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Antibody
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acquired immunodeficiency syndrome
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bovine serum albumin
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CC chemokine receptor
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cluster of differentiation
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Dulbecco's modified Eagle medium

DMSO
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deoxyribonucleic acid
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deoxyribonuclease

dNTP
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day(s) post infection

ds

double-stranded
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enzyme-linked immunosorbent assay
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VI
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g
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h
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human cytomegalovirus

HEPES

N-2-hydroxyethylpiperazine-N’-2 ethanesulfonic acid

HFF

human foreskin fibroblast

HIV

human immunodeficiency virus

HLA

human histocompatibility leukocyte Ag
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HRP

horseradish peroxidase

HSPGs

heperan sulphate proteoglycans

HSV

herpes simplex virus
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immediate early

IIF

indirect immunofluorescence assay

IFN

interferon
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immunoglobulin
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interleukin
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monoclonal antibodies
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magnetic-activated cell sorting

MAPK

mitogen-activated protein kinase
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MDM
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major histocompatibility complex
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PMSF
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room temperature
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reverse transcriptase

SDS

sodium deodecyl sulfate

SDS-PAGE

SDS-Poly-acrylamid gel electrophoreses

SSC
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Tris-Acetate-EDTA
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Th cell

T helper cell
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TNF
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Tris
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Introduction

1. Introduction

1.1 The history of Cytomegalovirus

The intranuclear inclusions that now are recognized as typical features of cytomegalovirus
infections were first noticed in 1881 but wrongly attributed to protozoa. The first portray of
CMV infected cells was done by Jesionek and Kiolemenoglou in 1904 who described
protozoan-like “owl’s eyes” cells from the kidney of an alleged luetic foetus. The interest
to identify the etiological agent was manly driven by the role of CMV in congenital
infection. The first tissue isolation of CMV was achieved in the early 1950s by three
groups at the same time. Weller, Smith and Rowe independently isolated and grew CMV
from man and mice in cell-culture. Finally, the common name cytomegalovirus was
proposed by Thomas Huckle Weller to reflect both virus-induced cytopathic effects and
the role of the virus in congenitally acquired cytomegalic inclusion disease. The
importance of CMV has risen over the last decades with the increase in solid organ
transplantations and the increase in acquired immunodeficiency syndrome (AIDS). But
even if HCMV can be detected and often treated in AIDS- and transplant patients, the
relevance of CMV during pregnancy and the severe damages for the unborn is still high.
Since now no antiviral agent have been approved for use in treating congenital CMV
infection and also the treatment of HCMV infection in transplanted patients is one major
problem since a HCMV-induced inflammation of the transplanted organ can initiate
rejection.

1.2 The family of Herpesviruses

The family of Herpesviridae includes human- and animal pathogens. The members of this
family are divided into three subfamilies. The membership into these subfamilies is based
on the architecture of the viral particles, the pathogenesis, the cell tropism and the length of
the

replication

cycle.

The

three

subfamilies

are

the

Alpha-,

Beta-

and

Gammaherpesvirinae. The members of the Alphaherpesvirinae are the genera
Simplexvirus (HSV-1 and HSV-2; HHV-1 and HHV-2) and Varicellavirus (VZV; HHV-
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3). The subfamily of the Betaherpesvirinae contains the genera Cytomegalovirus (HCMV;
HHV-5), Muromegalovirus (murine cytomegalovirus) and Rosealovirus (HHV-6 and
HHV-7). The last subfamily is represented by the Gammaherpesvirinae and contains the
Lymphocryptovirus (HHV- 4 or Epstein-Barr-Virus) and the Rhadinovirus (HHV-8). All
of the Herpesviruses share four significant biological properties:
1) A huge viral genome which encodes a large array of enzymes involved in the
nucleic metabolism, DNA synthesis and processing of proteins.
2) The synthesis of viral DNA and the capsid assembly occur in the nucleus of
infected host cells.
3) The production of new viral particles leads always to a disruption of the host cell.
4) The ability to remain latent in their natural hosts. In cells harbouring latent virus
only a small subset of viral genes are expressed and infectious progenies are not
produced.
The variety of the three Herpesvirus subfamilies is summarised in Table 1:
Table 1: Differences between α-, β- and γ-Herpesviruses

Natural Host
Reproductive cycle
Spread in cell culture

α-Herpesviruses

β-Herpesviruses

γ-Herpesviruses

wide range

restricted

limited to family

relatively short

prolonged

fast

slowly

1.3 The human cytomegalovirus

1.3.1 Genome orientation and virion structure
The human cytomegalovirus (HCMV) belongs to the Betaherpesvirinae and like other
Herpesviruses HCMV has adapted to its host and has evolved multiple strategies to escape
the immune system.
Among all herpesviruses, HCMV has the highest coding capacity. The genome is 230kbp
in size and encodes for more than 200 gene products [47; 17]. Like all herpesviruses,
HCMV has a double-stranded linear DNA (dsDNA) genome that consists of two
covalently linked sequences, each comprising two unique regions, one short (US) and one
2
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long (UL), flanked by short regions of sequences repeated in inverted and directed ways.
The terminal repeats, flanking both sides of the genome are referred to as TRL/TRS while
the internal repeats linking the US/UL are referred to as IRS/IRL. The overall genome
configuration is TRL-UL-IRL-IRS-US-TRS as it is shown in figure 1. Intramolecular
homologous recombination of these repeated sequences can result in four different
isomeric genome forms, where the Us and the UL regions are differently orientated to each
other. In HCMV all four isotypes can be found in the same amount and they are termed the
P (prototype), IL (L inverted), IS (S inverted) and ISL (L and S inverted) genome
arrangements [45; 15, 60; 84; 17].

Figure 1: Genomic structure of HCMV. The upper line represents the structure of the whole
genome. Unique regions (US and UL) are flanked by inverted terminal and internal repeats
(TRL/TRS and IRL/IRS). The bottom line represents the size of the genome in kilo base pairs (kbp).
The origin of replication in the case of a lytic replicative cycle (oriLyt(L)) is also shown. Scheme
source: [45]

The virion structure of HCMV is typical for Herpesviruses. Figure 2 schematically pictures
the architecture of the HCMV virion. The virions are 150-200 nm in diameter and consist
of more than 30 different proteins. The centre of the viral particle is formed by a protein
matrix associated with the linear double-stranded (dsDNA) genome, what is called the
virus-core. The core is surrounded by a capsid measuring 100 nm in diameter. It has an
icosahedral symmetry with a triangulation number of T=16 and consists of 163 capsomers
[93].
The capsid is surrounded by a lipid bilayer envelope, where numerous different
glycoproteins are embedded. Lots of them are linked by disulfide bonds and organised in
glycoprotein complexes, however a large number of envelope proteins still remain
uncharacterised. As far as it is known today, some of these glycoproteins are predicted to
play an important role in each step of the viral replication cycle, but also for initiation of a
neutralising antibody response of the immune system. The outer membrane of the viral
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particles carries three glycoprotein complexes embedded in the bilayer which is derived
from host cellular membranes (Figure 2). Up to date, there are three known glycoprotein
complexes (gC) described for HCMV. The gCI is composed of homodimers of the
glycoprotein B (gB or UL55), a type I integral membrane protein. gCII comprises two
glycoproteins, gM (UL100) a type III membrane protein and gN (UL73) a type I
membrane protein. The third complex (gCIII) contains the glycoproteins gH (UL75); gL
(UL115) and gO (UL74). Recently another composition of proteins for gCIII has been
shown in clinical isolates of HCMV. This gCIII carries together with gH and gL, instead of
gO, the products of the viral gene region UL128 to UL131A.

Figure 2: Structure of HCMV virion: HCMV virions comprise three major layers: The
nucleocapsid containing the linear double-stranded viral DNA genome, which is surrounded by a
protein matrix called tegument. The particle is enveloped by a host-derived lipid bilayer in which
the glycoprotein complexes, formed by gB, gM:gN, gH:gL:gO, and GPCRs (US27,UL33)are
embedded [57].

The space between the envelope and the capsid is called the tegument, a protein matrix
consisting of up to 25 different viral proteins. The most abundant tegument proteins are the
members of the UL82-family. The UL83 encoded lower matrix protein pp65 accounts for
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15% of the tegument and is the antigen that is detected in the clinical diagnostic
antigenemia assay [58]. The size of the tegument can differ from particle to particle, what
is an explanation for the varying particle size.
Beside the infectious virions, two further types of viral particles can be found in infected
cells: The so called electron-dense “Dense Bodies” (DBs) and the non-infectious
enveloped particles (NIEPs). DBs mainly consist of the viral envelope and aggregations of
viral tegument proteins, whereof the lower matrix protein pp65 (pUL83) displays up to
90% [66; 86], furthermore they do not contain viral DNA [36]. NIEPs on the other hand
are similar to virions in architecture and protein composition, but they also lack DNA and
therefore they are non-infectious. The quantities of these different particles are dependent
on the multiplicity of infection and on the virus strain itself [96].
1.3.2 Entry and Replication
The first step in the replication cycle of HCMV is the entry of the viral particles into the
host cell (Figure 3). Depending on the host cell itself and on the viral strain, HCMV uses
different mechanisms to enter. HCMV can enter cells via direct fusion of the viral
envelope with the plasma membrane of the host cell at neutral pH [13]. Alternatively
HCMV can enter by receptor-mediated endocytosis under a low-pH [4, 63]. Though the
topic is highly debated, the present model describes entry by plasmamembrane fusion or
endocytosis in fibroblast and endothelial-epithelial cells, respectively. Since it is known
that HCMV can enter a wide range of different cell types (including cells of the immune
system like monocyte/macrophages), there is evidence that a large number of cellular
receptors are involved into the entry mechanism [12 44].
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Figure 3: Scheme of HCMV entry into cells: HCMV attaches in a tethering step to heperan
sulphate proteoglycans (HSPGs) through gM/gN and/or gB. gB interacts with EGFR or other
cellular receptors. Receptor clustering is promoted by interactions of viral glycoproteins with
cellular integrins. One of these interactions leads to fusion of the viral envelope with the plasma
membrane and to the release of the content of the viral particles into the host cell. [12].

In comparison to other Herpesviruses, the 72 hours replication cycle of HCMV is
considered quite slow. After attachment of the viral particle to the host cell plasma
membrane (e.g. via different glycoprotein complexes) the release of the content of the viral
particles takes place following intracellular trafficking of the nucleocapsid via cytoplasmic
tubules to the nucleus, where the viral DNA is released [16,67].
Viral gene expression is strictly regulated in a temporary three step cascade. Since HFF
represents the classical cell type infected by HCMV, the replication cycle in HFF is
described. The Immediate-early (IE) proteins are the first products synthesised after
infection, with a maximum synthesis rate at 3-4 hours post infection (h pi) [34]. Their
synthesis does not require prior viral protein synthesis but it is necessary for ongoing viral
gene expression. Prior studies showed that major IE products initiate a productive infection
program [71] operating as transactivators for early (E) proteins, the second products
produced. These are basically involved in genome replication and immunomodulation, but
also major tegument proteins (e.g. pp65) belong to this group as well. The maximum
synthesis rate of this group can be detected at 5-7 h pi. The last group comprises the late
(L) proteins, which are typically major structural components of the virions. The
expression of L products is also dependent on IE gene expression, as in the case of E gene
products [34; 71 85].

6

Introduction
The ability to express the whole gene cascade of HCMV depends on the permissiveness of
the cells. IE products can be detected in both permissive, as well as in non-permissive
cells. E products however are only detectable to a lower extend in non-permissive cells,
whereas L proteins can only be detected in cells that are fully permissive to HCMV
replication [67].
Once replication of viral proteins has been completed, capsid assembly and encapsidation
of the DNA occurs within the nucleus [65; 36]. Whereas virion maturation occurs in a
clearly distinguishable cytoplasmatic assembly compartment (AC), that includes early
endosomes as well as the Golgi apparatus [14], and this is specific for HCMV. It has been
shown that tegumentation and envelopment of maturated virions derive from endosomes.
In a final step, mature virions are released into the extracellular space. Because of the long
replication cycle, the first viruses released in the extracellular space can be detected
approximately 72 h pi [89].
Over the last decades a various number of cellular receptors for HCMV have been
described as summarised in Table 2. Up to now it is not finally clarified which viral
glycoproteins are crucial for entry into the different host cells, because the composition of
the glycoproteins in the viral envelope depends on the HCMV strain and consequently on
the entry mechanism which is used and therefore on the cell tropism.
Table 2: Proposed HCMV cellular receptors [37, 70]

Interacting HCMV

Currently considered HCMV

glycoprotein

entry receptor

gB an gM

Yes

Non identified

Unlikely

gB

Accessory role?

Non identified

Unlikely

92,5kDa receptor

gH

More data needed

EGFR

gB

More data needed

gB and gH

Yes

Cellular receptor
HSPG
MHC class I molecules
Annexin II
CD13

α2β1, α6β1, αVβ3 integrins

For gB (gCI) and for gM (gCII) heparin binding ability has been shown for the initial
tethering event [7, 37, 38]. The ability of gB to bind heparan-sulfate proteoglycans
(HSPGs) makes this glycoprotein to the primary receptor binding protein for fusion events.
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In the late 80s studies were performed to show that binding of β2-microglobulin to HCMV
particles leads to binding of these particles to the α chain of HLA class I antigens [2931;41, 42].For annexin II, a know molecule that interacts with phospholipid membranes
and lead to membrane fusion [104, 105], a binding with HCMV gB has been shown [54,
56]. But the same group showed two years later that also cells lacking annexinII are fully
permissive to HCMV [53]. Another promising candidate as entry receptor for HCMV was
the Aminopeptidase N (CD13), a membrane protein present on human peripheral blood
mononuclear cells (PBMCs) [28, 55]. It has been shown, that anti-CD13 neutralised virus
by binding the virus and not the cell and that entry of HCMV in CD13 negative cells was
normal. All these findings were reviewed previously [44]. A very hot topic is the
epidermal growth factor receptor (EGFR) as potential entry receptor. It has been published
that EGFR acts as cellular receptor for HCMV, binds specifically gB and is
phosphorylated [103]. Other groups had controversy data. They show that HCMV inhibits
EGFR phosphorylation and that EGFR blocking antibodies had no effect on HCMV entry
and replication [19]. By looking for other cellular entry receptors gH became interestingly.
By using a generated anti-gH antibody, a cellular 92.5 kDa cell surface glycoprotein was
detected [44] but not further investigated. Also the αvβ3 integrin has been tested for gH
interaction. It has been shown that gH can act as a co-receptor by delivering virus to lipid
rafts, where αvβ3 and gB together recruit EGFR [102].Since HCMV can infect a wide
range of cell types and integrines are ubiquitously expressed cell surface receptors, their
role in entry was further investigated by neutralising antibodies and α2β1, α6β1, αVβ3
integrins were implicated [20] but experiments with integrin-blocking antibodies did not
give any results so far.
There is no doubt that HCMV needs cellular molecules/receptors for entry, but since
HCMV follows different entry routs depending on the cell type (e.g. fusion in fibroblasts
and by endocytosis in endothelial cells), it is very likely that more than one receptor is
involved.
1.3.3 Epidemiology and Pathogenesis
HCMV is endemic in 50-90% of the human populations spiking in countries with lower
socio-economic conditions [71]. In immunocompetent individuals HCMV infection is in
general asymptomatic or comparable with cold-symptoms. Primary infection is acquired

8

Introduction
during childhood through breastfeeding or other direct contacts, which gave HCMV an
incidence of 30-40% in the first year of life. Young children and people in their direct
surrounding also emit the highest amounts of virus, wherefore these people are the most
infectious, and this is one reason why infection often takes place during infancy in
nurseries. With the uptake of sexual activities, prevalence of infection reaches a second
peak in adulthood. Another very important way of infection is the vertical transmission
from the mother to the unborn child, because hormonal changes during pregnancy often
cause reactivation of the virus, especially in the final trimester of pregnancy. It is expected,
that approximately 1% of all children are prenatally infected [26]. A notable hazard is a
primary HCMV infection of the mother during pregnancy, because the foetus can show
severe damages of the brain, the eyes, the liver and infection can even lead to deafness of
the unborn child [36]. Prenatal infection of the foetus leads to cytomegalic inclusion
disease (CID) in 1 of 10 cases. This bears symptoms like hepatosplenomegalie,
thrombocytopenia or developmental damages like mental retardation due to infection of
the central nervous system. Damages can even cause death of the child in utero as well as
postnatally. In addition to unborn children, severe HCMV infections can occur in
immunosuppressed patients, particularly in transplant recipients and HIV-patients which
developed already the Aquired Immunodeficiency Syndrome (AIDS). In the former case,
viruses are often transmitted through transplanted organs. Primary infection of these
patients is always more severe than reactivation, because of the defective cellular
immunity. Symptoms like diarrhoea, hepatitis, chorioretinitis, gastrointestinal ulcerations
or even encephalitis can occur. One major problem in transplanted patients is an
inflammation of the transplanted organ due to HCMV infection, which can initiate
rejection. In the case of AIDS patients, infection with HCMV can result e.g. in pneumonia
leading directly to death in 20-30% of all cases. The immune system can only limit but not
eradicate HCMV, therefore when the acute phase of infection ends the virus remains
lifelong either in a latent or sporadically reactivated status [71].

1.4 Monocytes

Monocytes are built in the bone marrow from myeloid progenitor and transported by blood
as non-differentiated cells. These white blood cells play crucial roles in the innate and
adaptive immune responses, since they are members of the human phagocyte system [95]
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and precursors of dentritic cells (DC) and monocyte-derived macrophages (MDM).
Monocytes are produced by the bone marrow from precursors called monoblasts. They
circulate in the bloodstream for about one to three days and then typically migrate into
tissues throughout the body where they differentiate into MDM or DCs. They constitute
between 3-8% of the leukocytes in the blood. Half of them are stored as a reserve in the
spleen in clusters [88]. There are two main functions of monocytes in the immune system:
they are responsible for replenish resident macrophages and dendritic cells under normal
states [86], and in response to inflammation signals, monocytes can move quickly (approx.
8-12 hours) to sites of infection in the tissues and differentiate into macrophages and
dendritic cells to elicit an immune response [89].
Today it is known, that there are two populations of monocytes in the human blood:
a) The classical monocyte, which is characterised by high level expression of the CD14 (a
glycosyl-phosphatidylinositol-anchored surface molecule that is a component of the
lipopolysaccharide recognition complex) cell surface receptor (CD14++ monocyte) and b)
the, pro-inflammatory monocyte with low level expression of CD14 but with additional coexpression of the CD16 receptor (CD14+CD16+ monocyte). CD16 is the FcγRIII, a
transmembrane-anchored glycoprotein that serves as a phagocytic receptor and a low
affinity receptor for IgG [109]. The CD14+CD16+ are supposed to be more mature and
have a higher T-cell stimulatory capacity [108].
Since it has been shown that CD14+CD16+ monocytes produce high amounts of proinflammatory cytokines like tumor necrosis factor and interleukin-12 after stimulation with
pathogens, it is not surprising that a high count of CD14+CD16+ monocytes can be
observed in patients with Sepsis [21] and after treatment with immuno-suppressive
glucocorticoids a very low count of these cells is found [22].
1.4.1 Physiological monocyte migration and trafficking
Continuously slow trafficking of monocytes through tissues allows the differentiation and
maturation of monocytes into tissue macrophages or under certain circumstances into
mature dendritic cells. Early kinetic studies revealed that monocytes leave the bone
marrow around 13-26 hours after completing their last division, remain in the circulation
for 36-104 h after which they may become marginated in capillaries. These monocytes
then move through endothelial walls, undergoing differentiation to become tissue
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macrophages. Instead of differentiation into macrophages, monocytes can also differentiate
into DCs and enter peripheral tissue. As a result of antigen uptake they fully mature and
migrate into the lymphatic systems, where they present antigen to resident lymphocyte
populations. Recent data has shown that monocytes that remain in the sub-endothelial
tissue and differentiate into tissue macrophages and those that egress into the lymphatics
are distinct populations (Chapter 1.4). Monocytes that remain in blood for extended times
are not attracted to tissues or inflammatory sites via cytokines or chemokines become
senescent and are removed by macrophages and probably by so-called semi-professional
phagocytes, i.e. endothelial cells, predominantly in the spleen.
1.4.2 Monocytes and HCMV
Monocytes are primary HCMV target cells in vivo and are responsible for dissemination of
HCMV throughout the body during the latent, acute, and late phases of infection.
Monocytes represent a key cell type in the pathogenesis of HCMV, since they are an
important cellular reservoir for latent virus [80; 90, 91]. A number of studies have shown
that HCMV infection in monocytes is non-permissive [18; 59] and that cellular
differentiation is a pre-requisite for HCMV replication [23; 35; 73, 81; 92]. Cellular factors
that dictate monocyte-macrophage differentiation also regulate HCMV gene expression
either directly or indirectly. Since the inflammatory conditions are responsible for the
differentiation of monocytes into macrophage, which leads to HCMV reactivation and
promotes viral replication, it is likely that upon HCMV infection the normal regulation of
the pro- and anti-inflammatory functions of monocytes and macrophages are dramatically
altered.
An increasing body of epidemiological evidence reports the association of active HCMV
infection with pathological conditions characterised by chronic or exaggerated
inflammation [79]. Though it is still not known whether HCMV plays a causative role or is
merely an epiphenomenon, it has become clear that inflammation and HCMV pathogenesis
are strictly linked. Following HCMV exposure, monocytes and macrophages appear
activated and they show changes in calcium homeostasis, phospholipid turnover, induction
of second messengers and activation of several transcription factors [106, 107]. Several
pro-inflammatory genes undergo a dramatic trans-activation upon HCMV infection and
increased levels of TNFα, IL6 and IFNγ have been measured [78]. It is surprisingly that
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HCMV choose monocytes as primary targets since they usually survive only 1-3d
circulating. It has been shown that HCMV infected cells remain viable for weeks despite
the lack of viral anti-apoptotic gene expression during this period. The viral up-regulation
of the PI3K (Phosphatidylinositol 3-kinases) pathway promotes an early block in apoptosis
after infection [9].
1.4.3 Chemokines and their receptors
Chemokines (shortening of chemoattractant cytokines) are a subgroup of cytokines
regulating trafficking of immune cells. Currently the human chemokine system includes
more than 50 chemokines and 18 chemokine receptors. The size of these proteins range
from 68 to 120 amino acids and they are divided into three structural groups according to
cysteine motifs in their primary structure: CC-, CXC- and CX3C-chemokines. The CC
family or β-chemokines is characterised by the first two of the four cysteines being
adjacent to each other. This family comprises the largest number of chemokines (nearly 20
members) and tends to attract mononuclear cells. They can usually be found at chronic
sites of infection. The monocyte chemotactic protein 1 (MCP-1 or CCL2) is the most
characterised member of this family with an estimated molecular weight of 13kDa and has
been implicated as a key player in the recruitment of monocytes. It is also able of
activating basophiles and T memory cells. Rantes (Regulated upon Activation, Normal Tcell Expressed, and Secreted or CCL5) also belongs to this family and has a molecular
weight of 8kDa. Besides their chemoattractant potency, these chemokines are believed to
be involved in allergic disorders, because their stimulation results in histamine release of
eosinophils.
Members of the CXC chemokine family, exemplified by IL-8 or CXCL8 carry a single
amino acid between the cysteines. They attract mainly polymorphonuclear leucocytes and
are involved in acute inflammation.
The last CX3C chemokine family has only one well characterized member, fractalkine (FK
or CX3CL1). The special feature of this chemokine is the existence of both a soluble and a
membrane-bound form, wherefore it can both function as a chemoattractant (soluble) or as
a cell-adhesion receptor (membrane-bound) [11].
Chemokines are released from various cell types and their production can be induced by
both exogenous and endogenous stimulants.
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Like all other cytokines, chemokines can be synthesised de novo to show activity, what
corresponds to their short half-life time, or it is also possible that pre-formed cyto- and
chemokines are stored intracellularly (e.g. eotaxin, RANTES in Eosinophils [40]).
Chemokines act usually over short distances resulting in either autocrine (affecting same
cell) or paracrine (affecting neighbour cell) function. Endocrine action throughout long
distances can only rarely be observed. Chemokines are only effective in low
concentrations, usually in the range of nanograms (ng).
All chemokines bind specifically to G-protein coupled 7 transmembrane receptors
(GPCRs), called chemokine receptors (CRs) on the target cells where they initiate a second
messenger cascade that results quickly in changes of the cytoskeleton and in migration.
But stimulation of the receptor can also lead to altered gene expression of the target cell
[39], such as over expression of surface receptors, cell differentiation/activation ,
expression and release of other cytokines. So far 19 distinct chemokine receptors are
described in mammals [49]. Following interaction with their specific chemokine ligands,
chemokine receptors trigger many intracellular changes like a flux in intracellular calcium
(Ca2+) ions (calcium signaling). This Ca2+ flux causes cell responses, including the onset
chemotaxis. The specificity of CKRs is restricted by chemokine subfamilies. The
nomenclature of CKRs is based on this restriction, where each receptor is designated by
the chemokine subfamily name (C, CC, CXC, CX3C) followed by an “R” for receptor and
a number, based on the chronologic order of identification [3].
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1.5 Aim of the work
Up to date it is still unknown how HCMV can spread throughout the whole body without
being eliminated by the immune system. The aim of this thesis is to illuminate the
mechanism by which HCMV enters monocytes in the blood and how this virus can stay
undetected inside immune cells and use their abilities to spread into nearly all tissues.
Preliminary results showed that the inhibition of chemokine receptors induced by
endotheliotropic strains of HCMV was independent on viral gene expression. These
findings suggest that structural components exclusively present in the viral particles of
endotheliotropic strains might be responsible for the HCMV-mediated inhibitory effect on
monocytes. One major aim of this thesis is to find the responsible viral component. It has
been shown, that the products of the viral gene region UL128 to UL131A are essential for
endothelial cell tropism. The investigation of these proteins, concerning their presence in
viral particles and their importance in the context of infection of human monocytes
(tropism) is the major aim of this thesis. Since it is known, that the HCMV encoded UL128
carries a CC-chemokine motive, it should be also investigated if pUL128 has chemotactic
potency and whether the virus could use this tool for the own advantage.
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2. Materials

2.1 Instruments
Boyden Migration Chamber
Centrifuges:
Beckmann coulter Avanti J-25
Eppendorf Centrifuge 5417C
Biofuge fresco
Heraeus Megafuge 1.0R
Ultracentrifuge Beckmann L7-65
Combipipettes:
Handy step
Multipette plus
Incubator
Electrophoresis gadgets
Run oneTM Electrophoresis Cell
Eppendorf Mixer 5432
Eppendorf Thermomixer compact
FACS Calibur
Gel Doc 200
Heatblock:
Heatblock
Digital Heatblock
Thermomixer IKA Mag Ret
Hemocytometer
High Pressurre Freezer: HPF compact 01
Laminar airflow cabinets:
Lamin Air HBL 2472GS
Hera safe
Luminescence Spectrometer LS50B
Microscope and equipement:
Fluorescence microscope Axiovert 200
Fluorescence microscope Axioskop
EM10 transmission electron microscope
Observer.Z1 microscope
Photometer:
Gene Quant
BioPhotometer
PIPETBOY plus
Pipettes Eppendorf
Pipettes Gilson
Rotators:

Neuro Probe Inc., USA
Beckmann, Munich, Germany
Eppendorf, Hamburg, Germany
Heraeus, Hanau, Germany
Heraeus, Hanau, Germany
Beckmann, Munich, Germany
BRAND, Wertheim, Germany
Eppendorf, Wesseling, Germany
Heraeus, Hanau, germany
EmbiTec, San Diego, CA, USA
Eppendorf, Munich, Germany
Eppendorf, Munich, Germany
Becton Dickinson, Heidelberg,
Germany
Bio-Rad, Hercules, CA, USA
Liebisch, Bielefeld, Germany
VWR, Germany
IKA Labortechnik, Staufenm
Germany
Brand, Germany
Engineering office M Wohland
GmbH, Sennwald
Heraeus, Hanau , Germany
Heraeus, Hanau, Germany
Perking Elmer, Norwalk, USA
Zeiss, Jena, Germany
Zeiss, Jena, Germany
Zeiss, Jena, Germany
Zeiss, Jena, Germany
Pharmacia, Uppsala,Schweden
Eppendorf, Germany
Integra Bioscience Swiss
Eppendorf, Munich, Germany
Middleton, WI, USA
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Rotator
REAX2
Scales:
PJ Precisa junior 500c
SDS-PAGE-chamber
Semidryblotter Transblot SD
Shaker
Sonifier B12
Thermocycler GenAmp PCR Systeme 9700
Vortex VF2
Vortex-Genie 2
Waterbath
Westernblot Developing Machine:
Curix 60

Heidolph, Germany
Heidolph, Germany
Digitana AG, Hamburg,
Germany
Bio-Rad, Hercules, CA, USA
Bio-Rad, Hercules, CA, USA
Edmund Bühler swip, Germany
Gerhard Heinemann Laboratory,
Schwäbisch Gmünd, Germany
Perking Elmer, Norwalk, USA
Bachofer, Reutlingen, Germany
Scientific Industries, Germany
GFL, Germany
AGFA Gevaert Groupe, Köln,
Germany

2.2 Other utensils
Aluminium cups for EM

Extra thick blotpaper

Engineering office M Wohland
GmbH, Sennwald
Sarstedt, Nümbrecht, Germany
Greiner Bio-One, Frickenhause,
Germany
Hemoflow E4S; Fresenius, Bad
Homburg, Germany
Beckman, Paolo Alto, CA, USA
Invitrogen GmbH, Karlsruhe,
Germany
Abgene, Hamburg, Germany
Miltenyibiotec, Bergisch
Gladbach, Germany
Bio-Rad, Hercules, CA, USA

Kimberley Clark Kimwipes lite 100

Germany

Cell scraper 25c
Cellstar tissue cultur flask
Cellulose small capillaries
Centrifuge tubes
DNA latter 1kB
dNTP Mix (10nM)
MACS separation columns

Commercially available Kits:
Monocyte Isolation Kit II human
HiYield PCR Clean Up/Gel extraction Kit
High Pure Viral Nucleotide Acid Kit
Kodak X-Omat X-ray films
Lab tek chamber slide
Microscope Cover Glasses 13mm∅

Miltenyibiotec,Bergisch
Gladbach, Germany
SLG, Südlabor, Germany
Roche Diagnostics, Mannheim,
Germany
Sigma, Deisenhofen
Nunc InterMed, Illinois, USA
Glaswarenfabrik Karl Hecht,
Sondheim, Germany
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Pipettes:
Combipipette 12,5ml
Combipipette 2,5ml
Serological pipettes
Polymax RT Developer/Fixater (Kodak)
polyvinylpyrrolidone-free polycarbonate filters
with 5 μm pores
Protease Inhibitor-Mix
Protein Standards Kaleidoscope
PVDF Membrane
Scalpels
Tubes:
Falcon Tubes
Falcon Tubes FACS
Reaction Tubes 0,6ml
PCR Tubes
Safe lock tubes 1,5ml
UVette®
Whatman Filterpapier 3MM

Eppendorf, Germany
Eppendorf, Germany
Sarstedt, Nümbrecht
Sigma, Deisenhofen, Germany
Neuroprobe, Pleasanton, CA
Roche, Basel, Switzerland
Biorad, Hercules, CA, USA
Millipore Corp., ME, USA
Greiner Bio-one, Frickenhausen,
Germany
Becton Dickinson, NJ, USA
Becton Dickinson, NJ, USA
Biozym, Hessisches Oldendorf,
Germany
Biozym, Hessisches Oldendorf,
Germany
Eppendorf, Germany
Eppendorf, Germany
Whatman, Maidstone, GB

2.3 Chemicals
Acrylamid-Bisacrylamid-solution
(30% und 0,8% w/v)
AEC-Tabs
Agarose SeaKem LE-Agarose
APS (Ammonium persulfate)
Beta-Mercaptoethanol
BODIPY FL phallacidin
30% BSA (Bovin serum albumin)
Cytofix/Cytoperm kit
Diff-Quick
DMSO
DTT (dithiothreitol)
ECL-solution:
Super Signal West Dura

Merck, Germany
Sigma-Aldrich,
Steinheim, Germany
Lonza, ME, USA
Pharmacia, Uppsala,
Sweden
Sigma, St. Louis, MO,
USA
Molecular Probes inc.,
Eugene, USA
Sigma Aldrich,
Steinheim, Germany
BD Biosciences
Pharmingen,
San Diego, CA, USA
Baxter, Rome, Italy
Merck, Darmstadt;
Germany
Roth, Karlsruhe
Pierce, Rockford, Irland

17

Materials
EDTA (ethylenediaminetetraacetic acid)
Ethisiumbromide 1%
FCS (fetal calf serum)
L-Glutamin (200mM)
Glycerin
Glycin
1-Hexadecen
Human Immunoglobulins (Ig), Gamunex 10%
Isopropanol
KCl (potassic chloride)
KH2PO4 (potassic hydrogenphosphate)
Lymphoprep
Methanol
NaCl (natrium chloride)
Na2HPO4 (di-natrium-hydrogenphosphate-12-hydrate)
Osmiumtetraoxide
Penicillin
PFA (Paraformaldehyde)
Protease Inhibitor “complete” EDTA free
SDS (sodium dodecil phosphate)
Skimmed milk pouder Lasana
Streptomycin
TEMED (N,N,N’,N’ – Tetramethylethylendiamin)
Tris (tris(hydroxymethyl)aminomethane)
TritonX100

Fluka Sigma Aldrich,
Steinheim, Germany
Roth, Germany
Gibco BRL, Eggenstein,
Germany
Biochrom KG, Berlin,
Germany
Roth, Karlsruhe,
Germany
AppliChem Bio
Chemika, Darmstadt,
Germany
Merck, Darmstadt;
Germany
Talecris Biotherapentics,
Germany
Sigma-Aldrich,
Steinheim, Germany
Roth, Karlsruhe,
Germany
Merck, Darmstadt,
Germany
PAA laboratories,
Germany
Sigma-Aldrich,
Steinheim, Germany
AppliChem Bio
Chemika, Darmstadt,
Germany
Merck, Darmstadt,
Germany
Merck, Darmstadt,
Germany
Invitrogen, Germany
Fluka Chemie AG,
Buchs, Switzerland
Roche Diagnostics,
Mannheim, Germany
Serva, Heidelberg,
Germany
Humana Milchunion eG,
Herford, Germany
Invitrogen, Germany
Serva, Heidelberg,
Germany
USB, Cleveland, Ohio,
USA
Serva, Heidelberg,
Germany
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Trypan blue 0,5% (w/v), seromed
Tween 20
Uranylacetat
Vectorshield mounting medium for fluorescence

Biochrom KG, Berlin,
Germany
Sigma, Deisenhofen,
Germany
Merck, Darmstadt,
Germany
Vector Lab. Burlingame,
USA

2.4 Antibodies
2.4.1 Primary antibodies
Anti-gH rabbit serum

Anti-gL rabbit serum

Anti-UL128 clone #17 mouse monoclonal

Anti-UL130 rabbit serum

Anti-UL131 rabbit serum

Anti-human cytomegalovirus pp65 (pUL83) ACC10

Anti-human cytomegalovirus pp65 (pUL83) Cinapool,
mouse, monoclonal
Anti-human cytomegalovirus IE1/2, mouse, monoclonal

kind gift of Brent
Ryckman
(Oregon
Health and Science
University,
Portland,
Oregon)
kind gift of Brent
Ryckman
(Oregon
Health and Science
University,
Portland,
Oregon)
kind gift of Giuseppe
Gerna
(Fondazione
IRCCS Policlinico San
Matteo, Pavia, Italy)
kind gift of Brent
Ryckman
(Oregon
Health and Science
University,
Portland,
Oregon)
kind gift of Brent
Ryckman
(Oregon
Health and Science
University,
Portland,
Oregon)
Dako, Denmark

Argene SA, Varilhes,
France
Argene SA, Varilhes,
France
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Anti-Tubulin, mouse, monoclonal

MolecularProbes,
Leiden, Netherland
Sigma, St. Louis,
Missouri, USA
Oncogene Research
Products, USA
Santa Cruz, Santa Cruz
USA

Anti-Actin, mouse, monoclonal
Anti-Vimentin, LN6 mouse, monoclonal
Anti-WASP, mouse monoclonal
Anti-CCR1, mouse, monoclonal
Anti-CCR2, mouse, monoclonal
Anti-CCR5, mouse, monoclonal
Anti-CXCR1, mouse, monoclonal
Anti-CXCR4, mouse, monoclonal
Anti-human CD14, mouse, monoclonal

R&D System, Germany
R&D System, Germany
R&D System, Germany
R&D System, Germany
R&D System, Germany
BD Pharmigen, NJ,
USA

2.4.2 Secondary antibodies
Goat anti-mouse, HRP conjugates

DAKO, Denmark

Goat anti-mouse, HRP conjugated

Pierce, Rockford,
Ireland
Pierce, Rockford,
Ireland
Molecular
Probes,Oregon, USA
Molecular
Probes,Oregon, USA
Dako, Denmark

Goat anti-rabbit, HRP conjugated
Goat-anti mouse, Alexa Fluor 488 conjugated
Goat-anti mouse, Alexa Fluor 555 conjugated
Goat anti-mouse Ig-RPE conjugated
2.5 Oligonucleotides
UL128-for
UL128-rev
UL130-for
UL130-rev and UL131A-rev
UL131A-for

5’-TTGGATCACAGCCGCGTGC-3’
5’-CCACGATCCGGGTTATCTTGTCG-3’
5’-GCTAACGGCGAACCAGAATCC-3’
5’-GGCTGTGATCCAATAACAGCCAC-3’
5’-CCCATCACCTCGCCTATACTATGTG-3’

2.6 Recombinant Proteins
Recombinant UL128 (rpUL128)
Recombinant protein X (rProtX)
fMLP (N-Formylmethionyl-Lencyl-Phenylalanin)

gift of Marco
gift of Marco
Sigma-Aldrich,
St. Louis, USA

Monocyte chemotactic protein-1

20

Materials
MCP-1/CCL2
Human recombinant macrophage inflammatory protein 1α
MIP-1α/CCL3

PeproTech Inc.; Rocky
Hill, USA
PeproTech Inc.; Rocky
Hill, USA

Regulated upon activation, normal T cell expressed and secreted
RANTES/CCL5
PeproTech Inc.; Rocky
Hill, USA
Human recombinant macrophage inflammatory protein 3β
MIP-3β/CCL19
PeproTech Inc.; Rocky
Hill, USA
human recombinant stromal derived factor 1
SDF-1/CXCL12
PeproTech Inc.; Rocky
Hill, USA
Fractalkine/CX3CL1
PeproTech Inc.; Rocky
Hill, USA
Interleukine-8/IL-8
R&D Systems
Minneapolis, USA
Groα/CXCL1
PeproTech Inc.; Rocky
Hill, USA
Vascular endothelial growth factor/VEGF
R&D Systems
Minneapolis, USA
Chemokines were used at the final concentration of 100 ng/ml in RPMI 1640 1% FCS.
fMLP (Sigma-Aldrich) at the final concentration of 10-8 M served as positive control.
2.7 Viruses
TB40E

widely used laboratory endotheliotropic strain of human cytomegalovirus that
was initially isolated from a throat swab of a bone marrow transplant recipient;
provided from Christian Sinzger, University of Tübingen, published in[76]

TB40F

fibroblast adapted strain obtained after prolonged culture of TB40E in
fibroblasts [75]

2.7.1 Bacterial Artificial Chromosomes
TB40-BAC4
BAC of TB40E
TB40-BAC4mutated BAC4 where an additional Adenine at position aa332 in
UL128 has been introduced
TB40-BAC1
BAC of TB40E with a spontaneous addition of an Adenine at
position aa332 in UL128 and an adenine-to-cytosine exchange at
nucleotide position 282
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TB40-BAC1rep

BAC1 where the additional Adenine at position aa332 in
UL128 has been removed

All BACs where a kind gift of C. Sinzger [74]
GeneBank EF999921.1
2.8 Cell types and lines
Monocytes

primary blood cells were purified from buffy-coats of HCMVseronegative, healthy blood donors. Cells were used on the same day as
the extraction.

HFF-cells

Human foreskin fibroblasts, these cells were used before passage 20.

2.9 Cell buffer and media

2.9.1 Cell buffer
Dulbecco’s PBS

PAA laboratories, Germany

EDTA 1% in PBS-solution

Biochrom KG, Berlin, germany

Trypsin-EDTA-solution

Gibco BRL, Eggenstein, Germany

2.9.2 Cell media
MEM

Gibco BRL, Eggenstein, Germany

RPMI 1640

Gibco BRL, Eggenstein, Germany

2.9.3 special solutions
Miltenyi buffer:
1:50

EDTA

0,5%

BSA

1x Dulbecco’s PBS
Cell Lysis solution for Protein separation (RIPA)
50nM

Tris pH 7.4
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150nM

NaCl

1mM

EDTA

0,1%

SDS

0,5%

deoxycholat

1% NP40 + freshly added protease inhibitors

2.10 Media and standard solutions
All media and solutions were made with bidest. H2O, otherwise it will be written.
2.10.1 Western Blot solutions
10% APS-solution
100mg Ammonium persulfate in 1ml H2O; stored at 4°C
SDS-PAGE Gels
Tabel 2 SDS-PAGE gels

10%

12%

Stacking gel

(2gels)

(2gels)

(2gels)

H2O

4012µl

3345µl

3020µl

1,5M Tris pH8,8

2500µl

2500µl

0,5M Tris pH6,8

1250µl

10% SDS

100µl

100µl

50µl

0,8%Acrylamid-

3333µl

4000µl

650µl

10% APS

50μl

50μl

25μl

TEMED

5µl

5µl

5µl

30% Bisacrylamid

1x running buffer (Laemmli)
0,5%

SDS (v/v)

2M

Glycin

0,25M

Tris

adjust to 1L with H2O
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2x SDS PAGE sample loading buffer
200mM

Tris/HCl pH8,8

5mM

EDTA

1M

Sucrose

0,1%

bromphenolblue

1mM

DTT

2%

SDS

Nitrocellulose Transfer buffer
1,5%

Glycin

0,1%

10%SDS

25mM

Tris

20%

Methanol

Adjust to 1l with H2O
PVDF Transfer buffer
2%

Glycin

25mM

Tris

15%

Methanol

Adjust to 1l with H2O
Blocking solution
1xPBS containing 0,3%Tween and 5%Milk
Washing solution
1xPBS + 0,3%Tween
1x

PBS

0,1% Tween
10xPBS
1,36M

NaCl

30mM

KCl

70mM

Na2HPO4-7H2O
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17mM

KH2PO4

to 800ml

H2O

adjust to pH 7,4 with HCl
adjust volume to 1l
Poinceau S solution
2g

Poinceau S

18mM

trichloracetic acid

30g

sulfosalicylic acid

in 80ml

H2O

adjust volume to 100ml with H2O
2.10.2 FACS solutions
Washing buffer
0,01M PBS
3% FCS
0,01% NaN3 (Sodium acide)
Blocking solution
Washing buffer
10% human Ig
1%PFA (paraformaldehyde )
0,01M PBS
4%PFA
2.10.3 Ca2+-flux solutions
HBSS-Buffer (+Ca2+ +Mg2+)
450ml H2O
50ml 10xHBSS
2,5ml sodium bicarbonate
5ml HEPES
Store at 4°C
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Fura-2AM
Resuspend in 100% acetone at final concentration of 1mM
Aliquot a20µl and store at -20°C
For use: resuspend dry pellet in 20µl DMSO and use 1µl/ml of cell suspension
Ionomycin
Resuspend in DMSO 2x10-4M
1mg in 1,34ml = 1mM (10-3M) and then do a 1:5 dilution in DMSO
store at –20°C and add 5µl per ml sample (1µM)
2.10.4 PCR solutions
40xTAE Agarosegelelektrophorese Buffer:
1,6 M Tris
1,6 M NaAcetat x 3 H2O
0,04 M EDTA x 2H2O
pH 7,2 with 99% Acetic acid
6x DNA-Ladepuffer:
30% Glycerol (v/v)
0,25% Bromphenolblue (w/v)
0,25% Xylencyanol (w/v)
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3. Methods
3.1 Monocytes isolation

Peripheral blood mononuclear cells (PBMC) were isolated from buffy-coats of HCMVseronegative blood donors (provided by the Institut für Klinische Transfusionsmedizin und
Immungenetik Ulm GmbH, Ulm, Germany) by Ficoll-Paque density centrifugation. The
blood was diluted 1:2 with endotoxin-free PBS (Dulbecco’s PBS, PAA Laboratories)
before stratifying on a cushion of Lymphoprep (PAA laboratories), which was previously
warmed to room temperature (rt). After the gently stacking of 35 ml of blood/PBS mix on
top of 15 ml of Lymphoprep, the 50 ml falcon tubes were centrifuged for 25 minutes (min)
at 1650 rpm at rt without break. PBMCs were collected at the interface. Monocytes
(around 20% of PBMCs) were subsequently purified by depletion of non-monocytes
(negative selection) with the Monocyte Isolation Kit II (Miltenyi Biotec, Bergisch
Gladbach, Germany), an indirect magnetic labelling system for isolation of untouched
monocytes from human peripheral blood mononuclear cells (PBMCs). Non-monocytes, i.e.
T cells, NK cells, B cells, dendritic cells and basophils, were indirectly magnetically
labelled using a cocktail of biotin-conjugated antibodies against CD3, CD7, CD16, CD19,
CD56, CD123 and Glycophorin A, and anti-Biotin MicroBeads. Isolation of highly pure
unlabeled monocytes was achieved by depletion of magnetically labelled cells.
Magnetically labelled non-monocytes were depleted by retaining them on a MACS®
column in the magnetic field of a MACS separator, while unlabeled monocytes passed
through the column. The purity of isolated monocytes was evaluated by flow cytometry as
suggested by manufactures. Purified monocytes were resuspended and cultivated in
polypropylene tube (Falcon, BD Biosciences, Le Pont de Claix, France) with RPMI 1640
complete medium containing 10% of human serum.

3.2 HFF

Human foreskin fibroblasts (HFF) were cultured in MEM (Gibco BRL, Grand Island, NY)
supplemented with 2mM L-glutamine, 100 U/ml penicillin, 100 U/ml streptomycin
containing 10% FCS (Gibco BRL, Grand Island, NY) (= MEM complete). Every week the
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medium was changed. Cells were splitted every 2 weeks 1:2 for the next passage. For
experiments HFF were kept in MEM complete supplemented with 10% FCS.

3.4 Production of cell-free viral stocks and titration

The human cytomegalovirus (HCMV) endotheliotropic, clinical isolate TB40E and the
fibroblast adapted strain TB40F were kindly provided by Ch. Sinzger, University of
Tübingen. TB40E virus was obtained from throat swab of a bone marrow transplant
recipient by 22 passages in endothelial cells [76]. Viral stocks were prepared in the same
way and final titers resulted in a range from1x107 PFU/ml to 1 x 108 PFU/ml. Virus stocks
were produced in human foreskin fibroblasts (HFFs) cultured in MEM with 10% FCS.
HFFs were grown to about 90% confluence and for the production of either fibroblastadpated or endothelial cells-adapted strains they were infected with a low multiplicity of
infection (MOI) (0,05 - 0,01 plaque-forming unit [PFU]/cell) in 4 ml of MEM for 1 to 2
hours at 37°C, or co-cultured with HCMV-infected HUVEC, respectively . New MEM
plus 10% FCS was then added and the cells cultured until cytopathic effect became
advanced (5-7 days). Then, the infected cells were mixed with uninfected cells at the ratio
of 1 to 50 and plated in new flasks. The cells were again cultured in MEM with 10% FCS
until the cytopathic effects became complete as well 100% (5-7 days). Starting when a
cytopathic effect of 90% could be seen, virus containing supernatants were harvested,
centrifuged to remove cellular debris and afterwards concentrated by ultra centrifugation at
23.000 g for 90 minutes in a Beckman ultracentrifuge. Pellet containing viral particles was
resuspended in a small volume of sucrose phosphate buffer to ensure high titers and stabile
viral stocks stored at -70°C. Infectivity was determined by plaque titration of stock virus
on human foreskin fibroblasts grown in 96-well plates [43]. Ten-fold dilutions of virus
stocks were carried out in quadruplicate. Staining for viral early-late antigen pp65
(monoclonal antibody AAC10, DAKO, Glostrup, Denmark) was followed by staining with
secondary antibody peroxidase (HPR)-conjugated anti-mouse immunoglobulins (DAKO,
Glostrup, Denmark) and by incubation with 3-amino-9-ethylcarbazole (SIGMA, St. Louis,
MO) as substrate of peroxidase.
Viral infectivity was determined by plaque counting and was expressed as plaque forming
units (PFU)/ml.
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Human fibroblast and virus stocks were negative for contamination with mycoplasma as
determined by a luciferase reaction (MycoAlertTM, CAMBREX, Rockland, ME) regularly.

3.5 Sequencing of the UL128-UL131A region in viral stocks
The UL128-UL131A region of all viruses was analysed by sequencing PCR products.
Viral DNA was purified from viral stocks with High Pure Viral Nucleid Acid Kit (Roche)
following manufacturer’s instructions. Then, 1µg of viral DNA was used as template for
PCR amplification using primers for UL128, UL130 and UL131A. The PCR products
were monitored by agarose gel electrophoresis, and bands at the expected size were
purified using HiYield PCR clean-up/ gel extraction Kit (SLG, Gauting, Germany).
Sequencing was performed by 4baseLab Reutlingen, Germany. Finally, sequences were
analysed and aligned using VectorNTI (Invitrogen, Eugene, USA).

3.6 HCMV infection of monocytes and HFF

Monocytes (MOs) and HFF were incubated with HCMV MOI 5 PFU/cell overnight at
37°C. In some experiments HCMV was rendered replication incompetent by UVcrosslinking with exposure for 2 min at 200 KJoule UV irradiation (performed in a CL1000 Ultraviolet Crosslinker). The efficiency of the UV-irradiation treatment of virus was
tested on HFF and resulted in more than 95% of inhibition of viral infectivity.

3.7 Indirect Immunofluorescence assay (IIF)

To analyse the intracellular localisation of viral proteins and the intracellular distribution
of components of the cytoskeleton, MAbs against viral proteins of different phases of the
replication cycle of HCMV were used. In details, MAbs were directed against the
immediate-early (IE) proteins IE72 and IE86 (pUL122/123, Argene-Biosoft, Varilhes,
France) or against pp65 (ppUL83, Argene-Biosoft, Varilhes, France). For in situ detection
of antigens in infected cells, indirect immunofluorescence was performed as follows. At
indicated time points after infection, monocytes were allowed to settle down on glass-
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slides for 30min at 37°C and fixed/permeabilised with ice-cold methanol:aceton (1:1) for
10 minutes at –20°C or respectively fixed for 10min with 4% PFA followed by
permeabilisation with 0,2% Triton for the investigation of the cytoskeleton. The
fixed/permeabilised cells were incubated with primary antibodies for 60 min at 37°C,
followed by incubation with Alexa Fluor488- or Fluor555-conjugated goat anti-mouse
immunoglobulins (Molecular Probes inc., Eugene, USA) diluted in PBS. Nuclear
counterstaining was performed by incubation of the cells with 4,6 diamidino-2phenylindole (DAPI). Fluorescence microscopy was performed with a Zeiss Observer.Z1
microscope (Zeiss, Oberkochen, Germany).
The intracellular distribution of the cytoskeleton components was evaluated by
fluorescence microscopy using a primary antibody directed against vimentin (LN6,
Oncogene Research Products, USA) or respectively BODIPY FL phallacidin (Molecular
Probes inc., Eugene, USA) for F-actin staining.

3.8 Immunoblot (westerblot)

To investigate the protein amount of the major components of the cytoskeleton in infected
monocytes, cells were lysed for 30min on ice with lysis solution (50mM Tris pH 7,4,
150mM NaCl, 5mM EDTA, 0,5% NP-40 containing protease inhibitor and DTT).
Immunoblot analysis was performed by separation of the proteins by 12% SDSpolyacrylamid electrophoresis. After transfer onto a nitrocellulose membrane (Biorad),
proteins were detected by using specific primary antibodies against vimentin (Oncogene
Research Products, USA), actin, tubulin (Invitrogen) or WASP (Santa Cruz, USA). To
detect the components of viral particles, they were lysed in RIPA buffer and proteins were
separated by 12% SDS-polyacrylamid electrophoresis followed by transfer onto a PVDF
membrane (Millipore). Antibodies for detection were directed against gH, gL, pUL128,
pUL130 or pUL131A respectively.
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3.9 Flow cytometry analyses (FACS)

A fluorescence-activated cell sorter (FACSort, Becton Dickinson, San Jose, CA) was used
to analyse mock and infected monocytes for the expression of cell population markers
(CD14 for MOs) as well as for other cellular receptors (chemokine receptors). Cell staining
was performed both using mouse mAbs directly RPE-conjugated and/or using
unconjugated mAbs followed by RPE-conjugated rabbit anti-mouse antibody, as below
indicated.
To define the phenotype of purified monocytes a monoclonal anti-CD14 (IgG2), purchased
by BD Pharmingen (San Diego, CA) (mAb) was used. To analyse the expression levels of
chemokine receptors in mock and infected antigen presenting cells unconjugated mAbs for
chemokine receptors followed by RPE-conjugated F(ab’)2 fragment of rabbit anti-mouse
immunoglobulins (DAKO, Glostrup, Denmark) were used. The chosen mAbs were: antiCCR1 (IgG2), anti-CCR2 (IgG2), anti-CCR5 (IgG2), anti-CXCR1 (IgG2) and anti-CXCR4
(IgG2) purchased by R&D Systems (Minneapolis, MN). As isotypic controls unconjugated
mouse IgG1 and IgG2 antibodies (R&D) Systems, (Minneapolis, MN) followed by RPEconjugated rabbit anti-mouse immunoglobulins (DAKO, Glostrup, Denmark) were used.
In order to assess the expression of surface molecules, viable cells were washed in
phosphate-buffered saline (PBS) 3% FCS 0.01% NaN3 (referred as FACS Washing
Buffer), resuspended in 50 μl of washing buffer added with 10% human immunoglobulins
(referred as FACS Blocking Buffer) and stained with indicated monoclonal antibodies or
isotype control immunoglobulins for 1 hour on ice. For unconjugated mAbs, the incubation
was followed by a second staining with anti-mouse RPE-conjugated mAb for 30 minutes
on ice.
For determination of the total (cell surface and intracellular) levels of chemokine receptors,
cells were fixed and permeabilised with Cytofix/Cytoperm kit (BD Biosciences
Pharmingen, San Diego, CA) according to the manufacturer's instructions. Briefly, cells
were fixed with Cytofix solution for 20 minutes on ice, washed with Cytofix/Cytoperm
solution and incubated for 15 minutes on ice in Cytofix/Cytoperm before incubating with
mAbs. Then left for 1 hour on ice, washed and incubated with the secondary antibody
(RPE)-conjugated rabbit anti-mouse immunoglobulins (DAKO, Glostrup, Denmark)
diluted 1 to 40 in Cytofix/Cytoperm solution, washed and finally resuspended in PBS.
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Data were acquired and analysed with a FACSCalibur (BD Biosciences Pharmingen, San
Diego, CA) using cellQuest software. Antigen expression was measured as the percentage
of positive cells and as the mean channel fluorescence value of the respective mAb
compare to the isotypic control.

3.10 Chemotaxis assay

Cell migration was evaluated using a chemotaxis microchamber technique as previously
described [82, 83]. Briefly, 29 μl of chemoattractant stimulus, diluted in RPMI 1640
supplemented with 1% fetal calf serum (FCS) were placed into the lower wells of a
chemotaxis microchamber (Neuroprobe, Pleasanton, CA). Supplemented RPMI 1640
lacking chemokines was used to exclude unspecific chemokinesis (negative control). After
separation by polyvinylpyrrolidone-free polycarbonate filters with 5 μm pores
(Neuroprobe, Pleasanton, CA), the upper chamber was filled with 50 μl of cell suspension
(1.5 x 106 cell/ml). The chamber was incubated at 37°C in humidified atmosphere in the
presence of 5% CO2 for 90 minutes. Thereafter, filter was removed, fixed and stained with
Diff-Quick (Baxter, Rome, Italy) and five high power oil-immersion fields (100x) were
counted [78]. Results were expressed as the mean of three replicates ± standard deviation
(SD).
All chemokines were used at the final concentration of 100 ng/ml in RPMI 1640 1% FCS.
fMLP (Sigma-Aldrich, St. Louis, MO) at the final concentration of 10-8 M served as a
reference chemoattractants for cell migration.

3.11 Sample preparation for Electron microscopy

For electron microscopy, monocytes infected with a moi of 50 PFU/ml for 1h or 24hrs at
37°C. Cells were resuspended in 0,01M PBS at the indicated time points and immediately
high pressure frozen in small cellulose capillary tubes (inner diameter 200 μm) as
described by Hohenberg et al. [33] and by Walther and Ziegler [98]. The cellulose tubes
were filled with the monocytes by capillary forces, cut to a length of 2 mm and loaded in
standard aluminium cups. The cavities between cellulose tubes and aluminium cups were
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filled with hexadecene. High-pressure freezing was performed with the HPF 01 freezing
apparatus (Engineering Office M. Wohlwend GmbH, Switzerland). Samples were freeze
substituted in acetone containing 0.1 % (w/v) uranyl acetate, 0.2 % (w/v) of osmium
tetroxide and 5 % (v/v) of water and embedded in epon, as described previously [98; 6].
After thin sectioning, samples were imaged with a Zeiss EM10 transmission electron
microscope at an acceleration voltage of 80 kV.

3.12 Intracellular Ca2+ measurements

To measure the release of intracellular Ca2+ following stimulation, monocyte isolation
from HCMV-negative blood-donors was performed as described before, cells were
incubated at 37°C o/n in RPMI containing 10%FCS. At the next day monocytes were
centrifuged for 10min at 1200rpm and resuspend in RPMI containing 1% FCS at a final
concentration of 10x106 cells/ml. Monocytes were incubated with 1µM Fura-2AM in the
dark for 30-45min at 37°C in the incubator. After incubation HBSS-Buffer was added and
cells were centrifuged at 1300rpm for 10min. The supernatant was trashed and the Fura2AM-labelled monocytes were washed 2x with HBSS-Buffer. After the second wash, the
pellet was resuspended in HBSS-Buffer at a final concentration of 5x106/ml. The cells
were stored in the dark and measurement was performed very fast after labelling. For
measurement of the intracellular Ca2+, 1ml of monocytes (5x106 cells) was transferred into
a microcuvette and placed into the Luminescence Spectrometer LS50B (Perking Elmer
USA). Cells were then challenged with chemokines, recombinant proteins or heatinactivated viral stocks at indicated concentrations.
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4. Results
To investigate the role of gCIII in monocyte infection by HCMV different viruses were
used. The high endotheliotropic clinical isolate TB40E and the fibroblast adapted strain
TB40F were used as well as four different BAC clones. The BACs were generated by the
group of Christian Sinzger. They did genetic comparative analysis of different Bacterial
artificial chromosomes derived from the EC tropic clinical isolate TB40E. They observed
that two reconstituted BACs (BAC4 and BAC1) with identical restriction fragment pattern
had different cell tropism and the gene region UL128 to UL131 was further investigated.
They found only one relevant adenine insertion in the region UL128 in BAC1 which leads
to a frame shift in UL128 and to a poor EC tropism. To prove the role of pUL128 in
tropism, the mutation was included into the BAC4 backbone thus leading to a truncated
protein and the virus was called BAC4mut and on the other site the inserted adenine was
removed from the BAC1 backbone thus repairing the gene and the virus was called
BAC1rep.
It could be observed that all four BACs infected HFF with the same efficiency while
HUVECs and monocytes could be only infected with BAC4 and BAC1rep.

4.1 The complex III is essential for infection of primary human monocytes
Since pUL128 is part of the pentameric gCIII complex, it was important to define
the impact of UL128 mutations on the actual complex composition found in HCMV
virions. To this purpose, purified viral particles of the four BAC viruses and the parental
strain TB40E were analysed in western blot for their content in gH, gL, pUL128, pUL130
and pUL131A. As shown in figure 5, while BAC4 and BAC1rep virions showed the same
gCIII composition as the parental strain TB40E, with all subunits of the pentameric
complex present, BAC4mut and BAC1 virions did not contain pUL128, pUL130 and
pUL131. As a control also the recombinant protein rpUL128 was loaded and due its Histag it was detected at 21 kDa.
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Figure 5: Only high endotheliotropic viruses contain the whole gCIII. Expression of gH, gL,
pUL128, pUL130 and pUL131A was investigated in the parental TB40E and in four different
TB40E-derived bacterial artificial chromosome (BAC) clones encoding for the wild type or a
mutated UL128. Viral stocks produced in HFF were lysed in reducing buffer, resolved by 12%
SDS-PAGE and proteins were analysed with MAb #17 directed against pUL128 or with rabbit
anti-sera directed against gH, gL, pUL130 and pUL131A.

Overall, this analysis suggested that the truncated UL128 encoded by BAC4 and BAC1rep
viruses, is not incorporated into virions and therefore undetectable by immunoblot. Also,
pUL128 absence more generally inhibits the assembly and/or the incorporation into viral
envelope of pUL131A and pUL130. Therefore, phenotypically those particles produced by
BAC1 and BAC4mut are UL128-UL131A-negative, and not solely UL128-negative,
virions.
Since it have been shown by Sinzger et al., that the members of the gCIII play a crucial
role in endothelia-cell tropism, and by Ryckman et al. that UL128 is part of the
glycoprotein complex III in the viral envelope, the role of gCIII in monocyte tropism of
HCMV was investigated. The expression of the immediate-early proteins IE1 and IE2
(IE72 or UL123 and IE86 or UL122) and the intracellular localisation of the tegument
protein pp65 (pUL83) were investigated by indirect immunofluorescence in order to
compare the ability of the different viruses to infect primary human monocytes. Highly
pure monocytes (>85% pure as assessed by flow cytometry for CD14 expression) were
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maintained under conditions of low stimulation (neither addition of exogenous mitogens or
cytokines nor adherence). The freshly isolated monocytes were inoculated with the four
different reconstituted Bacterial Artificial Chromosome (BAC) clones derived from the
high endotheliotropic HCMV clinical isolate TB40E [74] at an MOI of 5 PFU/ml (Figure
6A). Monocytes infected with BAC4 and BAC1rep, both carrying the complete gCIII,
exhibited IE1-2 expression at 24h pi, while after incubation of the monocytes with BAC1
and BAC4mut, carrying an partial gCIII, no IE expression could be detected. To prove the
ability of the complete gCIII or partial gCIII viruses to enter the monocytes, indirect
immunofluorescence analysis of the incoming pp65 was performed 24h pi (Figure 6A).
The localisation of the incoming pp65 was only nuclear after infection with the wt
expressing viruses BAC4 and BAC1rep, while pp65 was localised in the cytoplasm around
the nucleus in monocytes infected with UL128 mutated viruses BAC1 and BAC4mut
(Figure 6 B & C).
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Figure 6: Only HCMV derived BACs encoding for the full length pUL128 are able to infect
monocytes. (A) Human primary monocytes were inoculated with an MOI of 5 of BAC4,
BAC4mut, BAC1 and BAC1rep. At 24h post infection the viral immediate early (IE 1-2) and earlylate (pp65) antigens were detected by indirect immunofluorescence staining (green). Mock-infected
monocytes served as controls. All pictures (original magnification, x60) are representative of 5
donors. Cell nuclei were counterstained with DAPI and the cytoplasm with Evans blue (blue and
red signals, respectively). (B and C) In each experiment, the percentages of both IE and pp65
positive cells were calculated by counting and correlating blue (DAPI) and green (IE or pp65)
nuclei in five randomly selected microscopic fields. Here the statistical analysis of 5 independent
experiments is shown.
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For a better understanding of these observations, ultra structural analysis of infected
monocytes was performed by electron microscopy. The results shown in figure 7
confirmed the findings of the indirect immunofluorescence analysis of pp65 in early stages
of infection. At 1h pi no differences in the intracellular distribution of viral particles of
gCIII complete BAC4 and gCIII incomplete BAC1 could be observed. The viral particles
were detected inside endosome-like structures. But 24h pi no BAC4 virions were found in
vesicles while the virions of BAC1 were still detectable inside vesicles.

Figure 7: Only viruses carrying a pentameric gCIII are able to leave endosome-like
structures after infection. Ultra structural analysis of primary human monocytes by electron
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microscopy: monocytes were infected with an MOI of 50 for 1h or 24h. Samples were imaged with
a Zeiss EM10 transmission electron microscope at an acceleration voltage of 80 kV. Arrows
indicate the viral particles

4.2 The chemokine-driven migration of monocytes is blocked by the viral protein
pUL128
It has been shown previously in our group that only high endotheliotropic strains of
HCMV could inhibit the chemokine-driven migration of monocytes. To extend these
findings, migration assays were performed with either uninfected or TB40E and TB40F
infected monocytes. Only the infection with the complete gCIII blocked the migration of
monocytes towards a broad panel of chemokines (Figure 8). The treatment of monocytes
with the fibroblast adapted strain TB40F had no effect on monocyte migration.
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Figure 8: Only high endotheliotropic virus TB40E inhibits chemokine-driven migration of
primary human monocytes: Monocytes chemotaxis towards different chemokines was evaluated
with a Boyden chamber as described in material and methods. Monocytes were either uninfected or
treated o/n with TB40E or TB40F at an MOI of 5 PFU/ml. The migration induced by the indicated
chemokines (100ng/ml) was evaluated by assessing each stimulus in triplicate. As a control,
migration towards fMLP (10-8M) and towards medium (RPMI containing 1% FCS) was evaluated.
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The total number of migrated cells was obtained from at least 5 independent experiments with 5
different donors (mean ± SD).

To address whether the inhibition of migration was due to expression of viral genes, the
same experiment was performed by treating the monocytes with UV-inactivated viral
particles. As shown in figure 9, the block of migration observed during infection with
TB40E was still given after inactivation of the virus by UV-irradiation. Also the UV
inactivation of TB40F virions did not impair the chemotaxis, thus indicating that the
inhibitory effect was independent on viral gene expression.
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Figure 9: Inhibition of migration is independent on viral gene expression: Monocytes
chemotaxis towards different chemokines was evaluated with a Boyden chamber as described in
material and methods. Monocytes were either uninfected, treated o/n with TB40E or TB40F or
treated with UV-inactivated TB40E or TB40F at an moi of 5 PFU/ml. The migration induced by
the indicated chemokines (100ng/ml) was evaluated by assessing each stimulus in triplicate. As a
control, migration towards fMLP (10-8M) and towards medium (RPMI containing 1% FCS) was
evaluated. The total number of migrated cells was obtained from at least 5 independent
experiments with 5 different donors (mean ± SD).

The fact that the UV-inactivation of the viral stock does not stop the inhibition of
migration indicates that the block was due to some viral structural component. To verify
whether the availability of gCIII on the surface of virions was responsible for the block of
migration, monocytes were infected o/n with either the gCIII complete viruses BAC4 and
BAC1rep or with the gCIII impaired viruses BAC1 and BAC4mut and migration assays
were performed towards several chemotactic stimuli. The general mobility of monocytes
was not affected since mock-infected and virus treated cells showed similar basal
40

Results
migration and the same responsiveness to fMLP (Figure 10). Nevertheless, monocytes
infected with BAC4 and BAC1rep lost their chemokine responsiveness and the migration
towards CCL2 and CCL5 was impaired.
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Figure 10: The block of chemokine driven migration is dependent on availability of gCIII on
viral surface The chemotactic migration of monocytes towards inflammatory chemokines CCL5
and CCL2 (100ng/ml) was evaluated using a Boyden chamber as described in Material and
Methods. As controls, both migration towards fMLP (10-8M) and basal/spontaneous migration
(towards medium alone) were evaluated. The numbers of migrated cells were obtained from at least
5 independent experiments using cells from different donors (mean ± SD). Only viruses carrying
the wild type UL128-UL131A are able to impair monocyte chemotaxis. Monocytes were mockinfected or incubated over night with an MOI 5 of BAC4, BAC4mut, BAC1 and BAC1rep prior
measurement of chemotaxis. ∗ P ≤ 0.05 as compared to mock-infected cells.

The block of migration was independent on de novo gene expression, as tested by treating
monocytes with UV-inactivated, replication-incompetent viruses before chemotaxis assay.
The results are shown in figure 11.
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Figure 11: Inhibition of migration is independent on viral gene expression: Monocytes
chemotaxis towards different chemokines was evaluated with a Boyden chamber as described in
material and methods. Monocytes were either uninfected, treated o/n with BAC4, BAC4mut,
BAC1 or BAC1rep or treated with UV-inactivated viruses at a moi of 5 PFU/ml. The migration
induced by the indicated chemokines (100ng/ml) was evaluated by assessing each stimulus in
triplicate. As a control, migration towards fMLP (10-8M) and towards medium (RPMI containing
1% FCS) was evaluated. The total number of migrated cells was obtained from at least 5
independent experiments with 5 different donors (mean ± SD).

To confirm the direct role of pUL128 in chemotaxis inhibition, migration assays with
monocytes treated with different doses of the recombinant UL128 protein (rpUL128) were
performed as shown in figure 12. A dose of 10ng/ml of the recombinant rpUL128 was
sufficient to induce a similar (or even higher) block of migration that was induced by
TB40E.
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Figure 12: rpUL128 inhibits the migration of monocytes in a similar way than infection with
HCMV does: Monocytes chemotaxis towards different chemokines was evaluated with a Boyden
chamber as described in material and methods. Monocytes were either uninfected or treated o/n
with different does of the recombinant protein rpUL128. The migration induced by the indicated
chemokines (100ng/ml) was evaluated by assessing each stimulus in triplicate. As a control,
migration towards fMLP (10-8M) and towards medium (RPMI containing 1% FCS) was evaluated.
The total number of migrated cells was obtained from at least 5 independent experiments with 5
different donors (mean ± SD).

The specificity of the effect mediated by rpUL128 was proven by treating the monocytes
with an irrelevant recombinant protein (rProtX) and comparing these results with infected
cells (Figure 13). The rProtX was produced in the same system than rpUL128, it is the the
unrelated hepatitis B virus N-terminally His-tagged Pres1-Pres2 protein. The treatment of
the monocytes with the irrelevant protein rProtX and BAC1 and BAC4mut showed no
influence on the migration properties compared to uninfected cells, while the treatment
with rpUL128 and infection of the cells with BAC4 and BAC1rep (carrying complete
gCIII) ihnibited the migration towards CCL2 and CCL5.
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Figure 13: Inhibition of migration is a specific effect of rpUL128: Monocytes chemotaxis
towards different chemokines was evaluated with a Boyden chamber as described in material and
methods. Monocytes were either uninfected, infected with BAC4, BAC4mut, BAC1 or BAC1rep
o/n at an moi of 5PFU/ml or treated o/n with either 1µg/ml rpUL128 or 1µg/ml rProtX. The
migration induced by the indicated chemokines (100ng/ml) was evaluated by assessing each
stimulus in triplicate. As a control, migration towards fMLP (10-8M) and towards medium (RPMI
containing 1% FCS) was evaluated. The total number of migrated cells was obtained from at least 5
independent experiments with 5 different donors (mean ± SD). P ≤ 0.05 between compared to basal
migration level.

4.3 The block of chemokine-driven migration in HCMV-infected monocytes is not
associated to modification of the cell cytoskeleton
The ability of monocytes to migrate is dependent on an intact cytoskeleton. To investigate
the condition of the cytoskeleton of monocytes after infection with HCMV, primary human
monocytes were inoculated with TB40E, the four BACs or with the fibroblast adapted
strain TB40F. The total protein amount of the cytoskeleton components actin, vimentin,
tubulin and WASP was investigated by immunoblot analysis (Figure 14).
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Figure 14: The total protein amount of the cytoskeleton of monocytes is not altered by
HCMV. Monocytes were inoculated o/n with an MOI 5 of TB40E, TB40F, BAC4, BAC1,
BAC4mut or BAC1rep. Western blot analysis for the major components of the cytoskeleton was
performed using equal protein loading of mock-infected and viral-infected cells. Proteins were
detected by using specific primary antibodies against actin, vimentin, tubulin and WASP and a
HRP-labelled anti-mouse secondary antibody.

Since there were no significant differences in the total protein amount of the cytoskeleton
component, the intracellular distribution of actin and vimentin was visualised by indirect
immunofluorescence analysis (Figure 15) to verify whether the architecture was altered by
infection with the different viruses. The intracellular distribution of actin (Figure 15A) and
vimentin (Figure 15B) were not altered by infection with HCMV as compared to mockinfected cells.
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Figure 15 A: The architecture of the cytoskeleton of monocytes is not altered by infection
with HCMV. Monocytes were infected o/n with an MOI 5 of TB40E, TB40F, BAC4, BAC1,
BAC4mut or BAC1rep or uninfected. Indirect immunofluorescence analysis of actin (green
staining) was performed with an original magnification of 60x. The nuclei were stained with Dapi
(blue staining) and the cytoplasm with Evans blue (red staining). Pictures were representative for 3
donors.
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Figure 15 B: The architecture of the cytoskeleton of monocytes is not altered by infection
with HCMV. Monocytes were infected o/n with an MOI of 5 with TB40E, TB40F, BAC4, BAC1,
BAC4mut or BAC1rep or uninfected. Indirect immunofluorescence analysis of vimentin (green
staining) was performed with an original magnification of 60x. The nuclei were stained with Dapi
(blue staining) and the cytoplasm with Evans blue (red staining). Pictures were representative for 3
donors.
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4.4 Infection with gCIII competent HCMV strains specifically reduces the surface
expression of chemokine receptors on monocytes
Since the cytoskeleton was not affected by HCMV infection and chemokine receptors are
necessary for sensing chemokine gradients, the cell-surface expression of chemokine
receptors on monocytes after infection with HCMV was investigated.
After infection over night with TB40E, TB40F, BAC4, BAC4mut, BAC1 or BAC1rep, the
expression of different chemokine receptors were analysed by FACS. All of the
investigated monocytes showed high expression levels of CD14, which also reflect the
purity of the monocyte population (Figure 16). Compared to uninfected cells, the
expression of the chemokine receptors CCR1, CCR2, CCR5, CXCR2 and CXCR4 was
significantly reduced after infection with HCMV strains, carrying the complete gCIII,
TB40E, BAC4 and BAC1rep. On the contrary, the treatment of the cells with TB40F,
BAC1 and BAC4mut left untouched the surface expression levels of the investigated
chemokine receptors.
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Figure 16: Infection with high endotheliotropic HCMV strains specifically reduces the
surface expression of chemokine receptors on monocytes: The expression of the chemokinereceptors generally expressed on the surface of monocytes was evaluated by FACS analysis. The
percentage of cells expressing the indicated chemokine receptors were evaluated in uninfected or
o/n infected cells with TB40E, TB40F, BAC4, BAC4mut, BAC1 or BAC1rep with an MOI of 5
PFU/ml and statistically analysed. Values are mean ± SD of at least 5 independent experiments.
∗ P ≤ 0.05 between mock and infected monocytes.
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Since the expression of chemokine receptors was only reduced after infection with viruses
carrying the complete gCIII, the role of the gCIII member pUL128 was further
investigated.

FACS analysis of the surface expression of chemokine receptors was

performed after the treatment of fresh isolated monocytes with 1µg/ml of rpUL128 or the
irrelevant recombinant protein rProtX o/n. As shown in figure 17 the treatment of the
monocytes with the recombinant rpUL128 leads to down-modulation of cell-surface
chemokine receptor expression in a similar way than the infection does. In contrary, no
modulation of the cell-surface chemokine receptors could be observed after treatment of
the monocytes with the rProtX.
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Figure 17: rpUL128 down regulates chemokine receptors in the same extent than HCMV
infection. The expression of the chemokine-receptors generally expressed on the surface of
monocytes was evaluated by FACS analysis. The percentage of cells expressing the indicated
chemokine receptors was evaluated in uninfected or o/n infected cells with BAC4 or BAC1 with an
MOI of 5 PFU/ml or treated o/n with 1µg/ml rpUL128 or 1µg/ml rProtX and statistically analysed.
Values are mean ± SD of 5 independent experiments. ∗ P ≤ 0.05 between mock and monocytes
infected or treated with 1µg/ml of recombinant protein.
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4.5 The chemokine receptors are internalised but not degraded by HCMV infection
as well as by treatment with the recombinant rpUL128
To investigate whether the reduced cell surface expression was dependent on altered gene
expression, protein degradation or receptor internalisation, the total protein amount of the
different chemokine receptors was analysed. After infection or treatment with 1µg/ml
rpUL128 over night, monocytes were fixed, permeabilised, stained for the receptors and
analysed by flow cytometry. As shown in figure 18, permeabilised uninfected, infected and
those treated with the recombinant pUL128 possessed the same amounts of chemokine
receptors, thus indicating that the down-regulation on the cell surface (see Figures 16 and
17) was not due to protein degradation and suggesting a spatial redistribution of receptor
molecules. As control, the fluorescence pattern exhibited by CD14, a molecule that was
not affected by HCMV, was identical in uninfected and BAC4-infected monocytes both on
the cell surface and in permeabilised cells).

100

CCR1

100
90

80

80

70
60
50
40
30
20

% positive monocytes

90

80

% positive monocytes

90

70
60
50
40
30
20

50
40
30
20
10

0

0

0

100

CXCR1

100

90

90

80

80

80

60
50
40
30
20

70
60
50
40
30
20

% positive monocytes

90
70

mock
BAC4
1µg/ml rpUL128
1µg/ml rProtX

60

10

CCR5

CCR2

70

10

100

% positive monocytes

CD14

% positive monocytes

% positive monocytes

100

CXCR4

70
60
50
40
30
20

10

10

10

0

0

0

Figure 18: The total number of chemokine receptors on monocytes is constant also during
infection with HCMV. Expression of the chemokine-receptors generally expressed on the surface
of monocytes was evaluated by FACS analysis of permeabilised monocytes. The percentage of
cells expressing the indicated chemokine receptors were evaluated in uninfected or o/n infected
cells with BAC4 with an MOI of 5 PFU/ml or treated o/n with 1µg/ml rpUL128 or 1µg/ml rProtX
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and statistically analysed. Values are mean ± SD of 5 independent experiments. ∗ P ≤ 0.05 between
mock and monocytes infected or treated with 1µg/ml of recombinant protein.

4.6 rpUL128 has chemoattractant potency
Due to the fact that pUL128 carries a CC-chemokine motive and the observation that
treatment of monocytes with the recombinant rpUL128 leads to a inhibition of migration,
brought up the investigation of the chemoattractant potency of pUL128. To assess the
potency of rpUL128 in monocyte recruitment, cells were uninfected and different doses of
rpUL128 were used as chemattratants. As control also the migration towards MCP-1 was
measured. Figure 19 show that rpUL128 recruits monocytes with a similar potency as
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Figure 19: rpUL128 has similar chemoattractant potency like MCP-1: Monocytes chemotaxis
towards different concentrations of the recombinant protein rpUL128 or towards MCP-1 was
evaluated with a Boyden chamber as described in material and methods. Monocytes were
uninfected. The migration induced by the indicated MCP-1 (100ng/ml) or the rpUL128 was
evaluated by assessing each stimulus in triplicate. As a control, migration towards medium (RPMI
containing 1% FCS) was evaluated. The total number of migrated cells was obtained from at least 5
independent experiments with 5 different donors (mean ± SD).
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4.7 HCMV and rpUL128 does not induce release of intracellular Ca2+
Since it has been shown that the viral gene UL128 carries a CC-chemokine motif and CCchemokines (e.g. MCP-1) induces, after binding of their chemokine-receptor on the cell
surface, the release of intracellular Ca2+, Ca2+-flux assays were performed to see whether
rpUL128 alone could induce a Ca2+-flux in monocytes. In order to identify the release of
intracellular Ca2+, monocytes were labelled with the intracellular dye Fura-2AM. As
shown in figure 20A-G, cells were challenged with MCP-1, SDF-1, Rantes, rpUL128,
rProtX or heat-inactivated viral stocks.
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Figure 20: HCMV and rpUL128 does not induce release of intracellular Ca2+
Monocytes were un-infected and treated with either 100ng/ml MCP-1, SDF-1, RANTES (A-C) or
with different amounts of rpUL128 or rProtX (D-F) or finally with heat-inactivated viral stocks.
Ca2+ release was measured as described in materials and methods.

All of the commercially available tested chemokines (fig 20 A-C) induced a Ca2+ release
from intracellular stores. In figure 20D different amounts of rpUL128 were added to the
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cells but no Ca2+ was released. To test whether the cells were still able to react on
chemokines, MCP-1 was added and a Ca2+-flux was observed. Also the not related protein
rProtX was added to the cells followed by Rantes (Figure 20E), but only Rantes gave a
signal. To test whether the whole complex III is necessary to induce Ca2+-flux, heatinactivated virus stock was added to the monocytes with an MOI of 5 (Figure 20F-G)
followed by MCP-1 or SDF-1 respectively. Only the chemokines leads to a Ca2+-flux
while the incubation of the cells with the heat-inactivated viral stocks did not have any
influence on the intracellular Ca2+-release.
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4. Discussion
Despite their crucial roles in both innate and adaptive immune responses, monocytes are
considered to be an important target of HCMV because they are in vivo a site of viral
latency [72;81] and vehicles for viral dissemination [77;87;94]. At the present, very little is
known about the mechanisms of HCMV entry and establishment of infection in these cells.
The same is true concerning our knowledge about the influence that HCMV infection
exerts on the functions of these cells. Monocytes are produced in the bone marrow; they
circulate in the bloodstream for about one to three days and then move into peripheral
tissues in order to replenish the resident populations of tissue macrophages and dendritic
cells that assure maintenance of homeostasis and the possibility of inflammatory
responses. Monocytes can encounter HCMV during every stage of their life: in the bone
marrow, in the bloodstream and in the peripheral tissues during or after trans-endothelial
migration from the blood stream. All monocytes´ movements are tightly controlled by a
superfamily of chemoattractant cytokines called chemokines and by their receptors [61].
The deregulation of the chemokine-chemokine receptors system can favour viral infection,
spread, and persistence in the host. In support of this idea more than 30 distinct virally
encoded proteins have been recognised to be able to corrupt the chemokine system [48]. In
particular, since HCMV encodes one chemokine homologue [52] and four chemokine
receptor homologues [97], it seems very likely that modulation of cell movements is of
great importance for HCMV.
Previous studies could show that structural components present in the virus particles of
clinical isolates and laboratory endotheliotropic HCMV strains accounted for the impaired
expression and function of the cellular chemokine receptors CCR1, CCR2, CCR5 and
CXCR4 in monocyte [25]. At this time, the specific viral factors were not identified, but
the observation that fibroblast adapted strains did not possess this inhibitory potential
pointed towards products of the UL/b’ region in the HCMV genome. This region
undergoes deletion, reversion or point mutation in fibroblast-adapted strains when
compared to clinical isolates [8;76;17;46]. Specifically, the three genes UL128, UL130 and
UL131A, appear to be consistently mutated in all fibroblast-adapted strains and meanwhile
have been proven to be essential for infection of endothelial and epithelial cells [1;99,
100;63;32;27]. Interestingly concerning the previous findings, the three proteins have also
been shown to be structural components of the virus envelope and it has been
demonstrated that they form a pentameric complex with gH and gL [62;101;51].
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Therefore, the investigation whether these three proteins could be important for monocyte
infection on one hand and impairment of chemotaxis on the other hand, was done in this
thesis. Since the UL128 gene encodes for a protein with a CC-chemokine domain [32] and
moreover, soluble pUL128 shows virus-inhibitory and cell surface-binding properties [50]
we hypothesised that UL128 could be more important than UL130 and UL131A.
To start the analysis, monocytes were infected with four different viruses expressing the
wild type or a mutated version of UL128. The TB40E-derived BAC clones were created by
Christian Sinzger [74]. TB40E-BAC4 and TB40E-BAC1, called here for brevity BAC4
and BAC1 respectively, exhibit a completely different endothelial cell (EC) tropism,
identical sequences for UL130 and UL131A, but two single nucleotide mutations in the
UL128 gene: an adenine-to-cytosine exchange at nucleotide position 282 and an adenine
insertion at nucleotide position 332 of the UL128 coding sequence of BAC1 [74]. Removal
of the additional adenine in the genomic background of BAC1, in the virus called
BAC1rep, restored EC tropism. Vice versa, insertion of the additional adenine in the
genomic background of BAC4, in the virus called BAC4mut, was responsible for the
abolition of the EC tropism.
The composition of the gH/gL complex was analysed by western blot analysis and for the
first time it was shown that in TB40E-derived viruses the truncation of pUL128 leads to
the lack of pUL130 and pUL131A incorporation in the gCIII complex. A shorter form of
pUL128 was not detect in BAC1 or BAC4mut virions thus suggesting that truncated
pUL128 is unstable and persist only transiently in the cells. The concomitant lack of
pUL130 and pUL131 could be explained by the help of the structural model proposed by
Ryckman et al. [64]. In his model the glycoprotein gH is encased in the viral envelope and
binds pUL131A, gL, and pUL130 that in turn binds pUL128 through non-covalent
interactions. This means that if one component (e.g. UL128) is missing in the complex, the
other proteins (UL130 and UL131A) can not be incorporated in a correct way, even if they
are expressed properly. But nevertheless, the comprehension of the conformational
structures of this complex in endotheliotropic and fibroblast adapted HCMV strains is still
incomplete and the prevailing model is actually under discussion.
Since only BAC4 and the revertant BAC1rep viruses, both possessing the intact UL128UL131A locus, were able to initiate the viral cycle in primary human monocytes it could
be confirmed here for the first time that this genomic region defines HCMV tropism for
monocytes. Additionally, the genetically pure and well defined BAC4 and BAC1, nicely
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reproduced the phenotypic differences that were observed between TB40E, its nonendotheliotropic counterpart TB40F and AD169 in a previous study [25].
It could be observed that BAC1 and BAC4mut viruses, possessing the mutated UL128UL131A locus, did not infect monocytes but it was not clear whether these viruses were
unable to enter monocytes or underwent a post-entry block instead. As example, it is
generally accepted that perinuclear translocation of virus particles precedes the release of
the viral genomes into the nucleus that is a pre-requisite for the initiation of viral gene
expression. Since the tegument protein pp65 of BAC1 and BAC4mut was detected in the
cytoplasm by indirect immunofluorescence analysis and after ultra-structural analysis by
electron microscopy the BAC4 and BAC1 virions were detected inside endosome-like
structures in the cytoplasm of monocytes, it was obvious that both viruses were able to
enter monocytes. Interestingly, these vesicular structures retained BAC4 virions only for a
limited period of time and at 24 h pi the cytoplasmatic vesicles were filled by an
amorphous material that might represent the remains of the uncoating process but none of
the vesicles contained intact virions. On the contrary, at the same time point BAC1 viral
particles were retained in big vesicular structures that nicely reflected the pattern given by
pp65 immunofluorescence staining. Altogether, these observations seem to reproduce the
features of the working model in which HCMV uses the pentameric glycoprotein complex
III (gCIII), made of gH/gL/UL128-130-131A, to enter epithelial and endothelial cells by
endocytosis followed by fusion with endosomal membranes. The data showed here lead to
a very interesting hypothesis: the products of the locus UL128-UL131A are necessary to
allow the fusion of the endosomal membrane with the viral envelope. Alternatively, the
intact pentameric complex or the products of the locus UL128-UL131A alone might dock
the virions to a specific receptor thus mediating a “non degradative” type of endocytosis.
One of the main functions of monocytes is the trans-endothelial migration from the
bloodstream into the tissue where they differentiate into macrophages or dentritic cells. To
assess the ability of monocytes to migrate after contact with HCMV, chemotaxis assays
were performed by using a wide panel of inflammatory and homeostatic chemokines.
Interestingly, it could be observed, that only cells infected with the high endotheliotropic
strain TB40E were impaired in their chemotactic responsiveness while cells treated with
the fibroblast-adapted strain TB40F were not. This result mirrors the findings of the
indirect immunofluorescence staining of IE and pp65 obtained by infecting monocytes
with TB40E or the four different BACs. Moreover, if the chemotaxis assays were
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performed by incubating the monocytes with UV-inactivated, meaning replication
incompetent viruses, it became clear that a structural viral component has to be responsible
for the block of chemokine driven migration. This finding also confirm the results
published by Frascaroli et al. [25].
By incubating the monocytes with different concentrations of the recombinant pUL128 it
became obvious, that the migratory properties of these cells were dramatically impaired.
The comparison of infected monocytes with rpUL128 treated monocytes confirmed the
hypothesis that UL128 alone was able to impair chemokine-driven migration of
monocytes. Since it is known, that UL128 carries a CC-chemokine motive, the chemotactic
potency of pUL128 had to be investigated. Interestingly, rpUL128 induced a bell-shaped
dose response curve typical of chemokines. The fact that HCMV encodes for chemokines
is not new, since it has been shown by Penfold et al. in 1999 that the viral gene UL146
encodes for a functional α-chemokine [52] which is secreted from infected cells but not
bound into a complex.
An intact cytoskeleton is mandatory for monocytes to move and to migrate from the blood
stream into the tissue. To prove whether the infection of monocytes with HCMV impairs
also the proteins of the cytoskeleton, which could give be an explanation for the block of
migration, the total protein amount of the major components of the cytoskeleton was
investigated. The observation that TB40E, BAC4- and BAC1rep-infected monocytes
retained the basal migration and fMLP responsiveness together with a cytoskeletal
structure comparable to those of uninfected cells indicated that the inhibition of migration
was a selective effect for chemokine receptors. The persistence of an intact cytoskeleton in
infected monocytes was an interesting finding because we observed earlier that HCMV
infection of macrophages, cells that are derived from monocytes, induces a dramatic
alteration of the cellular architecture [24].
The possibility that pUL128 could be involved in the binding of some specific cellular
receptor was particularly tempting. In previous work of our group the internalisation of
several chemokine receptors, a reaction named desensitisation, that can follow the
engagement of the receptor with the ligand/s was shown. To proof if the chemokine
receptors were also desensitised by infection with HCMV, the expression and function of
the chemokine receptors CCR1, CCR2, CCR5, CXCR1, CXCR2 and CXCR4 in
monocytes exposed to the four clonal viruses and the parental strain TB40E and the
fibroblast adapted strain TB40F was tested. In agreement with previous results, TB40E,
BAC4 and BAC1rep induced the surface down-regulation through cytoplasmic
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accumulation of the cognate receptors CCR1, CCR2, CCR5, CXCR1, CXCR2 and
CXCR4, while TB40F, BAC1 and BAC4mut did not alter migration nor chemokine
receptor expression. Since viruses expressing the wild type or mutated version of pUL128
in two different genomic backgrounds, namely the backbone BAC4 and BAC1, the
involvement of mutations different from that in UL128 in this phenomenon can be
excluded.
These data indicated that product(s) of the UL128-UL131A locus are required for the
chemotaxis inhibition and receptor down-regulation effects. The proof of a direct role of
the locus proteins and specifically of pUL128 was obtained by treating uninfected
monocytes with the recombinant rpUL128 [50] prior to measurement of their chemotaxis
and assessment of chemokine receptor expression. The soluble rpUL128 potently inhibited
the chemokine-driven migration as well as the surface expression of the chemokinereceptors CCR1, CCR2 and CCR5.
This result suggests a couple of conclusions. First, pUL128 may be the only HCMV
protein required for inducing the effects on monocyte chemotaxis and chemokine receptors
and, in the used experimental setting, its action does not need the presentation on the
surface of virion envelope in multivalent form. Second, its mechanism of action is most
probably dependent on the physical interaction with (a) cellular receptor(s). The hypothesis
that pUL128 can bind one ore more chemokine receptors is particularly tempting because
chemokine receptors have been known to undergo internalisation by endocytosis
(desensitisation) after ligand engagement, and can induce the secondary, ligandindependent internalisation of other receptors of the family in conditions of sustained
signalling (heterologous desensitisation) [5]. However, additional experiments proved that
rpUL128 did not induce calcium fluxes in monocytes. Also by incubating monocytes with
heat inactivated viruses, was no intracellular Ca2+ release detectable. This result was
surprisingly, since it is known that the mobilisation of intracellular Ca2+ plays a crucial role
in migration [68]. If UL128 would bind to a chemokine receptor the signalling should
cause a release of intracellular stored Ca2+. One explanation could be the idea that the
epidermal growth factor receptor (EGFR) acts as a receptor for UL128. It has been shown
that EGFR could act as a receptor for HCMV [103] and that more interestingly EGFR is
expressed on monocytes and plays a role in monocyte motility [10]. Finally, in alternative,
the broad spectrum of action of pUL128 on chemokine receptors might be explained by the
activation of a signalling pathway exerting a general negative regulation on chemokine
receptors, such as PKA or PKC pathways [2]. A explanation for the lack of pUL128
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induced Ca2+ flux, could be the observation in GL15 cells, that EGF-induced cell migration
is Ca2+-independent [69].
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5. Summary
HCMV is still a major problem in patients with a suppressed immune system and the virus
has chosen monocytes as an important target of infection. At present, little is known about
the mechanisms of HCMV entry and establishment of infection in these cells, as well as
about the influence that HCMV infection exerts on their functions. The aim of this thesis
was to elucidate the mechanisms used by HCMV to infect monocytes and to find out
which viral components are essential for infection of these cells. An important property of
monocytes is the trans-endothelial migration into the tissue where they differentiate into
macrophages or dentritic cells. Preliminary results showed that the inhibition of chemokine
receptors induced by endotheliotropic strains of HCMV was independent on viral gene
expression. These findings suggest that structural components exclusively present in the
viral particles of endotheliotropic strains might be responsible for the HCMV-mediated
inhibitory effect on monocytes. To investigate the influence of HCMV on primary human
monocytes, the cells were infected with different HCMV mutant viruses. The viruses used
for infection were BAC-clones (Bacterial artificial Chromosome clones) derived from the
endotheliotropic clinical isolate TB40E. BAC4 represents the parental strain TB40E
concerning the viral gene region UL128-UL131A. BAC1 carries an additional adenine at
position 332 in UL128 which leads to a loss of endothelial cell tropism. To check the
importance of this mutation, the additional adenine was introduced into the BAC4backbone and was removed from the BAC1-backbonme. As expected the resulted viruses
BAC4mut and BAC1rep showed the additional adenine (BAC4mut) or restored the
endothelia cell tropism (BAC1rep). By westernblot analysis it was demonstrated for the
first time that the viral particles of the endotheliotropic viruses carried the UL128 on the
surface in a complex together with gH, gL, UL130 and UL131A while BAC1 and
BAC4mutated did not. Following this, the next aim was to check the ability of these four
viruses to infect monocytes. By indirect immunofluorescence analysis the expression of
IE1-2 (immediate early 1-2) and the localisation of pp65 (pUL83) was investigated. It was
shown that only the viruses carrying the full length UL128 were able to infect monocytes
(BAC4 and BAC1repaired), while the ones carrying the mutated UL128 (BAC1 and
BAC4mutated) were not able to establish viral gene expression. The results of the
immunofluorescence staining were confirmed by electron microscopy. The viral particles
of the non-endotheliotropic viruses BAC1 and BAC4mutated were stored in vesicles while
the particles of BAC4 and BAC1repaired were not. By chemotaxis assays it was confirmed
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that the infection of the monocytes with HCMV impairs the chemokine driven migration.
To see whether the monocytes were not able anymore to migrate because of cytoskeleton
alterations, the major components of the cytoskeleton in infected monocytes were
investigated by western blot and indirect immunofluorescence staining. Since there were
no major defects in the cytoskeleton, the only explanation for the lack of migratory
capability was the impairment of the chemokine receptors generally expressed on
monocytes. FACS analysis was performed for a panel of chemokine receptors and
surprisingly the expression of all was down-modulated by infection. A very important
result was the fact, that the recombinant protein of UL128 (rpUL128) alone was sufficient
to induce the block of migration and the down-regulation of the chemokine receptors.
Since it has been shown earlier that UL128 contains signal peptides, similar to CCchemokines , the chemotactic potency of the recombinant protein was investigated and it
could be shown that rpUL128 had a similar potency like the Monocyte-ChemotacticProtein1 (MCP-1). To prove finally that UL128 acts as a chemokine, the ability of
induction of an intracellular Ca2+-flux should be shown. The fact that no Ca2+-flux was
induced by rpUL128 was surprisingly, since it is known that the mobilisation of
intracellular Ca2+ plays a crucial role in migration. The idea was that UL128 could act as a
key for HCMV entry into monocytes, using a chemokine receptor as lock, but if UL128
would bind to a chemokine receptor the signalling should cause a release of intracellular
stored Ca2+. One alternative explanation could be that the epidermal growth factor receptor
(EGFR) acts as a receptor for UL128. It has been shown that EGFR could act as a receptor
for HCMV and that more interestingly that EGFR is expressed on monocytes and plays a
role in monocyte motility. Furthermore, it could be shown that EGF-induced cell migration
can be Ca2+-independent.
In conclusion, this thesis shows for the first time, that the glycoprotein complex III is
essential for the infection of primary human monocytes and sufficient to block chemokine
driven migration. And that one member in particular, namely UL128, is able to block the
chemokine driven migration and leads to an internalisation of chemokine receptors. Since
there is a huge need for the development of new antiviral drugs against HCMV, these
results could be a first hind to find new antiviral targets.
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Intermediate Diploma at the University of Ulm (overall score 1,6)

10/2000 – 10/2002

Basic study period of Biology (Diploma) at the University of Ulm

06/2000

Abitur at the Anna-Essinger Gymnasium, Ulm, Germany
(Main subjects: Biology and German Literature)

11/1997 - 08/1998

German School Barcelona, Barcelona, Spain

Methodical skills
Molecularbiology:

Transfection, infection and cultivation of human cells (primary monocytes,
macrophages, fibroblasts, T-cells, dentritic cells, epithelial- and endothelia cells)
DNA-preparation and –purification (e.g. southern blot assay), protein purification
and characterisation (e.g. western blot assay), Immunoassays (e.g.
Immunofluorescence).

Immunology:

FACS, ELISA, MLR fluorescence based assays

Virology:

Cultivation, concentration and titration of human pathogenic viruses (HCMV and
HIV). Regular working under safety conditions (S1, S2, S3)
Profound knowledge in blood taking and handling of blood samples.

Course-related activities
2002-2009
biochemistry

Independent supervision and instruction of students (human medicine, dentistry,

and biology) at the department of zoology (neurobiology), molecular botany, virology and medical
microbiology at the University of Ulm and at the University college London
2005-2006

freelance in the Diagnostic at the University of Ulm (HIV, HBV and HCV testig)

Language and IT-skills
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Languages:

German: native language
English: fluently in written and spoken
Italian: basic
Spanish: basic

IT-skills:
publisher

Microsoft office (very good skills), CellQuest, VektorNTI, adobe photoshop, picture

Additional information
Voluntary work:
1989-2008

Active member of the Reit- und Fahrverein Ulm-Söflingen e.V.

1995-2006

Leader of the Annual Holiday Program for children of the Reit- und Fahrverein UlmSöflingen e.V. (e.g lessons in horseback riding, handling of animals).

1992-2002

Active member of the KJG (Catholic Youth Community) in the Heilig Geist Church in Ulm

Sports:

Horseback riding, walking, aerobics, yoga, swimming
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