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3 Abbreviations 

AAV-2 
ALT 
Amp      
BAC      
bp 
BSA     
Cam 
CBMC     
CRISPR 
 
d 
Da 
ddH2O 
DDR 
DMSO      
DNA      
dpi 
DR 
DSB     
dsDNA 
E 
E. coli      

EDTA 
EBV  
EtOH     
FBS 
FCS      
FISH 
for 
gH/gL/gQ1/gQ2 
gRNA 
GFP     
h      
HCMV 
HDAC 
hDaxx 
HHV 
HHV-6     
HHV-7 
HSV-1      
HR 
IE      
iHHV-6 
IL-2 
impTMR 
int 

Adeno-associated virus 2 
Alternative lengthening of telomeres  
Ampicillin  
Bacterial artificial chromosome 
Base pairs 
Bovine serum albumin 
Chloramphenicol  
Cord blood mononuclear cell 
Clustered regularly interspaced short palindromic 
repeats 
Day 
Dalton 
Double distilled water 
DNA damage response 
Dimethylsulfoxide  
Deoxyribonucleic acid  
Days post infection  
Direct repeat 
Double strand break 
Double-stranded deoxyribonucleic acid  
Early 
Escherichia coli  
Ethylendiamine tetraacetic acid  
Epstein-Barr virus 
Ethanol 
Fetal bovine serum 
Fetal calf serum 
Fluorescence in situ hybridization 
Forward 
Glycoprotein H, L, Q1 and Q2 complex 
Guide RNA 
Green fluorescent protein 
Hour 
Human Cytomegalovirus 
Histone de-acetylase 
Human Death domain-associated protein 6 
Human herpesvirus 
Human herpesvirus 6 
Human herpesvirus 7 
Herpes simplex virus 1 
Homologous recombination 
Immediate early 
Integrated HHV-6 
Interleukin 2 
Imperfect telomeric repeat 
Intermediate 
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IR 
IRL      
IRS      
Kana      
Kb 
Kbp      
L 
LB 
LATs      
MDV       
MEM      
min      
miRNA     
mTMR 
ND10 
o/n      
OD600      
ORF 
PBMC 
PBS      
PCR     
PHA 
p.i.      
PML 
pTMR 
P/S      
qPCR      
rev 
rev      
RFLP 
RNA 
rpm      
RT      
SDS 
sec      
SEM 
shRNA 
siRNA 
Sp100 
ssDNA 
sTMR 
TAE      
TERC 
TERRA 
TERT 
TFR-2 
TGN 
TMR      
TPA 

Internal repeat 
Internal repeat long 
Internal repeat short 
Kanamycin 
Kilobases 
Kilobase pairs 
Late 
Luria-Bertrani medium or lysogeny broth 
Latency-associated transcripts 
Marek’s disease virus 
Minimum essential Medium Eagle 
Minutes 
Micro ribonucleic acid 
Multiple telomeric repeat 
Nuclear domain 10 
Overnight 
Optical density, 600 nm wavelength 
Open reading frame 
Peripheral blood mononuclear cells 
Phosphate buffer saline 
Polymerase chain reaction 
Phytohemagglutinin 
Post infection 
Promyelocytic leukemia 
Perfect telomeric repeat 
Penicillin/streptomycin 
Quantitative real Time PCR 
Reverse 
Revertant 
Restriction fragment length polymorphism 
Ribonucleic acid 
Rotations per minute 
Room temperature 
Sodium dodecyl sulfate 
Seconds 
Standard error of the mean 
Small hairpin RNA 
Small interfering RNA 
Speckled protein of 100 kDa 
Single-stranded deoxyribonucleic acid 
Short telomeric repeat 
Tris-acetate-EDTA buffer 
Telomerase RNA component 
Telomeric repeat-containing RNA 
Telomerase reverse transcriptase  
Telomere repeat binding factor 2 
Trans-Golgi network 
Telomeric repeat 
Tetradecanoylphorbol acetate 
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TPE 
TR 
TRL      
TRS      
TSA 
U 
UL      
US     
vTR 
wt     
 

Telomere position effect 
Terminal repeat or Telomerase RNA  
Terminal repeat long 
Terminal repeat short 
Trichostatin A 
Unique 
Unique long 
Unique short 
Viral telomerase RNA 
Wild type 
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4 Prolog 

‘The deepest sin against the human mind is to believe things without evidence.‘  

Thomas Henry Huxley (1825-1895) 

 

Can herpesviruses be endogenous viral elements (EVEs)? 

By definition, EVEs are considered to be DNA sequences (entire genomes or fragments) 

derived from a virus but present within the germline of a non-viral organism; having their 

origin in ‘accidental’ host germline integration. Next, ‘endogenization’ occurs; a process in 

which population fixation of these integrated viruses is accomplished, followed by 

subsequent vertical transmission to offspring as part of the host gene repertoire. 

Noteworthy, EVEs still have the potential to produce infectious virus (in case of provirus 

integration) or at least express some proteins or RNA (integration of fragments/partial viral 

genomes) from their endogenous state [1-3]. EVEs have been identified in animals, plants 

as well as fungi [2, 4-6].  

Thanks to such EVEs, ancestries of some viral families could be dated back almost 100 

million years, and hence turned out to be far older than previously assumed from 

phylogenetic analysis of their exogenous relatives [7]. Once a virus becomes 

endogenous, its evolution slows down several orders of magnitude to its host’s rate. The 

rather new, emerging discipline of paleovirology deals with these questions and makes 

extended use of novel innovations in sequencing technology needed for the rapid and 

affordable sequencing of whole genomes [1]. Besides, EVEs also allow us to gain further 

insights into the long-lasting ‘arms-race’ between hosts and viruses that is based on 

selection and counter-selection [7]. 

Since integration is an essential part of the retrovirus life-cycle, these viruses were the first 

EVEs to be characterized and represent the vast majority of these existing viral fossils in 

vertebrates. Endogenous retroviruses account for roughly 5-8 % of the human genome [3, 

7]. Nevertheless, viruses from all known genome types and replication strategies can give 

rise to EVEs and have been identified in vertebrate genomes, e.g. parvoviruses, 

circoviruses, filoviruses and bornaviruses [2, 6]. The search for EVEs of large viral 

genomes like herpesviruses, however, is far more complex and challenging. 

Herpesviruses were always excluded in former EVE studies, due to their size, their low 

sequence conservation level, their lack of consistent gene order and proof of host-gene 

recombination [1]; a wrong decision? In past years, several herpesviruses including EBV 

(Epstein-Barr virus), MDV (Marek’s disease virus) and HHV-6 (human herpesvirus 6) were 

shown to integrate into host chromosomes [8]. Intriguingly, Aswad and Katzourakis could 
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recently identify novel Herpesviridae-like sequences in the genome of the Philippine 

tarsier (Tarsius syrichta). This represents the first endogenous herpesvirus ever identified, 

whose ancestral exogenous relative closely resembles HHV-6 [1]. 

HHV-6 is a remarkable human virus that finally received well-deserved attention in recent 

years, after the discovery of its germline integration (termed ciHHV-6) [9]. One might 

speculate, whether ciHHV-6 could be considered an EVE at the onset of the fossilization 

process [1]? 
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5 Introduction 

5.1 Herpesvirales 

At present, the number of herpesvirus species classified by the International Committee 

on Taxonomy of Viruses (ICTV) exceeds well over 100. This number still strongly 

underestimates the abundance of all herpesvirus species, as many viruses became 

extinct along with their hosts during evolution. Moreover, the presence of these viruses 

has only been investigated in few animal species, leaving a considerable proportion yet 

unidentified [10].  

Generally, herpesviruses are 

among the largest and most 

complex viruses. Their virions have 

a diameter ranging from 200-250 

nm. The inner core contains the 

large linear, double-stranded DNA 

(dsDNA) genome, varying in size 

from 125-245 kbp, and is packed 

within an icosahedral capsid. A 

matrix comprising numerous virus-

coded proteins called tegument 

surrounds the capsid. The outer 

layer of the virion is the lipid 

envelope, which contains several 

viral glycoproteins on its surface 

(Figure 1) [10, 11].  

Due to their dsDNA genome, herpesviruses are categorized as class I of the Baltimore 

scheme; this classifies all known viruses according to the nature of their genome (RNA or 

DNA, single-stranded or double-stranded, negative or positive polarity) [12]. Moreover, 

phylogenetics, the study of evolutionary relationships among groups, makes use of a 

hierarchical organization into order, family, subfamily, genus and species. Several years 

ago, the ICTV updated the hitherto existing classification of herpesviruses by introducing a 

new higher taxon, the order of Herpesvirales. This order now comprises the three families 

of Malacoherpesviridae, having invertebrate hosts like oyster and abalones [13, 14], the 

Alloherpesviridae, infecting fish and frogs, as well as the Herpesviridae that contain 

viruses of mammals, birds and reptiles [15, 16]. The Herpesviridae are subdivided into 

three subfamilies based on their biological properties: the Alphaherpesvirinae, the 

Figure 1: Schematic representation of a 

herpesvirus virion. The nucleocapsid containing 

the dsDNA genome is embedded into the 

tegument. The lipid envelope, spiked with virally 

encoded glycoproteins, surrounds the tegument. 
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nomenclature was adopted to human herpesvirus 6 (HHV-6) [18]. Based on major 

differences regarding their genetic, immunological, epidemiological and biological 

characteristics, all existing isolates were distributed into two distinct variants, HHV-6A or 

6B [19, 20]. Due to these major discrepancies, the International Committee on Taxonomy 

of Viruses (ICTV) finally classified HHV-6A and HHV-6B as two separate virus species in 

2012 (Figure 2) [21]. 

 

Figure 2: Classification of human herpesvirus 6 in the hierarchy. 

With a seroprevalence above 90 % in the human population, HHV-6 has to be termed 

ubiquitous. Newborns usually have maternal antibodies to HHV-6, which typically fade by 

four to six months of age. In addition, congenital HHV-6 infections can occur in ~1 % of 

births, which has also been described for HCMV (human cytomegalovirus) [22]. HHV-6 is 

thought to be transmitted via the saliva and primary infection occurs in early childhood 

until the age of 3 [23-25]. Physicians primarily diagnose infections based on presented 

clinical symptoms at examination [26]. Mainly HHV-6B is the causative agent of a febrile 

illness accompanied with a skin rash, predominantly on the trunk, neck and face (also 

called roseola infantum, exanthema subitum or sixth disease). This leads to a substantial 

number of medical care visits [27], but only in rare cases children exhibit severe 

neurological complications like seizures and encephalitis [28, 29]. HHV-6A on the other 

hand was only detected in a majority of infants of an HIV-endemic region of sub-Saharan 

Africa [30]. Generally speaking, HHV-6 can be considered a mere opportunistic pathogen 

that typically manifests asymptomatic, lifelong persistence in all immunocompetent 

individuals. To date, no antiviral drug has been officially approved for the treatment of 

HHV-6 infection. Therefore, anti-CMV drugs such as the nucleoside analog valganciclovir, 

the nucleotide analog cidofovir or the pyrophosphate analog foscarnet are currently the 

drug of choice to medicate HHV-6 infections [31]. 

Nonetheless, severe pathologies are linked to the virus in the context of its reactivation, 

especially during phases of immunosuppression. HHV-6 is associated with scores of 

diseases including encephalitis, multiple sclerosis, chronic fatigue syndrome, infections or 

graft rejection following transplantation (bone marrow, stem cell and solid organ 

transplantations) and a more rapid AIDS progression [32, 33]. Intriguingly, HHV-6 and HIV 
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were observed to infect CD4+ T-lymphocytes simultaneously in vitro, resulting in a 

synergistically accelerated cytopathic effect. Besides, infection with HHV-6 upregulates 

expression of CD4, thereby broadening the spectrum of cells susceptible to HIV infection. 

Furthermore, HHV-6 was shown to trans-activate the long terminal repeat promoter of HIV 

[26, 34]. Overall, extensive research is conducted on these, in part controversial, topics. 

Due to the omnipresence of HHV-6, it is often hard to discriminate if the virus really is the 

cause or rather if its reactivation is the consequence of the clinical condition of the patient.  

5.2.2 Animal models 

There is an urgent need for relevant and suitable animal models for HHV-6, to gain 

deeper insights into viral pathogenesis. Furthermore, these models would support the 

development of novel diagnostic tools as well as the evaluation of antiviral compounds 

and/or vaccines. So far unfortunately scarce, recently, several mouse and ape models 

were developed [35, 36]. Some of them can be used to reproduce the neuropathology of 

the virus (e.g. to further investigate the correlation between HHV-6A and multiple 

sclerosis). One is the marmoset model [37] and the other one is using CD46 transgenic or 

humanized mice [38]. To study immunomodulation and immunodeficiency, a pig-tailed 

macaque model was developed, in which the virus causes typical clinical symptoms of 

primary infection such as fever and/or rash. This model could be used to determine if 

HHV-6 indeed facilitates a more rapid AIDS progression [39]. Likewise, chimpanzees 

were proposed for similar studies [40]. Interestingly, a study from 1989 described the 

presence of antibodies against HHV-6 in different primate species, suggesting that HHV-

6-related viruses exist in monkeys [41]. And sure enough, a HHV-6 homolog was found in 

drill monkeys (named MndHVbeta) and chimpanzees (named PanHV6) [42, 43]. 

Moreover, in 2014, Staheli et al. discovered homologs of both HHV-6 and HHV-7 in pig-

tailed macaques (named MneHV-6 and MneHV-7) [44]. This would allow to study HHV-6 

(and -7) infection and disease associations in a natural virus-host infection model. 

5.2.3 Genome structure 

The HHV-6 genome was completely sequenced in 1995 [45]. Its class A genome is ~160 

kb in length and is composed of a ~144 kb unique segment (U) that is flanked by ~8 kb 

direct repeats (DR), left and right (Figure 3).  

Variability within HHV-6A and HHV-6B species is considerably low, with 1 % or less 

across the genome. The overall nucleotide sequence identity between HHV-6A and HHV-

6B is 90 % and their genomes are co-linear over their entire length. [32]. The glycoprotein 

gp82/105, the IE genes and the region between U86 to DRR is most diverse, Therefore, it 

has been hypothesized that these genes could be relevant or responsible for the observed 
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biological differences between HHV-6A and HHV-6B [46, 47]. Collectively, 119 ORFs 

(open reading frames) are predicted [32]; 43 of those, the so-called core genes, forming 

seven major blocks, are present in all herpesviruses and most probably arose from a 

common ancestor. The resulting proteins are crucial for efficient virus replication, 

cleavage and packaging. The more recently acquired non-core genes can be virus-

specific and often help the pathogen to fit in a particular niche. These specific genes 

exhibit functions belonging to four main categories: 1) cellular tropism, 2) control over 

cellular processes, 3) manipulation or evasion of the host immune system and 4) latency 

[48]. Amongst those are Betaherpesvirinae-specific genes, several that are only found in 

members of the Roseoloviruses, as well as some unique for HHV-6A or -6B. 

 

Figure 3: Schematic representation of the HHV-6 genome with focus on the DR 

region. The HHV-6A genome contains a unique region (U), flanked by terminal direct 

repeats (DRL and DRR). DR regions are depicted as grey boxes. A focus on the DR region 

is shown with the telomeric repeats (imperfect TMRs (impTMRs) and perfect TMRs 

(pTMRs)) and the packaging sites pac1 and pac2. 

Coding regions are located on both DNA strands, and splicing occurs in a few viral genes 

after transcription [32], enabling differential regulation at distinct parts of the virus life-

cycle. Non-coding RNAs such as the latency-associated transcripts (LATs) and micro 

RNAs (miRNAs) are also encoded in the genome. The number of genes, however, seems 

to be currently underestimated due to alternative splicing, translational frame shifting, 

internal translation initiation sites and antisense open reading frames [11]. A couple years 

back, hundreds of previously unidentified open reading frames were found for HCMV 

using ribosome profiling; especially usage of alternative transcription start sites seems to 

play a pivotal role in augmenting complexity [49, 50]. 

5.2.4 Immunobiology 

The interaction between a virus and its host’s immune system is a fascinating and 

complex process. Upon viral entry, the intruders are confronted with pattern recognition 

receptors that launch host innate immune responses. These involve cytokines and 
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chemokines, in turn activating and attracting natural killer cells to destroy infected cells. In 

addition, the adaptive immune response is triggered by type II interferons and initiates 

cytotoxic T-cells and neutralizing antibodies. Supplementary, infected cells can induce 

programmed cell death through apoptosis to remove themselves along with the virus. 

To remain hidden from the immune system, up to half of the large genome of 

herpesviruses can be dedicated to counteract or escape this plethora of host defenses 

[51]. Herpesviruses have acquired an array of strategies enabling immune evasion or 

manipulation of the host immune system. Molecular mimicry, expressing homologs of 

cellular interleukins, chemokines or chemokine receptors is just one of these strategies. 

Moreover, the presentation of viral antigens via the major histocompatibility complex 

(MHC) is manipulated by many herpesviruses [52]. 

Roseoloviruses in principal evolved an ideal balance of stimulation and evasion, as 

healthy infected hosts are capable of lifelong virus transmission [53]. Therefore, it is rather 

surprising that in case of HHV-6 only few proteins could be explicitly associated with such 

functions so far (~40 in HCMV). Presumably, there are many others, yet uncharacterized 

genes that are likewise involved in immune evasion processes [51]. Overall, 

immunomodulatory functions of HHV-6 gene products involve the inhibition of both innate 

and adaptive immune responses, as well as the interference with cell death/apoptosis and 

T-cell signaling [51]. For example, the IE1 protein severely impairs IFN-ß gene induction 

and IFN-stimulated gene activation, which is crucial to circumvent anti-viral measures and 

to allow efficient virus replication. U21 downregulates MHC class I by binding and 

targeting the molecules to endosomal compartments, thus avoiding HHV-6 antigen 

presentation and immune recognition [31, 51]. Furthermore, it was shown by several 

laboratories that HHV-6 infection inhibits cell growth, proliferative responses and results in 

immune suppression, as evidenced by reduced interleukin-2 (IL-2) synthesis; which is 

likely mediated by the U54 tegument protein [54-56]. In contrast, it was also shown that T-

cell activation (IL-2 or mitogen phytohemagglutinin (PHA)) can enhance HHV-6 replication 

[57, 58]. In addition, U24 expression leads to internalization of the T-cell receptor/CD3 

complex at the cell surface, resulting in improper T-cell activation by antigen-presenting 

cells. As mentioned above, HHV-6 also applies the mechanism of molecular piracy or 

mimicry. Using this strategy, the chemotactic U83 protein is capable of binding chemokine 

receptors, whereas two other genes, U12 and U51, are virally encoded chemokine 

receptors [51]. 

5.2.5 Replication cycle 

Activated CD4+ T-lymphocytes are the preferred cell type for infection and efficient HHV-6 

replication [59, 60]. Infection causes a strong cytopathic effect with characteristic enlarged 
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syncytial cells [32]. Nevertheless, a variety of other cell types such as natural killer cells, 

CD8+ T-cells, macrophages/monocytes, astrocytes, endothelial cells, dendritic cells, 

fibroblasts, epithelial cells and bone marrow progenitors can be infected, although with 

limited productive replication [34, 61]. 

5.2.5.1 Nuclear domains 10 (ND10s) 

The genomes of herpesviruses, and other DNA viruses that replicate in the nucleus, 

localize to subnuclear structures termed nuclear domains 10 (ND10s) or PML nuclear 

bodies. Viral transcription and DNA replication are commonly detectable in close proximity 

to these domains. Whether this is a targeted process still remains to be elucidated. Novel 

ND10 structures were found to form de novo at the sites of viral genomes within minutes 

[62, 63]. ND10s are dynamic, spherical, macromolecular structures with distinct foci 

between the chromosomes in the nucleus. By definition, ND10s are accumulations of 

multiple -up to 70- proteins. The size can vary between 0.2 to 1 µm and 2-30 ND10 bodies 

per cell are observed, depending on cell type and status. The major constitutive 

components of ND10s are PML (promyelocytic leukemia protein- a TRIM family member), 

hDaxx (human Death domain-associated protein 6- a transcriptional co-repressor) and 

Sp100 (speckled protein of 100 kDa- a transcriptional repressor), all of which are subject 

to post-translational modification by SUMO (small ubiquitin-like modifier). In addition, a 

plethora of factors can be present at ND10s transiently under particular circumstances. 

Under physiological conditions, PML is critical for the proper assembly (recruitment of 

other network proteins) and maintenance of ND10s [63-69]. ND10s undergo major 

dynamic changes concerning their protein content, suggesting that they are involved in 

diverse cellular processes such as transcriptional regulation, post-transcriptional protein 

modification, DNA repair, senescence and apoptosis. Intriguingly, several ND10 

components are interferon-inducible and harbor ‘IFN-stimulated response elements’ 

(ISRE) or ‘IFN-gamma activation sites’ (GAS) in their promoters. This is underlined by the 

fact that number, size and intensity of ND10s increases after interferon stimulation. As a 

first and intrinsic line of defense, they impede viral replication and initiation of viral IE gene 

expression, forming a repressive chromatin structure via epigenetic processes. Some 

ND10 components are demonstrably involved in chromatin metabolism and remodeling. 

Overexpression of exogenous PML restricts infection of a number of RNA and DNA 

viruses, underlining that the individual ND10 components contribute independently to 

certain processes [64, 65, 67]. A very elegant study by Glass and Everett in 2013 

demonstrated that several ND10 components (PML, hDaxx and Sp100) act in a 

cooperative manner to regulate herpesvirus replication. Simultaneous depletion by 

shRNAs against PML, hDaxx and Sp100, using a single lentiviral vector, greatly improved 

HSV-1 and HCMV replication compared to control shRNAs and individual knockdown of 
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the proteins. Nevertheless, there are likely additional cellular factors that suppress virus 

replication [70]. 

From the virus perspective, it is a corollary to evolve countermeasures against the cellular 

defense mechanisms. ND10 bodies are usually dispersed, modified or disrupted after 

herpesvirus infection by various viral strategies and elements/proteins, as early as two 

hours post infection in the case of HSV-1. This dispersion correlates with the efficiency of 

viral infection. One prominent example is the HSV-1 ICP0 protein, which is accountable 

for the proteasome-dependent degradation of sumoylated PML and Sp100. In HCMV, the 

tegument-delivered pp71 protein facilitates the proteasomal degradation of hDaxx. This 

leads to the relief of the major immediate early promoter (MIEP) repression and 

subsequent stimulation of HCMV IE (immediate early) gene expression, whereas the IE1 

protein abrogates PML sumoylation. Both effects are necessary collaboratively to initiate 

efficient lytic replication. Besides herpesviruses, also other DNA viruses such as 

adenoviruses (early protein E4 ORF3), papillomaviruses (minor capsid protein L2) and 

polyomaviruses (large T-antigen) as well as RNA viruses like rhabdoviruses 

(Phosphoprotein p of rabies virus), retroviruses (Tax oncoprotein of human T-cell 

leukemia virus type 1 (HTLV-1)) or orthomyxoviruses (matrix protein M1 as well as the 

non-structural polypeptides NS1 and NS2 of influenza A virus) can interact with and 

disarm ND10 domains [63-65, 67]. 

In case of HHV-6, there is very little data available yet. Proteins from the IE locus were 

shown to affect ND10s. The IE1 protein is covalently modified by SUMO conjugation, 

localizes rapidly to ND10 bodies and forms a stable interaction throughout lytic infection. 

Even though the structure of ND10s is preserved, ND10s fuse into few larger entities 

during the course of infection; a mechanism presumably dependent on additional viral 

proteins [71, 72]. Besides, the transcriptional trans-activator U19 localizes to ND10s as 

well, but seems to be negatively regulated by PML or its associated proteins [73]. 

5.2.5.2 Lytic phase 

The first step of the HHV-6 replication cycle is the binding of the virus to a host receptor. 

For cell attachment, HHV-6A utilizes the CD46 complement regulator receptor. The 

surface of all nucleated cells is positive for this type I transmembrane glycoprotein, which 

also serves as the receptor for measles virus, Neisseria gonorrhoeae and group A 

streptococcus [74, 75]. Recently, CD134, a member of the TNF receptor superfamily, was 

identified as the specific receptor for HHV-6B [76]. After receptor binding of the virion via 

the glycoprotein complex gH/gL/gQ1/gQ2 and potential binding of other glycoproteins to 

yet unidentified cellular receptors, the virus infiltrates the cell via endocytosis (Figure 4A). 

As a next measure, the viral envelope fuses with the cellular membranes in the 
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endosomal compartment, releasing the capsid into the cytoplasm (Figure 4B). After 

transport of the capsid along tubulin microtubules, the DNA enters the nucleus via the 

nuclear pore complex and the activity of importin-ß (Figure 4C). Once the viral DNA 

genome is injected into the nucleus it is circularized [75, 77]. In the nucleus, the vital and 

complex processes of viral transcription, DNA replication and nucleocapsid assembly 

occur (Figure 4D).  

 

Figure 4: Schematic representation of the HHV-6 lyt ic replication cycle. (A) Virus 

attachment and entry; (B) release of the capsid; (C) transport to the nucleus; (D) 

transcription, DNA replication and nucleocapsid assembly; (E) nuclear egress: 

envelopment/de-envelopment process; (F) final tegumentation and envelope acquisition at 

the TGN; (G) exocytosis. 

The cellular RNA polymerase II facilitates transcription of viral messenger RNAs 

(mRNAs), with subsequent 5’ capping and 3’ polyadenylation [77]. A trans-activator 

brought along in the viral particle initiates the classic regulatory cascade of herpesvirus 

gene expression observed during productive infection. The immediate-early (IE) genes 

require no prior viral protein synthesis for their own expression, but act as activators for 

the early (E) genes. E genes are expressed independently of viral DNA synthesis and 

function in replication, metabolism and blockade of antigen processing. The late (L) genes 

are expressed last and are dependent on viral DNA synthesis. These L proteins primarily 

play structural roles for the capsids, tegument and the viral envelope [11, 52]. There are 

several viral products ensuring expression of viral transcripts at the expense of cellular 

protein biosynthesis by degrading cellular mRNAs [77]. However, recently it could be 


