
EOT. The correlation between HERV-K HML2 at SVR 12 and albumin levels at baseline as well as EOT is
shown as a scatter plot on a logarithmic scale.

elative transcript levels of HERV-K at baseline
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000
=<35g/dl > 35 g/dl =<35g/dl > 35g/dl
Albumin level at baseline Albumin level at baseline
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Figure 4.28 Patients with baseline serum albumin levels of < 35 g/I showed higher median expression
levels of HERV-K HML2 at baseline (p = 0.004) as well as SVR 12 (p = 0.006) compared to patients with
higher albumin levels before the start of treatment. Boxplots of HERV-K HML2 expression levels at a)
baseline (< 35g/l: n=13,>35¢g/l: n=25) and b) SVR 12 (< 35 ¢g/l: n =11, > 35 g/l: n = 21) for patients
with baseline serum albumin levels of either < 35 g/l or > 35 g/l are depicted.
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Patients with albumin levels of < 35 g/l at baseline had higher HERV-K HML2 levels at base-
line (p = 0.004) as well as SVR 12 (p = 0.006) (figure 4.28). Above, at baseline, HERV-K HML2
transcript levels of above 1 and low albumin levels correlated as well (p = 0.001). There was an
inverse correlation between albumin levels and HERV-K HML2 expression levels. Patients with
low albumin levels, possibly due to an impairment of liver synthesis function, had higher HERV-K
HML2 expression levels.

Except for a negative correlation between HERV-K HML2 at baseline and the respective leuko-
cyte count (-0.276, p = 0.016, n = 37), there were no significant correlations between HERV-K
HML2 levels and blood count. Quick at baseline showed negative correlation with HERV-K HML2
levels at baseline (-0.323, p = 0.006, n = 36). The INR at baseline was positively correlated with
HERV-K HML2 expression at baseline (0.312, p = 0.013, n = 36), which complemented the cor-
relation seen with Quick.

Liver cirrhosis patients had a higher De-Ritis quotient, lower albumin levels and lower Quick lev-
els at baseline. Each of those parameters separately corresponded with higher levels of HERV-K
HML2 expression at baseline and/or SVR 12. The presence of liver cirrhosis also positively cor-
related with HERV-K HML2 expression levels at SVR 12 (0.410, p = 0.022).

HERV-K HML2 expression levels were significantly higher or showed significant correlations
with many parameters indicating worse liver function or liver damage in hepatitis C patients.

4.11.4 Analysis of the influence of baseline HERV-K HML2 expression on
gene expression of experimental parameters

High HERV-K HML2 expression was defined as an expression level of at least the same level
as the housekeeping gene RPII, so numerically > 1. At EQOT, IL-6 expression was significantly
lower in patients with high expression levels of HERV-K HML2 at baseline (p = 0.006, figure 4.29
(a)). Due to IL-6 being a pro-inflammatory marker, leukocyte and CRP levels at SVR 12 were
compared between the groups. While leukocyte count was lower at SVR 12 (in HERV-K HML2
> 1, p = 0.041), there was no significant difference in CRP levels. IP-10 levels at SVR 12 were
significantly higher in patients with HERV-K HML2 expression at baseline (p = 0.003, figure 4.29
(b)). No significant difference in IP-10 levels was observed between the two groups at any other
time point.

There were no significant differences of expression levels of A20 or IL-10 at any time point when
comparing the two groups of HERV-K HML2 expression levels at baseline.
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Figure 4.29 Patients with HERV-K HML2 expression levels of above 1 showed significantly lower IL-6
levels at EOT (p = 0.006) and significantly higher IP-10 levels at SVR 12 (p = 0.003). The boxplots show
the relative expression levels of IL-6 at EQOT (below 1: n = 23, above 1: n = 8) and IP-10 at SVR 12 (below
1: n =24, above 1: n = 6) relative to the housekeeping gene RPII between patients with HERV-K HML2
expression levels of below or above 1 at baseline.

HERV-K HML2 expression at baseline was associated with the De-Ritis quotient at baseline
(chi-square 5.639, p = 0.018, Cramer’s V 0.396, Mann-Whitney-U: p = 0.011). Apart from this,
at baseline Quick was higher in patients with low HERV-K HML2 levels (p = 0.006), but INR was
not. Albumin levels were also significantly higher at all time points except for SVR 12. SVR 12
was the only time point when mean albumin levels were within normal range for patients with
high baseline expression levels of HERV-K HML2. For patients with low relative transcript levels
of HERV-K HML2 at baseline, mean albumin was within normal range for all time points. DAA
treatment might have lead to a recovery of aloumin levels in patients with baseline HERV-K HML2
levels above 1 (table 4.13).

Mean albumin levels by HERV-K HML2 expression at baseline
Time point HERV-K HML2 < 1 HERV-K HML2 > 1 p-value
baseline 38.04 ¢/l 32.10 g/l p = 0.005
week 2 37.52 g/l 31.89 g/l p = 0.003
week 4 38.45 g/l 32.56 g/l p = 0.001
EOT 38.35 g/l 34.10 g/l p = 0.004
SVR 12 38.68 g/l 35.30 g/l p = 0.048

Table 4.13 Mean albumin levels were significantly lower for patients with HERV-K HML2 expression levels
of > 1 at baseline, but recovered throughout DAA treatment. P-values were calculated by independent
samples t-tests.

Many of the correlations described in the previous chapter could be supported by pairwise
comparison of the two groups defined by their HERV-K HML2 expression level at baseline. A
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cutoff at a relative expression level of 1 could be useful to assess the development of clinical and
experimental parameters at baseline and possibly for the development of a predictive score for
clinical outcome of DAA treatment in hepatitis C patients.

4.12 Analysis of IP-10, IL-6, A20 and IL-10 expression

An short introduction for each of the experimental parameters is provided in section 4.4.2. All of
the parameters in this section are inflammation markers linked to the NF-kB pathway.

4.12.1 IP-10

Levels of IP-10 expression showed a broad distribution among patients at baseline. These base-
line levels correlated strongly with the IP-10 levels at week 2 (0.668, p = 0.002, n = 13). There
seemed to be a drop in IP-10 levels after week 2. At SVR 12, IP-10 levels spread out again,
but not quite as much as at baseline (figure 4.30). Correspondingly IP-10 levels at week 2 were
by 0.459 to 3.181 (95 % confidence interval) higher than at SVR 12 (mixed model analysis, p
= 0.018). At SVR 12 median IP-10 levels were about half as high compared to baseline for pa-
tients without liver cirrhosis and patients with high baseline albumin levels. This means that after
completion of treatment they approached the median expression level of healthy controls which
was 0.063. HCV infection was associated with high IP-10 expression levels in patients without
liver cirrhosis (p = 0.020) or albumin levels of > 35 g/l at baseline (p = 0.026). The difference
in HCV expression level compared to healthy controls was also significant for all patients (p =
0.020), but not for those with liver cirrhosis (p = 0.171) or low albumin levels (p = 0.109) when
analyzed separately. During DAA treatment IP-10 levels normalized and at SVR 12 there was no
significant difference between healthy blood donors and any of the groups, even though patients
with liver cirrhosis and patients with low albumin starting levels maintained a higher median value
of IP-10 at SVR 12.
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IP-10 expression levels over time per patient
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Figure 4.30 A decline of IP-10 expression levels after the start of DAA treatment could be observed.
Relative IP-10 transcript levels for each patient by time point are depicted on a logarithmic scale.

Median IP-10 expression levels

Subgroup baseline p-value SVR 12 p-value
all patients 0.166 p =0.020 0.066 p =0.439
liver cirrhosis 0.121 p=0.171 0.129 p=0.109

no liver cirrhosis 0.167 p =0.020 0.056 p=0.748
albumin > 35 g/l 0.163 p = 0.026 0.056 p=0.725
albumin < 35 g/l 0.123 p=0.109 0.151 p=0.154

Table 4.14 IP-10 expression differed between hepatitis C patients and healthy controls at baseline, but
not at SVR 12. Median relative IP-10 expression levels for each subgroup of hepatitis C patients were
compared to healthy controls. Healthy controls showed a median IP-10 expression level of 0.063. P-
values were calculated by Mann-Whitney-U tests.

IP-10 levels at week 2 strongly correlated with bilirubin levels at EOT (0.516, p = 0.010, n = 14)
and SVR 12 (0.508, p = 0.012, n = 14) (figure 4.31). IP-10 levels at EOT, when the median of
IP-10 was at a very low level of 0.082, positively correlated with with leukocyte levels (0.311, p =
0.026, n = 26) and CRP (0.312, p = 0.026, n = 26) at the same time point.
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Correlation between IP-10 levels at week 2 and bilirubin
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Figure 4.31 IP-10 levels at week 2 showed a strong positive correlation with bilirubin levels at EOT and
SVR 12. A scatter plot of the relative transcript levels of IP-10 at week 2 and bilirubin levels at EOT (blue
dots) and SVR 12 (red dots) is depicted. Logarithmic scale.

IP-10 baseline levels correlated with HERV-K HML2 levels at baseline (0.312, p = 0.009, n =
34) and IP-10 levels at week 2 correlated strongly with HERV-K HML2 levels at EOT (0.636, p =
0.004, n = 12). Baseline IP-10 expression levels showed a negative correlation with A20 levels at
SVR 12 (-0.409, p = 0.003, n = 26). IP-10 at EQT correlated with IL-6 levels at EOT (0.345, p =
0.014) and for both parameters the expression levels seemed to be less spread out at EOT than
at other time points. So, IP-10 showed positive correlations with rather pro-inflammatory markers
(IL-6 and HERV-K HML2), whereas it was negatively correlated with A20, an anti-inflammatory
agent.

There was evidence that IP-10 levels were elevated in hepatitis C patients compared to healthy
controls. This observation could be reversed by DAA treatment. IP-10 levels at early time points
showed positive correlations with bilirubin and HERV-K HML2 levels at EOT. At EOT, IP-10 levels
were positively correlated with leukocytes, CRP and IL-6, all markers for inflammation, at the
same time point.

4.12.2 IL-6

Even though IL-6 is a pro-inflammatory cytokine, no significant correlation between IL-6 and
leukocyte count or CRP levels could be detected. Hemoglobin at week 2 (-0.527, p = 0.005, n =
16), week 4 (-0.542, p = 0.005, n = 15) and EOT (-0.505, p = 0.009, n = 15) showed strong in-
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verse correlations with IL-6 levels at week 2. This correlation was not significant at SVR 12. While
hemoglobin levels decreased from baseline to EOT, mean hemoglobin showed an increase after
treatment was finished, which might have caused the loss of correlation at SVR 12. Drug adminis-
tration might have caused IL-6 expression and contributed to lower hemoglobin levels, especially
as IL-6 was not correlated with hemoglobin levels at baseline and SVR 12. IL-6 levels at week 2
were also positively correlated with the De-Ritis quotient at baseline (0.517, p = 0.005, n = 16).
So patients with more severe pre-existing liver damage seemed to induce greater expression of
IL-6 upon start of treatment.

IL-6 levels at different time points were positively correlated with each other. Especially IL-
6 levels at EOT showed statistically significant correlations with expression levels at baseline
(0.401, p = 0.004, n = 26), week 2 (0.769, p < 0.001, n = 13) and SVR 12 (0.408, p = 0.008,
n = 22). IL-6 levels at week 4 showed a significant positive correlation with those at SVR 12
(0.590, p = 0.005, n = 13). However, no significant trend in development of IL-6 over time could
be identified (mixed model analysis, figure 4.32). Strikingly, the correlation between IL-6 at week
2 and EQOT was by far the strongest.

IL-6 expression over time per patient
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Figure 4.32 IL-6 expression seemed to be affected by the start of DAA treatment and IL-6 levels at week
2 strongly correlated with those at EOT (correlation coefficient 0.769, n = 13). The expression level of IL-6
over time per patient is shown on a logarithmic scale.

Comparing IL-6 levels to other experimental parameters at baseline, EOT and SVR 12, corre-
lations with HERV-K HML2, IP-10 and IL-10 could be found. IL-6 expression levels at baseline
correlated with IL-10 levels at baseline (0.371, p = 0.003, n = 32). At EOT, IL-6 showed a neg-
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ative correlation with HERV-K HML2 baseline levels (-0.313, p = 0.017, n = 29) and a positive
correlation with EOT IP-10 levels (0.345, p = 0.014, n = 26).

IL-6 expression might have been induced by drug administration and lead to a fall in hemoglobin.
The interactions with other pro- and anti-inflammatory cytokines seemed to be too sophisticated
to deduct a clear motive from these data.

4.12.3 A20

A20 expression levels at baseline showed a positive correlation with ALAT levels at EOT (0.327,
p = 0.005, n = 37). Apart from that, CRP at week 4 was correlated with A20 levels at EOT (0.430,
p = 0.003, n = 25). A20 levels only correlated with each other at week 4 and SVR 12 (0.604, p
= 0.003, n = 14) and there was no significant change in A20 levels over time (mixed model anal-
ysis). Apart from that A20 at baseline correlated with IL-6 levels at week 4 (0.559, p = 0.002, n
=17) and A20 at SVR 12 showed an inverse correlation with baseline expression levels of IP-10
(-0.409, p = 0.003, n = 26).

For P14, the patient with a peak in relative A20 transcript levels at week 4 (5.938), quantitative
HCV RNA was still detectable at that time point. At week 4, HCV RNA could only be detected
in a total of 7 patients. However, there was no other peculiarity for any clinical or experimental
parameter that might be associated with this peak in A20.

No clear pattern for the development of A20 expression levels in this cohort nor the association
with other experimental or clinical parameters could be identified (figure 4.33).
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Expression levels of A20 over time per patient
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Figure 4.33 No clear pattern of the development of A20 over time could be found. The expression level of
A20 over time per patient is depicted on a logarithmic scale.

4.12.4 IL-10

Clinical parameters from earlier time points tended to correlate with IL-10 levels at SVR 12. This
might have been due to decreasing inflammation and a rise of IL-10 levels as a consequence.
Albumin (-0.409, p = 0.005, n = 25) and hemoglobin (-0.376, p = 0.009, n = 25) levels at week
2 correlated negatively with IL-10 levels at SVR 12. ASAT at EOT showed a positive correlation
with IL-10 levels at SVR 12 (0.358, p = 0.010, n = 27). Interestingly, IL-10 at EOT was positively
correlated with leukocyte count at EOT (0.342, p = 0.007, n = 31) as well as SVR 12 (0.416, p =
0.001, n = 30). It would be interesting to characterize the leukocytes immunologically at EOT and
SVR 12 to see if there was a change triggered by IL-10.

IL-10 expression levels at week 2 correlated inversely with HERV-K HML2 expression levels at
week 4 (-0.560, p = 0.005, n = 14). Baseline levels of IL-10 showed a positive correlation with
baseline levels of IL-6 (0.371, p = 0.003, n = 32) and this positive correlation between the two
parameters was even stronger at week 2 (0.600, p = 0.001, n = 16). After week 2, IL-6 levels and
IL-10 levels did not correlate significantly anymore. There was a significant rise in IL-10 levels
between baseline and SVR 12 (mixed model analysis, p = 0.047, 95 % CI1 0.007 - 0.950, figure
4.34). This may be an indication of healing liver damage as IL-10 is known to be hepatoprotective
(Louis et al., 1997).
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IL-10 expression over time per patient
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Figure 4.34 There was a rise in IL-10 expression between baseline and SVR 12. Relative expression
levels of IL-10 over time per patient are depicted on a logarithmic scale.

The role of IL-10 in hepatitis C patients under DAA therapy seemed to be elaborate. Medical
intervention had an effect on IL-10 expression after treatment completion. Patients with lower
albumin and hemoglobin levels after the start of treatment as well as those with higher ASAT
levels at EOT had higher IL-10 levels at SVR 12. Experimentally, lower IL-10 expression at week
2 was strongly associated with higher HERV-K HML2 expression at week 4 and vice versa. There
is a possibility that IL-10 might have had a regulatory effect on HERV-K HML2 expression after
start of treatment.
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5 Discussion

5.1 Clinical outcome

The main parameter to monitor treatment success is the viral load. To determine if HCV RNA is
detectable at any time point, quantitative HCV RNA is measured in serum. We could observe a
significant decrease at week 2 already. At week 2, HCV RNA was still detectable in 26 patients,
but at week 4 in 7 patients only. The majority of patients (92.86 %) achieved a sustained viral
response defined by a non-detectable amount of HCV RNA 12 weeks after end of treatment. In
HCV infected patients treated with various DAAs studies reported a SVR above 90 % (Spengler,
2018; Zoratti et al., 2020), which was consistent with this cohort.

Liver function improved over the course of treatment as ASAT, ALAT and GGT decreased. At
baseline, a mean De-Ritis quotient of below 1 (mean value: 0.92) was coherent with the expected
quotient for viral hepatitis. As most patients had ASAT and ALAT levels within normal range at
SVR 12, the De-Ritis quotient did not produce meaningful outcome at that time point and was
therefore not used for evaluation of clinical outcome.

In this cohort only two patients failed to achieve sustained viral response at SVR 12 and one
patient, P08, died after week 8. What these patients had in common were high ASAT and ALAT
levels, low albumin levels and a low thrombocyte count. So the patients seemed to have worse
liver function. Interestingly, bilirubin only differed significantly between these patients and the rest
of the cohort at EOT. Apart from that, the three patients experienced a rise in HERV-K HML2
and IL-10 expression levels from their respective second to last to the last measured time point.
Additionally, HERV-K HML2 levels at baseline were significantly higher than in the rest of the
cohort (p = 0.029) and above 1 for all three patients at all time points, which was the cutoff used
at baseline to determine if HERV-K HML2 was expressed or suppressed in this study. These
findings need to be further validated by expanding the number of patients.

All in all, DAA treatment was successful and a normalization of liver function in general as well
as liver synthesis function could be achieved.

5.2 Possibilities by expansion of sample size

To strengthen the observed results bigger cohorts of HCV patients under DAA therapy are neces-
sary to capture more patients without sustained viral response. More patients without successful
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treatment would lead to a higher power of the statistical analysis regarding treatment failure. How-
ever, this is a hard task to achieve as DAA treatment results in a very high percentage of SVR
and consequently healed patients. Yet with only three patients who were not treated successfully
in total and two patients who did not accomplish to clear the virus, the influence of HERV-K HML2
levels at baseline on HCV RNA at SVR 12 was not strong enough to determine whether HERV-K
HML2 could be reliably used as a biomarker for sustained viral response.

Furthermore, the influence of specific DAAs on the course of treatment could be analyzed bet-
ter if there were more patients per DAA group. Especially big differences could be seen when
comparing patients who received Simeprevir with patients who received any NS5A inhibitor. A lot
of these differences were already present at baseline when medication had not been started yet
meaning that the differences already present at baseline cannot be attributed to the respective
drugs. Interestingly, bilirubin and albumin levels as well as the De-Ritis quotient were not signifi-
cantly different between Simeprevir and the other aforementioned DAAs at SVR 12 anymore. A
significant difference in HERV-K HML2 expression remained when comparing Ledipasvir and/or
Daclatasvir with Simeprevir at SVR 12, whereas the significant difference in HERV-K HML2 ex-
pression levels between Ledipasvir and Daclatasvir at baseline was not detectable at SVR 12.
Ledipasvir and Daclatasvir are both NS5A inhibitors, while Simeprevir targets NS3-4. It would be
interesting to look at the interaction of the drugs with the viral proteins and study if this influenced
HERV-K HML2 expression.

5.3 Albumin levels as stronger predictor for the development
of clinical parameters during DAA treatment than liver
cirrhosis

Liver cirrhosis has been shown to be linked to HCV infection (World Health Organization, 2020),
so naturally a comparison between patients with and without liver cirrhosis was conducted first.
Disease progression in hepatitis C patients treated with DAAs has been shown to be associated
with advanced liver cirrhosis, portal hypertension and baseline albumin levels below 35 g/l (Men-
dizabal et al., 2020). Patients with different albumin levels at baseline differed more strongly in
our cohort than patients grouped by their state of liver cirrhosis. Since information about dialysis
was missing, the respective model of end stage liver disease score (Kamath et al., 2001; Wiesner
et al., 2003) could not be calculated. To assess liver cirrhosis mortality one would resort to the
Child-Pugh score (Child & Turcotte, 1964; Pugh et al., 1973) which takes bilirubin, albumin and
INR into account. Due to the lack of clinical information about ascites and encephalopathy this
score could not be calculated for patients in this cohort, either. However, bilirubin, INR and albu-
min were taken a closer look at. Classifying patients by their baseline bilirubin and INR levels did
not yield very striking results as there were not many significant differences between the respec-
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tive groups. However, patients with baseline albumin levels of either < 35 g/l or above did have
notably different levels of other parameters. The cutoff used in this study was chosen according
to the Child-Pugh score. When this score is applied, patients with albumin levels above 35 g/l
receive one point only. If albumin levels are between 28 and 35 g/l two points are added and
below this, three points are assigned (Child & Turcotte, 1964; Pugh et al., 1973).

Associations with clinical parameters were much stronger when grouping by baseline albumin
levels than by the state of liver cirrhosis. For both groups Quick, hemoglobin and thrombocyte
count differed significantly. Bilirubin levels were significantly different at baseline when group-
ing by liver cirrhosis, whereas they did not show a significant difference at that time point when
grouped by albumin levels. However, mean bilirubin levels were not different anymore once treat-
ment was started in patients with different starting levels of albumin. Furthermore, no significant
difference in leukocyte levels could be found when grouping by presence of liver cirrhosis, while
leukocyte count was significantly lower in patients with albumin starting levels of < 35 g/l from
week 4 on.

5.4 HERV-K HML2 expression in hepatitis C patients

Patients with HCV infection who did not have liver cirrhosis or did not have low albumin levels (<
35 g/l) at baseline showed significantly lower HERV-K HML2 expression levels than healthy con-
trols. This remained true at SVR 12, after treatment had been completed. It would be interesting
to explore how HCV silenced HERV-K HML2 expression and which factors inhibited this mech-
anism as this effect did not apply for patients with liver cirrhosis or low albumin starting levels,
so patients with impaired liver function. There is evidence that HERV-K HML2 expression was
associated with liver cirrhosis (Ma et al., 2016), but an association of HERV-K HML2 and albumin
had not been studied yet.

5.4.1 HERV-K HML2 as a marker for liver damage in hepatitis C patients

In a recent study, HCV positive children were screened for HERV-H, HERV-K and HERV-W ex-
pression compared to healthy controls as well as throughout DAA treatment (Tovo et al., 2020).
HERV-K expression was higher in hepatitis C patients than in healthy controls, but no information
about liver cirrhosis or other clinical parameters was obtained. In my thesis the opposite was true
for HERV-K HML2 in patients without liver cirrhosis or albumin levels within normal range. How-
ever, it was not specified which subtype of HERV-K was analyzed and consequently it remains
unclear if a direct comparison to data of my thesis can be conducted.

My study provides the first evidence for an association between albumin levels and HERV-K
HML2 expression in hepatitis C patients. At baseline, there was a strong correlation between
HERV-K HML2 expression levels and baseline serum albumin levels. Relative HERV-K HML2
expression levels of below 1 were associated with significantly lower albumin levels throughout
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treatment. Albumin levels for this group recovered to a mean within normal range at SVR 12.
Patients with liver cirrhosis showed significantly higher levels of HERV-K HML2 at baseline, EOT
as well as SVR 12. The De-Ritis quotient calculated by ASAT divided by ALAT was used to esti-
mate the severity of liver damage. This quotient was highly associated with HERV-K HML2 levels
at baseline. At baseline, Quick showed a negative and INR a positive association with HERV-K
HML2 levels. All of these clinical parameters were indicators of impaired liver function.

This study provides strong evidence that HERV-K HML2 is a marker for the severity of liver
damage in hepatitis C patients.

Once more patients who failed treatment could be included, a score to predict the presence of
detectable HCV RNA at SVR 12 could be developed. This score could possibly include baseline
albumin levels, liver cirrhosis and HERV-K HML2 expression levels. Thus, HERV-K HML2 might
serve either as a biomarker alone or as part of a score predicting the outcome of DAA treatment.

5.4.2 The role of IP-10 in HCV infection

IP-10 was upregulated in hepatitis C patients compared to healthy controls, but this could be
reversed by DAA treatment. After week 2, there was a drop in IP-10 levels. The normalization of
IP-10 expression levels may be an indicator for treatment success. Several studies have shown
a decrease of IP-10 expression in response to treatment as well (Tabll et al., 2019; Anthony et
al., 2020). There was a positive correlation between IP-10 levels at week 2 and bilirubin levels,
a marker for cholestasis, for the last two time points. Except for that there were no significant
correlations between IP-10 and clinical parameters. However, IP-10 levels showed significant
correlations with HERV-K HML2 expression levels. Induction of IP-10 expression by stimulation
of breast cancer PBMC with HERV-K antigen has been achieved before (Wang-Johanning et
al., 2008). However, no other evidence of an association or interaction of IP-10 expression and
HERV-K could be found, so the evidence presented here is the first evidence of an association
between IP-10 and HERV-K HML2 in hepatitis C patients. An induction of IP-10 expression by
stimulation of HCV PBMC with HERV-K HML2 could be tackled to see if this effect could be
achieved in HCV as well.

5.5 Reverse transcriptase inhibitors as additional therapy

HERV-K HML2 can be classified as retrovirus. To treat retroviral diseases, e.g. caused by human
immunodeficiency virus (HIV), reverse transcriptase inhibitors are in clinical use. Raltegravir is
one of them in clinical use to treat HIV. Reverse transcriptase as well as integrase inhibitors used
in HIV treatment have demonstrated their ability to inhibit human endogenous retroviruses (Tyagi
et al., 2017). If HERV-K HML2 plays an integral role in treatment success of antiviral therapy of
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HCV, Raltegravir or other reverse transcriptase inhibitors could be used in an effort to improve
treatment for patients with high HERV-K HML2 levels before the start of treatment in addition
to DAA treatment. For patients with high HERV-K HML2 expression levels who have failed to
achieve sustained viral response in the past, an addition of a reverse transcriptase inhibitor might
improve the chances of treatment success. Furthermore, a case study described resolution of au-
toimmune thrombocytopenia in an HCV/HIV co-infected patient after addition of Raltegravir to his
treatment scheme (Gentile et al., 2013). This observation may be a hint to investigate a possible
relationship between the use of reverse-transcriptase inhibitors in HCV, HIV and related autoim-
mune diseases as the involvement of human endogenous retroviruses in the development of the
respective associated autoimmune disease may contribute to its resolution after introduction of
Raltegravir.

5.6 Mixed cyroglobulinemia - an autoimmune disease
associated with HCV

HCV infection is associated with mixed cryoglobulinemia, a cutaneous and systemic autoimmune
disease. Only few HCV positive patients develop cryoglobulinemia, yet a large percentage of
cryoglobulinemia patients, e.g. up to 90 % in ltaly, are HCV-positive (Ramos-Casals et al., 2012).
Cardinal symptoms of mixed cryoglobulinemia include a cutaneous vasculitic rash, peripheral
nerve involvement as well as membranoproliferative glomerulonephritis, a condition which may
lead to lethal renal failure (Ferri et al., 2004). There are less common, but possibly life threat-
ening, manifestations like gastrointestinal ischemia or alveolar haemorrhage. Additionally, mixed
cryoglobulinemia may lead to neoplasia.

HERV-K is known to be associated with autoimmune diseases, specifically rheumatoid arthri-
tis (RA). RA patients showed a significantly higher IgG antibody response to HERV-K10 Gag
matrix peptide (Nelson et al., 2014) and on the transcriptional level a significant upregulation of
HERV-K10 Gag in RA patients compared to controls was detected (Ejtehadi et al., 2006). Con-
trols were healthy individuals or patients with other autoimmune conditions, e.g. osteoarthritis, in
these studies. Molecular mimicry may explain these findings. HERV-K HML2 shows molecular
mimicry with key regions of the target of rheumatoid factor (RF). A peptide sequence homology
between KVSTKNI on HERV-K HML2 Gag and KVSNKAL on IgG1Fc has been detected. In ad-
dition, the viral segment GKELK showed similarity to the sequence GKEYK of IgG1Fc being a
key target (Trela et al., 2016).

Thus, it would be interesting to investigate whether HERV-K HML2 was associated with the
development of mixed cryoglobulinemia in HCV patients and whether it was the factor keep-
ing the balance between immunity and autoimmunity. The molecular mimicry of RF may induce
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the formation of immune complexes and consecutive activation of the complement system. As
HERV-K has an integration site within the complement C4 gene (Tassabehiji et al., 1994), there
is a possibility of misactivation. TLR stimulation through HERV-K (Dembny et al., 2020; Yu et
al., 2012) can lead to B-cell stimulation and consecutive production of proinflammatory cytokines
and auto-antibodies leading to the development of autoimmune conditions like mixed cryoglobu-
linemia. None of the patients in the cohort of this study were affected by mixed cryoglobulinemia.
However, it would be interesting to experimentally validate the role of HERV-K HML2 in the de-
velopment of mixed cryoglobulinemia in HCV patients in the future.

5.7 A possible role of HERV-K in other diseases associated
with HCV infection

Hepatic diseases associated with HCV
Liver steatosis, fibrosis and cirrhosis HCC
Extrahepatic diseases associated with hepatitis C
Immune-related extrahepatic manifestations Inflammatory-related extrahepatic manifestations
Mixed cryoglobulinemia Type 2 diabetes mellitus type 2
Cryoglobulinemic vasculitis Insulin resistance
B-cell NHL NHL, non-Hodgkin’s lymphoma
Sicca syndrome Glomerulonephritis, renal insufficiency
Arthralgia/myalgia Fatigue, depression
Autoantibody production (i.e. cryoglobulins, rheumatoid factor, and antinu- Cogpnitive impairment
clear, anticardiolipin, antithyroid and anti-smooth muscle antibodies)
Polyarteritis nodosa Cardiovascular disorders (e.g. stroke, ischemic heart disease)
Monoclonal gammopathies Impaired quality of life
Immune thrombocytopenia Polyarthritis/fibromyalgia

Table 5.1 Hepatitis C is associated with hepatic as well as extrahepatic diseases as reviewed by (Cacoub
et al., 2016). A potential link between some of these diseases and HERV-K HML2 is plausible and could
be investigated in the future.

Many of the aforementioned diseases associated with hepatitis C (see table 5.1) are linked to
HERVs as well. Liver cirrhosis and HCC are associated with higher levels of HERV-K HML2
(Ma et al., 2016). Within the complex of autoimmune diseases an association between HERVs
and certain disease are well studied. Sjégren’s disease whose patients usually develop a sicca
syndrome with dry eyes and mouth (Moyes et al., 2005). HERV-R is associated with polyarteritis
nodosa as endothelial vascular disease (Katsumata et al., 1999). HERV-K is supposed to con-
tribute to multiple myeloma (Schmidt et al., 2015) and HERV H, K and W are overexpressed in
immune cells of fibromyalgia patients (Ovejero et al., 2020). HERV-K 18 polymorphisms were
found in schizophrenia patients with diabetes mellitus type 2 (Dickerson et al., 2008). There are
many studies showing associations between HERVs and neurological disorders. A reduction of
HERV-W expression within the central nervous system was shown in patients with major depres-
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sion (Weis et al., 2007).

These common associations between HCV and HERYV related diseases highlight the necessity
to unravel the pathways HERVs are involved in as this could help understand the pathogenesis
of hepatitis C as well as various other diseases.

5.8 Interaction of biochemical pathways with HERV-K and
hepatitis C
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Figure 5.1 Possible points of interaction of HERV-K with major biochemical pathways. EGFR promotes
proliferation by the RAS-RAF-MEK-ERK pathway as well as survival by the PIBK-AKT-mTOR pathway. TLR
signalling leads to production of Type 1 interferon and proinflammatory cytokines as well as apoptosis.
Abbreviations: EGFR = epidermal growth factor receptor, RAS: proto-oncogene, RAF: proto-oncogene,
MEK = mitogen-activated protein kinase kinase, ERK = extracellular signal-regulated kinases, VEGF(R) =
vascular endothelial growth factor (receptor), ADAMTS = A disintegrin and metalloproteinase with throm-
bospondin motifs, CD = cluster of differentiation, MAPK = mitogen activated protein kinases, c-myc: regula-
tor gene, proto-oncogene , Notch1: transmembrane protein , beta-catenin: intracellular signal transducer
, PIBK = Phosphoinositide 3-kinase, AKT = protein kinase B, mTOR = mammalian target of rapamycin,
p70S6K = Ribosomal protein S6 kinase beta-1, TLR = toll like receptor, MYD88 = myeloid differentiation
primary response 88, IRAK4 = interleukin-1 receptor-associated kinase 4, IRF = interferon regulatory fac-
tor, NF-kB = nuclear factor kappa-light-chain-enhancer of activated B cells, SARM1 = sterile alpha and TIR
motif containing 1.

Figure 5.1 shows an overview of the major pathways HERV-K is involved in. EGFR activates
the ERK pathway which leads to proliferation as well as the PISBK-AKT-mTOR pathway promot-
ing cell survival. ERK1/2 could be activated by HERV-K HML2 and lead to the transcription of

75



early response proteins like myc, FOSL1 and EGR1 (Lemaitre et al., 2017). Overexpression of
HERV-K Np9 was observed to lead to an upregulation of B-catenin, phospho-ERK, c-myc, and
cleaved Notch1 (Chen et al., 2013). In Kaposi sarcoma, MAPK lead to upregulation of HERV-K
env which then lead to VEGF/VEGFR1 induction resulting in anchorage independent growth thus
tumorogenesis (Dai et al., 2018). VEGF prompted the same pathways as EGFR. These data
suggest that the ERK- as well as AKT-pathway are highly important for the influence of HERV-K
on pathogenesis of diseases.

HERV-K contributed to axonal degeneration and neurodegeneration by activation of toll like re-
ceptors (TLRs) (Dembny et al., 2020). ERV dsRNA could activate TLR7 (Strick et al., 2016) and
there is evidence that an immune system lacking certain TLRs (TLR3, TLR7, TLR9) was not
capable of keeping the expression of endogenous retroviruses in check (Yu et al., 2012). TLR
7 and TLR9 activated Myd88 which then activated IRAK4. Consequently, IRF signaling lead-
ing to the production of type 1 interferon (IFN) as well as NF-kB signaling which leads to the
production of proinflammatory cytokines could be activated (Kawai & Akira, 2010). In neurode-
generative diseases HERV-K HML2 did not show an effect on the downstream Myd88 pathway
and therefore did not induce NF-kB. However, another pathway was activated leading to apopto-
sis via Sterile alpha and TIR domain-containing 1 (SARM1) and caspase-3 signaling (Dembny et
al., 2020). In ALS, HERV-K envelope protein showed paracrine neurotoxicity (Kiry et al., 2018).
mTor, part of the PIBK-AKT-mTOR pathway, can activate p70S6K which then blocks TLR9 and
Myd88 interaction and thus causes an inhibition of IRF and NF-kB signaling (Kawai & Akira,
2010). This crosslink might be of importance in HERV-K related pathogenesis of diseases as
an activation of the EGFR-related pathways might contribute to a downregulation of NF-kB. A20
inhibited antiviral response through type 1 IFN and proinflammatory cytokines (Catrysse et al.,
2014). IL-10 and A20 inhibited NF-kB signaling (Yoshimura et al., 2003), whereas IL-6 and IP-10
are pro-inflammatory cytokines stimulated by activation of this pathway (Wang et al., 1995). So
the experimental parameters used in this study are all either a product of NF-kB signaling or have
an influence on this pathway.

Activation of the EGFR-ERK pathway was described to be involved in progression of hepatitis
C to HCC (Benkheil et al., 2018). According to the same study, AKT signaling did not have an
impact on the gene expression profile leading to transformation. Another study confirmed this by
reporting decreased mTOR and AKT in HCV related HCC (Golob-Schwarzl et al., 2017). HERV-
K also activated ERK1/2 (Lemaitre et al., 2017) and therefore might contribute to uncontrolled
proliferation. A downregulation of IRF5 in HCV-positive versus HCV negative HCC patients or
healthy donor livers could be found (Cevik et al., 2017). If HERV-related TLR signaling did not
induce MYDB88, IRF would not be upregulated, either. Thus, there could be a link between HERV
expression and HCC development in hepatitis C patients, which needs to be further investigated.

As HCV infection and hepatitis C related HCC development play a role in the regulation of
certain elements within these pathways, an effect of HERV-K, possibly even HERV-K HML2,
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expression on hepatitis C might be mechanistically explained by studying these pathways in
depth.

5.9 Implications for further research

My data show that there was a dynamic of HERV-K HML2 expression in hepatitis C patients.
Expression of HERV-K HML2 was associated with clinical parameters and should be considered
as a possible candidate for a biomarker for sustained viral response. More in depth research is
required to unravel the function of HERV-K HML2 in HCV patients. On the one hand the size of
the cohort needs to be extended and on the other hand the biochemical pathways and mecha-
nisms leading to these associations need to be studied. As there is evidence that HERV-K did not
activate NF-kB signaling (Dembny et al., 2020) and the associations of HERV-K HML2 with the
gene expression of A20, IL-6 and IL-10 were inconclusive, | would propose focusing on SARM1
mediated apoptosis induced by TLR-signaling as well as the ERK- and AKT-pathways. Further-
more, the expression of IP-10 in hepatitis C patients as well as its associations with HERV-K
HML2 expression over time yielded highly interesting results which should be studied more in
depth.

The number of healthy controls as well as the number of patients without treatment success
needs to be expanded to increase the statistical power of the comparison between these groups
and the HCV patients who achieved sustained viral response. Once a significant difference in
HERV-K HML2 expression levels between those groups is confirmed in a larger cohort, the bio-
chemical mechanisms underlying these differences need to be investigated. Key pathways to
tackle would be the EGFR-ERK pathway, the AKT pathway as well as TLR-induced IRF and
SARM1 signaling. HERV-K shows an influence on various positions within these pathways as
outlined in the previous chapter. Some of them are shown to contribute to malignant transforma-
tion in hepatitis C patients. So HCV positive HCC patients should be taken a closer look at as
well. Ideally, the patients would be followed up in a longitudinal setting to see if HERV-K HML2
expression levels were predictive of HCC development. As this may take several decades, in the
meantime a cohort of HCC patients with and without hepatitis C could be analyzed to see if there
were differences in HERV-K HML2 expression between those groups.

One could identify loci within HERV-K HML2 that are up- or downregulated in hepatitis C pa-
tients. Then, more targeted studies of these loci could be accomplished. An introduction of
HERV-K HML2 in healthy cells as well as cells from HCV positive donors via a vector could be
achieved in vitro. To conduct immunological studies, it would be interesting to see if the loci within
HERV-K HML2 could be translated into functional proteins of human endogenous retroviruses,
specifically Env or Gag. Once the loci are identified one could try to overexpress HERV-K HML2
in HCV-PBMC as well as PBMC from healthy donors by introducing HERV-K HML2. This way
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one could check if pro- and anti-inflammatory cytokine expression changed through introduction
of HERV-K HML2. Ideally, this would be done without IL-2 stimulation to prohibit T cell stimulation
by IL-2. Furthermore, an HCV PBMC culture could be stimulated with HERV-K HML2 proteins
and cytokine expression as well as cytokines in the supernatant could be monitored. Morozov
et al. stimulated PBMC of healthy donors with HERV-K and as a result IL-10 expression rose
(Morozov et al., 2013). It would be interesting to see if the same happened for PBMC of HCV
patients and if the other parameters behaved accordingly. Additionally, with this approach one
could identify if HERV-K HML2 overexpression induced IP-10 as seen by stimulation of PBMC
with HERV-K antigen before (Wang-Johanning et al., 2008).

Injection of HERV-K HML2 deoxyuridine nucleotidohydrolase has been performed in a rat model
of pulmonal arterial hypertension (PAH). IL-6 expression increased following treatment in this set-
ting (Saito et al., 2017). The same substance could be used for injection into an animal model for
HCV to see if effects from in vitro experiments remain true in vivo. With these experiments, the
influence of HERV-K HML2 on cytokine production within a physiological environment could be
elucidated.

A great advantage of PBMC is the easy accessibility as whole blood donation is sufficient to
harvest PBMC. However, apart from this, it would be interesting to have a look at liver tissue. Liver
tissue from HCV positive patients could be stained for HERV-K HML2 expression. This could be
compared to HCV positive patients with HCC as well as tissue from HCC patients who were HCV
negative. This way, one could determine whether HERV-K HML2 is expressed in liver tissue and
whether a difference between patients with and without HCC could be observed. HERV-K HML2
expression in HCV positive as well as HCV negative liver cirrhosis could be investigated using
this approach as well. A comparison with tissue from healthy controls would be hard to achieve
due to ethical reasons.

My study highlights that HERV-K HML2 had an influence on HCV infection and outcome of DAA
treatment. There are numerous implications for further research.
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6 Conclusion

This study provides evidence for suppression of HERV-K HML2 expression in hepatitis C patients
without liver cirrhosis or with baseline albumin levels of at least 35 g/I. It also shows elevated
IP-10 expression in hepatitis C patients at baseline which declined after week 2 of medical treat-
ment. The association between IP-10 and HERV-K HML2 expression levels at baseline suggests
an interaction between these parameters before the start of DAA treatment.

Start of drug administration altered HERV-K HML2 expression levels. At the end of treatment,
HERV-K HML2 levels showed the least variety between patients. HERV-K HML2 levels were
strongly correlated with albumin levels and the presence of liver cirrhosis in HCV positive pa-
tients. In this study, HERV-K HML2 levels at baseline were the only parameter that significantly
correlated with quantitative HCV RNA at SVR 12. HERV-K HML2 may be considered as a can-
didate for a predictive biomarker to assess outcome of DAA treatment, but as only two patients
showed a relapse of quantitative HCV RNA levels at SVR 12 an expansion of cohort size is nec-
essary to confirm these results.

Liver cirrhosis and baseline albumin levels were the strongest factors separating the cohort into
two distinct groups differing from each other with respect to clinically relevant parameters. Liver
cirrhosis and albumin levels of < 35 g/l were correlated with clinical parameters indicating worse
liver function.

This is the first study to investigate HERV-K HML2 expression in hepatitis C patients treated
with DAAs while taking baseline characteristics as well as clinical routine blood parameters for
liver function into account. It provides indications of HERV-K HML2 as a plausible biomarker
candidate for hepatitis C treatment success. However, further studies are necessary to unravel
the possible functional role of HERV-K HML2 in HCV infection.
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B Supplementary material

Hepatitis C patient characteristics
Patient ID Gender | Age HCV genotype Way of infection Liver cirrhosis Drug duration Simeprevir | Sofosbuvir Ribavirin Daclatasvir Ledipasvir | Viekirax Exviera

PO1 female 45 1B unknown yes 12 yes yes yes no no no no
P02 male 35 1A drugs yes 12 yes yes no no no no no
P03 female 70 1A unknown no 12 yes yes no no no no no
P04 male 49 1 unknown 12 yes yes no no no no no

P05 male 55 1B unknown no 12 yes yes no no no no no
P06 female 61 1B native of high risk country no 12 yes yes no no no no no
P07 male 56 1B unknown yes 24 yes yes yes no no no no
P08 female 53 1 transfusion yes not applicable yes yes yes no no no no
P09 female 48 1A drugs yes 12 yes yes no no no no no
P10 male 59 1 unknown yes 24 yes yes yes no no no no
P11 female 54 1A unknown no 12 no yes no yes no no no
P12 female 63 1A unknown no 12 no yes no yes no no no
P13 male 44 1B drugs yes 24 no yes no yes no no no
P14 male 69 1B unknown no 12 no yes no yes no no no
P15 male 74 1B yes 12 no yes yes yes no no no
P16 female 62 1A unknown no 12 no yes no yes no no no
P17 female 54 1B unknown yes 24 yes yes yes no no no no
P18 female 60 1A drugs no 12 no yes no yes no no no
P19 female 55 1 unknown no 24 no yes yes yes no no no
P20 female 74 1B transfusion yes 24 no yes yes yes no no no
P21 male 57 1 unknown no 12 no yes no no yes no no
P22 female 46 1B transfusion no 12 no no no no no yes yes
P23 male 41 1A unknown no 12 no yes no no yes no no
P24 female 46 1B transfusion no 8 no yes no no yes no no
P25 female 56 1 unknown no 12 no no no no no yes yes
P26 male 34 1B drugs no 12 no yes yes no yes no no
P27 male 45 3 native of high risk country no 12 no yes no yes no no no
P28 female 64 4 native of high risk country no 12 no yes yes no yes no no
P29 male 66 1B unknown no 12 no yes no no yes no no
P30 male 54 4 native of high risk country no 12 no no yes no no yes no
P31 male 55 1B unknown no 12 no no no no no yes yes
P32 male 44 1A unknown no 12 no yes no no yes no no
P33 male 50 3 drugs no 12 no yes no yes no no no
P34 female 64 1B unknown no 12 no no no no no yes yes
P35 male 48 3 drugs no 12 no yes no yes no no no
P36 female 52 3 drugs no 12 no yes no yes no no no
P37 male 52 3 native of high risk country no 12 no yes no yes no no no
P38 female 45 3 drugs no 12 no yes no yes no no no
P39 male 3a no 12 no yes no yes no no no
P40 female 50 3 unknown no 12 no yes no yes no no no
P41 female 59 3 unknown no 12 no yes no yes no no no
P42 male 56 3 drugs no 12 no yes no yes no no no
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