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1. Introduction

1.1 Latency and reactivation of HIV-1

Since the discovery of human immunodeficiency virus type 1 (HIV-1), there has been a great
deal of interest in identifying cofactors that might accelerate the stages of development
associated with acquired immunodeficiency syndrome (AIDS). Many environmental agents,
namely inherent factors such as ethnicity and geographical location, were first implicated as
risk factors in the study of HIV infection. However, speculation that infectious diseases may
act as cofactors in HIV infection began to be studied soon thereafter. These speculations led
to one of the early opinions that HIV plays a correlary role in AIDS, but not a causative role
(Duesberg, 1989). AIDS patients have a history of both circumstantial serological and
microbial evidence of increased exposure to a number of common and opportunistic
infectious agents. It is difficult to ascertain, however, whether these various coinfections
contribute anything to the progressive decline of the immune system (Pedersen et al., 1990).
In vivo, infection with HIV-1 is followed by a long disease-free period, during which a low
number of CD4+ mononuclear leukocytes (CCR5 coreceptor positive monocytes and CXCR4
coreceptor positive lymphocytes) containing transcriptionally silent integrated provirus can
be found. HIV-1 replication can be demonstrated in only a small population of T cells
without inducing clinical manifestations. This state of latency is partly due to low
transcriptional activity of the integrated provirus in resting cells. Activation of CD4+ cells by
antigens, mitogens (Tobiume et al., 1998) or superinfection by other viruses interacting with
HIV-1 via viral and/or cellular transacting factors may terminate HIV-1 latency, leading to a
productive HIV-1 infection. Transactivation of the HIV-1 long terminal repeat (LTR) in turn
will induce gene expression, including the synthesis of the HIV-1 transactivator protein
(TAT) (Arya et al.,, 1985). TAT will then independently amplify HIV-1 gene expression,
ultimately leading to a high level of virus replication and death of infected cells. Onset and
progression of AIDS correlates with augmented production of infectious virions parallel to a
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shift in their tropism from CCR5 towards the CXCR4 coreceptor. The number and ratio of
infected cells, mainly CD4+ T lymphocytes, increases 100-1000-fold during this period
(Ensoli et al., 1989).

Initiation and augmentation of transcription by HIV relies not only on the simultaneous
binding of virus-encoded TAT polypeptide to TAR, but the normal cellular transcriptional
factors (NF-xB, Spl, and other regions of the 3’ HIV-1 mRNA start site) also anchor into
specific binding sites of the proviral LTR. The production of such factors are augmented
after mitogen treatment followed by signal transduction from cell surface receptors and
through several parallel pathways including secondary messenger systems (Martin et al.,
1991; Mosca et al., 1987a, 1987b; Nabel & Baltimore, 1987; Siekievitz et al., 1987). The basal
level promoter activity does not require binding of NF-«kB or other nuclear factors (Wang et
al., 1994).

1.2 The role of heterologous viruses in HIV-1 activation

Two alternative ways exist for HIV transactivation by heterologous viruses. First, two (or
more) viruses can simultaneously infect the same immune cell if the appropiate receptors
are expressed on its surface. Several DNA viruses have been suggested as potential cofactors
in AIDS due to their capability to transactivate in vitro the HIV-1 LTR-directed gene
expression by a tat-independent mechanism. For example, herpes simplex virus type 1
(HSV-1) immediate early gene products ICP0 and ICP4 act via NF-xB and Sp1 (Mosca et al.,
1987a, 1987b). Stimulating effects vary by cell type, indicating that the cellular environment
plays an important role in viral transactivation (Albrecht et al.,1989). HSV-2 can coinfect,
simultaneously replicate and transactivate HIV-1 (Kucera et al, 1990). Human
cytomegalovirus (HCMV) IE genes activate via Spl and NF-«xB sites (Davis et al., 1987;
Ghazal & Nelson, 1993). HCMV also transactivates HIV-2 LTR (Duclos et al., 1989). Epstein-
Barr virus (EBV) EBNA2, BRLF1 and LMP gene products act through NF-xB and Spl
(Hammarskjold et al., 1992; Kenney et al., 1988; Quinlivan et al., 1990). The IE protein of
pseudorabies virus induces the overproduction of Sp1l (Yuan et al., 1989). Papovaviruses (JC,
BK) transactivate through Sp1 (Gendelman et al., 1986), adenovirus (AdV) E1A 13S protein
exerts activation on the TATA box and Sp1 sites (Nabel et al., 1988; Rice & Mathews, 1988).
Vaccinia virus (Stellrecht et al., 1992), hepatitis B virus (HBV) X protein (Seto et al., 1988),
and a retrovirus named human T lymphotropic virus type I (HTLV-I) tax polypeptide
(Siekievitz et al., 1987) transactivate HIV-1. Lymphoid cells chronically infected with HTLV-
I are more susceptible to infection in vitro with HIV-1, and coinfected cells produce higher
levels of HIV-1 (De Rossi et al., 1986, Ongradi et al., 2000b). It is likely that the activation of
HIV-1 by heterologous viruses in dually infected cells results from the cumulative effects of
various gene promoters. None of these viruses infects CD4+ T cells as their primary target.
Their gene products do not bind directly to the HIV LTR sequences, and there is no
apparent molecular link between these products and cellular transcriptional factors.
Intracellular transactivation is mediated by those transcriptional factors that are upregulated
upon external stimuli. They may act in a paracrine manner, whereby altering mediator
production affects the producer cell or neighbouring cells. It has been established that tumor
necrosis factor (TNF)-a via NF-kB activation acts in tandem with HSV-1 in augmenting HIV-
1 in different CD4+ cells such as T lymphocytes, monocytes, and leukemic cell lines (Popik
& Pitha, 1994). Thus, the relevance of these viruses to direct HIV-1 activation in vivo is still
waiting for unequivocal confirmation. Simultaneous infection in a single cell is a relatively
rare event, and as such the biological effects of an event of this nature could be minimal. On
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the contrary, cross-talk between immune cells carrying different viruses is more common,
especially in lymph nodes where they are in the vicinity of one another. Heterologous
viruses can infect many other types of cells which are not targets of HIV, but release several
immunomodulating mediators. This transcellular transactivation can last a lifetime, and its
intensity may vary on an individual basis, as well as on the synergistic or antagonistic
effects of several factors including the heterologous viruses themselves. This category of
interaction seems to have a more significant biological and clinical impact on HIV
replication and AIDS progression. Expression of the early and/or immediate early genes of
several heterologous viruses exert very strong modifying effects on the normal mediator
pattern, which consequently alters HIV replication. HIV infected individuals carrying other
viruses, therefore, may be at a greater risk for early onset and rapid progression of AIDS.

2. Human herpesvirus 6 as a broad-range virus transactivator

2.1 Characterization and genetic structure of HHV-6

Among heterologous viruses, human herpesvirus 6 (HHV-6, Herpesviridae family,
Betaherpesvirinae subfamily, Roseolovirus genus) seems to be one of the most important HIV-1
transactivator. HHV-6 is predominantly a T cell tropic virus, and its unique
immunomodulatory characteristics have made it a widely studied in vitro and in vivo model.
HHV-6 has two variants, which differ on the basis of distinct genetic, immunological and
biological characteristics.; Variant A (HHV-6A) was originally obtained from the peripheral
blood mononuclear cells (PBMC’s) of patients with HIV infection and other
lymphoproliferative disorders (Salahuddin et al., 1986), while HHV-6B was originally
obtained from the PBMC’s of children suffering from exanthema subitum. Isolates were
later grouped according to prototypes (e.g. GS and U1102 for HHV-6A, Z29 and HST for
HHV-6B) (Ablashi et al., 1991). The viral genome is 160-162 kbp in size and is formed by a
central unique (U) region (143-145 kbp) flanked at both ends by terminal direct repeats (DR,
each 8-9 kbp long). The DR’s contain a tandem repetitive sequence that is also present in
human telomeres (Thomson et al., 1994a). The genome of HHV-6B contains 119 open
reading frames (ORFs) encoded by 97 genes, 9 of which are absent in HHV-6A: DR4, DR5,
DRS, Ul, Ué1, U78, U88, U92, U93 (Dominguez et al., 1999; Gompels et al., 1995). Several
conserved genes organized into 7 blocks are present in the genome of all herpesviruses. One
additional block comprises 17 genes conserved in all Roseoloviruses (U20-21, U23-24, U26,
U85, U100). Two genes are unique to HHV-6 and present in both variants: U83, which
encodes chemokines (Dewin et al., 2006), and U94, which encodes for a homologue of the
human adeno-associated virus type 2 (AAV-2) rep gene (Thomson et al., 1994b). The latter is
transcribed in latently infected lymphocytes, suggesting it likely contributes to the
maintenance of latency (Rotola et al.,, 1999). The overall nucleotide sequence identity
between HHV-6A and -B variants is 90%, but the genes of DR, U86-U93, and U95-U100
show the highest degree of sequence divergence, reaching 72%. Increased divergence in
consequent amino acid sequences explains the biological and pathogenic differences
between variants A and B. Differences in the U100 gene products, designated gQ, determine
differences in cell tropism between variants (Mori et al., 2003). The variants also differ in
temporal regulation and splicing patterns of U91 transcripts in T cell lines (Mirandola et al.,
1998). The products of U90 and U95 genes are hypothesized to play a role in the
establishment of variant-specific niches within the host. The degree of heterogeneity
between HHV-6 isolates within the same variant is less than 1% (Ablashi et al., 1991). In the
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isolates obtained from immunocompetent persons no genetic gradients and recombinants
between HHV-6A and HHV-6B have been detected, making it clear that the two variants
have independent biological niches and meet the criteria for classification into distinct
species (Dominguez et al., 1999).

2.1.1 Molecular interactions between HHV-6 and the immune system
2.1.1.1 Modulation of surface receptor expression, cytokine and chemokine pattern

CD46 has been demonstrated as a cellular receptor for both HHV-6A and HHV-6B (Santoro
et al., 1999). This glycoprotein is a complement regulator, and is expressed on the surface of
all nucleated cells. Binding of HHV-6A gH structural polypeptides, but not HHV-6B gB
structural polypeptides, to CD46 cell surface receptors induces the downregulation of IL-12
and CD46 with consequent disturbances in the complement system (Santoro et al., 1999), cell
fusion, and CD4+ T lymphocyte depletion (Mori et al., 2002). Through CD46, HHV-6 has the
ability to infect a wide variety of cell types including neuronal cells (references in De Bolle et
al., 2005), but both variants express a non-naive phenotype and replicate most efficiently in
CD4+ T lymphocytes (Ablashi et al., 1991; Grivel et al., 2003). This phenotype introduces a
unique relationship to the immune system with profound implications on
immunomodulation. They also infect monocyte/macrophages (Kondo et al.,, 1991) and
dendritic cells (Kakimoto et al., 2002) to further establish their latent infection. HHV-6A
efficiently infects CD8+ T cells (Lusso et al., 1991), y6 lymphocytes (Lusso et al., 1995), and
natural killer (NK) cells (Lusso et al., 1993). This leads to the induction of CD4 expression on
infected cells, which in turn potentially increases the range of cells susceptible to HIV
infection. The genes responsible for transactivation of the CD4 promoter include U86 and
U89 (Flamand et al., 1998). HHV-6A and HHV-6B viral envelope proteins inhibit T
lymphocyte proliferation induced by phytohemagglutinin (PHA), IL-2 or antigens (Horvat
et al., 1993). Not only do the infected cells experience programmed cell death (apoptosis),
but adjacent healthy lymphocytes die as well due to high concentrations of both TNF-a and
-p released from nearby infected cells (Inoue et al., 1997). Both variants inhibit the
expression of CD3/T cell receptor (TCR) complex (Lusso et al., 1991), the lectin-like receptor
DC-SIGN on dendritic cells (Niiya et al., 2004), CD14, CD64 and HLA-DR on antigen
presenting cells (Janelle & Flamand, 2006).

HHV-6 profoundly modifies the bodily pattern of cytokine and chemokine production as
well, which in turn significantly affects the functionality of effective immune responses.
HHV-6A strongly inhibits IL-12 and IFN-y production, consequently lowering the output of
uninfected T lymphocytes (Arena et al., 1999). IL-12 production by macrophages (Smith et
al., 2003), IL-2 production by CD4+ lymphocytes (Flamand et al.,, 1995), IL-2, IFN-y
production by HSB-2 cultures (Ongradi et al., 1990), IL-10 and IL-14 production in SupT1
cultures is inhibited (Mayne et al.,, 2001). On the contrary, HHV-6A upregulates the
production of IL-1p, IFN-a, TNF-a, IL-10 synthesis in PBMC’s, TNF-a production in HSB-2
cultures, IL-10, IL-12 production in monocytes, and IL-15 production in both monocytes and
NK cells (Arena et al., 1997, 1999, 2000; Flamand et al., 1990, 1991, 1996; Kikuta et al., 1990;
Mayne et al., 2001; Li et al., 1997; Ongradi et al., 1990). HHV-6A induces GM-CSF in the
peripheral blood lymphocytes and the ensuing increase in macrophages consequently
enhances differentiation of bone marrow progenitor cells, further sensitizing them to HIV
infection (Furlini et al., 1996). All these changes result in a Th1l to Th2 shift in cytokine
pattern, an impairment of cellular immunity and maintenance of persistent viral infections.
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Similar to HHV-6A, HHV-6B increases expression of IL-18, IL-2 receptor and members of
TNF-a superfamily receptors (Mayne et al., 2001). HHV-6B increases the production of IFN-
a in PBMC’s (Kikuta et al., 1990), IL-8 release from HepG2 human hepatoma cell lines
without altering IL-1f3 expression (Inagi et al., 1996), and downregulates IL-12 production
(Smith et al., 2001). Upon HHV-6B infection, the cytokine pattern produced by MOLT-3
CD4+ lymphoid cells drastically changes as compared to mock-infected cultures in
synergism with IL-2, while the concentration of IL-3, IL-4, IL-10, IL-15, GM-CSF, TNF-a and
-B decreases. These changes result in the suppression of innate, humoral and cellular
immunity in vivo (Ongradi et al., 2006).

It seems that the global effect of HHV-6 on human immune functionality differs by variant.
HHV-6A targets the suppression of cellular immunity above all, while HHV-6B primarily
weakens humoral immunity. The consequence of variant-specific immunomodulation is the
onset of different clinical entities and provision of helper function for other viral diseases.
These studies have suggested that HHV-6A induced chronic immune alterations contribute
to HIV pathogenesis and AIDS progression as causative factors, while recurrent HHV-6B
infection acts as a secondary contributor by aggravating and accentuating other
immuncompromised conditions.

2.1.1.2 HHV-6 encoded chemokines and chemokine receptors

During co-evolution with animals, HHV-6 seems to have obtained genes from them via
molecular piracy. The products of these genes may play important roles in pathogenesis and
immune evasion. U83 of HHV-6B encodes for a functional 3-chemokine (Zou et al., 1999).
This protein is produced by infected cells, and as a highly active CCR2 agonist attracts
CCR2-expressing cells such as monocytes/macrophages the virus establishes new infection,
thus facilitating the spread of the virus. U83 of HHV-6A encodes for two different forms of
B-chemokines. The full-length form acts as an agonist while the spliced form acts as an
antagonist that interacts with other chemokine receptors, i.e. CCR1, CCR4, CCR5, CCR6 and
CCRS, and is expressed on T cells, monocytes/macrophages, and dendritic cells (Dewin et
al., 2006). Gene U22 also codes for yet another chemokine (French et al., 1999). Counterparts
of U12 and U51 genes have been shown in the betaherpesviruses and they code for G-
protein coupled receptor homologs: U12 protein of both variants acts as a f-chemokine
(RANTES, macrophage inflammatory protein /MIP/-1a and -1, monocyte chemoattractant
protein /MCP/-1) binding receptor related to CCR1, CCR3, and CCRS. It is expressed at the
late stage of infection of monocyte/macrophages and cord blood mononuclear cells. Its
expression is activated by the above cytokines elicited on the effect of other factors, i.e.
viruses, but not by the a-chemokine IL-8 (Isegawa et al., 1998, Kondo et al., 2002). While
expressed on human epithelial cells, U51 protein specifically binds and down-regulates
RANTES (Caruso et al., 2003; Milne et al., 2000) by mimicking receptors typically expressed
on the surface of activated T cells (Menotti et al., 1999). Down-regulation of RANTES may
consequentially compromise the ability of T-lymphocytes, monocytes and eosinophils to
gather at sites of inflammation. The gene product of U51 may act as a positive regulator of
viral replication, possibly promoting membrane fusion and facilitating cell-to-cell spread
(Zhen et al., 2005).

The main task of the production of HHV-6 specific chemokines and chemokine receptors is
to ensure the efficient dissemination of virus throughout the organism either by way of
acute infection or latent carriage.
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2.2 Clinical manifestations and transactivating potential of HHV-6A

The exact mode of transmission and pathomechanism of HHV-6A have not been
established. In developed countries, HHV-6A does not or very rarely infects children, but
from adolescence onward its prevalence increases. In several countries of the developing
world, especially in Sub-Saharan and South Africa, as much as one quarter of children
below the age of 18 months already carries this variant in both HIV-1 positive and negative
groups. This suggests that early infections have a different exposure profile compared to
North America and Europe (Kasolo et al., 1999). In a recent study of genotyping, variant A
was identified in 85% of HHV-6 infections of asymptomatic African infants, and HHV-6B
was largely detected as a co-infection alongside HHV-6A (Bates et al., 2009). In such cases,
unusual recombinants between HHV-6A and HHV-6B were shown (Gompels & Kasolo,
2006; Kasolo et al., 1997). This is reminescent of the peculiar adenovirus recombinants found
in the intestines of AIDS patients (Hierholzer et al., 1988). The molecular mechanisms are
known in neither case, but each raise the idea of a common effect exerted by HIV-1. Saliva
and breast milk contained neither HHV-6A virions nor viral DNA. It was found in 54% of
the lungs of healthy adults (Cone et al., 1996). In the blood of children born to HIV
seropositive mothers living in Africa, a high-quantity load of HHV-6A can be detected.
HHV-6 DNA has been found in the semen of two thirds of healthy males, and although its
variant specificity has not been established, epidemiological circumstances raise the
possibility of sexual spread. Transmission is also suspected to occur from mother to child
(Bates et al., 2009). The symptoms of acute infection are unknown, but in some well-
documented cases febrile conditions in children were observed. Primary adult infections
have been associated with severe inflammatory or neurological disease with increased
neurotropism (Alvarez-Lafuente et al.,, 2007; Hall et al., 1998; Portolani et al., 2005).
Persistent HHV-6A infection in the brain may also contribute to AIDS-associated dementia.
Primary HHV-6A infection later in life may trigger the onset of multiple sclerosis (MS)
(Akhyani et al., 2000; Alvarez-Lafuente et al., 2006; Ongradi et al., 1999). HHV-6A also
establishes life-long latency in CD4+ immune cells, and is usually reactivated in
immunocompromised patients after bone marrow or organ transplantation along with
HHV-6B, HHV-7 and HCMV (Griffiths et al., 1999). HHV-6A might be a cofactor in the
progression of several tumors. The simultaneous detection of HHV-6A and human
papilloma virus type 16 (HPV-16) in cervical carcinoma cells (Chen et al., 1994b) and the
ability of HHV-6A U16 and U30 gene products to transactivate E6 and E7 of HPV-16 in
cervical epithelial cells (Chen et al., 1994a) have prompted investigation of its role in the
pathogenesis of cervical carcinoma. In a large clinical study, it was concluded that although
HHV-6A is not the causative agent of cervical carcinoma, it can contribute to multistage
carcinogenesis and the progression of cervical cancer (Di Paolo et al., 1994). It is of note that
cervical cancer is one of the AIDS criteria. Furthermore, due to their high prevalence in the
lymphoid tissues, HHV-6 and EBV are frequently detected simultaneously (Bertram et al.,
1991). HHV-6A infection has been shown to activate EBV replication from latency by a
mechanism of transactivation that targets a cyclic AMP response element with the EBV
Zebra promoter (Flamand & Menezes, 1996) to increase expression of EBV early genes
(Cuomo et al., 1995) and to enhance the transformative capacity of EBV (Cuomo et al., 1998).
In return, the presence of EBV renders B cells susceptible to HHV-6 infection. EBV has been
detected in all brain lymphomas and frequent detection occurs in other lymphomas of AIDS
patients as well (Cuomo et al., 1995). HHV-6A has been shown to enhance the progression
of lymphomagenesis. As mentioned earlier, the HHV-6A U9% gene product, known as the
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RepH6 polypeptide, is able to complement replication of a rep-deficient AAV-2 genome
(Thomson et al., 1994b). Contrary to HIV LTR activation by HHV-6, HHV-6 cannot
transactivate latent infection by human T lymphotropic virus type I (HTLV-I) or
subsequently affect the expression of its tax transactivator gene (Cao & Sullivan, 1992).
Mediators released from actively replicating HHV-6A or carrier cells transactivate the
human endogenous retrovirus (HERV) K18 and induce expression of HERV K18-encoded
superantigen (Tai et al., 2009). HHV-6B also induces HERV K18-encoded superantigen
expression (Turcanova et al., 2009).

In rare clinical manifestations of HHV-6A infection (e.g. hepatitis) or transmission by organ
transplantation in Europe, North-America and Japan (Portolani et al., 2005; Potenza et al.,
2008) where HHV-6B predominates, HHV-6A strains may be considered emergent
infectious diseases. These cases will require careful genotyping as well as viral load and
gene expression studies to further characterize the infection (Bates et al., 2009).

2.3 Epidemiology and biological effects of HHV-6B

Although both HHV-6 variants infect CD4+ immune cells, and despite their high molecular
homology they profoundly differ in epidemiology and pathogenesis. Lack of reliable
serological testing has hindered their differentiation in pathological conditions for several
decades, but variant specific polymerase chain reaction (PCR) and other PCR based
quantitative methods have yielded satisfactory data on their role played in acute and
chronic diseases. The mode of transmission and pathomechanism of HHV-6B has sine been
well-characterized, and evidence seems to indicate that humans are the only know
reserviors of HHV-6B. The salivary gland serves as a reservoir for symptomless shedding,
and the saliva of the caregivers of small children has been shown to transmit infection via
droplets (Fox et al., 1990). By age 2, almost all children have become seropositive (references
in Ongradi et al., 1999d). The majority of infections are symptomless, but approximately
15% of infected children develop exanthema subitum (Yamanishi et al., 1988). Although
HHV-6B DNA sequences were found in the genital tract of 20% of pregnant women,
perinatal transmission is unlikely (Okuno et al., 1995). HHV-6B establishes life-long latency
in CD4+ immune cells. HHV-6B is frequently reactivated in immunocompromised
conditions, e.g. after transplantation of bone marrow, liver, kidney or pancreas. High fever,
graft rejection and other lethal complications are not uncommon. HHV-6B reactivation is
followed by HHV-7 and HCMV reactivation in a temporal pattern, aggravating clinical
symptoms (Herbein et al., 1996). HHV-6B might also act as a cofactor in the pathogenesis of
several chronic debilitating immunological or neurological diseases such as Hodgkin’s
lymphomas, multiple sclerosis, mesial temporal lobe epilepsy, chronic fatigue syndrome
and drug induced hypersensitivity syndrome (references in Caselli & Di Luca 2007 and De
Bolle et al., 2005). HHV-6B DNA is commonly detected in the brain of deceased AIDS
patients and HHV-6B proteins are often located in the demyelinated areas, suggesting an
active role in persistent infection and neurological complications in AIDS patients (Drobyski
et al., 1994). No vaccination against HHV-6B exists, but for chemoprevention and treatment
in severe conditions ganciclovir, valaciclovir, foscarnet and cidofovir have been used
(references in Caselli & Di Luca, 2007 and De Bolle et al., 2005).

2.4 Chromosomally integrated HHV-6
It has recently been demonstrated that both variants of HHV-6 can integrate specifically into
the telomeres of human chromosomes 1, 9, 10, 11, 17, 18, 19 and 22 of PBMC’s in vivo and in
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vitro (Luppi et al., 1993; Morrisette & Flamand, 2010; Torelli et al., 1995). This behavior is
unique among human herpesviruses. The presence of human telomeric-like repeat
sequences at the HHV-6 genome termini (Gompels & Macaulay, 1995) and the HHV-6 U9%4
gene product (RepH6) might mediate the site-specific viral DNA integration within human
cells (Surosky et al., 1997). Chromosomally integrated HHV-6 (CIHHV-6) can be passed
through the germ line. Recent evidence from studies in the USA, UK, and Japan have shown
that approximately 0.2-0.85% of infants experience vertical transmission of HHV-6 through
the germ line, accounting for almost all HHV-6 congenital infections with no significant
differences between distribution of variants (Hall et al., 2008; Tanaka-Taya et al., 1996; Ward
et al., 2006). Cells containing CIHHV-6 copies do not have closed circular viral DNA
(episomes), but produce a high viral load in the blood (106-107 copies per ml). A person with
CIHHV-6 will never be negative by PCR in serum or whole blood (Ward et al., 206). While
some individuals with CIHHV-6 are asymptomatic, the integrated virus appears to be
capable of reactivating. Members of these families carry identical HHV-6 strains, and some
of them suffer from severe neurological symptoms. It has been demonstrated that CIHHV-6
can be made to reactivate by chemically stimulating the integrated cells (Arbuckle et al.,
2010). Several case reports have shown that CIHHV-6 patients with neurological problems
responded to antivirals (Troy et al., 2008; Wittekind et al., 2010).

3. Transactivation of HIV by human herpesvirus 6 variant A and B

3.1 In vitro studies on the intracellular transactivation of HIV by HHV-6 variants

The fact that HHV-6 and HIV-1 infect overlapping subsets of CD4+ lymphocytes (Lusso &
Gallo, 1995) and lytic HHV-6 infection may contribute to the decline of this cell population
in HIV-infected individuals, has lead to the hypothesis that there is specific interaction
between these viruses. To substantiate this claim, several arguments were initially raised
based on in vitro data rather than on clinical observations. In the first logical investigation,
freshly isolated and activated PBMC’s containing CD4+ immune cells were simultaneously
infected with HIV-1 and HHV-6A (GS). It was demonstrated that HHV-6A and HIV-1 could
productively coinfect individual CD+ T cells, resulting in accelerated HIV-1 gene expression
and enhanced cell death through apoptosis (Lusso et al., 1989). Infection of the ACH-2
leukemic T cells carrying latent HIV-1 with HHV-6A resulted in HIV-1 antigen co-
expression with early-late HHV-6 products, suggesting that more IE gene products are
involved in the activation of latent HIV-1 (Isegawa et al., 2007). Superinfection of Ul
promonocytic cells latently carrying HIV-1 occurred by introducing HHV-6A (GS) and
treating with TNF-a induced massive HIV-1 replication, whereas none of the clinical isolates
of HHV-6B were able to break latency of HIV-1. It is of interest that HIV-1 upregulation
elicited by HHV-6 was not inhibited by anti-TNF-a antibodies (Knox & Carrigan, 1996).
Cloned fragments of HHV-6 and HIV-1 LTR were cotransfected into different cells, and the
transactivating potential of HHV-6 infection on HIV-1 LTR was reported (Ensoli et al., 1989).
Since then, transactivating functions have been assigned to an increasing number of
individual HHV-6 genes. The protein encoded by HHV-6A (U1102) DR7 gene, expressed
from 18h postinfection has been shown to transactivate HIV-1 LTR promoter and increase
HIV-1 replication (Kashanchi et al., 1994, Thompson et al., 1994). Its oncogenic potential in
NIH 3T3 fibroblast cells relates to its capacity for binding and intiating the tumor suppressor
protein p53 (Kashanchi et al., 1997). The U3-encoded protein was found to transactivate the
HIV-1 LTR promoter in money kidney CV-1 cells (Mori et al., 1998). The U16 to U19 genes
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encode transactivators that upregulate viral and cellular transcription. The immediate early
(IE) expressed spliced gene products of U16/U17 and the IE U18- and U19-encoded proteins
have all been shown to independently transactivate the HIV-1 LTR promoter in vitro
(Flebbe-Rehwaldt et al., 2000; Geng et al.,, 1992; Nicholas & Martin, 1994). The DNA
polymerase processing factor, encoded by the HHV-6 (U1102) U27 gene, was shown to
transactivate the HIV-1 LTR in CV-1 cells. The presence of NF-kB binding sites was
mandatory for the response to pU27 (Zhou et al., 1994). The HHV-6 IE-A locus encodes two
proteins, IE1 and IE2, corresponding to the ORFs U89 and U86-87, respectively. Both are
expressed from spliced mRNAs, and each contains an exon derived from the U90 gene
(Nikolaou et al., 2003). IE1 of HHV-6A was shown capable of transactivating heterologous
promoters. Compared to the IE1 protein of HHV-6A, the HHV-6B IE1 protein was found to
exhibit much lower transactivating potential on HIV-1 LTR (Gravel et al., 2002). IE2 activates
multiple promoters that have no regulatory element in common, such as the complex HIV-1
LTR promoter, or simple promoters containing zero or only one response element (NF-«xB,
CRE, or NF-AT (Gravel et al., 2003). It also transactivates the CD4 promoter (Flamand et al.,
1998). HHV-6A (U1102) U94-encoded RepH6 acts as a transactivator by binding to a
transcription factor, human TATA binding protein (Mori et al., 2000). RepH6 by itself
possesses single-stranded DNA binding capacity, which is enhanced by cellular nuclear
factors (Dhepakson et al., 2002), and is known to activate the HIV-1 LTR promoter in
fibroblast cells (Thomson et al., 1994b).

HHV-6 encoded proteins with HIV-1 LTR transactivating potential not only stimulate HIV-1
expression (Ensoli et al., 1989; McCarthy et al., 1998), but these proteins (e.g. IE1) and the
HIV-1 transactivating protein TAT have been shown to interact synergistically in this
respect as early as 6.5 hours after HHV-6 infection (Di Luca et al., 1991, Garzino-Demo et al.,
1996). HIV-1 TAT enhances HHV-6A titers and protein synthesis in cord blood lymphocytes
and continuous CD4+ JJHAN T cells (Sieczkowski et al., 1995), but no activation was
detected in Jurkat cells (Di Luca et al., 1991). More products of genes and cloned gene
fragments of HHV-6A (U1102), namely Sall L, EcoRI (encoding p41) genomic fragments and
HHV-6A (GS) pZVB70 and pZVBI10 transactivate HIV-1 LTR at the NF-xB site, while
PZVH14 acts through the Spl1 site in African green monkey kidney cells (CV-1) and human
T cells (Geng et al., 1992), although in other experiments all three fragments have been
shown to activate NF-xB. HHV-6A is able to activate HIV LTR in both stimulated and
resting T lymphocytes, while HHV-6B (Z29) can carry out HIV LTR activation in T cells only
(Horvat et al., 1991).

Patients and clinically normal individuals are frequently infected with multiple viruses. It is
therefore important to understand the implications of simultaneous infection by multiple
viruses. Coinfections with HIV, HHV-6A and hepatitis C virus (HCV) are frequently seen in
the same individual. In a recent study, human lymphoid cells were simultaneously infected
with all three viruses. Individual cells were able to support replication of all three viruses
without dominance of one virus. All these viruses are highly cytolytic, and therefore triply-
infected cells were short lived (Salahuddin et al., 2007).

There are several reports concerning the inhibitory effect of HHV-6 on HIV-1 in cell
cultures. Peripheral blood lymphocytes, macrophages, and dendritic cells were coinfected.
Unfortunately, in the majority of these studies, two different HHV-6 strains belonging to
variant B were used: either strain Z29 (Asada et al., 1999; Carrigan & Knox, 1990; Spira et al.,
1990) or SF (Levy et al., 1990b). Their further studies on cytokines produced by HHV-6 B
infected cells showed inconclusive results, because virus infection was not synchronized. In
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this way, consecutive generations of viruses induced different cytokines at very different or
overlapping time points.

3.2 In vitro studies on the transcellular transactivation of HIV by HHV-6 A and B

Next, to study the possible transcellular transactivation of HIV by HHV-6A, Ongradi et al.
infected HSB-2 CD4+ T lymphocytes with HHV-6A (GS). Supernatants of the infected cells
contained a myriad of mediators and newly produced virions, similarly to the serum of
patients. At regular time intervals, supernatant samples were removed and filtered until
virus-free. Meanwhile CEM-ss cells were infected with HIV-1 (IIIB) at different multiplicities
of infection (moi) and then mixed with HHV-6A-free supernatant samples. Next, HIV-1
production was quantitated by syncytia formation, reverse transcriptase (RT) activity and
p24 antigen production. Supernatants obtained at 24 and 48 hours post-infection exerted the
strongest HIV-1 activation. The smaller the HIV-1 inocula were, the higher activating effect
was observed. This timing coincides with the expression of early HHV-6A genes. Elevated
TNF-a, but suppressed IFN-y production was exhibited, and IL-2 was found to have no role.
Late supernatant samples obtained at the time of virion production showed slightly
inhibited HIV production. Distinct cytokines and chemokines are produced in a sequential
manner by the same cell. Their ratio continuously changes, and they furthermore exert
pleiotropic effects. HIV-1 activation (and/or inhibition) via HHV-6 induced cytokine and
chemokine production is the net effect of many soluble factors. This is the only known
experiment in the literature describing that HHV-6 infected--but virus-free--media obtained
from one type of CD4+ lymphoid culture modifies HIV-1 production in another lymphoid
culture (Ongradi et al, 1990, 1999c). Similarly, separated human peripheral blood
monocytes were exposed to different viral antigens, and aliquots of the media of these
monocytes were mixed to ACH-2 and Ul cells latently infected by HIV-1. Conditioned
media obtained from HCMV and EBV antigen exposed monocyte cultures augmented HIV-
1 replication, whereas others, such as HSV-1, HSV-2, VZV, HHV-6A failed to stimulate HIV-
1 replication (Clouse et al., 1989). These suggest that HIV-1 is under several synergistic or
antagonistic effects in vivo. Several studies have also shown that certain proinflammatory
cytokines induced by HHV-6A infection--such as TNF-a, IL-1B and IL-6 enhance in vitro
expression of HIV-1(Flamand et al.., 1991). The major mode of transcellular transactivation
between HHV-6A (GS) infected and HIV-1 carrier lymphocytes is mediated by TNF-a and
consequent NF-xB induction followed by its increased binding to LTR sequences. In vivo,
HHV-6A induces the T helper cell profile to shift from Th1l to Th2 by upregulating IL-10 and
downregulating IL-12 in infected PBMC’s (Arena et al., 1999), which might act with the
similar effects of HIV-1 to accelerate AIDS progression.

4. Epidemiological studies on the HIV transactivating and AIDS promoting
potential of HHV-6

4.1 Cross sectional molecular studies

In vivo transactivation of HIV-1 by HHV-6 has been postulated on the basis of several in vitro
experiments. Following the discovery of HHV-6A, it was frequently isolated from HIV-1
infected patients worldwide (Dowling et al., 1987; Levy et al.., 1990a; Lopez et al.., 1988;
Tedder et al., 1987) although no opportunistic diseases had been associated with HHV-6A at
that time. Concomitant infection by HHV-6A, HTLV-I and HIV-2 has also been described
(Agout et al., 1988). Widespread HHV-6A infection was documented in patients with AIDS
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at post-mortem examination (Carrigan & Knox, 1994). HHV-6A infected cells--usually lung
macrophages--were observed in all patients, whereas HHV-6A infected lymphocytes and
epithelial cells were seen in approximately two thirds of patients. The kidneys and liver also
showed wide-spread infection of lymphocytes in inflammatory infiltrates. In the lymph
nodes, HHV-6A concentrated in lymphocytes in the medullary region. Lymphoid organs are
important reservoirs of HIV infection, and progression from HIV-1 infection to AIDS is
associated with the involution of these tissues. Cell destruction is synergistically enhanced
leading to early disintegration of the lymphoid environment with higher viral load. HIV
proviral viral load was higher in tissues taken at autopsy if the organ also harbored HHV-6,
which could suggest upregulation of the former by the latter (Corbellino et al., 1993; Knox &
Carrigan, 1994a, 1996). HHV-6B levels in the lymph nodes and in different organs of
deceased patients also were found elevated alongside increased HIV-1 loads. It has been
postulated that neighbouring cells exert mutual effects by altered cytokine milieu (Emery et
al., 1999). Excretion of HHV-6B in the saliva of patients in successive stages of the disease
was not significantly different (Gautheret et al.., 1995).

Ongradi et al. also tested several groups of patients for double virus infection. In the first
series of cross-sectional studies, patients in consecutive stages of HIV-1 infection with
declining CD4+ cell number (symptomless, full blown and terminal AIDS, permanent HIV
seronegative sexual partners, and control individuals) were screened for HHV-6A
antibodies by immunofluorescence. As compared to controls, the mean level of IgM in the
sexual partners raised 30-fold, that of IgG increased 10-fold, and 80% of individuals had low
avidity IgG suggesting fresh HHV-6A infection. As compared to controls, the mean titer of
IgM to HHV-6A remained elevated 10-fold in each group of HIV positive subjects. The
highest level was found in the HIV seronegative partner group. The IgG level was 6-fold
increased in asymptomatic HIV carriers, 4-fold in early and 5-fold in terminal AIDS patients.
In the rapid progressors of AIDS patients HHV-6A IgG was higher, whereas in the
subgroup of rapid progressors of terminal AIDS patients HHV-6A IgG was significantly
lower compared to slow progressors. More than one quarter of AIDS patients had low
avidity IgG to HHV-6A. These data suggest that, parallel to the decline of CD4+ T cell
number and disease progression, HHV-6A maintains a chronic persistent infection in a
significant number of HIV infected persons, and repeated HHV-6A infection furthermore
occurs in the sexual partners of HIV-1 carriers. In the case of rapid progression, HHV-6A
IgG production ceases (Marddi et al., 1998; Ongradi et al., 1999b, 1999), and as a result
HHV-6A can become widely distributed by inflitrating the lymphocytes of several organs
without specific tissue damaging effects (Knox & Carrigan, 1996).

Restricted expression of the same immediately early and early genes without the complete
replication cycle, of several viruses can alter cellular machinery, resulting in malignant
transformation and altering cytokine/chemokine production and subsequent HIV
transactivation. The question then became whether simultaneous carriage of HIV-1 and
HHV-6, or expression of viral genes reflecting active virus replication can influence
depletion of CD4+ T cells and disease progression in different risk patients such as
hemophiliacs and intravenous drug abusers (IVDA) compared to blood donors. DNA was
extracted from plasma and peripheral blood lymphocytes (PBL’s), while RNA was only
extracted from PBL’s. Carriage of both viruses was detected by PCR, and their expression by
RT-PCR: PCR specific for HIV-1 env gene and nested PCR specific for HHV-6 ZVH14
fragment, was carried out. RT-PCR was carried out on complementer (c) DNA under the
same conditions. The HHV-6 strain was characterised by endonuclease digestion fragments.
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(Ceccherini-Nelli et al., Ongradi et al. detected HHV-6A active replication more frequently
in IVDA, 107/135, 79%), than in hemophiliacs (11/35, 31%, p<0.001) and blood donors
(26/145, 18%, p<0.001). 81% of IVDA was positive by HIV-1 DNA PCR and, in spite of
specific retroviral therapy, expressed HIV in 54% of cases. Furthermore, 43% (58/135) of
these persons also expressed HHV-6 sequences evidently able to transactivate HIV-1.
Expression of HHV-6 in HIV-1 seropositive patients is found to be 6.1 times more frequent
than in HIV-1 seronegative counterparts. Simultaneous virus expression was shown to
enhance CD4+ cell depletion. HHV-6 expression was found to enhance mortality of AIDS
patients by approx. 35% in a two year period. These data prove that in the majority of
patients HIV-1 expression is associated with active HHV-6A replication, but not with the
latent state of HHV-6A. Among HIV-1 transactivating cofactors, HHV-6A seems to be
relatively frequent. These data also suggest that the route of HHV-6A dispersal throughout
the body is identical to that of HIV-1 (Ceccherini-Nelli et al., 1990; Ongradi et al., 1994).

CD4+ HIV-1 HHV-6 DNA HHV-7 Clinical
Patients cell viral load PCR DNA PCR stage
counts (log Eq/ml) 1ug 5ug 1lug 5ug (CDC 1993)
1 17 147.9 ++ -- C3
2 29 501.8 -- -- C3
3 59 32.66 -- -- B3
4 79 72.57 -+ -- B3
5 97 190.06 ++ -- C3
6 139 388.4 ++ -- C3
7 197 10.9 -- ++ C3
8 217 117.46 -- -- A2
9 240 negative -- -+ A2
10 280 negative -- ++ A2
11 321 18.9 -- -- A2
12 346 51.53 -- ++ A2
13 429 13.04 -+ ++ A2
14 432 13.77 -+ ++ C2
15 453 12.52 -- -+ A2
16 504 11.48 ++ ++ Al
17 598 28.1 -- -+ Al
18 735 negative -+ ++ Al

Table 1. Clinical, virological and immunological data of HIV-1 seropositive patients

As outlined in Section V, HHV-7 shows a marked reciprocal interference with HIV-1 in vitro.
To investigate in vivo interactions of HHV-6, HHV-7 and HIV-1, another cross-sectional
study comprising 18 HIV-1 seropositive patients and 33 blood donors has been recently
described (Barsanti et al., submitted). Presence of HHV-6 was established as above, and
nested PCR for HHV-7 on DNA extracted from PBLs was carried out using a set of specific
primers and probe designed from the KHR strain of HHV-7 as described (Okuno et al.,
1995). HIV-1 load was quantitated by branched DNA signal amplification. Although no
significant difference in HHV-6 prevalence was found between patients and controls (22 and
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33%, respectively), all 4 HHV-6 positive patients belonged to variant A, whereas among
controls with HHV-6 DNA positivity had variant A and 4 had variant B, confirming that
HHV-6A is predominantly associated with immunocompromised patients (Table 1). The
percentage of HHV-7 positivity in HIV-1 seropositive patients (39%) is significantly lower
than that of blood donors (82%, p<0.01, x2 test). HHV-7 positivity significantly correlated
with a low level of HIV-1 (p<0.01, Mann-Whitney’s test) as compared to HHV-7 negative
HIV-1 positive patients. Interestingly, while the presence of HHV-6A was detected in
patients with all consecutive stages of HIV-1 infection, distributed evenly, HHV-7 positivity
was found more frequently in patients with earlier stages of HIV-1 infection: namely stages
Al- 3/3, A2-5/7, C2-1/1, B3-0/2, and C3-1/3. Although the number of patients in each
group is very small, the trend is clear: independent or synergistic destruction of CD4+ T
cells by HHV-7 and HIV-1 lead to their rapid declination. Another possibility is that rapid
declination of CD4+ cells by HIV-1 prevents the replication of HHV-7 in the later stages of
HIV-1 infection, but the low level of HIV-1 load argues against this hypothesis. Irrespective
of interpretation, these results raise the idea that HHV-7 may not be such a harmless virus in
HIV-1 infected patients. Further in vivo studies on the interaction between HIV-1 and HHV-
7 are warranted (Barsanti et al., submitted).

4.2 Longitudinal, serological and molecular studies

Follow-up studies could be done only in a limited number of double infected patients, and
methodology was the same as described above. The first study of HHV-6 infection was
carried out in two HIV-1 seropositive patients to provide in vivo evidence of HHV-6
reactivation. Concomitant with a significant rise of anti-HHV-6 IgG detected by IFA, a
transient increase in HHV-6 viral load was shown in PBL’s via PCR. During HHV-6
reactivation it was identified either as cell-free HHV-6 by PCR in plasma or by IgM antibody
titers. HHV-6 reactivation was followed by a temporary decrease in CD4+ count and by a
progressive dramatic loss of CD4+ cells during the 18 months post-reactivation. HHV-6
strain characterization by PCR demonstrated that the first patient (a woman with 232 CD4+
cell/mm3 at the beginning, 34 CD4+/mm?3 with full-blown AIDS 16 months later) initially
carried the B variant followed by reactivation and persistence of the A variant, while in the
second patient (a man with 248 CD4+ at the beginning, then 14 CD4+/mm3, Pneumocystis
carinii pneumonia and esophageal candidiasis 13 months later) only the A variant was
detected. The evidence of HHV-6A reactivation presented suggests its involvement in a
mechanism of immunologic damage underlying the disease by either direct destruction of
lymphoid cells or altering cytokine pattern (Iuliano et al., 1997). In another longitudinal
follow-up of two AIDS patients from active HHV-6A infection evidence was demonstrated
but the profile of infection in the two patients varied. One patient demonstrated the
appearance and disappearance of HHV-6A indicating viral reactivation, whereas the other
patient exhibited chronic or persistent HHV-6A infection (Ablashi et al., 1997). In another
cohort, serum samples and PBMC's collected over a period of four years. IgG antibodies to
HHV-6 gp110 late antigen did not differentiate between HIV-1 infected and control subjects,
but IgG and IgM antibodies to p41/38 early antigens showed a significantly higher
prevalence in HIV-1 infected individuals than in healthy donors, suggesting viral activation.
HHV-6A was also shown in doubly infected PBL’s of T lineage (CD2+, CD4+, CD38+)
(Ablashi et al., 1998b). As Ceccherini-Nelli et al., Ongradi et al. demonstrated, others have
also shown that HHV-6A is frequently reactivated in early asymptomatic HIV-1 infected
patients (Secchiero et al., 1995). AIDS progression is accelerated in infants with vertically

www.intechopen.com



270 HIV-Host Interactions

acquired HIV-1 and early acquisition of HHV-6A infection (Kositanont et al., 1999). Periodic
reactivation or sustained persistence seem to be general phenomena among doubly infected
persons. Additionally, high HHV-6 antibody titers were demonstrated in patients with
consistently increasing HIV-1 load (Lenette et al., 2005).

HHV-6A upregulates CD4 expression, competitively inhibits binding of CCR5-trop HIV
particles through RANTES overproduction, and ensures selective advantage of CXCR4-trop
particles to infect T lymphocytes. HHV-6A persistence seems to sensitize the organism to
HIV-1 infection. In the early phases of HIV infection, reactivated HHV-6A -especially in
children- speeds up the disintegration of lymph nodes, as well as the onset and progression
of AIDS in a vicious cycle. During the terminal phase of AIDS, a large amount of reactivated
HHV-6A particles invade the whole body. In rapid AIDS progressors, both prevalence of
HHV-6A virions and the titer of anti-HHV-6A antibodies are higher than in slow
progressors. In AIDS-associated retinitis, HHV-6A proviral DNA, RNA and polypeptides
are frequently shown beside HCMV (Qavi et al., 1989). In AIDS patients, HHV-6A might
aggravate pneumonitis (Knox & Carrigan, 1994), Regarding the neuropathogenesis of HIV-1
infected children, HHV-6A is extensively disseminated in neural cells of the brain. It was
reported that adult patients with AIDS had large areas of demyelination in their brain tissue
at time of death (Knox & Carrigan, 1995).

5. Human herpesvirus 7 as a negative competitor of HIV infection

HHV-7 was isolated from the activated T lymphocytes of a healthy blood donor (Frenkel et
al., 1990). HHV-6 and HHV-7 share similar genetic, biologic and immunologic features.
HHV-7 also belongs to the Roseolovirus genus. The viral DNA is completely sequenced
(Nicholas, 1996), it is formed by a unique segment of 133 kbp flanked by 6 to 10 kbp DR
sequences, so that the genome length ranges between 145 and 153 kbp. Similar to HHV-6,
the HHV-7 viral genome contains herpesvirus conserved genes arranged in 7 boxes. Nucleic
acid sequence identity ranges from 20.7 to 75.7% in various genes, while amino acid
sequence identity is between 41 and 75%. The coding ability of HHV-7 comprises 84
different ORFs (Megaw et al., 1998), only one gene (U55B) is HHV-7 specific, and there is no
homologue to the HHV-6 U9% gene. It has been shown that HHV-7 gB attaches to CD4
molecules as a receptor (Lusso et al., 1994). It is likely that other molecules can act as
receptors, and it is known that HHV-7 can infect cells that do not express CD4, e.g.
lymphocytes, monocytes, epithelial cells, and fibroblasts. CD4 alone is not sufficient for a
productive infection (Kempf et al., 1998). HHV-7 also establishes latent infection in CD4+
lymphocytes and macrophages, persistent infection occurs in salivary gland tissues as well,
as shown by specific PCR (Sada et al., 1996). In vitro, only the CD4+ immature T cell line
(SupT1) supports HHV-7 growth (Ablashi et al.,, 1998a). Due to CD4 affinity, HHV-7
competes for the shared receptor with HIV-1 (Lisco et al.,, 2007). Blockade of the CD4
molecule with anti-CD4 monoclonal antibodies (mAbs) or HIV-1 gp120 (which bind to CD4),
inhibits HHV-7 infection of T cells. Exposure of terminally differentiated CD4+
macrophages derived from peripheral blood monocytes to intact or UV-inactivated HHV-7
prior to HIV-1 infection reduced the average level of HIV-1 p24 antigen production in cell
culture supernatants by 91%, indicating that the mechanism of interference depends directly
on the competition for CD4. It was suggested that this antagonistic effect be exploited to
devise therapeutic approaches to AIDS. However, in prospective in vivo studies, HHV-7 was
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detected in only 3% of HIV-1 infected patients and 12% of controls. It was suggested that
this low level of detection resulted from HIV-1 out-competing HHV-7 for infection of CD4+
cells. There was no association between HHV-7 viral load in PBL and progressson of HIV-1
disease (Crowley et al., 1996). HHV-7 has a strong down-regulation on CD4 mRNA and
transcriptional activity in cord blood lymphocytes and SupT1 cell (Furukawa et al., 1994).
The HHV-7 U21 open reading frame codes for an immunoevasin that inhibits the transport
of class I MHC and CD4 molecules to the surface, thus infected cells are more difficulty
recognizable by CD8+ cytotoxic T lymphocytes (Hudson et al., 2003). Expression of Kaposi's
sarcoma herpesvirus (HHV-8), K5 protein (MIR2) (Paulson et al.,, 2001) and adenovirus
E3/19K protein (Lippé et al., 1991) also restrict surface expression of MHC class I molecules.
HIV Nef polypeptide down-regulates both MHC class I and CD4 molecules (Mangasarian et
al., 1999). In patients carrying several viruses simultaneously, the concerted action of HIV
Nef and immunoevasins of heterologous viruses dramatically diminishes cytotoxic immune
cell activism, resulting in the survival of virus-producing cells and consequently increasing
bodily viral load. HHV-7 down-modulates CXCR4 surface molecule independently of CD4
in infected cells (Secchiero et al., 1998), which inhibit HIV-1 spread through the body.
Differently than HHV-6A, HHV-7 does not down-regulate CD3, and has no effect on CD1,
CD2, CD44 and CD49 T cell adhesion molecules (Yasukawa et al., 1993). In addition, HHV-7
decreases CD38 levels, and slightly increases CD5 and CD57 on the surface of infected both
SupT1l cells (Kirn et al.,, 1997). During the late stage of infection, HHV-7 increases the
expression of CD46 at both the transcriptional and translational levels, as well as on the
surface of SupT1 cells and primary CD4+ T cells. Together with CD59 overexpression,
HHV-7 infected cells become more resistant to complement-dependent cytotoxicity than
uninfected cells. CD46 overexpression facilitates infection of these immune cells by several
heterologous viruses, among them HHV-6 and some adenovirus types, which are known to
transactivate HIV-1 (Takemoto et al., 2007). Unlike with HHV-6, a generalized increase in
host cell protein synthesis is observed in HHV-7 infected lymphocytes. Host genes whose
expression is upregulated by HHV-7 infection include the lymphocyte specific G-protein
coupled receptor EBI I, GADD45 (Kirn et al., 1997), GM-CSF and IL-15 (Atedzoé et al., 1997).
Infection of PBMC’s obtained from seronegative individuals (mimicking primary infection)
increases the level of intracellular mRNA and secreted polypeptides of TNF-a, TGF-, IFN-y,
but decreases the production of IL-2 from mitogen (bacterial endotoxin polysaccharide, LPS
and OKT3 mAb) activated PBMC. On the other hand, HHV-7 does not affect IL-4 and IL-6
synthesis (Atedzoé et al., 1999). In PBMC’s of seropositive persons (mimicking secondary
infection), HHV-7 infection results in diminished IL-2 and IFN-y production with or without
mitogen activation. HHV-7 induces early IL-10 production, which is known to inhibit
cytokine release from CD4+ helper lymphocytes. After a primary infection, HHV-7 causes
significant inhibition of lymphocyte proliferation and overall the cellular immununity, but
in repeated infections the overall effect of HHV-7 on cytokine production by infected cells is
balanced.This might contribute to the moderate immunosuppression upon reactivation
(Ongradi et al., 1999a). HHV-7 also encodes two functional chemokine receptors, U12 and
U51, which are counterparts of human CCR4 and CCR7. And whose natural ligands are
CCL22 and CCL19, respectively. These receptors are expressed on T and B lymphocytes,
and promote their translocation from the blood to the lymph nodes. Overexpression of these
receptors facilitate the dissemination of infected lymphocytes throughout the body
(Tadagaki et al., 2007).
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HHV-7 is ubiquitous worldwide. Approximately 70% of children are infected and
seroconvert before 4 years of age,usually following HHV-6B infection, but 30% of the
population acquires infection later in life. In children, HHV-7 can induce exanthema
subitum directly or, through activation of HHV-6B, may induce febrile convulsions or
hepatitis. HHV-7 is reactivated in some patients 4 to 6 weeks after liver, kidney, bone
marrow or stem cell transplantation, and may exacerbate human cytomegalovirus (HCMV)
induced immunosuppression. HHV-7 can also reactivate HHV-6B in vitro (Katsafanas et al.,
1996). In seronegative adults, HHV-7 can induce pityriasis rosea (PR) as presence of
infective viruses, viral DNA and rising antibody as is indicated by increasing levels of IFN-
a and -y in the serum (Drago et al., 1997; V4ag et al.., 2004a). Although rare, cases of PR have
been described in patients with HIV-1 infection. Several types of papulosquamosus
disorders might occur also in AIDS patients (Duvic et al., 1991). The lack of herald patch
typical of genuine HHV-7 induced PR supports proper differential diagnosis. Due to some
common immune pathways of HHV-7 and HIV-1 (e.g. alteration of cytokine pattern in the
skin), PR might be mimicked in AIDS patients (Sadick et al., 1990). Interaction of HHV-6B or
HHV-7 with human parvovirus B19 induces papular-purpuric gloves-and-socks syndrome
(PPGSS, Ongradi et al., 2000a; Vag et al., 2004b). HHV-7 is transmitted via saliva (Wyatt &
Frenkel, 1992) and breast milk (Fujusaki et al., 1998). HHV-7 has been detected at the same
ratio, more frequently, at higher viral loads, or in decreased quantitiy in saliva from HIV+
individuals with clinical symptoms of immunodeficiency than from controls by PCR in
different studies (Di Luca et al., 1995; Lucht et al.., 1998; Gautheret-Dejean et al., 1997). There
is no evidence for congenital infection, although 2.7% of cervical samples obtained from
pregnant women during the third trimester are PCR positive (Hall et al., 2008). Viral DNA is
sporadically detected in the urine of healthy individuals, and in 6.5% of the cellular fraction
of urine samples from HIV-1 positive patients with low CD4+ cell count (Gautheret-Dejean
et al.,, 1997), but no infectious virus has been obtained from cervical and urine samples
simultaneously. The HHV-7 pp85 protein was detected in 9 of 32 HIV-associated cases, and
in one of 7 classic sporadic Kaposi’s sarcoma lesions, which was localized to the cytoplasm
of CD4-CD68+ cells of the monocyte/ macrophage lineage. Dually infected HHV-6B and
HHV-7 CD4-CD68+ cells were detected in 9% of these lesions. The cytokine-rich
environment of Kaposi’'s sarcoma might activate HHV-7 and subsequently HHV-6B (Kempf
et al., 1997). These data suggest that HHV-7 also interacts with different viruses, among
them HHV-6B, but does not activate HIV-1 directly and does not activate HIV-1 through
HHV-6A activation. On the other hand, its immunomodulatory effects can be additive to
immune suppression induced by HIV-1 in vivo.

6. Animal models to study transactivation by heterologous viruses

6.1 Simian AIDS model

A major hindrance to elucidating the in vivo role played by HHV-6A in AIDS has been the
lack of a reliable animal model system (Lusso et al., 2007). Although simian (SIV) and feline
(FIV) immunodeficiency viruses in their natural hosts provide appropriate models, the lack
of known counterparts of Roseolovirus isolates from these animals impedes studies on the
effect of simultaneous infection in AIDS progression. Peripheral blood lymphocytes of adult
chimpanzees, pig-tailed macaques (Macaca nemestrina) and African green monkeys were
found as susceptible to HHV-6A (Lusso et al., 1990, 1994) and HHV-6B (Levy et al., 1990)
infections as were human PBL’s. Although HHV-6A infected PBL cultures of chimpanzees
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exhibited CPE similar to that seen in human PBL and produced infectious virus (Lusso et al.,
1990), this model is practically unavailable. The availability of pig-tailed macaques whose T
cells are highly susceptible to HHV-6A infection is an ideal experimental model (Lusso et
al., 1994). It has been established that in vivo coinfection with HHV-6A accelerates the course
of SIV disease in pig-tailed macaques (Lusso et al., 2007). Three groups of young adult
animals were infected by intravenous inoculation with either SIVimreso alone, HHV-6AGs
alone, or both SIV and HHV-6A. Dually infected animals were first inoculated with SIV and
then superinfected with HHV-6A 14 days later. None of the animals had detectable
antibodies to HHV-6A and SIV before inoculation. Animals were observed for 32 months.
HHV-6A infected animals developed clinical manifestations of mild to moderate intensity
such as fever, splenomegaly, and generalized lymphadenopathy. Anti-HHV-6A
seroconversion appeared after a mean of 3+1.4 and 2.2+0.5 weeks in HHV-6A and dually
infected animals, respectively. SIV infection resulted in plasma viremia, and SIVp27cag
antigenemia at two weeks post-inoculation in both groups. Clinical signs included fever,
generalized lymphadenopathy and splenomegaly, while the fever was higher and longer in
duration in animals coinfected with SIV and HHV-6A. A transient loss of circulating CD4+
T lymphocytes was detected in singly and coinfected macaques. During the follow-up, no
long term clinical or hematological alterations were seen in animals singly infected with
HHV-6A, and their CD4+ and CD8+ T cell counts remained stably with the normal range.
By contrast, a progressive loss of circulating CD4+ and CD8+ T cells was seen in
coinfected animals. SIV superinfection of animals carrying HHV-6B for 13 to 21 months
resulted in a very rapid decline of CD4+ and CD8+ T cells, and these animals developed
AIDS-related conditions after 69 and 15 weeks of SIV superinfection (Lusso et al., 2007).
Interestingly, the longer the duration of HHV-6A latency was, the shorter of AIDS-related
conditions developed. This means that even latent HHV-6A infection induces irreversible
changes in the immune system. Unlike the immunological parameters, the levels of SIV
plasma viremia and antigenemia during the follow up were not significantly different
between singly or dually infected macaques. Interestingly, disease progression in dually
infected animals was accompanied by frequent episodes of HHV-6A reactivation,
suggesting that SIV infection exerted a boosting effect on HHV-6A replication. Dually
infected animals also showed a significantly expedited decrease in anti-HHV-6A antibody
reactivity over time demonstrating exhaustion of humoral immunity. Lymph node biopsy
one month post-inoculation showed follicular hyperplasia in all animals. However, in
macaques singly infected with SIV or HHV-6A the nodal architecture was conserved,
whereas in dually infected monkeys it exhibited a florid follicular hyperplasia with
confluent germinal centers. Coinfected lymph nodes showed higher levels of SIV RNA
deposited on the surface of follicular dendritic cells and HHV-6A mRNA expression in the
extrafollicular area. Thus, HHV-6A and SIV could simultaneously replicate in coinfected
lymph nodes. In biopsies obtained 6 months after inoculation, lymph nodes of dually
infected animals showed significant atrophy of germinal centers. During the 32 months of
the study, AIDS-defining clinical conditions developed in all coinfected macaques, but in
only one of 4 infected with SIV.

It was also shown that reisolated SIV obtained from HHV-6A coinfected macaques after one
year of infection had acquired resistance to RANTES (regulated upon activation normal T
cell expressed and secreted). RANTES is a CCR5 binding chemokine that blocks the entry of
SIV into cells, since SIV depends on CCR5 for infection. As has been previously discussed,
HHV-6A is a potent RANTES inducer in lymphoid tissue (Grivel et al., 2001). In HHV-6A
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coinfected macaques, SIV subsequently evolved toward RANTES resistance, most likely
under the selective pressure of elevated RANTES levels. Resistance to RANTES is
increasingly recognized as a key virulence factor in HIV infection (Grivel et al., 2003), which
may allow the virus to replicate in the high-RANTES milieu. One of the possible
mechanisms whereby HHV-6A may foster the progression to AIDS is by facilitating an early
acquisition of RANTES resistance (Lusso et al., 2007). In a recent study, SIV were reisolated
from singly and HHV-6A-coinfected macaques. Surgically removed human tonsils in the
presence of RANTES and PBMC from randomly selected healthy donors or from a
homozygous CCR5-A32 +/+ donor were infected with SIV reisolates. All SIV isolates were
able to replicate in human lymphoid tissue. Inoculation of different cell lines expressing
several coreceptors (CCR2b, CCR3, CCR4, CCR6, CCRS8, CX3CR1, and CXCR4) were not able
to support SIV infection. The majority of SIV isolates from HHV-6A coinfected macaques
were not able to replicate in CCR5-A32 +/+ PBMC'’s showing that SIV variants, despite
maintaining exclusive CCR5 coreceptor sensitivity, become resistant to HHV-6A and
RANTES receptor competition. Cytokine polypeptide production in PBMC’s obtained from
healthy donors was induced by infection using either SIV from singly infected animals or
SIV from HHV-6 coinfected animals. IL-2 production was significantly down-regulated
while IFN-y production was significantly upregulated in cultures infected with SIV derived
from coinfected macaques as compared to the cytokine-inducing ability of SIV obtained
after a single infection. For other Th1l and Th2 cytokines (IL-1a. and -8, IL-4, IL-7, IL-12, IL-
15, IL-16, and TNF-a)), chemokines (MIP-1a and -B), other mediators (GM-CSF, IP10, MIG,
and SDF-1B) no significant differences between lymphoid tissue infected with the two
groups of SIV isolates were recorded. These results also indicate that SIV isolates obtained
from HHV-6A-coinfected animals undergo a biological evolution in vivo, with the
emergence of viral strains containing a reduced sensitivity to RANTES-mediated inhibition,
thus, bypassing an important mechanism of virus control. It has been learned from clinical
studies, that progression toward full-blown AIDS is often associated with the evolution of
HIV-1 toward increased virulence. HIV-1 acquires the ability to use CXCR4 as a coreceptor,
becoming resistant to the inhibitory effects of endogenous CCR5-binding chemokines. This
phenotypic switch is typically accompanied by an accelerated loss of CD4+ T cells and
suppression of Thl polarized responses that play an essential role in the clearance of viral
infections. These results are conclusive in vivo evidence that HHV-6A accelerates the
progression of SIV toward full-blown AIDS (Biancotto et al., 2009), and excellently support
human clinical and experimental data on the interaction of HHV-6A and HIV-1.

6.2 Feline AIDS as an ideal small animal model to study the interaction between
retroviruses and different heterologous viruses

Although SIV infection is very close to the human analog monkeys are not available for the
majority of research groups due to short supply and ethical considerations. Specific
pathogen-free populations are nonexistent. Feline immunodeficiency virus (FIV), another
member of the family Retroviridae has a pathogenesis similar to that of HIV infection, and
because cats are both plentiful and available in specific pathogen free (SPF) status, they
might prove to be an ideal model for AIDS cofactor studies. FIV shares many genetic,
structural and biological characteristics with HIV. Although FIV shows tropism for CD4+
cells, its receptor is CD134 (Shimojima et al., 2004), and it requires further interaction with
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chemokine coreceptors (CCR5 and CXCR4) for entry (de Parseval et al., 2006). RANTES
inhibits FIV infection of feline PBMC’s, while antibodies against CXCR4, CCR5 and CCR3
reduce FIV infection. CD4+ and CD8+ T cells monocytes/macrophages are the major targets
of FIV, in which it might establish latent infection. Upon virus activation, cells die of
apoptosis (references in Bendinelli et al., 1995 and Burkhard & Dean, 2003). FIV diverges
from other lentiviruses throughout the genome. Beside gag, pol, env and other small ORFs
encoding regulatory proteins, the provirus contains two LTR elements, one at each end,
which accommodate multiple regulatory elements. FIV LTRs appear to be strong basal
promoters and poorly active in transactivation (Sparger et al., 1992). Regulatory sequences
include one or two TATA boxes, and a variety of enhancer or promoter protein-binding sites
(AP-1, NF-«B, etc). FIV transactivation is significantly different than that seen for HIV
because FIV lacks TAT and the transactivating response (TAR) element (Sparger et al., 1992).
Instead, FIV contains Orf-2 (also designated as Orf-A), a tat-like gene encoding a viral
transactivator necessary for productive FIV replication in primary T lymphocytes as well as
feline T cell lines (de Parseval & Elder, 1999). Unlike other lentiviral transactivators, FIV Orf-
2 requires additional LTR elements for transactivation (Chatterji et al., 2002). Infection with
FIV is usually associated with direct inoculation of the virus into the body via bites, and
there is a distinct transient initial stage of infection that follows exposure by several weeks.
After recovery from this initial disease, afflicted cats enter into a long asymptomatic stage of
the infection that lasts for months or years before other signs appear. CD4+ T lymphocyte
decline and inversion of the CD4/CDS8 ratio are hallmarks of FIV infection, especially in
neonates (Diehl et al., 1996) due to apoptosis induced by TNF-a overproduction (Ohno et
al., 1993). Serum levels of IL-1, IL-6 and TNF-a increase in parallel with viral replication
(Kraus et al., 1996). After in vitro treatment of separated PBMC in experimentally infected
cats CD4+ lymphocytes produce TNF-o, IFN-y, IL-2, IL-4 and IL-8, while CD8+ T
lymphocytes express TNF-a, IFN-y, and IL-2. Monocytes/macrophages are the source of IL-
1, IL-6, TNF-a, IL-10 and IL-12p40 (Ritchey et al., 2001). The terminal AIDS stage of FIV
infection is associated with a number of chronic common and opportunistic-type infections.
Like HIV infection of humans, other infectious diseases may interact with FIV infection in
the field to cause a more severe disease syndrome.

Retroviruses and herpesviruses are associated with a variety of diseases in animals. It has
been suspected for long time that their interaction may result in synergistic induction of
diseases (Bacon et al., 1989). A possible interaction of feline herpesvirus type 1 (FHV-1,
subfamily Alphaherpesvirinae) with FIV has been studied in vivo and in vitro. FHV-1 is a
significant pathogen of family Felidae, causing an upper respiratory tract disease in cats. In
dually infected animals it induces several immunological abnormalities (Reubel et al., 1992,
1994). FHV-1 also infects T lymphocytes. Productive coinfection of individual T
lymphocytes has been detected (Kawaguchi et al.,, 1991). FHV-1 ICP4 was shown to
modulate FIV LTR activity (Kawaguchi et al., 1994, 1995).

Among other AIDS-promoting DNA viruses, adenoviruses (AdV) are known to cause fatal
enteritis among terminal AIDS patients. The only feline adenovirus isolate (FeAdV) was
obtained (Ongradi, 1999) from a PCR positive fecal sample (Lakatos et al., 1997) of a cat with
unknown FIV status. In Europe, 10 to 20% of free roaming cats are seropositive (Lakatos et
al., 1996, 2000). FeAdV DNA has been detected in fecal samples of a child and her cat in
Japan (Phan et al., 2006), and in a Brazilian child with upper respiratory tract infection (Luiz
et al., 2010). Sequences of its hexon (Pring-Akerblom & Ongradi, GenBank Accession No.
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AY512566) and fiber (Pring-Akerblom & Ongradi, GenBank Accession No. AY518270)
suggest that FeAdV is related to human AdV type 1. It would be ideal to explore its
interrelationship with both HIV and FIV, especially with respect to the role of AdVs in the
intestinal complications of AIDS.

Another common interaction in nature is between FIV infection and feline leukemia virus
(FeLV). About 10 to 15% of the cats clinically ill with FIV infection are coinfected with FeLV
worldwide (Hosie et al., 1989; Ishida et al., 1989; Yamamoto et al., 1989). FeLV can also
induce immunodeficiency (Rojko & Olsen, 1984). In dually infected cats, the CD4+/CD8+ T
lymphocyte ratio becomes rapidly inverted (Pedersen et al., 1990). FeLV induced tumors are
a source of frequent and anticipated feline death (Shelton et al., 1990). This interrelationship
is similar to what has been described for HIV and HTLV-I (Levy, 1993).

Besides viruses, other opportunistic infections can enhance the progression of feline AIDS.
Both Toxoplasma gondii (Levy et al., 1998) and Listeria monocytogenes (Dean et al., 1998; Dean
& Pedersen, 1998; Levy et al., 1998) disrupt the synergistic production of normal Th1 type
cytokines, causing a loss of cellular immunity in FIV positive animals.

These different systems clearly show that the progression of feline AIDS is facilitated by a
wide array of microbes. Further studies are warranted to better delineate the role of other
putative cofactors among the Roseoloviruses in FIV infection as an ideal small animal model
for human AIDS.

7. Importance of rapid viral diagnosis, treatment and prevention of HIV-1 and
HHV-6 simultaneous infections

Several transactivating herpesviruses cause severe, long-lasting, and unusual opportunistic
infections in HIV-1 infected and AIDS patients. Heterologous viruses frequently show
unusual resistance to antiviral drugs. The potential to transactivate HIV and cause
opportunistic infection shows an intimate mutual relationship between these viruses and
their relationship within the immune system. Prevention and suppression of both
phenomena ought to be a continuous clinical tasks while treating and improving the quality
of life of these patients.

There are excellent laboratory methods available to diagnose HIV-1 and 2 antibodies, and to
determine the actual viral load in the serum of patients. Determination of their resistance to
antiviral drugs is also routinely analyzed during treatment. Unfortunately, no serological
tests are routinelyavailable for the differential diagnosis of HHV-6 variants A and B.
Immunfluorescent and ELISA methods determine the total quantity of anti-HHV-6
antibodies due to cross reactions, however the level of detectable serology can be insensitive
when diagnosing immunocompromised populations. Several multiplex and real-time PCR
assays are available for the simultaneous detection and quantification of HHV-6A, HHV-6B
and HHV-7 specimens in patients (Safronetz et al., 2003). Recently, the success of highly
active antiretroviral therapy (HAART) in controlling HIV-induced immunosuppression has
resulted in the disappearance of HHV-6 opportunistic infections, according to the trend
already described for HCMV (Martinez et al., 2007; Salzberger et al., 2005). HHV-6 variants
are sensitive to ganciclovir, foscarnet, cidofovir, IFN-o. and IFN-B, and all of them have
already been used in a small number of patients with different immunocompromised
conditions. Some HHV-6A strains can carry mutations in the U69 gene responsible for
phosphotransferase activity, consequently displaying resistance to treatment with
ganciclovir (De Clercq & Naesens, 2006).
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8. Future dimensions

Future research efforts could be directed toward hot topics such as the following;:

First, it has not been established that cytokines and other mediators excreted from HHV-6
infected cells are structurally normal or have altered chemical structure (e.g.
glycosylation, phosphorylation). It is also conceivable that HHV-6 carrier cells produce
one or more unique soluble mediators that strongly transactivate HIV-1. Such aspects
ought to be explored.

Second, results strongly suggest that persistent HHV-6 gene expression and replication
sensitizes to HIV infection and rapid progression. Rapid progressors might carry integrated
HHV-6, or may be progressing due to other potential yet presently unknown genetic
immunological defects. Available samples of former and recent patients ought to be retested
with this goal in mind. More attention must also be payed to these HIV-1 infected, HHV-6
carrier patients concerning anti-HHV-6 therapy. Gene therapy to suppress HHV-6
expression would be ideal to treat patients carrying integrated HHV-6.

Finally, further studies on the in vivo interrelationship between FIV and feline roseolovirus
are necessary to understand the clinical aspects of dual infections of this nature. A feline
counterpart of HHV-6 ought to be discovered and characterized.

9. Conclusions

HIV-1 infection is followed by a long disease-free period due to low transcriptional activity
of the integrated provirus in resting CD4+ immune cells. Activation of CD4+ cells by
mitogens, altered cytokine/chemokine milieu, or superinfection by heterologous viruses
upregulate cellular, nuclear transcriptional factors, which in turn upregulate HIV-1 LTR
directed gene expression by a fat-independent mechanism leading to augmented HIV-1
production. HHV-6 variant A possesses several alternative ways to upregulate HIV-1
infection and promote AIDS progression. Co-infection of HIV-1 carrier CD4+ cells results in
enhanced cell death through apoptosis in vitro and in vivo, especially in the lymph nodes.
Infection of immune cells leads to a a shift in cytokine pattern from Thl to Th2.
Overproduction of TNF-o, IL-1 and IL-6 strongly transactivates HIV-1 via secondary
messengers and the same nuclear transcriptional factors. Elevated levels of RANTES
facilitate the change of CCR5-trop HIV-1 population towards the strongly cytopathic CXCR4
mutants. In the body, synergistic effects of immune evasion result in either a continuous or
alternating presence of high level viremia, dissemination of the virus to all organs of the
body which contributes to their failure and the consequentially premature death of AIDS
patients. HHV-6A primarily damages cellular immunity, whereas HHV-6B predominantly
suppresses the activity of humoral immune function. While HHV-6B infects CD+ immune
cells, it hardly contributes to the activation of HIV-1, due to a differently modified
cytokine/chemokine pattern. HHV-7 binds directly to CD4 molecules, therefore directly
competing for this receptor with HIV-1. It is regarded as a harmless virus, but in successive
stages of HIV-1 infection contributes to the gradual loss of CD4+ cells. There are molecular
techniques for the simultaneous and rapid detection of these herpesviruses in vivo. Since the
introduction of HAART, severe complications by HHV-6 have become rare, but if necessary
ganciclovir and foscarnet can be used to inhibit these herpesviruses to improve the quality
of life of HIV-1 infected patients.

www.intechopen.com



278 HIV-Host Interactions

10. Acknowledgement

We are thankful to Professor Istvan Néasz (Institute of Medical Microbiology, Semmelweis
University, Budapest, Hungary) for his encouragement during preparation of the
manuscript. The publication charge of the manuscript was partially defrayed by the Section
of Medical Sciences, Hungarian Academy of Sciences. Kristin Loomis and Joshua Pritchett
(HHV-6 Foundation, Santa Barbara, CA, USA) provided editorial assistance.

11. References

Ablashi, D.V., Balachandran, S .F., Josephs, C.L., Hung, C.L., Krueger, G.R., Kramarsky, B.,
Salahuddin, S.Z. & Gallo, R.C. (1991). Genomic Polymorphism, Growth Properties,
and Immunologic Variations in Human Herpesvirus-6 Isolates. Virology, Vol.184,
No.2, (October 1991), 545-552. ISSN 0042

Ablashi, D.V., Chatlynne, L.G. & Whitman, J.E Jr. (1997). Longitudinal follow-up of two
AIDS patients for active human herpesvirus-6 (HHV-6) infection. In vivo, Vol.11,
No.5, (September-October 1997), 383-386. ISSN 0189-601652005

Ablashi, D.V., Handy, M., Bernbaum, ]., Chatlynne, L.G., Lapps, W., Kramarsky, B.,
Berneman, Z.N., Komaroff, A.L. & Whitman J.E. (1998a). Propagation and
characterization of human herpesvirus-7 (HHV-7) isolates in a continuous T-
lymphoblastoid cell line (SupT1). Journal of Virologycal Methods, Vol.73, No.2,
(August 1998), 123-140. ISSN 0166-0934

Ablashi, D.V., Marsh, S., Kaplan, M., Whitman, J.E. Jr. & Pearson, GR.(1998b).HHV-6
infection in HIV-infected asymptomatic and AIDS patients. Intervirology Vol.41,
No.1, (June 1997), 1-9. ISSN 0300-5526

Agut, H., Guetard, D., Collandre, H., Dauguet, C., Montagnie,r L., Miclea, ].M., Baurmann,
H. & Gessain, A. (1988). Concomitant infection by human herpesvirus 6, HTLV-I,
and HIV-2. Lancet, Vol.1, No.8587, (March 1998), 712. ISSN 0140-6736

Akhyani, N., Berti, R., Brennan, M.B., Soldan, S.S., Eaton, JM., McFarland, HF. & Jacobson S.
(2000). Tissue distribution and variant characterization of human herpesvirus
(HHV)-6: increased prevalence of HHV-6A in patients with multiple sclerosis.
Journal of Infectious Disease, Vol.182, No.5, (November 2000), 1321-1325. ISSN 0934-
9723

Albrecht, MA., DeLuca, NA., Byrn, RA., Schaffer, PA. & Hammer, SM. (1989). The herpes
simplex virus immediate-early protein, ICP4, is required to potentiate replication of
human immunodeficiency virus in CD4+ lymphocytes. Journal of Virology, Vol.63,
No.5, (May 1989), 1861-1868. ISSN 0022-538x

Alvarez-Lafuente, R., Garcia-Montojo, M., De las Heras, V., Bartolomé, M. & Arroyo, R.
(2006). Clinical parameters and HHV-6 active replication in relapsing-remitting
multiple sclerosis patients. Journal of Clinical Virology, Vol.37, No.1, (December
2006), 24-26. ISSN 1386-6532

Alvarez-Lafuente, R., de las Heras, V., Garcia-Montojo, M., Bartolomé, M. & Arroyo, R.
(2007). Human herpesvirus-6 and multiple sclerosis: relapsing-remitting versus
secondary progressive. Multiple Sclerosis, Vol.13, No.5, (June 2007), 78-83. ISSN
1352-4585

Arbuckle, ].H., Medveczky, M.M., Luka, J., Luka, J., Hadley, S.H., Luegmayr, A., Ablashi, D.,
Lund, T.C., Tolar, J., De Meirleir, K., Montoya, J.G., Komaroff, A.L., Ambros, P.F. &

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 279

Medveczky, P.G. (2010). The latent human herpesvirus-6A genome specifically
integrates in telomeres of human chromosomes in vivo and in vitro. Proceedings of
National Academy of Sciences of the United States of America, Vol.107, No.12, ( March
2010), 5563-5568. ISSN 0027-8424

Arena, A., Merendino, R.A., Bonina, L., lannello, D., Stassi, G. & Mastroeni, P. (2000). Role of
IL-15 on monocytic resistance to human herpesvirus 6 infection. New Microbiologica
,Vol.23, No.2, (April 200), 105-112. ISSN 1121-7138.

Arena, A., Liberto, M.C., Capozza, A.B. & Foca, A. (1997). Productive HHV-6 infection in
differentiated U937 cells: role of TNF alpha in regulation of HHV-6. New
Microbiologica, Vol.20, No.1, (January 1997), 13-20. ISSN 1121-7138.

Arena, A., Liberto, M.C., Iannello, D., Capozza, AB. & Foca, A. (1999). Altered cytokine
production after human herpes virus type 6 infection. New Microbiologica, Vol.22,
No.4, (October 1999), 293-300. ISSN 1121-7138.

Arya, S.K., Guo, C,, Josephs, S.F. & Wong-Staal, F. (1985). Trans-activator gene of human T-
lymphotropic virus type III (HTLV-III). Science, Vol.229, No0.4708, (July 1985), 69-73.
ISSN 0036-8075

Asada, H., Klaus-Kovtun.,V, Golding,H., Katz, SI. & Blauvelt, A. (1999). Human herpesvirus
6 infects dendritic cells and suppresses human immunodeficiency virus type 1
replication in coinfected cultures. Journal of Virology, Vol.73, No.5, (May 1999), 4019-
4028. ISSN 0022-538x

Atedzoé, BN., Ahmad, A. & Menezes, ].(1977). Enhancement of natural Kkiller cell
cytotoxicity by the human herpesvirus-7 via IL-15 induction. Journal of Immunology,
Vol.159, No.10, (November 1997), 4966-4972 ISSN 0022-1767

Atedzoé, B.N., Menezes, J., D'Addario, M., Xu, J., Ongradi, J. & Ahmad, A. (1999). Modulatory
effects of human herpesvirus-7 on cytokine synthesis and cell proliferation in human
peripheral blood mononuclear cell cultures. Journal of Leukocyte Biology, Vol.66, No.5,
(November 1999), 822-828, 1999. ISSN 0741-5400

Bacon, L.D., Witter, R.L. & Fadly, AM. (1989). Augmentation of retrovirus-induced
lymphoid leukosis by Marek's disease herpesviruses in White Leghorn chickens.
Journal of Virology, Vol.63, No.2, (February 1989), 504-12. ISSN 0022-538x

Barsanti, L.A., Iuliano, R.,, Cannavo, E., Liuzzi, G., Brizzi, M., Mecocci, L., Mazzotta, F.,
Piazza, M. & Ceccherini-Nelli, L. (2011) HHV-6 and HHV-7 DNA PCR detection in
HIV-1 seropositive individuals: correllation with CD4+ cell counts and HIV-1 RNA
viral load. Journal of Medical Virology, submitted, ISSN 0146-6615

Bates, M., Monze, M,, Bima, H., Kapambwe, M., Clark, D., Kasolo, F,C. & Gompels, U.A.
(2009). Predominant human herpesvirus 6 variant A infant infections in an HIV-1
endemic region of Sub-Saharan Africa. Journal of Medical Virology, Vol.8, No.5, (May
2009), 779-89. ISSN 0146-6615

Bendinelli, M., Pistello, M., Lombardi, S., Poli, A., Garzelli, C., Matteucci, D., Ceccherini-
Nelli, L. & Malvaldi G, Tozzini. F. (1995). Feline immunodeficiency virus: an
interesting model for AIDS studies and an important cat pathogen. Clinical
Microbiology Review, Vol.8, No.1, (January 1995), 87-112. ISSN 0893-8512

Bertram, G., Dreiner,N., Krueger, G.R. , Ramon, A., Ablashi, D. V., Salahuddin, S.Z. &
Balachandram, N. (1991). Frequent double infection with Epstein-Barr virus and
human herpesvirus-6 in patients with acute infectious mononucleosis. In vivo,
Vol.5, No.3, (May-June 1991), 271-279. ISSN 0189-601652005

www.intechopen.com



280 HIV-Host Interactions

Biancotto, A., Grivel, ]J.C., Lisco, A., Vanpouille, C., Markham, P.D., Gallo, R.C., Margolis,
L.B. & Lusso, P. (2009). Evolution of SIV toward RANTES resistance in macaques
rapidly progressing to AIDS upon coinfection with HHV-6A. Retrovirology, (July
2009), Vol.2, No.6, 61. ISSN 1742-4690

Burkhard M.]J. & Dean, G.A. (2003). Transmission and immunopathogenesis of FIV in cats as
a model for HIV. Current HIV Research, Vol.1, No.1, (January 2003), 15-29. ISSN
1570-162x

Cao, W. & Sullivan, C. (1992). Human herpesvirus 6 does not enhance human T cell
lymphotropic virus type I (HTLV-I) expression in the HTLV-I-transformed cell line
MT4. Journal of Infectious Diseases, Vol.166, No.2, (August 1992); 446-447.1SSN 0934-
9723

Carrigan, D.R,. Knox, K.K. & Tapper, M.A. (1990). Suppression of human immunodeficiency
virus type 1 replication by human herpesvirus-6. Journal of Infectious Diseases.
Vol.162, No.4, (October 1990), 844-51 ISSN 0934-9723

Carrigan, D.R. & Knox, K.K. (1994). Human herpesvirus 6 (HHV-6) isolation from bone
marrow: HHV-6-associated bone marrow suppression in bone marrow transplant
patients. Blood. Vol.84, No.10, (November 1994), 3307-3310. ISSN 0006-4971

Caselli, E. & Di Luca, D. (2007). Molecular biology and clinical associations of
Roseoloviruses human herpesvirus 6 and human herpesvirus 7. New Microbiologica,
Vol.30, No.3, (July 2007), 173-87. ISSN 1121-7138

Caruso, A., Favilli, F.,, Rotola, A., Comar, M.,Horejsh, D., Alessandri, G.,Grassi, M., Di Luca,
D. & Fiorentini, S. (2003). Human herpesvirus-6 modulates RANTES production in
primary human endothelial cell cultures. Journal of Medical Virology, Vol.70, No.3,
(July 2003), 451-458. ISSN 0146-6615

Ceccherini-Nelli, L., Rossi, L., Vanucchi, R., Barontini, L., Pistello, M., Ongradi, J., Panicucci, F. &
Bendinelli, M.HHV-6 seropositivity in HIV+ and HIV- hemophiliac patients. (1990).
Annual Meeting of the Laboratory of Tumor Cell Biology, National Cancer Institute,
Bethesda, MD, USA, 20-26 (August 1990). AIDS Research and Human Retroviruses, Vol.6,
151.

Chatterji, U., de Parseval, A. & Elder, J.H. (2002). Feline immunodeficiency virus OrfA is
distinct from other lentivirus transactivators. Journal of Virology, Vol.76, No.19,
(October 2002), 9624-9634. ISSN 0022-538x

Chen, M., Popescu, N., Woodworth, C., Berneman, Z., Corbellino, M., Lusso, P., Ablashi,
D.V. & DiPaolo.J.A. (1994a). Human herpesvirus 6 infects cervical epithelial cells
and transactivates human papillomavirus gene expression. Journal of Virology,
Vol.68, No.2, (February 1994), 1173-1178. ISSN: 0022-538x.

Chen, M., Wang, H., Woodworth, C.D.,. Lusso, P., Berneman, Z., Kingma, D., Delgado, G.
and DiPaolo, J.A. (1994b). Detection of human herpesvirus 6 and human
papillomavirus 16 in cervical carcinoma. American Journal of Pathology. Vol.145,
No.6, (December 1994), 1509-1516. ISSN 0002-9440

Clouse, K.A., Robbins, P.B., Fernie, B., Ostrove, ] M. & Fauci, A.S. (1989).Viral antigen
stimulation of the production of human monokines capable of regulating HIV1
expression. Journal of Immunology, (July 1989) Vol.143, No.2, 470-475. ISSN 0022-
1767

Cone, R.W., Huang, Meei-Li, W., Hackman RC. & Corey L. Coinfection with human
herpesvirus 6 variants A and B in kung tissue. Journal of Clinical Microbiology.
Vol.34, No.4, (April 1996), 877-881. ISSN 0095-1137

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 281

Corbellino, M., Lusso, P., Gallo, R,C,, Parravicini, C., Galli, M. & Moroni, M. (1993).
Disseminated human herpesvirus 6 infection in AIDS. Lancet. Vol.342, No.8881,
(November 1993), 1242. ISSN 0140-6736

Crowley, R.W., Secchiero, P., Zella, D., Cara, A., Gallo, R.C. & Lusso, P. (1996) Interference
between human herpesvirus 7 and HIV-1 in mononuclear phagocytes. Journal of
Immunology, Vol.156, No.5, (March 1996), 2004-2008. ISSN 0022-1767

Cuomo, L., Angeloni, A., Zompetta, C., Cirone, M., Calogero, A.,. Frati, L., Ragona, G. &
Faggioni, A. (1995). Human herpesvirus 6 variant A, but not variant B, infects EBV-
positive B lymphoid cells, activating the latent EBV genome through a BZLF-1-
dependent mechanism. AIDS Research and Human Retroviruses, Vol.11, No.10,
(October 1995), 1241-1245. ISSN 0889-2229

Cuomo, L., Trivedi, P., de Grazia, U., Calogero, A., D'Onofrio, M., Yan,g W., Frati, L,
Faggioni, A., Rymo, L. & Ragona G. (1998). Upregulation of Epstein-Barr virus-
encoded latent membrane protein by human herpesvirus 6 superinfection of EBV-
carrying Burkitt lymphoma cells. Journal of Medical Virology, Vol.55, No.3, (July
1998), 219-226. ISSN 0146-6615

Davis, M.G., Kenney, S.C., Kamine, J., Pagano, J.S. & Huang, E.S. (1987). Immediate-early
gene region of human cytomegalovirus trans-activates the promoter of human
immunodeficiency virus. Proceedings of National Academy of Sciences of the United
States of America, Vol.84, No.23, (December 1987), 8642-8646. ISSN 0027-8424

De Bolle, L., Naesens, L., De Clercq, E. (2005). Update on Human Herpesvirus 6 Biology,
Clinical Features, and Therapy. Clinical Microbiology Reviews, Vol.18, No.1. (January
2005), 217-245. ISSN 0893-8512

De Clercq, E. & Naesens, L. (2006). In search of effective anti-HHV-6 agents. Journal of
Clinical Virology. Vol.37, No.1, (December 2006), 82-86. ISSN 1386-6532

de Parseval, A. & Elder, J.H. (1999). Demonstration that orf2 encodes the feline
immunodeficiency virus transactivating (Tat) protein and characterization of a
unique gene product with partial rev activity. Journal of Virology, Vol.73, No.l,
(January 1999), 608-617. ISSN 0022-538x

de Parseval, A., Grant, C.K., Sastry, K.J. & Elder, ].H. (2006). Sequential CD134-CXCR4
interactions in feline immunodeficiency virus (FIV): soluble CD134 activates FIV
Env for CXCR4-dependent entry and reveals a cryptic neutralization epitope.
Journal of Virology, Vol.80, No.6, (March 2006), 3088-91. ISSN 0022-538x

De Rossi, A., Franchini, G., Aldovini, A., Del Mistro, A., Chieco-Bianchi, L., Gallo, R.C. &
Wong-Staal F. (1986). Differential response to the cytopathic effects of human T-cell
lymphotropic virus type III (HTLV-III) superinfection in T4+ (helper) and T8+
(suppressor) T-cell clones transformed by HTLV-I. Proceedings of National Academy
of Sciences of the United States of America, Vol.83, No.12, (June 1986), 4297-301. ISSN
0027-8424

Dean, G.A, Higgins, J., LaVoy, A., Fan, Z. & Pedersen, N.C. (1998). Measurement of feline
cytokine gene expression by quantitative-competitive RT-PCR. Veterinary
Immunology and Immunpathology, (May 1998) Vol.63, No.1-2, 73-82. ISSN 0921-4489

Dean, G.A. & Pedersen, N.C. (1998). Cytokine response in multiple lymphoid tissues during
the primary phase of feline immunodeficiency virus infection. Journal of Virology,
Vol.72, No.12, (December 1998), 9436-9440. ISSN 0022-538x

Dewin, D.R., Catusse, J. & Gompels, U.A. (2006) Identification and characterization of US3A
viral chemokine, a broad and potent beta-chemokine agonist for human CCRs with

www.intechopen.com



282 HIV-Host Interactions

unique selectivity and inhibition by spliced isoform. Journal of Immunology, Vol.176,
No.1, (January 2006), 544-556. ISSN 0022-1767

Dhepakson, P., Mori, Y., Jiang, Y.B., Huang, H.L., Akkapaiboon, P., Okuno, T., and
Yamanishi, K. (2002). Human herpesvirus-6 rep/U9% gene product has single-
stranded DNA-binding activity. Journal of General Virology, Vol. 83, No.4, (April
2002), 847-854. ISSN 0022-1317

Di Luca, D., Secchiero, P., Bovenzi, P., Rotola, A., Caputo, A., Monini, P. & Cassai, E. (1991).
Reciprocal in vitro interactions between human herpesvirus-6 and HIV-1 Tat. AIDS,
Vol.5, No.9, (September 1991), 1095-1098. ISSN 0269-9370

Di Luca, D., Mirandola, P., Ravaioli, T., Dolcetti, R., Frigatti, A., Bovenzi, P., Sighinolfi, L.,
Monini, P. & Cassai. E. (1995). Human herpesviruses 6 and 7 in salivary glands and
shedding in saliva of healthy and human immunodeficiency virus positive
individuals. Journal of Medical Virology, Vol.45, No.4, (April 1995), 462-468. ISSN
0146-6615

Di Paolo, J.A., Popescu, N.C., Ablashi, D.V., Lusso, P., Zimonjic, D.B. & Woodworth C.D.
(1994). Multistage carcinogenesis utilizing human genital cells and human
papillomaviruses. Toxicology Letters, Vol.72, No.1-3, (June 1994), 7-11. ISSN 0378-
4274.

Diehl, L.J., Mathiason-Dubard, C.K., O'Neil, L.L. & Hoover, EA. (1996). Plasma viral RNA
load predicts disease progression in accelerated feline immunodeficiency virus
infection. Journal of Virology, Vol.70. No.4, (April 1996), 2503-7. ISSN 0022-538x

Dominguez, G., Dambaugh, T.R., Stamey, F.R,, Dewhurst, S., Inoue, N. & Pellett, P.E. (
1999). Human herpesvirus 6B genome sequence: coding content and comparison
with human herpesvirus 6A. Journal of Virology, Vol.73. No.10, (October 1999), 8040-
52. ISSN 0022-538x

Downing, R.G., Sewankambo, N., Serwadda, D., Honess, R., Crawford, D., Jarrett, R. &
Griffin, B.E. (1987) Isolation of human lymphotropic herpesviruses from Uganda.
Lancet, Vol. 2, No.8555, (August 1987), 390. ISSN 0140-6736

Drago, F., Ranieri, E., Malaguti, F., Battifoglio, M.L., Losi, E. & Rebora, A. (1997). Human
herpesvirus 7 in patients with pityriasis rosea. Electron microscopy investigations
and polymerase chain reaction in mononuclear cells, plasma and skin. Dermatology,
Vol.195, No.4, (1997), 374-378. ISSN 1018-8665

Drobyski, W.R., Knox, K.K., Majewski, D. & Carrigan, D.R. (1994). Brief report: fatal
encephalitis due to variant B human herpesvirus-6 infection in a bone marrow-
transplant recipient. New England Journal of Medicine, Vol.330, No.19, (May 1994),
1356-1360. ISSN 0028-4793

Duclos, H., Elfassi, E., Michelson, S., Arenzana-Seisdedos, F., Hazan, U., Munier, A. &
Virelizier JL.(1989). Cytomegalovirus infection and trans-activation of HIV-1 and
HIV-2 LTRs in human astrocytoma cells. AIDS Research and Human
Retrovirusesroviruses, (April 1989), Vol.5, No.2, 217-24. ISSN 0889-2229

Duesberg PH. (1989) Human immunodeficiency virus and acquired immunodeficiency
syndrome: correlation but not causation. Proceedings of National Academy of Sciences
of the United States of America, Vol.86, No.3, (February1989); 755-764. ISSN 0027-8424

Duvic M. (1991). Papulosquamous disorders associated with human immunodeficiency
virus infection. Clinical Dermatology, Vol.9, No.3, (July1991), 523-550. ISSN 1075-
6388.

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 283

Emery, V.C,, Atkins, M.C., Bowen, E.F., Clark, D.A., Johnson, M.A., Kidd, .M., McLaughlin,
J.E., Phillips, A.N., Strappe, P.M. & Giriffiths, P,D. (1999). Interactions between beta-
herpesviruses and human immunodeficiency virus in vivo: evidence for increased
human immunodeficiency viral load in the presence of human herpesvirus 6.
Journal of Medical Virology, No.57, Vol.3, (March 1999), 278-282. ISSN 0146-6615

Ensoli, B., Lusso, P., Schachter, F., Josephs, S.F., Rappaport, J., Negro, F., Gallo, R.C. &
Wong-Staal, F. Human herpes virus-6 increases HIV-1 expression in co-infected T
cells via nuclear factors binding to the HIV-1 enhancer. The European Molecular
Biology Journal, Vol.8, No.10, (October 1989), 3019-3027. ISSN 0261-4189

Flamand, L., Gosselin, J., D'Addario, M., Hiscott, J., Ablashi, D.V, Gallo, R.C. & Menezes, J.
(1991). Human herpesvirus 6 induces interleukin-1 beta and tumor necrosis factor
alpha, but not interleukin-6, in peripheral blood mononuclear cell cultures. Journal
of Virology, Vol.65, No.9, (September 1991), 5105-5110. ISSN 0022-538x

Flamand, L., & Menezes, ]. (1996). Cyclic AMP-responsive element-dependent activation of
Epstein-Barr virus zebra promoter by human herpesvirus 6. Journal of Virology,
Vol.70, No.3, (March 1996), 1784-1791. ISSN: 0022-538x.

Flamand, L., Romerio, F., Reitz, M.S. & Gallo R. C.. (1998). CD4 promoter transactivation by
human herpesvirus 6. Journal of Virology, Vol.72, No.11, (November 1998), 8797-
8805. ISSN: 0022-538x.

Flamand, L. Gosselin, ], Stefanescu, 1., Ablashi, D. & Menezes, ]. (1995).
Immunosuppressive effect of human herpesvirus 6 on T-cell functions: suppression
of interleukin-2 synthesis and cell proliferation. Blood, Vol.85, No.5, (March 1995),
1263-1271. ISSN 0006-4971

Flamand, L., Stefanescu, I. & Menezes, J. (1996). Human herpesvirus-6 enhances natural
killer cell cytotoxicity via IL-15. Journal of Clinical Investigation, Vol.97, No.6, (March
1996), 1373-1381. ISSN 0021-9738

Flebbe-Rehwaldt, L.M., Wood, C. and Chandran, B. (2000). Characterization of transcripts
expressed from human herpesvirus 6A strain GS immediate-early region B Ul6-
U17 open reading frames. Journal of Virology, Vol.74, No.23, (December 2000) ,
11040-11054. ISSN 0022-538X

Fox, ].D., Briggs, M., Ward, P.A. & Tedder, R.S. (1990) Human herpesvirus 6 in salivary
glands. Lancet, Vol.336, N0.8715, (September 1990) 590-593. ISSN 0140-6736

French, C., Menegazzi, P., Nicholson, L., Macaulay, H., Di Luca, D. & Gompels. U.A. (1999).
Novel, nonconsensus cellular splicing regulates expression of a gene encoding a
chemokine-like protein that shows high variation and is specific for human
herpesvirus 6. Virology, Vol.262, No.1, (September 1999), 139-151 ISSN 0042-6822

Frenkel, N., Schirmer, E.C., Wyatt, L.S., Katsafanas, G., Roffman, E., Danovich, R M. & June
CH. (1990). Proceedings of National Academy of Sciences of the United States of America,
Vol.87, No.2, 748-752. (January1990), Isolation of a new herpesvirus from human
CD4+ T cells. Erratum in: Proceedings of National Academy of Sciences of the United
States of America, Vol.87, No.19, (October 1990), 7797.

Fujisaki, H., Tanaka-Taya, K., Tanabe, H., Hara, T., Miyoshi, H., Okada, S. & Yamanishi, K.
(1998). Detection of human herpesvirus 7 (HHV-7) DNA in breast milk by
polymerase chain reaction and prevalence of HHV-7 antibody in breast-fed and
bottle-fed children. Journal of Medical Virology, Vol.56, No.3, (November 1998), 275-
279. ISSN 0146-6615

www.intechopen.com



284 HIV-Host Interactions

Furlini, G., Vignoli, M., Ramazzotti, E., Re, M.C., Visani, G. & La Placa. (1996). A concurrent
human herpesvirus-6 infection renders two human hematopoietic progenitor (TF-1
and KG-1) cell lines susceptible to human immunodeficiency virus type-1. Blood.
Vol.87, No.11, (June 1996), 4737-45. ISSN 0006-4971

Furukawa, M., Yasukawa, M., Yakushijin, Y. & Fujita, S. Distinct effects of human
herpesvirus 6 and human herpesvirus 7 on surface molecule expression and
function of CD4+ T cells. Journal of Immunology. Vol.152, No.12, (June 1994), 5768-
5775. ISSN 0022-1767

Garzino-Demo, A., Chen, M., Lusso, P., Berneman, Z. & DiPaolo, J.A, (1996). Enhancement
of TAT-induced transactivation of the HIV-1 LTR by two genomic fragments of
HHV-6. Journal of Medical Virology, Vol.50, No.1, (September 1996), 20-24. ISSN
0146-6615

Gautheret, A., Aubin, ].T., Fauveau, V., Rozenbaum, W., Huraux, | M. & Agut, H. (1995).
Rate of detection of human herpesvirus-6 at different stages of HIV infection.
European Journal of Clinical Microbiology & Infectious Diseases, Vol.14, No.9,
(September 1995), 820-824. ISSN 0934-9723

Gautheret-Dejean A, Aubin JT, Poirel L, Huraux JM, Nicolas JC, Rozenbaum W, Agut H.
(1997). Detection of human Betaherpesvirinae in saliva and wurine from
immunocompromised and immunocompetent subjects.Journal of Clinical
Microbiology, Vol. 35, No.6, (June 1997), 1600-1603. ISSN 0095-1137

Gendelman, H.E., Phelps, W., Feigenbaum, L., Ostrove, ].M., Adachi, A., Howley, P.M.,
Khoury, G., Ginsberg, H.S. & Martin, M.A.(1986). Trans-activation of the human
immunodeficiency virus long terminal repeat sequence by DNA viruses.
Proceedings of National Academy of Sciences of the United States of America, Vol.83,
No.24, (December 1986), 9759-9763. ISSN 0027-8424

Geng, Y.Q. Chandran, B., Josephs, SF. & Wood, C. (1992). Identification and
characterization of a human herpesvirus 6 gene segment that trans activates the
human immunodeficiency virus type 1 promoter. Journal of Virology (March 1992),
Vol.66, No.3, 1564-1570. ISSN 0022-538x

Ghazal, P. & Nelson, J.A. (1993). Interactions between cytomegalovirus immediate-early
proteins and the long terminal repeat of human immunodeficiency virus. Medical
Virology, Vol.3, No.1, (March 1993), 47-55. ISSN: 1052-9276

Gompels, U.A. & Kasolo, F.C. (2006). HHV-6 genome: Similar and different In: Kreuger AD,
Ablashi D, editors. Human herpesvirus 6. 2nd edition. Oxford. UK: Elsevier. pp 23-
46. ISSN 1132-6409

Gompels, U.A. & Macaulay, H.A. (1995). Characterization of human telomeric repeat
sequences from human herpesvirus 6 and relationship to replication. Journal of
General Virology, Vol.76, No.2, (February1995) 451-458. ISSN 0022-1317

Gompels, U.A., Nicholas, J., Lawrence, G., Jones, M., Thomson, B.J., Martin, M.E., Efstathiou,
S., Craxton, M. & Macaulay, H.A. (1995). The DNA sequence of human
herpesvirus-6: structure, coding content, and genome evolution. Virology, Vol.209,
No.1, (May 1995), 29-51. ISSN 0042-6822

Gravel, A., Tomolu, A., Cloutier, N., Gosselin, J. & Flamand, L. (2003). Characterization of
the immediate-early 2 protein of human herpesvirus 6, a promiscuous
transcriptional activator. Virology, Vol.308, No.2, (April 2003) 340-353. ISSN 0042-
6822

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 285

Gravel, A., Gosselin, J. & Flamand, L. (2002). Human herpesvirus 6 immediate-early 1
protein is a sumoylated nuclear phosphoprotein colocalizing with promyelocytic
leukemia protein-associated nuclear bodies. Journal of Biologcal Chemistry, Vol.277,
No.22, (May 2002), 19679-19687.ISSN 0021-9258

Griffiths, P.D., Ait-Khaled, M., Bearcroft, C.P., Clark, D. A., Quaglia, A,. Davies, S.E.,
Burroughs, A. K., Rolles, K., Kidd, .M., Knight, S.N., Noibi, S.M., Cope, A.V.,
Phillips, A.N. & Emery, V.C. (1999). Human herpesviruses 6 and 7 as potential
pathogens after liver transplant: prospective comparison with the effect of
cytomegalovirus. Journal of Medical Virology, Vol.59, No.4, (December 1999), 496-
501. ISSN 0146-6615

Grivel, J.C,. Ito, Y,. Faga, G,. Santoro, F,. Shaheen, F,. Malnati, M.S,. Fitzgerald, W,. Lusso, P.
& Margolis, L. (2001). Suppression of CCR5- but not CXCR4-tropic HIV-1 in
lymphoid tissue by human herpesvirus 6. Nature Medicine, Vol.7, No.11, (November
2001), 1232-1235. ISSN 1078-8956

Grivel, J.C,. Santoro, F,. Chen, S,. Faga, G,. Malnati, M.S,. Ito,Y,. Margolis, L. & Lusso, P.
(2003). Pathogenic effects of human herpesvirus 6 in human lymphoid tissue ex
vivo. Journal of Virology, Vol.77, No.15, (Augustus 2003), 8280-8289. ISSN 0022-538x

Hall, C.B,. Caserta, M.T,. Schnabel, K,. Shelley, L.M,. Marino, A.S,. Carnahan, J.A,. Yoo, C,.
Lofthus, G.K. & McDermott, M.P. (2008). Chromosomal integration of human
herpesvirus 6 is the major mode of congenital human herpesvirus 6 infection.
Pediatrics, Vol,122, No.3, (September 2008), 513-520. ISSN 1098-4275

Hall, C.B., Caserta, M.T, Schnabel, K.C., Long, C., Epstein, L.G., Insel, R.A. & Dewhurst. S.
(1998). Persistence of human herpesvirus 6 according to site and variant: possible
greater neurotropism of variant A. Clinical Infectious Diseases, Vol.26, No.1, (January
1998), 132-137. ISSN 1058-4838

Hammarskjold, M,L. & Simurda, M.C. Epstein-Barr virus latent membrane protein
transactivates the human immunodeficiency virus type 1 long terminal repeat
through induction of NF-kappa B activity. Journal of Virology, Vol.66, No.11,
(November 1992), 6496-501. ISSN 0022-538x

Herbein, G., Strasswimmer, J., Altieri, M., Woehl-Jaegle, M.L., Wolf, P. & Obert, G. (1996).
Longitudinal study of human herpesvirus 6 infection in organ transplant recipients.
Clinical Infectious Diseases, Vol.22, No.1, (January 1996) 171-173. ISSN 1058-4838

Hierholzer, ].C., Wigand, R., Anderson, L.J., Adrian, T. & Gold, J.W. (1988). Adenoviruses
from patients with AIDS: a plethora of serotypes and a description of five new
serotypes of subgenus D (types 43-47). Journal of Infectious Diseases, Vol.158, No.4,
(October 1988), 804-13. ISSN 0022-1899

Horvat, R.T., Parmely. M.J. & Chandran, B. (1993). Human herpesvirus 6 inhibits the
proliferative responses of human peripheral blood mononuclear cells. Journal of
Infectious Disease. Vol.167, No.6, (June 1993), 1274-1280. ISSN 0022-1899

Horvat, R.T., Wood, C., Josephs, S.F. & Balachandran, N. (1991). Transactivation of the
human immunodeficiency virus promoter by human herpesvirus 6 (HHV-6) strains
GS and Z-29 in primary human T lymphocytes and identification of transactivating
HHV-6(GS) gene fragments. Journal of Virology, Vol.65, No.6, (June 1991), 2895-2902.
ISSN 0022-538x

Hosie, M.J., Robertson, C. & Jarrett, O. (1989). Prevalence of feline leukaemia virus and
antibodies to feline Veterinary Records, Vol.125, No.11, (September 1989), 293-297.
ISSN 0042-4900

www.intechopen.com



286 HIV-Host Interactions

Hudson, A.W., Blom, D., Howley, P.M. & Ploegh, H.L. (2003), The ER-lumenal domain of
the HHV-7 immunoevasin U21 directs class I MHC molecules to lysosomes. Traffic,
No.4, Vol.12, (December 2003), 824-37. ISSN 1600-0854

Inagi, R., Guntapong, R., Nakao, M., Ishino, Y., Kawanishi, K., Isegawa, Y. & Yamanishi, K.
(1996), Human herpesvirus 6 induces IL-8 gene expression in human hepatoma cell
line, Hep G2. Journal of Medical Virology, Vol,49. No.1, (May 1996), 34-40. ISSN 0146-
6615

Inoue, Y., Yasukawa, M. & Fujita, S. (1997). Induction of T-cell apoptosis by human
herpesvirus 6. Journal of Virology, Vol.71, No.5, (May 1997), 3751-3759. ISSN: 0022-
538x

Isegawa, Y., Katahira, J., Yamanishi, K. & Sugimoto, N. (2007). Reactivation of latent human
immunodeficiency virus 1 by human herpesvirus 6 infection. Acta Virologica (2007),
Vol.51, No.1, 13-20. ISSN 0001-723X

Isegawa, Y., Ping, Z., Nakano, K., Sugimoto, N. & Yamanishi, K. (1998). Human herpesvirus
6 open reading frame U12 encodes a functional beta-chemokine receptor. Journal of
Virology. Vol.72, No.7, (July 1998), 6104-6112. ISSN: 0022-538x

Ishida, T., Washizu, T., Toriyabe, K., Motoyoshi, S., Tomoda, 1. & Pedersen, N.C. (1989).
Feline immunodeficiency virus infection in cats of Japan. Journal of the American
Veterinary Medical Axssociation, Vol.194, No.2, (January 1989), 221-225. ISSN 0003-
1488

Iuliano, R., Trovato, R., Lico, S., Luppi, M., Forastieri, G., Barsanti, L.A., Pizzigallo, A.M.,
Mecocci, L., Barozzi, P., Torelli, G., Mazzotta, F. & Ceccherini-Nelli L. (1997).
Human herpesvirus-6 reactivation in a longitudinal study of two HIV-1 infected
patients. Journal of Medical Virology, Vol.51, No.4, (April 1997), 259-264. ISSN 0146-
6615

Janelle, M.E. & Flamand, L. Phenotypic alterations and survival of monocytes following
infection by human herpesvirus-6. Archieves of Virology, Vol.151, No.8, (Augustus
2006), 1603-14. ISSN 034-8608

Kakimoto, M., Hasegawa, A., Fujita, S. & Yasukawa. M. (2002). Phenotypic and functional
alterations of dendritic cells induced by human herpesvirus 6 infection. Journal of
Virology. Vol.76, No.20, (October 2002), 10338-10345. ISSN: 0022-538x

Kashanchi, F., Araujo, J., Doniger, J., Muralidhar, S., Hoch, R., Khleif, S., Mendelson, E.,
Thompson, J., Azumi, N., Brady, J., N. Luppi, M., Torelli G. & Rosenthal. L. ].
(1997). Human herpesvirus 6 (HHV-6) ORF-1 transactivating gene exhibits
malignant transforming activity and its protein binds to p53. Oncogene, Vol.14,
No.3, (January 1997), 359-367. ISSN 0950-9232

Kashanchi, F., Thompson, J. Sadaie, M. R. Doniger, J. Duvall, J. Brady, J. N. and Rosenthal. L.
J. (1994). Transcriptional activation of minimal HIV-1 promoter by ORF-1 protein
expressed from the Sall-L fragment of human herpesvirus 6. Virology, Vol.201,
No.1, (May 1994), 95-106. ISSN 0042-6822

Kasolo, F.C., Monze, M., Obel, N., Anderson, R.A., French, C. & Gompels, U.A. (1998).
Sequence analyses of human herpesvirus-8 strains from both African human
immunodeficiency virus-negative and -positive childhood endemic Kaposi's
sarcoma show a close relationship with strains identified in febrile children and
high variation in the K1 glycoprotein. Journal of General Virology, (December 1998),
Vol.79, No.12, 3055-3065. ISSN 0022-1317

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 287

Kasolo, F.C., Mpabalwani, E. & Gompels, U.A. (1997). Infection with AIDS-related
herpesviruses in human immunodeficiency virus-negative infants and endemic
childhood Kaposi's sarcoma in Africa. Journal of General Virology, Vol.78, No.Pt 4,
(April 1997), 847-855. ISSN 0022-1317

Katsafanas, G.C., Schirmer, E.C., Wyatt, L.S. & Frenkel, N. (1996), In vitro activation of
human herpesviruses 6 and 7 from latency. Proceedings of National Academy of
Sciences of the United States of America, Vol.93, No.18, (September 1996), 9788-9792.
ISSN 0027-8424

Kawaguchi, Y., Maeda, K., Miyazawa, T., Ono, M., Tsubota, K., Tomonaga, K. & Mikami, T.
(1994). Inhibition of feline immunodeficiency virus gene expression and replication
by alphaherpesvirus ICP4 homologues. Journal of General Virology, Vol. 75, No.10.,
(October 1994), 2783-2787. ISSN 0022-1317

Kawaguchi, Y., Maeda, K., Pecoraro, M.R., Inoshima, Y., Jang, H.K., Kohmoto, M. Iwatsuki,
K., Ikeda, Y., Shimojima, M. & Tohya, Y., et al (1995). The feline herpesvirus type 1
ICP4 down-regulates feline immunodeficiency virus long terminal repeat (LTR)-
directed gene expression via the C/EBP site in the LTR. Journal of Veterinary Medical
Science. Vol.57, No.6, (December 1995), 1129-1131. ISSN 0916-7250

Kawaguchi, Y., Miyazawa, T., Horimoto, T., Itagaki, S., Fukasawa, M., Takahashi, E. &
Mikami, T. (1991). Activation of feline immunodeficiency virus long terminal
repeat by feline herpesvirus type 1. Virology, Vol.184, No.1, (September 1991), 449-
454. ISSN 0916-7250. ISSN 0042-6822

Kempf, W., Adams, V., Mirandola, P., Menotti, L., Di Luca, D., Wey, N., Miiller, B. &
Campadelli-Fiume, G. (1998). Persistence of human herpesvirus 7 in normal tissues
detected by expression of a structural antigen. Journal of Infectious Diseases. Vo0.178,
No.3, (September 1998), 841-845. ISSN 0934-9723

Kempf, W., Adams, V., Wey, N., Moos, R., Schmid, M., Avitabile, E. & Campadelli-Fiume,
G. (1997). CD68+ cells of monocyte/macrophage lineage in the environment of
AIDS-associated and classic-sporadic Kaposi sarcoma are singly or doubly infected
with human herpesviruses 7 and 6B. Proceedings of National Academy of Sciences of the
United States of America, Vol.94, No.14, (July 1997), 7600-7605. ISSN 0027-8424

Kenney, S., Kamine, J., Markovitz, D., Fenrick, R. & Pagano, J. (1988). An Epstein-Barr virus
immediate-early gene product trans-activates gene expression from the human
immunodeficiency virus long terminal repeat. Proceedings of National Academy of
Sciences of the United States of America, Vol.85, No.5, (March 1988), 1652-1656. ISSN
0027-8424

Kikuta, H., Nakane, A., Lu, H., Taguchi, Y., Minagawa, T. & Matsumoto, S. (1990a).
Interferon induction by human herpesvirus 6 in human mononuclear cells. Journal
of Infectious Diseases, (July 1990), Vol.162, No.1, 35-38. ISSN 0022-1899

Kirn, E., Krueger, E.,, Boehmer, S.,, Klussmann, J.P. & Krueger. G.R. (1997). In vitro
cytobiological effects of human herpesviruses 6 and 7: immunohistological
monitoring of apoptosis, differentiation and cell proliferation. Anticancer Research,
Vol.17, No.6, (November-December 1997), 4623-4632. ISSN 0250-7005

Knox, K.K. & Carrigan, D.R. (1995). Active human herpesvirus (HHV-6) infection of the
central nervous system in patients with AIDS. Journal of Acquired Immune Deficiency
Syndromes and Human Retrovirology, Vol.9, No.1, (May 1995), 69-73. ISSN 0003-4819

Knox, KK. & Carrigan, D.R. (1996). Active HHV-6 infection in the lymph nodes of HIV-
infected patients: in vitro evidence that HHV-6 can break HIV latency.Journal of

www.intechopen.com



288 HIV-Host Interactions

Acquired Immune Deficiency Syndromes and Human Retrovirology, Vol.11, No.4, (April
1996), 370-378. ISSN 0003-4819

Knox, K.K. & Carrigan, D.R. (1994). Disseminated active HHV-6 infections in patients with
AIDS. Lancet. (March 1994), Vol.343, No.8897, 577-578. ISSN 0140-6736

Kondo, K., Kondo, T., Okuno, T., Takahashi, M. & Yamanishi. K. (1991). Latent human
herpesvirus 6 infection of human monocytes/macrophages. Journal of General
Virology, Vol.72, No.6, (June 1991), ISSN 1401-1408

Kondo, K., Shimada, K., Sashihara, J., Tanaka-Taya, K. and Yamanishi. K. 2002.
Identification of human herpesvirus 6 latency-associated transcripts. Journal of
Virology, Vol.76, No.8, (April 2002), 4145-4151. ISSN 0022-538x.

Kositanont, U., Wasi, C., Wanprapar, N., Bowonkiratikachorn, P., Chokephaibulkit, K.,
Chearskul, S., Chimabutra, K., Sutthent, R., Foongladda, S., Inagi, R., Kurata, T. &
Yamanishi, K. (1999). Primary infection of human herpesvirus 6 in children with
vertical infection of human immunodeficiency virus type 1. Journal of Infectious
Diseases. Vol.180, No.1, (July 1999), 50-55. ISSN 0934-9723

Kraus, L.A., Bradley, W.G., Engelman, R.W., Brown, KM., Good, R.A. & Day, N.K. (1996).
Relationship between tumor necrosis factor alpha and feline immunodeficiency
virus expressions. Journal of Virology, Vol.70, No.1, (January 1996), 566-569. ISSN
0022-538x

Kucera, L.S. Leake, E. Iyer, N. Raben, D. & Myrvik, QN. (1990). Human
immunodeficiency virus type 1 (HIV-1) and herpes simplex virus type 2 (HSV-2)
can coinfect and simultaneously replicate in the same human CD4+ cell: effect of
coinfection on infectious HSV-2 and HIV-1 replication. AIDS Research and Human
Retroviruses. Vol.6, No.5, (May 1990), 641-647. ISSN 0889-2229

Lakatos, B., Farkas, ], Adam, E., Dobay, O., Jeney, Cs., Nész, I. & Ongradi, J. (2000).
Serological evidence of adenovirus infection in cats. Archieves of Virology, Vol.145,
No.5, (2000), 1029-1033, ISSN 0304-8608

Lakatos, B., Farkas, J., Adam, E., Jarrett, O., Egberink, H.F., Bendinelli, M., Nasz, 1. &
Ongradi, J. (1996). Data to the adenovirus infection of European cats. Hungarian
Veterinary Journal, Vol.51, (1996), 543-545. ISSN 0025-004X

Lakatos, B., Farkas, J., Egberink, H.F., Vennema, H., Horzinek, M.C,, van Vliet, A., Rossen, J.,
Benks, M. & Ongradi, J. ( 1997). PCR detection of adenovirus in a cat. Hungarian
Veterinary Journal, Vol.119, (1997), 517-519. ISSN 0025-004x

Lennette, E.T., Busch, M.P., Hecht, F.M. & Levy, J.A. (2005). Potential herpesvirus interaction
during HIV type 1 primary infection. AIDS Research and Human Retroviruses, Vol.21,
No.10, (October 2005), 869-875. ISSN 0889-2229

Levy, J.A. Pathogenesis of human immunodeficiency virus infection. Microbiol Reviews,
Vol.57, No.1, (March 1993), 183-289. ISSN 0983-8512

Levy, J.A., Ferro, F., Greenspan, D. & Lennette, E.T. (1990a). Frequent isolation of HHV-6
from saliva and high seroprevalence of the virus in the population. Lancet, Vol.335,
No.8697, (May 1990), 1047-1050. ISSN 0140-6736

Levy, J.A., Hsueh, F., Blackbourn, D.J., Wara, D. & Weintrub, P.S. (1988). CD8 cell
noncytotoxic antiviral activity in human immunodeficiency virus-infected and -
uninfected children. Journal of Infectious Diseases, No.177, No.2, (February 1998),
470-472. ISSN 0934-9723

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 289

Levy, J.A., Landay, A. & Lennette, E-T. (1990b). Human herpesvirus 6 inhibits human
immunodeficiency virus type 1 replication in cell culture. Journal of Clinical
Microbiology, (October 1990), Vol.28, No.10, 2362-2364. ISSN 0095-1137

Li, C., Goodrich, ]JM. & Yang, X. (1997). Interferon-gamma (IFN-gamma) regulates
production of IL-10 and IL-12 in human herpesvirus-6 (HHV-6)-infected
monocyte/macrophage lineage. Clinical and Experimental Immunology, Vol.109,
No.3, (September 1997), 421-425 ISSN 0009-9104

Lippé, R., Luke, E., Kuah, Y.T., Lomas, C. & Jefferies, W.A. (1991). Adenovirus infection
inhibits the phosphorylation of major histocompatibility complex class I proteins.
Journal of Experimental Medicine, Vol.174, No.5, (November 1991), 1159-1166. ISSN
0022-1007

Lisco, A., Grivel, J.C., Biancotto, A., Vanpouille, C., Origgi, F., Malnati, M.S., Schols, D.,
Lusso, P. & Margolis, L.B. (2007). Viral interactions in human lymphoid tissue:
Human herpesvirus 7 suppresses the replication of CCR5-tropic human
immunodeficiency virus type 1 via CD4 modulation. Journal of Virology, Vol.81,
No.2, (January 2007), 708-717. ISSN 0022-538x

Lopez, C., Pellett, P., Stewart, J., Goldsmith, C., Sanderlin, K., Black, J., Warfield, D. (1988).
Feorino, P. Characteristics of human herpesvirus-6. Journal of Infectious Diseases,
Vol.157, No.6, (June1988), 1271-1273. ISSN 0934-9723

Lucht, E., Brytting, M., Bjerregaard, L., Julander, I. & Linde A. (1998). Shedding of
cytomegalovirus and herpesviruses 6, 7, and 8 in saliva of human
immunodeficiency virus type l-infected patients and healthy controls. Clinical
Infectious Diseases, Vol.27, No.1, (July 1998), 137-141. ISSN 1058-4838

Luiz, L.N., Leite, J.P., Yokosawa, ]., Carneiro, B.M., Pereira, Filho, E., Oliveira, T.E., Freitas,
G.R., Costa, L.F., Paula, N.T., Silveira, H.L., Nepomuceno, ].C. & Queiréz, D.A.
(2010). Molecular characterization of adenoviruses from children presenting with
acute respiratory disease in Uberldndia, Minas Gerais, Brazil, and detection of an
isolate genetically related to feline adenovirus. Memdrias do Instituto Oswaldo Cruz,
(Augustus 2010), Vol.105, No.5, 712-716. ISSN 0074-0276

Luppi, M., Marasca, R., Barozzi, P, Ferrari, S., Ceccherini-Nelli, L., Batoni, G., Merelli, E. &
Torelli, G. (1993).Three cases of human herpesvirus-6 latent infection: integration of
viral genome in peripheral blood mononuclear cell DNA. Journal of Medical
Virology, Vol.40, No.1, (May 1993), 44-52. ISSN 0146-6615

Lusso, P., Crowley, R.W., Malnati, M.S., Di Serio, C., Ponzoni, M., Biancotto, A., Markham,
P.D. & Gallo, R.C. (2007). Human herpesvirus 6A accelerates AIDS progression in
macaques. Proceedings of National Academy of Sciences of the United States of America
Vol.104, No.12, (March 2007), 5067-5072. ISSN 0027-8424

Lusso, P., De Maria, A., Malnati, M., Lori, F., DeRocco, S.E., Baseler, M., Gallo, R.C. (1991).
Induction of CD4 and susceptibility to HIV-1 infection in human CD8+ T
lymphocytes by human herpesvirus 6. Nature, Vol.349, No.6309, (February 1991),
533-535. ISSN 0028-0836

Lusso, P., Ensoli, B., Markham, P.D., Ablashi, D.V., Salahuddin, S.Z., Tschachler, E., Wong-
Staal, F. & Gallo, R.C. Productive dual infection of human CD4+ T lymphocytes by
HIV-1 and HHV-6. Nature. Vol.337, No.6205, (January 1989), 370-373. ISSN 0028-
0836

Lusso, P. & Gallo, R.C. (1995). Human herpesvirus 6 in AIDS. Immunology Today, Vol.16,
No.2, (February 1995), 67-71. ISSN 0167-5699

www.intechopen.com



290 HIV-Host Interactions

Lusso, P., Malnati, M.S., Garzino-Demo, A., Crowley, RW., Long, E.O. & Gallo, R.C. (1993).
Infection of natural killer cells by human herpesvirus 6. Nature, Vol.362, No.6419,
(April 1993), 458-462. ISSN 0028-0836

Lusso, P., Markham, P.D., DeRocco, S.E. & Gallo, R.C. (1990). In vitro susceptibility of T
lymphocytes from chimpanzees (Pan troglodytes) to human herpesvirus 6 (HHV-
6): a potential animal model to study the interaction between HHV-6 and human
immunodeficiency virus type 1 in vivo. Journal of Virology, Vol.64, No.6, (June 1990),
2751- 2758. ISSN 0022-538x

Lusso, P., Secchiero, P. & Crowley, RW. (1994). In vitro susceptibility of Macaca nemestrina
to human herpesvirus 6: a potential animal model of coinfection with primate
immunodeficiency viruses. AIDS Research and Human Retroviruses, Vol.10, No.2,
(February 1994), 181-187. ISSN 0889-2229

Mangasarian, A., Piguet, V., Wang, ] K., Chen, Y.L. & Trono, D. (1999). Nef-induced CD4
and major histocompatibility complex class I (MHC-I) down-regulation are
governed by distinct determinants: N terminal alpha helix and proline repeat of
Nef selectively regulate MHC-I trafficking. Journal of Virology, Vol.73, No.3, (March
1999),1964-1973. ISSN 0022-538x

Marddi, C.L., Csiszér, A., Sierra-Vazquez, B., Di Luca, D., Barabas, E., Nagy, K. & Ongradi, J.
(1998). Studies on the antibodies to human herpesvirus type 6 among Hungarian
patients with asymptomatic HIV infection. Pathology Oncology Research, Vol.4, No.1,
(1998), 56-61. ISSN 1219-4956

Martin, M.E., Nicholas, J., Thomson, B.]., Newman, C. & Honess, R.W. (1991). Identification
of a transactivating function mapping to the putative immediate-early locus of
human herpesvirus 6. Journal of Virology, Vol. 65, No.10, (October 1991), 5381-90.
ISSN 0022-538x

Martinez, P.A., Diaz, R., Gonzélez, D., Oropesa, L., Gonzélez, R., Pérez, L., Viera, J. & Kouri,
V. (2007). The effect of highly active antiretroviral therapy on outcome of central
nervous system herpesviruses infection in Cuban human immunodeficiency virus-
infected individuals. Journal of Neurovirology, Vol.13, No.5, 446-51. (October 2007),
ISSN 1355-0248

Mayne, M., Cheadle, C., Soldan, S. S., Cermelli, C., Yamano, Y., Akhyani, N., Nagel, J.E.,
Taub, D.D., Becker, K.G. & Jacobson, S. (2001). Gene expression profile of
herpesvirus-infected T cells obtained using immunomicroarrays: induction of
proinflammatory mechanisms. Journal of Virology, Vol.75, No.23, (December 2001),
11641-11650. ISSN 0022-538x

McCarthy, M., Auger, D., He, J. & Wood, C. (1998). Cytomegalovirus and human
herpesvirus-6 trans-activate the HIV-1 long terminal repeat via multiple response
regions in human fetal astrocytes. Journal of Neurovirology, Vol.4, No.5, (October
1998), 495-511. ISSN 1355-0248

Megaw, A.G., Rapaport, D., Avidor, B., Frenkel, N. & Davison, A.]. (1998). The DNA
sequence of the RK strain of human herpesvirus 7. Virology, Vol.244, No.1, (April
1998), 119-132. ISSN 0042-6822

Menotti, L., Mirandola, P., Locati, M. & Campadelli-Fiume, G. (1999). Trafficking to the
plasma membrane of the seven-transmembrane protein encoded by human
herpesvirus 6 U51 gene involves a cellspecific function present in T lymphocytes.
Journal of Virology, Vol.73, No.1, (January 1999), 325-333. ISSN 0022-538x

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 291

Milne, R.S., Mattick, C., Nicholson, L., Devaraj, P., Alcami, A. & Gompels. U. A. (2000).
RANTES binding and down-regulation by a novel human herpesvirus-6 beta
chemokine receptor. Journal of Immunology, Vol.164, No.5, (March 2005), 2396-2404.
ISSN 002-1767

Mirandola, P., Menegazzi, P., Merighi, S., Ravaioli, T., Cassai, E. & Di Luca D. (1998).
Temporal mapping of transcripts in herpesvirus 6 variants. Journal of Virology
Vol.72, No.5, (May 1995), 3837-3844. ISSN 0022-538x.

Mori, Y., Dhepakson, P., Shimamoto, T., Ueda, K., Gomi, Y., Tani, H.,, Matsuura, Y. &
Yamanishi, K. (2000). Expression of human herpesvirus 6B within infected cells and
binding of its gene product to the TATA-binding protein in vitro and in vivo.
Journal of Virology, Vol.74, No.13, (July 2000), 6096-6104. ISSN 0022-538x.

Mori, Y., Seya, T., Huang, H.L., Akkapaiboon, P., Dhepakson, P. & Yamanishi K. (2002).
Human herpesvirus 6 variant A but not variant B induces fusion from without in a
variety of human cells through a human herpesvirus 6 entry receptor, CD46. Journal
of Virology, Vol.76, No.13, (July 2002), 6750-6761. ISSN 0022-538x

Mori, Y., Yagi, H., Shimamoto, T., Isegawa, Y., Sunagawa, T., Inagi, R., Kondo, K., Tano, Y.
& Yamanishi, K. (1998). Analysis of human herpesvirus 6 U3 gene, which is a
positional homolog of human cytomegalovirus UL 24 gene. Virology, Vol.249, No.1,
(September 1998), 129-139. ISSN 0042-6822

Mori, Y., Yang, X. Akkapaiboon, P. Okuno, T. & Yamanishi K. (2003). Human herpesvirus 6
variant A glycoprotein H- glycoprotein L-glycoprotein Q complex associates with
human CD46. Journal of Virology, Vol.77, No.8, (April 2003), 4992-4999. ISSN 0022-
538x.

Morissette, G., & Flamand, L. (2010). Herpesviruses and chromosomal integration. Journal of
Virology, Vol.84, No.23, (December 2010), 12100-121009. ISSN 0022-538X

Mosca, J.D., Bednarik, D.P., Raj, N.B., Rosen, C.A., Sodroski, ].G., Haseltine, W.A., Hayward,
G.S., Pitha, P.M. (1987a). Activation of human immunodeficiency virus by
herpesvirus infection: identification of a region within the long terminal repeat that
responds to a trans-acting factor encoded by herpes simplex virus 1. Proceedings of
National Academy of Sciences of the United States of America, Vol.84, No.21, (November
1987), 7408-7412. ISSN 0027-8424

Mosca, ].D., Bednarik, D.P., Raj, N.B., Rosen, C.A., Sodroski, ].G., Haseltine, W.A. & Pitha,
P.M. (1987b). Herpes simplex virus type-1 can reactivate transcription of latent
human immunodeficiency virus. Nature, Vol.325, No0.6099, (January 1987), 67-70.
ISSN 0028-0836

Nabel, G. & Baltimore, D. (1987). An inducible transcription factor activates expression of
human immunodeficiency virus in T cells. Nature. Vol.326, No.6114, (April 1987),
711-713. ISSN 0028-0836

Nabel, GJ., Rice, S.A., Knipe, D.M. & Baltimore, D. (1988). Alternative mechanisms for
activation of human immunodeficiency virus enhancer in T cells. Science, Vo0l.239,
No.4845, (March 1988), 1299-302. ISSN 0036-8075

Nicholas, J. (1996). Determination and analysis of the complete nucleotide sequence of
human herpesvirus. Journal of Virology, Vol.70, No.9, (September 1996), 5975- 5989.
ISSN 0022-538x

Nicholas, J. & Martin, M.E. (1994). Nucleotide sequence analysis of a 38.5-kilobase-pair
region of the genome of human herpesvirus 6 encoding human cytomegalovirus

www.intechopen.com



292 HIV-Host Interactions

immediate-early gene homologs and transactivating functions. Journal of Virology,
Vol.68, No.2, (Februar 1994), 597-610. ISSN 0022-538x.

Niiya, H., Azuma, T., Jin, L., Uchida, N., Inoue, A., Hasegawa, H., Fujita, S., Tohyama, M.,
Hashimoto, K. & Yasukawa, M. (2004). Transcriptional downregulation of DC-
SIGN in human herpesvirus 6-infected dendritic cells.Journal of General Virology,
Vol.85, No.9, (September 2004), 2639-2642. ISSN 0022-1317

Nikolaou, K., Varinou, L., Inoue, N. & Arsenakis, M. (2003). Identification and
characterization of gene products of ORF U90/89 of human herpesvirus 6. Acta
Virologica Vol.47, No.1, (2003), 17-26. ISSN 0001-723X

Ohno, K., Nakano, T., Matsumoto, Y., Watari, T., Goitsuka, R., Nakayama, H., Tsujimoto, H.
& Hasegawa, A. (1993). Apoptosis induced by tumor necrosis factor in cells
chronically infected with feline immunodeficiency virus. Journal of Virology, Vol.67,
No.5, (May 1993), 2429-2433. ISSN 0022-538x

Okuno, T., Oishi, H., Hayashi, K., Nonogaki, M., Tanaka, K. & Yamanishi, K. (1995). Human
herpesviruses 6 and 7 in cervixes of pregnant women. Journal of Clinical
Microbiology, Vol.33, No.7, (July1995), 1968-1970. ISSN 0095-1137

Ongradi, J. (1999). Identification of a feline adenovirus isolate that replicates in monkey and
human cells in vitro American Journal of Veterinary Research. Vol.60, No.12, 1463.
(December 1999), ISSN 0002-9645.

Ongrédi, ., Ahmad, A. & Menezes, J. (1999a). In vitro cytokine induction by HHV-7 in
leukocytes. Hungarian Medical Journal, Vol.140 (1999), 1935-1939. ISSN 1216- 8335

Ongradi, J.,, Banhegyi, D., Mar6di,C.L.,, Nagy, K., Csiszar, A. & Horvath, A. (1999b).
Antibody titres to HHV-6A at risk and during the course of HIV infection.
Hungarian Medical Journal, Vol.140, 1881-1885. ISSN 1216-8335

Ongradi, J., Becker, K., Horvath, A., Hidvégi, E. & Mezey, 1. (2000a). Simultaneous infection
by human herpesvirus 7 and human parvovirus B19 in papular-purpuric gloves-
and-socks syndrome. Archieves of Dermatology, Vol.136, No.5, (May 2000), 672. ISSN
0003-987x

Ongradi, J., Laird, H.M., Szildgyi, ]J.F.,, Horvath, A. & Bendinelli, M. (2000b). Unique
morphological alterations of the HTLV-I transformed C8166 cells by infection with
HIV-1. Pathology Oncology Research, Vol.6, No.1, (2000), 27-37. ISSN 1219-4956

Ongradi, J., Ceccherini-Nelli, L., Matteucci, D., Bertok, L. & Bendinelli, M. (1999¢c). Human
herpesvirus variant A enhances in vitro HIV-1 replication by soluble mediators,
which effect is diminished by endotoxin. Hungarian Medical Journal, Vol.140, (1999),
2577-2579. ISSN 1216- 8335

Ongradi, J., Ceccherini-Nelli, L., Soldaini, E., Bendinelli, M., Conaldi, P.G., Specter, S. &
Friedman, H. (1990b). Endotoxin suppresses indirect activation of HIV-1 by human
herpesvirus 6. In: Cellular and molecular aspects of endotoxin reactions. Eds:
Nowotny, A., Spitzer, ].J. & Ziegler, E]J. Elsevier Science Publishers B.V.,
Amsterdam, (1990), p.387-394. ISBN 0-444-81365-9

Ongradi, J., Csiszar, A., Marédi, C.L, Sélyom, J., Horvath, A. & Menezes J. (1999d). Onset of
antibodies to human herpesvirus types 6 and 7 in Hungarian children. Hungarian
Medical Journal, Vol.140, No.17, (1999), 935-940. ISSN 1216- 8335

Ongrédi, J., Iuliano, R., Rossi, M., Ceccherini-Nelli, L. (1994). Transcellular transactivation of
HIV-1 by HHV-6Role of humoral factors in the progression of HIV disease, Sopron.
Acta Microbiologica et Immunologica Hungarica Vol.52, (1994), 41. ISSN 1217-8950

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 293

Ongradi, J., Laird, HM., Szilagyi, J.F., Horvath, A. & Bendinelli M. (2000b). Unique
morphological alterations of the HTLV-I transformed C8166 cells by infection with
HIV-1 Pathology Oncology Research, Vol.6, No.1, (2000), 27-37. ISSN 1219-4956

Ongradi, J., Marédi, C.L., Nagy, K., Csiszar. A., Binhegyi, D. & Horvath A. (1999). Risk of
HHV-6A primary infections at risk and recurrent infections during the course of
AIDS. Journal of Acquired Immune Deficiency Syndromes and Human Retrovirology.
Vol.22, No.3, (November 1999), 311-312, ISSN 0003-4819

Ongradi, J., Pistello, M., Mazzetti, P., Zaccaro, L. & Bendinelli, M. (1996). Cytokines activate
feline immunodeficiency virus (FIV) in macrophages. Acta Microbiologica et
Immunologica Hungarica, Vol.43, (1996), 224. ISSN 1217-8950

Ongradi, J., Rajda, C., Marddi, C.L., Csiszar, A. & Vécsei, L. (1999f). A pilot study on the
antibodies to HHV-6 variants and HHV- 7 in CSF of MS patients. Journal of
Neurovirology, Vol.5, No.5, (October 1999), 529-532. ISSN 1355- 0248

Ongradi, J., Sonkoly, E., Kovesdi, V. & Széll, M. (2006). Cytokine pattern alterations in CD4
T lymphocytes by human herpesvirus 6B infection. 5th International Conference on
HHV-6 and 7, Barcelona, Spain, April 30-May 3rd, 2006, Program Book, p. 45.
Journal of Clinical Virology, 37, S106, 2006. ISSN1386-6532

Paulson. E., Tran, C., Collins, K. & Friih, K. (2001). KSHV-KS5 inhibits phosphorylation of the
major histocompatibility complex class I cytoplasmic tail. Virology, Vol.288, No.2,
(September 2001), 369-378. ISSN 0042-6822

Pedersen, N.C., Torten, M., Rideout, B., Sparger, E., Tonachini, T., Luciw, P.A., Ackley, C.,
Levy, N. & Yamamoto ]. (1990). Feline leukemia virus infection as a potentiating
cofactor for the primary and secondary stages of experimentally induced feline
immunodeficiency virus infection. Journal of Virology, Vol.64, No.2, (February 1990),
598-606. ISSN 0022-538x

Phan, T.G., Shimizu, H., Nishimura, S., Okitsu, S., Maneekarn, N. & Ushijima, H. (2006).
Human adenovirus type 1 related to feline adenovirus: evidence of interspecies
transmission. Clinical Laboratory, Vol.52, No.9-10, (2006), 515-518. ISSN 1433-6510

Popik, W. & Pitha, P.M.(1994). Differential effect of tumor necrosis factor-alpha and herpes
simplex virus type 1 on the Tat-targeted inhibition of human immunodeficiency
virus type 1 replication. Virology, Vol.202, No.2, (Augustus 1994), 521-529. ISSN
0042-6822

Portolani, M., Cermelli, C., Mirandola, P. & Di Luca, D. (1995). Isolation of human
herpesvirus 7 from an infant with febrile syndrome. Journal of Medical Virology,
Vol.45, No.3, (March 1995), 282-283. ISSN 0146-6615

Potenza, L., Luppi, M., Barozzi, P., Rossi, G., Cocchi, S., Codeluppi, M., Pecorari, M.,
Masetti, M., Di Benedetto, F., Gennari, W., Portolani, M., Gerunda, G.E., Lazzarotto,
T., Landini, M.P., Schulz, T.F., Torelli, G. & Guaraldi, G. (2008). HHV-6A in
syncytial giant-cell hepatitis. New England Journal of Medicine, Vol. 359, No.6,
(Augustus 2008), 593-602. ISSN 0028-4793

Pring-Akerblom, P. & Ongrédi, J. Feline adenovirus hexon. GenBank Accession Number
AY512566

Pring-Akerblom, P. & Ongradi, J. Feline adenovirus fiber. GenBank Accession Number AY
518270

Qavi, H.B., Green, M.T., SeGall, G.K. & Font, R.L. (1989). Demonstration of HIV-1 and HHV-
6 in AIDS-associated retinitis. Current Eye Research, (April 1989), Vol.8, No.4, 379-
87. ISSN 0271-3683

www.intechopen.com



294 HIV-Host Interactions

Quinlivan, E.B., Holley-Guthrie, E., Mar, E.C., Smith, M,S. & Kenney, S. (1990).The Epstein-
Barr virus BRLF1 immediate-early gene product transactivates the human
immunodeficiency virus type 1 long terminal repeat by a mechanism which is
enhancer independent. Journal of Virology, Vol.64, No.4, (April 1990), 1817-1820.
ISSN 0022- 538x

Reubel, G.H., Dean, G.A., George, ].W., Barlough, J.E. & Pedersen, N.C. (1994). Effects of
incidental infections and immune activation on disease progression in
experimentally feline immunodeficiency virus-infected cats. Journal of Acquired
Immune Deficiency Syndromes, Vol.7, No.10, (October 1994),1003-1015. ISSN 1525-
4135

Reubel, G.H., George, ].W., Barlough, J.E., Higgins, J., Grant, C.K. & Pedersen, N.C. (1992).
Interaction of acute feline herpesvirus-1 and chronic feline immunodeficiency virus
infections in experimentally infected specific pathogen free cats. Veterinary
Immunology and Immunpathology, Vol.35, No.1-2, (December 1992), 95-119. ISSN
0921-4489

Rice, A.P. & Mathews, M.B. (1998). Trans-activation of the human immunodeficiency virus
long terminal repeat sequences, expressed in an adenovirus vector, by the
adenovirus E1A 13S protein. Proceedings of National Academy of Sciences of the United
States of America, Vol.85, No.12, (June 1988), 4200-4204. ISSN 0027-8424

Ritchey, ] W., Levy, J.K,, Bliss, S.K., Tompkins, W.A. & Tompkins, M.B. (2001). Constitutive
expression of types 1 and 2 cytokines by alveolar macrophages from feline
immunodeficiency virus-infected cats.

Veterinary Immunology and Immunpathology, Vol.79, No.1-2, (May 2001), 83-100. ISSN 0921-
4489

Rojko, J.L. & Olsen, R.G. (1994). The immunobiology of the feline leukemia virus. Veterinary
Immunology and Immunpathology, Vol.6, No.1-2, (May 1984), 107-165. ISSN 0921-4489

Rotola, A., Cassai, E., Tola, M.R., Granieri, E. & Di Luca. D. (1999). Human herpesvirus 6 is
latent in peripheral blood of patients with relapsing-remitting multiple sclerosis.
Journal of Neurology, Neurosurgery & Psychiatry, Vol.67, No.4, (October 1999), 529-
531. ISSN 0022-3050

Sada, E., Yasukawa, M., Ito, C., Takeda, A., Shiosaka, T., Tanioka, H. & Fujita, S. (1996).
Detection of human herpesvirus 6 and human herpesvirus 7 in the submandibular
gland, parotid gland, and lip salivary gland by PCR. Journal of Clinical Microbiology,
Vol.34, No.9, (September 1996), 2320-2321. ISSN 0095-1137

Sadick, N.S., McNutt, N.S. & Kaplan, M.H. (1990). Papulosquamous dermatoses of AIDS.
Journal of the American Academy of Dermatology, Vol.22, No.6, (June 1990), 1270-1277.
ISSN 1097-6787

Safronetz, D., Humar, A. & Tipples, G.A. (2003). Differentiation and quantitation of human
herpesviruses 6A, 6B and 7 by real-time PCR. Journal of Virological Methods, Vol.112,
No.1-2, (September 2003), 99-105. ISSN 0166-0934

Salahuddin, S.Z., Ablashi, D.V., Markham, P.D., Josephs, S.F., Sturzenegger, S., Kaplan, M.,
Halligan, G., Biberfeld, P., Wong-Staal, F. & Kramarsky, B.(1986). Isolation of a new
virus, HBLV, in patients with lymphoproliferative disorders. Science, Vol.234,
No.4776, (October 1986), 596-601. ISSN 0036-8075

Salahuddin, S.Z., Snyder, K.A., Godwin, A., Grewal, R., Prichard, ]J.G., Kelley, A.S. & Revie,
D. (2007). The simultaneous presence and expression of human hepatitis C virus
(HCV), human herpesvirus-6 (HHV-6), and human immunodeficiency virus-1

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 295

(HIV-1) in a single human T-cell. Virology Journal. Vol.4, (October 2007), 106. ISSN
1743-422X

Salzberger, B., Hartmann, P., Hanses, F., Uyanik, B., Cornely, O.A., Wohrmann, A. &
Fatkenheuer, G. (2005). Incidence and prognosis of CMV disease in HIV-infected
patients before and after introduction of combination antiretroviral therapy.
Infection. Vol.33, No.5-6, (October 2005), 345-349. ISSN 0300-8126

Santoro, F., Kennedy, P.E., Locatelli, G., Malnati, M.S., Berger, E.A. & Lusso, P. (1999). CD46
is a cellular receptor for human herpesvirus 6. Cell, Vol.99, No.7, (December 1999),
817-827. ISSN 0092-8674

Secchiero, P., Carrigan, D.R., Asano, Y., Benedetti, L., Crowley, R.W., Komaroff, A.L., Gallo,
R.C. & Lusso, P. (1995). Detection of human herpesvirus 6 in plasma of children
with primary infection and immunosuppressed patients by polymerase chain
reaction. Journal of Infectious Diseases, Vol.171, No.2, (February1995), 273-80. ISSN
0934-9723

Secchiero, P., Zella, D., Barabitskaja, O., Reitz, M.S., Capitani, S., Gallo, R.C. & Zauli,
G.(1998). Progressive and persistent downregulation of surface CXCR4 in CD4(+) T
cells infected with human herpesvirus 7. Blood, Vol.92, No.12, (December 1998),
4521-4528. ISSN 0006-4971

Seto, E., Yen, T.S., Peterlin, BM. & Ou, J.H. (1988). Trans-activation of the human
immunodeficiency virus long terminal repeat by the hepatitis B virus X protein.
Proceedings of National Academy of Sciences of the United States of America, Vol,85.
No.21. (November 1988), 8286-8290

Shelton, G.H., Grant, C.K., Cotter, S.M., Gardner, M.B., Hardy, W.D. Jr. & DiGiacomo, R.F.
(1990). Feline immunodeficiency virus and feline leukemia virus infections and
their relationships to lymphoid malignancies in cats: a retrospective study (1968-
1988). Journal of Acquired Immune Deficiency Syndromes, No.3, No.6, (1990), 623-630.
ISSN 1525-4135

Shimojima, M., Miyazawa, T., Ikeda, Y., McMonagle, E.L., Haining, H., Akashi, H.,
Takeuchi, Y., Hosie, M.]. & Willett, B.J. (2004). Use of CD134 as a primary receptor
by the feline immunodeficiency virus. Science, Vol.303, No.5661, (February 2004),
1192-1195. ISSN 0036-8075.

Sieczkowski, L., Chandran, B. & Wood, C.(1995). The human immunodeficiency virus tat
gene enhances replication of human herpesvirus-6. Virology, Vol.211, No.2,
(Augustus 1995), 544-553. ISSN 0042-6822

Siekevitz, M., Josephs, S.F., Dukovich, M., Peffer, N.,, Wong-Staal, F. & Greene, W.C.
Activation of the HIV-1 LTR by T cell mitogens and the trans-activator protein of
HTLV-IL. (1987) Science, Vol.238, No0.4833, (December 1987), 1575-1578. ISSN 0036-
8075

Smith, L.M., Bonafonte, M.T., Campbell, L.D. & Mead, J.R. (2001). Exogenous interleukin-12
(IL-12) exacerbates Cryptosporidium parvum infection in gamma interferon
knockout mice. Experimental Parasitology, Vol.98, No.3, (July 2001), 123-133. ISSN
0014-4894

Smith, A., Santoro, F. Di Lullo, G. Dagna, L. Verani, A. & Lusso. P. (2003). Selective
suppression of IL-12 production by human herpesvirus 6. Blood, Vol.102, No.8,
(october 2003), 2877-2884. ISSN 0006-4971

Sparger, E.E., Shacklett, B.L., Renshaw-Gegg, L., Barry, P.A., Pedersen, N.C., Elder, ] H. &
Luciw, P.A. (1992). Regulation of gene expression directed by the long terminal

www.intechopen.com



296 HIV-Host Interactions

repeat of the feline immunodeficiency virus. Virology, Vol.87, No.1l, (March
1992),165-177. ISSN 0042-6822

Spira, T.J., Bozeman, L.H., Sanderlin, K.C., Warfield, D.T., Feorino, P.M., Holman, R.C,,
Kaplan, J.E., Fishbein, D.B. & Lopez, C. (1990). Lack of correlation between human
herpesvirus-6 infection and the course of human immunodeficiency virus infection.
Journal of Infectious Diseases, Vol.161, No.3, (March 1990), 567-570. ISSN 0934-9723

Stellrecht, K.A., Sperber, K. & Pogo, B.G. (1992). Activation of the human immunodeficiency
virus type 1 long terminal repeat by vaccinia virus. Journal of Virology, Vol.66, No.4,
(April 1992), 2051-2056. ISSN 0022-538x

Surosky, R.T., Urabe, M., Godwin, S.G., McQuiston, S.A., Kurtzman, G.J., Ozawa, K. &
Natsoulis. G. (1997). Adeno-associated virus Rep proteins target DNA sequences to
a unique locus in the human genome. Journal of Virology, Vol.71, No.10, (October
1997), 7951-7959. ISSN: 0022-538x.

Tadagaki, K., Yamanishi, K. & Mori, Y. (2007). Reciprocal roles of cellular chemokine
receptors and human herpesvirus 7-encoded chemokine receptors, U12 and U51.
Journal of General Virology, Vol.88, No.5, (May 2007), 1423-1428. ISSN 0022-1317

Tai, AK,, Luka, J., Ablashi, D. & Huber, B.T. (2009). HHV-6A infection induces expression of
HERV-K18-encoded superantigen. Journal of Clinical Virology, (September 2009),
Vol.46, No.1, 47-48. ISSN1386-6532

Takemoto, M., Yamanishi, K. & Mori, Y. (2007). Human herpesvirus 7 infection increases the
expression levels of CD46 and CDS59 in target cells. Journal of General Virology,
Vol.88, No.5, (May 2007), 1415-22. ISSN 0022-1317

Tanaka-Taya, K., Kondo, T., Mukai, T., Miyoshi, H., Yamamoto, Y., Okada, S. & Yamanishi.
K. (1996). Seroepidemiological study of human herpesvirus-6 and -7 in children of
different ages and detection of these two viruses in throat swabs by polymerase
chain reaction. Journal of Medical Virology, Vol.48, No.1, (January 1996), 88-94. ISSN
0146-6615

Tedder, R.S., Briggs, M., Cameron, C.H., Honess, R., Robertson, D. & Whittle, H. (1987). A
novel lymphotropic herpesvirus. Lancet, Vol.2, No.8555, (Augustus 1997), 390-392.
ISSN 0140-6736

Thompson, J., Choudhury, S., Kashanchi, F., Doniger, J., Berneman, Z., Frenkel, N. &
Rosenthal. L.J. (1994). A transforming fragment within the direct repeat region of
human herpesvirus type 6 that transactivates HIV-1. Oncogene, Vol.9, No.4, (April
1994), 1167-1175. ISSN 0950-9232

Thomson, B.J., Dewhurst, S. & Gray. D. (1994a). Structure and heterogeneity of the a
sequences of human herpesvirus 6 strain variants U1102 and Z29 and identification
of human telomeric repeat sequences at the genomic termini. Journal of Virology,
Vol.68, No.5. (May 1994), 3007-3014. ISSN: 0022-538x.

Thomson, B.J., Weindler, FW., Gray, D., Schwaab, V. & Heilbronn. R. (1994). Human
herpesvirus 6 (HHV-6) is a helper virus for adeno-associated virus type 2 (AAV-2)
and the AAV-2 rep gene homologue in HHV-6 can mediate AAV-2 DNA
replication and regulate gene expression. Virology, Vol.204, No.1, (October 1994),
304-311. ISSN 0042-6822

Tobiume, M., Fujinaga, K., Kameoka, M., Kimura, T., Nakaya, T., Yamada, T. & Ikuta, K.
(1998). Dependence on host cell cycle for activation of human immunodeficiency
virus type 1 gene expression from latency. Journal of General Virology. Vol.79, No.6,
(June 1998), 1363-1371. ISSN 0022-1317

www.intechopen.com



In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6 297

Torelli, G., Barozzi, P., Marasca, R., Cocconcelli, P., Merelli, E., Ceccherini-Nelli, L., Ferrari,
S. & Luppi M. (1995). Targeted integration of human herpesvirus 6 in the p arm of
chromosome 17 of human peripheral blood mononuclear cells in vivo. Journal of
Medical Virology, Vol.46, No.3, (July 1995), 178-188. ISSN 0146-6615

Troy, S.B., Blackburn, B.G., Yeom, K., Caulfield, A K., Bhangoo, M.S. & Montoya, J.G. (2008).
Severe encephalomyelitis in an Immunocompetent Adult with chromosomally
integrated human herpesvirus 6 and clinical response to treatment with foscarnet
plus ganciclovir. Clinical Infectious Diseases, Vol47, No.12, (December 2008), 93-96.
ISSN 1058-4838

Turcanova, V. L., Bundgaard, B., Hoéllsberg, P. (2009). Human herpesvirus-6B induces
expression of the human endogenous retrovirus K18-encoded superantigen. Journal
of Clinical Virology, Vol.46, No.1, (September 2009), 15-19. ISSN 1386-6532

Vag, T., Sonkoly, E., Karpati, S., Kemény, B. & Ongradi, J. (2004). Avidity of antibodies to
human herpesvirus 7 suggests primary infection in young adults with pityriasis
rosea. Journal of the European Academy of Dermatology and Venereology, Vol.18, No.6,
(November 2004), 738-740, 2004. ISSN 0926-9959

Vég, T., Sonkoly, E., Kemény, B., Kéarpati, S., Horvath, A. & Ongradi, J. (2004). Familial
occurence of papular-purpuric “gloves-and-socks” syndrome with human
herpesvirus-7 and human parvovirus B19 infection. Journal of the European Academy
of Dermatology and Venereology, Vol.18, No.5, 639-641, (September 2004), ISSN 0926-
9959

Wang, J., Jones, C., Norcross, M., Bohnlein, E. & Razzaque, A. (1994). Identification and
characterization of a human herpesvirus 6 gene segment capable of transactivating
the human immunodeficiency virus type 1 long terminal repeat in an Spl binding
site-dependent manner. Journal of Virology, Vol.68, No.3, (March, 1994), 1706-13.
ISSN 0022-538x

Ward, K.N., Leong, H.N., Nacheva, E..P, Howard, J., Atkinson, C.E., Davies, N.W., Griffiths,
P.D. & Clark, D.A. (2006). Human herpesvirus 6 chromosomal integration in
immunocompetent patients results in high levels of viral DNA in blood, sera, and
hair follicles. Journal of Clinical Microbiology, Vol.44, No.4, (April 2006), 1571-1574.
ISSN 0095-1137

Wittekindt, B., Berger, A., Porto, L., Vlaho, S., Griittner, H.P., Becker, M. & Lehrnbecher, T.
(2009). Human herpes virus-6 DNA in cerebrospinal fluid of children undergoing
therapy for acute leukaemia. British Journal of Haematology, Vol.145, No.4, (May
2009), 542-545. ISSN 0007-1048

Wyatt, L.S. & Frenkel, N. (1992). Human herpesvirus 7 is a constitutive inhabitant of adult
human saliva. Journal of Virology, Vol.66, No.5, (May 1992), 3206-3209. ISSN 0022-
538x

Yamamoto, J.K., Hansen, H., Ho, E\W., Morishita, T.Y., Okuda, T., Sawa, T.R., Nakamura,
RM. & Pedersen, N.C. (1989). pidemiologic and clinical aspects of feline
immunodeficiency virus infection in cats from the continental United States and
Canada and possible mode of transmission. Journal of American Veterinary Medical
Association, Vol.194, No.2, (January 1989), 213-210. ISSN 0003-1488

Yamanishi, K., Okuno, T., Shiraki, K., Takahashi, M., Kondo, T., Asano Y. & Kurata, T.
(1988). Identification of human herpesvirus-6 as a causal agent for exanthem
subitum. Lancet, Vol.1, N0.8594, (May 1988), 1065-1067. ISSN 0140-6736

www.intechopen.com



298 HIV-Host Interactions

Yasukawa, M., Yakushijin, Y., Furukawa, M. & Fujita, S. (1993). Specificity analysis of
human CD4+ T-cell clones directed against human herpesvirus 6 (HHV-6), HHV-7,
and human cytomegalovirus. Journal of Virology, Vol.67, No.10. (October 1993),
6259-6264. ISSN 0022-538x

Yuan, R., Bohan, C., Shiao, F.C., Robinson, R., Kaplan, H.]J. & Srinivasan, A. (1989).
Activation of HIV LTR-directed expression: analysis with pseudorabies virus
immediate early gene. Virology, Vol.172, No.1, 92-99 (September 1989), ISSN 0042-
6822

Zhen, Z., Bradel-Tretheway, B., Sumagin, S., Bidlack, ].M. & Dewhurst, S. (2005). The human
herpesvirus 6 G protein-coupled receptor homolog U51 positively regulates virus
replication and enhances cell-cell fusion in vitro. Journal of Virology, Vol.79, No.18,
(September 2005), 11914-24. ISSN 0022-538x

Zhou, Y., Chang, CK., Qian, G., Chandran, B. & Wood, C. (1994). Trans-activation of the HIV
promoter by a cDNA and its genomic clones of human herpesvirus-6. Virology,
Vol.199, No.2, (March 1994), 311-322. ISSN 0042-6822

Zou, P., Isegawa, Y. Nakano, K. Haque, M. Horiguchi, Y. & Yamanishi. K. (1999). Human
herpesvirus 6 open reading frame U83 encodes a functional chemokine. Journal of
Virology, Vol.73, No.7, (July 1999), 5926-5933. ISSN: 0022- 538x.

www.intechopen.com



=== . 4SSN HIV-Host Interactions
T Edited by Dr. Theresa Li-Yun Chang

erena L. Chang

ISBN 978-953-307-442-9

Hard cover, 364 pages

Publisher InTech

Published online 02, November, 2011
Published in print edition November, 2011

HIV remains the major global health threat, and neither vaccine nor cure is available. Increasing our
knowledge on HIV infection will help overcome the challenge of HIV/AIDS. This book covers several aspects of
HIV-host interactions in vitro and in vivo. The first section covers the interaction between cellular components
and HIV proteins, Integrase, Tat, and Nef. It also discusses the clinical relevance of HIV superinfection. The
next two chapters focus on the role of innate immunity including dendritic cells and defensins in HIV infection
followed by the section on the impact of host factors on HIV pathogenesis. The section of co-infection includes
the impact of Human herpesvirus 6 and Trichomonas vaginalis on HIV infection. The final section focuses on
generation of HIV molecular clones that can be used in macaques and the potential use of cotton rats for HIV
studies.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Ongradi Joseph, Kévesdi Valéria, Nagy Kdroly, Matteoli Barbara, Ceccherini-Nelli Luca and Ablashi Dharam
(2011). In Vitro and In Vivo Transactivation of HIV-1 by Human Herpesvirus 6, HIV-Host Interactions, Dr.
Theresa Li-Yun Chang (Ed.), ISBN: 978-953-307-442-9, InTech, Available from:
http://www.intechopen.com/books/hiv-host-interactions/in-vitro-and-in-vivo-transactivation-of-hiv-1-by-human-
herpesvirus-6

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




