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Abstract

Human immunodeficiency virus (HIV) is thought to assemble and bud at the plasma
membrane of infected cells. However, published electron micrographs have indicated
that virus can also be found in intracellular compartments in some infected cells.
Intracellular assembly is particular prominent in macrophages, although the nature of
the virus-containing compartment and the relevance of intracellular virus in HIV
infection are unclear. This thesis shows that in human monocyte derived macrophages
(MDM) infectious HIV-1 is assembled on intracellular membranes of multivesicular
late endosomes.

The nature of the compartment into which virus particles bud was identified by
immunolabelling techniques with organelle-specific antibodies. This showed a strong
co-localisation of viral antigen with late endosomal markers such as CD63. Immuno-
electron microscopy detected CD63 on the viral membrane and internal vesicles of
multivesicular bodies, suggesting that cellular proteins resident in late endosomes are
incorporated in intracellular virus.

To determine whether intracellular virus is released and is infectious, virus derived
from MDM supernatants was precipitated with organelle-specific antibodies. This
revealed the presence of late endosomal proteins, such as CD63 and LAMP-1, on the
viral membrane of infectious particles. Plasma membrane proteins, in contrast, were
not incorporated, suggesting that infectious virus released from MDM had assembled
intracellularly. The detection of infectivity in MDM-homogenates further supports the
finding that intracellularly assembled virus is infectious.

Virus release seems to be an active process, as indicated by temperature sensitivity,
and probably occurs through fusion of internal compartments with the plasma
membrane.

Immunoprecipitation of T-cell derived HIV-1 indicated that T-cells may also
assemble virus intracellularly, alongside plasma membrane assembly. This was
suggested by the detection of late endosomal and plasma membrane proteins on the
viral membrane and supported by preliminary morphological analysis.

These findings may have broad implications for our understanding of the biology of

HIV infection and its cell-cell transmission.
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1 Introduction

Despite many years of research into the pathogenesis of human immunodeficiency
virus-1 (HIV-1) infection many aspects of the biology of this virus are still poorly
understood. HIV-1 targets cells of the immune system and is able to subvert their
functions to promote its efficient replication and the creation of viral reservoirs.
Macrophages are among the first cells to be infected after HIV-1 exposure and they
contribute to virus replication and dissemination throughout the entire course of
infection. The site of virus assembly and egress in macrophages seems to vary from
that seen in other susceptible cells such as T-cells. Ultrastructural studies of infected
T-cells suggest that virus assembly and budding occurs primarily at the plasma
membrane (Barre-Sinoussi et al. 1983, Gallo et al. 1984, Klatzmann et al. 1984a,
Munn et al. 1985). In macrophages, however, this process was seen to occur almost
exclusively at intracellular membranes, leading to the accumulation of virus particles
inside the cell (Gendelman et al. 1988, Orenstein et al. 1988, Raposo et al. 2002).
Thus, macrophages may act as ‘Trojan horses’, hiding large amounts of virus
intracellularly, away from immune-surveillance. This mechanism could promote the
formation of a reservoir and contribute to viral persistence. Although the observation
of intracellular HIV-1 in macrophages was made several years ago, the compartment
for virus assembly and the relevance of intracellular virus to HIV-1 pathogenesis have
not been elucidated. This thesis investigates the specific location of HIV-1 assembly
in primary human monocyte-derived macrophages (MDM) and examines infectivity
and release of MDM-produced virus with the aim of understanding the importance of
this intracellular virus in HIV pathogenesis. The introduction will give a general
overview on HIV-1 and how it infects its main target cells (1.1 and 1.2). Subsequently
the mechanism of HIV-1 assembly and release, and the interaction of viral and

cellular proteins in these processes will be described (1.3 - 1.5).
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1.1 Human immunodeficiency virus

1.1.1 Taxonomy and phylogeny

HIV is a member of the retrovirus family. Retroviruses owe their name to the ability
of the viral enzyme reverse transcriptase (RT) to transcribe single-stranded viral RNA
into a double-stranded DNA molecule (Baltimore 1970, Temin and Mizutani 1970).
There are currently seven genera ofiretroviruses,with HIV classified as a human
lentivirus (Chiu et al. 1985) (Table 1.1). Other lentivirus family members infect other
species, for example, horses (EIAV), sheep (VISNA) and non-human primates (SIV).
Lentiviruses are so called because of the long asymptomatic phase following virus
infection as initially described for Visna/maedi virus (VISNA) infection of sheep

(Sigurdsson and Palsson 1958).

Genus Species (representatives)

Alpha Avian leucosis virus (ALV)

Rous sarcoma virus (RSV)

Beta Mason-Pfizer monkey virus (MPMV)
Mouse mammary tumor virus (MMTV)

Gamma Feline leukaemia virus (FLV)
Murine leukaemia virus (MLV)

Delta Primate T-lymphotropic virus-1, -2 (PTLV-1, -2)
Human T-lymphotropic virus-1, -2 (HTLV-1, -2)

Epsilon Walleye dermal sarcoma virus (WDSW)
Walleye epidermal hyperplasia virus type 1, -2 (WEHV-1, -2)

Lentivirus Equine infectious anemia virus (EIAV)
Visna/maedi virus (VISNA)
Human immunodeficiency virus-1, -2 (HIV-1, -2)

Simian immunodeficiency virus (SIV)

Spumavirus Simian foamy virus-1 (SFV-1)
Bovine foamy virus (BFV)
Chimpanzee foamy virus (CFV)

Table 1.1 The retrovirus family with representative members of each genus
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To date two types of HIV have been identified, HIV-1 and -2 (Barre-Sinoussi et al.
1983, Clavel et al. 1986). They both evolved in humans after zoonotic transmission of
a simian immunodeficiency virus (SIV), albeit from different simian species. HIV-1
sequences are most closely related to chimpanzee Pan troglodytes troglodytes-derived
viruses, whereas HIV-2 appears to have originated from sooty mangabeys (Gao et al.
1999). Although HIV-1 was initially isolated in 1983 (see section 1.2.1), the zoonotic
transmission events seem to have occurred earlier as the virus has been detected
retrospectively in blood samples from 1959 (Nahmias et al. 1986).

Based on sequence variation, HIV-1 has been divided into three groups designated M
(main), O (outlier) and N (new or non-M/non-O). Over 95 % of the global virus
isolates fall into group M, which has been further sub-divided into nine discrete clades
A-K (missing E and I), based on the sequence of complete viral genomes.
Additionally a range of circulating recombinant forms (CRF) exist that have evolved
through superinfection of viruses from different clades in one individual. HIV-2
consists of seven groups (A-G) and accounts for a minority of HIV infections
worldwide.

The high diversity of HIV-1 results, at least in part, from the lack of exonucleolytic
proofreading activity in the viral RT. During a single replication cycle, the enzyme
creates 5-10 base misincorporations in the 9.7 kilo base (kb) genome (Preston et al.
1988, Roberts et al. 1988). At an estimated production of 10'° new virions per day in
an infected individual (Perelson et al. 1996), this can lead to substantial sequence

variations.

1.1.2 Genome

All retroviruses contain conserved open reading frames (ORF) for genes encoding
group associated antigen (Gag), polymerase (Pol) and envelope (Env) as well as a
number of regulatory and accessory proteins. In the case of HIV-1 (Figure 1.1), these
genes are encoded in a 9.7 kb single stranded RNA molecule that is present in two

identical copies per virus particle.
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