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ABSTRACT

HIV-1 infection results in progressive damage to the immune system, usually 
resulting in the eventual death of the individual due to opportunistic infections. Experiments 
by other researchers have demonstrated that there is a defect in CD4^ T-cell responses to 
antigen, and that some of this effect is mediated by the gpl20 component of the virus. 
Dendritic cells (DC), which are professional antigen presenting cells, have unique ability 
to stimulate naïve T cells as well as initiate secondary responses. In infected patients they 
have been shown to be defective for T-cell stimulation, and to be present in reduced numbers, 
possibly due to injury by HIV-1 infection. This PhD has examined the hypothesis that 
gpl20 interaction with DC may be partially responsible for the functional defects seen in 
DC; and that HIV-1 infection of the DC themselves is an important cause of DC injury.

Using both a macrophage tropic (SF162), and a T-cell line tropic (SF2) strain of 
HIV-1 as sources for the gp 120 gene, human cell lines expressing rgp 120 from both strains 
have been produced. This rgp 120 has been purified extensively using a combination of 
affinity purification and ion-exchange chromatography to give a supply of pure gpl20. 
Both rgp 120s were shown to inhibit the ability of DC to stimulate CD4+ and CD8+ cells 
significantly, in autologous and allogeneic T cell responses, at physiologically relevant 
concentrations. This inhibitory effect was mediated predominantly at the DC level, as 
opposed to the T-cell level, and preliminary investigations have suggested that gpl20 induces 
signalling in the DC, indicating a possible effect or route.

Analysis of the replication kinetics of HIV-1 within DC showed that a variety of 
both macrophage tropic and T-cell line tropic isolates can infect both immature and mature 
DC, albeit to differing extents. Infection had no apparent effect on the cell surface phenotype, 
morphology, or viability of DC. The presence of activated T cells, which have previously 
been shown to enhance the replication of HIV-1 within macrophages significantly, was 
shown to have an effect on HIV-1 replication in DC, which varied depending on the isolate 
used and the maturation state of the DC.
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CHAPTER 1—INTRODUCTION

1.1- General Introduction

At the start of the 1980s a new clinical syndrome was recognised. Homosexual 
men were succumbing to rare opportunistic infections such as Pneumocystis carinii 
pneumonia (PCP), cytomegalovirus (CMV), candidiasis, and Kaposi’s sarcoma. The Centre 
for Disease Control in the USA published reports in 1981 alerting clinicians to this (Gottlieb 
et ah, 1981, Masur et al, 1981, Siegal et al, 1981). They noted that not only were these 
men susceptible to opportunistic infections, but that this was due to impairment of their 
immune systems. This included reduced numbers of CD4+ T helper lymphocytes, reduced 
proliferative response to soluble antigens, and diminished natural-killer-cell activity, 
although humoral immunity appeared to remain intact (Masur et al, 1981). The absence 
of a history of recurrent infections or of neoplastic disease lead to the conclusion that these 
immune defects were acquired (Siegal etal, 1981), and possibly due to increased exposure 
to CMV infection among homosexuals (Gottlieb et al, 1981). This disease was named 
Acquired Immune Deficiency Syndrome (AIDS).

In 1983 a novel virus was isolated independently by two groups (Barre Sinoussi et 
al, 1983, Gallo et al, 1984). This was shown to be similar to the human T-cell leukaemia 
virus (HTLV) family, and to replicate in peripheral blood and cord blood lymphocytes. 
The fact that it could be isolated from a high proportion of patients with pre-AIDS 
lymphadenopathy, mothers of juvenile AIDS patients, and those with opportunistic 
infections added further evidence that it was the aetiologic agent of AIDS (Gallo et al, 
1984). This virus was tentatively designated HTLV-III.

It subsequently became apparent that there was considerable heterogeneity among 
the HTLV-III virus isolates, and that the AIDS virus should be given its own name. Human 
Immunodeficiency Virus (HIV) (Coffin etal, 1986a, Coffin etal,  1986b). In 1986 a new 
retrovirus was isolated in West Africa which had similar biological and morphological 
properties to HIV, but was genetically distinct from all previously isolated HIV (Lavallee 
et a l,  1994). This has been named HIV-2 and bears a closer relationship to Simian 
Immunodeficiency Virus (SIV), than to HIV-1

1.2- HIV-1 genome

HIV-1 is a diploid virus consisting of two identical positive sense, single stranded
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polyadenylated ribonucleic acid, RNA, genomes, which are approximately 9.2 kilobases 
long. Two long terminal repeat sequences, LTR, flank the coding region. These contain 
enhancer and promoter elements for transcription and sequences necessary for effective 
polyadenylation of the viral messenger RNA, mRNA (Bohnlein et al, 1989). The coding 
region consists of three sets of genes (see Fig. 1.1 for the HIV-1 genome and Fig. 1.2 for 
structure of HIV-1 virion); the structural genes {gag, pol, and env), the regulatory genes 
{tat and rev), and the accessory genes {nef, vif, vpr, and vpu).

1.2.1- Structural genes
The gag and pol genes lie in different reading frames that overlap at the 3’ and 5’ 

ends respectively (see Fig. 1.1). These genes may be transcribed into either gag or gag-pol 
mRNA. Work on other retroviruses such as Rous Sarcoma Virus, RSV, indicate that a 
stem-loop structure is formed in the RNA at a specific site. This enables two adjacent 
transfer RNAs, tRNAs, on the ribosomal complex to ‘slip’ and thus frameshift in the 5’ 
direction, thereby allowing the production of continuous gag-pol mRNA (Jacks et al., 
1988). This permits the manufacture of large Gag and Gag-Pol polyproteins from which 
the mature Gag and Pol proteins are derived by post-translational cleavage. This is carried 
out by the viral ly encoded protease found in the pol gene of HIV-1. This protease is initially 
produced as a 25 kDa protein that autocleaves to give a mature 11 kDa protein (Debouck 
et al, 1987). Failure to cleave the protease fully results in a 17 kDa protein that consists of 
p6P°' attached to the mature protease, which causes a severe defect in Gag polyprotein 
processing (Tessmer & Krausslich, 1998).

1.2.1.1- gag
The Gag polyprotein, pr55®̂ ®, is synthesised on membrane-free polysomes and 

subsequently transported to the plasma membrane for viral assembly (Gamier et al, 1998). 
During this journey it is myristoylated at its amino terminus, targeting it to the plasma 
membrane and allowing it to be cleaved by the viral protease during the maturation of 
virus particles (Bryant & Ratner, 1990, Debouck etal., 1987, Gallay etal., 1995a) to form 
the following products: p24 (capsid associated protein, CA), p i7 (matrix associated protein, 
MA), p9 (nucleocapsid protein, NC), and p6 (see Fig. 1.2). This proteolysis is not required 
for particle assembly or release which can take place with unprocessed pr55®̂ ®, but is 
essential for condensation of the viral core and for infectivity (Kohl et al., 1988, Peng et 
a/., 1989).

The maturation of the virion is a sequential process controlled by cleavage at 
individual sites within pr55̂ ^®. Initially NC is cleaved off leading to condensation of the 
ribonucloprotein core. Then CA is cleaved from MA and the capsid condenses (Wiegers et 
al., 1998). Apart from providing structural components and aiding condensation of the 
virion, the individual sub-components of Gag provide several other functions, both in the
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Figure 1.1- Structure of the HIV-1 genome

The nine known HIV-1 genes are shown, demonstrating the tightly overlapping nature of the genome. The 

5’ and 3’ long terminal repeats (LTRs) are also depicted. These contain regulatory sequences that are 

recognised by various host transcription factors, as well as the Tat transactivation response element 

(TAR). A scale (in kilobases) giving the approximate size of the genes and genome is displayed.
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early and late stages of the viral life cycle.
The matrix protein, MA, provides a myriad of functions for the virus many of 

which are discussed in greater detail in section 1.3. Apart from being involved in capsid 
formation it plays an as yet undefined role in the early phase of the HIV-1 life-cycle (Kieman 
et al, 1998), and is implicated in targeting the pre-integration complex to the cell nucleus 
(Bukrinsky et al, 1993). Further to this, it is in fact the MA portion of the precursor Gag 
polyprotein that is myristoylated and so targets it to the plasma membrane. Once at the 
plasma membrane MA is required for the incorporation of gp41/gpl20 into the virion, and 
for virus budding (see section 1.3.2).

NC contains two zinc finger domains that bind viral genomic RNA, leading to its 
packaging (Gorelick et al, 1990), and suggesting that NC plays an important part in the 
selective packaging of viral, as opposed to host, genomic deoxyribonucleic acid, DNA. 
However substitution with a two zinc finger NC gene, but not a one finger one, from 
another virus such as mouse mammary tumour virus, MMTV, leads to preferential 
incorporation not of MMTV RNA but of HIV-1 RNA, at levels about 50% of wild type. 
This implies that NC is not the exclusive determinant of RNA selectivity (Poon et al, 
1998). Which other proteins are important is not clear, but mutation of MA reveals that 
(unlike in many other retroviruses) this has no role in RNA selectivity (Poon et al, 1998).

As with MA, p6 has multiple functions. It too binds the viral RNA and helps 
incorporate the RNA into the newly forming viral particle (Jowett et al, 1992), as well as 
being fundamental in collocating Vpr to the virion (Checroune et al, 1995, Kondo et al, 
1995, Lu et al, 1995). It is p6 and not MA, as found in other retroviruses such RSV, that 
determines virion size (but not the density of pr55®̂ ®) and its deletion results in the formation 
of uniformly large particles (Gamier et al, 1998). Finally it is involved in the pinching off 
of virus in the late phase of replication (Gottlinger etal,  1991).

1.2.1.2- pol
Three proteins are encoded by pel, the viral protease (discussed above), reverse 

transcriptase, and integrase. These enzymes are cleaved from the Gag-Pol polyprotein and 
are all essential for viral replication (Kohl etal, 1988, Varmus, 1988). Reverse transcriptase 
has two functions, it acts as a DNA polymerase and has RNase H activity to degrade the 
RNA template during the manufacture of double stranded proviral DNA (Varmus, 1988). 
Integrase co-ordinates the cutting of proviral DNA and its integration into the host genome. 
The blunt ends of the proviral DNA are cleaved to generate precursor ends which are 
inserted in the host DNA by a DNA strand transfer reaction. Both reactions appear to 
occur in a one-step mechanism without the involvement of a covalent protein-DNA 
intermediate (Engelman et al, 1991).

1.2.1.3- env
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The env gene encodes the two envelope proteins found on the surface of the virus. 
It consists of a leader sequence that targets the proteins to the endoplasmic reticulum, ER, 
for glycosylation and transport to the cell surface, and a precursor polyprotein, gpl60. 
Cleavage of gp 160 is by a cellular rather than a viral protease resulting in a transmembrane 
glycoprotein, gp41, and a surface glycoprotein, gpl20. These are required for fusion of 
the virus to the target cell and subsequent cell entry (see section 1.6 for more detail).

1.2.2- Regulatory genes
Control of DNA and RNA synthesis is vital for growth and infectivity, especially 

in HIV-1 which, unusually for a retrovirus, encodes several of its own regulatory genes. 
By studying HIV-1 in single cycle growth conditions it has been shown that full length 
viral DNA is found 4 hours post-infection, and levels peak after 8-12 hours and then decline 
(Kim et a l,  1989). Viral RNA synthesis differs significantly from this. Initially a 
heterogeneous population of heavily spliced 2 kb sub-genomic mRNA species are found 
that encode Tat, Rev and Nef. About 24 hours post-infection single spliced 4.5 kb mRNA, 
full length 9.2 kb mRNA, and genomic RNA are produced in significant amounts, followed 
by virion production (Kim et al, 1989).

1.2.2.1- tat
The tat gene consists of three exons encoding the 14 kDa, 86 amino acid Tat protein, 

whose functional domain lies in the first exon just prior to the env gene (Arya et ai, 1985, 
Sodroski et al, 1985). Tat is a rra«5-activating factor, that activates genes linked to the 
LTR by binding to cw-acting regulatory sequences. This enhancer sequence, known as 
rra«5-acting-responsive (TAR) RNA element, is capable of increasing transcription of 
heterologous promoters by up to two logs, irrespective of distance and orientation (Rosen 
et ai, 1985). Tat has been shown to be essential for viral infectivity and to operate at a 
post-transcriptional level, as even if the tat gene is rendered non-functional similar quantities 
of RNA are produced (Feinberg et al., 1986).

TAR is a 59 nucleotide stem-loop structure with a 3-base bulge loop (+22 to +24) 
within the stem. Extensive mutagenesis of this region has shown that both the main loop 
and the bulge loop are important for optimum transactivation (Berkhout & Jeang, 1989), 
with the uridine at the 5’ end of the bulge being essential (Sumner Smith et al, 1991). 
However this enhancer requirement is non-specific as it can be substituted by elements 
from RSV, HTLV-I, and S V40 (Rosen gr a/., 1985). Binding of Tat to TAR requires cellular 
cofactors (Madore & Cullen, 1993) and centres on the bulge. In fact it appears that the role 
of Tat is to recruit the cellular cofactor(s) to TAR (Alonso etal, 1992), which results in the 
hyperphosphorylation of the C-terminal domain of RNA polymerase II, releasing it from 
the promoter site and allowing efficient transcription elongation (Yang et al, 1996). This 
phosphorylation is achieved by the direct interaction of Tat with a novel cellular cyclin.
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Figure 1.2- Diagram of the HIV-1 virion

A schematic displays the location of the various subunits making up the virion, including the RNA, Gag 

and Env components. (Diagram adapted from one published at http//www.aaas.org).
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cyclin-T (Wei et al, 1998), which in turn allows the association of cyclin-dependent kinase 

9 which phosphorylates the polymerase (Zhu et ai, 1997).

In order to function as a rran.y-activator it is necessary for Tat to be translocated to 

the nucleus where it accumulates (Hauber et al, 1989, Ruben et ai,  1989) by binding to 

nuclear components (Efthymiadis et ai,  1998). This is achieved by the presence within 

Tat of a novel nuclear localisation signal, NLS, that is adenosine triphosphate, ATP, 

dependent, but (unlike other NLS) does not rely on other cytoplasmic factors such as 

karyopherin.

In addition to its role in activating HIV-1 genome transcription directly. Tat is able 

to affect cell proliferation in different cell types. In T lymphocytes it is able to inhibit cell 

division induced by CD3 stimulation (Chirmule et al, 1995c), and in glial cells it can 

induce arrest in the G1 phase of the cell cycle (Kundu et ai,  1998). This is favourable for 

the virus as it results in the accumulation of hypo-phosphorylated Rb, which in turn promotes 

HIV-1 transcription by a mechanism involving the NF-kB enhancer region (Kundu et al., 
1998).

1.2.2.2- rev
The rev gene consists of two exons. Its first exon is initiated 3’ to and overlapping 

tat, but in a different fram e\The second exon overlaps the env gene (Feinberg et a i ,  1986, 

Sodroski et al., 1986). Its product Rev is a 19 kDa protein located predominantly in the 

nucleus (Cullen et a i ,  1988). Loss of Rev function leads to a predominance of the completely 

spliced 2 kb viral mRNA and a paucity of 4.3 kb and 9.2 kb transcripts in the cytoplasm, 

with a subsequent failure of production of the structural Gag and Env proteins and some 

accessory proteins (Feinberg 1986, Sadaie era/., 1988, Sodroski c /a /., 1986). Hence 

it is essential for viral replication (Terwilliger et al., 1988).

Initially it was thought that Rev acted by one of two mechanisms. Either lack of 

Rev caused all viral RNA to be spliced, hence one of its original names Tra/r.s'-acting 

regulator of splicing’, trs (Feinberg et al., 1986), or it depressed cA-acting negative 

regulatory sequences present on viral messages encoding Gag and Env, hence another 

early name ‘anti-repression rran^-activator’, art (Sodroski et a i ,  1986). Further research 

however revealed that these mechanisms were inaccurate, and that the increase of late 

unspliced HIV-1 mRNA in the cytoplasm during HIV-1 replication in fact reflected export 

from the nucleus to the cytoplasm of a pool of unspliced RNA constitutively expressed in 

the nucleus (Malim et a i ,  1989), and that Rev was causing the unspliced mRNA to be 

transported out of the nucleus actively.

Without functional Rev being present, all the various forms of spliced and unspliced 

HIV-1 mRNA are made, but only the fully spliced form is efficiently translocated from the 

nucleus to the cytoplasm . This is due to the fact that higher eukaryotic cells retain 

incompletely spliced mRNAs within the nucleus as they would be non-functional for protein
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synthesis. However HIV-1 has only a single LTR promoter, and therefore encodes only a 
single full length primary transcript. Thus expression of all nine open reading frames requires 
the nuclear export of not only fully spliced, but also of partially spliced and unspliced 
mRNAs, which is achieved by Rev.

The rev-response element, RRE, is a specific nucleotide sequence located in the 
coding region of env (Rosen et al, 1988). The RRE is a cw-acting, highly complex stem- 
loop structure (Malim et al, 1989), that can be bound by a novel arginine-rich binding 
domain within Rev (Malim et al, 1990). For transport to the cytoplasm multiple Revs 
must bind the RRE, hence there is a threshold effect where a certain concentration of Rev 
is required before transport is initiated. It is possible that this may provide a biochemical 
model for latent HIV-1 infection (Malim & Cullen, 1991).

In order to transport unspliced viral RNA out of the nucleus. Rev in fact shuttles 
backwards and forwards between the nucleus and the cytoplasm (Kalland et al, 1994, 
Meyer & Malim, 1994). This is achieved by the presence of both a nuclear export signal, 
NES, and the NLS within Rev. On binding viral RNA, the NLS is covered allowing the 
NES to act. This is achieved by the NES binding Crml, which is related to importin-p and 
mediates nuclear export (Fomerod etal, 1997, Stade etal, 1997). Once outside the nucleus. 
Rev releases the RNA, thus exposing the NLS, which binds directly to importin-p without 
the need for an intermediate, so enabling its re-uptake to the nucleus (Henderson & 
Percipalle, 1997).

In transporting the unspliced viral RNA to the cytoplasm Rev switches the cell 
from early to late phase of infection. Viral RNA is accumulated during the latent early 
stage, and is then followed by a burst of structural protein synthesis and cell lysis (Feinberg 
et al, 1986, Sodroski et al, 1986). Another consequence of Rev function is that the ratio 
of spliced to unspliced cytoplasmic RNA is shifted in favour of the unspliced RNA. This 
leads to the increased synthesis of the Gag and Env proteins, and also to decreased synthesis 
of the regulatory proteins Tat and Rev. Thus Rev is able to negatively regulate itself and 
establish an equilibrium between regulatory and structural protein synthesis (Malim etal,
1988).

1.2.3- Accessory genes
Whereas tat and rev have been shown to be essential, the accessory genes, vif, vpr, 

vpu, and nef, have proved to be unnecessary for viral replication in vitro, hence the 
designation “accessory”. In vivo however their roles become more apparent (reviewed in 
(Trono, 1995)).

1.2.3.1- vif
Virion infectivity factor, vif, is a late gene of HIV-1 and its protein, Vif, is found in 

the cytoplasm of infected cells and is predominantly membrane associated (Michaels et
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al., 1993), where it co-localises with Pr55®̂ ® (Simon et al., 1997). It is not however found 
in the virion itself. Vif is targeted to the plasma membrane via its interactions with the NC 
portion of Pr55®̂ ® although it is unable to bind mature NC (Bouyac et al., 1997, Hu vent et 
al, 1998). Without this interaction there is no preferential targeting of Vif to the plasma 
membrane (Huvent et al,, 1998).

It has been shown that if vifis mutated, virus can be produced by the HIV-1 infected 
cells, but this virus cannot initiate infection. This suggests a defect in the late stages of the 
viral life cycle, which results in the non-infectious particle. While the virions produced 
can bind and enter target cells, they are unable to properly synthesise proviral DNA (Hoglund 
et al, 1994). However this v î/requirement is cell type dependent (Gabuzda et al., 1992), 
and is conferred on the virus not by the target cell, but by the virus-producing cell. It is 
necessary in primary cells, such as peripheral blood lymphocytes, PEL, and a few cell 
lines, but in the majority of cell lines it appears that a cellular factor can substitute for Vif.

Electron microscopy has shown that in cells requiring Vif there is a nucleoprotein 
packaging problem if it is absent (Hoglund et al, 1994). Furthermore point mutations in 
the same area of Vif that abolish virus infectivity also dramatically decrease Gag-Vif binding 
(Bouyac et al, 1997). It is posited therefore that Vif acts during virion assembly, budding 
or maturation such that virions are modified in a way that allows them to undergo productive 
infection. Its importance in vivo is further substantiated by studies on HIV-2. Even though 
the sequence of HIV-2 Vif is only distantly related to that of HIV-1, its function is conserved 
(Michaels et al., 1993).

1.2.3.2- vpr
Vpr, viral protein R, is 15 kDa in size, and is the only accessory protein that is 

found in significant amounts in the virion. Incorporation of Vpr into the virion requires the 
pr55®''s polyprotein, and direct interaction can be demonstrated between the two (Lavallee 
et ai, 1994). More recently it has been shown that both p6 (Checroune et al., 1995, Kondo 
et al., 1995, Lu et al, 1995), and NC, which binds Vpr with a zinc finger within its c- 
terminal part (de Rocquigny et al, 1997), are required for its incorporation into the virion. 
In the virion Vpr co-localises with p24 Gag immediately below the viral envelope, whereas 
in the cell it can be seen to accumulate in the nucleus and the nuclear envelope (Vodicka et 
al., 1998, Wang eta l,  1994).

Initial mutational analysis of vpr showed that although the mutant HIV-1 remained 
infectious and cytopathic in cell lines and activated CD4 T-cells, the growth kinetics were 
slowed and cytopathicity somewhat reduced (Cohen et al, 1990, Ogawa et al, 1989). 
Further work demonstrated that one function of Vpr is to facilitate the transport of the viral 
preintegration complex into the nucleus (Heinzinger et al, 1994). This role can also be 
carried out by Gag matrix (MA) protein, although to a lesser extent. If both proteins are 
lost, transport to the nucleus cannot occur. The reason why MA is less efficient appears to
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be the fact that Vpr itself does not contain an NLS, but acts by associating with karyopherin- 
a  (importin-a) and increasing the karyopherin’s binding affinity for NLS such as those 
found in MA (Popov et al, 1998b), increasing the ability of the preintegration complex to 
bind nucleoporins and thereby enter the nucleus (Popov et al, 1998a).

While this is of little consequence in dividing cells, where the nuclear membrane 
breaks down during cell division, it is vital in non-dividing cells such as macrophages. 
Without the presence of either of the two proteins, infection of non-dividing cells such as 
macrophages, an important feature of HIV-l, cannot take place (Heinzinger et al, 1994). 
The importance of Vpr can be demonstrated in vivo in SIV models. If Rhesus monkeys are 
infected with mutant vpr virus, many viruses spontaneously revert to wild type, and those 
monkeys that do not have revertants have a lower viral burden and show no clinical features 
of disease (Lang et al, 1993).

More recently a second role for Vpr has been defined. Vpr was shown to induce 
differentiation in rhabdomyosarcoma cell lines, leading to an altered morphology and lack 
of replication (Levy et al, 1993). This lack of replication was also noticed in T cells, 
which underwent differentiation and arrest in G2 of the cell cycle (Rogel et al, 1995), 
leading to a failure to establish chronic infections. However T cells infected with a vpr 
deficient HIV-1 readily established long term cultures (Rogel et al, 1995). It is possible 
that this G2 arrest is achieved via the interaction between of Vpr with MOV34, a molecule 
that is potentially involved in regulating the G2/M transition of the cell cycle (Mahalingam 
e ta l,  1998).

The loss of ability to infect T cells chronically appears counterintuitive, but this 
may be rendered less of an issue in vivo because of the rapid elimination of virus-producing 
T lymphocytes (Ho et al, 1995, Wei et al, 1995), and by the fact that Vpr can increase 
viral transcription in macrophages and other non-dividing cells even though these are 
refractory to replication and therefore cannot reach G2 (Subbramanian etal, 1998, Trono, 
1995). Also retroviruses, unlike DNA viruses, do not rely on host cell DNA replication for 
their own replication, but instead rely on transcription to produce their genomic RNA. 
Thus cell cycle arrest need not mean reduction in viral replication. In fact G2 arrest may be 
beneficial as this is the phase of the cell cycle in which the LTR is most active, and thus 
viral genome expression is at an optimum (Goh et al, 1998).

Vpr is thus probably not an accessory gene in vivo, but a necessity, not only targeting 
the pre-integration complex to the nucleus, but also enhancing viral replication. A possible 
reason for the selection against Vpr that is seen in vitro, is demonstrated by the infection of 
the Jurkat cell line. Vpr acts on Jurkat cells to arrest them in G2, thereby increasing viral 
gene expression and genome production per cell, but in turn reducing cell viability ( Yao et 
al, 1998). Since this cell line is rapidly dividing, unlike primary cells such as macrophages, 
the arrest in G2 and reduction in viability (and therefore a reduction in cell numbers) 
probably outweigh the advantages of an increase in viral genome production per cell.
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1.2.3.3- vpu
The late viral gene vpu is found only in HIV-1 and not HIV-2 or SIV (Cohen et al,

1988), and encodes a post-translationally phosphorylated protein that is located integrally 
bound to the inner membranes of the infected cell. It is not virion associated (Strebel et al,
1989). Vpu is expressed from a single rev-dependent bicistronic mRNA that also encodes 
Env (Friborg et al, 1994). It has two independent functions in the HIV-1 life cycle: down- 
modulation of the cell surface expression of certain membrane proteins via selective 
proteolysis, and enhancement of virion release.

Known targets of Vpu induced proteolysis include CD4 (Willey etal, 1992a, Willey 
etal, 1992b) and MHC class I (Kerkau gr a/., 1997). In HIV-1 infected cells both CD4 and 
gpl60 pass through the ER after synthesis where they may bind each other, resulting in 
them becoming trapped, with the eventual degradation of gpl60. The presence of Vpu in 
the cell causes this CD4 to be translocated from the ER to the cytosol where it is rapidly 
degraded by proteosomes (Schubert et al, 1998), shortening its half-life from 7 hours to 
12 minutes (Willey etal, 1992a). This down-modulation of CD4 has been shown to enhance 
intracellular transport and maturation of gpl60 by preventing its trapping (Willey et al, 
1992b). However the presence of Vpu has also been shown to lead to a decreased rate of 
syncytia formation and of subsequent cytopathicity, due to a lower expression of gpl20 on 
the cell surface (Friborg et al, 1994, Terwilliger et al, 1989, Yao et al, 1993). How an 
enhancement of gpl60 maturation leads to lower cell surface gpl20 expression is not 
clear.

Infection with vpu~ HIV-1 results in impaired virion release (Friborg et al, 1994, 
Klimkait et al, 1990, Terwilliger et al, 1989). These virions contain multiple cores and 
can bud into vacuolar compartments as opposed to the plasma membrane (Klimkait et al,
1990). In addition there is an accumulation of cell-associated viral proteins (Klimkait et 
al, 1990, Terwilliger et al, 1989). In order to enhance particle release Vpu targets MA, 
although pr55®"s does not require proteolytic processing for MA to function in this respect 
(Lee et al, 1997), however the exact mechanism that leads to enhancement has not been 
elucidated. Thus Vpu is required for proper maturation and release of virions, as well as 
down-regulating both CD4 and viral cytopathicity.

1.2.3.4- nef
Nef is a 27 kDa cytoplasmic protein associated with the plasma membrane through 

myrisfylation at its N-terminus (Schwartz et al, 1995, Trono, 1995). It was originally 
thought, after experiments in cell lines, that Nef was an inhibitor of viral replication via 
dose-dependent rra«5-suppression of the LTR and that it played a role in establishing viral 
latency, hence its name derived from negative factor (Ahmad & Venkatesan, 1988). However 
it was soon demonstrated that Nef is required in vivo for high viral loads and induction of
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AIDS. It has three main effects; CD4, MHC I (Schwartz et al, 1996), and possibly FcyRI 
and RJI (De etal, 1998) down-regulation, attenuation of T-cell activation, and enhancement 

of viral infectivity.
CD4 is a transmembrane protein found on the cell surface of many haematopoietic 

cells. In some cells, including T-cells, its cytoplasmic tail is associated with pSb̂ '"*, a tyrosine 
kinase. Nef induces internalisation of CD4, which enters the early endosome and is rapidly 
degraded (Salghetti etal, 1995, Schwartz etal, 1995). This leads to a 10-20 fold reduction 
of cell-surface CD4 and is accompanied by a decrease in the half-life from 7 to 3.5 hours 
(Schwartz et al, 1995). It appears that Nef interacts with CD4 at the same location as 
p56'^ ,̂ displacing it from the complex and allowing internalisation of CD4 (Salghetti etal,
1995), while p56 ‘̂"* remains at the cell surface (Schwartz et al, 1995). Internalisation is 
achieved by Nef acting as a connector between CD4 and components of clathrin-coated 
pits (Piguet et al, 1998). It is thought that this may offer the cell protection against virus 
envelope induced cytopathic effects and super-infection, and enhance virion infectivity by 
preventing the sequestration of the viral envelope by its receptor (Piguet et al, 1998).

Nef has been shown to interfere with IL-2 induced cellular activation and to inhibit 
the production of c-myb, a proto-oncogene required for cell-cycle progression, both of 
which lead to inhibition of activation and proliferation in T-cell lines and peripheral blood 
mononuclear cells, PBMC (Greenway et al, 1995). Whether this is happening at multiple 
levels, or whether the defects are due to a common pathway is not known, but work on 
NIH 3T3 cells has shown that Nef suppresses calcium release from intracellular stores 
after stimulation with platelet derived growth factor (De & Marsh, 1994).

Work on «e/has demonstrated that if it is mutated HIV-1 replicates much less 
efficiently in both cell lines and primary cells with between a 100 to 10,000 fold decrement 
in Gag p24 production (Chowers et al, 1994, Miller et al, 1994). This effect is not due to 
down-regulation of cell surface CD4 by Nef, and is most significant after infection with a 
low titre of virus (Miller etal, 1994). Furthermore if severe combined immunodeficiency, 
SCID, mice containing human fetal thymus explants are challenged with ne f  HIV-1 there 
is a severe depletion of thymocytes, whereas with an attenuated mutant this is not seen 
(Jamieson et al, 1994). More evidence that intact enhances viral infectivity and is 
important for pathogenesis is demonstrated by rhesus monkey models. If a monkey is 
infected with a «e/mutant SIV, it has a lower viral load and fails to progress to AIDS. In 
addition, if it is given nef ihai contains a single attenuating point mutation, the SIV rapidly 
reverts to wild-type and these reverted viruses predominate suggesting a selective pressure 
for ne/(Kestler et al, 1991). However, the mechanism by which Nef acts to enhance 
virion infectivity is not yet understood.

1.2.3.4.1- Ve/deletions and live-attenuated HIV vaccination
Virus attenuated by mutating nef has been much studied as a vaccine candidate.
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Work on SIV in simian models has demonstrated that such vaccines provide effective 
protection against SIV (Almond et al, 1995, Dittmer et al, 1995, Stahl Hennig et al,
1996). Research has also shown that similarly attenuated HIV-2 protects against SIV 
suggesting that such vaccines produce a very broad protective effect (Putkonen et al,
1995). However the vaccines do not prevent infection, they only appear to control it 
(Putkonen eta l,  1995).

That this may prove to be effective in humans has been illustrated in studies of 
long term non-progressors, LTNP (see 1.4.3.3). Examination of the n e /genes in LTNPs 
have shown that in some patients all the n e /genes isolated by polymerase chain reaction, 
PCR, over many years have attenuating mutations (Huang et al, 1995, Kirchhoff et al, 
1995, Premkumar et al, 1996). In Australia a cohort of people infected by blood products 
from the same donor harbour only ne/defective virus, and all (bar one individual who died 
from complications of systemic lupus) remain in good health with normal CD4 T-cell 
counts and low virus titres some twelve years after infection (Deacon et al, 1995). This 
suggests that n e /deficient HIV-1 infection is less virulent and is unable to progress to 
AIDS. However the majority of LTNPs do not have such mutations, indicating that this is 
only a minor cause of LTNP.

While this vaccination strategy appears to be very effective there are problems. 
Some studies have shown evidence of reversion to wild-type (Dittmer et al, 1995, Stahl 
Hennig et al, 1996). Also, although protective in the adult monkey, «^/-attenuated SIV in 
neonates leads to haemolytic anaemia, CD4^ T-cell depletion and other symptoms (Baba 
et al, 1995). This suggests Nef does not determine pathogenesis in neonates, and thus 
renders such vaccines unsuitable until these problems are addressed.

1.3- HIV-1 life cycle

Like all retroviruses, the life cycle of HIV-1 is divided into two phases, early and 
late (see Fig. 1.3). The early phase starts with virion binding and incorporates all steps, 
including reverse transcription, up to integration of the viral DNA with host DNA. The 
late phase involves events from transcription of the provirus to the packaging and release 
of mature virions that are replication competent.

1.3.1- Early phase
The main cellular receptor for HIV-1 is CD4, which binds the gpl20 envelope 

protein (Dalgleish e tal, 1984, Klatzmann etal,  1984, Maddon etal,  1986). On binding 
to CD4, gpl20 undergoes a conformational change allowing it to bind one of several co
receptors (Alkhatib et al, 1996, Deng et al, 1996, Dragic et al, 1996, Feng et al, 1996), 
which in turn allows the viral and cell membranes to fuse. The viral core then enters the
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Figure 1.3- The life cycle of HIV-1

A cartoon depicts the main events in both the early and late phase of the HlV-1 life cycle.
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cytoplasm and uncoats, requiring an as yet unidentified cellular cofactor. A pre-integration 
complex (viral RNA, Gag MA protein, reverse transcriptase, and integrase) is formed, and 
the retroviral genome is reverse transcribed to produce a DNA copy. The RNase H activity 
of reverse transcriptase then removes the RNA and the second strand of DNA is synthesised.

At some point in this early post-entry stage MA has an important but not fully 
defined effect. Mutation of certain highly conserved amino acids within MA leads to a 
defect at this time, although this is probably as a consequence of events that have taken 
place during assembly (Kieman et al., 1998). It is not however due to changes in pr55^“® 
targeting or Env incorporation.

Unlike animal onco-retroviruses which infect dividing cells that consequently lack 
a nuclear membrane, HIV-1 can infect non-dividing cells such as terminally differentiated 
macrophages. This requires the viral cDNA, in the pre-integration complex, to be transported 
across the nuclear membrane via an ATP-dependent mechanism (Bukrinsky et al, 1992). 
This ATP requirement provides a possible explanation why in quiescent primary T cells 
viral cDNA does not integrate, as these T cells are metabolically relatively inactive and 
may not harbour sufficient ATP (Bukrinsky etal., 1992, Bukrinsky etal., 1991). Transport 
across the nuclear membrane is mediated by two different HIV-1 encoded proteins, MA 
and Vpr.

Gag matrix protein, MA, part of the pre-integration complex, contains a nuclear 
localisation signal, NLS, which conveys on it karyophillic properties. This sequence confers 
similar properties when conjugated to heterologous proteins (Bukrinsky et al., 1993). The 
NLS is recognised by Rch 1, a member of the karyopherin-a family, that rapidly translocates 
it across the nuclear membrane (Gallay et al., 1996). As discussed in section 1.2.3.2 MA 
interacts with Vpr to enhance nuclear localisation.

In addition to the NLS, MA is also myristoylated at its amino-terminus. 
Myristoylation, which is dominant over the NLS, has an opposing role targeting MA to 
the cell surface for virion formation (Gallay et al., 1995a). However a subset of MA 
undergoes C-terminal tyrosine phosphorylation by a cell-membrane associated tyrosine 
kinase at the time of virion particle assembly (Gallay et al, 1995a). Whilst the majority of 
MA in the virion is found in the capsid, this phosphorylated subset is able to bind integrase 
and form part of the pre-integration complex, and thus overcome the dominant 
myristoylation (Gallay etal, 1995b).

Once inside the nucleus integrase acts on the DNA and allows it to insert in the 
host genome (Bngelman etal, 1991). Work on Molony-murine leukaemia virus indicates 
that linear DNA is required for integration and that the circular DNA formed after 
translocation to the nucleus is not necessary and may even prevent integration (Fujiwara & 
Mizuuchi, 1988).

1.3.2- Late phase
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The late phase of the life cycle requires the production of functional virions. This 

requires the manufacture of viral RNA and virion proteins and their co-ordinated targeting 

to an assembly site located on the cell membrane.

Viral RNA transcripts of varying length are produced from the provirus (see section 

1.2.2.2), including the full length genomic RNA. This genomic RNA forms a dimer and is 

complexed with Gag and Pol proteins. The Gag polyprotein forms the primary building 

block of the newly forming virion. It is able to self-assemble to create virus-like particles, 

that can bud off, in the absence of other HIV-1 proteins and does not require the 

encapsidation of RNA perse, although RNA is important in condensation of mature virions 

(Jowett et a i,  1992). Thus Gag is able to direct transport to the cell surface, capsid formation, 

and budding of the virus independently.

The N-terminal glycine of the Gag precursor is myristoylated. Loss of the glycine 

residue, and therefore failure of myristoylation, results in the accumulation of Gag in the 

cytoplasm which is neither integrated into the virion, nor processed into mature capsid 

components (Bryant & Ratner, 1990). This is due to the inability of unmyristoylated Gag 

to associate with the cell membrane (Bryant & Ratner, 1990).

As well as targeting to the membrane, the subunits of Gag are involved in the 

correct combining of the other components of the virion. Two zinc-finger-like motifs in 

the NC domain of Gag act in trans on cA-acting sequences in the viral RNA to ensure the
( lA M  i l]

incorporation of only genomic viral RNA (Gorelick et al., 1990). As said, though, while 

NC is important in the uptake of viral DNA, it is not the exclusive determinant RNA 

selectivity within the virus (Poon et al., 1998).

MA is required for the incorporation of the g p 4 1 /gp 120 complex <^Dorfman et al., 
1994, Facke et al., 1993). The g p 4 1 /gp 120 complex is derived from a gp 160 precursor 

polyprotein that is cleaved by a cellular protease. If it is not cleaved it is still transported to 

the cell surface but it is no longer incorporated (Dubay et al., 1995). The C-terminus of 

gp41 interacts with MA at the cell surface during the assembly and budding process 

(Bugelski et al., 1995, Dorfman et a i ,  1994, Dubay et al., 1992). This interaction may 

account for the inclusion into the viral membrane of a greater percentage of envelope 

glycoprotein than is found in the cell membrane and the exclusion of most of the host cell 

surface proteins (Bugelski et al., 1995).

The final steps in virion formation involve the budding and “pinching-off ’ of the 

virion from the cell, and the maturation of the viral core. MA is important in budding, with 

its absence leading to incorrect budding mainly in to the ER as opposed to the cell surface 

(Facke et a i,  1993). It also interacts with Vpu to enhance particle release (Lee et al.,

1997). Pinching-off requires the p6 component of Gag. W ithout it budded virus, in an 

immature form, accumulates on the cell surface attached by a thin stalk (Gottiinger et al.,
1991). Maturation, which occurs after release of the immature virionf e rn the cell (Kohl 

et al., 1988, Peng et al., 1989), involves cleavage of the Gag po lypro tein  to its
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subcomponents by the viral protease, in a sequential manner (Wiegers et al, 1998), and 
condensation to give an electron dense core (see section 1.2.1.1). Condensation requires 
intact MA (Facke et al, 1993), and the presence of genomic RNA (Jowett et al, 1992)

1.4- Clinical course of HIV-1 infection

The clinical course of HIV-1 is multiphasic (see Fig 1.4). Typically there is an 
initial infection associated with viraemia and a flu-like illness, followed by a prolonged 
period of clinical latency. Eventually this leads to a stage of clinically apparent disease 
(AIDS) characterised by an increased susceptibility to opportunistic infections and certain 
neoplasms.

The primary infection is controlled in the majority of people by a vigorous humoral 
and cell-mediated immune response. However this rarely clears the virus completely, but 
instead leaves the individual in a state of clinical latency, with markedly reduced viral 
replication and plasma viraemia. In the majority of these individuals this phase lasts several 
years before the onset of AIDS, but it is evident that there is a group of people in whom the 
disease progresses much more rapidly, and a group in whom the disease progresses much 
more slowly, if at all.

During clinical latency there is still rapid turn_pver of virus and CD4+ T-cells in all 
cases regardless of rate of progression. Thus it is important to understand whether these 
extreme groups are simply the tails of a normal distribution, or distinct groups with a 
fundamental difference in some virological or immunological aspect.

1.4.1- Primary infection
The main portal of entry for HIV-1 is via the bloodstream and/or the mucosa, 

depending on the mode of transmission (Pantaleo & Fauci, 1995). This may be by infected 
needles and blood products or by sexual intercourse. The transmission is followed by 
virologie, immunologic and clinical sequelae that are the hallmarks of primary infection.

The clinical syndrome associated with primary infection occurs in about 50-70% 
of patients (Pantaleo & Fauci, 1996). Symptoms occur around 20 days post-infection (Clark 
et al, 1991), last on average around 14 days (Cooper et al, 1985), but may persist up to 
three months (Daar etal,\99\). These symptoms include fevers, sweats, myalgia, arthralgia, 
lethargy, malaise, nausea, vomiting, lymphadenopathy, headaches, photophobia and rashes, 
giving a mononucleosis-like illness (Coopérera/., 1985). The generalised and non-specific 
nature of the illness makes it hard to diagnose, thus making the study of acute infection 
difficult. It appears also that the severity of initial illness is connected with a poorer 
prognosis, and that this has a dose-response relationship (Vanhems et al, 1998).

Initial infection is established primarily in the lymph nodes (Pope et al, 1994). It
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Figure 1.4- Clinical, immunological and virological course of a typical HIV infection

Following initial infection there is an acute viraemic episode in which high titres of both viral RNA and 

infectious virus are seen. The excess of viral RNA over infectious virus represents neutralised and replica

tion-defective virus. The induction of a CD8  ̂ cytotoxic T lymphocyte (CTL) response leads to a rapid 

decline in virus titre. This is followed by the production of neutralising antibody. Together the CTL and 

antibody response lead to an asymptomatic, or latent, period. During this time there is rapid turn over in 

both virus and CD4̂  T cells, although CD4̂  T cell numbers remain relatively stable. However there is a 

gradual dechne in CD4̂  T cell numbers during tliis asymptomatic phase and at a mean time of 10 years 

a rapid fall commences. This is associated with the onset of AIDS, rising virus titre, dysfunction of both 

the cellular and humoral immune systems and subsequently death. (Diagram adapted from Poignard, P., 

Klasse, P.J. & Sattentau, Q.J. Immunolog}' Today (1996) 17, 239-46).
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is here that the main immune response is mounted with the interaction of antigen presenting 
cells, B-cells and T-cells. Paradoxically this results in the activation of CD4+ T-cells, making 
them favourable for infection, integration, and replication of HIV-1, suggesting that the 
immune response itself might be important in the establishment of infection (Pope et al,
1994).

In the lymph nodes there is a peak of virus expressing cells at about 10 days post
infection (see Fig. 1.5). Virus in the plasma peaks 7 days after that of the lymph nodes, 
closely mimicking p24 antigen levels in the blood, and is also associated with the peak of 
clinical symptoms (Clark et al, 1991) and a transient depletion of CD4+ T-cells (Koup et 
ai, 1994). In addition to plasma viraemia, virus is also found in PBMC and cerebrospinal 
fluid, whose profile over time is similar to that of plasma (Daar et ai, 1991). It is not clear 
whether initial infection occurs via one or more strains of HIV-1, although at ten days after 
the onset of symptoms the viral population is rarely homogeneous, albeit with a very 
restricted heterogeneity (Karlsson etal., 1998).

The first immune response detected is the presence of virus-specific cytotoxic T 
lymphocytes, CTL (Cooper et ai, 1985, Koup et al., 1994). These are predominantly Gag- 
specific, together with a smaller but significant Env component (Bollinger et al., 1996). 
Control of plasma viraemia correlates with the Env-specific CTL component, and only to 
a lesser extent with the Gag- and Tat-specific CTL (Borrow et ai, 1994). High levels of 
CTL are associated with rapid and effective clearance of virus (Bollinger et ai, 1996), 
whereas a poor response can lead to prolonged symptoms, persistent viraemia and rapid 
progression to AIDS (Borrow et al., 1994, Koup et al., 1994). The relationship between 
drop in viraemia and induction of CTL is, however, temporal and does not prove cause and 
effect. It is possible that the decrease in viraemia might be due to exhaustion of permissive 
target cells (Bollinger et al., 1996, Koup et ai, 1994). In addition to their cytotoxic role, 
CD8^ T-cells produce a non-cytolytic soluble factor that has anti-HIV-1 activity. This activity 
rises during primary infection and may complement cytotoxicity in reducing plasma 
viraemia (Mackewicz et al., 1994).

Analysis of the variable-domain (3-chain (V(3) families has revealed qualitative 
differences between patients. Most patients demonstrate a broad expansion of HIV-specific 
CD8+ T cells initially (Pantaleo et al., 1997). However this rapidly disappears leaving 
some with single subset expansions and some with a broad response (Fauci et al., 1996, 
Pantaleo et al, 1994). Major immediate expansion of a single subset correlates with rapid 
progression to AIDS (Fauci et al., 1996).

The humoral response to HIV-1 occurs some days after the cell-mediated response. 
As the levels of virus in plasma decrease so the levels of antibody increase (Clark et al., 
1991, Daar et al, 1991). However the initial antibodies developed do not neutralise virus, 
but are complement binding (see Fig 1.5). Neutralising antibodies are not found until 
viraemia has been controlled and the patient has entered clinical latency (Koup et al..
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Figure 1.5- Events in primary HIV infection

Initial HIV infection is located primarily in the lymph nodes, where the number of virus expressing cells 

peaks early. This precedes the peak of viraemia as measured by p24 antigen levels in the blood. Rapidly 

rising numbers of virus-specific cytotoxic T lymphocytes (CTL) lead to a dramatic decrease in lymph 

node-associated virus. A reduction in viraemia is seen later and occurs due to both the CTL response and 

the emergence of complement (C’) binding antibodies, whose appearance coincides with that of virus 

trapping in the follicular dendritic cell network in the germinal centres of lymph nodes. Neutralising 

antibodies are not detected until after the transition from the acute phase to the ‘latent’ chronic phase of 

infection. (Diagram adapted from Pantaleo, G. & Fauci, k.'^.Annu Rev Immunol (1995) 13,487-512).
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1994). The time taken for neutralising antibodies to appear varies between patients from 
about 1 to 10 months after onset of symptoms, with an average of around four months 
(Pilgrim et al, 1997).

Acute infection also leads to an altered serum cytokine profile. IFN-y peaks early, 
around the same time as the emergence of virus-specific CTLs, followed by IL-10 and 
TNF-a (Barcellini et al, 1996, Biglino et ah, 1996, Graziosi et al, 1996). Whilst the 
levels of most cytokines return to near normal once the disease has entered the latent 
stage, TNF-a remains raised (Barcellini etal., 1996). IL-6 is not found in the initial infection 
although in some it can be raised after viraemia is cleared (Barcellini etal., 1996, Graziosi 
et al., 1996). IL-2 and IL-4 cannot be detected in the blood, but are detectable to a limited 
extent in the lymph nodes (Graziosi et al., 1996).

Since primary infection is difficult to diagnose and therefore study, infection of 
rhesus monkeys with SIV from macaques has been used to model primary infection in 
humans (Reimann et al., 1994). These studies have shown a dramatic increase in viral 
RNA in the lymph nodes and in p27 antigenaemia at around day 10. Virus specific CD8^ 
CTL can be detected as early as day 7, although there is a transient drop in CD8^ T-cell 
levels until antigenaemia is detected and they rise again. This rise correlates with viral 
clearance. Virus specific antibodies are seen at around day 14 and peak at around day 30, 
by which time the virus is entering the clinically latent phase (Reimann et al., 1994).

1.4.2- Clinical Latency
Once the initial viraemia associated with primary infection is controlled, patients 

enter a period of clinical latency during which they experience no symptoms and have 
stable levels of virus, neutralising antibodies, and CTL (see Fig. 1.4). During this time 
viraemia is hard to detect by normal methods, numbers of infected cells in the blood are 
low, and virus is difficult to isolate (Pantaleo etal., 1993, Schuitemaker etal., 1992a).

However clinical latency does not equate with viral latency. Ultrasensitive 
quantitative PCR has shown that significant levels of virus do actually exist in plasma 
throughout all stages of disease including latency (Piatak etal., 1993). Furthermore, analysis 
of lymphoid tissue has shown that HIV-1 is active there even though there is minimal viral 
activity in the blood. It is not until the advanced stages of the disease that levels in the 
blood reach those of the lymph nodes (Pantaleo etal., 1993). The use of protease inhibitors 
to block de novo infection of cells in patients has allowed the quantification of viral and 
CD4^ T-cell turnover (Ho et ai, 1995, Wei et al., 1995). This work indicates that 1x10^ 
viruses are produced and cleared each day, with a half life of two days. Most of this virus 
is produced in the lymph nodes from newly as opposed to chronically infected cells. They 
also estimate that approximately 2x10^ CD4+ T-cells are turned over each day, with the 
whole peripheral population changing every 15 days. Moreover it suggests that viral load 
is not dependent on viral clearance, but on viral production, and that CD4+ T-cell depletion
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in HIV-1 is not due to lack of production of said cells but due to killing (Ho et al, 1995).
This rapid turnover of virus and cells leads to chronic activation of the immune 

system, which in turn leads to its gradual deterioration in the vast majority of patients, and 
to progression of the disease.

1.4.3- Progression to AIDS
Primary infection leads to a vigorous immune response that controls HIV-1 disease 

and leaves the patient in a state of clinical latency. However during this time the disease is 
still progressing, as evidenced by a continuous decline in CD4+ T-cell count and loss of 
lymph node architecture (Pantaleo et al, 1993), and the gradual decline of HIV-specific 
CTL, which are at least partially responsible for maintaining latency (Bollinger et al.,
1996), eventually resulting in AIDS in the bulk of cases.

It is not as yet clear which pathological mechanisms cause progression. Many 
have been suggested and all may have a role to varying degrees, including: direct HIV-l 
cytopathic effects (Fenyo et al, 1989, Rudensey et at., 1995), HIV-induced T-cell defects 
such as abnormal signalling (Linette et al, 1988), atypical apoptosis (Terai et al, 1991), 
induction of T-cell anergy (Schols & De Clercq, 1996), and enhancement of HIV 
pathogenicity by other infections (Ho, 1992). However the primary cause of progression 
is possibly that there is continual rapid turnover of virus and CD4^ T-cells leading to 
persistent immune activation and gradual destruction, with the aforementioned mechanisms 
being epiphenomena of this (Ho et al, 1995, Wei et al, 1995).

Nevertheless, even though the exact cause remains uncertain, many factors have 
been proposed as markers of progression. Aside from the main marker of CD4+ T-cell 
decline, it has been shown that a shift from macrophage tropic (M-tropic) to T-cell-line 
tropic (T-tropic) virus (see section 1.5.3), with an associated shift from a non-syncytium 
inducing (NSI) phenotype to a syncytium inducing (SI) one, heralds the onset of a more 
rapid CD4^ T-cell decline and the imminent onset of AIDS (Koot et al, 1993, Rudensey et 
al, 1995, Schuitemaker et al, 1992a). Furthermore an increase in enhancing antibodies 
(Homsy et al, 1990), a decrease in HIV-specific CTL (Bollinger et al, 1996, Livingstone 
et al, 1996), and a decrease in non-cytolytic, soluble CD8^ T-cell-mediated anti-HIV activity 
all correlate independently with disease progression (Blackbourn etal,  1996, Mackewicz 
et al, 1991). In all these examples it is not evident whether these are the causes of, or the 
results of disease progression.

The rate of progression and thus the length of clinical latency varies dramatically 
between patients, hence the need for prognostic markers. These different rates have been 
usefully subdivided into four groups (Pantaleo & Fauci, 1996, Schrager etal, 1994). These 
are rapid progressors, typical progressors, long-term non-progressors, and long-term 
survivors (see Fig 1.6). It is not apparent whether these groups form sections of a continuous 
distribution, or whether they are distinct entities. However the elucidation of why some
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Figure 1.6- Different routes of progression of HIV
Four schematics, showing CD4̂  T cell counts and viraemic levels, illustrate the different courses of dis

ease progression. SoUd symbols represent CD4̂  T cell counts, and symbol-less hnes to levels of plasma 

viraemia. (Diagram adapted from Pantaleo, G. & Fauci, LS.Annu Rev Microbiol (1996) 50,825-854).
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progress rapidly and some slowly may be of fundamental importance to understanding 
pathogenesis.

1.4.3.1- Rapid progressors
Rapid progression is defined as having an AIDS defining diagnosis within four 

years of contracting the disease, and occurs in 10-15% of cases (Phair et al, 1992). Rapid 
progressors experience faster CD4+ T-cell loss (see Fig. 1.6), and tend to have a higher 
viral burden and lower levels of virus-specific CTL than average (Bollinger et al, 1996, 
de Rossi et al, 1991, Sheppard et al, 1993). It has been shown that age, race and gender 
are probably not significant factors in rate of progression, but a greater number of high 
risk sexual activities, and by association repeated exposure, does correlate with faster 
progression (Phair et al, 1992). However there is some weak evidence that older people 
who are infected may progress fractionally faster (Belanger et al, 1997).

Analysis of virus taken at multiple time points from an individual who was infected 
in an accident by T-tropic, syncytium-inducing virus and who progressed rapidly, showed 
that post-transmission the virus had shifted from a T-tropic to a predominantly M-tropic 
phenotype, before switching back again shortly before a diagnosis of AIDS was made, but 
at all times the virus remained SI (Schuitemaker et al, 1992a). This provides anecdotal 
evidence that SI phenotype, but not viral tropism, is important in rapid progression. Indeed 
others have shown that the presence of SI phenotype in viruses during the initial illness 
appears to result in rapid progression (Nielsen et al, 1993).

As well as having lower levels of CTL, rapid progressors often fail to develop a 
broad CTL response, and instead have a major expansion of only a single VB subset (Fauci 
et al, 1996, Pantaleo et al, 1994). They may also possess enhancing antibodies, that, as 
opposed to neutralising the virus, render it more infective (Levy, 1993). In addition it is 
possible that certain human leukocyte antigens, HLA, such as HLA-DQB1 in Caucasians, 
may be associated with rapid progression (Achord et al, 1997).

1.4.3.2- Typical progressors
This group represents the majority, 70-80%, of HIV-l infected people. They progress 

to AIDS in about 8-10 years post-infection (see Fig. 1.6), and their CD4+ T-cell count 
decreases by an average of 70 a year (Sheppard et al, 1993). They exhibit a gradual loss of 
lymph node architecture, especially in the follicular dendritic cell (FDC) network, and 
eventual lymph node involution (Pantaleo et al, 1995). In comparison to long-term non- 
progressors they have a higher viral burden in both the blood and the lymph nodes, and 
virus can be cultured from plasma (Pantaleo etal,  1995).

1.4.3.3- Long-term non-progressors
The outward appearance of a normal immune system (i.e. clinically asymptomatic).
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and a stable CD4+ T-cell count above 500 x 10̂ /1 more than eight years after initial infection 
(see Fig. 1.6) define long-term non-progression, LTNP (Schrager et al., 1994). 
Approximately eight percent of those infected fall into this category (Buchbinder et al.,
1994).

In comparison to typical progressors, LTNPs have detectable but quantifiably less 
viral RNA in their plasma and furthermore it is not possible to culture virus from plasma 
nor observe infectious virus in PBMC (Cao et al., 1995, Cao et al., 1996, Pantaleo et al.,
1995). Phenotyping of virus reveals a predominantly M-tropic, NSI population that is 
replication proficient, with little or no T-tropic or SI virus (Cao et al., 1995, Cao et al., 
1996, Sheppard et al., 1993). Genotyping indicates that the accessory genes vpr, and 
vpu are all intact and functional (Zhang et al, 1997).

Although experiments in monkeys have shown that «^/-deficient SIV infection 
leads to non-progression, in 90% of LTNP, nef is intact (Huang et al, 1995). Nevertheless 
there is much evidence that if there is no intact nef the patient will not progress, accounting 
for a discrete subset of LTNPs (Blaak et al, 1998, Deacon et al, 1995, Kirchhoff et al, 
1995, Premkumar et al, 1996). Genotyping of patients has revealed that those heterozygous 
for a mutant form of CCR5, a co-receptor for HIV-cell entry, have a statistically significant 
greater chance of being an LTNP (Dean et al, 1996).

CD4+ T-cell counts remain high in LTNPs. However they are lower than those in 
the general population (Buchbinder et al, 1994, Lifson et al, 1991). CD8^ T-cell counts 
are raised and a high number of Gag-, Pol-, and Env-specific CTL are detectable (Bollinger 
et al, 1996, Buchbinder et al, 1994, Lifson et al, 1991). NK activity is lower than in the 
general population, and indeed less than that of progressors (Lifson etal, 1991). In contrast 
to progressors their lymph node architecture and FDC network remain intact and lymph 
nodes have a lower viral burden (Pantaleo et al, 1995).

In comparison to typical progressors titres of antibody are higher (Pantaleo et al,
1995), and the range of neutralising antibody broader (Pilgrim et al, 1997). These lack 
enhancing ability and neutralise laboratory strains of HIV-l such as HIV-IIIB poorly (Lifson 
et al, 1991). In addition to higher antibody titres, levels of non-cytolytic, soluble CD8^ T- 
cell-mediated anti-HIV-1 activity are greater, rendering PBMC less susceptible to infection 
(Bollinger et al, 1996, Cao et al, 1995). Analysis of RANTES and M IP-la levels show 
that although RANTES is raised and M IP-la is reduced in comparison to healthy controls, 
they are not significantly different to those of progressors. This intimates that not only are 
these chemokines not the “soluble CD8+ T-cell factor”, but also that they do not play a 
significant role in disease progression (Krowka et al, 1997, Zanussi et al, 1996).

While LTNPs are outwardly normal, they do have significant immune system 
abnormalities compared to uninfected individuals. Also most virological and immunological 
markers are similar to those found early in progression in typical progressors, suggesting 
that all will eventually get AIDS without treatment (Sheppard et al, 1993). Furthermore
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almost all (90%) after ten years of disease show some signs, either virological, 
immunological, or both, of disease progression (Lefrere etal,  1997). This intefs, with the 
exception of those infected with ne/-deficient virus, that LTNPs are the tail end of a 
continuous group.

1.4.3.4- Long-term survivors
In the majority of infected individuals when CD4+ T-cell counts drop below 

approximately 200 x lOVlitre the immune system can no longer cope with opportunistic 
infections, resulting in AIDS and death within two to three years. Long-term survivors 
decline at a similar rate to typical progressors (see Fig. 1.6), but on reaching a low CD4+ T- 
cell count do not suffer from any AIDS-defining illnesses and do not progress any further, 
remaining in this state for more than five years (Schrager etal, 1994). This group represents 
a tiny proportion of cases and of those, patients are predominantly of African race (Apolonio 
et al, 1995), Absence of SI variants of HIV-l and p24 antigenaemia, and a high PHA- 
induced T-cell activity are good predictors of long-term survival (Keet et al, 1994a).

1.4.4-AIDS
As the CD4 cell count drops and the immune system becomes ever more impaired, 

the infected individual becomes susceptible to opportunistic infections and neoplasms. 
These fall into two categories, based on the US Centres for Disease Control and Prevention 
definitions (1987, 1992), those that are AIDS defining and those that are not.

Conditions that do not define AIDS are termed AIDS-related complexes (ARC) 
and include substantial unexplained weight loss, diarrhoea, or fever, oral hairy leukoplakia, 
oral candidiasis, listeriosis and pelvic inflammatory disease.

AIDS itself is defined as the presence of one or more of a list of life-threatening 
opportunistic illnesses ( 1987), or a CD4+ T cell count of less than 200/mm^ ( 1992) although 
this criterion is not used in the UK. AIDS-defining infections include bronchial candidiasis, 
cryptococcosis, CMV-based illnesses, tuberculosis, toxoplasmosis, and PCP. Opportunistic 
neoplasms include Kaposi’s sarcoma and non-Hodgkin’s lymphoma. In addition there are 
conditions of unknown aetiology such as HIV encephalopathy, and HIV wasting syndrome.

The exact point at which a person is defined as having AIDS varies. As the US 
definition suggests, it is commonly associated with a CD4+ T cell count below 200/mml 
However Kaposi’s sarcoma can occur at CD4 counts of above 500 (Rozenbaum et al,
1990), and people can remain well with counts below 50 (Schrager et al, 1994). What 
causes the immune system to switch from being able to cope to being unable to cope is not 
clear.

1.4.5- Resistance to infection
There are many well documented cases of people who have had multiple exposures
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to HIV-l but have remained uninfected. A 32-base-pair deletion has been found within the 
gene encoding CCR5, one of the coreceptors for HIV. This allele is found at a frequency of 
10% among Caucasians, and 2-5% among people from the Middle East and Indian 
Subcontinent (Martinson et al,, 1997). Such a deletion results in a receptor that is non
functional and is not expressed at the cell surface (Dean et ah, 1996, Liu et ah, 1996, 
Samson et al., 1996b). Thus among Caucasians one percent are homozygous for the mutant 
allele and have no functional CCR5.

Preliminary investigations indicate that these homozygote individuals are resistant 
to infection, and that this accounts for many of the exposed-uninfected cases among 
Caucasians (Dean et ah, 1996, Liu et ah, 1996), but there are reports of a minority who 
have nonetheless become infected (Balotta et ah, 1997, Michael et ah, 1997b, O’Brien et 
ah, 1997, Smith et ah, 1997, Wang et ah, 1997). Why this mutation is protective for some 
homozygotes and not for others has not been established. While homozygosity protects 
against disease, being heterozygous for the deletion is not protective against initial infection. 
However, it appears that it is protective against disease progression, with heterozygotes 
being twice as numerous in LTNP groups as opposed to rapid progressor groups (Dean et 
ah, 1996, Michael et ah, 1997a, Zimmerman et ah, 1997).

This deletion is rare among African races and does not occur in all those resistant 
to HIV-1. In these remaining individuals CTL responses to HIV-l peptides (Rowland Jones 
et ah, 1995) and Nef (Langlade Demoyen et ah, 1994) have been shown with the absence 
of standard markers of infection, and it is possible that this represents a low level of infection 
that has been cleared (Rowland Jones et ah, 1995), and thus has acted as a vaccine. Whether 
this hypothesis is accurate is unclear, but a transient appearance in HIV-specific CTL is a 
good marker for recent but non-productive exposure to HIV (Rowland Jones et ah, 1993).

1.5- Virus binding and cellular receptors

Specific proteins must be present on the surface of a cell for a vims to successfully 
bind and enter a cell so that it can replicate and establish an infection. What proteins are 
used varies from virus to vims, and is one of the major determinants of viral host range 
and tissue tropism. Receptors for many vimses have been found. For example for the 
major rhinovims serotypes it is CD54 (Greve et ah, 1989), and for polio it is CD155 
(Mendelsohn et ah, 1989). Both of these proteins are members of the immunoglobulin 
superfamily, as is the major receptor for HIV, CD4, although not all viral receptors fall 
into this category.

1.5.1- CD4 is the main cellular receptor for HIV
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Following the original observations that there was a depletion of CD4+ T cells in 
AIDS (Gottlieb et al, 1981, Slegal et al, 1981), the possibility that the HIV receptor was 
CD4 itself was raised. The fact that monoclonal antibodies against CD4 inhibited HIV 
infection and blocked syncytium formation provided evidence to support this hypothesis 
(Dalgleish et al, 1984, Klatzmann et al, 1984). It was further shown that antibodies directed 
against gpl20 could block the binding of HIV to CD4+ cells, and could immunoprecipitate 
gpl20-CD4 complexes from infected T cells (McDougal et al, 1986). CD4 was shown 
conclusively to be the main receptor for HIV by demonstrating that transfecting CD4 
negative, HIV resistant human cells with a CD4 expressing vector lead to them becoming 
susceptible to infection (Maddon et al, 1986).

1.5.1.1- Functions of CD4
As with all viral receptors, CD4 has an important role in normal cellular functions. 

Thus far three functions of CD4 have been observed; it functions as a coreceptor in T-cell 
receptor-mediated T cell signalling, it has a role in T-cell selection in the thymus (reviewed 
in (von Boehmer, 1996)), and it can be involved in apoptosis.

Antigen presenting cells, APC, present peptide on major histocompatibility 
complexes, MHC, to T-cell receptors, TCR, on T cells in what is a relatively low affinity 
interaction (Doyle & Strominger, 1987). CD4 and CD8 act as coreceptors for this interaction 
by increasing its avidity (Dianzani et al, 1992, Doyle & Strominger, 1987), with CD4 
binding MHC class II and CD8 binding MHC class I (Engleman et al, 1981, Krensky et 
al, 1982, M&uqt et al, 1982).

If the TCR-CD3 complex is activated, either by anti-CD3 mAb, anti-TCR mAb or 
by an APC, cocapping of the TCR complex and CD4 occurs (Dianzani et al, 1992, Kupfer 
et al, 1987, Kupfer et al, 1986, Mittler et al, 1989, Rojo et al, 1989, Saizawa et al,
1987), which correlates with a 100-fold increase in the ability to activate T cells (Rojo et 
al, 1989). This cocapping is dependent on the cytoplasmic tail of CD4 (Mittler et al,
1989), which has been shown to be complexed to the protein tyrosine kinase pSb'̂ '" (Rudd 
et al, 1988, Veillette et al,  1988), which in turn has been demonstrated to play a role in T 
cell activation (Marth et al, 1985).

It appears that ligation of the TCR complex and the subsequent physical association 
of CD4 with the TCR leads to phosphorylation of the zeta-chain subunit of TCR by pSb'̂ "", 
allowing the T cells to respond to 10-100 fold less peptide-self MHC (Dianzani et al,
1992). Furthermore cross-linking of CD4, as occurs when it interacts with MHC class II, 
results in a rapid increase in the kinase activity of p56’‘"'', leading to a swifter phosphorylation 
of the zeta-chain subunit (Veillette et al, 1989). Hence the CD4-MHCII interaction has a 
dual role, not only stabilising the TCR-MHC II interaction, but also reducing the TCR 
activation threshold by up-regulating p56'^’' activity.

More recent work has shown that CD4 may play a part in apoptosis. If CD4 is
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cross-linked on resting T cells, these are rendered susceptible to apoptosis mediated by 
TNF or Fas Ligand (Algeciras et al, 1998). It is possible that this pathway represents a 
key pathway for the homeostatic regulation of CD4+ T cells in vivo, and may be important 
in HIV immune dysregulation where there is circulating gpl20 and anti-gpl20 antibody 
that can cross-link CD4.

1.5.1.2- Structure of CD4
CD4 is a 55 kDa cell surface glycoprotein consisting of 433 amino acids (see Fig. 

1.7A), that probably exists as both monomers and dimers in vivo (Kwong et al., 1998). 
The mature polypeptide consists of an extracellular region, containing two asparagine- 
linked carbohydrate attachment sites (Kwong et al, 1990) {residues 1-371}, a hydrophobic 
transmembrane domain (372-395), and a highly charged cytoplasmic tail {396-433} 
(Maddon et al., 1985). This cytoplasmic tail is non-covalently associated with the amino- 
terminal domain of p56'^’" via two crucial cysteine residues that are conserved in both CD4 
and CD8 (Shaw et al, 1989, Shaw et al, 1990, Turner et al, 1990). Truncational mutants 
indicate that this tail and therefore p56'^  ̂is not required for the internalisation of HIV, nor 
is the internalisation of CD4 itself (Bedinger et al, 1988).

The extracellular region of CD4 consists of 4 domains (D1-D4), which show 
sequence homology to immunoglobulin variable domains, hence the classification of CD4 
as a member of the immunoglobulin superfamily (Maddon et al, 1985). Crystallography 
has confirmed this. D1 and D2 have been shown to be tightly abutting domains, with both 
domains having an immunoglobulin-like fold (Wang et al, 1990). The two domains are 
connected by a continuous beta strand that allows very little flexibility between the two 
(Ryu et al, 1994). D3 and D4 are also immunoglobulin-like, and are connected to D1-D2 
by a flexible hinge region that allows a considerable degree of movement (Kwong et al, 
1990, Wu et al, 1997a). The result is an elongated flexible molecule that is approximately 
125Â long and 25Â wide (Kwong et al, 1990, Wu et al, 1997a).

1.5.1.3- Regions of CD4 involved in viral gpl20 and MHC class II binding
CD4 has been shown to bind both MHC class II and HIV-l gpl20, and gpl20 has 

been shown to inhibit MHC-CD4 interactions indicating that the binding sites potentially 
overlap (Clayton et al, 1989, Lamarre et al, 1989).

Use of truncated sCD4 consisting of D1 and D2 showed that this was able to bind 
gpl20 with the same affinity as sCD4, and was able to bind almost all mAbs that blocked 
gpl20 binding, indicating that the gpl20 binding site lay within this region (Berger et al,
1988). Studies using murine-human chimeras narrowed the likely site to D l, most likely 
between amino acids 37 and 83 (Landau etal, 1988). Analyses via amino acid substitution 
and insertional mutagenesis further defined the location. These indicated that gpl20 binds 
CD4 at a single site in Dl, located mainly in an area spanning the second complementary

48



Chapter 1—Introduction

NH2 gpi2o
binding site

Dl

Phe45

External
portion

; p56 binding

Transmembrane
domain

domain Cytopiasmlc

COOH tail

Figure 1.7- Structure of CD4

CI)4 consists of an external portion divided into 4 domains (D1-D4), a transmembrane domain, and a 

cytoplasmic tail (A). Domain Dl contains the binding site for gpl20. Crystallography reveals CD4 to be 

able to form dimers (B), with the two molecules being shown in red and blue. The flexible hinge is shown 

in white, and the gpl20 binding site in yellow (structure taken from Wu et al. 1997). The D1D2 fragment 

(circled in white) is shown in greater detail (C), with the gpl20 binding site again in yellow, with the two 

most important residues in red, and other key residues in green (structure taken from Hwong et al. 

1990).
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determining region (CDR2) encompassing amino acids 40-51, with a second stretch, 55- 
62, also being important (Arthos etal., 1989, Clayton etal, 1988, Peterson & Seed, 1988). 
It also demonstrated that this area was the same region in CD4 necessary for syncytium 
formation by HIV-1 (Peterson & Seed, 1988).

Initial crystallography data indicated that the residue Phe-43 plays a prominent 
role in gpl20 binding (Ryu etal, 1994). However it was not until the recent crystallisation 
of an HIV-1 gpl20 core completed with the D1-D2 portion of CD4 (Kwong et al, 1998) 
that it has been possible to locate with certainty the important residues and areas (see Fig. 
1.7B and 1.1C). This showed that interatomic contacts are made between 22 CD4 and 26 
gpl20 amino acid residues, of which on CD4, Phe-43 and Arg-59 are the most important, 
with 29, 35, 44, 46, and 47 also being influential. Almost all contact is made between 
residues 25 and 64, agreeing well with the data gleaned from other methods.

MHC class II has also been shown to bind CD4 exclusively within D1-D2 (Wang 
et al, 1990), although the MHC interaction covers much larger areas of CD4. Binding to 
MHC occurs all along the lateral surfaces of D1 and the neighbouring upper parts of D2, 
but not the top ofDl  or lower regions ofD2 (Huang a/., 1997, Moebius etal, 1993). D3 
does not appear to be involved in MHC binding (Moebius et al, 1993). Site directed 
mutagenesis has demonstrated that the following residues are critical: 1-2, 15,20, 35,40- 
50,58-63,85-89, 163-165, 168-171 (Rumget al, 1997, Lamarre e/ a/., 1989, Moebius e/ 
al, 1993). These areas interact with two separate sites on MHC II, located such that a 
single CD4 is unable to bind both sites, but may bind two separate MHC at the same time 
allowing cross-linking and ordered oligomerisation of CD4 and the MHC-TCR complex 
(Huang et al, 1997, Konig et al, 1995, Moebius et al, 1993, Pantaleo et al, 1990). As 
well as functional studies demonstrating the inhibition of MHC-CD4 interaction by gpl20 
(Clayton et al, 1989, Lamarre et al., 1989), the mutagenesis work has indicated that there 
is some overlap between the MHC and gpl20 binding sites on CD4 (Clayton et al, 1989, 
Moebius et al, 1992, Moebius et al, 1993). More specifically Phe-43 and Arg-59, the 
residues most important in gpl20 binding, also play a significant part in MHC II binding 
(Moebius etal, 1992).

1.5.1.4- CD4 alone is not sufficient for viral entry
It was apparent even in the nascent stages of HIV research that CD4 alone was not 

sufficient for viral infectivity with the observation that murine fibroblasts expressing human 
CD4 could bind HIV-1, but were refractory to infection (Maddon et al, 1986). Subsequent 
investigations confirmed this, and showed that resistant cells included those from other 
non-human sources such as mink, cat, rodent, and hamster (Clapham et al, 1991), and 
even some human cell lines (Chesebro et al, 1990a). This work also showed that the block 
was primarily at the level of viral fusion with the cell membrane (Ashorn et al, 1990, 
Chesebro et al, 1990a, Clapham et al, 1991), with HIV-1 pseudotyped with an envelope
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from a non-HIV virus being able to readily infect non-permissive human cells (Chesebro 
et al, 1990a). However these pseudotyped vimses were still poor at infecting murine cells 
although fusion and cell entry could take place, suggesting that other stages in the HIV life 
cycle are attenuated in non-human cells (Chesebro etal, 1990b). If CD4-transfected non
human cells are fused with CD4 human cells, they become permissive to syncytia formation 
and HIV-1 fusion and infection suggesting that the block is not due to the presence of a 
dominant inhibitor, but due to the lack of an accessory factor(s) (Broder et al, 1993, 
Dragic et al, 1992). Further evidence that other factors were important was demonstrated 
that different strains of HIV-1 showed tropism to different cells with some able to infect 
macrophages, and some not (Koyanagi et al, 1987).

The search for the cellular cofactor(s) that allow productive infection and define 
tropism has produced many potential candidates including CD26 (Oravecz et al, 1995), 
and CD44 (Dukes etal,  1995), but on detailed investigation they proved unsatisfactory. It 
was not therefore until 1996 that the cofactors were finally identified and shown to belong 
to the chemokine receptor family.

1.5.2- Coreceptors of HIV
In 1995 the discovery that the chemokines M IPl-a, MIPl-p, and RANTES were 

produced by CD8^ T cells and exhibited the ability to inhibit the replication of some M- 
tropic, but not T-tropic, strains of HIV-1 in a dose-dependent manner, provided the first 
hint that the coreceptors might belong to the chemokine receptor family (Cocchi et al,
1995). However the first coreceptor was identified by a non-biased functional cDNA screen 
(Feng et al, 1996). When transfected into murine cells co-expressing human CD4, this 
orphan chemokine receptor allowed T-tropic isolates of HIV-1 to infect them productively, 
and could mediate cell membrane fusion, hence the initial name, fusin (Feng et al, 1996). 
With the later discovery of a natural ligand, SDF-1, this receptor was renamed CXCR4 
(Bleul et al, 1996, Oberlin et al, 1996).

The observation that chemokines could suppress HIV-1 replication paved the way 
for the subsequent discovery of the major receptor for M-tropic virus. Many groups screened 
chemokine receptors for coreceptor function, leading to a rash of papers being published 
at the same time identifying this coreceptor as CCR5 (Alkhatib et al, 1996, Choe et al, 
1996, Deng et al, 1996, Dragic et al, 1996), Subsequently several other chemokine 
receptors have been shown to support infection by a small repertoire of isolates, but CXCR4 
and CCR5 have remained the major receptors that have been identified for T-tropic and M- 
tropic HIV-1 respectively.

1.5.2.1- Structure of chemokines and chemokine receptors
Chemokines and chemokine receptors play a major role in the mobilisation and 

activation of the cells of the immune system (reviewed in (Horuk, 1994, Mackay, 1996,
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Murphy, 1994)). Chemokines are characterised by the presence of four conserved cysteine 
residues, and have been classified into two major groups based on whether the first two 
conserved cysteines are adjacent to one another (CC) or separated by another amino acid 
(CXC). CXC chemokines include IL-8 and SDF-1, and examples of CC chemokines are 
RANTES, and the MIP and MCP families. More recently a third class of chemokine, 
CX C, has been identified which differs in that it is much larger (c. 95 kDa) and may be

3
found either in a membrane-tethered or soluble form. As yet there are no known CX C 
receptors and no evidence that the CX C chemokine or its receptor plays a role in HIV 
infection (Bazan et al., 1997). On binding to a cellular receptor chemokines are able to 
induce chemotaxis in and activate the target cell.

The receptors for chemokines are classified according to the chemokines they bind 
(e.g. CXCR4 and CCR5). Typically they have a molecular mass of around 35-40 kDa. The 
molecules consists of 7 membrane spanning domains, resulting in a molecule with an 
extracellular amino-terminal region, three extracellular and three intracellular loops, and 
an intracellular carboxy-terminal tail. Every receptor contains four conserved cysteine 
residues, one in each extracellular domain, that are postulated to form disulphide bonds. 
As a consequence the receptors form very compact structures with all four extracellular 
domains in close proximity to one another (reviewed in (Horuk, 1994)). The carboxy- 
terminus is associated with a G-protein, allowing signal transduction through the receptor 
on binding its ligand, and contains a cluster of serine residues that may be phosphorylated, 
regulating the activity of the receptor.

1.5.2.2- CCR5
CCR5 is a 41 kDa protein transcribed from a single open reading frame (Samson 

et al, 1996a). It is a member of the CC-chemokine receptor family and its gene is located 
on chromosome 3, clustered with the genes that code for CCRl, CCR2, and CCR3 (Samson 
et al, 1996c). It is physically separated from the gene for CCR2 (which can function as a 
minor receptor for HIV-1) by only 17.5 kb (Samson et al, 1996a). M IPl-a, MIPl-p, and 
RANTES are potent agonists (Samson et al, 1996a), and recently a fourth chemokine, 
MCP-2, has also been shown to have agonist properties (Gong et al, 1998).

CCR5 is the major coreceptor for M-tropic strains of HIV-1 and allows both infection 
and env-mediated fusion of cell membranes to take place (Alkhatib et al, 1996, Choe et 
al, 1996, Deng etal, 1996, Dragic etal, 1996). It also acts as one of the major coreceptors 
for dual tropic strains of HIV-1 along with CXCR4 (Doranz etal,  1996), and functions as 
the predominant coreceptor for both M- and T-tropic SIV (Edinger et al, 1997), but is of 
little known importance in HIV-2 (McKnight et al, 1998).

Among cells of the haematopoietic lineage, CCR5 is found on monocytes and 
some primary T cells, but not most T-cell lines (Alkhatib et al, 1996, Deng et al, 1996). 
Levels are low on freshly isolated monocytes, but increase during in vitro differentiation
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(Di Marzio et al, 1998). The CD4+ T cell distribution is primarily on the CD26(high), 
CD45RA(low), CD45R0+ subset that corresponds to previously activated/memory T cells 
(Bleul et al, 1997). CCR5 positive lymphocytes tend to predominate in the medulla and in 
the cortex around the germinal centres (Zhang et al, 1998).

Given that HIV-1 can infect the central nervous system, which can lead to dementia, 
it is unsurprising that CCR5 is found there on microglia. These microglia also express 
CCR3, which is not expressed in PBMC, which may explain why many M-tropic viruses 
have acquired the ability to use both CCR5 and CCR3 (He et al, 1997),

As discussed in section 1.4.5, a 32-base-pair deletion has been found in the CCR5 
gene resulting in a protein that is not expressed at the cell surface. Being homozygous for 
the deletion renders a person highly, although not completely resistant to infection by 
HIV-1, while being heterozygous results in limited protection against disease progression.

1.5.2.3- CXCR4
A functional cDNA screen led to the discovery of CXCR4 as a coreceptor (Feng et 

al, 1996). At the time it was an orphan receptor and was tentatively named ‘fusin’ in 
reference to its ability to mediate cell fusion. Sequence database comparisons revealed 
that this chemokine receptor had been previously cloned (Federsppiel et al, 1993, Herzog 
etal,  1993, Jazin etal,  1993, Loetscher gf a/., 1994, Nomuraef a/., 1993) and been given 
a variety of names: LESTR, HUMSTR, and L5. They reported that this gene resided on 
chromosome two and encoded a 352 amino acid potential chemokine receptor. The 
discovery of a natural ligand, SDF-1 (Bleul etal, 1996, Oberlin etal, 1996), demonstrated 
that it was of the CXC class, and hence was named CXCR4 in keeping with current 
nomenclature.

CXCR4 is the predominant coreceptor for T-tropic strains of HIV-1 and, as CCR5 
does for M-tropic HIV-1, allows both infection and env-mediated fusion of cell membranes 
to take place (Berson et al, 1996, Feng et al, 1996). SDF-1 can inhibit this in a dose 
dependent manner (Bleul et al, 1996, Oberlin et al, 1996), which is probably achieved 
not only by direct inhibition of binding, but also by triggering of rapid receptor 
internalisation (Forster 1998, Haribabu 1997, Tarasova gr a/., 1998), of which 
only about 30% is recycled to the cell surface (Tarasova et al, 1998). Additionally CXCR4 
acts as the other major receptor for dual tropic HIV-1 strains (Doranz et al, 1996). 
Conversely to CCR5, it is of little importance in SIV (Edinger et al, 1997), but is the 
major coreceptor in HIV-2 (McKnight et al, 1998).

As CXCR4 is the main coreceptor for T-cell line tropic HIV-1, it is unsurprising 
that it is found on most T-cell lines (Feng et al, 1996). On primary haematopoietic cells 
CXCR4 is found predominantly on naïve T cells that are CD26(low) and CD45RA^, again 
in contrast to CCR5 (Bleul et al, 1997, Forster et al, 1998, Zhang et al, 1998). It is also 
expressed on neutrophils and B cells (Forster et al, 1998). Within lymph nodes these
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CXCR4 positive cells are located predominantly in the medulla and germinal centres (Zhang 
etal., 1998).

More surprisingly, given that T-tropic HIV-1 uses CXCR4 and does not infect 
monocytes and macrophages, CXCR4 is found on both monocytes and macrophages (Di 
Marzio et al, 1998, Forster etal,  1998, Oberlin etal., 1996, Yi etal., 1998), where it is a 
functional receptor for SDF-1 (Oberlin et al, 1996), but does not act as a coreceptor for T- 
tropic strains of HIV-1 (Yi et al, 1998). However, it is used by some dual tropic strains of 
HIV-1 to gain entry to macrophages (Yi et al, 1998). Actual levels of CXCR4 on freshly 
isolated monocytes are quite high, decreasing after in vitro culture for as little as 24 hours, 
and remain low during in vitro differentiation to macrophages (Di Marzio et al, 1998). 
Nevertheless some donor macrophages express CXCR4 at levels similar to those of CCR5 
suggesting the block is not due to receptor levels (Di Marzio et al, 1998).

To date no significant mutations have been found in the gene for CXCR4. Thus its 
exact role and importance in the disease is difficult to assess. However where a person is 
homozygous for the defective CCR5 allele, it is possible to get infected and maintain 
infection with T-tropic, SI virus that uses CXCR4 exclusively without resorting to the 
minor coreceptors (Michael et al, 1998), further underlining that this receptor is of major 
significance.

1.5.2.4-Structure-function relationships of coreceptors
The entry of HIV-1 into cells is almost exclusively mediated by env. Numerous 

studies have shown that gpl20 binds to CD4, inducing conformational change in the gpl20, 
but have also shown that this interaction is not sufficient for viral fusion. For this gpl20 
must interact with a coreceptor (see Fig. 1.8).

Several different lines of investigation have shown that gpl20 interacts with the 
coreceptors. Co-immunoprecipitation experiments have demonstrated that gpl20 from a 
T-tropic strain can form a stable complex with CD4 and CXCR4 (Lapham et al, 1996), 
but this is unstable in the presence of detergents making repetition of the experiment difficult. 
Radioiodination of gpl20 from one particular isolate has shown that it binds CXCR4, in 
the absence of gpl20, with an affinity constant of approximately 70 nm (Hesselgesser et 
al, 1997), and M-tropic gpl20 has been shown to compete with MIP-1 p for binding on 
CCR5-positive cells (Trkola et al, 1996, Wu et al, 1996). More direct evidence, using 
triple staining on a confocal microscope, has illustrated that the addition of gpl20 leads to 
the clustering of gpl20, CD4 and CXCR4 on the cell surface (Ugolini et al,  1997).

1.5.2.4.1- Structure-function studies of CCR5
For gpl20, and by implication HIV-1, to bind CCR5 efficiently the presence of 

CD4 is required, although there is limited binding even in its absence (Trkola et al, 1996, 
Wu et al, 1996). Attempts have been made to map the structural determinants within
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Figure 1.8- Model for env mediated membrane fusion

An env trimer binds CD4. This results in conformational change in the gpl20 allowing the V3 loop to 

interact with the coreceptor. It is then proposed that this initiates conformational change in the entire env, 

including in gp4l which adopts a coiled-coil structure allowing fusion with the target cell. (Diagram 

adapted from Doms, R.W. and Peiper, S.C., Klasse, Virology (1997) 235, 179-190).
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CCR5 that are important for this gpl 20 binding. These have involved using point mutations 
and chimeras between different chemokine receptors, both human and murine.

Murine CCR5 is 82% homologous to human CCR5 and can be activated by both 
human RANTES and MIP-1(3, but it is unable to function as a coreceptor for HIV-1. In the 
extracellular domains differences are found within the amino-terminus and first two loops, 
with the third loop being identical (Atchison et al, 1996, Bieniasz et al., 1997, Ross et at., 
1998). Analysis of murine/human chimeras showed that no single extracellular domain 
was sufficient to allow entry of all M-tropic viruses, but rather that all domains can play a 
role, and that which domain is important depends on the viral isolate used (Bieniasz et at.,
1997), although the amino-terminus and second loop appeared to be the most important 
ones (Atchison et al, 1996, Bieniasz et al, 1997, Ross et al, 1998). Unlike M-tropic 
virus, the dual-tropic viruses tested appeared to be very sensitive to any changes in any 
part of CCR5 (Bieniasz et al, 1997). The study of point mutations within murine CCR5 
showed that relatively few amino acids need to be changed in order to render it functional 
(Ross et al, 1998). However, these functional mutations are spread out along all the 
extracellular region, further confirming that the interaction of HIV-1 and CCR5 is very 
complex and probably involves multiple contact sites with, and conformational change of, 
CCR5 (Ross et al, 1998).

Chimeras formed between CCR5 and other human chemokine receptors, such as 
CCR2b and CXCR4, have also been scrutinised (Doranz et al, 1997, Dragic et al, 1998, 
Lu et al, 1997, Rucker et al, 1996). These again indicate that all the extracellular domains 
may be involved, with the ones utilised varying between viral isolate used. These chimeras 
also showed that M-tropic virus is more forgiving of changes than dual-tropic virus, with 
these viruses being especially sensitive to changes and deletions within the amino-terminus 
(Doranz et al, 1997, Rucker et al, 1996).

1.5.2.4.2- Structure-function studies of CXCR4
As with CCR5, env and gpl20 can interact directly with CXCR4, independently of 

CD4. (Bandres et al, 1998). However again this interaction is considerably enhanced by 
the addition of sCD4, or deglycosylation of the gpl20 (Bandres et al, 1998). Indeed it 
appears that for either infection or membrane fusion and syncytium induction to take place 
CXCR4 alone is not sufficient, but that CD4 is required as well (Berson et al, 1996). The 
actual interaction of gpl 20 with CXCR4 appears not to be electrostatic as charged residues 
within the receptor play no role in HIV binding (Wang et al, 1998b).

Again the overall pattern of domain usage is similar to that of CCR5, with no one 
domain proving absolutely critical, and with different strains using slightly different areas 
(Brelot et al, 1997, Lu et al, 1997, Picard et al, 1997). Also the ability to signal and the 
presence of the cytoplasmic tail is not required (Lu et al, 1997). However some regions 
appear to be more important than others, as deletions within or mutations to the amino-
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terminus, are well tolerated by almost all dual and T-tropic strains of HIV-1, although 
there are some exceptions (Picard et al, 1997). In addition, replacement of the third 
extracellular loop is tolerated similarly (Lu et al, 1997).

Of the remaining two domains, extracellular loops one and two, the second loop of 
CXCR4 seems to be the most important. Its replacement within CCR2 confers coreceptor 
ability on the hybrid receptor (Lu et al, 1997), and while rat CXCR4 can act as a coreceptor, 
the substitution of its second loop by the human equivalent allows a greater range of viruses 
to use it (Brelot et al, 1997). Thus the second loop seems to be of some importance for 
both dual and T-tropic strains of HIV-1. Nevertheless if Asp-187 within this loop is mutated 
to a neutral residue CXCR4 is able to support M-tropic infection (Wang et al, 1998b). 
This suggests that the viral interactions with the coreceptor are very subtle and probably 
based mainly on the conformation of the coreceptor, hence the fact that different strains 
interact predominantly with different loops.

1.5.2.5- Other chemokine receptors have been identified as coreceptors
In addition to the two major coreceptors for HIV-1, CCR5 and CXCR4 several 

other chemokine receptors have been identified that can act in a more limited capacity as 
coreceptors. These include CCR2b, CCR3, CCR9, the orphan receptors Bob, Bonzo, GPRl, 
Apj, and the CMV encoded chemokine receptor US28.

CCR2b has been shown to be used by some strains of HIV-1 and HIV-2 to gain 
entry in vitro (McKnight et al, 1998). A polymorphism has recently been found within 
CCR2b that may be protective against disease progression (Kostrikis et al, 1998), which 
is surprising since this coreceptor is rarely used in vitro. However not all reports agree that 
it has any protective effect (Eugen-Olsen et al, 1998).

CCR3 acts as a coreceptor for a subset of primary HIV-1 viruses that use CCR5, 
but is less efficient. CCR3 is sensitive to the chemokines eotaxin and RANTES, and infection 
can be inhibited by them in a dose-dependent manner (Choe et al, 1996). This receptor 
may of some importance in HIV-1 infection in the brain, being expressed at high levels on 
microglia (He et al, 1997). CCR9, on the other hand, has been shown to support the entry 
of only very few HIV-1 T-tropic viruses and so is of doubtful significance (Choe et al,
1998).

Of the orphan receptors. Bob and Bonzo appear to be the most important, mediating 
the entry of SIV as well as some M-tropic HIV-1 and HIV-2 strains (Alkhatib etal,  1997, 
Deng et al, 1997, Liao et al, 1997). Apj, like CCR3 is found in relative abundance in the 
brain, but is also found on stimulated PBMC, however it can act as a coreceptor only for 
some dual and T-tropic strains of HIV-1, but not M-tropic stains that are commonly found 
in brain tissue, hence its significance is doubtful (Choe etal, 1998). Finally GPRl mediates 
the entry of SIV, but apparently is unable to mediate the entry of HIV-1 (Farzan et al, 
1997a).
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The CMV-encoded CC chemokine receptor, US28, is functional both as a chemokine 
receptor, responding to the chemokines RANTES, M IP-la and MCP-1 (Gao & Murphy, 
1994), and as an HIV-1 receptor, mediating both T- and M-tropic infection and cell-cell 
fusion (Pleskoff et al, 1997). It is also capable of enhancing cell-cell fusion mediated by 
other coreceptors such as CCR5, possibly by a mechanism distinct from that of its coreceptor 
function (Pleskoff etal, 1998). Given that CMV infections are a common finding among 
AIDS patients, and that CMV infects macrophages, the role of this receptor in the 
pathogenesis of HIV is of great interest.

All these coreceptors have been identified via in vitro methods, where cell surface 
expression levels are significantly higher than those found in vivo. Work has shown that 
cell surface levels of both the coreceptor and CD4 are of some significance as to whether 
a coreceptor may function effectively (Naif et al, 1998, Platt et al, 1998). Thus whether 
these minor coreceptors have an important role to play in vivo is unclear (Michael et al,
1998).

1.5.3- HIV Tropism
It was recognised early on that HIV-1, like most viruses preferentially infects certain 

cell types, namely those that express CD4 on their cell surface (Dalgleish et al, 1984, 
Klatzmann et al, 1984, Maddon et al, 1986). However it was soon noted that different 
HIV-1 strains were tropic for different subclasses of CD4+ cells (Fenyo et al, 1988). All 
strains of HIV-1 can infect PBMC, PEL (Collman et al, 1989), and primary T-helper 
lymphocytes that have been activated to proliferate in culture (Dittmar etal, 1997), but on 
further examination these can be broadly divided into two major groups (Collman et al, 
1989, Fenyo et al, 1988). There are strains that can infect most immortalised T-cell lines, 
but not monocyte-derived macrophages, MOM, (T-tropic). These T-tropic strains are 
sometimes referred to as laboratory-adapted strains because they have been obtained by 
passage of virus through T-cell lines and not primary cells. Conversely there are isolates 
that can replicate in MDM, but not in T-cell lines, (M-tropic). Interestingly, promonocytic 
cell lines, such as U937, while being phenotypically similar to macrophage precursors, 
can be infected not by M-tropic, but by T-tropic strains only (Collman, 1992, Schuitemaker 
et al, 1992b, Valentin et al, 1994). While this tropic distinction is useful there does exist 
a sub-group of viruses that can infect both T-cell lines and MDM, and which are termed 
dual tropic, the archetypal one of these being isolate 89.6 (Collman et al, 1992).

1.5.3.1- Tropism is defined at both a cellular and a viral level
Tropism is determined primarily during the early stages of the viral life cycle 

somewhere between binding to the cell surface and reverse transcription, as reverse 
transcription, the LTR, and RNA expression have been shown not to be limiting factors 
(Kim et al, 1990). Further delineation has shown that the main block is at cell entry or
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prior to uncoating, as when virus is transfected into non-permissive cells they are able to 
produce virus transiently (Cann etal., 1990).

At the viral level the use of chimeric viruses has shown that the envelope protein 
gp l20 is the main determinant of tropism (Cann et al, 1992, Groenink et ah, 1992, Liu et 
al, 1990, Shioda et al, 1991), with the third variable loop (Cheng-Mayer et al, 1990, 
Hwang et al, 1991) and to a lesser extent the first and second variable loops (Koito et al, 
1994) being the important domains. Nevertheless, other parts of the viral genome do play 
a minor role (Velpandi et al, 1991), with Gag (de Mareuil et al, 1992) and the RRE 
(Dayton et al, 1993) among others being implicated. For example mutations within the 
RRE lead to impairment in the ability of HIV-1 to replicate, but how impaired depends on 
the cell type (Dayton et al, 1993). However unlike in many murine retroviruses, the HIV- 
1 LTR has not been shown to have any role (Pomerantz et al, 1991, Schuitemaker et al,
1993).

1.5.3.2- Changes in tropism are associated with disease progression
Longitudinal studies of patients have shown that M-tropic strains are associated 

with disease transmission, with the preponderance of patients having only M-tropic virus 
detectable soon after infection (Schuitemaker gr a/., 1992a, van'tWout etal,  1994, Zhu^f 
al,  1993). This predominance of M-tropic strains remains during disease latency 
(Schuitemaker et al, 1991, Tersmette et al, 1989), although later a switch to T-tropic 
virus is seen, and this is associated with an acceleration in the decline of CD4 counts, and 
more rapid progression to AIDS (Koot et al, 1993, Tersmette et al, 1989). A similar 
switch and rapid decline to AIDS is found in SIV infection of macaques, providing a 
useful animal model of HIV-1 infection (Rudensey etal, 1995). It is possible that the dual 
tropic isolates represent intermediates found during the switch from M-to T-tropism 
(Collman et al, 1992). The reason for the switch is not clear, although it is possible that it 
is selected for either by colonisation of new cell types, or by immune responses in order to 
escape antibody neutralisation (McKnight etal,  1995).

1.5.3.3- Coreceptors and tropism
The discovery of multiple coreceptors gave rise to the possibility of an explanation 

for the phenomenon of differential tropism of strains of HIV-1. Broadly speaking the ability 
to use CXCR4 as a coreceptor was shown to correlate with a phenotype of T-tropism and 
SI, whereas CCR5 correlates with M-tropism and NSI (Bjorndal etal, 1997, Zhang etal,
1996). This appears to be true for all genetic subtypes of HIV-1, as subtypes have no 
bearing on coreceptor use (Zhang et al, 1996), and M-tropic strains from all clades of 
HIV-1 have been shown to use CCR5 (Cheng-Mayer et al, 1997). However there are 
incidences where tropism for primary cells does not directly correspond with in vitro 
coreceptor usage. For instance there are many examples of primary HIV-1 isolates that can

59



Chapter 1—Introduction

utilise CCR5 on transfected cell lines, but that are unable to infect CCR5+ macrophages 
(Dittmar et al, 1997). This is also true of many laboratory-adapted strains of T-tropic 
HIV-1 (Bjorndal et al, 1997, Cheng-Mayer et al, 1997, Zhang et al, 1996), as is the 
equivalent use of CXCR4 by some M-tropic strains (Cheng-Mayer et a l ,  1997). 
Furthermore, CXCR4 is found on macrophages, and this receptor is functional for its 
ligand SDF-1 (Oberlin et al, 1996), but it is not able to function as a coreceptor for infection 
by T-tropic strains (Di Marzio et al, 1998, Yi et al, 1998), although it can function as a 
coreceptor for some dual tropic strains (Yi et al, 1998), and can mediate fusion by T- 
tropic Env transfected cells and macrophages (Bazan et al, 1998). The block to infection 
using CXCR4 on macrophages, appears to be at the level of cell entry (Yi et al, 1998).

1.5.3.3.1- Coreceptor levels or the presence of an additional cofactor may be 
important in tropism

Before the coreceptors were identified, it had previously been shown that CD4 
levels may be important in infection. The ability of laboratory-adapted strains of HIV-1 to 
replicate in HeLa cells transfected with CD4 was irrespective of CD4 levels, but the ability 
of primary HIV-1 strains was highly dependent on the levels of cell surface CD4 (Kabat et 
al, 1994). With knowledge of the coreceptors, it has been shown in transfected cell lines 
that the cell surface concentrations of CD4 and CCR5 affect the ability of HIV-1 to infect 
the cell, with high levels of CD4 requiring only low levels of CCR5 and vice versa (Platt et 
al, 1998). This does not appear to be the case for CXCR4 where coreceptor activity was 
shown to be independent of cell surface expression , although levels of CD4 were not 
reported (Wang et al, 1998b). Certainly on macrophages it appears that cell surface levels 
of CCR5 correlate directly with susceptibility to infection by M-tropic isolates, with levels 
of CCR5 increasing as monocytes are left in culture to mature into macrophages (Tuttle et 
al, 1998). However, levels of CXCR4 are high on freshly isolated monocytes, although 
this drops off rapidly in culture, but nonetheless these cells remain impervious to both M- 
and T-tropic HIV-1 (Di Marzio etal,  1998). Even if the low levels of CD4 are augmented 
by vaccinia virus expression, there is no change in susceptibility (Bazan et al, 1998). At a 
level closer to in vivo, cells from people that have endogenously lower levels of CCR5, 
and higher levels of (3-chemokine production, are harder to infect with M-tropic HIV-1 
(Paxton eta l,  1998).

It appears therefore that coreceptor and CD4 levels do affect the susceptibility of a 
cell to infection, and that this goes some way to explaining the inconsistencies in tropism. 
However it is possible that some additional cofactor is required in at least some 
circumstances (Cheng-Mayer et al, 1997), with evidence coming not only from the inability 
of T-tropic HIV-1 to infect CXCR4+ macrophages and the inability of some dual tropic 
isolates to use CCR5 on macrophages, but also from the fact that the presence of CXCR4, 
the main receptor for HIV-2, and CD4 on the cells surface does not confer susceptibility to
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infection to all CXCR4 using HIV-2 viral isolates (McKnight et al, 1998). In short, 
coreceptor tropism, as defined by the ability of a virus to infect a transfected cell line, does 
not always equate to tropism in primary cells. Thus it might be appropriate to keep the 
traditional M- and T-tropic classification of viral isolates as this appears to have more 
relevance in vivo, and to append their in vitro coreceptor tropism.

1.5.3.3.2- Coreceptor usage changes during disease progression
The relationship of coreceptor use and disease progression is similar to that of 

tropism, with virus early in the course of infection using principally CCR5, while those 
who start to progress show expansion to use CXCR4 and other minor coreceptors such as 
CCR3 and CCR2b (Connor et al., 1997, Doranz et al, 1996). This switch is associated 
with a change from NSI to SI virus and decreasing CD4+ T cells counts. It is also associated 
with the presence of dual tropic isolates that can use both CCR5 and CXCR4 (Doranz et 
ai, 1996, Lu etal., 1997), and it has been postulated that these evolve through the acquisition 
of the ability to use the first and second extracellular loops of CXCR4 while retaining the 
ability to interact with the amino-terminal domain of CCR5 (Lu et al., 1997). Again the 
reason for the switch is not clear, although the neutralisation sensitivity of primary HIV-1 
viruses is independent of coreceptor usage. This means that, in the case of a dual tropic 
virus, it is no more neutralisable whichever coreceptor it is using to gain entry, and suggests 
that neutralising antibodies do not provide the selective pressure for a switch in coreceptor 
usage.

1.5.4- Syncytium formation
As well as demonstrating selective tropism, strains of HIV-1 also manifest differing 

abilities to form syncytia in cells. Isolates are defined as SI or NSI based on their ability to 
form syncytia in the MT2 cell line (Touchier et al., 1995, Groenink et al., 1993, Koot et 
al., 1992), although originally Molt 4 Clone 8 cells, a clone of a clone of MT2, were used 
in the assay (Schuitemaker etal., 1992a). The ability to form syncytia in MT2 cells correlates 
approximately with the capacity to induce syncytia in PEL (Schuitemaker et ai, 1991), 
although the fact that an isolate is NSI does not mean that it is unable to form syncytia in 
any type of cell, rendering this system of labelling HIV strains somewhat misleading.

The SI/NSI phenotype correlates to a large extent with T- and M-tropism respectively 
(Broder & Berger, 1995). Unsurprisingly HIV-1 strains are usually capable of inducing 
syncytia in cells for which they display tropism. Thus an M-tropic, NSI virus, while unable 
in the vast majority of cases to inducing syncytia in PEL (Schuitemaker etal., 1991), is in 
fact capable of forming syncytia readily in macrophages, although unlike SI viruses, which 
tend to result in cell death, these syncytia remain viable (Collman, 1992). In fact it appears 
that if the cell expresses CD4 and a coreceptor that the viral strain can use, all strains of 
HIV-1 have the ability to produce syncytia (Bjorndal et al., 1997), although other factors
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are required (Platt et al., 1998).
Attempts to determine exactly what is required have shown that CD4 and cell 

surface gpl 20 levels do not correlate with the ability to form syncytia (Busso etal., 1991). 
However blocking of CD 18 or GDI la (LFA-1) with monoclonal antibodies blocks syncytia 
formation (Hildreth & Orentas, 1989), although this experiment did not resolve whether 
these molecules are directly involved, or whether they are serving as accessory adhesion 
molecules that are stabilising weak interactions initiated by other molecules. Further work 
showed that CD54 (ICAM-1, the contrareceptor to LFA-1), is also involved (Berman & 
Nakamura, 1994, Fecondo et al, 1993, Vermot Desroches et al, 1991), suggesting that 
the latter hypothesis is true, and that perhaps several other adhesion molecules are also 
implicated. It is possible that conjugate formation between cells is required before syncytia 
can be formed and that it is the role of these cellular adhesion receptors to mediate this 
conjugation (Busso etal, 1991). Finally, it appears that some form of cell signalling pathway 
is required as syncytium formation cannot take place if free calcium in the media has been 
chelated (Dimitrov etal,  1993).

As with tropism, chimeric virus work showed that the primary determinant of SI 
capacity at a viral level is determined by Env (Fouchier et al., 1992, Groenink et al., 1992, 
Hwang etal, 1991, O’Brien et a/., 1990, Shioda graZ., 1991, Westervelt gr aZ., 1992), with 
the second and third variable domains of gpl 20 being the most important domains (Fouchier 
et al, 1995, Groenink et ai, 1993). This fits with the fact that these areas of gp l20 are 
responsible for interacting with the chemokine coreceptors.

Studies of virus within patients shows a similar pattern to that of tropism, further 
demonstrating the SI/T-tropic, NSI/M-tropic paradigm. Early in infection patients have 
predominantly NSI virus (Schuitemaker et al., 1991, Tersmette et al, 1989), with the 
arrival of SI virus heralding an acceleration of CD4^ T cell decline (Koot et al., 1993, 
Tersmette et al., 1989) and a rapid progression to AIDS (Keet et al, 1994b, Koot et al, 
1992).

1.6- The HIV envelope

The envelope glycoprotein is encoded by the env gene, which includes sequence 
for a signal peptide that targets the envelope polypeptide to the ER, and the envelope 
polypeptide itself, gp l60. Within the ER gpl60 is cleaved by a cellular protease to form an 
heterodimer consisting of the transmembrane protein, gp41, and the external protein gpl 20. 
The gp l20 remains non-covalently associated to gp41 forming the outer envelope of the 
virus and can also be found on the surface of infected cells. This attachment, however, is 
not overly strong, and gpl20 can be readily shed as a soluble protein from both virions and 
virus infected cells, as evidenced by the fact that it can be found in culture supernatants
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(Schneider et al, 1986) and in the serum of infected patients (Oh et al, 1992).
The HIV envelope proteins are responsible for binding to the cell surface via CD4, 

and initiating fusion via a coreceptor, thus allowing infection. Consequently gp l20 is the 
major viral determinant of tropism, syncytium induction, cytopathogenicity, CD4 antigen 
modulation, and susceptibility to antibody neutralisation (Cheng-Mayer et al, 1990). In 
addition to its role in infectivity, envelope is involved in a multitude of detrimental events 
such as interference with signalling pathways, neural cell damage and death, T cell apoptosis, 
and inhibition of T cell responses to antigen. Thus HIV envelope has profound effects not 
only in the viral life cycle, but also in immune suppression and damage.

1.6.1- Processing of gpl60 to gp41 and gpl20
Once transcribed from the mRNA, gpl60 is targeted to the ER by its signal sequence 

(Li et al, 1994). It is here and within the Golgi that the majority of processing activity is 
found, with gp l60 taking about two hours to cross both intracellular compartments (Stein 
& Engleman, 1990). The configuration of gp l60 is such that gp41 lies at the carboxyl end 
of the polypeptide. The main cleavage site lies between amino acids 511 and 512 (Veronese 
et al, 1985), with a potential secondary cleavage site between residues 503 and 504 (Dubay 
etal, 1995). Failure of cleavage due to mutation of the sites leads to unprocessed envelope 
that while able to bind CD4, is unable to initiate fusion and infection (Dubay etal, 1995). 
Once cleaved gp l20 can associate with gp41 via noncovalent interactions. The areas of 
g p l20 that are important for this interaction are the hydrophobic regions at the amino- and 
carboxy-terminals which are highly conserved among different isolates (Helseth et al,
1991).

While the viral protease is not involved in the cleavage process, it has not been 
established which cellular protease is involved. So far two main candidates have been 
proposed. A cellular protease, furin, that has previously been shown to be the enzyme 
activating the haemagglutinin of fowl plague virus, an avian influenza virus, is able to 
cleave gp l60 at the correct site and activate it (Hallenberger et al, 1992), and is found in 
T cells (Garten etal, 1994). A second candidate, viral envelope maturase, found in the ER 
of T cells, has also been purified and is capable of cleaving and activating gp l60 (Kido et 
al, 1993). However this maturase is not calcium dependent (Kamoshita et al, 1995), and 
experiments suggest that the endoprotease responsible is (Moulard et al, 1994). Whether 
either of these enzymes is the de facto protease is unclear. It is possible that multiple 
proteases are capable of correct cleavage, or that different enzymes are used in different 
cell types.

1.6.2- Structure of gpl20
As its name suggests, gp l20 is a 120 kDa glycoprotein, 55% of whose mass is 

made up of carbohydrates (see section 3.1.2.1 for more details on glycosylation). This
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heavy glycosylation appears to aid immune evasion by HIV by constraining recognition 
by T cells (Botarelli et al, 1991). Glycosylation takes place in the ER, prior to transport to 
the Golgi, and is essential for correct folding of the envelope (Fennie & Lasky, 1989, Li et 
al, 1993), although once folded gpl 20 can be deglycosylated and still bind CD4 (Fenouillet 
e ta l,  1989, Li eta l,  1993).

Analysis of gp 120 sequences has shown that it is subject to many mutations, which 
are not randomly dispersed across the gene but are clustered into distinct regions (Starcich 
et al, 1986, Willey et al, 1986). There are five of these regions (see Fig. 1.9), termed 
variable regions (V1-V5) as well as five conserved regions (C1-C5). The variable regions 
tend to be located within disulphide-linked loops (Leonard et al, 1990).

The recent crystallisation of the core of gp l20 has given some insight into its 
tertiary structure (Wyatt et al, 1998). In order to obtain crystals VI, V2, V3, and the 
amino- and carboxy-terminal ends that interact with gp41 were removed. This core structure 
was also deglycosylated. Although substantially altered it was still able to bind CD4 and 
antibodies against epitopes that can only be accessed when gpl20 has bound CD4, indicating 
that structural integrity has been maintained (Wyatt et al, 1998). This structure showed 
that gp l20 has three faces, an inner non-neutralising face, a neutralising face, and a ‘silent’ 
face.

In vivo the gp41/gpl20 dimer aggregates in triplets on the surface of the virion 
(Weiss etal, 1990). This leads to the inner face of gpl 20 being inaccessible and so antibodies 
to it are non-neutralising (Wyatt et al, 1998). Of the accessible surface, the V2, V3 and 
receptor binding areas form the neutralising face, to which all neutralising antibodies, 
obtained so far, bind. The rest of the surface is very heavily glycosylated hindering the 
formation of antibodies to this area, hence its ‘silent’ label (Wyatt et al, 1998). Although 
not present in the crystal structure the V3 loop is probably somewhat recessed when gp l20 
is not bound to CD4 as only the apex is accessible to antibodies (Laman et al, 1993). 
Other work with point mutations and chimeric viruses indicates that there are many 
interactions occurring both between variable loops and between variable loops and 
conserved regions. V1/V2 interacts with C4 (Freed & Martin, 1994) and V3 (Chavda et 
al, 1994, Koito etal,  1994), and C2 interacts with V3 (Willey & Martin, 1993), all helping 
to stabilise interactions with gp41, CD4 and the coreceptors.

1.6.2.1- Interactions between gpl20 and CD4
Since CD4 is the main receptor for HIV-1 on the cell surface (Maddon et al, 1986) 

there has been considerable study of the interactions between it and gp l20. Early work 
with point and deletion mutants showed that the CD4-binding domain is at least partly 
contained within C4 (Lasky et al, 1987). Further work showed binding regions in C2, C3, 
and C4 (Olshevsky et al., 1990), with the amino acids Thr-257, Asp-368, Glu-370, and 
Trp-427 (corresponding to 227, 228, 240 and 397 in Fig. 1.9) being of prime importance.
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Figure 1.9- Schematic model of the structure of gpl20

The figure shows the five constant (C1-C5) and five variable (V1-V5) regions, as 

well as glycosylation sites and residues thought to be important in CD4 binding. Secondary 

structures, a-helices and ^-strands, are indicated, along with ‘conflicts’ where the secondary 

structure is in dispute. (Diagram taken from Poignard, P., Klasse, P. J., and Sattentau, Q. J. 

Immunolog}’ Today (1996) 17, 239-46).
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In general the CD4 binding domain is well conserved between different isolates.
Using the same core gpl20 construct as described above, the crystal structure of 

gp l20 in conjunction with the D1D2 domains of CD4 has been resolved (Kwong et al., 
1998). This showed that where the faces of the two molecules come into contact there is 
mismatching as there are cavities in the g p l20 structure, although there is general 
complementarity in electrostatic potential at the points of contact. Direct interatomic contacts 
are made between 22 CD4 residues and 26 amino acids of gpl20. Most of the CD4 contacts 
are between 25 to 64, whereas in gpl20 they are distributed over six segments. As expected 
from mutagenesis experiments Phe-43 and Arg-59 of CD4 are the most important (see 
section 1.5.1.3), with Phe-43 plugging one the of the cavities in gpl 20. These large interfacial 
cavities within the gp l20 face contain the variable residues, whereas those around the 
edge, that are directly involved in binding, are well conserved.

1.6.2.2- Binding of gpl20 to CD4 facilitates coreceptor binding
Binding of gp l20 to both CXCR4 and CCR5 is enhanced by the prior binding of 

CD4 (Bandres ewA, 1998, Trkola era/., 1996, WueW/., 1996), suggesting that this exposes 
the coreceptor binding site on gpl20 (see Fig. 1.8). Certainly the crystal structure indicates 
that binding to CD4 causes conformational change and exposes the V3 loop and the rest of 
the binding site (Kwong et al, 1998), as does antibody binding studies that show that a 
highly conserved region Just adjacent to the V3 loop becomes exposed and is involved in 
CCR5 binding (Rizzuto et al, 1998). After binding the coreceptor, gp l20 undergoes further 
conformational change allowing gp41 to interact with the cell membrane and fusion to 
take place (Cho et al, 1998, Jones et al, 1998, Kwong et al, 1998).

1.6.2.3- gpl20: its role in tropism and syncytium induction
As mentioned in section 1.5.3.1 gp l20 is the major determinant of tropism and 

syncytium induction at the viral level (Cann et al, 1992, Groenink et al, 1992, Hwang et 
aA,1991, Liu et al, 1990, Shioda et al, 1991). Experiments using chimeric viruses quickly 
discounted the CD4 binding domain as a determinant of tropism (O’Brien et al, 1990), 
but demonstrated that the V3 loop was, in fact, the most important (Cann et al, 1992, 
Cheng-Mayer gr a/., 1990, Hwang a/., 1991, Shioda era/., 1992, Westervelt era/., 1992). 
Point mutations within this loop indicated that as little as one amino acid change could 
alter the tropism of a virus (Shioda et al, 1992, Takeuchi et al, 1991). This was also 
shown to be true for syncytium induction with one or two mutations in the V3 domain 
leading to a switch from NSI to SI (de Jong et al, 1992). Further study showed that the 
flanks of the loop, as opposed to the apex, were the key areas (Chesebro et al, 1992, 
Westervelt et al, 1991), with a net positive charge resulting in T-tropism (Fouchier et al,
1992) and SI phenotype (Fouchier et al, 1995).

Regions outside V3, such as V 1 and V2, are also important both for tropism (Koito
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et al, 1994) and syncytium formation (Groenink et al, 1993). Single amino acid changes 
within VI (Boyd et al, 1993) and elsewhere (Cordonnier et al, 1989) can alter tropism. 
This suggests that these areas interact with V3 in some way to affect its conformation 
(Boyd etal, 1993, Chavda etal, 1994, Koito etal, 1994). Taking together these interactions 
and the fact that single amino acid changes and charge changes within V3 alter tropism, it 
suggests that it is the conformation of the V3 loop that ultimately decides tropism (Fouchier 
et al, 1992, Koito et al, 1994, Shioda et al, 1992). Further support for this hypothesis 
was demonstrated by the comparison of different gpl 20 proteins with a panel of monoclonal 
antibodies which suggested that two distinct conformations of V3 loop exist, corresponding 
to M- and T-tropism (Ebenbichler et al, 1993).

With the recent discovery of the coreceptors for HIV, it was unsurprising to discover 
that changes within the V3 loop of gp l20 affect not only tropism, but also coreceptor 
usage (Speck et al, 1997) and that VI and V2 and other areas outside of V3 are also 
important for coreceptor use (Cho et al, 1998, Smyth et al, 1998). Indeed a conserved 
amino acid, Arg-298, within V3 has been identified as being of particular importance for 
the utilisation of CCR5, the M-tropic coreceptor (Wang et al, 1998a). Thus tropism to a 
large extent is defined by the conformation of V3 and the complex interactions of it and 
multiple other envelope segments with the coreceptor (Cho et al, 1998, Ross et al, 1998, 
Smyth et al, 1998, Wu et al, 1997b).

1.6.3- Induction of cellular dysfunction in immune cells by HIV-1 en
velope

To mount a successful adaptive immune response to an organism T lymphocytes 
must interact with APC, such as macrophages and dendritic cells, DC. This involves the 
presentation of antigen by the APC on MHC and recognition of this antigen by the T-cell 
receptor, TCR, on the T cell. This normally leads to activation of the T cell, resulting in 
proliferation, cytokine release and differentiation into effector cells. However improper 
presentation such as by APC lacking suitable costimulatory molecules, can lead not to 
stimulation, but to anergy or cell death by apoptosis. Research suggests that HIV-1 envelope 
may inhibit successful immune responses at multiple points, either by inducing anergy or 
apoptosis in T cells, or by having an effect on antigen presentation by APC, or by cytokine 
dysregulation, or even by upsetting the immune system at the level of haematopoiesis.

1.6.3.1- HIV-1 envelope can have multiple effects on T lymphocytes
As mentioned antigen presentation can lead to different T-cell responses, either 

activation, anergy, or apoptosis. Treatment of CD4+ T cells with HIV-1 envelope has 
repeatedly been demonstrated to result in generalised antigen-specific T-cell 
unresponsiveness, anergy. However paradoxically, this treatment also leads to activation, 
at least partially, of T cells as measured by tyrosine phosphorylation, activation of
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transcription factors and cytokine secretion. It is this partial activation that may induce 
anergy. Furthermore cross-linking of CD4 by gpl20 can prime the T cells for activation 
induced apoptosis. Thus a large range of potential T-cell responses can be elicited by 
envelope.

1.6.3.1.1- Envelope-induced T-cell anergy
The progression of HIV disease is characterised by the progressive loss of CD4^ T 

cells, resulting in severe immunodeficiency and AIDS. However it has been established 
that patients have an early loss of antigen- and anti-CD3 mAb-mediated CD4+ T-cell 
functional responsiveness that precedes the CD4+ T-cell decline (Fauci, 1988, Gurley et 
al., 1989, Miedema et al, 1988). Given the well documented evidence that CD4 plays an 
important role in regulation of T-cell activation through the TCR (Dianzani et al, 1992, 
Marth et al., 1985, Neudorf et al, 1990, Rojo et al, 1989, Veillette et al., 1989), and the 
fact that gp l20 binds CD4, the possibility that envelope and gp l20 can inhibit T-cell 
responses has been extensively studied. This inhibitory effect has been shown by many 
researchers, both in systems where anti-CD3 or anti-TCR mAbs have been used to stimulate 
the CD4+ T cells, and where APC pulsed with tetanus antigen have been used (Cefai et al, 
1990, Goldman etal, 1994, Hubert etal,  1995, Jabado etal, 1994, Mittler & Hoffmann, 
1989, Schols & De Clercq, 1996).

The main mechanism for this suppression appears to be the induction of a selective 
defect in signalling via the CD3-TCR complex, as proliferative responses induced through 
CD2 and CD28 pathways or in response to PMA and ionomycin are intact (Chirmule et 
al, 1990a, Oyaizu et al, 1990). As well as inhibition of proliferation, these signalling 
defects include inhibition of CD3-TCR complex-induced calcium flux, membrane 
depolarisation, and inositol phosphate production (Cefai etal, 1990, Goldman etal,  1994, 
Hubert et al, 1995). However other mechanisms such as steric hindrance of CD4-MHC 
class II interactions by gp l20 (Rosenstein et al, 1990), gpl20-induced down-regulation 
of cell surface CD4 (Cefai et al, 1992), and gpl20-induced failure to up-regulate 
costimulatory molecules such as CD40L on the CD4+ T-cell surface (Chirmule etal, 1995b) 
also play a part. Nevertheless, the fact that the problems caused by gp l20 are present in 
APC-free systems has led to the suggestion that inhibition and alterations of APC-T-cell 
interactions may be of lesser consequence (Cefai et al, 1990).

1.6.3.1.1.1- An equivocal role for cross-linking of gpl20
It is not clear whether or not cross-linking of gp l20 via anti-gpl20 antibodies 

enhances the inhibitory effects. The majority of researchers see an effect without any 
cross-linking of gp l20, and one group has shown that cross-linking does not enhance 
inhibition of proliferation, but does enhance the chemoattractant properties of gp l20 
(Cruikshank et al, 1990). The one group that found cross-linking to be synergistic with
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respect to inhibition of T-cell proliferation!, were unable to get inhibition with gpl 20 alone 
suggesting possible technical problems in the experiment (Mittler & Hoffmann, 1989). 
Certainly in vivo CD4^ T cells can be found coated with gpl20-anti-gpl20 complexes 
(Amadori et al, 1992, Daniel et al, 1993). Around 20% are in this form in the periphery 
(Daniel et al, 1993), and probably greater numbers are coated similarly in lymph nodes 
where more HIV replication is taking place in a much smaller volume. Thus, in vivo cross- 
linking of CD4 via gpl20 and anti-gpl20 antibody occurs, but what effect this might have 
is unclear.

1.6.3.1.1.2- Anergy is ultimately due to lack of IL-2 production
Anergy is defined as the failure of T cells to secrete IL-2 upon stimulation by the 

TCR. Treatment with gpl20 has been shown to inhibit both IL-2 mRNA production and 
IL-2 secretion from CD4+ T cells activated via the CD3-TCR complex (Chirmule et al, 
1990a, Chirmule et al., 1995b, Jabado et al, 1994, Oyaizu et al, 1990, Schols & De 
Clercq, 1996), thus inhibiting their proliferation. The addition of exogenous IL-2 restores 
the proliferative response (Oyaizu et al, 1990). This defect appears to be mediated via 
CD4, as soluble CD4 abrogates the influence of gpl 20, and it is not observed in CDS cells, 
upon which gpl20 has no apparent effect (Chirmule et al, 1990b). Suppression of IL-2 
production is probably mediated directly by gp 120-CD4-induced signals which interfere 
with CD3-TCR-mediated signals (see section 1.6.3.1.2), although there is the possibility 
of an indirect mechanism via cytokine secretion induced by gp l20 (see section 1.6.3.3).

1.6.3.1.2- HIV-1 envelope activates CD4+ T cells
There is a paradox that while envelope inhibits activation and proliferation via the 

CD3-TCR complex, it itself activates CD4+T cells as measured by tyrosine phosphorylation, 
activation of transcription factors, and cytokine secretion. This activation does not induce 
proliferation and the partial nature may explain why gpl20 inhibits proliferation induced 
via CD3-TCR, by causing interference between the two respective activation pathways.

Most researchers see some activation of tyrosine kinase or activity in response 
to g p l20 or whole HIV-1, but there are some reports where this does not occur (Horak et 
al, 1990, Kaufmann^ra/., 1992, Oûoffetal, 1991). The reason for the discrepancy is not 
clear as even cross-linking CD4 using gpl20 and anti-gp20 mAbs had no effect, whereas 
cross-linking CD4 with anti-CD4 mAbs did lead to the expected response in two out of the 
three studies (Horak et al, 1990, Kaufmann et al, 1992). Possible explanations include 
use of different methods of preparing either PBLs, or g p l20 preparations that were 
conformationally abnormal or from an unusual strain. The conformation of g p l20 is 
particularly important as it has been shown that distinct epitopes on CD4 are involved in 
the activation of the ras/protein kinase C (PKC) pathways (Baldari et al, 1995b), but one 
of the groups (Kaufmann et al, 1992) did use several different envelopes from multiple
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sources.

1.6.3.1.2.1- Binding of envelope to CD4 leads to pSô'*"** activation
In those groups that have shown signalling, whole HIV-1, gp l60, and gp l20 from 

a multitude of isolates have been used on both PEL, CD4+ T cells, and T-cell lines, making 
an exact picture of what is occurring hard to obtain. However it appears that the initial 
binding of gpl20 to CD4 results in the activation of the tyrosine kinase attached to the 
cytoplasmic tail of CD4, p56'̂ '" (Baldari etal., 1995b, Briand etal., 1997, Goldman etal., 
1994, Hivroz gfa/., 1993, Juszczak era/., 1991, Mazerolles era/., 1997). While this activation 
persists for around 40 minutes, in the longer term, it results in the dissociation of p56' '̂‘ 
from CD4 and the loss of both from the cell surface (Hivroz et al., 1993, Juszczak et al.,
1991), which blocks CD4-linked kinase activity (Hubert et al, 1995).

CD4-p56''^VCD3-TCR interactions are critical for CD3- and TCR-mediated 
signalling. Thus the loss of the CD4-p56'‘̂'̂  complex from the cell surface results in inhibition 
of signalling and failure of proliferation, i.e. anergy (Hubert et al, 1995). The loss of 
p56'̂ '̂  from the cell surface is due to sequestration by the cytoskeleton and can be inhibited 
by cytochalasin D (Aszalos etal,  1994, Goldman etal,  1997).

1.6.3.1.2.2- Activation of results in downstream events
Activation by gpl20 of p56''='̂  leads to its autophosphorylation (Briand et al, 1997, 

Goldman et al, 1994, Hivroz et al, 1993) and other tyrosine kinase activity. Activation 
via anti-CD4 mAbs also achieves this, but additionally results in the phosphorylation of 
the Ç subunit of the TCR (Veillette et al, 1989). This phosphorylation regulates antigen- 
mediated T-cell activation, probably in a negative manner, as it is a kinetically slow reaction, 
and kinase-deficient p56''=̂  mutants enhance CD3-TCR functions (Collins & Burakoff,
1993). However gpl20-linked activation does not induce Ç subunit phosphorylation, 
suggesting that the uncoupling of the TCR from signal transduction by gpl 20 is mediated 
by a mechanism other than the tyrosine phosphorylation of the TCR Ç subunit (Goldman 
et al, 1994). Paradoxically, though, it might be the sequestration of p56'‘"'' and thus the 
lack of this Ç subunit phosphorylation, which is induced in anti-CD3 mAb-mediated 
signalling, that leads to incorrect or absent TCR signalling in gp l20 treated cells (Goldman 
etal,  1994).

Autophosphorylation of p56'̂ '" induces its kinase activity thereby inducing the 
phosphorylation of p59̂ "̂ which is regulated by p50“'‘ and has a function in CD3-TCR 
mediated signal transduction (Baldari et al, 1995a, Baldari et al, 1995b). However the 
activation levels of p59̂ "̂ achieved by gp l20 are not as great as those seen when there is 
co-cross-linking of CD3 and CD4 by mAbs (Baldari et al, 1995a). Other substrates of 
p56' '̂' include phosphatidylinositol 3 (PI-3) and PI-4 kinases (Prasad et al, 1993), and 
Raf-1 (Popik & Pitha, 1996), all of which are phosphorylated in CD4+T cells after treatment
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with HIV-1 envelope (Briand et al, 1997, Mazerolles et al, 1997, Prasad et al., 1993). 
The association of with Raf-1 leads to the activation of Raf-1 kinase (Popik & Pitha,
1996).

Additionally, g p l20 cross-linking of CD4 leads to increased tyrosine 
phosphorylation of the adaptor protein She (Baldari etal, 1995b), which in turn associates 
with the Grb2-hS0S complex. This complex is subsequently involved in p2P“* activation 
(Kumar et al, 1995). Both p2P^' and Raf-1 are involved in the activation of Raf-1 kinase 
which leads in turn to an activation pathway consisting of MEK (MAP kinase kinase), 
then ERK (MAP kinase) (Kumar etal., 1995). However envelope does not appear to activate 
Ras GTP-binding activity or its association with Raf-1, indicating that the signalling pathway 
generated by the HIV-1 binding is not identical to the classical Ras/Raf-1 pathway (Popik 
& Pitha, 1996) but is independent of it. Regardless, activation of ERK-2 has been reported 
(Popik et al., 1998) but not by all researchers (Jabado et al, 1997a).

Further downstream of ERK are transcription factors, including NE AT, AP-1 and 
NF-kB all of which act to regulate IL-2 gene enhancer activity (Jabado et al., 1994). There 
is evidence for the activation of AP-1 and NEAT by gpl 20 (Baldari et al., 1995a, Baldari 
et al., 1995b, Chirmule et al, 1995a), and for the activation and induction of nuclear 
translocation of NF-kB by gp l20 which is dependent on CD4 and p56'̂ "̂  (Briant et al, 
1998, Chirmule et al, 1994). While activated these transcription factors are unable to 
enhance IL-2 gene activity (Chirmule et al, 1995a, Jabado et al, 1994), possibly due to 
inhibition of binding to the DNA (Jabado et al, 1994).

While this is a potential pathway for the partial activation of CD4^ T cells by 
gp l20, it is by no means a definitive pathway as some researchers have not been able to 
repeat certain steps (Jabado et al, 1997a) and some steps are missing or unproven. It is 
also likely that other pathways are involved, mediated either by CD4 binding or via 
chemokine receptor binding. Furthermore it appears that gp l20 induces sub-optimal 
signalling and activation (Baldari et al, 1995b, Milia et al, 1997), which is possibly the 
reason why it induces anergy as opposed to proliferation and differentiation of the T cells 
induced by CD3-TCR-mediated signalling. This sub-optimal signalling may also explain 
why some researchers saw effects that other groups were unable to find.

1.6.3.1.3- gpl20 signalling via chemokine receptors
In addition to CD4 on the cell surface gpl20 also interacts with chemokine receptors. 

While the above pathway(s) appears to be mediated by CD4 ligation independently of 
chemokine receptors (Popik et al, 1998), there is a possibility of gpl20-induced signal 
transduction via chemokine receptors, as these are G-protein coupled and signal in response 
to their natural ligands (Bleul et al, 1996, Oberlin et al, 1996, Samson et al, 1996a). 
Work has shown that gp l20 can induce the rapid tyrosine phosphorylation of Pyk2 via 
both CXCR4 and CCR5 (Davis et al, 1997). Pyk2 leads to several internal pathways such
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as the ERK and JNK pathways. There is also the controversial possibility of the induction 
of calcium mobilisation, since this is induced by chemokine-mediated signalling.

1.6.3.1.3.1- Does gpl20 induce calcium mobilisation via chemokine 
receptors?

While there is good evidence that gp l20 is able to inhibit calcium flux in T cells in 
response to TCR stimulation probably via a CD4-mediated pathway (Cefai et al, 1990, 
Goldman et al, 1994, Hubert et al, 1995, Jabado et al, 1997b, Mittler & Hoffmann, 
1989), there is some debate as to whether it can induce calcium mobilisation itself. Initial 
work suggested that gp l20 could induce calcium flux in CD4+ T cells (Kornfeld et al, 
1988). However, the gp l20 was only 50% pure, and follow up studies were unable to 
repeat the results (Horak et al, 1990, Kaufmann et al, 1992, Orloff et al, 1991).

The discovery of chemokine receptors, whose natural ligands can induce calcium 
mobilisation, as the coreceptors for HIV-1 and with whom g 120 directly interacts has 
reopened the question. It has not, however, lead to a definitive answer. Experiments in 
Xenopus oocytes transfected with CD4 and coreceptors showed that while chemokines 
could elicit a calcium response, gp l20 from several strains could not. Additionally these 
gp l20 blocked calcium responses to chemokines, but only via their specific coreceptor 
(Madani et al, 1998). Further work suggested that while gpl20 could signal through 
coreceptors inducing rapid tyrosine phosphorylation of Pyk2, it was unable to induce 
calcium flux (Davis et al, 1997). In contrast, one team has been able to show calcium flux 
and subsequent chemotaxis in response to M-tropic gp l20 in CD4+ T cells, mediated via 
CCR5 (Weissman et al, 1997). Additionally they showed that while gp l20 could not 
normally induce signalling in CD8^ T cells, the addition of sCD4 allowed it. More 
interestingly, while both M- and T-tropic SIV use CCR5, they were only able to induce 
calcium flux using M-tropic SIV.

In summary it is not clear whether gp l20 is able to elicit a calcium response. There 
is however a possible explanation as to why some groups do and some do not see a response. 
The second extracellular loop has been shown to be the high affinity binding site of 
chemokines for CCR5, and to be critical for signalling by them (Samson et al, 1997). As 
discussed in section 1.5.2.4.1, chimeras of CCR5 showed that different gpl20s utilised 
different extracellular domains (Doranz et al, 1997, Dragic et al, 1998, Lu et al, 1997, 
Rucker et al, 1996). Thus unless the gp l20 used is able to interact with the second 
extracellular loop of CCR5 it is unlikely to be able to induce a calcium response through 
the receptor, and even if it can interact with this domain probably only a subset with the 
right conformation would actually work. Therefore the ability of gpl20 to induce a calcium 
flux is likely to depend on the isolate of gpl20 used and possibly even the way it was 
expressed and purified.

Mutations of the cytoplasmic tail of CCR5 that prevent chemokine-mediated calcium
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flux, secondary messenger activity, and chemotaxis, have no effect on the its ability to act 
a^oreceptorK for HIV-1 (Atchison era/., 1996, Farzan era/., 1997b, Gosling era/., 1997, 
Lu et al, 1997). Such mutated coreceptors can support HIV-1 entry and the early steps in 
the virus life cycle with efficiencies comparable with those of wild-type CCR5, suggesting 
that whether or not signalling is induced by gp l20 though the chemokine receptors, it is 
not important for the initial stages of infection, although it may have other pathological 
consequences.

1.6.3.1.4- Priming of T cells with gpl20 can lead to activation-induced 
apoptosis

Several researchers have shown that both CD4+ and CD8^ T cells from asymptomatic 
HIV-1 infected people undergo enhanced spontaneous apoptosis in vitro, and that this is 
further enhanced if the T cells are activated (Finkel et al, 1995, Gougeon et al, 1993, 
Groux etal,  1992, Lewis etal,  1994, Meyaard etal, 1992). Furthermore, it is mainly the 
bystander not infected cells (of which there are very few in asymptomatic patients) that 
undergo apoptosis in lymph nodes (Finkel et al, 1995). This apoptosis can be abrogated 
by the addition of IL-2 (Gougeon et al, 1993).

The fact that bystander T cells can be influenced has lead to the hypothesis that it 
might be gp l20 that induces apoptosis. To this end it has been shown that if CD4^ T cells 
are exposed to gp l20 and cross-linked with anti-gpl20 mAb, they subsequently undergo 
apoptosis when activated via the CD3-TCR complex (Accomero et al, 1997, Banda et al,
1992). Apoptosis can also be initiated by gp l20 in both CD4^ and CD8^ T cells that have 
been recently activated and are exposed to IL-2 deficient conditions (Uchiyama et al, 
1997). In all these cases apoptosis appears to be mediated by the up-regulation of CD95L 
on the cell surface, and subsequent interactions with CD95 (Accomero et al, 1997, 
Uchiyama et al, 1997). There is also a reduction in expression of the proto-oncogene bcl- 
2 in CD4^ but not CD8^ T cells which might facilitate the CD95/CD95L triggered apoptosis 
(Hashimoto et al, 1997). In all cases the addition of IL-2 prevents apoptosis. Support that 
apoptosis occurs in vivo comes from the fact that increased levels of CD95 mRNA are 
found in the CD4^ T cells of HIV-1 infected individuals (Mitra et al, 1996) and from a 
transgenic mouse study. In mice doubly transgenic for gpl20 and human CD4, anti-gpl20 
antibodies are found, and the mice exhibit hCD4^ T cell depletion via apoptosis and 
subsequent immunodeficiency (Finco et al, 1997).

1.6.3.2- Interactions of monocyte/macrophages with gpl20
Cells of the monocyte lineage play a fundamental role in HIV disease as 

demonstrated by the fact that people homozygous for mutated CCR5 are highly resistant 
to infection. APC function of macrophages from HIV-1 infected patients have been shown 
to be abnormal by several groups (Ennen etal, 1990, Lathey etal, 1990, Lunardi Iskandar
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et al, 1987) as have the functions of DC (Macatonia et al, 1990). This has also been 
shown to be the case after in vitro infection (Ennen et al, 1990, Petit et al., 1988, Sperber 
et al, 1993). Given that, as with T cells, very few macrophages are infected in vivo 
(Schnittman et al, 1989), this suggests that any impairment is due not to direct infection, 
but to indirect mechanisms.

Addition of gp l20 to monocytes does not affect CD 14, HLA-DR, HLA-DQ or 
MHC class I levels on the cell surface, but after overnight incubation both CD4 and FcyRl 
levels decrease (Durrbaum-Landmann et a l ,  1994, Karsten et a l ,  1996). This is 
accompanied by reduced Fc-mediated phagocytosis. Their ability to stimulate anti-CD3 
mAb treated CD4+ T cells is also reduced, but recall antigen induced T cell proliferation 
remains normal (Durrbaum-Landmann et al, 1994).

Finally gp l20 suppresses the ability of peripheral blood monocytes to deal with 
fungal infections. This is possibly due to the fact that lysosomal compartments are unable 
to acidify to the correct pH inhibiting the enzymes harboured within (Pietrella etal, 1998). 
It is possible that many of these effects are not caused directly by gpl20, but are caused by 
g p l20 induced release of cytokines by the monocytes (see section 1.6.4.3).

1.6.3.3- Envelope-induced cytokine release
Cytokines are an important factor in the immune response, and on the basis of 

cytokines secreted, CD4+ T cells are defined as Thl, Th2, and ThO (a combination of Thl 
and Th2). This, however, does not include abeuWhe many important immunoregulatory 
cytokines are secreted by macrophages. Thus a more useful definition has been proposed 
by Clerici and Shearer, who define a type 1 response and a type 2 response (Clerici & 
Shearer, 1994). A type 1 response results in a strong cell-mediated immune response with 
IL-2 and IFN-y (Thl cytokines), with IL-12 being a major facilitator and with IL-10 acting 
as a down-regulator. A type 2 response results in B-cell mediated activities, with IL-4 and 
IL-5 (Th2 cytokines), with IL-6 and IL-10 being major facilitators, and with IFN-y being 
a down-regulator. Clerici and Shearer also propose that a major cause of HIV pathogenesis 
is a shift from a type 1 to a type 2 response as the disease progresses, but this has been 
disputed (Graziosi eta l,  1994, Maggi eta l,  1994).

In response to gpl20 in vitro, monocytes and macrophages have been shown to 
secrete IL-10 (Borghi et al, 1995, Schols & De Clercq, 1996), TNF-a (Karsten et al,
1996), IFN-a (Capobianchi et al, 1992, Francis & Meltzer, 1993), and IFN-(3 (Gessani et 
al, 1994). G pl20 also stimulates IL-1 (3, IL-6 and GM-CSF production. However this is 
dependent on the gp l20 used and cannot be elicited by gpl20 from baculovirus (Clouse et 
a/., 1991). Monocytes are also induced to secrete endothelin-1, and HIV-1 infected people 
show raised message for this in their monocytes, which is not seen in healthy controls 
(Ehrenreich et al, 1993). If suitably primed, such as by IFN-p or IFN-y, macrophages will 
also produce IL-12 (Fantuzzi etal, 1996, Gessani etal,  1997). In T cells there is a failure
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to produce both IL-2 and IL-4 (Ameglio et al, 1994). Thus gp l20 is able to induce the 
production in vitro of a wide range of cytokines, and undoubtedly this plays a role in the 
immune dysregulation, but the precise details of this are not as yet fully understood.

1.6.3.4- Stem cell defects can be induced by gpl20
Dysmorphic bone marrow morphology and bone marrow failure are common among 

AIDS patients (Maciejewski et al, 1994), but there is no consensus opinion as to whether 
CD34^ stem cells are directly infected by HIV-1 (reviewed in (Chirmule & Pahwa, 1996)). 
The possibility therefore arises that the effects may be caused by envelope rather than 
virus infection. Again people have conflicting views as to what might be happening.

The culture of human cord blood mononuclear cells in the presence of gpl60 has 
been shown to lead to enhancement of the in vitro growth of myeloid haematopoietic 
progenitors (Sugiura et al, 1992). This was not caused by direct interaction with CD34+ 
stem cells, but indirectly by inducing CD4+ T cells to produce IL-3, IL-6, and GM-CSF. In 
contrast gpl20 and gpl60 can lead to reduced numbers of CD34+ stem cells in the presence 
of IL-3 (Zauli et al, 1992b). They also inhibit the growth of granulocyte-macrophage 
precursors in a dose-dependent manner (Zauli etal,  1992b), which might be due to direct 
cytotoxic action (Zauli etal,  1992a). This cytotoxic effect may in fact be the induction of 
apoptosis, as cross-linked gpl20 induces apoptosis in CD34+ stem cells purified from 
donors, due to up-regulation of TGF-(3 1 production by the cells. This may in turn have 
some in vivo relevance, as anti-TGF-p 1 antibodies increase the plating efficiency of CD34-H 
stem cells purified from HIV-1 positive patients (Zauli etal, 1996). Finally, gpl20 inhibits 
haematopoietic colony formation in bone marrow cultures. Again this is not a direct effect, 
but requires the presence of monocytes which secrete TNF-a in response to gpl20 
(Maciejewski et al, 1994). Taken together these show that envelope might be responsible 
not only for the hypercellularity seen in HIV, but also for bone marrow failure due to 
aberrant cytokine secretion and/or apoptotic cell death.

1.6.3.5- Neuronal dysregulation and injury
Over 50% of patients infected with HIV-1 get AIDS dementia complex or HIV-1 

associated cognitive/motor complex, although there is no evidence for the direct infection 
of neurones (Benos et ai, 1994). The cells apparently infected to a high level are microglia, 
the brain macrophages, and the damage to other cell types may therefore be due to an 
indirect mechanism (Koka et al, 1995). In addition to the use of CD4 as a receptor in the 
brain, it was found that HIV-1 could infect some CD4" glial cell lines (Cheng-Mayer et al, 
1987). Galactosyl ceramide has been implicated as the surrogate receptor, as antibodies to 
it block infection to CD4" cell lines derived from the nervous system and gpl20 was shown 
to bind it, but not other glycolipids (Bhat et al, 1991, Harouse et al, 1991).

The exact mechanism of neural cell death has not been established. However
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research using rat models has highlighted A^-methyl-o-aspartate (NMDA) receptor activation 
as a potential route (Barks et al, 1997, Lipton et al, 1991, Ushijima et al., 1993, Vesce et 
al, 1997). These rat models show that gpl20 can exert neurotoxic effects, mediated by 
NMDA receptor activation (Barks et al, 1997). This requires glutamate (the ligand for the 
NMDA receptor), and is inhibited by NMDA receptor antagonists (Lipton et al, 1991) 
and calcium channel blockers (Dreyer etal, 1990). Both glutamate and gpl20 are required 
to induce calcium flux in rat neurones (Ushijima et al, 1993). That glutamate is required 
intimates that gpl20 is not acting directly on the NMDA receptor, hence the death of 
neurones is probably the result of gpl20 indirectly sensitising the receptors (Ushijima & 
Abe, 1992). This sensitisation may be compounded by the fact that gpl20 inhibits the 
ability of astrocytes to mop up excess glutamate and also induces a slow release of glutamate 
from them (Vesce et al, 1997).

Damage may also be mediated by aberrant release of cytokines, as indicated by the 
production of IL-1, TNF-a, and NO from glial cell cultures in response to gpl20 (Koka et 
al, 1995). Inhibitors of NO indicate that this in part responsible for the gpl20-mediated 
neurotoxicity (Dawson e tal, 1993).

Most of the studies have an implicit bias towards indirect mechanisms. However, 
in addition, there have also been studies where gpl20 is believed to act in a direct manner 
by inducing apoptosis of primary neurones as well as microglial cells, but not of astrocytes 
(Lannuzel et a l,  1997). This apoptosis is mediated by the chemokine coreceptors 
(Hesselgesser et al, 1998) of which both CCR5 and CXCR4 are expressed on neurones 
(Hesselgesser et al, 1997).

I.7- Dendritic cells

DC were originally isolated from mouse spleen. They represented a small proportion 
of the nucleated cells present, and were characterised by a relatively abundant cytoplasm, 
but arranged in extensive and highly motile dendrites rather than around the nucleus, hence 
their name (Steinman & Cohn, 1973). These DC were short lived and did not proliferate in 
culture (Steinman & Cohn, 1974).

The exact origin of the cells was unclear, although they appeared to be derived 
from the bone marrow (Steinman et al, 1974). The high turnover rate in vivo suggested 
influx from other sites (Steinman et al, 1974). They displayed high levels of MHC class
II, but their function was still not apparent.

The observation that they were much more efficacious than other cells, such as B 
cells and macrophages, at stimulating a mixed leukocyte reaction, MLR (Klinkert et al, 
1980, Nussenzweig & Steinman, 1980, Steinman & Witmer, 1978), and a syngeneic MLR 
(Nussenzweig & Steinman, 1980), indicated their most important function as APC. Unlike
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B cell and macrophages whose primary functions are to produce antibodies and phagocytose 

respectively, and who present antigen as a secondary event, the principle role o f  DC is to 

capture antigen and present it to T cells (reviewed in (Banchereau & Steinman, 1998, 

Steinman, 1991).

1.7.1- O ntogeny of DC
DC are distributed throughout the different organs o f the body. Irrespective o f site 

they have typical characteristics in common, including non-adherence to plastic, low levels 

o f  Fc receptor and high levels o f MHC class II. In contrast, macrophages are adherent, 

have high levels o f Fc receptor and variable levels o f class II. However all cells that are 

considered to be DC are not phenotypically identical: for example, Langerhans cells (LC) 

found in the epidermis have dendritic cell morphology but also have Fc receptors. There 

are also other variants such as interdigitating cells in the thymus, and DC that are found in 

the blood.

While DC may have different names and somewhat different cell surface phenotypes 

(e.g. LC are CD la  negative and blood DC are CD la  positive), most do share similar APC 

properties. Those that are distributed outside the lymph nodes all share the property of 

migration via the lymphatic system, or the blood, to lymph nodes, and some form of 

maturation occurs in doing so. As they mature they become a more homogeneous population 

(Schuler & Steinman, 1985). W hile this is not proof o f a common heritage it is suggestive, 

and it has been proposed that they are part o f a connected system (Steinman, 1991). Part o f 

the problem lies in the fact that while DC in the spleen and lymph originate from a 

proliferating pool o f precursors and undergo rapid turnover (Steinman et a i,  1974), the 

turnover reflects migration and recruitment rather than local cell division.

DC can be generated from the bone marrow of both mice and humans, albeit by 

slightly different methods. Both species require the cytokine GM-CSF, suggesting a myeloid 

lineage (Inaba et a i,  1992, Young et a i,  1995). In the mouse GM -CSF stimulates mouse 

bone marrow cells to become either granulocytes, macrophages, or DC suggesting a 

common lineage (Inaba 1993a, Inaba era/., 1992). In the human, CD34+ bone marrow 

progenitors can be stimulated to produce DC by GM -CSF and TN F-a. The addition of c- 

A/f-ligand expands this population. This suggests that the converse may be true, that DC 

are formed from specific DC colony-forming units, CFU-DC, as opposed to granulocyte- 

monocyte colony-forming units, CFU-GM (Young et a i ,  1995). In vitro, human DC can 

be prepared from incubating peripheral blood monocytes in the presence of GM -CSF and 

IL-4, which suppresses monocyte outgrowth (Sallusto & Lanzavecchia, 1994), infeWi-ng a 

common precursor. Furthermore, as well as DC, these peripheral blood monocytes mature 

into macrophages in the absence of the added cytokines, or with added M -CSF (Palucka et 
a i ,  1998). If the G M -CSF and IL-4 are rem oved from the DC, they can revert to 

macrophages, or die. Likewise the addition of GM -CSF and IL-4 to macrophages that are
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not fully matured leads to conversion into DC, as judged by morphology, cell surface 

phenotype, and ability to stimulate an MLR (Palucka et al., 1998) again suggesting a 

common lineage. It is not however clear whether this in vitro monocyte to DC change is 

relevant in vivo.
These findings suggest the following hypothesis. All DC types evolve from a single 

bone marrow precursor, be it CFU-DC or CFU-GM. From there they migrate to organs 

and diverge somewhat from each other. On subsequent migration from the organ via the 

lymphatics to the lymphoid organs they mature and converge to a mature DC, which is 

evidenced by the fact that all DC in lymph nodes appear the same, even though they may 

have come from different tissues. In contrast to this view itiis  necessary to note that there 

is evidence that some DC can evolve from a non-myeloid origin (Grouard et al., 1997, 

Saunders et a i,  1996). These DC originate from the so called plasmacytoid T cells o f the 

thymus. These do not require GM-CSF, but instead require IL-3 and IL-7 to mature. The 

precise origin o f these cells is not clear, as despite their name they express no specific 

markers suggestive o f cells o f either lymphoid origin or ofm yeloid origin (Grouard et al., 

1997).

1.7.2- DC m igration
DC have been found to reside in non-lymphoid tissue, where they can be exposed 

to a wide range of antigens, but to function as APC they must endocyto.se the antigen, 

process it, and present it to T cells. Presentation to T cells is best performed in the lymph 

nodes and spleen, and thus migration of DC is a necessary step. This has lead to DC in the 

periphery being referred to as immune ‘sentinels’ (Ibrahim et al., 1995).

These peripheral DC, which include LC, are referred to as immature. They are 

characterised by the fact that they are good at processing antigen, but make poor accessory 

cells (Romani et a i,  1989). Uptake of antigen is via constitutive macropinocytosis (Sallusto 

et a i,  1995), and by phagocytosis of both apoptotic bodies (Albert et al., 1998), and live 

bacteria (Inaba ri/., 1993b, Matsuno cr «/., 1996, Reis e Sousa gf <3/., 1993, Svensson et 
al., 1997). In contrast macrophages can phagocytose opsonised sheep red blood cells, 

which DC cannot (Inaba et al., 1993b, Reis e Sousa et al., 1993), but are unable to take up 

apoptotic bodies (Albert etal., 1998). Capture of antigen by DC, especially live bacteria is 

probably mediated at least partially by mannose receptor (Sallusto et a i ,  1995). Finally, 

they have been shown to produce large amounts of MHC class II and invariant chain with 

a high cell surface turnover (Kampgen et a i,  1991, Pure et al., 1990)

Once antigen has been captured the DC must migrate from the periphery to the 

lymph nodes and spleen. Migration occurs principally to the draining lymph nodes via the 

lymphatics (Matsuno et al., 1996, Weinlich et a l,  1998). These migrating DC home to the 

paracortical region of the lymph nodes, where they interact with antigen specific T cells 

(Ingulli et a i,  1997).
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Many substances induce migration in vivo. Systemic administration of bacteria 
and lipo-polysaccharide (LPS), a component of bacterial cells wall, results in a significant 
depletion of interstitial and epithelial DC (Roake et ai, 1995). It is not clear whether this 
is a direct on indirect effect. LPS also leads to the migration of DC to the T-cell areas of the 
lymph nodes and spleen (De Smedt et ai, 1996, Reis e Sousa et al., 1997). This migration 
to the T-cell areas requires help from T cells (Austyn et al., 1988). Once in this area DC are 
lost after 48 hours (De Smedt et al., 1996).

Induction of migration of LC can be induced by contact sensitisers and allergens 
(van Wilsem etal., 1994, Weinlich etal, 1998). This migration occurs very rapidly, although 
not all LC migrate suggesting other mechanisms (van Wilsem etal, 1994). The LC migrate 
from the epidermis to the dermis, where they can be observed as cords of cells moving 
through the dermal lymphatics (Larsen et al, 1990). Dermal DC migrate from the dermis 
in a similar fashion (Weinlich et al, 1998).

1.7.3- DC maturation
During the process of migration the DC mature. It is not clear whether one is the 

result of the other or not. As the DC mature they lose their immature ability to phagocytose 
and process antigen (Inaba et al, 1993b, Matsuno et al, 1996, Reis e Sousa et al, 1993, 
Romani etal,  1989, Sallusto etal,  1995). Although some antigen processing is found in 
mature DC cultures, this is due to subsets of incompletely matured DC (Koch etal, 1995). 
Also lost is the high rate of synthesis and cell surface turnover of MHC class II (Kampgen 
et al, 1991, Pure et al, 1990). This leads to an up-regulation of class II on the cell surface 
and probably allows DC to retain antigen as they migrate from the periphery to the lymph 
nodes (Kampgen eta l,  1991).

In contrast to these losses, mature DC gain some facilities. They become more 
potent accessory cells and T-cell stimulators (Celia etal, 1996, Larsen etal, 1990, Romani 
et al, 1989, Sallusto et al, 1995, Schuler & Steinman, 1985). This is partly due to the up- 
regulation of cell surface costimulatory molecules, especially CD86 which stimulates its 
ligand CD28 on T cells (Celia et al, 1996, Inaba et al, 1994). This up-regulation is greater 
than in other APC and is found in vivo as well as in vitro (De Smedt et al, 1996, Inaba et 
al, 1994).

Most of the inducers of migration also induce maturation. Thus LPS and bacteria 
can mature DC (De Smedt et al, 1996, Reis e Sousa et al, 1997, Sallusto et al, 1995). 
This is effective not only in vitro but also in vivo in mice (De Smedt et al, 1996). The 
addition of TNF-a or ligation of CD40 on the DC cell surface, as would happen in 
interactions with activated T cells, also acts to mature DC (Celia et al, 1996, Sallusto et 
al, 1995, Sallusto & Lanzavecchia, 1994). All these induce the rapid secretion of IL-12, 
which can occur in the absence of T cells (Celia et al, 1996, Reis e Sousa et al, 1997). It 
is DC and not macrophages that produce the initial IL-12 that is important in generating a
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cell-mediated immune response to infection (Reis e Sousa et al., 1997).
In model DC culture systems, where DC are made from incubating adherent PBMC 

in the presence of GM-CSF and IL-4, a similar maturation process is induced by the addition 
of CD40L, LPS, or TNF-a (Sallusto et al, 1995, Sallusto & Lanzavecchia, 1994). This 
results in the increase in surface MHC and adhesion/costimulatory molecules, and a 
reduction in processing and presentation of exogenous antigen. This provides a good 
approximation to what is found in vivo: migration from the periphery, which is accompanied 
by maturation, is induced by inflammatory mediators or bacterial products and results in a 
switch from antigen capture and processing to a highly costimulatory antigen presenting 
phenotype.

1.7.3- Interactions of DC and T cells
DC exposed to antigen home to the paracortical region of the lymph nodes. Here 

they interact with T cells that are specific for the antigen, forming clusters (Ingulli et al,
1997). These clusters contain proliferating T cells, and numbers peak at 24 hours, then 
decrease after 48 hours. IL-2 is also produced (Ingulli et al., 1997).

The DC are able to present exogenous particulate antigen, such as phagocytosed 
bacteria, via both MHC class I and II, and thus stimulate both CD4+ and CD8^ T cells 
(Albert era/., 1998, Porgador & Gilboa, 1995, Svensson era/., 1997). Unlike macrophages 
and other APC, which can cluster with only antigen specific T cells, they can cluster with 
T cells independent of antigen (Inaba & Steinman, 1986). This is probably important for 
the ability of DC to prime naïve T cells as it allows said T cells to ‘scan’ the DC surface for 
specific MHC/antigen complexes. Detailed morphological analysis by scanning electron 
microscopy reveals veils (or three dimensional ‘dendrites’) extending from the DC which 
contact extensively with the T cells (Setum et al., 1993). These interactions are thought 
important not only for T-cell activation but also DC survival. TRANCE, TNF-related 
activation-induced cytokine, is induced on the T-cell surface when the TCR is engaged. 
The receptor for this is only found on DC among haematopoietic cells and promotes DC 
survival (Wong et al, 1997).

Evidence that only DC can stimulate naïve T cells comes from several experiments. 
In vitro experiments showed that DC and not macrophages could induce primary T-cell 
proliferation in an MLR (Inaba et al, 1993a). DC pulsed with antigen in vitro can stimulate 
naïve T cells in vivo, a task not achieved by other APC (Inaba et al, 1990). Furthermore 
only DC and not other APC can present antigen to MHC class Il-restricted T cells after 
immunisation with protein in adjuvant (Gurley et al, 1989). Also to aid naïve T-cell 
activation, DC in the germinal centres and T-cell areas of the spleen secrete a C-C 
chemokine, unique to them, that preferentially attracts CD45RA+ naïve T cells (Adema et 
al, 1997).

Finally, as mentioned above, mature DC express higher levels of CD86 than other
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APC, a molecule that is highly important for T-cell activation (Caux et al., 1994, Celia et 
al, 1996, Inaba et al, 1994). CD86 expression is further up-regulated on DC by the cross- 
linking of CD40 by CD40L found on the activated T cells (Celia et al, 1996), and blockade 
of CD86 by antibodies leads to dramatic inhibition of T-cell proliferation (Caux et al, 
1994, Inaba et al, 1994). DC also produce the initial IL-12 that is important in generating 
a cell-mediated immune response (Reis e Sousa eta/., 1997). This IL-12 acts on theT cells 
to induce a Thl type response, which can be down-regulated by IL-10 and IL-4 (Koch et 
al, 1996).

Aside from the stimulation of T cells, DC help to regulate the immune system. In 
mice a subset express Fas ligand and can induce marked apoptosis in interacting CD4+ T 
cells. This may be important in preventing the immune response from being overly vigorous, 
or may be important in tolerance induction (Suss & Shortman, 1996). DC also allow the 
survival of mature peripheral CD4+ T cells. This suggests that T cells must continually 
recognise MHC and accessory molecules to survive in the absence of antigen and may be 
one of the factors in immune memory (B rocker, 1997).

The DC/T-cell cluster can also involve B cells. These clusters occur in both the 
spleen and extrafollicular areas of the lymph nodes (Dubois et al, 1997, Inaba et al, 
1984). If the B cells express the MHC haplotype to which the clustering T cells are restricted, 
the presence of DC allows the B cells to develop into plasma cells, and is important for 
both primary and secondary B cell responses (Inaba etal, 1984). DC can directly modulate 
CD40-activated B cell growth and differentiation, requiring the presence of CD40L positive 
T cells leading to class switching of memory B cells to IgA and IgG (Dubois et al, 1997).

1.8- Dendritic cells and HIV

The properties of DC—their location throughout the body, their ability to 
phagocytose and present antigen and to stimulate both primary and secondary T-cell 
responses, and their extensive interaction with both CD4+ and CD8+ T cells—all make 
them potentially very important in HIV disease. This has lead to much study, and to two 
divergent but not mutually exclusive hypotheses. One is that DC can themselves be infected 
by HIV, and that this affects their ability to stimulate T cells. The other is that the clustering 
of T cells with DC that have been exposed (but not necessarily productively infected) to 
HIV leads to explosive replication of virus in the CD4^ T cells and leads to their deletion 
by apoptosis.

Unfortunately there is disagreement among researchers about almost all aspects of 
DC and their relationship with HIV. This includes whether or not they can be infected and 
by which strains, whether they express CD4, what coreceptors are present, whether there 
is dysfunction in infected cells and so on. This may in part be due to the use of different 
sources of DC, and of the experimental techniques used, but does make the field somewhat
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confused.

1.8.1- Does HIV infect DC?
An initial report suggested that DC freshly isolated from blood could replicate 

both M- and T-tropic virus explosively. Levels produced were higher than those found in 
T cells, replication was not cytopathic, and could occur in non-dividing (irradiated) DC 
(Langhoff et al, 1991). Since 1991 the field has been intensively studied and no one has 
replicated these results. There are, however, conflicting reports as to how infectable DC 

are.

1.8.1.1- Bone marrow precursor infection
Since DC are derived from CD34^ bone marrow precursors (Young et al, 1995), 

infection of these cells has been studied both in vivo and in vitro. In vivo one study has 
showed infection of these cells by HIV at a low frequency (Stanley et al, 1992), but others 
have failed to find infection (Molina et al, 1990, von Laer et al, 1990). In vitro it was 
shown initially that these cells are susceptible to infection by IIIB, a T-tropic isolate, (Folks 
et al, 1988, Steinberg et al, 1991), although M-tropic strains were not tested. Contrary to 
this, another study shows that DC are infected not by T-tropic, but by M-tropic isolates 
only (Marandin et al, 1995). Infection was productive, but not efficient. Finally using DC 
derived from CD34+ progenitors, one group showed that these DC were infected by T- 
tropic, but not M-tropic virus (Warren et al, 1997).

1.8.1.2- Infection of DC from blood
Study of blood DC infection falls in to two main categories, infection of DC isolated 

directly from blood, and infection of DC that are derived from culturing adherent PBMC 
in the presence of GM-CSF and IL-4 (Sallusto & Lanzavecchia, 1994).

Examination of in vivo infection by in situ DNA hybridisation has shown that 
between 3 and 25% of these cells are infected, while other cell types such as macrophages 
and T cells are <1% (Knight & Macatonia, 1991, Knight et al, 1990). However, p24 
staining showed only 1 % infection in DC (Knight et al, 1990). The same group found that 
infection of blood DC was present at all stages of disease, and thus might act as an important 
reservoir of the virus (Patterson et al, 1994). They noted that proviral load was lower than 
that found in CD4+ T cells taken from the blood and that levels in the two cell types did not 
correlate (Patterson et al, 1998). In contrast another group was unable to find significant 
infection of DC in the blood of patients (Cameron et al, 1992a).

In vitro the same story pertains. Some groups have shown productive infection of 
directly isolated DC (Chehimi et al, 1993, Patterson et al, 1995) as evidenced by electron 
microscopy pictures of budding virus on the DC cell surface (Patterson etal, 1995). It has 
been suggested that M-tropic and dual-tropic isolates infect well, and T-tropic infect poorly
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(Ayehunie et al., 1997, Patterson et al., 1995). However, another group were unable to 
infect these cells (Pinchuk et al, 1995).

A similar pattern exists for PBMC-derived DC. These cells, in their immature form, 
have been shown to be infected by both M- and T-tropic isolates, although whether this is 
productive or not has been questioned. Some say both can induce productive infection 
(Blauvelt etal,  1997); some say neither, with provirus being formed, but no actual virion 
production (Hausser et al, 1995); others state that while both strains can infect, these 
immature DC are selective in that only M-tropic strains productively replicate (Granelli- 
Piperno et al, 1998, Tsunetsugu-Yokota et al, 1995). In mature DC both tropisms can 
infect, but again this is not productive, although early products of reverse transcription 
were formed (Granelli-Piperno etal, 1998, Granelli-Pipemo etal,  1996). The addition of 
T cells to these mature DC allowed the completion of reverse transcription and production 
of virus (Granelli-Piperno et al, 1999).

1.8.1.3- Infection of LC
Epidermal LC have also been examined for infectivity in vivo, and different results 

obtained, ranging from relatively few cells infected (Kalter et al, 1991), to about one third 
(Compton et al, 1996), with proviral loads similar to that of peripheral blood CD4^ T cells 
(Cimarelli et al, 1994). Regardless of actual viral levels, provirus is actively transcribed 
(Giannetti etal, 1993), with the expression of both structural and regulatory genes (Henry 
et a l, 1994).

In vitro, LC appear to be productively infected by both M- and T-tropic strains of 
HIV-1 (Kalter <3/., 1991, Ludewig gf a/., 1996, Ludewig er «/., 1995, Ramazzotti etal,  
1995, Reece et al, 1998), although this may only occur at a low level (Pope et al, 1994).

1.8.1.4- Infection of DC from lymphoid organs
In contrast to other DC the data for those found in lymphoid organs is consistent. 

In vivo they are infected but only at a very low level (c. 1/1500 cells) (Mcllroy et al, 1995, 
Naif et al, 1998). The data for in vitro infection is sparse, with these DC replicating M- 
tropic strains efficiently, and T-tropic isolates poorly (Cameron eta l,  1996).

1.8.1.5- Possible explanations for the divergent views on DC infection
One group has suggested that three separate populations of DC exist in peripheral 

blood, and that only one type can be infected (Weissman et al, 1995). One population is 
those cells that can be induced to become DC in culture in the presence of GM-CSF and 
IL-4; another are DC which pre-exist in the blood, have high levels of HLA-DR and are 
potent stimulators of T cells; the final population are cells that look morphologically similar 
to DC, but express only moderate levels of HLA-DR and are poor stimulators of T cells. It 
is only the third group that can be infected and inconsistent data is therefore due to the
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presence of this contaminating population (Weissman et al, 1995). This hypothesis would 
however disagree with much of the published data described above.

The other possibilities are that the method used to isolate the DC affects their 
ability to be infected, or that there is a difference in sensitivity of the methods used to 
detect productive infection. The two main methods used to assess productive infection are 
an RT assay that measures the activity of RT in the culture supernatant, and an ELISA that 
measures the levels of p24 in the culture supernatant. The RT assay is cheaper and more 
commonly used than the p24 assay, but is less sensitive. Given that DC do produce high 
levels of HIV, it is possible that using a less sensitive method would miss some cases 
where productive infection occurs. It is interesting to note that in an experiment that showed 
productive infection of PBMC-derived DC by both M- and to a lesser extent T-tropic used 
the p24 ELISA (Blauvelt et al., 1997, Chehimi et al, 1993), whereas those that showed 
only M-tropic or no productive infection used the RT assay (Granelli-Piperno etal, 1998, 
Hausser et al, 1995, Weissman et al, 1995)

1.8.2- CD4 and coreceptor expression in DC
DC express low levels of CD4, and as such their infection by HIV is CD4-dependent 

(Blauvelt et al, 1997, Ferbas et al, 1994, Patterson et al, 1995). The discovery of the 
coreceptors has lead to intense study of expression on DC, in the hope of clarifying DC 
infectivity. The results have not been conclusive, with many subtle variations of coreceptors 
found, possibly attributable to isolation methods.

DC have been shown to express CCRl, CCR2, CCR5, CXCRl, and CXCR2 
(Ayehunie et al, 1997, Granelli-Piperno et al, 1996, Rubbert et al, 1998, Sozzani et al,
1997). M-tropic virus predominantly uses CCR5, and all its chemokine ligands, RANTES, 
MIP-la and MIP-lb, block infection with M-tropic virus well (Ayehunie et al, 1997, 
Granelli-Piperno et a l  1996). The other receptors listed appear to play only a minor role 
in infectivity. Many M-tropic viruses have also been shown to be able to use CCR3 as a 
coreceptor. This has been found on DC by some (Ayehunie et al, 1997, Rubbert et al,
1998) but not all (Sozzani etal, 1997). When present it is functional and infection can be 
inhibited by its ligand eotaxin (Ayehunie et al, 1997, Rubbert et al, 1998).

T-tropic virus uses mainly CXCR4 to infect cells, but while this is functional on T 
cells, it is not functional on macrophages, allowing virus entry, but not productive infection 
(Schmidtmayerova et al, 1998). Most researchers have found CXCR4 to be present on 
DC, but there is disagreement on whether it is can support productive infection, or whether 
it functions as it does in macrophages (Ayehunie et al, 1997, Granelli-Piperno et al, 
1996, Sozzani et al, 1997). One group found DC to be CXCR4 negative, but could still 
infect their DC with T-tropic strains, and block this infection with SDF-1, the ligand for 
CXCR4 (Rubbert et al, 1998). They suggest that there is another receptor that is not 
CXCR4, but can be used by T-tropic virus and mediates calcium flux when binding SDF-
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1.

Freshly isolated LC express CCR5, but not CXCR4 on their cell surface (Zaitseva 
et al, 1997, Zoeteweij & Blauvelt, 1998). They do however have CXCR4 present internally, 
and as the LC are matured in culture, this is mobilised to the cell surface (Zaitseva et al,
1997). M-tropic virus predominates during initial infection (Zhu et al, 1993), and it is 
possible that this receptor expression accounts for the selective infection with M-tropic 
strains (Zaitseva et al, 1997, Zoeteweij & Blauvelt, 1998). There is selective transmission 
of M- but not T-tropic virus across skin explants that is mediated by LC, but once they 
have migrated from the skin they can support replication of both tropisms (Reece et al,
1998).

1.8.3- Pathological consequences of DC infection
Work on uninfected DC has shown that they are necessary for the in vitro induction 

of primary T cells specific for gpl20. This cannot be achieved by macrophages, B cells or 
monocytes. Also, these DC are the most effective APC for the presentation of gpl20 to 
specific T cells (Manca etal, 1994). This suggests that DC are vital for the primary immune 
response to HIV and for maintaining the immune response subsequently. This, coupled to 
their importance in immune responses to other infections, means that any impairment of 
their function due to infection would have severe consequences.

1.8.3.1- HIV infection results in the progressive loss of DC
HIV results in the progressive loss of CD4+ T cells and gradual immune compromise. 

While levels of LC/DC in the skin and spleen do not appear to be reduced in HIV infection 
at any stage of disease (Naif et al, 1998, Nandwani et al, 1996), levels circulating in the 
blood are (Cameron et al, 1992a, Fan et al, 1993, Macatonia et al, 1992, Macatonia et 
al, 1990). This reduction in numbers occurred at all stages of the disease, and progressed 
with disease symptoms (Fan et al, 1993, Macatonia et al, 1992, Macatonia et al, 1990), 
but it is possible that this is true of all non T cells (Cameron et al, 1992a).

To initiate an immune response DC must migrate from peripheral tissues to lymphoid 
organs, and there induce T-cell proliferation. Lack of migration would be an important 
immunosuppressive function. It has been shown that murine DC infected with Rauscher 
leukaemia virus fail to migrate into lymph nodes following contact sensitisation. It has 
been hypothesised that the same may hold true in HIV infection (Gabrilovich et al, 1994). 
This would however hinder dissemination of HIV to T cells (see section 1.8.3.1), and has 
not as yet been shown.

1.8.3.3- Infected DC are less able to stimulate both a primary and a secondary 
immune response

If blood DC are exposed in vitro to HIV for less than 24 hours they can induce a
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marked primary proliferative response to HIV in autologous T cells (Knight etal., 1991). 
If pre-exposed to HIV for longer than 24 hours this proliferation is lost, as is proliferation 
to alloantigens and recall antigens such as tetanus toxoid (Knight & Macatonia, 1991, 
Knight et al, 1991). These effects on DC are somewhat dose-dependent, with greater 
amounts of HIV inducing greater DC dysfunction (Knight et al, 1993). In contrast to this 
infected macrophages retain their ability to stimulate recall responses (Knight & Macatonia, 
1991, Macatonia a/., 1992).

DC isolated from HIV infected individuals show similar problems. They are 
defective for primary stimulation of T cells and for secondary T-cell responses, and this 
defect occurs irrespective of disease state (Macatonia etal,  1992, Macatonia etal,  1990, 
Roberts et al, 1994). This block is not mediated by infection of T cells by HIV, nor by 
gpl20 interacting with CD4 on theT cells (Macatonia era/., 1992). Unlike the loss of their 
ability to stimulate T cells, DC are still able to stimulate antibody production by B cells. 
This may be the cause of the failure of cell-mediated immune responses in HIV infection 
(Roberts et al, 1994). Furthermore given that DC fail to stimulate T cells properly in vivo, 
this might result in proliferative responses to macrophages (which maintain their ability to 
stimulate T cells in HIV infection) in the early stages of disease, but ultimately would 
result in a lack of recruitment of resting T cells by DC and therefore immune problems 
(Knight & Macatonia, 1991).

This appears to be a specific APC defect. DC from infected patients are poor at 
stimulating T cells from uninfected people, but the T cells from infected people can be 
stimulated normally by uninfected DC (Macatonia etal, 1990). Furthermore another group 
has shown that a panel of nine HIV peptide-specific T-cell clones from a healthy volunteer 
(Fidler et al, 1996), will respond to DC taken from healthy controls, whereas using DC 
from HIV patients the T-cell clones could be divided into three groups: those that did not 
respond to DC; those that responded to DC from asymptomatic patients but not AIDS 
patients; and those that responded equally to all DC irrespective of donor. This defect was 
mediated at the DC level, but was not due to changes in known accessory molecule levels.

Cell surface levels of CD40, CD80, CD86 (accessory molecules that have been 
implicated in DC accessory function) and MHC class II remain the same in DC isolated 
from the blood and spleen of HIV infected patients (Fan et al, 1993, Ghanekar et al, 
1996, Mcllroy et al, 1998).

1.8.3.1- Dissemination of virus from DC to T cells
When DC enter the lymph nodes, they interact with T cells. During this time they 

are able to pass HIV to the CD4+ T cells very effectively, resulting in a massive burst of 
viral replication. This is true of LC, blood DC, and DC from lymphoid tissue (Ayehunie et 
al, 1995, Cameron etal, 1996, Granelli-Piperno era/., 1998, Ludewig era/., 1996, Pinchuk 
et al, 1995, Pope et al, 1994, Pope et al., 1995). The production of virus is greater when
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more than one cell type is present, than that seen by the individual cell types alone (Ayehunie 
et al, 1995, Cameron et al, 1994, Pope et al, 1994). It also does not require active infection 
of the DC as shown by using DC from deltaCCR5 homozygotes, or blocking the infection 
of the DC (Blauvelt etal, 1997, Dybul etal, 1998). This suggests that different mechanisms 
exist for productive infection of DC and dissemination.

Dissemination of the virus occurs in the T cells clustered around the DC, with 
those not in the clusters remaining uninfected (Cameron etal, 1992b). Regardless of what 
strains of HIV may infect DC, both M- and T-tropic isolates are passed on (Granelli- 
Pipemo etal, 1998). This dissemination results in the apoptotic death of large numbers of 
antigen specific T cells within the clusters, which could reduce the effectiveness of the 
immune response to HIV (Cameron etal,  1992b, Cameron etal,  1994).

As well as dissemination to T cells, immature DC, and to a lesser extent mature 
DC, can transmit M-tropic virus to macrophages, thus further expanding the network of 
infected cells (Kacani et al, 1998). Intravaginal delivery of SIV to macaques showed that 
initial infection was mainly in the LC/DC and that these migrated to the lymph nodes 
within 2 days which resulted in systemic dissemination (Spira etal,  1996). This provides 
evidence that the DC/T cell and DC/macrophage interactions are important in the spread 
and pathogenesis of the disease.
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1.9- Aims

Against this background, the aim of the work described in the present thesis was to 
investigate and define the relationship between HIV-1 and DC.

Firstly, based upon what is known about this relationship - briefly, that HIV-1 
infection adversely Effects DC function, that this is somewhat dose-dependent but that 
since most DC remain uninfected, there may be an HIV-1 soluble component implicated 
in the adverse effect, and that the likely candidate component is the protein gpl20 -  the 
experimental objectives were:

i. to develop a mammalian expression system to produce both an M-tropic and a T-
tropic HIV-1 rgpl20.

ii. to devise a simple strategy to purify these rgpl20s to homogeneity.
iii. to assess the effects of these rgpl20s on the ability of DC to stimulate both 

CD4+ and CD8+ cells, in both autologous and allogeneic T cell responses.
Furthermore, given that an affect could be demonstrated, the aims were extended 

to look at rgpl20-induced signalling in DC, as this pathway is likely to be critical in 
elucidating potential mechanisms.

Secondly, the aim was to explore the other possibility, that at least part of the 
adverse effect may be due to infection of DC by HIV-1, with resultant toxicity, a question 
that remains controversial despite the fact that DC are able to pass HIV-1 to T cells 
effectively, leading to viraemia. The experimental objectives were:

i. to use a range of HIV-1 isolates, and assess their ability to infect DC at various
stages of maturation.

ii. to use HIV-1 isolates selected in this way and monitor their effects on DC viability.
iii. to examine the effects of resting and activated T cells on the replication kinetics 

of HIV-1 in DC.
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CHAPTER 2—MATERIALS AND 
METHODS

All chemicals used in this work were supplied by Sigma unless stated. Appendix I 
describes the solutions used, Appendix II contains plasmid maps of all vectors used, and 
Appendix III gives a list of all manufacturers’ addresses.

2.1- Molecular biology

2.1.1- Plasmids used
Diagrams and information on all plasmids used can be found in Appendix II.

2.1.2- Isolation of plasmid DNA
For small scale preparations, 3-5 ml of LB (I.l) supplemented with 100 (Jg/ml 

ampicillin (1.2) was inoculated with bacteria and incubated overnight at 37°C with shaking. 
Cells were pelleted by centrifugation (1400 g for 15 minutes) and then washed in PBS 
(1.4) and pelleted again. Plasmid DNA was harvested using Wizard™ minipreps (Pharmacia) 
following the manufacturer’s protocol.

Larger scale preparations were essentially the same, instead using 50-100 ml of 
LB and Wizard™ midiprep columns.

2.1.3- Plasmid DNA manipulation

2.1.3.1- Restriction Digests
All restriction enzymes were supplied by Promega unless otherwise stated and 

single enzyme digests were carried out in the supplied buffer at conditions recommended 
by the manufacturer. For digests involving more than one enzyme. Universal buffer 
(Stratagene) was used and digests were carried out at 37°C for 2 hours. Restriction enzymes 
were deactivated, if required, by incubating at 65°C for 15 minutes. Results of digestion 
were viewed by agarose gel electrophoresis.

2.1.3.2- Dephosphorylation of DNA fragments
To reduce the chance of self-ligation cut plasmid vectors were phosphatased to 

remove the 5’ phosphate group from the DNA. Following deactivation of restriction 
enzymes, 1 unit of shrimp alkaline phosphatase (USB) was added directly to the digestion 
reaction mixture, which was then incubated for 15 min at 37°C.
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Phosphatase and restriction enzyme contamination was removed from the DNA 

using Strataclean Resin (Stratagene), following the manufacturer’s protocol.

2.1.3.3- Ligation
Ligations were carried out overnight at 12°C in 10 jiil volumes using 1 pi 1 Ox 

ligation buffer and 1 unit T4 DNA ligase (Stratagene). Vector and insert DNA were present 
at a 1:3 and 1:9 molar ratio. Controls consisting of vector only and insert only were also 
carried out. After ligation 2 pi of the reaction was used to transform competent E. coli.

2.1.3.4- Agarose gel electrophoresis
DNA was resolved in 0.7-1.5% (w/v) agarose (Gibco) gels in Ix TAB (1.5) containing 

0.5 pg/ml ethidium bromide. Samples were mixed with loading dye (1.6), loaded into the 
gel and run in 1 x TAE buffer. Kb ladder (Stratagene) was used as the marker unless specified.

2.1.3.5- Colony cracking gels
Large numbers of colonies on an agar plate can be screened via the colony cracking 

method (Sambrook et al, 1989). Colonies were picked directly into 50 pi of 10 mM EDTA 
in individual wells of a 96 well plate. To this 50 pi of colony cracking buffer (1.7) was 
added, and the plate heated to 90°C for 15 minutes. After cooling, 10 pi was run on a 1% 
agarose gel.

2.1.3.6- DNA and RNA quantification
DNA and RNA were quantified using a GeneQuant DNA/RNA Calculator 

(Pharmacia), following the manufacturer’s protocols.

2.1.4- Transformation of E, coli

2.1.4.1- Production of competent cells
A vented conical flask containing 50 ml of LB was inoculated with 500 pi of an 

overnight culture of TG2 E. coli, and incubated at 37°C until mid-log phase growth. Cultures 
were chilled on ice for 15 min and pelleted by centrifugation at 4000 rpm for 5 min at 4°C.
Cells were resuspended in 25 ml ice-cold O.IM C aC l, and incubated on ice for a further

2
hour. Cells were then pelleted as before and resuspended in 2.5 ml C aC l. Competent cells

2
could be used immediately or stored on ice for up to two days.

2.1.4.2- Transformation of competent cells
Up to 1 pg DNA was added to 100 pi competent cells in sterile 15 ml tubes (Falcon) 

and incubated on ice for 1 hour. Subsequently cells were heat shocked at 42°C in a water 
bath for 90 seconds and plated on LB ap plates (1.1.1) and cultured overnight at 37°C.
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Batches of competent cells were tested for transformation efficiency with 1 ng pcDNA3 
plasmid (II. 1).

2.1.5- PCR
In each reaction 25-50 ng of template DNA and approximately 1 pM of each primer 

(see Table 2.1) was used. To this 10 pi of lOx buffer, 100 pM dNTPs (Promega), and 3 
units of Taq polymerase (Promega) were added. Reactions were carried out in 100 pi 
volumes and overlaid with mineral oil to prevent evaporation. Routine controls consisted 
of a positive control, usually a plasmid containing the sequence of interest, and a negative 
control containing no template.

Standard cycling conditions were 94°C for 35 seconds, 55°C for 25 seconds, 72°C 
for 150 seconds for 25 cycles, followed by 7 minutes at 72°C and maintenance of the 
samples thereafter at 1 °C, unless specified. This was carried out in a DNA Thermal Cycler 
(Perkin Elmer Cetus).

2.1.5.1- Bacterial colony screening by PCR
Colonies were picked directly from LB ap plates into 20 pi of PCR mix (as above 

but scaled down from 100 pi) containing the relevant oligonucleotide primers. After layering 
with mineral oil samples were subject to standard cycling conditions, then visualised on 
an agarose gel.

2.1.5.2- Production of mammalian cellular DNA for PCR screening
Mammalian cellular DNA was isolated for screening for inserted DNA using a 

rapid method described previously (Albert & Fenyo, 1990). Briefly, 4 x 1 0 ^  cells were 
harvested, and washed twice in PBS. These were pelleted (700g for 10 minutes) and all 
supernatant removed. Cells were then lysed in 400 pi of mammalian cell lysis buffer at 
55°C for 1 hour, before storage at -20°C. To 45 pi of PCR mix, 5 pi of lysate was added 
and subject to standard PCR prior to visualisation on an agarose gel.

2.2- Cell biology

A description of cell lines used in this work is given in table 2.2. All cell culture 
was performed under aseptic conditions in a laminar flow hood using sterile solutions and 
heat inactivated PCS (55°C for 30 minutes). Tissue culture plasticware was supplied by 
Nunc unless stated. All cell cultures were incubated at 37°C in a humidified, 5% CO

2
atmosphere unless stated.
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Name Orientation Location in 
HIV gpl60 Sequence

616L Antisense 1515-1536 5’-TTCACTTCTCCAATTGTCCCTC-3'

617L Antisense 1205-1226 5’-TTACAGTAGAAAAATTCCCCTC-3’

618L Sense 1158-1177 5-ATCCTCAGGAGGGGACCCAG-3'

625L Sense 322-343 5-GAGGATATAATCAGTTTATGGG-3'

Table 2.1- Oligonucleotides used in PCR

Position of oligonucleotides is given with respect to a consensus sequence of 14 HIV-1 envelope se

quences.
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Name Source Adherent/
Suspension Description

293
Dr P. 
Balfe

Adherent
Human embryonic kidney cell transformed 
with sheared adenovirus type 5 DNA.

Hut78 ICRF Suspension
Human cutaneous T-cell lymphoma from 
peripheral blood of a patient with Sezary 
Syndrome

L cell ICRF Adherent Derived from mouse kidney cells

SupTl ICRF Suspension Non-Hodgkin's T cell lymphoma.

Table 2.2- Description of ceil lines used
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2.2.1- Mammalian cell culture

2.2.1.1- Non-adherent, suspension cell lines
All non-adherent cell lines were grown in RPM I1640 supplemented with 5% FCS, 

2 mM L-glutamine, 50 pM 2-mercaptoethanol, 100 U/ml penicillin, and 100 pg/ml 
streptomycin (all from Gibco). Cells were split 1:5-10 twice weekly to maintain a density 
between 5x10^ and 2x10^ cells/ml.

2.2.1.1.1- Activation and fixation of HUT78 cells
HUT78 cells (Gazdar etal., 1980) were cultured in medium alone or in the presence 

of PHA (1 pg/ml) and PMA (5 ng/ml) for 24 hours to activate them. Cells were washed 3 
times in PBS, fixed for 2 hours at 4°C in 1% (w/v) paraformaldehyde, washed again 3 
times in PBS and stored until use at 4°C. This was based on a published method (Shattock 
et al., 1996, Shattock & Griffin, 1994).

2.2.1.2- Adherent cell lines
All adherent cell lines were grown in DMEM supplemented with 5% FCS, 2 mM 

L-glutamine, 50 pM 2-mercaptoethanol, 100 U/ml penicillin, and 100 pg/ml streptomycin 
(all from Gibco). Cells were passaged by splitting 1:5 when they neared confluence. 
Monolayers were washed with PBS, and de-adhered with trypsin-versine (ICRF). Cells 
were washed to remove the trypsin before being returned to fresh media.

2.2.1.3- Cryogenic storage of cells
Cells were pelleted and resuspended in 15% (v/v) DMSO, and 85% (v/v) FCS at 

5x10^ cells/ml, and transferred to cryotubes (Nunc). Cells were cooled slowly to -70°C 
overnight, before being stored long-term in liquid nitrogen.

Cells were recovered from liquid nitrogen by rapidly warming to 37°C, washing in 
PBS, and then culturing for 24 hours in 20% (v/v) FCS and appropriate media. For 
transfected 293 cell lines, after washing, the cells were cultured in 20% FCS for 3 hours to 
allow cells to adhere. The monolayer was then washed with warm PBS to remove dead or 
non-adherent cells and fresh medium added.

2.2.1.4- Cell counting and viability
Cell counting was performed using an Improved Neubauer Haemocytometer, with 

viability measured by Trypan Blue dye exclusion. Equal volumes of cell suspension and 
Trypan Blue (1.9) were mixed well and added to a covered haemocytometer chamber which 
was examined under the x40 objective of a microscope. Cells from a defined area were 
counted, and number of cells per millilitre and percentage viability calculated.
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2.2.2- Production of transfected, cloned cell lines
To produce cloned cell lines, cells were first transfected with plasmid DNA, then 

selected for stable expression and then finally cloned from single cells.

2.2.2.1- Transfection of adherent cells by calcium phosphate coprecipitation
Transfection of adherent cells was accomplished by the calcium phosphate 

coprecipitation method (Sambrook etal., 1989). Cells were placed in a six-well plate at a 
density of 10̂  cells per well in 3 ml medium. After culturing overnight this gave monolayers 
of adherent cells at about 60-70% confluence, and in log-phase growth.

Half an hour prior to transfection the medium was changed, and cells returned to
the incubator. Meanwhile, up to 5 pg of plasmid DNA was diluted to a total volume of 220
pi sterile dH O in a bijoux, and 250 pi 2x HBS (1.10) added. To this 31 pi CaCl was added 

2 2 
by slowly dropping it in over a period of 30 seconds while gently agitating the bijoux.
After incubation at room temperature for 20-30 minutes a fine milky-white precipitate
formed.

After resuspending of the precipitate, half the suspension was added per well and 
the cells placed in the incubator for 3-6 hours. Monolayers were then washed with warm 
PBS, fresh medium added and the cells returned to the incubator.

2.2.2.1.2- Estimating the efficiency of transfection
To estimate the transfection efficiency achieved, 2 wells were transfected with an 

equivalent amount of CMVpGal (II.2). After 24-48 hours monolayers were washed with 
warm PBS and 1 ml of pGal buffer (1.13), supplemented with 1 mg/ml X-gal (1.14), added. 
Cells were incubated at 37°C for 30 minutes, and the percentage of transfected cells (blue) 
estimated under a microscope.

2.2.2.2- Production of stable cell lines
Following incubation for 48-72 hours in non-selective medium, this medium was 

removed and stored at -20°C for later assaying of transient production of recombinant 
protein. Fresh medium containing the appropriate concentration of selection antibiotic 
was then added. Medium was changed 2-3 times weekly to remove the debris of dead 
cells. Once the cells reached confluence, they were trypsinised and replated in T25 Roux 
flasks, and the process continued. After 3 weeks in selection stable cell lines were obtained, 
and aliquots were frozen prior to cloning.

2.2.2.2.1- Establishing concentration of antibiotic for selection
To establish the concentration of selection antibiotic to use, antibiotic was titrated 

into cell cultures until the minimum concentration required to kill all the cells was 
discovered. Transfected cells were then selected with a concentration of antibiotic 30%
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greater than this. For 293 cells this was 1000 jig/ml G418 (Gibco) and for L cells, 500 pg/ 
ml G418, when transfected by plasmids expressing the neomycin resistance gene.

2.2.2.3- Cloning of transfected adherent cells
Following selection of stable transfectants, single cells were cloned. Cells were 

removed from the tissue culture flask by trypsin-versine (as for splitting), washed in PBS 
and counted. Cells were then diluted in cloning medium (1:1 mixture of fresh and 
conditioned media, supplemented with 10% FCS and appropriate amounts of G418) to 
give densities of 5 cells/ml and 1.67 cells/ml. Using a flat-bottomed 96 well tissue culture 
plate, 24 wells were filled with each density at a volume of 200 pl/well, theoretically 
giving 1 and 0.3 cells per well respectively. At such low densities each cell should form a 
discrete colony, thus by counting colonies it should be possible to discover how many 
cells were actually in each well.

Wells were monitored frequently over the course of approximately 3 weeks, and 
the number of colonies in each well noted. If too high a proportion (>6/24) of wells had 
greater than one colony the cloning was repeated. Wells containing single colonies were 
expanded, assayed for protein production via ELISA, and aliquots frozen for later use.

2.2.2.3.1- Conditioned medium
Conditioned medium was made by centrifugation and filter-sterilisation of 

supernatant from 3 day-old cultures of untransfected cells. This should provide for the 
single cells additional cytokines and growth factors that would normally be produced by 
neighbouring cells, thereby increasing the efficiency of cloning.

2.2.3- Culture of rgpl20-expressing 293 cells
A seed bank comprising of 1ml aliquots of SF2-2-4-B3 and SF162-13-D 1-B2 cells 

was prepared and stored in liquid nitrogen. Cell cultures were expanded in 175 cm^ Roux 
flasks by repeated passage of 80-90% confluent monolayers twice weekly, in the presence 
of a maintenance dose of 850 pg/ml G418. Cell cultures were not expanded beyond 2 
months (approximately 16 passages).

For production of rgpl20 containing supernatant, cells from the Roux flasks were 
used to seed 850 cm^ roller bottles (Falcon) containing 200 ml medium containing 7.5% 
FCS, which were rotated at a rate of 0.4 rpm. Each roller bottle was seeded three times, 
and then cultured for two weeks with the media being changed when exhausted. Supernatant 
recovered at each media change was spun at 800g for 10 minutes and stored at -80°C.

2.2.4- Primary cell culture
All primary cells were grown in complete medium—RPMI 1640 supplemented

to
with 9% FCS, 2 mM L-glutamine, 50 pM 2-mercaptoethanol, 100 U/ml penicillin, and
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100 pg/ml streptomycin (all from Gibco), unless stated.

2.2.4.1- Human peripheral blood-derived DC
PBMC were obtained either from blood collected from healthy volunteers by 

venesection (120 ml into a heparinised syringe), or in the form of Buffy coats (equivalent 
to -500 ml of peripheral blood and obtained from the National Blood Transfusion Service). 
This was diluted to a total volume of 180ml with PBS, layered over Lymphoprep 1077 
density medium (Nycomed), and centrifuged for 30 minutes, 600 g, with the brake off. 
The interface was recovered, and washed in PBS at least three times until platelets removed.

PBMC were resuspended at 3-8x10^ cells/ml in culture medium, and allowed to 
adhere to plastic (either six well plates, 3 ml/well; or 18 cm petri dishes, 18 ml per dish) 
for 2 hours. After two hours non-adherent cells were removed by gentle washing of the 
adherent cells 2x with warm PBS. Non-adherent cells were either discarded or saved for T 
cell isolation (2.2.4.2). The adherent monocytes were cultured for a further 7 days in fresh 
complete medium, supplemented with 100 ng/ml human recombinant GM-CSF and 50 
ng/ml human recombinant IL-4 (both Schering-Plough). At 7 days, non-adherent cells 
were harvested, and layered on Lymphoprep, then washed as before. DC were then purified 
by negative selection.

2.2.4.1.1- Preparation of mature DC
To produce mature DC, 10 ng/ml LPS was added to the DC cultures at day 6, and 

the cells incubated for a further 48 hours. The culture of DC in the absence of LPS was 
extended 24 hours so that cells could be harvested together.

2.2.4.1.2- Purification of DC
Negative selection was used to purify DC. Briefly, cells were resuspended in 

complete medium containing 2 pg/ml CD2 mAh, 2 pg/ml CD3 mAb, CD 19 mAb 
(supernatant diluted 1:10), and incubated on ice for 30 minutes to deplete T and B cells. 
After 30 minutes cells were washed 3 times with ice cold PBS, and resuspended in 1.5 ml 
complete medium. Washed M-450 sheep anti-mouse coated immunomagnetic beads (Dynal) 
were added at 10 pi per 1x10  ̂cells to be depleted, and incubated on a rotator at 4°C for 45 
minutes. Beads and bound cells were removed by placing on a magnet for 10 minutes, 
after which supernatant containing the purified DC was removed. To further purify the DC 
this purification strategy could be repeated 1 or 2 more times.

2.2.4.2- T cell preparation
T cells were obtained from the non-adherent population removed during DC 

preparation (2.2.4.1). Monocytes, macrophages, and B cells were removed using CD 14, 
CD 19, and HLA-DR mAbs (all supernatant mAbs at 1:10) and immunomagnetic beads as
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for DC above. CD4 or CDS mAbs were added (again at 1:10) as required to obtain CD8+ 

or CD4+ T cells respectively. T cells were cryogenically stored until needed (2.2.1.3).

2.2.4.3- M acrophage preparation

M onocytes were obtained from adherent PBMC as before (2 .2 .4 .1), and adherent 

cell incubated for 7 days in complete medium in which the FCS had been replaced with 

2% (v/v) AB+ human serum. Some macrophages were also supplemented with ICO ng/ml 

human recombinant GM-CSF. Macrophages were purified after 7 days by extensive washing 

with warm media until only firmly adherent cells were left. These cells were then de

adhered using ice cold PBS containing 3 mM EDTA. M acrophages were then counted and 

immediately plated at the required number in appropriate plates.

2.2.4.4- LC and Dermal DC preparation

Skin was provided by the Plastic and Reconstructive Surgery and Tissue Repair 

Unit (Middlesex Hospital, London, UK) from routine operations. Extraneous fat was 

removed, and skin cut into I cm^ sections. These sections were incubated overnight at 4°C 

in 2.4 units/ml Dispase II (Boehringer). Epidermis and dermis were separated using a 

keratome and washed 3 times in PBS, and were then cultured separately, dermal side 

down, in complete medium for 3 days. The skin was then removed and cells that had 

migrated out pelleted, and digested with 400 Mandl-units/ml collagenase D (Boehringer) 

for I hour at 37°C. After digestion, cells were washed 3 times in PBS, resuspended in 5 ml 

complete medium and layered onto metrizamide (1.26). This was spun at 650 g for 10 

minutes and the cells at the interface harvested. Cells were analysed by FACS to check the 

purity of LC (from the epidermis), and dermal DC (from the dermis).

2.2.4.5- T-cell proliferation assays

All T-cell proliferation assays were performed in 96 well fteubottom ed plates, 

with all individual conditions performed in triplicate.

2.2.4.5.1- Autologous T-cell proliferation

DC were irradiated (3000 rads), and 3x10^* cells added per well in 50 pi complete 

medium. Autologous T cells (either CD4+ or CDS^) at I x10  ̂per well, and the test protein 

were added, both in 50 pi volumes, and incubated for 2 hours. CD3 mAb was then added 

in 50 pi to give a final concentration of 0 .1 pg/ml and a total volume of 200 pi. The cells 

were incubated for 48 hours and then pulsed with I pCi (methyl-^H)-thymidine (specific 

activity: 50 Ci/mmol) (ICN), and incubated for a further 16 hours. Cells were harvested 

and proliferation (thymidine incorporation) measured by liquid scintillation counting. T- 

cell proliferation was com pared to a control with no test protein added. All T-cell 

proliferation graphs plotted represent the average of triplicate samples with error bars
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being the standard deviation.

2.2.4.5.2- Allogeneic T-cell proliferation
Allogeneic proliferation assays were performed as for autologous T-cell proliferation 

assays, but using T cells derived form a different donor to that of the DC. Also no CD3 
mAh was added, and cells incubated for 6 days prior to addition of ^H-Thymidine.

2.2.4.5.3- PPD induced T-cell proliferation
PPD induced proliferation was performed as for autologous assays. Differences 

were that 500 units/ml PPD (Evans Medical) was added in place of the CD3 mAb, and 
cells incubated for 5 days prior to addition of ^H-Thymidine.

2.2.4.5.4- Pre-pulsing cells
For pre-pulse assays, DC or T cells were incubated with test protein for 2 hours, 

and then washed 3 times with complete medium before use in the assay. A control of cells 
treated in an identical way, but without the test protein, was used.

2.2.4.5.5- rgpl20 preparation and sCD4 controls
For use in assays, rgpl20 was diluted to an appropriate concentration in complete 

medium and then filtered through a sterile 0.22 pm Millex-GV-4 filter (Millipore). For 
sCD4 controls, rgpl20 was incubated with 5 pg/ml sCD4 (ARP608; baculovirus derived 
sCD4 supplied by the ARP) for 1 hour at 37°C prior to addition to the proliferation assay. 
A control of sCD4 alone was used.

2.2.4.6- Phosphotyrosine assays
Highly purified DC were counted and diluted to 5x10^ cells pr ml of culture medium. 

Cells were warmed to 37°C and pulsed with either 2 pg/ml SF162 rgpl20, or 4pg/ml 
CD40 mAh (mAb89, Immunotech). Cells were chased for a range of time points from 1 
minute to 1 hour. At each time point, an aliquot of cells was removed and transferred to 1 
ml ice cold PBS. Cells were pelleted, supernatant removed, and cells lysed in 100 pi NP- 
40 lysis buffer (1.24) for 20 minutes on ice. Cell lysates were either processed immediately 
for immunoblotting, or stored at -80°C, until use.

2.2.4.6.1- Immunoblotting
Cell lysates were clarified by spinning at 10,000 g for 10 minutes at 4°C. Lysates 

were then run on a minigel (2.4.2.1.1), transferred to nitro-cellulose (2.4.2.4). and 
immunoblotted as normal (2.4.2.4.1). The primary antibody used was 0.25 pg/ml 4G10 
antiphosphotyrosine mAb (UBI). Bound 4G10 was detected by incubating with peroxidase- 
conjugated rabbit anti-mouse IgG (Dako) diluted 1:1000. Realisation was with ECL
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(2.4.2.4.2).

2.2.4.6.2- Actin protein loading control
To control for protein loading in each lane of the phosphotyrosine blots, the blots 

were stripped and probed with an actin mAb (Dako) in an identical way. Antibodies were 
stripped by incubating the nitro-cellulose filters in stripping buffer (1.25) for 30 minutes at 
56°C. Filters were then washed thoroughly in PBS containing 0.1% (v/v) Tween 20.

2.2.5- Cell surface staining for flow cytometry
Expression of cell surface markers was analysed by flow cytometry. Cells were 

incubated on ice for 15 minutes at 1x10"̂  to 1x10  ̂cells/well in 50 pi PBS with 10% normal 
rabbit serum, NRS (Gibco) in round bottomed 96 well plates. Primary antibody (see Table 
2.3) was added at an appropriate dilution in 10% NRS/PBS and incubated on ice for 45 
minutes. Cells were then washed 3 times in ice cold 10%NRS/PBS, resuspended in 50 pi 
of secondary antibody (fluorescein isothiocyanate (FITC)- conjugated rabbit anti-mouse 
(Dako) at a dilution of 1:20), and incubated for a further 45 minutes on ice. Cells were 
washed a further 3 times and fixed in 100 pi 3.7% formaldehyde.

2.2.5.1- Propidium iodide exclusion staining for live cell analysis
To analyse whether cells were alive or dead, propidium iodide (PI) at a final 

concentration of 2 pg/ml was added to unfixed, stained cells. Cells were then analysed for 
uptake of PI, with increased uptake indicating cellular death.

2.2.5.2- Data acquisition and analysis
Data was acquired on a Becton-Dickinson FACScan, and analysed used WinMDI 

software. Data was examined relative to a negative control where no primary antibody was 
added. Median fluorescent intensity (MFI) are shown for the whole gated population, 
except where a well defined bimodal bimodal distribution was exhibited, in which case 
MFI values were for the positive population. Isotype matched controls (IgGl, and IgG2a) 
were performed in all assays, and were equivalent to the negative control. The FACScan 
was calibrated using fluorescent beads (Flow Cytometry Standards Corp). For statistical 
analysis, MFI values were linearised using the equation LoglO(MFI)*256, and then analysed 
using a paired T-test.

2.3- gpl20 protein purification

This section gives the full methods for purifying gpl20, which is discussed in 
Chapter 3—Cloning, expression, and purification of gpl20. Supernatant from rgp 120- 
expressing 293 cells was used as the source for gpl20 (see section 2.2.3).
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Specificty mAb Isotype Source
C D la N A l/34 Ig02a A. M cMichael, Oxford

CD2 XIX.8 IgG2b Harlan Sera Lab

CD3 UGHT-1 IgGl P.G.L.Beverley, IGRF, London

CD4 <34120 IgGl P.G.L.Beverley, IGRF, London

CD4 Q425 IgGl P.G.L.Beverley, IGRF, London

CDS UGHT-4 IgG2a P.G.L.Beverley, IGRF, London

GDI la G D lla-6B 7 IgGl W. Knapp, Vienna, Austria

C D l l b M E M -174 IgG2a V. Horesji, Prague, Czech Republic

CD14 UGHM l IgG2a P.G.L.Beverley, IGRF, London

CD16 A8A2B1 IgG2a 6th HLDA

GDIS BU87(M2) IgGl D. Hardie, Birmingham

GD19 BU12 IgGl D. Hardie, Birmingham

GD25 W u949 IgGl 6th HLDA

GD26 EF61 IBIO IgGl 6th HLDA

GD29 Lia 1/2 IgGl A. van Agthoven, Marseille, France

GD32 II1A5 IgGl 6th HLDA

GD40 mAb89 IgGl Immunotech

GD43 GDF-78 IgGl G. Delsol, Toulouse, France

GD44 5F12 IgGl 6th HLDA

GD45 IMMU19.2 IgGl A. van Agthoven, Marseille, France

GD45RA SNLM) IgGl P.G.L.Beverley, IGRF, London

GD48 BU91 lgG2a D. Hardie, Birmingham

GD54 M E M -112 IgGl V. Horesji, Prague, Czech Republic

GD58 MEM-63 IgGl V. Horesji, Prague, Czech Republic

GD64 10.1 IgGl 6th HLDA

GD70 BU69 IgGl D. Hardie, Birmingham

GD80 MAB 104 IgGl A. van Agthoven, Marseille, France

GD86 BU63 IgGl D. Hardie, Birmingham

GD98 BU89 IgGl D. Hardie, Birmingham
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Specificty mAb Isotype Source
HLA-DQ Ia3 IgG2a R. W inchester

HLA-DR L243 IgG2a P.G.L.Beverley, IGRF, London

MHC class I W 6/32 IgG2a Serotec

CCR5 L S I00 2D7 IgGl ARP (ARP3099)

CXCR4 12G5 IgG2a ARP (ARP3101)

Table 2.3- mAbs used for cell surface phenotyping and cellular depletion

All antibodies used for cell surface staining and immunomagnetic depletion are listed, including isotype 

(all are mouse mAbs) and source. Dilution used was as suggested by the supplier. 6"' HLDA, indicates that 

antibodies were obtained from the panels of mAbs supplied by the 6"* International Workshop and Con

ference on Human Leukocyte Differentiation Antigens.
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2.3.1- Treatment of cell culture supernatants
For each purification run approximately 1500 ml stored supernatant was thawed. 

To remove large debris the supernatant was spun at 3,500 g for 20 minutes. To further 
clarify the supernatant, and prevent damage to the columns, smaller debris was removed 
by filtering through a sandwich of a 0.8 jim cellulose acetate filter (Millipore), a GF-D 
glass fibre pre-filter (Whatman), and a 0.22 pm cellulose acetate filter (Millipore). The 
supernatant was then degassed at 4°C before running onto the first column.

2.3.2- Protein purification columns
All buffers used in columns were made up with HPLC grade dH 0, filtered through

2
a 0.22 pm cellulose acetate filter (Millipore) and degassed. All columns were run at a rate 
of 1 ml/min at 4°C.

2.3.2.1- Making the lectin GNA column

2.3.2.1.1- Coupling ligand to a HiTVap NHS-activated column
Ligand, 2 mg Lectin GNA (Boehringer Mannheim), was dissolved in 1 ml coupling 

buffer (1.17). Immediately after flushing the HiTrap NHS-activated column (Pharmacia) 
with ice-cold 1 mM HCl, the ligand was injected and the column left at 25°C for 30 
minutes. To remove unbound ligand and deactivate any uncoupled active groups, the column 
was washed with 3 ml coupling buffer, and then three times with 6 ml NHS buffer A (1.18) 
followed by 6 ml NHS buffer B (1.19). The column was then flushed with column storage 
buffer (1.20), sealed, and stored at 4°C until use.

2.3.2.1.1.1- Measuring coupling efficiency
To measure coupling efficiency 1 ml of the coupling buffer used to wash out unbound 

ligand was mixed with 1 ml 2M glycine-HCl (pH 2.0) and the absorbance measured at 280 
nm (A). This was compared to the absorbance of the dissolved ligand prior to coupling (B) 
and a measure of percentage coupling efficiency gained by the equation:

100-[(A x3x2)/l x B] x  100

2.3.2.2- Running the lectin GNA column
The column was attached to a peristaltic pump and flushed first with 10 ml 

Sorenson’s buffer (1.21) and then with 10 ml PBS and the filtered and degassed supernatant 
applied. Flushing first with Sorenson’s is important to avoid cleavage of gpl20.

After all the supernatant had been run through, the column was washed with 10 ml 
PBS, 10ml PBS-lMNaCl, 10ml PBS, 10 ml PBS-IMNaCl, and finally 10ml PBS again. 
Bound proteins were eluted with 7 ml of 0.75 M methyl-a-D-mannopyranoside in PBS. To
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prevent possible proteolytic cleavage of gp 120 the following protease inhibitors were added; 
pepstatin (5 |Ug/ml), leupeptin (5 |Lig/ml), sodium orthovanadate (1 mM), and pefabloc 
(260 pg/ml). The column was stripped with Sorenson’s buffer (1.21) to remove uneluted 
proteins and flushed with storage buffer, sealed and stored at 4°C for future use.

2.3.2.3- Dialysis of lectin GNA eluate
To remove unbound methyl-a-D-mannopyranoside and change the buffer, the lectin 

GNA eluate was placed in dialysis tubing and dialysed overnight at 4°C against 20 mM 
Tris-HCl (pH8.5).

2.3.2.3- FPLC purification of the lectin eluate via a MonoQ HR 5/5 column
The MonoQ HR 5/5 column (Pharmacia) was attached to a programmable FPLC 

machine (Liquid Chromatography Controller LCC-500 Plus—Pharmacia) and equilibrated 
with 10 ml 20 mM Tris-HCl (pH 8.5). Dialysed lectin eluate was applied by multiple 
loadings with a 5 ml loop. Following washing with 5 ml 20 mM Tris-HCl (pH 8.5) the 
column was eluted with linear sodium chloride gradients (10 ml 0-0.3 M and 2 ml 0.3-1.0 
M) in the same buffer. Fractions were collected every minute and 20 pi aliquots taken for 
quantitative and compositional analysis of rgp 120.

2.3.3- Concentration and desalting of FPLC fractions
After checking the FPLC fractions via silver-stained gel. Western blot, and ELISA 

appropriate fractions containing purified gpl20 were concentrated and desalted. The FPLC 
fractions were placed in a passivated Centricon-50 column (Amicon) and spun in a J-20 
fixed angle rotor (Beckman) at 3000 g and 4°C until approximately 200 pi remained. To 
desalt 2 ml of PBS was added and the column spun as before. This was repeated three 
times, then the column inverted and the contents spun out at 1000 g for 1 minute. 
Concentrated gpl20 was stored in aliquots at -80°C.

2.3.3.1- Passivation of Centricon columns
Columns were passivated with BSA to prevent protein sticking and being lost.

Briefly, 2 ml 2% (w/v) BSA dissolved in dH 0 was added to the column and left overnight
2

at room temperature. The column was then washed extensively in dH 0, and spun as for
2

desalting, but with dH 0. The column could be used immediately or stored for a short time
2

at 4°C taking care that the membrane remained moist.

2.4 Protein chemistry

A list of all anti-gp 120 antibodies used for ELIS As and for Western blotting, along
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with relevant data such as dilution and source is given in table 2.4.

2.4.1- Enzyme-linked immunosorbent assays (ELISA) for gpl20
All ELIS As were performed in flat-bottomed 96 well MaxiSorp™ plates (Nunc),

and all samples and antibody were bound in a volume of 50 pi at room temperature unless
stated. Plates were washed with TBS-Tween (1.15) in an automated microtitre plate washer
(Dynatech). Bound alkaline phosphatase conjugate was detected with 100 pi SigmaFast p-
NPP tablet and buffer set (Sigma) diluted in dH O, and absorbance read when sufficiently

2
developed at 405 nm on a Vmax kinetic microtitre plate reader (Molecular Devices). Bound 
horseradish peroxidase was detected using 100 pi TMB substrate and diluent (Murex) 
incubated at room temperature for 30 minutes, stopped with 100 pi 0.5M HCl, and read at 
450 nm and 630 nm. In all assays appropriate controls were set up to ensure that OD 
signals were derived from the correct immunochemical reactions, and did not occur if 
components were left out. Data points were derived from a single well unless specified.

2.4.1.1- gpl20 capture ELISAs
Two different ELISAs were configured for detecting HIV-1 gpl20. For both assays 

purified CHO-derived SF2 rgp 120 was used as a standard using two-fold dilutions from 
500 to 0.25 ng/ml, except for quantification of SF2 or SF162 rgp 120 during purification 
steps when 293-derived gpl20 of the appropriate strain was used at the same dilutions.

2.4.1.1.1- D7324-based capture ELISA
Plates were coated overnight at 4°C with 1 pg/ml D7324 in bicarbonate buffer 

(1.16). After washing 3 times, plates were blocked for 30 minutes with 2% (w/v) BSA in 
TBS-Tween (BTT). Plates were washed as before and a twofold dilution series of sample 
in BTT was established across the plate. Following incubation for 2 hours and washing, 
rabbit anti-gpl20 (ARP421) diluted 1:15000 in BTT supplemented with 10% (v/v) FCS 
and 10% goat serum (BTTFG) was added for 1 hour and then the plate washed. Bound 
antibody was detected with affinity isolated, alkaline phosphatase-conjugated goat anti
rabbit IgG whole molecule (Sigma) diluted 1:1000 in BTTFG. The plate was washed 6 
times before adding substrate and reading the absorbance.

As an alternative to ARP421, human serum (VB) diluted 1:3000 in BTTFG was 
used, and detected with affinity isolated, alkaline phosphatase-conjugated goat anti-human 
IgG y-chain (Sigma) diluted 1:1000 in BTTFG.

2.4.1.1.2- Lectin GNA-based capture ELISA
This assay was identical to the D7324-based ELISA, except that the capture reagent 

was lectin isolated from Galanthus nivalus , Lectin GNA (Gilljam, 1993). This was used 
at 10 pg/ml diluted in bicarbonate buffer.
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N am e
(other

names)
H ost Specificity Source C haracteristics

Lectin
GNA* N/A gp l2 0 Boehringer

M annheim

Binds terminal D-rnannose  
groups on glycoproteins. 
Thus binds gp l 20  but is 
not specific . U sed at 10 
pg/m l.

D7324

Sheep
affinity
purified

polyclonal

Carboxy- 
terminal of 

BH-10
g p l2 0

Aalto

Cross reacts with m ost 
g p l20, hence a good  
capture Ab. There is a 
great deal o f  lot to lot 
variation. U sed at 1 pg/m l.

VB serum Human
polyclonal g p l2 0 A kind gift from P. 

Balfe

Serum from an 
H lV infected  patient. U sed  
at 1 .3000 for ELISA and 
1:8000 for W estern.

ARP421 Rabbit
polyclonal TUB g p l2 0 Used at 1:15000

IA M 2G 12  
(A R P 3064)

T THuman
purified

monoclonal
g p l2 0

H. Katinger by way  
o f the ARP  

(Buchacher et al. 
1994)

Binds a conform ation and 
carbohydrate dependent 
epitope o f  g p l20. 
N eutralises l llB , RF (not 
SF2) and many primary 
isolates. U sed at 0.5 pg/m l.

A R P3023
(257-2D

IV)

Human IgGl 
monoclonal 
culture sup

V3 loop of 
gp 120

S. Zolla-Pazner by 
way o f  the A R P  

(Gorny et al. 1991)

Binds with SF2 and other 
strains. Epitope mapped to 
KRIHI. U sed at 1:1000.

A R P3025
(0.5B)

Mouse
monoclonal

(Ascites)

V3 loop of 
IIIB g p l2 0

K. Takatsuki by 
way o f  the ARP

Neutralises l llB , but not 
SF2. U sed at 1:1000

AR P390
Rat Ig 0 2 b  

monoclonal 
culture sup

J. Cordell, C Dean  
by way o f the ARP  
(Cordell et al. 199 ! ; 

M cK eating et 
al. 1992)

Conform ationally sensitive  
(criftal aa residues: 88, 
113, 117, 2 f7 , 368, 370;. 
B locks gp 120/C D 4  
binding. U sed at 1:1000.

IIIB-V3-01
Mouse

monoclonal
(Ascites)

V3 loop of 
IIIB

A kind gift o f  J. 
Laman 

(Laman et al. 1993)

Binds only denatured  
g p l20. U sed at 1:500.

IIIB-V3-34
Mouse

monoclonal
(Ascites)

V3 loop of 
IIIB

A kind gift o f  J. 
Laman 

(Laman et al. 1992)

Neutralises l llB , but not 
M N. U sed at 1:500.

MN-V3-51
Mouse

monoclonal
(Ascites)

V3 loop of 
MN

A kind gift o f  J. 
Laman Used at 1:500.

1811-01
Mouse

monoclonal
(Ascites)

V3 loop of 
Q17

A kind gift o f  J. 
Laman Used at 1:500.

Table 2.4- Anti-gpl20 antibodies used in ELISA and Western Blots

The table gives a list of all antibodies used in both ELISA and Western blots. Cbaracteristics of antibodies 

gives data on concentration used, as well as special information such as whether the antibody sees only 

conformationally intact protein.

* Lectin GNA is not an antibody, but functions in place of a gpl20 capture antibody in some ELISA and so 

is included for completeness.
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2.4.1.1.3- Adapting ELISAs for conformational studies of rgpl20
In order to study whether purified rgp 120 was conformationally intact or not, an 

ELISA based on D7324 capture was used. Briefly, the purified rgp 120 was added to a 
D7324-coated plate at a concentration of 1 pg/ml along with a control of CHO-derived 
SF2 g p l20. Duplicate wells were subject to a panel of different monoclonal antibodies as 
summarised in table 2.4. Bound human monoclonals were detected as for VB above. Mouse 
monoclonals were detected by affinity isolated, alkaline phosphatase-conjugated goat anti
mouse IgG whole molecule (Sigma) diluted 1:1000 in BTTFG. Rat monoclonals were 
detected by affinity isolated, alkaline phosphatase-conjugated goat anti-Rat IgG whole 
molecule (Sigma) diluted 1:1000 in BTTFG.

2.4.1.2- ELISA for gpl20-sCD4 binding
An ELISA for measuring the binding of sCD4 to gp l20 was developed based on a 

previously published method (Moore, 1990). Plates were coated with D7324 and blocked 
as before. After washing, gp l20 was added at saturating concentrations (1 pg/ml) and 
allowed to bind for 2 hours. From this point on no detergent was used in any step as it 
interferes with gpl20-sCD4 binding. Plates were washed in TBS and a twofold dilution 
series of biotinylated CHO-derived sCD4 (a kind gift from J. May) diluted in TBS 
supplemented with 2% BSA and 10% goat serum was established across the plate. After 
incubation for 2 hours and washing, bound biotinylated sCD4 was detected by a streptavidin- 
horseradish peroxidase conjugate (Amersham) diluted 1:500 in the same buffer as the 
sCD4. The plate was washed 6 times before adding substrate and reading the absorbance.

2.4.2- Protein electrophoresis

2.4.2.1- SDS-PAGE
Two types of SDS-PAGE gels were run, either ‘standard’ mini-gels, or PhastGels 

(Pharmacia). Samples were prepared for loading by mixing 1:1 with reducing protein 
loading buffer (1.22), boiling for 10 minutes and allowing to cool.

2.4.2.1.1- Mini-gels
A 10% resolving gel (10% acrylamide (National Diagnostics), 373 mM Tris pH 

8.8, 0.1% SDS, 0.05% (w/v) ammonium persulphate, 0.04% (v/v) TEMED) was poured 
into a MiniProtean II gel casting system (BioRad) and allowed to set. It was then overlayed 
with 5% stacking gel (5% acrylamide, 125 mM Tris pH 6.8,0.05% ammonium persulphate, 
0.04% TEMED). Samples were loaded into wells in the stacking gel and run at 50 mA for 
45-90 minutes. Two different protein molecular weight markers were routinely used: either 
Rainbow high molecular weight markers (Amersham), or ECL protein molecular weight
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markers (Amersham).

2.4.2.1.2- PhastGels
Pre-cast 10-15% polyacrylamide gradient gels, PhastGel 10-15 (Pharmacia) were 

placed on a PhastSystem separation and control unit (Pharmacia) in conjunction with 
PhastGel SDS buffer strips (Pharmacia). Protein samples along with rainbow molecular 
weight markers were loaded via a comb, and the gel run under standard conditions as 
recommended by the manufacturer.

2.4.2.2- pH gradient gels
pH gradient gels were run on a PhastSystem separation and control unit using 

PhastG el 3-9 gels (Pharm acia). Gels were run according to m anufacturer’s 
recommendations. Briefly, the pH gradient was created by running the gel in one dimension. 
The gel was then rotated clockwise 90° and the sample applied perpendicular to the pH 
gradient across the middle of the gel, and the gel run again. To analyse the gel was silver 
stained.

2.4.2.3- Silver staining
All silver staining was performed on PhastGels in a PhastSystem Development 

Unit (Pharmacia), according to manufacturer’s protocols using freshly made solutions 
each time.

2.4.2.3.1- Densitometry
The amount of protein in a band on a silver stained gel can be quantitated by 

densitometry. Gels were scanned on a Jade^ flat-bed scanner (Linotype-Hell) as greyscale 
TIFF images at 152 Ipi resolution and imported into the NIH Image software package. The 
scan was calibrated and, using the “Gel Macros” macro, the protein lanes were demarcated. 
Optical densities of each lane were plotted and the area under the curve corresponding to 
the band of interest calculated. By comparing the area under the curve with that of a 
known standard on the same gel, the amount of protein per band can be calculated. 
Alternatively if there is no standard then the relative amounts of protein per band can be 
determined.

2.4.2.4- Western blotting
Proteins separated on mini gels were transferred to ECL Hybond nitro-cellulose 

membrane (Amersham) by overnight electrophoretic transfer in Ix blotting buffer (1.23) 
at 40 mA, in a MiniProtean II transfer tank (BioRad).

2.4.2.4.1- Immunodetection
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The nitro-cellulose membrane was blocked in 2% BSA in PBS for 2 hours. Human 
VB serum, 1:8000 in 2% BSA, 10% FCS, 10% goat serum, 0.1% Tween in PBS was 
applied for 90 minutes, and then the membrane washed 3 times for 10 minutes each in 2% 
BSA, 0.1 % Tween in PBS. Bound VB serum was detected by incubating with peroxidase- 
conjugated rabbit anti-human IgG, y-chain (Dako) diluted 1:8000 as for VB serum for 1 
hour. If ECL markers were run, streptavidin-biotinylated horseradish peroxidase complex 
(Amersham) was also added at 1:1200. The membrane was washed as before and visualised 
using ECL.

2.4.2.4.2- ECL
HRP-conjugated antibodies can oxidise luminol under alkaline conditions in a 

chemiluminescent reaction that can be visualised on X-ray film. Thus an ECL kit 
(Amersham) was used to visualise the Western blots. Briefly, the two solutions provided 
were mixed together (1:1) and applied to the membrane for 1 minute. Excess mix was 
allowed to drip off, the membrane placed in cling film and the blot exposed to 
autoradiography film for 15 seconds to 5 minutes.

2.4.3- Measuring protein concentration
The protein concentration of solutions was measured using a microBCA assay kit 

(Pierce). A set of BSA standards was set up from 250-0.250 pg/ml diluted in PBS. Using 
a MaxiSorb flat-bottomed 96 well plate, 150 pi of standard, blank, or unknown sample 
was added to each well. To this, 150 pi of working reagent (as supplied by manufacturer) 
was added and mixed for 30 seconds on a microtitre plate shaker. The plate was then 
covered and incubated in the dark for 2+ hours at 37°C. Absorbance was measured at a 
wavelength of 570 nm.

This assay has a sensitivity of below 1 pg/ml, however problems are encountered 
when using with heavily glycosylated proteins (personal communication from Pierce 
technical support).

2.4.4- Preparation of dialysis tubing
Suitable lengths of dialysis tubing (Medicell) were boiled for 10 minutes in 2%

(w/v) sodium bicarbonate and 1 mM EDTA (pH 8.0), rinsed thoroughly in dH 0, and
2

boiled for 10 minutes in 1 mM EDTA (pH 8.0). Tubing was allowed to cool and stored 
submerged at 4°C.

2.4.5- Protein deglycosylation by N-glycosidase F
Microgram amounts of protein was made up to 10 pi volume with IX incubation 

buffer (supplied with the enzyme) supplemented withO. 1 % SDS and 5% p-mercaptoethanol, 
and boiled at 100°C for 2 minutes. After cooling a further 15 pi of IX incubating buffer
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supplemented with 5% Nonidet P-40 was added along with 2.5 units of N-glycosidase F 
(Oxford GlycoSciences). This mixture was incubated overnight at 37°C, run on a 10% 
SDS-PAGE gel, transferred to nitro-cellulose and probed with appropriate antibodies.

2.5- HIV-1 work
All HIV-1 viral work was performed in a Category III facility (St. George’s Hospital 

Medical School, Tooting, London), under the supervision of Dr Robin Shattock (Department 
of Infectious Disease, St. George’s Hospital Medical School), following established safety 
protocols. All viral isolates were provided by Dr. Shattock, with predetermined TCID

50
values (as assessed by p24 production by PHA and IL-2 stimulated PBMC), and are listed 
in Table 2.5. Tissue culture plasticware was supplied by Falcon (SLS) unless stated. All
cell cultures were incubated at 37°C in a humidified, 5% CO atmosphere unless stated.

2

2.5.1- Infection of primary cells
Cells were seeded at 2x10^ per well (2x10"̂  for LC and dermal DC) in a 96 well 

plate. HIV-1 virus was added to each well (TCID of added virus was 1x10  ̂per well for
50

all isolates), and volume made up to 200 pi. Cells were incubated for 2 hours, and then 
washed 3x with warm PBS. Complete medium, 200 pi supplemented with the appropriate 
cytokines, was added to each well and the plate returned to the incubator. Supernatants 
were taken at the appropriate time points and stored at -20°C until assayed.

2.5.1.1- Addition of fixed T cells
Fixed T cells (section 2.2.1.1.1) were resuspended in complete medium and added 

at identical numbers as the primary cells to the appropriate wells, after infection and washing 
of the primary cells. The total volume in the well was maintained at 200 pi.

2.5.2- HIV-1 p24 assay
The quantity of HIV-1 p24 in supernatants from infected cells was measured using 

a commercially available p24 ELISA kit (NEK-060A, NEN) following the manufacturer’s 
protocol. Results shown are from the measurement of one well only, but on the occasions 
where duplicates were performed, the p24 assay proved reproducible.

2.5.3- MTT assay
Cytotoxicity of HIV-1 to DC was assessed using an MTT assay (Mosmann, 1983). 

Filtered MTT in PBS was added to each well of a 96 well plate (7 days after infection of 
DC with HIV-1) to a final concentration of 1 mg/ml, and incubated for 4 hours at 37°C. 
The reaction was stopped by addition of 100 pi of 10% SDS/O.OIM HCl, and absorbance
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Isolate

Laboratory 
adapted (L) 
or
primary (P)

Tropism Coreceptor
use

Reference/
Source

Ba-L L M CCR5, CCR3
Gartner et al. (1986) 
Science 233, 215

RF L T CXCR4
Popovic et al. (1984) 
Science 220, 868

SL2 P M CCR5 R.W eiss, UCL, London

2044 P T CXCR4 R.Weiss, UCL, London

2076 P Dual

CCR5,
CCR3,
CXCR4
Others??

R.W eiss, UCL, London

Table 2.5- HIV-1 isolates used for infection

The table lists the HIV-1 isolates used for infection in Chapter 5. Coreceptor use indicates only those that 

the virus is known to use and therefore may not be complete. All isolates were maintained by Robin 

Shattock, and were provided with known TCID .
50
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measured, after overnight incubation, on a microtitre plate reader at a wavelength of 570 
nm (with a control reading at 630 nm). Data was plotted as mean absorbance of triplicate 
wells.
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CHAPTER 3—CLONING, EXPRES
SION, AND PURIFICATION OF GP120

3.1- Introduction

In order to look at the effect of gp l20 on antigen presenting cells it was necessary 
first to obtain purified gp l20 in useful quantities. While purified recombinant gp l20 
(rgp 120) is available from a few sources, the range obtainable is limited, with the majority 
being T-cell line tropic. The method of production and purification of these varies greatly, 
thereby introducing many unwanted variables between samples (as will be discussed later). 
Thus it was necessary to select gp l20 from representative strains of HIV-1 and to decide 
upon a method of protein production and purification, which would be most suitable.

3.1.1- Choice of representative gpl20
At the time of selection, it was known that there must be coreceptors for HIV in 

addition to CD4, but what these were was still an enigma. Thus, it was not possible to 
choose gp l20 on the basis of which chemokine receptor they bound. However, it had been 
shown that HIV strains fell into two broadly representative groups, those that could infect 
T-cell lines (T-tropic) and those that were able to infect primary macrophages (M-tropic), 
and that this tropism was primarily defined by gpl20 (Hwang et ai, 1991, Shioda et ai, 
1991). Furthermore T-tropism and M-tropism broadly correlated with the ability (SI) or 
inability (NSI), respectively, to form syncytia (Fenyo et a i, 1989) as outlined in section 
1.5.4. Thus gp l20 from two different strains of HIV were chosen, one being T-tropic and 
SI and the other being M-tropic and NSI, with the hope that they would be broadly 
representative.

3.1.1.1- SF2 and SF162
SF2, formerly known as ARV-2, and SF162 are two strains of HIV that were isolated 

from separate patients in San Francisco. SF2 was isolated from the peripheral blood of an 
individual with candidiasis (Levy et aL, 1984), and SF162 from the cerebrospinal fluid of 
an individual with toxoplasmosis (Cheng-Mayer et ai, 1989). For both, molecular clones 
have been constructed and sequenced. Hence their genetic make-up has remained stable 
over many generations (Cheng-Mayer et aL, 1989, Sanchez Pescador et ai, 1985). These 
strains have the advantage that they have been much studied and thus a good deal is known 
about their biology.

Both SF162 and SF2 replicate well in PBMC, as do almost all strains of HIV
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(Shioda era/., 1991). However, SF162 does not replicate in T-cell lines nor pro-monocytic 
cell lines such as U937 (which, although macrophage-related, resemble T-cell lines in 
their pattern of permissiveness for HIV strains), but does replicate well in primary monocyte- 
derived macrophages, MDM, and microglial cells (Cheng-Mayer et al., 1989, Collman et 
al, 1989, Shioda et al, 1991). Conversely SF2 does not replicate at all in MDM, but 
replicates well in T-cell lines and U937 cells (Cheng-Mayer et al, 1990, Shioda et al,
1991).

As expected SF2 is SI, with CD4+ T cells and T cell lines, whereas SF162 is classified 
as NSI (Broder & Berger, 1995, Cheng-Mayer etal, 1990). Further to this, if cells expressing 
recombinant envs were made, those expressing recombinant SF162 env were able to fuse 
with MDM and not T-cell lines, and for those expressing SF2 env the opposite selectivity 
pattern was observed (Broder & Berger, 1995). Hence SF2 may be described as T-tropic, 
SI, and SF162 as M-tropic, NSI, and are therefore representative of the two major forms of 
the virus.

Additional work has shown that in keeping with other M-tropic strains of HIV, 
SF162 is poorly neutralised by both sCD4 and serum from infected patients, and is not 
very cytopathic in vitro, nor does it down-regulate cell surface CD4 upon infection. 
Antithetically SF2 is readily neutralised by both sCD4 and serum, is highly cytopathic in 
vitro, and down-regulates CD4 upon infection (Cheng-Mayer et a l, 1990, Cheng-Mayer 
et al, 1989, Koito et al, 1994).

3.1.1.1.1- gpl20 determines the tropism of SF2 and SF162
As reviewed previously in the introduction (see section 1.6.2.3), gp l20 has been 

shown to be the major determinant of tropism at the viral level. Work on SF2 and SF162 
has shown this to be true of these two HIV-1 isolates as well. Recombinant viral DNAs 
were generated by reciprocal exchange of genetic materials between the two isolates thereby 
allowing the viral determinants of the cellular host range of SF162 and SF2 to be mapped. 
Initial studies showed that the env gene was most likely the major determinant of cellular 
tropism (Cheng-Mayer et a l, 1990), and further work confirmed this and narrowed the 
area concerned to large parts of the gpl20 portion of the gene (Shioda et a l, 1991), but it 
was clear that it was not the CD4 binding domain that was important (Liu et al, 1990).

The two env genes are 89.4% identical at the nucleotide level, which equates to 
84.6% at the amino acid level, with most of the differences clustered within the hypervariable 
regions, V1-V5 (Cheng-Mayer et al, 1990). Research suggests that the V3 loop is the 
major determinant of HIV tropism within gp l20 (Hwang et al, 1991). Work on SF2 and 
SF162 showed that while mutations within the V3 of SF2 lead to a reduction in T-tropism 
and an increase in M-tropism, in SF162 mutations lead to a reduction in M-tropism, but 
had only a small effect on its ability to infect T-cell lines (Shioda et al, 1992). In order to 
confer full M-tropism on SF2 and T-tropism on SF162 it was necessary to transfer VI, V2
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and V3 (Koito et aL, 1994). This implied that the V1/V2 domains interact with V3 to 
confer on it a more, or less, M-tropic conformation (Koito et aL, 1994, Koito et aL, 1995). 
Moreover, while mutation of the V3 loop of SF162 conferred a limited ability to replicate 
in T-cell lines, it did not alter the fact that it remained poorly neutralised by sCD4 (Harrowe 
& Cheng, 1995), but when the V1/V2 domains were changed, these did confer enhanced 
sCD4 neutralisation (Koito et aL, 1994).

3.1.1.1.2- Coreceptor usage of SF2 and SF162
That SFl 62 is M-tropic and SF2 is T-tropic suggests that they use CCR5 and CXCR4 

respectively as their coreceptors. SFl62 has been shown several times to use only CCR5 
and not CXCR4 (Berson et aL, 1996, Cheng-Mayer et aL, 1997, Platt et aL, 1998, Trkola 
et aL, 1998, Wang et aL, 1998, Zauli et aL, 1992). However the story for SF2 is less clear. 
Some have shown that it uses only CXCR4 and not CCR5 (Berson etaL, 1996, Montefiori 
et aL, 1998), while others have shown that it can use both (Cheng-Mayer et aL, 1997, 
Trkola era/., 1998).

CCR5 utilisation has been shown to be dependent on a conserved arginine residue 
at position 298 within the V3 loop (Wang et aL, 1998), and this is found in both SFl 62 and 
SF2, which suggests that SF2 might be able to use CCR5. However all the coreceptor 
usage studies have been carried out in transfected cell lines, which often have artificially 
high levels of both CD4 and coreceptor. Work has shown that the more CD4 present on the 
cell surface the less coreceptor required for infection and visa-versa (Platt et aL, 1998), 
thus if both are at high levels coreceptor usage might occur that is not seen in vivo. Indeed 
Cheng-Mayer et al have shown that SF2 uses predominantly CXCR4, and that it can only 
use CCR5 as a coreceptor if levels are artificially high (Cheng-Mayer et aL, 1997). Also it 
has been shown several times that SF2 is unable to infect and replicate in macrophages 
(Cheng-Mayer et aL, 1997, Shioda et aL, 1991). Finally while SFl62 and other CCR5- 
utilising M-tropic strains inhibit the binding of MIP-lp to CCR5, SF2 cannot (Trkola et 
aL, 1996a).

This suggests that in vitro cell line data for coreceptor usage does not necessarily 
reflect either coreceptor usage in vivo or in primary cells (Cheng-Mayer et aL, 1997), 
especially since macrophages and dendritic cells express only low levels of CD4 and CCR5. 
It also explains why conflicting data is seen for SF2. Therefore one can presume that while 
in vitro, circumstances are not clear cut, in vivo SF2 probably can use CXCR4 and not 
CCR5 while S F l62 uses CCR5 and not CXCR4. Many more coreceptors are now being 
identified, but they do not appear to be as important, and again they have only been shown 
to support infection in transfected cell lines, so their in vivo relevance is still unresolved.

3.1.2- Expression systems for protein production
There are several expression systems available for protein production, all having
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their relative merits. These include expression in E. coli, yeast, insect cells via baculovirus, 
and mammalian cells, listed in order of quantities of protein produced. However, while it 
is indeed important to produce usable amounts of protein, it is also crucial that this protein 
is functionally active. Ideally it would be best to purify gp l20 direct from virions released 
from infected cells, but this requires the use of suitable containment facilities and gives 
very low yields necessitating growth very large culture volumes (Pyle et aL, 1987, Robey 
etal., 1986).

3.1.2.1- Correct glycosylation and conformation is important for gpl20 func
tion

G pl20 has a complex tertiary structure that allows it to bind CD4 and its various 
coreceptors. Dénaturation of this tertiary structure by SDS or similar agents results in a 
loss of this binding ability (Papandreou etal., 1996). It is also heavily glycosylated having 
24 potential ̂ -glycosylation sites all of which are used, with about 11 having high mannose- 
type and hybrid-type structures and 13 having complex-type oligosaccharide structures 
(Leonard et al., 1990). This glycosylation makes up 55% of its molecular mass.

Folding of the glycoprotein takes place in the rER, not the Golgi apparatus, at the 
same time as glycosylation, and has a long half-life of 30 minutes (Fennie & Lasky, 1989). 
That the two take place at the same time has been shown to be important (Li et al., 1993). 
If gp l20 is stripped of glycosylation after it has been manufactured it can still bind CD4 
although at a reduced affinity (Papandreou et a l, 1996). However if the gp l20 is not 
glycosylated in the first instance it is incapable of binding, suggesting that the process of 
glycosylation is essential for the generation of the proper conformation of gp 120 to provide 
a CD4-binding site; but, once folded, glycosylation is not necessary to maintain a 
conformation that can bind CD4 (Li et al., 1993). Mutation of all 24 of the potential 
glycosylation sites has revealed that most are not important for infectivity/CD4 binding, 
save for five, all located in the amino-terminal half of gpl20, that appear vital (Lee et al.,
1992), inferring that these are important for folding.

Investigation of the V3 loop has further emphasised the importance of glycosylation. 
NMR analysis of V3 loop peptides show that they undergo conformational change when 
glycosylated, altering their ability to bind antibody (Huang et al., 1997). Furthermore 
abnormal glycosylation or the loss of an iV-glycan site in the loop results in increased 
sensitivity to neutralisation by anti-V3 mAbs and sCD4 (Back et al., 1994, Papandreou & 
Fenouillet, 1998), implying that the A-glycan may interfere with the binding of neutralising 
antibodies by limiting accessibility to neutralising sites or inducing conformational change 
in the V3 loop (Back et al., 1994).

If a-glucosidase, an important enzyme in glycosylation, is inhibited, this leads to 
production of gpl20 that has decreased CD4 binding and altered V3 immunoreactivity 
(Fenouillet etal., 1996, Fenouillet etal., 1997). However some cell lines such as CHO can
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overcome this (Fenouillet et aL, 1996) suggesting that they have alternative pathways for 
glycosylation (Fenouillet et aL, 1997, Papandreou & Fenouillet, 1998). It is not clear how 
much these alternative pathways affect gp l20 glycosylation and whether or not they are 
relevant to the in vivo situation.

Work has shown that some gpl20 may bind their coreceptors in the absence of 
CD4. SF2 gpl20 can bind CXCR4 in this way, but it binds better if CD4 is present. However 
if deglycosylated, SF2 gpl20 binds CXCR4 significantly better in the absence of CD4 
than does glycosylated SF2, suggesting again that glycosylation is important in conformation 
and function (Bandres et aL, 1998).

3.1.2.2- Selection of a suitable cell line for expression
The use of E. coli or yeast was ruled out as they do not glycosylate proteins and are 

unable to fold gp l20 correctly (Bandres et aL, 1998, Sohn et aL, 1996). To produce 
glycosylated gpl20 either a baculovirus, or mammalian-based expression system needs to 
be used. Production of IIIB rgp 120 in different baculovirus systems results in rgp 120 that 
can bind CD4 well in most but not all cases (Moore et aL, 1990). However it is neutralised 
less well by human antibodies than IIIB gpl20 produced in CHO cells, and many antibodies 
in human sera recognise glycosylation patterns only found on mammalian rgp 120 (Moore 
et aL, 1990). Furthermore baculovirus-expressed gpl20 has a lower molecular weight, 
suggesting that it is less heavily glycosylated containing only oligosaccharides of the low 
mannose type (Moore et aL, 1990, Moritz et aL, 1990).

Traditionally for mammalian expression CHO cells are used, but there are several 
lines of evidence to suggest that a human cell line would provide a more accurate pattern 
of glycosylation. For example Mizuochi et al. have shown that gp l20 produced from 
chronically infected human H9 lymphoblastoid cells have a greater diversity of 
oligosaccharide structures than rgp 120 produced in CHO cells (Mizuochi et aL, 1990). 
Also all mammals, other than humans and Old World primates, attach an alpha-galactosyl 
carbohydrate structure to glycoproteins. This allows normal human serum to neutralise 
non-human retroviruses via naturally occurring antibodies to this structure. Thus if HIV is 
passaged through human cells altered to add this moiety, the HIV can be neutralised by 
normal human serum (Reed et aL, 1997). Hence gp l20 produced in CHO and other non
primate cell lines will have a carbohydrate structure not found in vivo.

Thus, in order to minimise the compromise between similarity to gp l20 found in 
vivo and ease of production, a human cell line was selected. This was the 293 human 
kidney fibroblast cell line. This cell line has been used extensively before for protein 
expression (Brightwell etal., 1997, Yamagami etal., 1994), and is adherent, making easier 
the task of transfection and selecting clonal expressing cell lines.

3.1.2.3- CMV promoter provides a strong drive for protein expression
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The promoter from the immediate-early gene 1 of human CMV, hCMV, provides a 
very strong drive for protein expression (Boshart et aL, 1985, Chapman et aL, 1991, 
Thomsen et aL, 1984). It contains an enhancer that is active in a broad range of host cell 
types (Boshart et aL, 1985, Chapman et aL, 1991, Sevarino et aL, 1987), and has been 
used extensively as a source of transcriptional signals for the expression of heterologous 
proteins, including SF2 gpl20 (Chapman etal., 1991), and has been employed successfully 
in 293 cells (Brightwell et aL, 1997). CMV-based mammalian expression vectors are cell- 
cycle and serum dependent. They function best in S phase, therefore for optimum expression 
cells must be cultured in the presence of serum and in cycle (Brightwell et aL, 1997).

3.1.2.4- The natural signal sequence for HIV Env is very inefficient
The HIV env gene includes code for a signal sequence to direct the newly formed 

g p l60 to the rER where it is folded, glycosylated and cleaved into gp l20 and gp41. This 
signal sequence of 30 amino acids is longer than most glycoprotein signal sequences and 
contains an average of 5 positively charged amino acids (Li etal., 1994), that result in poor 
yields of gp l20 as they lead to its retention within the rER (Li et aL, 1996), with less than 
40% being secreted form the cell (Murphy et aL, 1993). In addition, this signal sequence 
proves difficult to cleave off further reducing its effectiveness (Li et aL, 1996). If the 
signal sequence is removed yields of protein are greatly increased, but are non-glycosylated 
(Li et aL, 1994). However replacement with a non-positively charged sequence from another 
glycoprotein increases significantly the amount of glycosylated protein made (Li et aL,
1994).

The signal sequence from human tissue plasminogen activator, tPA, has been used 
before to produce both FIV env (Wang & Mullins, 1995), SIV gp l60 (Rhodes et aL, 1994), 
and SF2 gp l20 (Chapman etal., 1991), hence its use in the expression system described in 
section 3.2.1.

3.1.3- Purification of gpl20
As discussed conformation of gpl20 is crucial to its function. Thus any purification 

strategy used must be gentle and avoid any dénaturation. Furthermore it is important to 
avoid cleavage of gp l20 that can occur during purification.

3.1.3.I- Cleavage of gpl20 can occur within the V3 loop
Cleavage of gpl20, probably within the V3 loop, has been reported in several 

purification strategies (Moritz etal., 1990, Rhodes etal., 1994, Robey etal., 1986, Scandella 
et aL, 1993), resulting in products of about 50 and 70 kDa. Examination of the V3 loop 
reveals that it has multiform potential sites that should be susceptible to proteolytic cleavage 
by enzymes of trypsin-like or chymotrypsin-like specificity, and by aspartic proteinases 
(Clements et aL, 1991). All published sequences have these sites, with thrombin and tryptase
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able to cleave gpl20 at the tryptic site. Cathepsin E can cleave at the chymotrypsin-like 
site (Clements etal., 1991).

Whether or not a proteinase is actually required for gp l20 cleavage is unclear. If 
purified gp l20 is incubated with sCD4 cleavage occurs within the V3 loop even without 
the addition of exogenous proteases to yield 50 and 70 kDa products (Werner & Levy,
1993). It is not clear if this is a result of autocleavage or not. It lends weight, however, to 
the argument that cleavage might be required for efficient infection.

3.1.3.2- Several purification strategies have been developed previously
There have been a number of protocols published on gpl 20 purification, as well as 

of gp l60 and of their simian equivalents. Many are unsuitable. For example envelope and 
fragments of gpl20 produced in E. coli have been purified almost to homogeneity in a 
single step by Reverse Phase FPLC (Dubois et aL, 1988), which results in dénaturation 
and thus cannot be used. A strategy has also been developed that results in conformationally 
intact gp l20 that is >90% pure and uses only non-affinity columns (Scandella etal., 1993). 
However it requires the use of four separate such columns and necessitates concentration 
and dialysis between each column. A less complicated system involved the use of two 
different gel filtration columns (Rhodes et al., 1994), again resulting on 90% pure, 
conformationally intact protein. Unfortunately the use of size selection results in the loss 
of any oligomerised material which may be important (Banda et al, 1992, Earl et al., 
1990, Earl eta l, 1992).

The use of an affinity purification stage maintains the reduced number of steps 
needed, while avoiding the loss of oligomers. Three different affinity ligands have been 
utilised: sCD4 (Moritz et al, 1990), antibody (Barrett et a l, 1989, Pyle et a l, 1987, Pyle 
eta l, 1988, Robey gw/., 1986), and lectin (Barrett gra/., 1989, Gilljam, 1993, Jones eta l, 
1995, Moritz et al, 1990).

The application of CD4-affinity purification ensures that only conformationally 
correct gpl20 is purified. However it requires further purification on lentil lectin and finally 
protein G to remove leached CD4 (Moritz et al, 1990). Furthermore very large quantities 
of sCD4 would be needed for attachment to the column, and it would be very inefficient 
for those gp l20 with a low affinity. Antibody purified from pooled sera of HIV infected 
patients is readily obtainable, and can be used for antibody-affinity columns, but has a 
high degree of risk. Again used uniquely it results in impure gp l20 (75%) that contains 
antibodies leached from the column and many other contaminants (Robey et a l, 1986). 
This can be further purified by Reverse Phase FPLC (Pyle et al, 1988), running on an 
SDS-PAGE gel, electroblotting and eluting the gpl20 band from the nitro-cellulose (Pyle 
et al, 1987), or by first running on a lentil lectin column, then antibody affinity purifying, 
then running on a MonoQ FPLC column, and finally running on a lentil lectin column 
again (Barrett et al, 1989). The first two strategies produce a denatured product and the
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third is excessively complicated.
An alternative is to employ lectin, taking advantage of the fact that the different 

oligosaccharides present on glycoproteins can bind different lectins, thus purifying a subset 
of glycoproteins in a single step. The most commonly used is lentil lectin (Barrett et aL, 
1989, Jones et aL, 1995), which is relatively unselective, binding the majority of 
glycoproteins. Lectin isolated from Galanthus nivalis, GNA, is considerably more selective 
as it has specificity for terminal D-mannose groups (Shibuya et aL, 1988), that are found 
on few glycoproteins, but are present on gpl20. This has been used to purify gp l20 in a 
single step to high purity (Gilljam, 1993), demonstrating an advantage over lentil lectin.

3.1.3.2.1- Selection of a purification strategy
Thus to select a purification strategy it is necessary to choose one that is both 

simple, requiring as few steps as possible, and able to produce very pure gp l20 that is 
conformationally correct. The advantages of few steps in the strategy are not only that it is 
less complicated and therefore less error-prone, but also that it reduces the chances of 
cleavage of the gp l20.

For these reasons the method used by Gilljam (Gilljam, 1993) was adopted. This 
protocol was devised for purification of gp l20 from virions and used lectin GNA 
commercially coupled to pore glass. This was unavailable from the manufacturer, and thus 
the method required some adaptation. Furthermore this approach did not achieve the purity 
obtained by Gilljam, so an extra MonoQ FPLC column step was added. This used a protocol 
based on Jones et al which used a lentil lectin column as the initial step (Jones et aL,
1995).

3.2- Generation of cloned cell lines producing 
recombinant SF2 and SF162 gpl20

3.2.1- Cloning of SF2 and SF162 gpl20 DNA into a modified pcDNA3 
expression vector

The vector pcDNA3 (II. 1) is a commercially available expression vector 
(Invitrogen). Expression is driven by the major immediate early promoter of CMV. It also 
contains the gene for neomycin resistance allowing the selection of stable transformants 
by the antibiotic, G418 (Gibco). This vector was chosen as it contained a suitable multiple 
cloning site (MCS), and was claimed by the manufacturer to express well in both transient 
and stable transfections of mammalian cells.

Both the SF2 and SF l62 envelope protein genes were inserted into the pcDNA3 
expression vector using a cloning strategy devised by J. May and P. Balfe (May et aL,
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1998), and based on the commercially available CloneAmp® system (Gibco). This strategy 
is described briefly below.

3.2.1.1- Construction of the cloning vector
The tPA leader sequence was excised from the plasmid pEE14.gpl20 (Rhodes et 

aL, 1994), using Hindlll and BgUl, and ligated into the HindRl and BamBl restriction 
sites of the MCS of pcDNA3.

This construct was then cut with EcoRl and Notl, unique restriction sites found in 
the MCS. Two pairs of annealed oligos, one of each pair containing Uracil (U) residues in 
place of Thymidine (T), were ligated to these sticky ends, leaving a linearised, tailed cloning 
vector. {This work was carried out by J. May (Department of Virology, UCLMS, London)}.

3.2.1.2- Generation of gpl20 DNA by PCR for cloning
The gp l20 portion of the envelope genes of SF2 and SF l62 were amplified by 

PCR from proviral DNA inserted in a plasmid (a kind gift from P. Balfe, Department of 
Virology, UCLMS, London) using specific sense (M4142) and antisense (M4141) primers 
(see Table 3.1).

Both primers have dUMP-containing extensions that are complimentary to the 
dUMP-containing oligo tails ligated to the vector. In addition the antisense primer (M4141) 
encodes a stop codon (shown in red), a histidine tag (shown in blue), and a Factor XIa 
cleavage signal (green). Theoretically a histidine tag will endow the recombinant protein 
with a high affinity for divalent cations, such as nickel, thereby allowing easy purification 
(Janknecht & Nordheim, 1992). The Factor XIa cleavage signal allows for the histidine 
tag to be cleaved once it has bound the nickel.

PCR amplification was carried out in 50 |nl reaction volumes. Specific conditions
were 10 mM Tris-HCl, 1.5 mM MgCL , 50 mM KCl, 200 pM dNTPs (A, C, G, and T), 30-

2
50 pmol/ml primers and 2 units of Thermus brockianus (Tbr) DNA polymerase (Nbl). 
Cycling conditions were 94°C for 35 seconds, 55°C for 25 seconds, 72°C for 150 seconds 
for 25 cycles, followed by 7 minutes at 72°C and maintenance of the samples thereafter at 
1°C.

Tbr DNA polymerase has 5’-3’ exonuclease activity, but no 3’-5’ proof reading 
exonuclease activity, hence it does not excise the dUMP residues, leaving the cloning tails 
intact. However it is significantly more accurate than Tag polymerase making an error on 
average five times less frequently.

3.2.1.3- Insertion of gpl20 PCR fragment into the linearised cloning vector
PCR products were run on an agarose gel. The band corresponding to the correct 

length was excised and the DNA purified from this. PCR product and tailed vector were 
then mixed together at a 3:1 molar ratio in the presence of 1 unit of Uracil DNA Glycosylase,
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Name Orientation Position in 
genome

Sequence

M4142 Sense 5855 5 ’ - A AUUG A AGGUCGU AGTGCTGC AG A A A A ATTGT 
GGGTC ACCGTCT ATTATGG-3 ’

M4141 Antisense 7270
5 ’ -UU A AUG AUG AUG ATG ATGCCTGCCCTCG ATTCT 

TTTTCTCTCTGCACCACGCGTCTCTTTGCC-3’

Table 3.1- Oligo primers used to amplify g p l20 gene for cloning

Both primers contain Uracil residues at one end to aid cloning. In addition the antisense primer contains a stop codon, shown in red, a 

histidine tag, blue, and a Factor XIa cleavage signal, green. Position in genome is with respect to HIV-1 HXB2. The envelope gene starts at 

position 5771 including the original leader sequence.
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UDP (Gibco) and incubated for 30 minutes at 37°C. The UDP enzyme forms part of the 
DNA repair mechanisms found in bacterial cells and acts to excise dUMP residues from 
DNA. Treatment with UDG renders dUMP residue abasic, disrupting base pairing, and 
resulting in 12 base pair compatible sticky ends on both the vector and insert. Annealing of 
the vector and PCR product is able to occur while the reaction is taking place, without 
ligation, and once the reaction has been carried out the product can be used directly to 
transform E. coli (see Fig. 3.1).

3.2.1.4- Transformation of E. coli and screening for the correct plasmid
Calcium competent TG2 cells were transformed with DNA from above (3.2.1.3), 

and plasmid DNA prepared using the Wizard™ miniprep system (Promega). Plasmids 
were screened for the gpl20 insert via restriction digest with EcoRl (data not shown). 
Three suitable plasmids containing SF2 gp l20 were isolated, pSF2-2, pSF2-l 8, and pSF2- 
20. Two SF162 plasmids, pSF162-10 and pSF162-13 were also obtained.

3.2.2- Production of stable transfectants of 293 cells with pcDNA3- 
based gpl20 plasmids and examination for protein expression

Greater quantities of plasmid DNA were required for transfection than could be 
provided by the minipreps. Thus 100 ml LB cultures were set up and harvested using 
Wizard™ Midiprep kits (Promega), and the amount of DNA quantified.

293 human kidney fibroblast cells were grown to 50-70% confluence in 6 well 
plates (Nunc). These were transfected by the calcium phosphate coprecipitation method 
using 4 pg of each plasmid split between two wells. Efficiency as determined by pCMVpgal 
(II.2) transfection was 2-5% (data not shown).

After culturing the transfected cells for two days, selection of stable transfectants 
was achieved by the addition of 1 mg/ml G418 to the culture medium for at least two 
weeks. Once stable transfectants were obtained, individual clones were isolated.

3.2.2.1- ELISA failed to show recombinant protein production by transfected 
cells

After selection in G418 the stable transfectants were assayed for rgp 120 expression 
by ELISA using Lectin GNA as capture, with bound rgp 120 being detected by rabbit anti- 
gpl20 (ARP421) as specified in Material and Methods. Chiron SF2 rgp 120 (SF2 rgp 120 
purified from CHO cells—a kind gift from Chiron Corporation) was used to produce a 
standard curve for approximate quantification of rgp 120 present in the tissue culture 
supernatants, and the supernatant from untransfected 293 cells was used as an additional 
control.

The ELISA was unable to detect the presence of rgp 120 in any of the supernatants 
both from the cloned and the uncloned transfectants, even after multiple attempts on
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Hindlll BcoRl

tPA leader

Not\
gpl20 PCR product

Add UDG

HindlW EcoRl

tPA leader

pcDNA3-^/?a-gpl20 j ^ ^ i

1
Transform into E. coli

Figure 3.1- Insertion of g p l20 PCR products into modified pcDNA3 vector

The cyan and green coloured lines denote the Uracil containing vector tails and PCR primers used. The 

addition of Uracil DNA Glycosylase (UDG) removes these Uracil residues leaving 12 base pair long com

patible sticky ends. These ends anneal and are long enough that they are stable and so do not require 

Ugation before transformation into E. coli.
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supernatants taken at different time points (data not shown).

3.2.2.2- PCR on transfected 293 cells showed the presence of gpl20 DNA
As the ELISA failed to detect protein production, PCR was used to see if the plasmid 

was still present in the transfected cells, or had been lost. DNA was prepared by lysing 
4x10^ transfected cells and adding 5 pi of lysate to a standard PCR reaction. Primers 616L 
and 618L, located within gpl20, were used giving a band of approximately 380 base pairs.

Analysis of lysates from several cloned 293 transfectants (SF2-2 B12, SF2-20 B, 
SF2-18 HI 1, SF2-20 C5) demonstrated that gpl20 DNA, and therefore the transfected 
plasmid, was present in all, even though they failed to produce any recombinant protein. 
Untransfected 293 cells and a standard positive and negative control gave the expected 
results (see Fig. 3.2).

However examination of L cells transfected with a tpa/gpl20 expression plasmid, 
P2 (II.3), based on the vector pEE14 (CellTech) showed that while not all clones studied 
contained gpl20 DNA, the clone that did, L cell C l, expressed >250 ng/ml of gpl20 in its 
supernatant, as detected by ELISA (these cell lines were made as part of unrelated work). 
This suggests that presence of the PCR band indicates that the cells have been effectively 
transfected. Further, it suggests that there is not a fundamental flaw in the technique that 
prevents recombinant protein expression.

This result, taken together with anecdotal evidence from other researchers, implied 
that pcDNA3 is a very poor expression vector for stable transfections, producing little or 
no protein. It might have been possible to look for the production of gpl20 mRNA, but 
this seemed unnecessary as even if its presence had been detectable, it would not alter the 
fact that no perceivable protein was being produced. Thus it was resolved to subclone the 
tPA-gpl20 insert into a new vector.

3.2.3- Subcloning the tPA-gpl20 insert from pcDNA3 to a new vector, 
pEE6.ne

The transfection of L cells with gpl20 inserted into pEE14 resulted in the production 
of protein, indicating that this was a good vector for stable expression. The problem with 
this vector is that it is very large, containing multiple restriction sites for all potential 
enzymes for cutting the tpa-gpl20 insert from pcDNA3. Thus, an alternative vector pEE6.ne 
(II.4) was used. This vector is based on the pEE14 vector, using the same CMV promoter, 
MCS, and poly A tail. However the replacement of the GS minigene with a neomycin 
resistance gene (neo), for 0418 selection, and removal of some unnecessary DNA has 
lead to a reduction in size of the plasmid from 9.4 kb to 6.2 kb, and has removed the 
multiple restriction sites preventing subcloning.

The pcDNA3 based constructs (pSF2-2, pSF2-18, etc.) were cut with Xba\ and 
Hindlll, excising the tPA-gpl20 fragment (see Fig. 3.1) for subcloning. Gel purification
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Figure 3.2- PCR demonstrating the presence of gpl20 DNA in stable transfectants

PCR was performed on lysates of transfected cells using primers, 6l6L and 618L, specific for HIV gpl20. 

Bands at an expected size of about 380 b.p. indicate the presence of gpl20 DNA in the lysate. Controls 

included untransfected 293 cells, cloned L cells transfected with a gpl20 expression plasmid based on 

the vector pEEl4, a positive control with 10 ng of pSF2-2 plasmid DNA, and a negative control lacking 

DNA. (N.B. SF2-20 B is lysate from 293 cell transfectants pre-cloning).

26



Chapter 3 — gp l2 0  purification

of this fragment was avoided by cutting the pcDNA3 backbone with Sma\ and so avoiding 
the risk of the fragment religating back into it. pEE6.ne was also cut with Xba 1 and HindlYL, 
and then phosphatased. The two digests were ligated together, transformed into E. coli and 
the subsequent colonies screened.

3.2.3.1- Screening for correct plasmids
To screen for the presence of gpl20 DNA^colonies were picked directly into PCR 

mix, and PCR performed using primers 617L and 625L, giving an expected band of about 
900 base pairs. Of the 46 colonies examined 45 were positive (see Fig. 3.3A). This 
remarkably high success rate suggested that perhaps there was contaminating uncut pcDNA3 
based constructs, although control transformations (transformed with unligated plasmids) 
did not back this hypothesis (data not shown). Thus 12 colonies were miniprepped and cut 
with Xba\ and HindMl, showing that 11/12 contained the slightly larger pEE6.ne vector, 
and only 1/12 contained the original pcDNA3 backbone (see Fig. 3.3B).

To confirm further whether plasmids were correct, they were digested with HindQl 
and BglU. The gel showed correct bands for pSF2-2-4 and pSF 162-13-D 1 among others 
(see Fig. 3.4).

3.2.4- Production of pooled 293 transfectants and isolation of clones 
expressing rgpl20

Five different pEE6-based constructs (pSF2-2-4, pSF2-18-ll, pSF 162-10-40, 
pSF 162-10-41, and pSF 162-13-01) were transfected into 293 cells, in duplicate wells of 6 
well plates, by the calcium phosphate coprecipitation method. A similar rate of efficiency 
as the previous attempt was obtained. A control plasmid, P2 (II.3), was also used.

Transfected cells were grown for 3 days post-transfection in the 6 well plates before 
being transferred to larger flasks were they were selected with 1000 pg/ml G418. After 
selection for 3 weeks resistant cells were obtained, and aliquots of these were frozen for 
use if required later. As transfectant pools represent a heterogeneous population of cells, 
varying in their ability to manufacture rgpl20, individual clones were obtained by plating 
cells at limiting dilutions in a 96 well plate with 850 pg/ml G418.

3.2.5- Assaying transfectants for rgpl20 expression
After three days the transfectants were assayed for transient expression of rgpl20 

by ELISA, using lectin GNA as capture and ARP421 as the detector antibody. This showed 
recombinant protein in the supernatant of all wells, including the P2 controls, except those 
transfected with pSF 162-10-41, which were negative (see Table 3.2A). After three weeks 
of selection a similar picture was seen, except that one of the pSF 162-10-41 wells now 
appeared to be expressing. Whether this was genuine or was due to cross contamination or 
the use of the wrong supernatant was unclear, so all pSF 162-10-41 cells were destroyed.
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Figure 3.3- Screening for tPA-gpl20 inserted into pEE6.ne

Colonies were screened directly using PCR with primers 617L and 625L (A). The positive control showed 

the position of the correct band at about 900 base pairs, suggesting that 45 out of the 46 colonies 

screened contained gpl20 DNA and were correct. Minipreps of 12 of these (B) cut w i t h a n d  AM  

indicated that 11 of the 12 were in fact tPA-gpl20 hgated into pEEb.ne and only one, in lane 3, was the 

insert hgated back into pcDNA3.
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Figure 3.4- Confirmation of correct inserts into pEE6.ne

Putative plasmids were cut with HindlU and BgUL As a control pcDNA3 based plasmids pSF2-2 and 

pSFl62-10 were also cut. The expected 3.3 kb, 2.12 kb, 1.48 kb, and 0.95 kb fragments for pSF2-2-4 are 

present. Also accurate are the 3 3 kb, 2.12 kb, 0.95 kb, 0.92 kb, and 0.56 kb fragments of pSFl62-13- 

Dl. Some other correct and incorrect plasmids are also shown.
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Plasmid
used

Well
number

Cone of rgpl20 
in supernatant @ 

3 days (ng/ml)

Cone of rgpl20 
in supernatant @ 
3 weeks (ng/ml)

pSF2-2-4 1 290 200

2 145 135

pSF2-18-ll 1 480 25

2 250 280

pSF 162-10-40 1 0 0

2 0 310

pSF 162-10-41 1 1100 360

2 300 1000

pSF162-13-Dl 1 1200 1050

2 520 120

P2 1 >2000 not done

2 >2000 not done

B Plasm id
Used

N um ber of 

clones 

screened

N um ber of 

clones 

expressing

pSF2-2-4 9 1

pSF2-18-ll 3 0

pSF162-10-41 7 1

pSF162-13-Dl 11 6

TO TA L 30 8 27%

Table 3.2- Analysis of rgpl20 by 293 cells transfected with pEEb.ne-based plasmids

Most transient transfections showed rgpl20 expression (A), and this was maintained after selection to 

produce stable cell hnes, although cells transfected with pSF 162-10-41 did not succeed, although quan

tification is not absolute as many confounding factors may apply. Clones were made, but even though 

resistant many did not express rgpl20 (B). Identical numbers of cells were incubated and rgpl20 pro

duction measured to reveal the best clonal cell hnes for producing rgpl20 (C).

Clone screened Cone of rgpl20 
produced (ng/ml)

SF2-2-4-B3 1750

SF162-10-41-A1 1000

SF162-13-D1-B2 1200

SF162-13-D1-B3 400

SF162-13-D1-B5 255

SF162-13-D1-B6 230

SF162-13-D1-D4 250

I
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After cloning was undertaken, clones produced were checked. This showed that 
the majority did not express (see Table 3.2B), giving an overall figure of about 27% positive, 
although this figure might be skewed by the very high percentage of positives in cells 
transfected by pSF 162-13-D 1. Positive clones were then plated at 10̂  cells per well in a 6 
well plate and grown for 2 days. Supernatants were then appraised to select those that 
produced the most rgpl20 (see Table 3.2C). Those chosen were SF2-2-4-B3, the only SF2 
gpl20 expressing clone found, and SF162-13-D 1-B2.

3.2.5.1- Concentrations produced by these ELISA are not absolute due to con
founding factors

Although the data recorded in table 3.2 was given as concentrations, these are not 
absolute values due to several confounding factors. The main factor is that the different 
rgpl20s present in the ELISA each have a different affinity to the lectin, and to the ARP421 
antibody, which was raised against baculovirus produced IIIB gpl20. Thus SF162 rgpl20 
values cannot be compared with those of SF2, or IIIB produced by the P2 plasmid. Also 
the standard used was Chiron SF2 rgpl20 produced in CHO cells, and so can only be used 
as a reference point. Finally in table 3.2A factors such as cell numbers and efficiency of 
transfection are not constant between wells. Nonetheless, although values for SF162 
producing clones in table 3.2C are not absolute, they provide a good indicator of relative 
rgpl20 production as similar amounts of cells were used, and the rgpl20s assayed were 
identical.

3.3- Purification of rgpl20

3.3.1- Cellular production of rgpl20
To make large quantities of supernatants two cell lines, SF2-2-4-B3 and SF162- 

13-D 1-B2 were chosen for production in roller bottles. While the cell cultures used to seed 
the roller bottles were not expanded beyond two months there was no apparent loss of 
production of either rgpl20. Expression levels in the supernatants of both the seed cultures 
and the roller bottles ranged from 500-1200 ng/ml at harvesting. Before storage the 
supernatant was spun to remove any contaminating cells that might otherwise lyse on 
thawing.

3.3.2- Purification of rgpl20
After clarification of the supernatant by centrifugation and ultrafiltration to remove 

cell debris, the filtrate was applied to a lectin GNA affinity column. Failure to first filter 
the supernatant resulted in a progressive decrease in flow across the column and increasing
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back pressure. Excessive back pressures within the column lead to irreversible compression 
of the agarose beads resulting in failure of the column. After elution and dialysis the rgpl20 
was further purified by ion-exchange chromatography using FPLC.

3.3.2.1- Lectin GNA affinity chromatography
The use of a lectin GNA column had its advantages in that, after clarification, the 

supernatant could be run directly on to the column. It required no further treatment such as 
concentration or dialysis to change the buffer as found in similar methods (Jones et al, 
1995), allowing for quicker purification and less chance of gpl20 cleavage. Coupling of 
lectin GNA to the HiTrap NHS-activated column proved highly effective with coupling 
efficiency consistently measuring around 94%.

The lectin GNA allowed for substantial purification even from supernatant 
containing proportionally relatively little rgpl20 (see Fig. 3.5). There was between a 550 
fold (SF2) and a 1200 fold (SF162) increase in purity, although the rgpl20 is still relatively 
impure (14.6% for SF162 and 11.6% for SF2 rgpl20) and could not be seen on silver 
staining of the lectin eluate (see Fig. 3.5). In part this impurity is due to the concentration 
of methyl-a-D-mannopyranoside used to elute the rgpl20 from the column. In this case a 
concentration of 0.75 M was used, as opposed to 0.5 M as used by Gilljam (Gilljam, 
1993), who was able to achieve a high degree of purity using only the lectin column.

The use of a higher concentration represented a trade-off between increased purity 
and increased recovery from the column. The use of 0.5 M methyl-a-D-mannopyranoside 
resulted in slightly purer rgpl20 (data not shown), although this still contained substantial 
impurities. However this left a great deal of rgpl20 on the column. The use of a 1 M 
elution buffer lead to less being left on the column, but decreased the purity of rgpl20 to 
such an extent that it became difficult to obtain pure rgpl20 after the FPLC step. As can be 
seen in Table 3.3 and Fig. 3.5, the use of 0.75 M sugar to elute protein from the column, 
lead to very pure rgpl20 after FPLC purification, and at least with respect to SF162, little 
left on the column (as shown by the quantity of rgpl20 found in the Sorenson’s buffer 
which was used to clean the column after elution). The amount of SF2 rgpl20 remaining 
on the column remained high (10%) but probably less than would have been found had 0.5 
methyl-a-D-mannopyranoside been used.

In addition to the losses noted above, rgpl20 was also lost due to failure to bind the 
column, and during the wash steps (see Table 3.3). About 50% of all SF162 rgpl20 in the 
supernatant failed to bind the column (although in other purification runs this was less, 
being nearer 25%, and may solely represent the fact the column was old and had been used 
many times), whereas only 12% of SF2 was wasted (which is representative of all SF2 
rgpl20 purifications). However during the wash steps very little SF162 was lost whereas 
around 14% of SF2 rgpl20 was squandered.
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step Volume
(ml)

Protein
(mg)

rgpl20
(ttg)

%
Purity

% of 
original 
rgpl20

SF2 Culture
supernatant 1485 4990 1307 0.026 100

Lectin GNA 
eluate 7.0 2.31 826 14.6 63

Concentrated
FPLC
fractions

0.470 — 338.4
*

>95 25.9

SF162 Culture
supernatant 1530 5290 550 0.01 100

Lectin GNA 
eluate 7.6 1.81 210 11.6 38.2

Concentrated
FPLC
fractions

0.215 — 98.9
*

>95 18

Figure 3.5- Purity of SF162 and SF2 rgpl20 at each stage of purification

A silver-stained PhastGel shows both SF162 and SF2 rgpl20 at each stage in the purification. No rgpl20 can be seen until concentration of the chosen FPLC fractions. In these 

lanes both SF162 and SF2 can be seen migrating as single broad bands at approximately 120 kDa with no obvious contaminants. The table quantifies the purity of rgpl20 at each 

step, with total protein measured by the microBGA assay (* indicates purity measured by densitometry). The final column shows the percentage of the original rgpl20 remaining 

after each step.
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Amount lost (pg)

SF162-Lectin GNA Column TOTAL AMOUNT 550 Mg
Supernatant after Lectin 
GNA column

275

1st PBS wash 1.8

1st PBS/NaCl wash 3.3

2nd PBS wash 0.25

2nd PBS/NaCl wash 0.16

3rd PBS Wash 0.05

Sorensons's 20.4

TOTAL LOST 

% LOST : # # # '  *
^00.96fig ''
##55%

SF162-FPLC column TOTAL AMOUNT 210
FPLC loading 39.5

Unused FPLC fractions 48.4

TOTAL L O S T ^ i^ 87.9

% TOTAL , , . 42%' .

SF2-Lectin GNA Column TOTAL AMOUNT 1307 Mg
Supernatant after Lectin 
GNA column

156

1st PBS wash 71.2

1st PBS/NaCl wash 61.4

2nd PBS wash 20.3

2nd PBS/NaCl wash 20.5

3rd PBS Wash 11

Sorensons’s 132.6

TOTAL LOST . : ' 
% LOST . .  .

473 Mg 

36% '

SF2-FPLC column TOTAL AMOUNT 826 Mg
FPLC loading 88

Unused FPLC fractions 335.7

TOTAL LOST
% TOTAL ... V

423.7 Mg 

5 1 .3 ^ '

Table 3.3- Quantification of rgpl20 losses during purification

During purification large quantities of rgpl20 are lost at multiple steps, with a final recovery of around 

20-25% of the original protein (see Fig. 3 5). The table shows losses at each step during the purification 

(quantified by ELISA), and shows up differences between SF2 and SF162 rgpl20 purification.
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3.3.2.1.1- Cleavage of gpl20 during purification
As discussed in section 3.1.3.1 cleavage of gpl20, probably within the V3 loop, 

has been reported in several purification strategies (Moritz etaL, 1990, Robey eta l, 1986, 
Scandella et al, 1993). During purification both SF162 and SF2 gpl20 were found to be 
partially cleaved on some occasions, producing 70 and 50 kDa bands as well as the expected 
band at 120 kDa (see Fig. 3.6). Western blotting with ADP421, a rabbit anti-gpl20 
polyclonal antibody, demonstrated that these extra bands were indeed derived from gpl20.

At first there appeared to be no pattern as to what caused the breakdown, although 
Western blots of the different stages of purification revealed that cleavage occurred at 
some point after the loading of the supernatant on to the Lectin GNA column and prior to 
dialysis (data not shown). Addition of a cocktail of protease inhibitors immediately after 
elution from the lectin had no apparent effect, indicating that cleavage was probably 
occurring on the lectin GNA column itself. A more in depth examination revealed that 
whenever the two rgpl20s were purified in rapid succession (i.e. within the space of a few 
days of each other) the first to be purified was often cleaved, and the second was never 
cleaved. Also when an rgpl20 was purified in isolation, this also was often cleaved. This 
suggested that even though the column was stored in an azide-containing solution at 4°C, 
something was accumulating on the lectin GNA that was cleaving the gpl20. The fact that 
the second in a batch did not get broken down suggested that the Sorenson’s cleaning step 
might be removing this contaminant. On instigation of cleaning the lectin GNA column 
with Sorenson’s buffer prior to loading the supernatant, cleavage of the gpl20 was no 
longer seen.

3.3.2.2- Ion-exchange chromatography using a MonoQ column
Prior to loading onto the MonoQ column the lectin eluate was dialysed extensively 

in 20 mM Tris-HCl (pH 8.5), to remove methyl-a-D-mannopyranoside and to provide a 
buffer suitable for binding proteins to the column. A pH gradient gel demonstrated that the 
higher the pH, the better the separation of individual proteins that could be achieved (data 
not shown). Thus a higher pH than that used by Jones et al (Jones et al., 1995) was applied. 
Furthermore early attempts indicated that a pH of less than 8.0 resulted in the failure of 
rgpl20 to bind the column at all.

The FPLC trace from purification of SF162 rgpl20 (see Fig. 3.7A) shows an initial 
single peak occurring early in the lower salt concentrations. Silver-stained PhastGels (see 
Fig. 3.8) and Western blots (see Fig. 3.9A) show that this peak is wholly attributable to 
SF162 rgpl20. The quantity of rgpl20 in each fraction is shown by the black bars in Fig. 
3.7A. The later peaks coming off at the higher salt concentrations contain the impurities, 
as well as a second peak of SF162 as shown by ELISA (Fig. 3.7A) and Western blotting 
(Fig. 3.9A). The second peak proved to be smaller than the first peak. This, coupled with 
losses from the failure of some rgpl20 to bind the MonoQ column resulted in loss of 42%
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Figure 3.6- Cleavage of rgpl20 during purification
A sliver-stained PhastGel (A) shows SF162 at the end of two separate purification runs. Run 2 shows 

purified rgpl20 (indicated in blue) with no evidence of breakdown, whereas Run 1 shows evidence of 

cleavage products with additional bands at 70 and 50 kDa (indicated in red). A western blot (B) using 

rabbit anti-gpl20 polyclonal antibody (ADP421) demonstrates that these additional bands are indeed 

gpl20 fragments.
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of the SF162 rgpl20 found in the lectin eluate (see Table 3.3). Fractions 9-11 were pooled, 
concentrated, dialysed in PBS and stored in aliquots at -70°C.

The SF2 rgpl20 FPLC trace, unlike that of SF162, exhibited two early peaks (see 
Fig. 3.7B) which both proved to be attributable to rgpl20 (see Figs. 3.8 and 3.9B). It is 
possible that these two peaks are attributable to dimérisation of SF2 rgpl20, with the first 
peak representing monomeric, and the second peak representing dimeric rgpl20. Evidence 
for this hypothesis comes from the silver stain (Fig. 3.8) and Western blot (Fig. 3.9B). 
Even though the samples were boiled in the presence of 2-mercaptoethanol bands at about 
240 kDa (probably corresponding to dimeric rgpl20) can still be seen in some fractions. 
This is especially noticeable in fractions 11-13 which correspond to the second peak, and 
less noticeable in fractions 9 and 10 which correspond to the first peak.

Again there is some SF2 rgpl20 present in later fractions, although this does not 
form a second peak comparable to that of SF162. Coupled with losses due to failure to 
bind the MonoQ column, the total squandered is 51% of that found in the lectin eluate. 
Fractions 11 and 12 were pooled similarly to SF162 rgpl20. Fraction 13 was not pooled as 
the following fraction (14) showed possible contamination with a band at around 60kDa. 
Retrospectively fractions 9 and 10 could have been added to the pool, but were left out as 
the silver-stained gel suggested they contained little rgpl20.

3.3.2.S- Product purity
The selected fractions from the MonoQ column were concentrated and had their 

buffer exchanged with azide-free PBS in Centricon-50 columns. These columns have a 50 
kDa cut off, thereby allowing for the removal of any residual contaminants below this 
molecular weight, a beneficial side effect of their use. Fractions were concentrated from 
an original volume of 2-3 ml down to 200-400 pi.

Reduction of rgpl20 with 2-mercaptoethanol leads to a broad band migrating at 
around 120 kDa in an SDS-polyacrylamide gel (see Fig. 3.5). The SF2 rgpl20 band is 
broader than the SF162 band, and migrates slightly slower. This is probably indicative of 
increased and more varied glycosylation as the polypeptide backbones are approximately 
the same size after removal of the carbohydrates by N-glycosidase F (see Fig. 3.10). These 
bands appear to be unique, with no evidence of contaminant proteins. Densitometry (an 
example of which can be seen in Fig. 3.12) reveals the purity to be greater then 95% in 
both cases

3.4- Physical analysis of purified rgpl20

For the purification process to be useful, the rgpl20 produces must be quantified, 
and shown to be conformationally intact, being able to bind both CD4 and selected
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Figure 3.8- Silvei^stained PhastGels of selected fractions collected from the FPLC

Selected fractions eluted from the MonoQ column were analysed on silver-stained PhastGels. Note the 

single band at 120 kDa found in fractions 9-12 of the SF162 purification, and the two bands, one at 120 

kDa and one at 240kl)a (probably representing dimérisation of the rgpl20), found in fractions 11 and 

12 of the SF2 purification.
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Figure 3.9A- Western blot of selected fractions from the FPLC during SF162 rgpl20 purifica

tion.

Selected fractions collected during SF162 rgpl20 purification were run on a 10% SDS-Page gel, trans

ferred to nitrocellulose, which was probed with human VB serum.

141



Chapter 3—gp 120 purification

SF2-2-4-B3
S u p e rn a ta n t

I I I

I

I I I I I
r r  CO 
G )

CD T— O
^  CO  CSJ

Figure 3-9B- Western blot of selected fractions from the FPLC during SF2 rgpl20 purifica
tion.
Selected fractions collected during SF2 rgpl20 purification were run on a 10% SDS-Page gel, transferred 

to nitrocellulose, which was probed with human VB serum.
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monoclonal antibodies. To this end both rpgl20s were subjected to deglycosylation to 
confirm the size of their polypeptide backbone, quantitative ELISA and gel densitometry, 
sCD4 binding ELISA, and conformational antibody ELISA.

3.4.1- Deglycosylation of rgpl20
Both SF162 and SF2 rgpl20 were incubated overnight with N-glycosidase F (N- 

glycanase) to deglycosylate them. Western blotting using HIV-1 positive human VB serum 
showed bands at around 64 kDa for both proteins (see Fig. 3.10). Mock digestions where 
no enzyme was added gave bands in the expected 120 kDa area. A control rgpl20 (Chiron 
SF2 rgpl20) showed a slightly smaller band at around 60 kDa.

3.4.2- Quantification of rgpl20
As discussed in section 3.2.5.1 quantification of gpl20 concentrations is complicated 

due to the fact that different gpl20s have different affinities to antibodies. Thus it is not 
possible to use one type of gpl20 as a standard for another type in an ELISA. This is 
amply shown in Figure 3.11C where the binding of HIV-1 positive VB serum to four 
different rgpl20s has been tested. The affinity of the serum for rgpl20 as measured by the 
half-maximal binding is different in each case. A similar picture is seen if rabbit polyclonal 
ADP421 is used (data not shown). Thus in order to measure the amount of either SF162 or 
SF2 rgpl20 routinely, it was necessary to prepare standards of each that had been accurately 
quantified.

Initial quantification of standards of both was carried out by J. McKeating 
(University of Reading) using pooled HIV-1 positive human sera with the view that this 
would not discriminate between different rgpl20. Once quantified this stock material was 
stored in aliquots at -80°C and used as the standards in all subsequent ELIS As. Examples 
of standard curves for these stock materials, captured with D7324 polyclonal and detected 
with VB serum, show a typically sigmoid curve with a linear portion at the lower 
concentrations (see Figs. 3.1 lA and 3.1 IB). Routinely the sensitivity was 0.5 ng or lower 
for both SF162 and SF2 rgpl20.

The accuracy of the initial quantification was confirmed by densitometry (see Fig. 
3.12). Two samples of both SF162 and SF2 rgpl20 purified at different times were run on 
a PhastGel, silver stained, and then densitometrically quantified by comparison to a IHB 
rgpl20 standard (ARP). The values gained showed a high degree of similarity to those 
determined by ELISA, strongly suggesting that the ELISA standards had been accurately 
quantified.

3.4.3- sCD4 is able to bind purified rgpl20 with a similar affinity to 
controls

In order to assessthe conformation of purified rgpl20, their ability to bind sCD4
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Figure 3.10- N-glycosidase F digest of different rgpl20

Different rgpl2() were digested overnight with N-glycosidase F, western blotted using VB human antise

rum and exposed on autoradiography film. In the mock digests, proteins were subjected to identical 

conditions and buffers, but no N-glycosidase was added. Control protein is purified CHO-expressed SF2 

rgpl20 (a kind gift of Chiron Corporation). Due to the lower concentration used, a longer exposure of 

the same bands has been shown, aligned with the other exposure.
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Figure 3.11- Standard Curves for quantification of rgpl20

ELISAs using D7324 as capture and HIV-1 positive human VB serum as detector were performed. Stand

ard curves for SF162 (A) and SF2 (B) rgpl20 are shown, giving an expected sigmoid curve. Inset are the 

linear parts of the respective curves. Antibodies do not bind all rgpl20 equally (C), with four different 

rgpl20 showing different binding characteristics to VB serum.
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SF2 A 1 581.80 1.36 136 ng 160

SF2 B 2 517.01 1.21 121 ng 120

SF162 A 3 644.71 1.52 152 ng 160

SF162 B 4 299.96 0.71 71 ng 76

IIIB (100 ng) 5 425.24 1.00* 100 ng* -

IIIB (33 ng) 6 156.23 0.37 37 ng -

IIIB ( lin g ) 7 49.99 0.12 11 ng -

Figure 3.12- Using densitometry to determine gpl20 protein concentration

Samples were run on a PhastGel alongside a protein of known concentration. The gel was silver-stained 

and scanned into a computer where it was analysed with NIH Image. The areas under the curves repre

senting the protein bands of interest can be compared with that of a known standard to estimate the 

amount of protein present. Samples from two separate purifications of both SF2 and SF162 gpl20 were 

compared to known concentrations of IIIB gpl20. The values obtained can be compared to values ob

tained by ELISA.

* The ratio was calculated by giving the IIIB (100 ng) band an arbitrary value of 1.00. The calculated 

concentration assumes that a ratio value of 1.00 equates to 100 ng.
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was assessed. Initially the affinity of rgpl20  for sCD4 was measured by immobilising 

sCD4-biotin to a streptavidin-coated plate and titrating in rgp 120. This, however, resulted 

in Linacceptably high background which could not be lowered even after repeated attempts. 

Instead the affinity of sCD4-biotin for rgp 120 was measured by immobilising saturating 

amounts of rgp 120 onto D7324-coated ELISA plates. Titration of sCD4-biotin allowed 

for an estimate of its affinity for rgp 120.

Half-maximal binding of sCD4-biotin to rgp 120 was 12.5 nm for SF162, and 15.5 

nm for SF2 (see Fig. 3 .13A). Control rgp 120s gave similar values with 13 nm for Chiron 

SF2 rgp 120 and 22 nm for IIIB rgp 120 (purified from Baculovirus). These results are 

representative of two separate experiments.

3.4.4- Screening purified rgpl20 with a panel of mAbs also shows they 
are conformationally intact

Further assessment of conformation was carried out using a panel of mAbs (whose 

attributes are summarised in Table 2.4). Duplicate wells were assayed to give the results 

for purified SF162 and SF2 rgp 120 (see Fig. 3.14), with Chiron SF2 rgp 120 used as a 

control.

The mAbs IIIB-V3-34, IIIB-V3-01, MN-V3-51, and 1811-01 were raised against 

peptides derived from the V3 loops of IIIB (the first two), MN, and Q 17 respectively, three 

separate isolates of H IV -1 (Laman cf oA, 1992, Laman «/., 1993). IIIB-V3-34 lies on the 

exposed tip of the V3 loop and is accessible in both intact and denatured gp l20 , but its 

epitope is sufficiently different from that found in SF162 and SF2 that it should not be able 

to bind (Laman et a l,  1993). As expected it fails to bind both purified rgp 120s and the 

control rgp 120. Monoclonal IIIB-V3-01 recognises an epitope on the carboxy flank of the 

V3 loop that is not normally accessible unless the protein is denatured (Laman et a i, 

1993), and as expected does not bind. The exact epitopes for M N -V 3-51 and 1811-01 are 

not known, but both SF162 and SF2 rgp 120 bind similarly to the control.

IA M 2G 12 is a human monoclonal antibody that has been much studied, recognising 

a discontinuous, conformation and glycosylation-dependent epitope that is highly distinctive 

(Trkola et a i,  1996b). Thus its ability to bind to rgp 120 is a good indicator of a correctly 

folded and glycosylated protein that has maintained its native conformation throughout. 

To this end, it was found to bind to both the purified rgp 120s and the control rgp 120 (see 

Fig.3.14). ARP3023 is a mAh directed against the V3 loop of HIV-1 MN, and is known to 

bind SF2 gp l20  in its native state (Gorny et a l ,  1991). It too binds all three rgp 120 tested 

in a similar manner. Finally ARP390 was tested, again a Slab that recognises a discontinuous 

and conformationally sensitive epitope (Cordell et a l,  1991, McKeating et a l,  1992). 

W hile SF162 and the control rgp 120 were bound well by this antibody, it did not bind SF2 

rgp 120 in a comparable way, although the level of binding was significantly above that of 

the control antibodies.
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Figure 3.13- Binding of sCD4 to HIV-1 rgp 120

Purified rgp 120 at saturating concentrations (>5 pg/ml) was bound to immobilised D7324, and then 

reacted with sCD4-biotin conjugate at the concentrations indicated. Bound sCD4 was detected with 

streptavidin-HRP. Each concentration of sCD4-biotin was also tested without rgp 120 to detect non-spe

cific binding, and the OD values obtained subtracted from those of sCD4-gpl20. These background
450

signals ranged from 0.002 to 0.068 (at the highest concentration of sCD4). Data (A) was expressed as 

percentages of the highest net signal (100%) in each titration curve. Data showing the net OD cor-
450

rected for background sCD4 binding is also given (B). Data is representative of two separate experi

ments.
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Figure 3.14- Characterisation of conformation of purified rgpI20 witli a panel of mAbs

Purified SF162 and SF2 rgp 120, along with Chiron SF2 rgp 120 (as a control) were bound at 1 |Ltg/ml onto 

immobilised D7324, and detected with a panel of mAbs. The first two mAbs act as controls, while the 

remaining ones recognise epitopes found only in conformationally intact gpl20. The bars represent the 

average of duphcate wells. The experiment is representative of three performed.

149



Chapter 3—gp 120 purification

3.5- Discussion

Two different rgpl20 glycoproteins have been cloned and expressed in a human 
cell line, hopefully being broadly representative of both the two major tropisms (M and T) 
and of the glycosylation patterns of gpl20 found in vivo. A  novel two column method has 
been developed to purify these recombinant proteins based on the combination of two 
existing protocols (Gilljam, 1993, Jones et al, 1995). This achieves a very high degree of 
purity even when the starting material contains only very small amounts of rgpl20 and 
results in protein that has maintained its native conformation and is able to bind both 
sCD4 and various antibodies that have discontinuous epitopes.

3.5.1- The plasmid pcDNA3 fails to express protein in stable 
transfectants, but pEE6.ne expresses well

Repeated ELISA on supernatants of 293 cells stably transfected with pcDNA3- 
based gp 120 plasmids failed to show the production of any rgpl20 even though the plasmid 
was shown to be present by PCR (Fig. 3.2). Subcloning of the tPA-gpl20 insert into the 
plasmid pEE6.ne resulted in stably transfected 293 cells that did express rgpl20 (Table 
3.2). This suggests that the insert was functional, and that the problem with expression lay 
within the pcDNA3 backbone, most likely the promoter itself. Examination of both plasmids 
showed that the CMV promoter used in pcDNA3 was 900 bp long, whereas that of pEE6.ne 
was 2120 bp. The reason for this size discrepancy is that intron A has been removed from 
the CMV promoter of pcDNA3 to substantially reduce the overall size of the plasmid. 
While smaller plasmids are beneficial for cloning, it has been shown that the removal of 
intron A results in the heterologous expression of proteins being reduced, including rgpl20 
(Chapman et al., 1991).

3.5.2- Many transfected clonal cell lines did not express rgpl20
Transfection of 293 cells with pEE6.ne based plasmids lead to the expression of 

rgpl20 in most wells after selection with G418 (Table 3.2A). However analysis of clonal 
cell lines produced from these cells showed that only a quarter expressed rgpl20. The 
reason for this low success rate is two-fold. A small proportion of non-expressing cells 
will be due to the spontaneous mutation of untransfected cells to attain G418 resistance. 
The rest are due to the random integration of plasmid into the DNA. Transfected plasmid 
DNA randomly integrates into the host cell chromosomes in stable transformants (Robins 
et al, 1981), and it is not normally found in extrachromosomal form (although this can be 
selected for with certain plasmids). This is a rare event occurring at a rate of approximately
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5% for transient and less than 0.1% for stable transfectants (Robins et al, 1981). Integration 
requires the linearisation of plasmid, which is also random. Thus if the plasmid were to 
linearise within the CMV promoter or tPA-gpl20 cassette it would be possible to get 
selection via G418, but no protein expression.

The ratio of expressing to non-expressing clones could therefore be increased by 
first linearising the plasmid using a restriction enzyme. However in a large plasmid choices 
are limited. The only appropriate enzyme for this plasmid was Pvu I, and several attempts 
were made to cut with this, but this enzyme proved very inefficient, and given its expense 
the step was abandoned as not being cost-effective.

3.5.3- The purity of rgpl20 eluted from the lectin GNA column was 
not as high as previously published

The previous use of lectin GNA to purify gpl20 (from virions) produced gpl20 at 
a purity of >90% with the use of that column alone (Gilljam, 1993), as opposed to about 
15% achieved in this method (Fig. 3.5). It is not clear from the published data whether the 
initial purity of gpl20 was higher, but the protocol did use a virus particle concentration 
step using a filter with a 300 kDa cut off point, carried out on large volumes, and this 
would in itself act to partially purify gpl20. The other noticeable difference in the protocol 
was the column used. The lectin GNA was coupled to pore glass by a commercial company, 
and background binding on this column was blocked with glycine. Nevertheless, non
specific adsorption of proteins to the NHS-HiTrap column used as a matrix in this protocol 
is negligible due to the fact that its base matrix is very hydrophilic.

3.5.4- Efficiency of recovery of protein during purification
Overall recovery of rgpl20 from the purification was 25.9% and 18% for SF162 

and SF2 respectively (Fig. 3.5). This compares well with some previously published methods 
which gives figures such as 20-25% (Scandella et al, 1993), and 11% (Barrett et al, 
1989), although it is less than the 40% achieved by Jones et al (Jones et al, 1995), on 
whose method, the present study is based. A possible explanation for this is found in the 
starting material used. The purity of the rgpl20 in the supernatant they used was some 20- 
to 50-fold higher.

The major losses occurred at four main points; failure to bind the lectin GNA 
column, failure to elute from the lectin GNA column, failure to bind the MonoQ column, 
and failure to elute in the early fractions from the monoQ column (Table 3.3).

To improve binding to the lectin GNA column one could possibly use a greater 
concentration of lectin during the manufacture of the column (although this increases the 
cost), or dialyse the supernatant. It is not clear, however, how much difference dialysis 
would make, and it would detract from the ease and elegance of the method. It would also 
be possible to pass the supernatant over the column several times, although it has been
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shown that rgpl20 will still remain in the supernatant (Gilljam, 1993). This remaining 
protein may represent a sub-species of rgpl20 that contains little high terminal mannose.

Efficiency of elution from the lectin GNA column is proportional to the 
concentration of methyl-a-D-mannopyranoside used. As discussed in section 3.3.2.1 the 
greater the concentration the more efficient the elution, but at the cost of purity. A 
concentration of 0.75 M appeared to provide the optimum balance. Addition of salt also 
improves elution, although again this increases the level of impurities (Gilljam, 1993). 
Again the strong binding of some rgpl20 may suggest a greater amount of high terminal 
mannose in this fraction.

Binding of rgpl20 to the MonoQ column is dependent on the overall charge of the 
protein. Thus an increase in pH increases binding and also separation. A pH of 8.5 was 
used, as opposed to pH 8.0 (Jones et al, 1995), in order to increase binding. A higher pH 
might improve the binding, especially of SF162 rgpl20 which elutes in the very early 
fractions, but risks partial dénaturation of the protein and was not tested. Failure of all of 
the rgpl 20 to elute in only one or two fractions from the FPLC is not unexpected, especially 
given the highly variable glycosylation, though the fact that there appears to be a second 
peak (Fig. 3.7A and 3.7B), suggests that a particular subspecies of rgpl20 might have 
been lost (possibly a multimeric form or one with a slightly different glyscosylation pattern). 
Whether or not this peak contained a substantially different subspecies of rgpl20 was not 
assessed, nor was there any possible way of preventing this loss.

3.5.5- SF162 and SF2 rgpl20 elute from the MonoQ column in differ
ent fractions

It was noticeable that the majority of SF162 rgpl20 eluted in a single peak covering 
fractions 9 and 10, representing very low NaCl concentrations (Fig. 3.1 A), whereas most 
SF2 rgpl20 eluted in a single peak predominantly in fractions 11 and 12, although this 
was preceded by a smaller peak covering fractions 9 and 10 (Fig. 3.7B). The fact that this 
early peak overlaps the peak of SF162 might suggest that this represents predominantly 
monomeric rgpl20, whereas the second larger peak of SF2 could represent principally 
dimeric or multimeric rgpl20. The Western blot of the SF2 fractions (Fig. 3.9B), although 
performed under denaturing conditions, suggests an increasing predominance of dimeric 
rgpl20 as one moves from fractions 9 to 13.

3.5.5.1- Evidence for dimer and trimer formation by rgpl20
It is now generally accepted that the gp41-gpl20 complex forms a trimeric complex 

both on the virion and cell surface (Earl et ai, 1990, Weiss et al., 1990). Chemical cross- 
linking of virions demonstrates cross-linking solely of the gp 120 and not of gp41, suggesting 
that the gpl20 subunits are in close association (Weiss et al, 1990). However it is actually 
the transmembrane subunit of the envelope dimer, gp41, that is largely responsible for this
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trimer formation (Blacklow et al., 1995, Wingfield et al., 1997).
During purification of SF2 rgpl20 Scandella et al noticed the formation of a small 

amount of dimeric protein, the amount of which increased to around 10% on storage 
(Scandella et al, 1993), although this was not seen during purification of other gpl20 by 
different groups. Dimérisation has also been seen in rgpl20 expressed from HeLa T4 cells 
(Malvoisin et al, 1997). That rgpl20 (and SF2 rgpl20 in particular) may form dimers 
maybe of importance as it could then cross-link CD4 on the cell surface (Earl et al, 1990, 
Earl et al, 1992), which may have pathological implications (Banda et al, 1992).

3.5.6- Proteolytic processing of gpl20
The cleavage of rgpl20 into two fragments (50 and 70 kDa) was found to occur 

sometimes during purification (Fig. 3.6). As mentioned in section 3.3.2.1.1 a pattern 
emerged. This showed that if the lectin GNA column had not been used for some time 
gpl20 cleavage usually occurred, and that this cleavage was happening on the column. If 
however, the column had been used recently (and therefore cleaned recently with Sorenson’s 
buffer) cleavage did not occur. With the introduction of washing the column with Sorenson’s 
buffer prior to loading the supernatant, cleavage was apparently eliminated. The addition 
of protease inhibitors to the lectin GNA eluate was maintained as a precaution.

The fact that cleaning the column first with Sorenson’s buffer prevented cleavage 
(washing solely with PBS being insufficient) suggests strongly that breakdown, at least in 
this purification protocol, was not due to cellular protease present in the supernatant, but 
due to something on the column. Autocleavage, which has been reported (Werner & Levy, 
1993), is unlikely as this apparently requires the presence of soluble CD4, and it would be 
hard to explain why the addition of the Sorenson’s wash step would prevent this. The most 
likely explanation was bacterial growth on the column during storage, although the addition 
of azide to the column storage buffer should have prevented this. The low pH of the 
Sorenson’s cleans the column efficiently, and this step would remove any bacteria, and 
bacterial products.

3.5.7- Purity of rgpl20 produced
Although the concentration of rgpl20 in the starting supernatant was very low, the 

final product appeared very pure (Fig. 3.5), representing between a 3,500 and 10,000 fold 
increase in purity. Although no bands other than that for gpl20 can be seen, densitometry 
did not reveal the protein as being 100% pure. While some of the impurities are due to 
imperfections within the gel itself which are picked up during scanning, there is bound to 
be some contamination by other proteins. This contamination, however, is likely to be less 
than suggested due to the poor staining properties of gpl20, suggesting that in fact the 
purity is somewhat greater than estimated.
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3.5.7.1- gpl20 is known to stain poorly in SDS-PAGE gels
Work in other laboratories (Klaniecki et ah, 1991, Scandella et al., 1993) has 

demonstrated that gpl20 stains very poorly in SDS-PAGE with several different protein 
stains, with seven times more gpl20 being required to give a band of equivalent intensity 
as that of BS A on staining with Coomassie blue (Scandella et al., 1993). Thus it is possible 
that the purity of the rgpl20 is even greater than that estimated, as any contamination 
would stain proportionally better than the rgpl20, overemphasising it.

3.5.8- SF162 and SF2 rgpl20 have different molecular weights
Both SF162 and SF2 rgpl20 migrate as broad bands in SDS-PAGE gels (Fig. 3.5), 

however SF2 can be seen to migrate somewhat slower than SF162. Indeed it appears that 
the SF2 rgpl20 produced by Chiron Corporation migrates slower still (Fig. 3.10). If the 
proteins are deglycosylated by Wglycosidase F a different picture appears, with SF2 and 
SF162 produced by 293 cells migrating similarly, but slower than that of Chiron SF2 (Fig.
3.10). The difference in mobility of the two deglycosylated SF2 proteins is probably due 
to the presence of the histidine tag.

The difference in motility of the fully glycosylated proteins is most likely explained 
by differences in glycosylation, although differences in the VI, V2, and V3 loops have 
been implicated (Koito et al, 1994). A more rapid migration in SDS-PAGE indicates a 
higher net negative charge of the protein, probably indicating a decrease in total 
glycosylation (Pyle et al, 1988). Hence it seems that SF162 has the least glycosylation, 
and that overall 293 cells glycosylate less abundantly than CHO cells, which were used to 
produce the Chiron SF2 rgpl20.

3.5.8.1- Accuracy of glycosylation of rgpl20 produced
At the outset of the project a human cell line was chosen to produce rgpl20, as 

opposed to the more commonly used CHO cells (or baculovirus), in the hope of ensuring 
glycosylation closer to that seen in vivo (see section 3.1.2.1 and 3.1.2.2). Within a single 
cell line numerous glycosylation variants are produced leading to a diffuse band on SDS- 
PAGE, but in vivo glycosylation will be even more diverse, leading to a more diffuse band 
still, as multiple cell types are infected (Mizuochi et al, 1990). If gpl20 is produced by 
infection, there is a noticeable difference in glycosylation patterns of gpl20 from 
macrophages and from PBMC. PBMC produce a relatively homogenous band on SDS- 
PAGE, whereas MDM produce a broader, more diffuse band (Willey et al, 1996).

The rgpl20 produced by 293 cells gives a broader band than rgpl20 manufactured 
in CHO cells (data not shown). Furthermore SF2 gpl20 produced by infecting the human 
T-cell line HUT-78 with whole virus has a slightly higher mobility than that produced in 
CHO cells (Scandella et al, 1993), as is found in SF2 rgl20 produced in 293 cells. Taken 
together these facts suggest that 293 cells glycosylate more accurately than CHO cells.
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especially in the case of SF162 (which is M-tropic and therefore would probably have a 
more diffuse band in vivo). Retrospectively, though, the use of a T-cell line to produce SF2 
rgp 120 might be more accurate, although transfection, cloning, and supernatant production 
using a non-adherent cell line would all have been significantly more time consuming. To 
confirm this hypothesis, in depth carbohydrate studies of the different rgp 120s would need 
to be undertaken.

3.5.9- Conformational integrity of purified rgpl20
In order to assess conformational integrity the rgp 120s were tested for ability to 

bind sCD4 and a panel of monoclonal antibodies. Binding of the purified rgp 120s to 
biotinylated sCD4 showed that they had similar affinities as that of the control rgp 120s 
used, with values ranging from 12.5 to 22 nm (Fig. 3.13). This compares to values of 2-10 
nm for Chiron SF2 rgp 120 as assessed by its purification team (Scandella et al, 1993), a 
figure of 15 nm for GB8 rgp 120 (Jones et al., 1995), and an average of about 3 nm with 
two different gpl20s (Moore, 1990). This suggests that the readings gained are slightly 
low, but since the controls are also low, this is probably indicative of the method used, 
most likely due to the biotinylation of sCD4. In the one time that non-biotinylated sCD4 
was used (which was detected with a rabbit anti-CD4 polyclonal antibody) both purified 
SF162 and SF162 rgp 120 in supernatant gave a figure of around 4 nm.

It should be noted that while these values give some indication of the K , they are
D

not true values, as sCD4 can disassociate from gpl20 during the washing stages, and free 
sCD4 was not included in the wash steps to maintain the equilibrium (Moore, 1990).

The results from screening purified SF162 and SF2 rgp 120 and Chiron SF2 rgp 120 
with a panel of mAbs showed that all three bound antibodies similarly with the exception 
of ADP390 which bound purified SF2 less well than either SF162 or Chiron SF2 (Fig. 
3.14). There are three possible explanations why this occurred; either the SF2 has denatured, 
or it has different glycosylation that inhibits the binding of this antibody, or that excessive 
dimérisation is inhibiting binding. It appears unlikely that the SF2 rgp 120 has denatured 
as it can still bind sCD4 and other conformationally sensitive antibodies, and ARP390 is 
not known to be glycosylation sensitive. Thus the first two hypotheses are unlikely. The 
most probable explanation therefore, although not confirmed by experimentation, is that 
dimérisation is adversely affecting the site of ARP390 binding. Thus the binding seen 
could be that of the fraction of SF2 that has remained monomeric.

Given that all the other mAbs display similar binding, the aberrant binding of 
ADP390 is unlikely to be significant in terms of conformation. It is especially important 
that 1AM2G12 binds. As mentioned it is a human mAh that recognises a highly distinctive, 
discontinuous, conformation and glycosylation dependent epitope. Failure to bind would 
have almost certainly indicated that either the rgp 120 was not being correctly glycosylated, 
or that dénaturation had occurred at some point during the purification protocol.
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From these results it would be fair to assume that the rgp 120 purified by this two 
column method is conformationally intact since it binds both sCD4 and a panel of mAbs 
similarly to a control.

3.6- Summary
This system provides a simple two column purification protocol that results in 

highly purified rgp 120 (>95%), even from a very impure source. It is effectively a 
combination and optimisation of two previously published protocols (Gilljam, 1993, Jones 
et al, 1995), allowing the purification directly from supernatant of highly impure rgp 120, 
with as few added steps, such as concentration and dialysis, as possible. It has advantages 
over other published protocols as it requires only small scale tissue culture and uses readily 
available reagents and equipment to provide useful quantities of conformationally intact 
protein. It thus lends itself to the purification of less common gpl20s for comparative 
studies. For larger preparations the possibility exists to scale up purification by using larger 
columns, with more rgp 120 being produced in the supernatant by using microcarriers 
(Barrett er fl/., 1989).
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CHAPTER 4— THE EFFECTS OF 
GP120 ON DENDRITIC CELLS

4.1- Introduction

DC are highly specialised cells of the immune system whose main function is to 
capture, process, and present antigen to T lymphocytes. Hence they are termed ‘professional 
APCs’. The function of these cells has been outlined above (see section 1.7), and their role 
in HIV infection reviewed (see section 1.8).

As outlined, DC have the unique ability in that they are able to prime naïve T cells 
and thus are of crucial importance in combating infection. Therefore anything which will 
inhibit their capacity to present to T cells and to stimulate them would be highly detrimental. 
Several HIV-1 proteins have been shown to have adverse effects on immune function, 
especially the envelope protein, gpl20, and whether or not this is mediated at the DC level 
is the main focus of this chapter.

4.1.1- Effects of gpl20 on immune system
As has been discussed (see section 1.6.4), gpl20 may inhibit immune response at 

several points. The four major areas where this might occur are T-cell dysfunction, APC 
dysfunction, cytokine dysregulation, and abnormal haematopoiesis.

4.1.1.1- T-cell dysfunction
The CD4 surface molecule has been shown to play an active role in the regulation 

of T-cell responses (Dianzani etal., 1992, Marth etaL, 1985, Neudorf etal, 1990, Rojo et 
al, 1989, Veillette et al., 1989). Since gp l20 binds CD4, its effect on CD4+ T cells has 
been extensively studied (Cefai et al, 1990, Goldman et al, 1994, Hubert et al, 1995, 
Jabado et al, 1994, Mittler & Hoffmann, 1989, Schols & De Clercq, 1996). These studies 
show that gp l20 inhibits CD4+ T-cell proliferation induced either by cross-linked anti- 
CD3 or anti-TCR mAbs, or by APC pulsed with tetanus antigen. This is probably due to a 
selective defect in signalling via the CD3-TCR complex (Chirmule et al, 1990), leading 
to anergy as opposed to proliferation. This anergy is due to inhibition of both IL-2 mRNA 
production and secretion by the gpl20-treated CD4+T cells (Chirmule etal, 1995b, Jabado 
et al, 1994, Schols & De Clercq, 1996).

4.1.1.1.1- CD4+ T cell signalling is induced by gpl20 via CD4 binding
When gpl20 binds to CD4 on T cells, signalling occurs with activation of p56'̂ '", a
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tyrosine kinase associated with the cytoplasmic tail of CD4 (Baldari et al, 1995, Briand et 
al, 1997, Mazerolles et al, 1997). Long term activation (>40 minutes) can result in 
dissociation of p56‘‘''' from CD4 and the loss of both from the cell surface (Hivroz et al, 
1993, Juszczak et al, 1991). Downstream of p56''='" a cascade of kinases and eventually 
transcription factors are activated, which ultimately fail to enhance IL-2 gene activity 
(Chirmule et al, 1995a, Jabado et al, 1994). Interestingly while gpl20 can lead to the 
down-regulation of surface CD4 on monocytes and macrophages (Durrbaum-Landmann 
et al, 1994, Karsten et al, 1996), they do not apparently express p56'̂ '" (Perlmutter et al, 
1988). In these cells down-regulation of CD4 appears to be due to the induction of TNF-a 
production (Karsten et al, 1996).

4.1.1.1.2- Additional signalling may occur through chemokine receptors
Although there is firm evidence that gpl20-induced signalling, in CD4+ T cells at 

least, can be mediated through CD4 (Popik et al, 1998), binding may also lead to signal 
transduction via chemokine receptors, which are G-protein coupled. Work in this area has 
so far suggested that gpl20 may induce calcium mobilisation and chemotaxis via the 
chemokine receptors (Weissman et al, 1997), and leads to rapid tyrosine phosphorylation 
of Pyk-2 (Davis et al, 1997).

4.1.1.1.3- Apoptosis can occur in T cells primed with gpl20
T cells in HIV-1 patients are susceptible to enhanced spontaneous apoptosis if the 

cells are activated (Gougeon et al, 1993, Lewis et al, 1994, Meyaard et al, 1992). This 
phenomenon occurs not so much in the infected cells, but in the bystander cells (Finkel et 
al, 1995), and is thought to be mediated by prior exposure of the T cells to gpl20 (Accomero 
et al, 1997, Banda et al, 1992).

4.1.1.2- Effects of gpl20 on monocytes and macrophages
The effect of gpl20 on monocytes and macrophages has not been studied to the 

same extent as with CD4^ lymphocytes, and data on DC is non-existent. However the APC 
functions of both macrophages and DC has been shown to be abnormal in infected patients 
(Ennen et al, 1990, Lathey et al, 1990, Lunardi Iskandar et al, 1987, Macatonia et al, 
1992, Macatonia et al, 1990), and this is thought not to be due to direct infection, raising 
the possibility that it is gpl20 mediated. It appears that gpl20 reduces the ability of 
monocytes to induce proliferation in anti-CD3 mAb treated CD4^ T cells, but this could be 
an indirect effect due to down-regulation of FcyRI in the gpl20-treated monocytes 
(Durrbaum-Landmann etal, 1994). Recall antigen-induced T-cell proliferation remained 
normal.

4.1.1.3- Cytokine dysregulation
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As discussed in section 1.6.4.3, gpl20 can induce secretion of a wide gamut of 
cytokines by several different cell types, especially macrophages (reviewed in (Chirmule 
& Pahwa, 1996)). This in turn can result in immune dysfunction, including the potential to 
skew the immune response to HIV-1 from a type 1 to a type 2 response (as defined by 
Clerici and Shearer 1994). In addition to induction of secretion, there may also be the 
inhibition of secretion, as typified by the lack of IL-2 production in T cells.

Cytokine dysregulation may also lead to a more basic cause of immune deficit, 
because abnormal cytokine secretion can cause imperfect haematopoiesis which will have 
consequences for the effector function of all marrow-derived cells (Maciejewski et al., 
1994, Zauli et al, 1992a, Zauli et al, 1992b).

4.1.2- The effects of gpl20 on DC function
The fact that proliferation of CD4+ T cells is affected by gpl20, and that there is 

some evidence that gpl20 also affects the ability of macrophages to stimulate T cells, 
raises the possibility that DC may also be affected by the presence of this protein. Since 
DC are possibly the most important APC in a primary immune response, any defect in 
their ability to promote such a response could be of significant importance both for the 
immune response to HIV-1 and for subsequent opportunistic infections. To this end this 
chapter attempts to assess the role of gpl20 in DC-induced proliferation of both CD4+ and 
CD8^ T lymphocytes, and to find out whether any such role is due to a direct effect on the 
DC. In additional it looks at the effect of gpl20 on the process of maturation of monocytes 
to DC, and presents some preliminary evidence that gpl20 can induce signalling in this 
cell type.

4.2- The effect of Lectin GNA-purified rgpl20 on prolif
eration

Initially rgp 120 was purified over a lectin GNA column only (see Chapter 3), as 
this was reported to provide highly purified rgp 120 in a single step (Gilljam, 1993). Early 
silver stains of purified protein suggested that this was the case (data not shown), so this 
protein was used immediately to test the effects of gp 120 on DC-induced T-cell proliferation. 
Subsequent results suggested that the protein was not pure, and this was confirmed using 
a more sensitive silver sensitive staining technique. Hence the MonoQ FPLC column was 
added as a second purification step, and a more pure preparation obtained for analysis (see 
Chapter 3).
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4.2.1- Two different assays were used to test DC-induced T-cell prolif
eration

Two separate types of experiment were used to test the effects of rgp 120 on DC- 
induced T-cell proliferation. DC were irradiated to prevent their proliferation, and were 
then incubated with either autologous T cells and CD3 mAb, or with allogeneic T cells. 
Different concentrations of rgp 120 were added (see Material and Methods for a more 
detailed account). DC, CD4"̂ , and CD8^ T cells were purified using negative selection. For 
these experiments DC were purified using only one round of DynaBead depletion, giving 
between 80% and 90% pure population as assessed by FACS analysis (see Fig.5.1). 
Contaminating cells were CD2, CD3, CD4, CD8, CD 14, CD 19, HLA-DR, and HLA-DQ 
negative (data not shown). CD4+ T cells were 90-95% pure after depletion (see Fig. 4.1), 
while CD8^ cells were >80% pure (see Fig 4.2).

4.2.1.1- Proliferation controls
To confirm that T cells were depleted of APC, and DC free of T cells, a set of 

controls were performed with every experiment. A representative example of controls from 
both autologous and allogeneic assays is given in Fig. 4.3. For the autologous assay it can 
be seen that for CD4+ and CD8^ T cells, both DC and CD3 mAh must be present, with T 
cells being unable to proliferate in the absence of either (Fig. 4.3A). For the allogeneic 
assay again both DC and T cells must be present (Fig. 4.3B). The ability of rgp 120 (at a 
concentration of 2 pg/ml) to induce proliferation in the autologous assay in the absence of 
either DC or CD3 mAh was also tested and not surprisingly proved negative (data not 
shown).

4.2.2- Lectin GNA-purified rgp 120 has inconsistent effects on T-cell 
proliferation

The effects of lectin GNA-purified rgp 120 on T-cell proliferation were examined 
using irradiated DC, autologous T cells and CD3 mAb. Results were inconsistent with 
poor reproducibility. Inhibition, no effect, and enhancement of proliferation were all seen 
(Fig.4.4A, B, and C respectively). Overall, however, enhancement predominated (15/24 
experiments-65%). To test whether the rgp 120 was responsible for this various HIV-1 
neutralising antibodies and a CD4 mAb (Q4120-which blocks gpl20 binding to CD4) 
were used to block the effect. In several experiments enhancement was reversed by the 
addition of one of these antibodies (data not shown). This observation lead to the intriguing 
possibility that rgp 120 was causing an enhancement of proliferation in CD4^ T cells in the 
presence of DC as opposed to the more expected inhibition seen by other researchers in 
their T-cell proliferation systems (Cefai et al., 1990, Goldman et al, 1994, Hubert et al., 
1995, Jabado et al., 1994, Mittler & Hoffmann, 1989, Schols & De Clercq, 1996).
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Figure 4.1- FACS analysis of purified peripheral blood CD4+ T lymphocytes

Peripheral blood CD4+ T cells were purified using negative selection with CDS, CD 14, CD 19, and HLA-DR 

niAbs and DynaBeads (section 2.2.4.2). The purified cells were stained with mouse mAbs (see Table 2.3) 

and examined by FACS. The dot plot shows all recorded events, and the histograms represent ungated 

data. The unfilled black line represents the negative control where no primary antibody was added, and 

is identical to that seen for the internal isotype controls CD 14 (IgG2a) and CD 19 (IgGl). Results are 

representative of 10 experiments.
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Figure 4.2- FACS analysis of purified peripheral blood CD8+ T lymphocytes

Peripheral blood CDŜ  T cells were purified using negative selection with CD4, CD 14, CD 19, and HLA-DR 

mAbs and DynaBeads (section 2.2.4.2). The purified cells were stained with mouse mAbs (see table 2.3) 

and examined by FACS. The dot plot shows all recorded events, and the histograms represent ungated 

data. The unfilled black line represents the negative control where no primary antibody was added, and 

is identical to that seen for the internal isotype controls CD14 (IgG2a) and CD19 (IgGl). Results are 

representative of 10 experiments.
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oa ôoQO

TO
OQ

Figure 4.3- Controls for autologous and allogeneic T-cell proliferation
(A) DC, T cells and CD3 mAb are all required for autologous T cell proliferation as assessed by ^H- 

thymidine incorporation. Neither purified CD4+ nor CD8  ̂T cells can proliferate in the presence solely of 

either CD3 mAh or DC. (B) Both DC and T cells are required for allogeneic T cell responses as assessed 

by %-thymidine incorporation, and both CD4+ and CD8+ T cells can be induced to proliferate.

These are representative results of the controls that were undertaken in every subsequent experiment.
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Figure 4.4- Effects of rgp 120, purified on a Lectin GNA column only, on T-cell proliferation

Autologous CD4  ̂T cell proliferation induced by CD3 mAb and irradiated DC was measured by ̂ H-thymi- 

dine incorporation. Three separate experiments show three separate effects: inhibition (A), no effect

(B), and enhancement (C). Results are shown as percentage change with reference to proliferation in 

the absence of rgp 120 (thick black hne at 0% with thinner black hnes denoting standard deviation). 

These experiments are representative examples of a total of seven experiments. Thus the effect on this 

prohferation of rgp 120 that had been purified on a Lectin GNA column only proved to be inconsistent, 

and further purification of the rgp 120 was undertaken (see below).
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4.2.2.1- Control antibodies inhibit autologous T-cell proliferation
The control antibodies ( ARP422, ARP421, ARP3064, VB serum, and Q4120) were 

tested and shown to inhibit an autologous CD4+ T-cell proliferation assay (see Fig. 4.5). 
Therefore, it was probably the direct effect of the antibodies on the assay, and not inhibition 
of rgp 120 effects, that lead to the reduction of enhancement seen. This implied that any 
enhancement of proliferation was probably due to a contaminant and not rgp 120 dependent. 
Hence a further purification step was necessary. However sCD4 had no effect on the assay, 
and was used as the control in future experiments.

4.2.3- The effect of MonoQ FPLC fractions on autologous CD4+ T-cell 
proliferation

The lectin GNA-purified rgp 120 was run over a MonoQ FPLC column to remove 
any contaminants and fractions collected (see chapter 3). The effect of these undialysed 
fractions on autologous proliferation was tested. Briefly, 2 and 8 pi of each fraction were 
added to triplicate wells containing DC, CD3 mAh and CD4+ T cells, and proliferation 
measured.

For SF162, lectin GNA rgp 120 can be seen to enhance, but FPLC fractions 9-11 
showed dose-dependent inhibition (see Fig. 4.6). Between fractions 11 and 13 this inhibition 
changed to enhancement, and as fraction number increased further so did enhancement of 
proliferation. If this result is compared to the FPLC trace (see Fig. 3.7A) the inhibition 
correlates well with the early peak of rgp 120, whereas the enhancement correlates with 
the salt gradient which increases from none to IM as the fractions increase (see Material 
and Methods for exact gradient).

For SF2, inhibition is seen with fraction 9, but enhancement is already being seen 
in fraction 10, which is lost in fraction 11 and returns in fraction 12 (see Fig. 4.7). Again 
this correlates with the peak of rgp 120, and with the salt gradient seen on the FPLC trace 
(see Fig 3.7B).

4.2.3.1- Salt concentration affects T-cell proliferation
Since the effect of the FPLC fractions on proliferation mimicked the salt gradient, 

the effect on proliferation of both NaCl and methyl-a-D-mannopyranoside were tested. 
Increasing concentrations of the two were added to DC, CD3 mAb and CD4^ T cells (see 
Fig. 4.8). Even relatively small increases in NaCl concentration (lOfua) lead to dramatic 
increases in proliferation, with the increase proportional to the salt concentration. In this 
experiment the effect of methyl-a-D-mannopyranoside was less dramatic but still engendered 
enhancement.
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Figure 4.5- Effect of various antibodies and sCD4 on CD4  ̂T-cell proliferation

CD4+ T cells were stimulated to proliferate by DC and CD3 mAh. Various antibodies were added to 

triplicate wells to examine their effect on proliferation. ARP422, ARP421, and ARP3064 (anti-gpT20 Abs) 

and VB serum (from an HIV-1 infected patient) can neutralise some strains of HIV-1. Q4120 (a CD4 

mAb) blocks the interaction of gpl20 with CD4, and sCD4 binds gpl20 blocking its ability to bind cell 

surface CD4. Results are shown as percentage inhibition, with reference to a standard control where no 

antibodies were present. The standard control is denoted by the thick black line at 0% with the thin black 

lines denoting the standard deviation. Results shown are amalgamated from four separate experiments. 

Each antibody was tested on at least two separate occasions.
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Figure 4.6-The effect of FPLC fractions from SF162 gpl 20 purification on CD4  ̂T-cell proliferation

The effect of undialysed fractions collected during the FPLC purification of SF162 gpl 20 on CD4̂  T cell proliferation was examined. DC combined with CD3 mAh were used to 

stimulate I  cells. Both 2 and 8 pi of each fraction were added to triplicate wells in the proliferation assay. These are compared to known concentrations of SF162 rgp 120 that 

has been purified over a lectin GNA column and dialysed, but had not been FPLC purified. Results are representative of three experiments.
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Figure 4.7-The effect of FPLC fractions from SF2 gpl20 purification on CD4+ T-cell proliferation

The effect of undialysed fractions collected during the FPLC purification of SF2 gpl20 on CD4+ T cell proliferation was examined. DC combined with CD3 mAh were used to 

stimulate T cells. Both 2 and 8 |li1 of each fraction were added to triplicate wells in the proliferation assay. Resulys are representative of two experiments.
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Figure 4.8- Effect of increasing molarity on CD3 mAb induced CD4+ T-cell proliferation
DC in the presence of CD3 mAh were used to stimulate CD4+ T cells. Increasing concentrations of either 

methyl-a-D-mannopyranoside or NaCl were added to triplicate wells and proliferation measured by %- 

thymidine incorporation. One experiment was performed in this fashion.
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4.3- The effect of highly purified rgpl20 on DC-induced 
T-cell proliferation

Having discovered that some form of impurity existed in lectin GNA-purified 
rgp 120, and that this adversely affected the proliferation assay, in subsequent experiments 
the rgp 120 was further purified on a MonoQ FPLC column. This lead to highly purified 
rgp 120 with little, if any contaminating proteins (see Chapter 3), that was dialysed to 
remove salt. This rgp 120 was used to test its effects on T-cell proliferation, using sCD4 as 
a control since this had no effect on the assay. Unfortunately since the amounts of sCD4 
available were limited every rgp 120 in each experiment could not be controlled in this 
manner, but at least one control was included in each experiment. In many experiments 
Chiron SF2 rgp 120 (SF2 rgp 120 expressed in CHO cells and purified by Chiron Corporation 
using a different method than the one in this thesis) was used as a further control, to see if 
glycosylation was likely to be important in the assay.

4.3.1- rgp 120 inhibits both CD4+ and CD8+ T-cell proliferation in au
tologous assays

The proliferation of both CD4+ and CD8+ T lymphocytes was inhibited by rgp 120, 
but the pattern was different between the two types of cell. For CD4+ cells, the inhibition 
appeared to titrate with increasing concentrations of rgp 120 (see Fig. 4.9), whereas inhibition 
did not titrate with CD8^ cells (see Fig. 4.10). In both experiments shown the pre-incubation 
of rgp 120 with sCD4 reversed the effects of rgp 120 (at a concentration of 2 pg/ml), and the 
strain of rgp 120 used (either SF162, SF2, Chiron SF2) made little apparent difference.

Combining the data from all autologous experiments for statistical analysis (via a 
paired T-test) showed that the titration was genuine for SF162 rgp 120 (see table in Fig. 
4.9). For SF2 rgp 120 failure to titrate was probably due to an “outlier” result at 125 ng/ml, 
which skewed the mean difference to a higher value than expected. The statistical analysis 
showed that the inhibition seen was highly significant (P<0.01 in most cases) for all 
concentrations of rgp 120 used except for 62.5 ng/ml, but even this concentration was 
significant at the 5% level for SF2 rgp 120. Chiron SF2 rgp 120 showed similar results, but 
since only two autologous experiments were performed with this reagent there was 
insufficient data for statistical analysis.

Statistical analysis of the CD8+ data showed no titration and confirmed what could 
be seen on the graph, that inhibition was an “all or nothing” phenomenon. The graph 
showed no inhibition at 62.5 ng/ml of rgp 120, but significant inhibition thereafter with no 
titration. This suggests that a threshold concentration of rgp 120 was required to see an 
effect. Below this threshold no effect is seen, while above this threshold an inhibitory 
response is seen, but does not titrate with increasing concentrations of rgp 120, hence the
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SF2 rgpl20 -16.4 0.0272 -26.3 0.0039 -23.6 0.0016 -29.4 0.0006

Figure 4.9- Effect of rgpl20 on autologous CD4  ̂T-cell proliferation

CD4  ̂T cells were stimulated to proliferate by irradiated DC and CD3 mAb. Increasing concentrations of 

three different rgp 120 were added and proliferation measured by %-thymidine incorporation. Results 

are shown in the graph as percentage inhibition with reference to proliferation in the absence of any 

rgp 120 (thick black line with thinner black lines denoting standard deviation). The coloured bars repre

sent 2000 ng/ml rgp 120 pre-incubated with 5 Mg/ml sCD4 showing that the effect of rgp 120 could be 

blocked. Results are representative of five experiments. The table shows the combined data of all five 

experiments with mean percentage difference and P-values. (In this particular experiment Chiron SF2 is 

also shown, but insufficient experiments were performed to allow for statistical analysis of the data with 

this rgp 120).
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Figure 4.10- Effect of rgp 120 on autologous CD8* T-cell proliferation

CD8+ T cells were stimulated to proliferate by irradiated DC and CD3 mAb. Increasing concentrations of 

three different rgp 120 were added and proliferation measured by %-thymidine incorporation. Results 

are shown in the graph as percentage inhibition with reference to proliferation in the absence of any 

rgp 120 (thick black hne with thinner black hnes denoting standard deviation). The coloured bars repre

sent 2000 ng/ml rgp 120 pre-incubated with 5 Mg/ml sCD4 (not performed for Chiron SF2), which show 

that the effects of rgp 120 could be blocked. Results are representative of five experiments. The table 

shows the combined data of all five experiments with mean percentage difference and P-values. *Chiron 

SF2 rgp 120 data was available for three experiments only, and therefore for this rgp 120 statistical analy

sis is based on n=3.
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term “all or nothing”. Combination of all experiments suggested that this was the case, 
with the threshold occurring between 62.5 ng/ml and 125 ng/ml but probably closer to the 
lower end of the scale.

Analysis of all experiments showed that the addition of 62.5 ng/ml rgp 120 lead to 
some inhibition with all three rgp 120 used (about 15%), however this was not significant 
(p>0.05), attesting further to the threshold being near 62.5 ng/ml (see table in Fig. 4.10). 
Addition of greater concentrations of rgp 120 lead to inhibition of around 30-35% in all 
cases, which was significant for both SF162 and SF2 rgp 120 (P<0.005 in all cases). The 
inhibition seen with Chiron SF2 rgp 120 was only statistically significant at 2000 ng/ml 
(p<0.05). This may have been because only three as opposed to five experiments were 
performed. Examination of the data suggests that similarly significant results to the other 
rgp 120s would have been obtained with more experiments. Again in the experiment shown 
sCD4 reversed the effects of both SF162 and SF2 rgp 120, and overall there was no significant 
difference in effect between the three rgp 120 used.

4.3.1.2- rgpl20 inhibits both CD4+ and CD8+ T-cell proliferation in allogeneic 
assays in a similar fashion

As with the autologous assay, rgp 120 inhibits both CD4^ and CD8+ T-cell 
proliferation induced by allogeneic DC. Again inhibition of CD4^ cells titrates (see Fig.
4.11), whereas CD8+ inhibition does not (see Fig. 4.12). Also sCD4 reverses the effects 
seen, and the type of rgp 120 used makes little difference.

Statistical analysis exhibits similar results to that of the autologous data, although 
P-values are lower (possibly because only four rather than five experiments were performed). 
The average percentage inhibition of CD4^ T cells is similar to that found in the autologous 
assay, but CD8^ inhibition appears to be greater (approximately 50% for rgp 120 
concentrations of 125 ng/ml or greater). However, this greater inhibition is not significantly 
different statistically from the autologous inhibition. At one concentration of SF162 rgp 120, 
125 ng/ml, there is only 37% inhibition of CD8^ proliferation, and this is not statistically 
significant. This anomalous result is probably due to the fact that on one experiment 125 
ng/ml of SF162 rgp 120 had no effect. Excluding this result the mean % inhibition of the 
three experiments was 45.5%, but was still not significant. Another difference between the 
autologous and allogeneic assays is that 62.5 ng/ml of rgp 120 provides significant inhibition 
(P<0.05) of CD84- T-cell proliferation. This was not seen in the autologous assay, and 
provides further supporting evidence that the threshold concentration required for inhibition 
lies at around 62.5 ng/ml.

4.3.1.3- Pre-incubating rgpl20 with sCD4 blocks its effect on CD4+ and CD8+ 
T-cell proliferation

In all the assays shown sCD4 reversed the inhibitory effect of rgp 120. This held
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Figure 4.11- Effect of rgpl20 on allogeneic CD4  ̂T-cell proliferation

Allogeneic CD4+ T cells were stimulated to proliferate by irradiated DC. Increasing concentrations of 

three different rgp 120 were added and proliferation measured by %-thymidine incorporation. Results 

are shown as percentage inhibition with reference to prohferation in the absence of rgp 120 (thick black 

hne with thinner black hnes denoting standard deviation). The coloured bars represent 2000 ng/ml 

rgp 120 pre-incubated with 5 pg/ml sCD4 (which was not performed in this experiment for Chiron SF2 

rgp 120), showing that the effects of rgp 120 could be blocked. Results are representative of four experi

ments. The table shows the combined data of ah three experiments with mean percentage difference and 

P-values. (As previously, insufficient experiments were performed for statistical analysis of Chiron SF2 

rgp 120 data).
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Figure 4.12- Effect of rgpl20 on allogeneic CD8+ T-cell proliferation

Allogeneic CD8+ T cells were stimulated to proliferate by irradiated DC. Increasing concentrations of two 

different rgpl20 were added and proliferation measured by ^H-thymidine incorporation. Results are 

shown as percentage inhibition with reference to proliferation in the absence of rgpl20 (thick black line 

with thinner black hnes denoting standaid deviation). The coloured bar represents 2000 ng/ml SF162 

rgpl20 pre-incubated with 5 Mg/ml sCD4 (which was not performed for SF2 rgpl20 in this experiment), 

showing that the effects of rgpl20 could be blocked. Results are representative of four experiments. The 

table shows the combined data of all three experiments with mean percentage difference and P-values. 

(No data is shown for Chiron SF2 rgpl20 as only one experiment was performed where it was used).
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true for both autologous and allogeneic CD4+ assays with sCD4 reversing 10/11 experiments 
tested. In the CD8^ T-cell proliferation assays, sCD4 blocked the effects of rgpl20 6/7 
times. While this is not 100% proof it does suggest strongly that the effect seen is due to 
rgpl20 and not to a contaminant.

4.3.1.4- rgpl20 repeatedly failed to have an effect on one blood donor
Using an autologous assay, the proliferation of T cells from one donor were not 

affected by rgpl20 (see Fig. 4.13). This held true for all three separate experiments 
performed. Unfortunately this donor was lost to the study before any experimentation to 
discover the mechanism for this could be undertaken. These results were excluded from 
statistical analyses performed.

4.3.2- Is inhibition at the T cell or DC level?
While inhibition of CD4+ T-cell proliferation was expected as this had been seen in 

other systems, inhibition of CD8+ proliferation was not. To ascertain whether rgpl20 was 
having an effect at the level of the DC, or at the level of the T cell, either DC or T cells 
were pulsed with rgpl20 for one hour at 37°C and then washed to remove unbound rgpl20. 
These cells were then added to their unpulsed counterparts and proliferation measured.

4.3.2.1- Pre-pulsing of T cells with rgpl20 has no effect on proliferation
Allogeneic CD4^ and CD8^ T cells were pre-pulsed with 2 pg/ml of SF162, SF2, 

or Chiron SF2 rgp 120. Subsequent incubation with DC that had not been exposed to rgp 120 
demonstrated that pulsing the T cells had no effect on the proliferation of either type (see 
Fig 4.14).

4.3.2.2- Pre-pulsing of DC affects both CD4+ and CD8+ T-cell proliferation
DC were pre-pulsed with SF162, SF2, or Chiron SF2 rgp 120. Six experiments 

were performed in all. Two of these were autologous, and four allogeneic. Of these, one 
autologous and one allogeneic experiment were pre-pulsed with multiple concentrations 
of rgp 120 (with SF162 and SF2 rgp 120 only), the remaining four were undertaken by pre
pulsing only with a single concentration (2 pg/ml) of rgp 120, but included all three rgp 120.

Unlike the pre-pulsing of T lymphocytes, the pre-pulsing of DC lead to inhibition 
of T-cell proliferation. There did not appear to be any dose response as was seen with 
CD4^ T cells in the assays where rgp 120 was present throughout proliferation, but instead 
there seems to be an “all or nothing” response similar to that seen in the CD8^ assays 
(section 4.3.1). This is the case for pre-pulsed DC added to either CD4+ or CD8^ T cells, 
and in both autologous and allogeneic assays (see Fig. 4.15 and 4.16 respectively). Again 
there appears to be a cut off point around 62.5 ng/ml rgp 120 for an effect to be seen, but 
there were insufficient experiments performed with multiple concentration of rgp 120 to
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Figure 4.13- Failure of rgp 120 to affect autologous T-cell proliferation in one donor

CD4+ (A) and CD8+ (B) T cells were stimulated to proliferate by irradiated DC and CD3 mAh. Increasing 

concentrations of three different rgp 120 were added and proliferation measured by ^H-thymidine incor

poration. Results are shown as percentage inhibition with reference to proliferation in the absence of any 

rgp 120 (thick black line at 0% with thinner black hnes denoting standard deviation). Representative of 3 

experiments for CD4+ T cells and 2 experiments for CD8+ T cells aU using the same blood donor.
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Figure 4.14- Proliferation of allogeneic T cells pre-pulsed with rgpl20

Allogeneic T lymphocytes were inoculated with 2000 ng/ml rgp 120 for one hour at 37°C and then washed 

to remove unbound rgp 120. The abihty of these CD4+ (A) and CD8+ (B) cells to undergo DC-stimulated 

proliferation was measured by ̂ H-thymidine incorporation and compared to CD4+ and CD8+ T cells that 

had been inoculated under the same conditions, but in the absence of rgp 120. As a control sCD4 (5 Mg/ 

ml) was added to the rgp 120 to negate its effect. Results are representative of three experiments.
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Figure 4.15- Effect on CD4+ T cell proliferation of pre-pulsing DC with rgp 120

DC were inoculated with different concentrations of rgp 120 for one hour at 37°C, and then washed. Their 

abihty to instigate prohferation in autologous CD3 mAb-treated (A) and allogeneic (B) CD4+ T cells was 

measured by ^H-thymidine incorporation. Results are shown as percentage inhibition with reference to 

proliferation induced by DC inoculated under the same conditions, but in the absence of rgp 120 (thick 

black hue with thinner black hnes denoting standard deviation). The coloured bars depict DC pulsed 

with rgp 120 that has been pre-incubated with 5 Mg/ml sCD4. The table (C) gives combined statistics for 

both autologous and allogeneic assays for each type of rgp 120 used at 2000 ng/ml. It also gives total 

number of experiments performed, and how many of these were autologous and how many allogeneic.
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Figure 4.16- Effect on CD8+ T cell proliferation of pre-pulsing DC with rgpl20

DC were inoculated with different concentrations of rgp 120 for one hour at 37°C, and then washed. Their 

abihty to instigate prohferation in autologous CD3 mAb-treated (A) and aUogeneic (B) CD8+ T ceUs was 

measured by ^H-thymidine incorporation. Results are shown as percentage inhibition with reference to 

prohferation induced by DC inoculated under the same conditions, but in the absence of rgp 120 (thick 

black hne with thinner black hnes denoting standard deviation). The coloured bars depict DC pulsed 

with rgp 120 that has been pre-incubated with 5 Mg/ml sCD4. The table (C) gives combined statistics for 

both autologous and allogeneic assays for each type of rgp 120 used at 2000 ng/ml. It also gives total 

number of experiments performed, and how many of these were autologous and how many aUogeneic.
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confirm this.

For the purpose of statistical analysis the autologous and allogeneic data was 

combined. This was deemed valid as in the previous experiments inhibition seen in the 

autologous and allogeneic experiments was not significantly different, and combining the 

data provided more support for the statistical analysis. Analysis was performed for 2 pg/ 

ml rgp 120. For CD4+ T cells the mean percentage inhibition is around 16-20% for all three 

rgp 120, with P-values of <0.005 for SF16 and SF2 rgp 120, and <0.05 for Chiron SF2 

rgp 120. For CD8^ T lymphocytes the mean percentage inhibition is between 29 and 37%, 

with P-values very similar to those of CD4+ T cells. The reason for the lower significance 

with Chiron SF2 rgp 120 is probably due to the fewer experiments performed (n=4 as 

opposed to 6).

4.3.2.2.1- sCD4 reverses the effect of pre-pulsing DC with rgp l20

The effects of sCD4 on pre-pulsing DC with rgp 120 were examined. Figures 4.15 

and 4.16 show that sCD4 can counteract the effects of rgp 120. This reversing of effects 

was seen in 3/4 experiments for both CD4^ and CD8+ T cells. The failure of sCD4 to 

reverse the effects on both CD4+ and CD8+ T cells occurred in the same experiment, 

suggesting either experimental error, or possibi& y individual variability.

4.3.3- Cell death is not the cause of the inhibition of proliferation
HIV-1 envelope has been shown to induce apoptosis in both CD4+ and CD8^ T 

lymphocytes in some circumstances (Finkel et a l ,  1995, Gougeon et a l ,  1993, Groux et 
al., 1992, Lewis et a i ,  1994, Meyaard et ai ,  1992). To ascertain whether this or any other 

form of cell death was occurring, cells were stained with PI at the end of the proliferation 

assay and analysed by FACS. DC and T cells were gated and percentage PI positive of 

both regions, and also all events, calculated (see Fig. 4.17A for an example of the regions 

used). In both the CD4+ and CD8+T-cell assays the proportion of PI positive, and therefore 

dead, cells does not change significantly with the addition of 2 pg/ml rgp 120 (see Fig. 

4.17B and 4.18 respectively). This holds true both for the gated cell types and for all 

events taken together, and the type of rgp 120 used does not make any difference to the 

results.

4.3.4- rgp l20  has an effect on D C -T-cell cluster form ation
The addition of allogeneic T cells to DC leads to cluster formation and proliferation 

(see Fig. 4 .19A and 4.20A for CD4+ and CD8+ T-cell clustering respectively). W hen SFl 62 

rgp 120 was added (at 2 pg/ml), there was no effect on CD4+T-cell clustering (Fig. 4 .19B),
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Figure 4.17- Propidium iodide staining of DC and allogeneic CD4  ̂T cells after incubation in 

the presence or absence of rgp 120

Irradiated DC and allogeneic CD4+ T cells were incubated together for five days in the presence or 

absence (control) of 2000 ng/ml rgp 120. At the end of this time they were stained with PI and analysed 

by FACS to assess cell death. The DC and T cell region were assessed by FACS (A). A comparison of the 

percentage of dead cells in all recorded events, the DC region, and T cell region is shown (B).
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Figure 4.18- Propidium iodide staining of DC and allogeneic CD8+ T cells after incubation in 

the presence or absence of rgp 120

Irradiated DC and allogeneic CD8+ T cells were incubated together for five days in the presence or 

absence (control) of 2000 ng/ml rgp 120. At the end of this time they were stained with PI and analysed 

by FACS to assess cell death. A comparison of the percentage of dead cells in all recorded events, the DC 

region, and T cell region is shown. (See Fig. 4.17 for explanation of regions).
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but inhibition of clustering could be seen with CD8+ cells (Fig. 4.20B). This was not the 
case for SF2 and Chiron SF2 rgp 120 (data not shown). The effect was reversible by the 
pre-incubation of SF l62 rgp 120 with 5pg/ml sCD4 (Fig. 4.20C), and was not seen when 
only 62.5 ng/ml rgp 120 was added (Fig. 4.20D), nor with 125 and 500 ng/ml (data not 
shown).

Pulsing of DC with 2 pg/ml rgp 120 for one hour at 37°C followed by washing 
prior to the addition of T cells, had no effect on either CD4+ or CD8^ clustering (see Figs. 
4.19D, E and 4.20E, F respectively). In contrast, the pulsing of T cells with 2 pg/ml rgp 120 
lead to striking inhibition of clustering, which was reversible by sCD4 (see Figs. 4.19F, G, 
H, and 4.200, H). In these experiments SF2 and Chiron SF2 rgp 120 inhibited clustering in 
a similar fashion to SF l62 (data not shown).

4.4- Dendritic cell generation in the presence of rgpl20
To generate the DC used in these experiments two hour adherent cells from 

peripheral blood were incubated in the presence of the cytokines IL-4 and GM-CSF for 7 
days. This allows for some of the monocyte precursors to become DC. Work on CD34+ 
stem cells has suggested that gpl20 might have an effect on the maturation of these cells 
(Maciejewski et aL, 1994, Sugiura et ai, 1992, Zauli et al., 1992a, Zauli et ai, 1992b, 
Zauli et al, 1996), hence there was the possibility that it would affect the maturation of 
monocytes to DC. To this end DC were therefore made not only in the presence of IL-4 
and GM-CSF, but also with 1 pg/ml SF162, or SF2rgpl20, or 1 pg/ml of both SF l62 and 
SF2 rgp 120. Prior to use in assays the DC were purified and washed extensively.

4.4.1- DC made in the presence of rgpl20 are less able to stimulate T 
cells to proliferate

After generating DC in the presence of rgp 120, their ability to stimulate CD4^ and 
CD8^ T cells in both autologous assays and allogeneic assays was assessed. A preliminary 
investigation was also made as to their ability to present PPD to autologous T cells and 
thereby induce proliferation.

Inhibition of proliferation of CD4+ and CD8^ T cells was seen in both autologous 
and allogeneic assays. Data was combined from all autologous and allogeneic assays and 
the average inhibition plotted (see Fig. 4.21 A). This shows that the presence of 1 pg/ml 
SFl 62 or SF2 rgp 120 during DC preparation leads to an average inhibition of DC stimulated 
T-cell proliferation of 25% for CD4+ T cells and 35% for CD8+ T cells. These values were 
similar to those obtained in experiments above. Statistical analysis shows the inhibition to 
be significant at the 5% level or better (see Fig. 4.2IB and C for CD4+ and CD8+ T cells 
respectively).
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Figure 4.19- Effects of rgp 120 on clustering of DC and allogeneic CD4+ T cells

DC and allogeneic CD4+ T cells were incubated together for 5 days and images captured to computer, 

using an inverted microscope coupled to a COHU CCD camera and LG-3 scientific frame grabber (Scion 

Corporation). (A) shows an assay with no rgp 120 added. (B) and (C) show the addition of 2 ng/ml 

SFl62 rgp 120, and 2 jjg/ml SFl62 rgp 120 pre-incubated with 5 Mg/ml sCD4 respectively. (D) and (E) 

show DC that have been pre-pulsed for one hour at 37°C either without or with 2 pg/ml SFl62 rgp 120. 

Finally CD4+ T cells were pulsed with medium (F), 2 pg/ml SFl62 rgp 120 (G), and 2pg/ml SFl62 rgp 120 

with 5 pg/ml sCD4. Representative of two experiments.
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Figure 4.20- Effects of rgpl20 on clustering of dendritic cells and allogeneic CD8+ T cells

Dendritic cells and allogeneic CD8+ T cells were incubated together for 5 days and images captured to 

computer, using an inverted microscope coupled to a COHU CCD camera and LG-3 scientific frame 

grabber (Scion Corporation). (A) shows an assay with no rgp 120 added. (B), (C), and (D) represent the 

addition of 2 pg/ml SFl62 rgp 120,2 pg/ml SFl62 rgp 120 pre-incubated with 5 pg/ml sCD4, and 62.5 ng/ 

ml SFl62 rgp 120 respectively. (E) and (F) show DC that have been pulsed either without or with 2 pg/ml 

SFl62 rgp 120. Finally CD8  ̂T cells were pulsed with medium (G), or 2 pg/ml SFl62 rgp 120 (H). Repre

sentative of two experiments.
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Figure 4.21- Effect of generating DC in the presence of rgpl20 on T-cell proliferation

DC generated in the presence of either 1 pg/mi SFl62, SF2, or both SFl62 and SF2 rgp 120, were tested 

for their abihty to stimulate both autologous and allogeneic CD4+ and CD8+ T cells. Data from the autolo

gous and allogeneic assays was combined and the average inhibition shown (A). Statistics are given for 

the combined data in (A) is given for both CD4+ T cells (B) and CD8+ T cells (C). These tables show the 

number of autologous and aUogeneic assays combined for each data point and the P-value derived from 

a paired T-test.
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If 1 pg/ml of both SF162 and SF2 rgpl20 were added greater inhibition was seen. 
This increase in inhibition did not prove statistically significant and may have been due to 
very high inhibition in one experiment. This suggests that saturation of the effect has been 
reached, although titration of rgp 120 was not performed.

In one experiment 5 pg/ml sCD4 was added to the SF l62 rgp 120 as with other 
assays. This reversed the effects of the SFl62 on CD4+ but not CD8^ T cells (data not 
shown). Two further assays with sCD4 controls were performed, but technical problems 
with the assays resulted in no data being obtained. Thus it could not be resolved conclusively 
that sCD4 reversed the effects, and consequently it could not be proved that the effects 
were due to rgp 120 as opposed to a contaminant. Given the results from other experiments, 
however it does seem highly likely that it was indeed the rgp 120.

A preliminary investigation into the ability of these rgp 120 treated DC to induce a 
recall antigen response was tested using PPD. This recall antigen response was impaired 
by treatment with rgp 120. As only one experiment was performed the statistical significance 
could not be assessed (data not shown).

4.4.2- Reduction of ability of rgpl20-treated DC is not due to reduced viability 
of the DC or of T cells

It is possible that treatment with rgp 120 of the maturing DC either decreases their 
viability, or causes them to induce apoptosis of the T cells in the proliferation assay. Staining 
of the cells at the end of the proliferation assay with PI indicated that this was not happening. 
Gating of T cells and of DC showed statistically similar proportions of dead cells in each 
region regardless of whether the DC had been grown in the presence of rgp 120 or not (see 
Fig. 4.22). For all the events, the percentage of dead cells recorded was also not altered by 
rgp 120. The data shown was for allogeneic CD4+ T cells, but similar results were obtained 
for CD8^ T cells and for autologous T cells.

4.4.3- FACS analysis reveals no significant changes of the DC cell sur
face molecules

To assess whether the reduction in ability of the DC to stimulate T cells was due to 
changes in cell surface molecules, such as MHC, accessory, or adhesion molecules, cells 
were stained with a panel of mAbs. This staining was performed immediately after the DC 
had finished their seven day maturation from monocytes, and prior to use in a proliferation 
assay. For most antibodies data is taken from a total of six separate experiments.

The vast majority of cell surface molecules examined demonstrated no consistent 
changes (the mAbs used are listed in Table 2.3). Thus CDla, CD3, CD4, CD8, CD lla,
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Figure 4.22- PI staining of DC made in the presence of rgpl20 and allogeneic CD4+ T cells

DC that had been matured from monocytes in the presence of rgp 120 were incubated with allogeneic 

CD4+ T cells for five days (as for a prohferation assay). These cells were stained with PI and analysed by 

FACS to assess cell death. A comparison of the percentage of dead cells in all recorded events, the DC 

region, and T cell region is shown. (See Fig. 4.17 for explanation of regions)
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CD llb, CD14, CD 18, CD26, CD29, CD32, CD40, CD44, CD45, CD64, CD83, CD86, 
CD98, MHC class I and HLA-DR were all unchanged.

Two molecules showed some alteration. HLA-DQ was down-regulated in 4/6 
experiments, but paired T-tests on the linearised MFI showed the change to be not significant 
(p=0.15, 0.17, 0.42 for SF162, SF2, and SF162 and SF2 rgp 120 together, respectively). 
CD 16, which has been shown to%bwn-regulated in monocytes by gpl20 (Durrbaum- 
Landmann et al., 1994), was tested only four times, but was down-regulated in three. 
Again this was not statistically significant (p=0.14, 0.18, 0.16 as for HLA-DQ).

4.4.3.1- CD4 is down-regulated on residual T cells
Although most T cells were removed after the 2 hour adherence step, before the 

addition of cytokines and rgp 120, some remained (see Fig. 4.23 A). While these cells were 
depleted before the proliferation assay, nonetheless it is interesting to look at them . The 
presence of rgp 120 for the whole 7 days of DC maturation appeared to have little effect on 
the cell surface morphology of the T cells. Of all the cell surface molecules examined (as 
for DC above) only CD4 showed any changes. Staining with Q425 (an anti-CD4 mAh that 
can bind in the presence of bound rgp 120) and gating on the T-cell region yields a histogram 
with two peaks representing the CD4+ T cells and the CD4 T cells and B cells (see Fig 
4.23B). As can be seen the addition of rgp 120 lead to a decrease in the amount of cell 
surface CD4 in the experiment shown. Statistical analysis using linearised MFI of all six 
experiments showed that SF2 and SFl62 rgp 120 together decreased MFI significantly 
(24.5%, p=0.04) as did SF2 alone (15%, p=0.011). Both caused a decrease in 5/6 of the 
experiments performed. However, while SFl62 decreased in 4/6 experiments, this decrease 
was not significant (7%, p=0.31).

4.5- Preliminary investigations into SF162 rgpl20-in- 
duced DC signalling

Since rgp 120 was apparently having an effect on the DC-induced proliferation of 
both CD4^ and CD8^ T cells, and since this was mediated (at least to some extent) by the 
DC, the effect of rgp 120 on DC signalling was examined. A CD40 mAh was used as a 
positive control. DC were purified by at least two rounds of DynaBead depletion to >95% 
purity. These DC were pulsed with SF l62 rgp 120 and chased at 37°C. As this was a 
preliminary investigation SF2 rgp 120 was not used. Signalling was investigated by 
examining tyrosine kinase activity using an anti-phosphotyrosine mAb on a western blot 
of DC lysates. A mAb against actin was used to confirm equal loading of lanes on the gel.

190



Chapter 4—DC andgpl20

03
TOO
CO
O)|a
(73

mO

No

o

i87o-T c e l l  
r e g i o n

□
O .

0 1023
Forward scatter

B
MFI

mmm S F 1 6 2  rg p 1 2 0 31
mmm SF2 rg p 1 2 0 30

S F 1 6 2 & 28^  SF2  rg p 1 2 0
1 1 No rg p 1 2 0 48

1 0 ’ 10^ 1 0  ̂

Fluorescence

Ml

10*

Figure 4.23- Effect of long-term exposure of T cells to rgpl20 on cell surface CD4

To generate DC, two hour adherent cells were incubated with GM-CSF and 11-4 for 7 days. The effect of 

rgp 120 on the maturation of the adherent cells into DC was assessed by adding rgp 120 with the cytokines. 

At seven days these cells were stained with mAbs and analysed on a FACS machine. Some T cells remained 

along with the DC (A). Staining with Q425 (an anti-CD4 mAh) and gating on the T-cell region showed 

down regulation of cell surface CD4 in the presence of rgp 120 (B), with MFI given in the legend. Repre

sentative of six experiments.
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4.5.1- Both SF162 rgpl20 and an anti-CD40 mAh induce signalling in 
DC

When DC were treated with either 2|Lig/ml SF l62 rgp 120 or a CD40 mAh at 4 pg/ 
ml, tyrosine phosphorylation occurred (see Fig. 4.24A and C respectively). The various 
protein bands that developed are indicated by the letters A through J, with the letters denoting 
the same bands in all gels. As can be seen the two signals result in somewhat different 
patterns of phosphorylation. SFl 62 rgp 120 induces bands B, D, E, F, G and H at 30 minutes 
(F and G are not as clear on this particular blot, but are more apparent in other experiments). 
No bands appear earlier than 30 minutes. The CD40 mAh induces the same bands; but, in 
addition, a band J appears at 30 minutes, and A, B, and C are induced within one minute.

A control consisting of DC pulsed with BSA shows no bands developing, confirming 
that the effects were not just a function of warming the cells (see Fig. 4.24E). This blot did 
not transfer well in the top left hand corner, but at 30 minutes the bands have the same 
intensity as the bands in the next lane, which are at 0 minutes in the SF162/sCD4 treated 
sample. Thus it can be seen that there is no increase in tyrosine kinase activity.

4.5.1.1- sCD4 failed to reverse the effects of SF162 rgpl20
As with previous assays 5pg/ml sCD4 was used to inhibit the effects of rgp 120. In 

this case sCD4 failed to reverse the effects, and may even have enhanced them although 
the actin blot suggests that there was more protein loaded in this lane than the others (see 
Fig. 4.24F). This however represents only a single experiment so that it is impossible to 
draw firm conclusions.

4.5.2- Pre-incubation of the DC with SF162 rgpl20 prior to pulsing 
with anti-CD40 mAh

To test whether signalling initiated via SF l62 rgp 120 would have any effect on 
that initiated by CD40 mAb, the DC were either pre-incubated with SF l62 rgp 120, or 
S F l62 and sCD4, for just over one hour at 37°C. After this CD40 mAh was added and 
aliquots taken as before. Cells were not washed to remove the rgp 120 before the addition 
of the CD40 mAh.

At 0 minutes there seems to be little signal left from the SF l62 rgp 120, except 
possibly band D which is elevated and remains so until five minutes where it decreases 
(see Fig 4.24D). Other than this there appears to be no difference due to the pre-incubation 
with S F l62 rgp 120 alone. Lack of signalling remaining from pre-incubation with SFl62 
rgp 120 suggests that the effect of rgp 120 on signalling declines with time. This loss of 
effect was also suggested by an experiment where a one hour time point was taken, at 
which point band intensity was decreasing.

While pre-incubation with SFl62 alone had no obvious effect on subsequent CD40- 
mediated signalling, pre-incubation with SF l62 rgp 120 and sCD4 did (see Fig. 4.24B).
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Figure 4.24- Phosphotyrosine Western blots of DC pulsed with rgpl20 and anti-CD40 mAh

DC were highly purified, then pulsed at 37°C with various proteins. Aliquots were taken at selected time 

points and the cell lysates Western blotted and probed with an anti-phosphotyrosine mAh. Pre-treatment 

denotes that cells were treated with the proteins listed for one hour at 37°C prior to pulsing. SFl62 

rgp 120 was at 2pg/ml, anti-CD40 mAh at 4pg/ml and sCD4 at 5pg/ml. The control (E) represents DC 

pulsed with 2 pg/ml BSA. The blots were stripped and reprobed with an anti-actin mAh to demonstrate 

similar lane loading. A, C, D are representative of three experiments, B of two experiments, and E and F 

of one.
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Bands B, G and J were not enhanced nearly as much at 30 minutes, if at all. These 
observations held true for both experiments performed. Band D appears to get brighter 
after only 1 minute as opposed to 30, although this may represent residual signalling from 
the S F l62 rgpl20/sCD4 mix, and is not clear in the second experiment.

4.6- Discussion

Using the two rgp 120 purified in Chapter 3 (SB 162 and SF2 rgp 120), and SF2 
rgp 120 purified by Chiron Corporation, their effects on the ability of DC to stimulate both 
CD4+ and CD8+ T-cell proliferation have been studied. Past studies (which did not use DC 
as AFC) have suggested that CD4^, but not CD8+ T-cell proliferation would be inhibited 
(Cefai et aL, 1990, Goldman et al, 1994, Hubert et al, 1995, Jabado et al, 1994, Mittler 
& Hoffmann, 1989, Schols & De Clercq, 1996). The studies shown here indicate that 
when DC are used to stimulate proliferation there is inhibition of both T-cell types, and 
that this inhibition is mainly mediated at the DC level, not the T cell level. Preliminary 
work suggests that rgpl20-induced signalling in DC occurs, providing the potential for a 
mechanism of inhibition.

4.6.1- Two different T-cell proliferation assays were used
During the course of the proliferation experiments two different assays were used, 

an autologous, CD3 mAb containing assay, and an allogeneic assay. There were two reasons 
why two different assays were performed: firstly it is good practice to confirm results 
using a different method if possible; secondly it is likely that for T-cell proliferation to 
occur in the autologous assay, the CD3 mAb must be cross-linked (Cefai et al, 1990, 
Durrbaum-Landmann et al., 1994, Goldman étal., 1994, Mittler & Hoffmann, 1989). This 
cross-linking can either be achieved by a second antibody (Cefai et al., 1990, Goldman et 
al, 1994, Mittler & Hoffmann, 1989), or by Fc receptors on the cell surface of the APC 
(Durrbaum-Landmann et al, 1994). If this is the case then rgp 120 could be acting via 
alterations in DC cell surface Fc receptor levels, thereby affecting CD3 mAb cross-linking 
and proliferation. An allogeneic assay is not dependent on Fc receptors.

FACS analysis of DC that were matured from monocytes in the presence of rgp 120 
indicate that rgp 120 might indeed down-regulate cell surface CD 16 (Fey RIII), but not 
CD32 and CD64 (Fey RII-A and Fey RI) (see section 4.4.3). This data is supported by 
similar findings, where gpl20 down-regulated CD 16 on monocytes (Durrbaum-Landmann 
et a/., 1994). CD 16 is not, however, a high affinity receptor, unlike CD64, and levels of all 
Fc receptors on DC proved very low (data not shown). Thus the importance of this potential 
down-regulation on the assay, while not assessed, is unlikely to be great. Given that the 
autologous data is backed up by allogeneic data, one can assume that this is not a significant
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variable in the study.

4.6.1.1- Inhibition by control antibodies might he due to Fc receptor blocking
Antibodies have been shown to neutralise HIV-1 many times, and for this reason 

antibodies were used in an attempt to block the effects of rgp 120 on T-cell proliferation. 
This has been shown to block the effects of gpl20 on T cells previously, but in a different 
system (Chirmule et aL, 1995a), although the majority of researchers appear to use either 
sCD4, or rely solely on the non-addition of gpl20 as a control. In these experiments the 
antibodies utilised to block the effects of rgp 120 inhibited the autologous assay (Fig. 4.5) 
and thus could not be used. Retrospectively, it is possible that inhibition emanated from 
the blocking of Fc receptors by said antibodies and therefore reduced ability to cross-link 
CD3 mAb as outlined above (except for ARP422 which proved to be inhibitory due to 
cytotoxicity). If this hypothesis were true then these antibodies could in fact be used to 
inhibit the effect in the allogeneic assays, and this might form the basis of future functional 
analyses.

4.6.2- Lectin-purified rgpl20 produced inconsistent results—is salt the 
problem?

As shown in Fig. 4.4 the effect of rgp 120 that had been purified on a lectin GNA 
column only, proved variable, but unexpectedly enhancement of proliferation predominated. 
Initially this was thought to be rgp 120 mediated as neutralising antibodies could inhibit 
the enhancement. However, as discussed above, this proved to be due to the antibodies 
inhibiting the assay themselves. Thus the enhancement seen was probably due to a 
contaminant as the rgp 120 used was not as pure as originally thought. There is a precedent 
for gpl20 inducing quite marked enhancement of T-cell proliferation (Kornfeld et aL, 
1988), but again the preparation was only 50% pure leading to the suspicion that this was 
mediated by some contaminant, although the effect was lost if the gpl20 was removed by 
immunoprécipitation.

Although a contaminant was not formally identified, data from the MonoQ FPLC 
fractions suggested that salt could lead to enhancement of proliferation (Fig. 4.6 and 4.7). 
Testing the effects of NaCl and methyl-a-D-mannopyranoside showed that both could 
enhance proliferation significantly, although the effect of NaCl was more profound (Fig. 
4.8). Thus it was possible that the enhancement seen was due to the incomplete removal of 
the methyl-a-D-mannopyranoside after the lectin-GNA column.

4.6.3- rgpl20 inhibits DC-induced proliferation of both CD4+and CD8+ 
T cells

While many researchers have shown that rgp 120 can inhibit CD4^ T-cell proliferation 
(Cefai et aL, 1990, Goldman et aL, 1994, Hubert et aL, 1995, Jabado et aL, 1994, Mittler
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& Hoffmann, 1989, Schols & De Clercq, 1996), probably by inhibiting IL-2 production 
via signalling through the CD4 on the T-cell surface, an effect on CD8+ T cells has not 
been shown. Using rgp 120 that had been highly purified using the second step of an ion- 
exchange column, it was clear that there was significant inhibition of proliferation of both 
types of T cell in both autologous and allogeneic assays.

For CD4+ T cells, there was some titration of the effect with increasing 
concentrations of rgp 120, although this was not absolutely conclusive (Fig. 4.9 and 4.11). 
Both S F l62 and SF2 rgp 120 had similar effects and inhibited to roughly the same level in 
both the autologous and allogeneic assay (c. 25% at 2|ig/ml). This suggests that, at least in 
this case, tropism and therefore coreceptor use is not an important factor.

For CD8+ cells there was no indication of titration with increasing rgp 120 
concentration (Fig. 4.10 and 4.12). Instead there appeared to be an “all or nothing” effect, 
with the inhibitory effect occurring between 62.5 and 125 ng/ml rgp 120. Here again there 
was no difference between SFl62 and SF2 data, and while there was slightly greater 
inhibition in the allogeneic assay (c. 45%) than in the autologous (c. 35%), the difference 
was not significant. Again this suggests that tropism is unimportant. It also indicates that, 
somewhat surprisingly, CD8̂  T cells are more sensitive than CD4+ T cells, raising the 
possibility that it is at the DC level, possibly via DC CD4, that inhibition occurs.

4.6.3.1- Pre-pulsed DC data suggests that the effect is predominantly at the DC 
level

While the effect on CD4+ T cells may well be at the level of the T cell to a certain 
extent, as shown by other researchers (Cefai et aL, 1990, Goldman et aL, 1994, Hubert et 
aL, 1995, Jabado et aL, 1994, Mittler & Hoffmann, 1989, Schols & De Clercq, 1996), this 
was unlikely to be the case in CD8^ T cells given that they express no CD4 on their cell 
surface, although they can express CCR5, which might be affected by rgp 120. In order to 
assess whether inhibition was mediated at the DC level or the T cell level, the respective 
cells were pre-incubated with rgp 120 and then washed thoroughly before being added to 
the assay.

This data showed that pre-pulsing either CD4^ or CD8^ T cells had no effect (Fig 
4.14). While this is unsurprising for CD8^ T cells, it was not expected for CD4^ T cells. 
Previous research would indicate that some inhibition should be seen, although this has 
often required a higher concentration of rgp 120 (10 pg/ml). Possible explanations for this 
phenomenon include: pre-pulsing with rgp 120 and then its subsequent removal leads to 
only a transient down-regulation of proliferation, and for the effect to be seen at the T-cell 
level rgp 120 must be present for the entire experiment; or DC are such potent APC that 
they can bypass this inhibition; or the inhibition is too small to be significant.

Analysis of the pre-pulsed DC data suggested that the majority of the effect was 
indeed DC mediated for both CD4^ and CD8̂  proliferation. However the effect was less

197



Chapter 4—D C  and gp 120

than that seen when rgp 120 was present throughout the assay, with inhibition at 2 pg/ml 
being 16% for CD4^ T cells and 35% for CD8^ T cells for both SF l62 and SF2 rgp 120. 
This suggests for the CD4^ T cells that a proportion (-10%) of the inhibition might be 
mediated through the T cells themselves.

4.6.3.2- Two controls suggest that this inhibition is indeed due to the rgpl20
To confirm that inhibition was indeed caused by rgp 120 and not some contaminant, 

two controls were used, even though, given the purity of rgp 120 obtained, significant 
contamination seems unlikely. As explained above (4.6.1.1) blocking antibodies were not 
used as they had an effect on the assay themselves. Thus the two controls (over and above 
the addition of no gpl20) used were sCD4 and SF2 rgp 120 purified by Chiron. Since this 
rgp 120 was purified from a different cell line using a completely dissimilar method it is 
unlikely that any contaminants would be the same.

In the assays where sCD4 was used, it reversed the effects of the rgp 120 in almost 
all cases, both when the rgp 120 was present throughout the proliferation, and when the 
cells were pulsed. There were some examples were the sCD4 failed to block, but given the 
low frequency at which this occurred, it seems unlikely to be significant, and one can 
conclude that the effects of the rgp 120 can be consistently blocked by sCD4.

The results obtained when the Chiron SF2 rgp 120 was used were remarkably similar 
to those found with the rgp 120 purified from 293 cells. This would again indicate that 
effects were due to rgp 120 and not contaminants.

4.6.3.2.1- Chiron SF2 rgpl20 control suggests that glycosylation is not im
portant

One of the original reasons for using 293 cells to produce rgp 120 was that they are 
a human cell line and therefore might provide glycosylation that more accurately mimics 
that found in vivo. The fact that Chiron SF2 rgp 120, produced in CHO cells, has inhibitory 
properties similar to that of rgp 120 manufactured in 293 cells would suggest that for this 
inhibitory effect glycosylation is not important, although correct conformation is likely to 
be necessary. However other rgp 120s would need to be tested to confirm this, and whether 
the glycosylation produced by a baculovirus system would be sufficient.

4.6.3.3- Mechanism of inhibition of T-cell proliferation
There are at least four possible mechanisms by which T-cell proliferation could be 

inhibited: a trans-acting blockade of MHC class II/CD4 interaction (McCarthy etai, 1988, 
Nakayama et aL, 1990); a cis-acting diversion of the CD4/p56'' '̂" complex from the TCR of 
the CD4+ T cell; transduction of a negative signal by the engagement of the coreceptor; or 
transduction of a negative signal by the engagement of CD4. The first two mechanisms 
would apply to inhibition occurring at the T-cell level only, and are therefore unlikely to be
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of consequence in this assay, where inhibition is predominantly at the DC level. Also 
gpl20 can inhibit MHC-independent T-cell responses (Jabado et aL, 1994), suggesting 
that steric inhibition is of little importance even at the T-cell level. The third and fourth 
mechanisms can apply at both the DC and the T-cell level, with the fourth being the probable 
route of negative signalling in the T cell. Gpl20 or anti-CD4 mAb can reduce T-cell 
proliferation by inhibiting the binding activity of NF-AT, AP-1, and NF-kB, three 
transcription factors that regulate IL-2 gene enhancer activity at the T-cell level (Jabado et 
al, 1994).

As mentioned above the inhibition appears to be happening predominantly at the 
DC level. As to the action of the negative signal on the DC, it does not lead to the induction 
of apoptosis of either the DC or the T cells (Figs. 4.17 and 4.18); nor does it appear that 
inhibition of clustering is the problem. While failure to cluster was occasionally seen, and 
this was associated with failure to proliferate (Figs. 4.19 and 4.20), failure of proliferation 
was found in the absence of failure to cluster. For effector T cells to proliferate they require 
two signals. Signal 1 is the recognition of antigen by the TCR (replaced by CD3 mAb, or 
the use of allogeneic APC in these experiments). Signal 2, which itself can sometimes be 
initiated by signal 1, is a signalling cascade involving molecular interactions between 
several pairs of cell surface molecules such as CD28 on T cells with CD80/CD86 on the 
APC. Lack of signal 2 leads to anergy and failure to proliferate. However examination of 
cell surface markers after making DC in the presence of rgp 120 failed to show any significant 
changes in MFI. Hence it is possible that no cell surface changes are happening in these 
assays, although with the caveat that the panel of antibodies used does not cover all possible 
cell surface molecules, and conformational changes in the molecules tested cannot be 
ruled out. The other possibility is that rgp 120 is affecting the production of cytokines by 
the DC. This is certainly supported by the observation that gpl20 induces a wide range of 
cytokines to be produced by macrophages (see section 1.6.4.3). It would be of interest to 
pursue this hypothesis in future experiments.

4.6.3.3.1- Is the negative signal in DC mediated through CD4 or coreceptors?
S F l62 and SF2 were selected originally because they were M- and T-tropic 

respectively. Since the discovery of the coreceptors, it has been shown that SF l62 uses 
CCR5 exclusively to infect (Berson et aL, 1996, Cheng-Mayer et aL, 1997, Platt et aL, 
1998, Trkola et aL, 1998, Wang et aL, 1998, Zauli et aL, 1992b), whereas SF2 uses 
predominantly CXCR4 (Berson etaL, 1996, Cheng-Mayer etaL, 1997, Montefiori etaL, 
1998, Trkola et aL, 1998). It is not clear, however whether SF2 is able to use CCR5 as 
well, with some suggesting that it can (Cheng-Mayer et aL, 1997, Trkola et aL, 1998), and 
others suggesting that it cannot (Berson etaL, 1996, Montefiori etaL, 1998). As discussed 
in section 3.1.1.1.2, this use of CCR5 is probably due to its artificial over-expression on 
the surface of transfected cell lines (Cheng-Mayer et aL, 1997). While this implies that in
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vivo SF2 cannot infect via CCR5, it does not reveal whether or not it, or its gpl20, could 
induce intracellular signalling via this coreceptor either in vivo or in vitro. Potentially the 
inhibitory pathway, at the DC level, could be mediated by the binding of rgpl20 to CD4, 
or to a coreceptor, or to both CD4 and a coreceptor.

If the inhibitory pathway were mediated by CD4, both SF162 and SF2 rgpl20 
having the same effect would be expected, as would sCD4 inhibiting the effect. This fits 
with the results seen with both SF162 and SF2 rgpl20 yielding very similar results in the 
assays performed. However, while signalling via CD4 in T cells requires p56'^\ there is no 
evidence either of expression or of a functional role for this molecule in monocytes and 
macrophages (Perlmutter etal, 1988). Thus for this signalling to occur, some other pathway 
would be required.

If the inhibitory pathway were mediated by coreceptor binding alone, the potential 
remains for both SF162 and SF2 rgpl20 to have similar effects in the assays. DC express 
both CCR5 and CXCR4 (see Fig. 5.1). Thus SF162 rgpl20 could be acting via CCR5 and 
SF2 via CXCR4, with signalling via both coreceptors having an identical effect. 
Alternatively SF2 rgp 120 might be able to act via CCR5 for reasons given above. However, 
the addition of sCD4 has been shown not to block gpl20 binding to coreceptors, but can in 
fact enhance this binding (Bandres et al, 1998, Weissman et al., 1997). Thus, if this were 
the case, one would not expect sCD4 to serve as a control in the experiments in this study. 
In mitigation, sCD4 has been shown to inhibit HIV-1 infection by some strains of HIV-1, 
such as SF2 (but not SF162) (Cheng-Mayer et al, 1990, Cheng-Mayer et al, 1989, Koito 
et al, 1994), and incubation of gpl20 with sCD4 can lead to cleavage of gpl20 into 70 
and 50 kDa subunits (Clements et al, 1991, Werner & Levy, 1993). This may inhibit the 
ability of gpl20 to signal via a coreceptor.

Finally the possibility exists that the inhibitory signalling requires signal transduction 
to occur through both CD4 and the coreceptor. Again sCD4 would be expected to inhibit 
this. To test which of these hypotheses were correct would be useful. This experiment 
would entail using DC from a donor homozygous for the delta-32 CCR5 mutation; or, 
either using highly selective chemokine antagonists, or examining calcium flux induction 
by rgp 120, and ablating this with a chemokine.

4.6.3.3.2- Why did rgpl20 repeatedly have no effect on DC from one donor?
The cells of one donor were repeatedly unaffected by rgp 120 (Fig. 4.13). It was not 

clear whether this was due to abnormal T cells or DC, but a parallel experiment performed 
with U937 cells as substitutes for his DC, showed that the proliferation of his CD4+ T cells 
was inhibited (data not shown). This suggests that the difference was at the APC level.

Assuming that this data was not an artefact, it suggests that either his DC are able 
to overcome the inhibitory signal given by gpl20, or that the putative signalling pathway 
in this donor’s cells was disrupted (perhaps due to homozygosity for the delta-32 CCR5
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mutation?). Either way it might provide an explanation as to why, at least for a subset, 
disease does not progress in some people.

4.6.4- Could these results have any in vivo relevance?
Cells infected with HIV-1 are well known to spontaneously shed gpl20 into medium 

in significant quantities (Schneider et al, 1986). Despite this its detection in the serum of 
HIV-1 patients is not reported widely. This is probably due to the persistence of high levels 
of anti-gpl20 antibodies leading to complexing and clearance of the envelope protein. 
Examination of serum from patients with ARC and AIDS has shown low to undetectable 
levels of gp 120 in ARC, and levels of between 10 and lOOng/ml in AIDS (Oh etal,  1992). 
However this study probably underestimates levels for several reasons. Firstly they used a 
recombinant rgp 120 as their standard and antibodies raised against recombinant rgp 120 in 
their ELISA, which is likely to lead to an underestimate for reasons discussed in section 
3.2.5.1. Secondly there is a large amount of gpl20 circulating in antibody complexes. 
Finally since most of the HIV replication is taking place in lymph nodes, the local 
concentration here is likely to be higher, in a location that is coincidentally very important 
for antigen presentation and T-proliferation.

That coating of cells with gpl20 can occur in vivo has been shown by examining 
peripheral blood CD4+T cells (Amadori et al, 1992, Daniel et al, 1993), with around 
20% of these cells being coated with gpl20 in the periphery (Daniel et al, 1993). In 
addition, the gpl20 on these cells was shown to be bound by antibody, which would result 
in cross-linking. This has been shown to up-regulate the effects of gpl20 in T cells by 
some researchers (Cmikshank etal, 1990, Mittler & Hoffmann, 1989). Also, HIV-1 virions 
themselves have high levels of gpl20 on their surface that could interact with DC. Finally, 
and most interestingly, as the DC enter the lymph nodes they would encounter HIV-infected 
T cells as they present antigens. These would express gpl20 on their cell surface which 
could bind the DC and be cross-linked. This leads to the intriguing possibility that the act 
of presenting antigen, the raison d'être of DC, would result in their downfall.

Given, therefore, that the level of rgp 120 required to have an effect on the ability of 
DC to induce T-cell proliferation is around 62.5-125 ng/ml, this could even occur in the 
blood in AIDS patients. More importantly it might well happen in other HIV-1 patients in 
their lymph nodes, and if cross-linking does indeed up-regulate effects and reduce the 
gpl20 concentration required, this could be an important mechanism of immune dysfunction 
in the HIV-1 infected individual. It could even be more important than the direct effects on 
CD4+ T cells, as many researchers found that very high levels of gpl20 (up to 10 pg/ml) 
were required to produce an effect on these T cells, levels which are unlikely to be found 
in vivo, and because it affects CD8+ T-cell proliferation as well as CD4+ T-cell proliferation. 
It certainly suggests that the hypothesis that inhibition and alterations of APC-T-cell 
interactions are probably of minor consequence because gpl20 can cause problems in
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APC-free systems (Cefai et al, 1990) is unlikely to be correct.
This begs at least four questions: what are the levels of gpl20 in the lymph nodes?; 

does cross-linking enhance the effect, or lower the gpl20 concentration required to see 
inhibition of DC-induced T-cell proliferation? Would this gpl20 have an effect on the 
ability of DC to prime a naïve T-cell response? Would a 30% decrease in the ability to of

Vn v JV o

DC to Stimulate T cells actually result in a noticeable defect in the immune system^

4.6.4.1- DC isolated from HIV patients demonstrate aberrant T cell stimula
tion

Blood derived DC from HIV infected patients are defective for both primary 
stimulation of T cells and for secondary T-cell responses (Macatonia et al, 1992, Macatonia 
et al, 1990, Roberts et al, 1994). This was mediated at the DC level and was not due to 
gpl20 interacting with CD4 on the T cells (Macatonia et al, 1992). Given that blood DC 
are not universally infected, and that actual numbers infected range? from very low 
(Cameron et al, 1992) to only 1-20% (Knight et al, 1990), it is unlikely that direct infection 
of DC was responsible for the defect, and it suggests that some soluble factor, such as 
gpl20, might have lead to the defect.

While the existence of this soluble factor has not been proven conclusively, if it 
was gp 120 this might explain why no defect in T-cell stimulation by LC has been found 
(Blauvelt et al, 1996). While infected LC are found in the epidermis in vivo, they produce 
little if any virus. Therefore they would produce little gpl20, and since there are no other 
infected cells in the epidermis, the actual exposure of LC to gpl20 would be low. Thus LC 
isolated from epidermis would be functionally normal, while LC that have migrated from 
the epidermis to the lymph nodes and so exposed to higher concentrations of gpl20 would 
be negatively affected.

4.6.5- DC maturation
Experiments where DC were matured from monocytes in the presence of rgp 120 

as well as GM-CSF and IL-4 showed that these too had a defect in their ability to induce T- 
cell proliferation in both the CD4+ and CD8+ subsets. While some research on CD34^ stem 
cells has shown that the maturation of these is affected by the presence of gpl20 (see 
section 1.6.4.4), it is not clear from these experiments whether the rgp 120 used was having 
any effects on the actual maturation of monocytes to DC, or whether the effects were 
simply the same as those noted for the pulsing of DC with gpl20.

Analysis of possible mechanisms responsible for inhibition of T-cell proliferation, 
(which must have been occurring at the DC level since the T cells were never exposed to 
rgp 120) did not yield positive data. Again PI data suggested apoptosis was not occurring, 
and extensive cell surface phenotyping revealed no significant changes. The only molecules 
that were potential candidates were HLA-DQ and CD 16 (which has been shown before to
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be down-regulated on monocytes by gpl20 (Durrbaum-Landmann et al., 1994)). It is 
questionable whether either could result in the functional inhibition seen. It should be 
noted, though, that the panel of antibodies used was by no means complete, so a cell 
surface phenotype change could still be important. As before it seems that abnormal cytokine 
secretion may present the most likely explanation.

4.6.5.1- CD4 down-regulation
Among the cell surface molecules examined was CD4. This is known to be down- 

regulated on CD4^ T cells by some gpl20 (Cefai et al., 1992). It has also been shown to be 
down-regulated on macrophages (Karsten et al., 1996), although the mechanisms are 
different, with macrophages being indirect, involving the induction of secretion of TNF-a 
by gpl20. In these experiments CD4 on the DC cell surface was found not to change. It is 
not clear whether the mechanism found in macrophages is not found in DC, or whether the 
effect, which is transitory, occurs much earlier and has passed by the time the DC are 
examined.

Interestingly, analysis of the residual T cells, that remained with the DC as they 
matured from monocytes, showed that the CD4 on these was down-regulated significantly 
by SF2 rgp 120 (p<0.01) but not SF162 rgp 120. This is consistent with known data that 
shows that SF2 HIV-1 down-regulates cell surface CD4 upon infection, but SF162 HIV-1 
does not (Cheng-Mayer et al, 1990, Cheng-Mayer et al, 1989, Koito et al., 1994).

4.6.6- Signalling in DC by rgp 120
The results obtained for rgpl20-induced signalling were preliminary, but raise some 

potentially interesting questions. Firstly, sCD4 did not inhibit the signalling, and may 
even have enhanced the effect. This data is not conclusive and needs to be repeated. However 
assuming that it is correct, this would suggest that no signalling is occurring through CD4, 
but that it is occurring through the coreceptor (probably CCR5), which would explain the 
enhancement by sCD4. This runs contrary to the hypothesis that rgp 120 is affecting the 
DC via CD4 in the proliferation assays. It would fit, though, with the fact that there is no 
p56'":'" in DC, thus making their ability to signal through CD4 doubtful. One should note 
that no control was performed to exclude the possibility that sCD4 signals in DC of its 
own accord.

Secondly, all the bands that come up via rgp 120 take some time (> 5 minutes) to 
appear, unlike with anti-CD40 mAb which has some bands that appear rapidly (<1 minute). 
A rapid response tends to indicate an excitatory mechanisms, whereas a slow response 
suggests an inhibitory one. This would fit with the data observed that gpl20 inhibits the 
DC ability to induce T-cell proliferation, whereas CD40 cross-linking has been shown to 
activate DC and enhance T-cell proliferation (Caux et al., 1994).

Thirdly, if the DC are pre-incubated with SF162 rgp 120 prior to pulsing with anti-
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CD40 mAb, no effects on the signalling induced the mAb are seen (unless sCD4 is present). 
This possibly suggests that the two pathways do not interfere with one another, or that the 
signalling induced by the SF162 rgp 120 has worn off. It would be interesting to see if 
treatment with rgp 120 prior to activating DC by cross-linking CD40, inhibits the activation.

Finally, it would be interesting to see if rgp 120 induces calcium flux. Given that 
M-tropic gpl20 can induce calcium flux through CCR5 on CD4^ T cells (Weissman et ah, 
1997), it is possible that this occurs in DC.

4.7- Summary
The HIV-1 envelope component gp 120 is able to inhibit the DC-induced proliferation 

of both CD4+ and CD8^ T cells. It appears that the inhibition of both is mediated by an 
effect on the DC by gpl20, although a direct effect on the CD4+ T cells, as found by other 
researchers cannot be ruled out. It is not clear whether the effect is mediated via CD4 or 
the chemokine receptor, or a combination of the two. The sCD4 control would suggest that 
it is occurring through CD4, whereas the preliminary investigation into DC signalling 
(which showed that SF162 rgp 120 can induce tyrosine kinase activity in DC) suggested 
that signalling was happening through the coreceptor and not CD4. The inhibition is not 
due^he induction of apoptosis in either the DC or T cells, nor could a change in cell 
surface phenotype of the DC be found, suggesting that it might be due to aberrant cytokine 
release.
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CELLS, AND HIV-I INFECTION

5.1-Introduction

While it is now widely agreed that DC can be infected with some strains of HIV-1, 
there is still not agreement as to which strains, and as to whether infection can occur in 
both immature and mature DC (see section 1.8.1 for an in depth review).

In vitro it is generally agreed that M-tropic isolates can infect productively GM- 
CSF and IL-4 treated monocyte-derived “immature” DC, but views differ for T-tropic 
virus (Blauvelt <2/., 1997, Granelli-Piperno gr a/., 1998, Tsunetsugu-Yokota gr a/., 1995). 
Less has been published on LPS treated, “mature” DC. The one group that has done so, 
did document viral entry, but infection was not productive (Granelli-Piperno et al, 1998, 
Granelli-Piperno etal., 1996).

Other types of DC have also been examined, including LC. After three days in 
culture, “mature” LC can be infected by both M- and T-tropic HIV-1 (Kalter et al, 1991, 
Ludewig et al, 1995, Ramazzotti et al, 1995). Thus the spectrum of infectivity differs 
depending on the source of the DC and the research group.

5.1.1- DC and T cell interactions
In vivo, on entering the lymph nodes DC interact with T cells to present antigen. 

The observation that interaction in vitro of DC, pulsed with HIV-1, and T cells leads to a 
burst of virion production, does not necessarily imply a need for active infection of the 
DC, since the T cells may be the source for the majority of the virus produced (see section 
1.8.3.1). While the effects of DC on HIV-1 production by T cells have been examined in 
depth, the reciprocal effects of the T cells on DC HIV-1 production have not been examined 
in as much detail.

Interaction with T cells results in the engagement of many adhesion and accessory 
molecules on the surface of the DC. As described in section 1.7.3, this has been shown to 
have effects on the DC such as promoting their survival (Wong et al, 1997), and up- 
regulating important accessory molecules such as CD86. The potential therefore exists for 
DC/T cells interactions not only to regulate HIV replication in T cells, but also to regulate 
HIV production in DC.
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5.1.1.2- T cells can affect the production of HIV-1 by monocytic cells
Work with the promonocytic cell line OMlO.l, which contains a single integrated 

copy of HIV-1 pro virus, has shown that either fixed activated T cells, or isolated T cell 
membranes, enhance HIV replication (Shattock et ah, 1996a, Shattock & Griffin, 1994). 
The T cells used were the T-cell line HUT78, and activation was with PHA and PM A. 
Unstimulated T cells did not have this effect (Shattock et ah, 1996a). The addition of fixed 
activated T cells results in the cross-linking of monocyte cell membrane adhesion molecules, 
mimicking the adhesion molecule ligation that occurs during antigen presentation. The 
enhancement of HIV replication proved to be due, at least in part, to release of TNF-a by 
the monocytic cells (Shattock et al., 1996a).

Immobilised mAbs against various adhesion molecules were used to further 
delineate the mechanisms involved. This showed that engagement of CD 11a, CD 18, CD29, 
CD44, CD45, CD58, or MHC class II lead to enhancement of HIV production in the 
monocytic cells (Shattock et al., 1996a, Shattock & Griffin, 1994, Shattock et al., 1996b). 
The engagement of any of these cell surface molecules results in the release of combinations 
of IL-1, TNF-a, and M-CSF (Shattock & Griffin, 1994, Shattock et al., 1996b). These are 
all capable of stimulating HIV production by inducing nuclear translocation of NF-kB, 
and its subsequent binding to the enhancer region of the HIV-1 LTR. However, examination 
of these molecules on resting and stimulated HUT78 T cells revealed that expression levels 
did not increase. Thus the enhancement of HIV-1 replication in monocytic cells by these T 
cells is mediated by other as yet unidentified surface molecules (Shattock, unpublished 
data).

In view of the uncertainty about the pattern of DC infectivity, these studies on 
monocytes and monocyte/T-cell interactions were of particular interest. As DC are 
monocyte-derived, a similar approach might be used in DC. Thus, it would be interesting 
to assess the ability of DC to be infected at various stages of maturation with a range of 
laboratory adapted and primary isolates of HIV-1. This infectivity could be compared to 
that of other primary cell types such as macrophages, and its effects on DC viability 
measured. Furthermore it would be interesting to see what effects T cells have on replication 
of HIV in DC. Given that DC are able to disseminate virus to T cells very effectively, the 
up-regulation of viral expression in DC could be an important factor in this dissemination, 
and could lead to even greater dispersal. It may also be important in concurrent and 
opportunistic infections in HIV disease where greater numbers of activated T cells are 
present in circulation and in the lymph nodes.

5.2- Infection of cultured primary ceils

To examine whether a range of primary cells could be infected, five different isolates
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of HIV-1 were used. These included both laboratory adapted and primary isolates, and M- 
, T-, and dual-tropic strains, with the TCID of added virus 1x10  ̂per well for all isolates

50

(see section 2.5.1). The properties of these isolates are listed in detail in Table 2.5, but are 
summarised again here for clarity. Ba-L and RF are laboratory adapted strains, which are 
M- and T-tropic respectively. SL2,2044, and 2076 are primary isolates that are M-, T-, and 
dual tropic respectively.

Productive infection was assayed using a p24 ELISA to measure levels of HIV-1 
p24 in culture supernatant (see section 2.5.2). Unless stated supernatants shown were 
assayed 7 day post infection. Supernatants taken at 24 or 48 hours were also assayed to 
confirm that levels of p24 increased with time and were not simply virus remaining from 
the initial infection (data not shown). Some attempts were made to measure productive 
infection using a reverse transcriptase assay, but this did not prove to be sensitive enough. 
At the dilutions used, the sensitivity for the ELISA was 40 pg/ml for DC and macrophages, 
and 8 pg/ml for LC and dermal DC.

5.2.1- Assessment of purity and phenotype of immature and mature 
DC

To test whether DC can be infected by HIV-1, DC were prepared from peripheral 
blood with final maturation being induced by LPS as described in material and methods 
(section 2.2.4.1). Immature and mature DC were produced in parallel from the same blood 
sample each time to allow comparison. To achieve high purity, these cells were subject to 
at least two rounds of depletion with antibodies and DynaBeads, and purity assessed by 
FACS. Cells used were between 90 and 98% pure (see dot plots in Fig. 5.1—the gated 
areas are DC).

The gated cells were CD 14 and CD I a low, CD4 and CD86 positive, and HLA-DR 
and -DQ high confirming that they were indeed DC. Analysis showed changes in density 
of some cell surface molecules between immature and mature DC (see Fig. 5.1), as LPS 
treatment resulted in the up-regulation, as assessed by MFI, of HLA-DR, HLA-DQ, and 
CD86, all of which are important in antigen presentation and T-cell activation. CD 14, a 
monocyte marker, and CD la were both down-regulated.

DC expressed the chemokine receptors CXCR4 and CCR5, the major coreceptors 
from T- and M-tropic HIV respectively (see Fig. 5.1). CXCR4 stained only weakly positive 
with the mAh used, and showed no change between immature and mature, LPS treated, 
DC. This was only tested twice, but was found in both assays. CCR5 was down-regulated 
in the mature DC, but remained weakly positive. This held true for the four times tested. 
The HIV receptor CD4 was positive in both immature and mature DC, and no significant 
difference in MFI could be seen between the two cell types in the many times this was 
tested.

Analysis of the remaining contaminating cells revealed that these were all CD3,
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Figure 5.1- FACS analysis of purified immature and mature peripheral blood-derived DC

DC were prepared from peripheral blood (see section 2.2.4.1) and purified using at least two rounds of 

negative selection with CD2, CD3, and CD19 mAbs and DynaBeads. The purified cells were stained with 

mouse mAbs (see Table 2.3) and examined by FACS. The dot plots show all recorded events, and the 

histograms represent data gated for DC, with immature DC in red and mature DC in blue. The negative 

control (where no primary antibody was added) is shown and repeated in all histograms, and is similar 

to that seen for the isotype controls (not shown). Representative of seven experiments.
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CD4, CD 14, and CD 19 negative, indicating that there was no contamination of the DC 
with T cells, B cells, or macrophages (data not shown).

5.2.2- Both immature and mature DC can be productively infected by 
a wide range of HIV-1 isolates

DC, seeded at 2x10^ per well, were pulsed with similar titres of all five isolates for 
two hours, and then washed extensively. Analysis showed that all the isolates could infect 
both immature and mature DC, albeit at different levels of efficiency. It was however 
noticeable that less p24 was produced by the mature DC for all the viral isolates tested (see 
Fig. 5.2). This reduction in HIV replication ranged from about 3 to 8 fold over five 
experiments performed with both immature and mature DC. This suggests that maturation 
of DC reduces their ability to be productively infected.

While levels were lower in the mature DC, the pattern of p24 production by both 
immature and mature DC was similar (see Fig. 5.2). The laboratory adapted, M-tropic 
isolate, Ba-L infected DC well, while its T-tropic counterpart, RF produced significant but 
low levels of p24. What was surprising was that SL2, an M-tropic, CCR5-dependent, 
primary isolate, infected, if at all, at a lower level than RF, while 2044, its T-tropic CXCR4- 
utilising sibling was able to infect productively DC significantly better than both RF and 
SL2, and at levels more than half that of Ba-L. Finally 2076, a primary dual-tropic isolate 
that can use a wide variety of coreceptors, was able to replicate in DC at similar levels to 
Ba-L in two out three experiments. It was apparent in the three experiments where 2076 
was used, that virion production was down-regulated less from immature to mature DC 
than with the other strains.

Examination of the DC via light microscopy showed that the DC remained non
adherent throughout the 7 days of infection. At the end of this time, the DC looked “healthy”, 
with no evidence of morphological changes at any point, and no evidence of any syncytium 
formation with any of the isolates (data not shown).

5.2.2.1- M IP-la can inhibit infection of DC by some isolates
To further confirm that productive infection was occurring, and to assess to some 

extent the coreceptor usage, the chemokine M IP-la was used to block infection. M IP-la 
(50 ng/ml, Peprotech) was added concurrently with virus for the two hour pulse of immature 
DC, the DC washed thoroughly and then incubated for seven days post infection as before.

Addition of M IP-la inhibited both Ba-L (60%) and 2076 (80%) replication (see 
Fig. 5.3). The presence of M IP-la when the immature DC were pulsed with RF and 2044 
lead to a small rise in infectivity, but this was probably not significant.
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Figure 5.2-DC can be productively infected by different strains of HIV-1

Both immature (A) and mature (B) DC, seeded at 2x10  ̂cells per well, were pulsed for 2 hours with five 

different strains of HIV-1 and washed extensively. Viral rephcation was measured by the concentration of 

p24 in the culture supernatant at 7 days. Data is taken from a single experiment and is representative for 

Ba-L and RF isolates of five, 2044 and 2076 of three, and SL2 of two experiments.
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Figure 5.3- MIP-la can inhibit the infection of DC by some HIV-1 isolates

Immature DC were pulsed for 2 hours with four different isolates of HIV-1 in the presence of MIP-la, and 

then washed extensively. Viral replication was measured by the concentration of p24 in the culture 

supernatant at 7 days post infection. Data represents a single experiment.
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5.2.3- LC and dermal DC can also be infected by laboratory adapted 
HIV-1

LC and dermal DC were isolated from the epidermis and dermis respectively of 
breast skin. Purity of the LC was assessed by FACS analysis (see Fig. 5.4). Too few dermal 
DC were prepared to obtain meaningful FACS data. LC were >90% pure, and were CD3 
and CD 14 negative, but CDla, CD4 and HLA-DR positive as expected (Too few cells 
were obtained for more a more extensive panel of antibodies to be used). Contaminating 
cells were CD3, CD4 and CD 14 negative, and thus were not T cells or macrophages (data 
not shown). These cells were seeded at only 20,000 per well, hence the low p24 values.

Morphological examination of these cells using light microscopy showed that LC 
and dermal DC were different. LC were very uniform in shape and size, being round, with 
hair-like projections extending from the surface. Dermal DC were less uniform in size and 
shape, being elongated, and having no visible projections (data not shown). Both cell 
types were considerably larger than T cells.

These cells were cultured and infected in complete medium, but (unlike DC) GM- 
CSF and IL-4 were not added to the medium. The results of infection are shown in Fig. 
5.5. LC and dermal DC could replicate both Ba-L and RF, and the levels of replication 
were similar. This held true for both the experiments performed.

5.2.4- Macrophages demonstrate a different HIV-1 replication pattern 
to DC

Macrophages and immature DC were prepared from the same donor, and cultured 
in the presence of 2% HS as opposed to 10% FCS. Two types of macrophage were prepared, 
one type (“normal macrophages”) in the absence of additional cytokines, and another 
(“GM-CSF macrophages”), prepared in the presence of GM-CSF at the same concentration 
as used in DC preparation.

FACS analysis of the purified macrophages revealed highly purified (>90%) 
populations (see Fig. 5.6), in which contaminating cells were CD3 and CD4 negative 
indicating that there were no contaminating T cells. Both normal and GM-CSF macrophages 
displayed typical cell surface phenotypes, being CD 14 and HLA-DR high, CCR5,CD4, 
CD45 and HLA-DQ positive, and CDla and CD3 negative. Differences between the two 
were slight; GM-CSF macrophages had lower CD 14 MFI, and a higher CD4, CD45, CCR5 
and HLA-DR MFI.

Infection of the cell types, seeded at 2x10^ per well, with different strains of HIV- 
1 showed that GM-CSF macrophages were unable to produce any virus, not even when 
infected by the M-tropic Ba-L (see Fig. 5.7). In contrast normal macrophages were readily 
infected by Ba-L, and produced considerably more p24 than the equivalent number of 
immature DC. As expected neither of the two T-tropic strains of HlV-1, the laboratory 
adapted RF, and the primary 2044, could productively infect normal macrophages, but
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Figure 5.4- FACS analysis of purified LC

LC were obtained from epidermis and purified. The purified cells were stained with mouse mAhs (see 

Table 2.3) and examined by FACS. The dot plots show all recorded events, and the histograms represent 

data gated for LC. The negative control (where no primary antibody was added) is shown and repeated in 

all histograms, and is similar to that seen for the internal isotype controls CD3 (IgGl) and CD 14 (IgG2a). 

Results are representative of two experiments.
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Figure 5.5-Both LC and dermal DC can be infected by Ba-L and RF HIV-1 isolates

Both LC (dark blue) and dermal DC (light blue), seeded at only 2x10" cells per well, were pulsed for 2 

hours with Ba-L and RF and then washed extensively. Viral replication was measured by the concentration 

of p24 in the culture supernatant at 7 days. Representative of two experiments.
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Figure 5.6- FACS analysis of purified macrophages and GM-CSF treated macrophages

Macrophages were prepared from peripheral blood by culturing 2 hour adherent cells in 2% HS for 

seven days in the presence or absence of GM-CSF, and purified. The purified cells were stained with 

mouse mAbs (see Table 2.3) and examined by FACS. The dot plots show all recorded events, and the 

histograms represent data gated for macrophages (red), and GM-CSF treated macrophages in blue. The 

negative control (where no primary antibody was added) is shown and repeated in all histograms, and is 

similar to that seen for the internal isotype controls CD 19 (IgGl, and also CD3— not shown) and CDla 

(IgG2a). Results are representative of three experiments.
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Figure 5.7- Comparison of infectivity of DC and macrophages

Immature DC, macrophages, and GM-CSF-treated macrophages, were made in the presence of 2% hu

man serum (not 10% FCS). Identical numbers were pulsed for 2 hours with different strains of HIV-1 (A) 

and washed extensively. Infection undertaken in the presence of MIP-la was also performed (B). Viral 

replication was measured by the concentration of p24 in the culture supernatant at 7 days. Representa

tive of two (A), and one (B) experiments.
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were able to infect immature DC, The dual tropic isolate, 2076, was able to infect these 
macrophages, but, while they produced more p24 than immature DC, did not show quite 
the same increase as with Ba-L.

5.2.4.1- MIP-la can inhibit productive infection of macrophages with 
Ba-L

As with DC, M IP-la was added during the initial pulsing of normal macrophages 
with virus in one experiment. This inhibited infection with Ba-L, but not completely. Again, 
as with DC, the presence of M IP-la causes a small increase in production of the T-tropic 
strains RF and 2044, raising their production above the threshold of sensitivity for the p24 
ELISA.

5.3- The effect of activated T cells on HIV-1 replication 
in primary cells

In order to test the effect of activated T cells on HIV-1 replication in DC, a similar 
system was employed to that devised by Shattock et al (see section 2.2.1.1.1). Briefly, the 
T-cell line HUT78 was used, and HUT78 cells were activated overnight with PMA and 
PHA (HUT78s). The T cells were fixed in paraformaldehyde before use to prevent 
replication of HIV in them, and to restrict their effect to cell surface molecule interaction 
and not cytokine secretion. On occasion autologous T cells, treated in the same manner, 
were used as a comparison. These were depleted of B cells and macrophages, but included 
both CD4+ and CD8^ T cells. These cells were added at similar numbers to the DC.

5.3.1- Activated T cells have differing effects on Ba-L and RF replica
tion in DC and macrophages

The effect of HUT78s cells on the replication of the laboratory adapted strains Ba- 
L and RF in immature DC proved variable. Out of 12 experiments where Ba-L was used, 
HUT78s increased viral replication in 3/12, had no effect in 3/12, and decreased viral 
replication in 6/12 of the experiments. For RF, 6/12 increased, 3/12 showed no change and 
3/12 decreased (see Fig. 5.8A and B).

A more consistent pattern was seen in mature DC, where the replication of both 
laboratory adapted strains was reduced 40-80% by the addition of HUT78s in 3/4 
experiments (see Fig. 5.8C). However, the effect of HUT78s on p24 production by LC and 
dermal DC differed from both immature and mature DC. In these cells, the addition of 
HUT78s had no effect in either of the two experiments performed (see Fig. 5.8E and F).

In normal macrophages, HUT78s enhanced Ba-L replication (see Fig. 5.8D) in a
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Figure 5.8- The effect of fixed resting and activated HUT78 cells on HIV-1 replication

Tlie effect of HUT78r and HUT78s on the rephcation of the HIV-1 isolates Ba-L and RF was tested in 

different primary cell types. Primary cells were pulsed for 2 hours with either RF or Ba-L and washed 

extensively. Equal numbers of HUT78r or HUT78s were then added. Viral rephcation was measured by 

the concentration of p24 in the culture supernatant at 7 days. A and B represents immature DC (repre

sentative of 12 experiments), C is mature DC (4), D is macrophages (2), E is LC (2) and F dermal DC 

(2). Note that LC and dermal DC were seeded at only 20,000 cells per well as opposed to 200,000.
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similar fashion to that seen with the promonocytic cell line OMlO.l (Shattock etal., 1996a). 
In both experiments performed p24 production rose 5-7 fold. HUT78s had no effect on the 
replication of RF, which does not productively infect macrophages. Similarly, GM-CSF 
macrophages, which proved resistant to infection by HIV-1, remained resistant in the 
presence of HUT78s (data not shown).

Over all the experiments resting (unactivated) HUT78 cells (HUT78r) had little 
effect on the replication of HIV-1 in any of the cells types tested. Where some effect was 
seen this was invariably qualitatively similar to that seen with HUT78s, but quantitatively 
less (e.g. Fig. 5.8C and D).

5.3.1.2- Fixed, activated autologous T ceils have a similar effect on immature 
DC as HUT78S

Autologous T cells were used in parallel to HUT78 cells in four experiments using 
immature DC. In each case fixed, resting and activated T cells had similar effects to HUT78r 
and HUT78s (data not shown). This suggests that HUT 78 cells are a useful model of 
peripheral blood T cells in this system.

5.3.1.2.1- Markers of T-cell activation are up-regulated on HUT78s
FACS analysis, employing a panel of antibodies, was used to assess the activation 

of HUT78 cells with PMA and PHA. HUT78 cells proved to express the expected T cell 
markers CD3 and CD4, but not CD8 (see Table 5.1 A). A comparison of a selection of 
markers of T-cell activation (CD45RA, CD25, CD54, CD58, and CD70) showed that the 
MFI was higher in HUT78s than in HUT78r, indicating that these cells were indeed 
activated, and in a similar manner to peripheral blood T cells (see Table 5.IB).

5.3.1.2.1.1- Candidate molecules for interaction with macrophages and 
DC were also examined

While assessing the activation of HUT78 cells, several other cell surface molecules 
were examined in an attempt to identify candidate molecules that might have caused the 
effects on HIV-1 replication seen in DC and macrophages (see Table 5.1C). Of this panel, 
seven proved not to change when HUT78r were compared to HUT78s, thus ruling them 
out. These were CD 11a, CD 18 (although a change in conformation of these two is possible), 
CD28, CD43, CD44, CD80, HLA-DR (while negative on primary T cells, HLA-DR proved 
positive in HUT78 cells). Two molecules were shown to be up-regulated in HUT78s (CD48 
and CD86). Since the T-cell activation markers (see above) went up on HUT78s, some of 
these may also be candidates for an interactive role.
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A

B

MFI
HUT78r HUT78S

CD3 34 23

CD4 10 12

CDS 3 4

MFI
HUT78r HUT78S

CD45RA 13 66

CD25 6 31

CD54 25 207

CD58 15 72

CD70 11 43

c

MFI
H UT78r HUT78S

C D lla 91 109

GDIS 78 73

CD28 10 6

CD43 55 50

CD44 70 62

CD48 78 311

CD80 7 9

CD86 5 17

DR 92 121

) MFI
HUT78r HUT78S

FITC only 3 5

IgGl control 
(mAh 89-CD40) 6 5

IgG2a control 
(MEM174-GDllb) 3 5

Table 5.1- FACS analysis of resting and activated HIIT78 cells

A panel of antibodies were used to compare levels of cell surface molecules on HUT78r and HUT78s. The 

MFI is given for a selection of T cell markers (A), and of T-cell activation markers (B). Table C shows a 

comparison of MFIs for some other cell surface molecules that could interact with macrophages and DC. 

Table D shows isotype controls. Representative of at least two experiments.
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5.3.1.3- The effect on primary isolates is different to that on laboratory adapted 
HIV-1

In contrast to the variable results seen with immature DC, and the inhibition seen 
in mature DC, in the replication of laboratory adapted isolates, HUT78s consistently 
enhanced (2-4 fold) replication of the primary strains SL2 and 2044, and had no effect on 
2076. This held true for both immature and mature DC (see Fig. 5.9A and B respectively). 
Intriguingly, in the results shown for mature DC (Fig. 5.9B), the p24 concentration seen 
for infection by SL2 in absence of HUT78s (or in the presence of HUT78r), was below the 
threshold of sensitivity for the ELISA. This suggests that for this experiment at least, SL2 
could not productively infect mature DC unless HUT78s were present.

5.3.2- The replication kinetics of HIV-1 change as immature DC de
velop from monocytes

As cells develop from monocytes to immature DC in the presence of GM-CSF and 
IL-4, the replication kinetics of HIV-1 changes. Cells were taken at different time points 
during their seven day development from monocytes to immature DC and assessed for 
their ability to support productive infection of Ba-L and RF.

Production of Ba-L p24 increased from a low level at day 1, up to a maximal level 
after the DC had been developing from monocytes for 6 days. Production then dropped on 
day 7 (see Fig. 5.10A). This drop is consistent with a spontaneous maturation of DC, and 
might have progressed further with the addition of the maturation factor, LPS (see Fig. 
5.2). This pattern held true for all three experiments.

Slightly different kinetics are seen for RF (see Fig. 5. lOB noting the different scale 
on the y axis). Here p24 production is at or below threshold for sensitivity of the ELISA 
until day 7 in the data shown. In the two other experiments productive infection was seen 
at day 6, but increased in day 7 immature DC. Again if the DC were treated with LPS, one 
would expect the production of p24 to fall (see Fig. 5.2).

Thus in comparison, infection with Ba-L increases to a peak at day 6 and then tails 
off, whereas little RF is produced until day 6 or 7, with the peak occurring at day 7 (or 
later).

5.3.2.1- The effect of HUT78s on replication kinetics of HIV-1 changes as im
mature DC develop from monocytes

In all three experiments performed HUT78s stimulated HIV-I production at day 1 
for both RF and Ba-L, although the effect is more noticeable for Ba-L (see Fig. 5.10). For 
two out of the three experiments the enhancing effect of HUT78s continued until day 6, 
but by day 7, the HUT78s were inhibiting HIV-1 production. In the third experiment 
inhibition of HIV-1 production was seen as early as day 3 for both Ba-L and RF. There was 
also a trend for the relative enhancement seen (i.e. the ratio of HIV-1 production in the
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Figure 5.9- The efifect of fixed, resting and stimulated HUT78 cells on the replication of 

primary HIV-1 strains in DC

The effect of HUT78r and HUT78s on the replication of the primary HIV-1 isolates SL2, 2044 and 2076 

was tested in immature (A) and mature DC (B). The DC were pulsed for 2 hours with HIV-1 and washed 

extensively. Equal numbers of HUT78r or HUT78s were then added. Viral rephcation was measured by 

the concentration of p24 in the culture supernatant at 7 days. Representative of two experiments.
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Figure 5.10- Replication kinetics of HIV-1 as DC develop from monocytes

DC were produced by culturing adherent monocytes in the presence of GM-CSF and IL-4 for 7 days. The 

replication kinetics of HIV-1 in these cells as they developed into immature DC was tested at several time 

points for the isolates Ba-L (A) and RF (B). The effect of the addition of HUT78s post-infection was also 

noted. Viral rephcation was measured by the concentration of p24 in the culture supernatant at 6 days. 

Data is representative of three separate experiments.
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presence and absence of HUT78s) to increase up until the time enhancement ceased and 
inhibition started. In two of the experiments performed fixed, activated autologous T cells 
were used in parallel with HUT78s, and had similar effects.

5.4- The effect of HIV-1 and activated T cells on DC

Both immature and mature DC have been shown to be productively infected by a 
range of HIV-1 isolates. Additionally fixed, activated T cells, in the form of HUT78 cells 
have been shown to affect the replication of HIV-1 in both DC and macrophages. These 
observations raise the question of whether HIV-1 or activated T cells have an effect on the 
viability or phenotype of DC.

5.4.1- HUT78s transiently alter the morphology of DC
T cells were added to DC after infection with HIV-1. As stated these altered the 

replication kinetics of the HIV-1. DC in culture are typically fairly spherical and non
adherent to tissue culture plastic. After 24 hours in the presence of HUT78s, but not HUT78r, 
both immature and mature DC were found to have become elongated, “dendritic”, and 
adherent (see Fig. 5.11). By 48 hours this effect had worn off and there were no noticeable 
morphological differences with or without HUT78s.

5.4.1.2- HUT78s alter the cell surface phenotype of immature DC
A panel of antibodies was used to study the cell surface phenotype of immature 

DC after incubation in the presence of HUT78r or HUT78s for three days. This showed no 
change in the percentage positive cells, or MFI, for CD44, CD45, CXCR4 and CCR5, for 
the controls CD3 and CD 19, and for the markers of DC maturation HLA-DR, HLA-DQ 
and CD86. Two molecules did, however change. These were CD 14 which increased 
(approximately 2 fold) in both percentage positive cells and MFI, and CDla which increased 
2-4 fold in MFI (data not shown).

5.4.2- In the absence of HIV-1, HUT78s have no effect on DC viability
It was possible that the changes seen in HIV-1 replication in the presence of HUT78s 

were due either to increased viability (in the case of enhancement) or cytotoxic effects (in 
the ease of inhibition of replication). As assessed by ̂ H-thymidine uptake, neither HUT78r 
nor HUT78s had any effect on the proliferation, which was very low as expected (see Fig. 
5.12). This data was confirmed by measurement of PI uptake by immature DC. FACS 
analysis showed similar percentages of viable DC whether or not T cells were present (see 
Fig. 5.13A), indicating that DC viability was not altered. This was further verified by
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Figure 5.11- The effect of fixed resting and activated HUT78 cells on DC morphology

Immature DC were prepared and purified as normal. HUT78r and HUT78s were added, in equal num

bers to the DC, and the morphology of the DC examined under low (A) and high (B) power. Images were 

captured to computer, using an inverted microscope coupled to a COHU CCD camera and LG-3 scientific 

frame grabber (Scion Corporation). Results are representative of 5 experiments.
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Immature DC Immature DC Immature DC Mature DC 
+ HUT78r + HUT78s

Figure 5.12- Proliferation of DC with and without fixed HUT78 cells

DC were generated and purified as standard. HUT78r or HUT78s (in equal numbers to the DC), or IPS 

(to mature the DC) were added. After incubating for three days the prohferation was measured by ^H- 

thymidine incorporation overnight. Representative of two experiments.
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Figure 5.13- The effect of fixed resting and activated HUT78 cells on immature DC viability

Immature DC were prepared and purified as normal. The effect of HUT78r and HUT78s on the viability of 

immature DC was examined in the presence (A) and absence (B) of GM-CSF and IL-4 using propidium 

iodide. The FACS data shown has been gated for DC. Representative of 3 experiments.
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counting cells under the microscope in the presence of trypan blue (data not shown). Thus 
activated T cells had no effect on either DC viability or proliferation.

5.4.2.1- If GM-CSF and IL-4 are removed, DC viability is altered
In all experiments where DC were infected with HIV-1, GM-CSF and IL-4 were 

present throughout. In order to assess whether either of the two added cytokines were 
affecting HIV-1 replication, attempts were made to omit these from the immature DC 
culture medium after infection. In all the experiments where this was tried, HUT78s 
enhanced HIV-1 production. However visual microscopy of the immature DC showed 
that DC looked very “sick”, being smaller and more granular, seven days after infection, 
unless HUT78s were present. This was confirmed by PI analysis that showed a high level 
of dead cells after seven days in the absence of added cytokines unless HUT78s were 
present (see Fig. 5.13).

This suggests that in experiments where added cytokines were removed prior to 
infection, increased DC viability was the cause of the enhancement by HUT78s. This 
rendered experiments performed in the absence of added GM-CSF and IL-4 of little practical 
value.

5.4.3- The effect of HIV-1 infection on DC viability
As stated in section 5.2.2, infected DC appeared healthy, with no obvious sign of 

cytotoxicity or syncytium formation. An MTT assay was used to evaluate the viability of 
DC after 7 days of infection with RF and Ba-L (see Fig. 5.14). Infection with Ba-L had no 
effect on either immature or mature DC. While infection with RF had little effect on mature 
DC, it did reduce MTT activity by about 40% in immature DC. Unfortunately this 
experiment was only performed once.

As shown with PI and ^H-thymidine uptake, the addition of HUT78r or HUT78s 
had no effect on uninfected immature DC in the MTT assay, nor did it have an effect on 
Ba-L infected immature DC. MTT did, however, increase when HUT78r and HUT78s 
were added to RF infected immature DC, but MTT activity did not correlate with p24 
production. While overall these findings suggest that any enhancement of p24 production 
by HUT78s is not due to a reduction in DC death, this cannot be excluded absolutely in the 
case of RF infection.

5.4.4- Infection of immature DC with Ba-L had no effect on the ex
pression of a broad range of cell surface markers

To assess the possible adverse effects of HIV-1 on the phenotype of DC, a variety 
of cell surface markers were assessed seven days after infection of immature DC with the 
Ba-L isolate. Data from two experiments showed no significant changes between infected 
DC and uninfected controls in cell surface levels of CD la, CD4, C D llb, CD 14, CD 18,
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Figure 5.14- The effect of HIV and HUT78 cells on DC viability

Purified DC were infected with either the Ba-L or RF isolates of HIV-1. HUT78r or HUT78s were added 

and the DC cultured for 7 days. Viability was measured by an MTT assay (red bars, representing the 

average of triplicate wells), and for the cultures where HIV was present productive infection was meas

ured by p24 ELISA (blue diamonds). Representative of one experiment.
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CD26, CD40, CD44, CD45, CD83, CD86, CD98, HLA-DR, HLA-DQ, and Class I. This 
held true for both MFI and percentage positive (data not shown). The cell surface molecules 
CD3 and CD 19 which are not expressed by DC also remained negative and unchanged.

5.5- Discussion

Both immature and mature DC were prepared from adherent PBMC, and purified 
by negative selection to provide a very homogeneous population devoid of contaminating 
T cells and macrophages. This study showed that these cells could be productively infected 
by a panel of both laboratory adapted and primary isolates of HIV-1. Replication kinetics 
differed from macrophages, with both M- and T-tropic strains infecting. The addition of 
activated T cells further altered kinetics, again in a manner somewhat different to 
macrophages, with a clear difference between laboratory and primary isolates. While 
infection by HIV-1 had little effect on the morphology, cell surface phenotype, and viability 
of DC, the addition of activated T cells affected all three.

5.5.1- Immature and mature DC could be prepared and purified suffi
ciently for infection studies

The DC, prepared from adherent PBMC by culture with GM-CSF and IL-4, were 
highly purified. FACS analysis showed that what contaminating cells were left, after 
purification, were CD3, CD4, and CD14 negative (Fig. 5.1). This indicates that the 
contaminating cells were neither T cells nor monocyte/macrophages, and thus the only 
cells present that could be infected by HIV-1 were DC. Therefore it can be assumed that 
all p24 production is by DC. Immature DC could be supplemented with LPS to produce 
mature DC. These cells showed a down-regulation of CD 14 and CD la, an up-regulation 
of CD86, HLA-DQ and HLA-DR (Fig. 5.1), and an increased ability to stimulate an 
allogeneic MLR (data not shown) attesting that maturation had taken place (Sallusto et ah, 
1995).

5.5.1.1- DC express CD4 and HIV coreceptors
Purified DC were shown to express CD4, consistent with previous reports (Blauvelt 

et al, 1997, Ferbas et al, 1994, Patterson et al., 1995). It is possible that CD4 levels were 
slightly down-regulated by LPS (Fig. 5.1). They were also shown to express the M-tropic 
coreceptor CCR5, again concordant with published reports (Ayehunie etal., 1997, Granelli- 
Piperno et al, 1996, Rubbert et al., 1998, Sozzani et al., 1997). This was consistently 
shown to be down-regulated on maturation. CXCR4, the T-tropic coreceptor, was present, 
albeit at very low levels, and showed little variation between immature and mature DC.
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Again this agreed with the literature (Ayehunie etal., 1997, Granelli-Piperno eta l, 1996). 
The expression of other coreceptors, especially CCR3, was not examined, but some are 
probably present (see section 1.8.2).

The expression of CD4, CCR5 and CXCR4 would suggest that immature and mature 
DC are permissive for infection by both M- and T-tropic HIV-1. However it is important to 
remember that CXCR4 is present on macrophages, a cell type with a similar ontogeny, but 
that these cells cannot be productively infected by T-tropic virus. T-tropic virus may enter 
but reverse transcription and nuclear translocation are inhibited (Schmidtmayerova et al, 
1998).

5.5.2- Replication kinetics of HIV-1 in immature DC
There has been much debate as to whether either M-tropic alone, or both M- and T- 

tropic isolates can replicate in immature DC (see section 1.8.1.2). The data in Fig. 5.2A 
would suggest that both M- and T-tropic strains can infect immature DC, and that this 
holds true for laboratory adapted (Ba-L, and RF) and primary isolates (SL2 and 2044). It 
was noticeable that even though similar titres of virus were used for each isolate, there 
was a marked difference in ability to replicate in immature DC. This did not correlate with 
tropism, as the two M-tropic isolates Ba-L and SL2 produced both the most and the least 
p24 respectively.

In the introduction (section 1.8.1.5) it was noted that those researchers who found 
that T-tropic isolates could productively infect immature DC used a p24 ELISA (Blauvelt 
et al, 1997, Chehimi et al, 1993), whereas those that showed only M-tropic or no productive 
infection used the RT assay (Granelli-Piperno eta l, 1998, Hausser eta l, 1995, Weissman 
et a l, 1995). In this study the T-tropic strains RF and 2044 did productively infect but at a 
low level, and in the case of RF, at a level only 2 or 3 fold higher than the threshold for the 
test. Given that the RT assay is much less sensitive that the p24 ELISA, it would be 
unsurprising if productive infection was not detected when this test was used. The data 
also suggests that some strains replicate less well than others, and that laboratory adapted 
isolates may not be an ideal choice in the study of T-tropic infection of DC.

In addition to the M- and T-tropic isolates, a dual-tropic primary isolate, 2076, was 
used. Dual-tropic isolates have the distinction of being able to use CCR5, CXCR4 and 
often other coreceptors. They have been implicated in disease progression, in which isolates 
have been shown to switch from M-tropism to T-tropism (Koot et al, 1993, Tersmette et 
a l, 1989), and from using mainly CCR5 to mainly CXCR4 (Connor et a l, 1997, Doranz 
et al, 1996). This switch is characterised by the presence of dual-tropic strains (Collman 
et al, 1992, Doranz et al, 1996, Lu et al, 1997). The reason for this switch has not been 
determined. 2076 was able to productively infect DC almost as well as Ba-L (better in the 
case of mature DC). Given that Ba-L is a laboratory adapted isolate and thus has been 
optimised to infect macrophages (a close relative of DC) it would suggest that 2076 is
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particularly well suited for growth in DC. This, along with the fact that both M- and T- 
tropic isolates productively infect, raises the possibility that DC may play a role in the 
switch in tropism.

5.5.3- Replication kinetics in mature DC
Published data suggests HIV-1 can enter, but not productively infect mature DC, 

that have been derived from monocyte precursors (Cameron et al., 1994, Granelli-Piperno 
et a l, 1998). This represents a block in the later stages of reverse transcription, similar to 
that found in macrophages (Granelli-Piperno et al., 1998, Granelli-Piperno et al., 1999). 
This block results in failure to produce complete reverse transcripts as assessed by PCR, 
and failure to produce p24.

This study suggested that productive infection of mature DC could occur, and 
showed that the replication kinetics of the five isolates were broadly similar in mature DC 
as they were in immature DC, although much less p24 was produced (Fig. 5.2B). In the 
case of M-tropic, and possibly dual-tropic, isolates, the decrease in infectivity could be a 
result of the down-regulation of CCR5. A correlation between CCR5 levels and 
susceptibility to infection has been documented (Platt et al., 1998, Tuttle et al., 1998). 
However, although T-tropic strains showed a similar decrease in infectivity, CXCR4 was 
unchanged in mature DC. It is possible that a reduction in CD4 levels could account for 
this (Kabat et al., 1994).

The comparability of this study with previous work was confirmed by the finding 
that LC and dermal DC, which had migrated out of the skin and thus were mature, could 
be productively infected with the two laboratory adapted strains Ba-L and RF (Fig. 5.5). 
This has been repeated in many other studies, which showed that LC could be infected 
productively by both M- and T-tropic strains of HIV-1 (Kalter et al., 1991, Ludewig et al., 
1996, Ludewig et al, 1995, Ramazzotti et a l, 1995, Reece et a l, 1998). The laboratory 
that produced the data on mature DC found only limited or no infection of LC (Pope etal, 
1994, Pope et al, 1995a, Pope et al, 1995b).

Thus, overall this study supports the view that mature DC can be infected 
productively, at least in the models selected here. The question does, however, remain 
controversial, and serves to highlight the problems in reaching a concerted opinion. It is 
not clear whether any particular cell type represents an ideal model of DC found in vivo. It 
is also not clear whether or not the optimum conditions for culture have been used, and 
which the most representative isolates for DC work should be.

5.5.3.1- HIV-1 has no apparent effect on DC morphology, phenotype and vi
ability

HIV-1 positive patients have been shown to have lower numbers of circulating DC 
in their blood (Cameron et al, 1992, Fan et a l, 1993, Macatonia et al, 1992, Macatonia et
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al., 1990), and these DC are functionally impaired, being less able to stimulate primary 
and secondary immune responses (Macatonia et al, 1992, Macatonia et al, 1990, Roberts 
et al, 1994). This functional impairment also occurs if DC are exposed to HIV-1 in vitro 
(Knight et al, 1993, Knight et al, 1991).

This study has shown that DC can be productively infected with HIV-1. Examination 
of the infected DC showed them to be healthy, with no evidence of cell death (Fig. 5.14). 
FACS analysis revealed no major changes in cell surface levels of major co-stimulatory 
and accessory molecules such as HLA-DR, CD 18, and CD86. Using a light microscope 
no evidence could be seen of altered morphology of infected cells, nor could syncytium 
formation be seen. While this suggests that DC can tolerate HIV-1 infection remarkably 
well, functional assays on their ability to stimulate T cells were not performed due to the 
problems of undertaking such experiments under Category III conditions. Certainly results 
from Chapter 4 suggest that gpl20 can inhibit DC function, and while it is doubtful that 
enough soluble gpl20 was produced by the infected DC, it is entirely possible that the 
amount of gp 120 present on the virus used during the 2 hour infection of the DC would be 
sufficient to cause problems, in a similar fashion to pre-pulsing DC with rgpl20. In fact it 
could be this that was the cause of the functional impairment seen by Knight et a l{\99\, 
1993) in their in vitro experiments.

DC express CXCR4, CCR5, CD4, CD 11 a, CD 18, CD54, and CD98, all molecules 
that have been implicated in syncytium formation (Berman & Nakamura, 1994, Bjomdal 
et al., 1997, Hildreth & Orentas, 1989, Ohgimoto et al., 1995, Vermot Desroches et al., 
1991). Thus is it somewhat strange that no syncytia were formed with either M- or T- 
tropic isolates, especially given the possibility that the expression of CD4 and an appropriate 
coreceptor is sufficient for any HIV isolate to form syncytia (Bjomdal et al., 1997). This 
may suggest that other molecules are involved, or perhaps that insufficient gp41/gpl20 
dimers are expressed on the cell surface.

5.5.4- Macrophages demonstrated the expected replication kinetics
Macrophages have long been shown to replicate M-tropic, but not T-tropic strains 

of HIV-1, even though they express CXCR4 (Di Marzio et a l, 1998, Schmidtmayerova et 
al., 1998). As expected macrophages were able to replicate Ba-L well (considerably better 
than DC), but not RF and 2044, the T-tropic isolates (Fig. 5.7). The addition of GM-CSF, 
a cytokine that induces macrophage differentiation, lead to the abolition of productive 
infection by Ba-L. This has been linked before to the down-regulation of CCR5 and CXCR4 
mRNA (Di Marzio et al., 1998), although in this study the MFI of CCR5 on GM-CSF 
treated macrophages was, if anything, greater than in untreated macrophages (Fig. 5.6). 
This suggests that addition of GM-CSF causes a similar block on CCR5-mediated infection 
as that seen on CXCR4-mediated infection.

This work provided a useful demonstration that the infection system and the vimses
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were functioning as expected, and supported the validity of the DC findings. A further 
control was the addition of M IP-la which inhibited the M-tropic Ba-L and dual-tropic 
2076, but not the T-tropic strains in both macrophages and DC. Although this experiment 
was performed only once, and unfortunately the isolate SL2 was not tested, it does confirm 
that Ba-L and 2076 are using the coreceptor CCR5 (for which M IP-la is a ligand) to some 
extent to infect DC, but RF and 2044 are not. This conforms with what is known about the 
coreceptor usage of these HIV-1 isolates, with both Ba-L and 2076 being able to use co
receptors other than CCR5, including CCR3 (see Table 2.5).

5.5.4.1- Does GM-CSF have an effect on infection of DC?
Given the fact that GM-CSF inhibited the ability of HIV-1 to infect macrophages 

productively, it was possible that it might have a similar effect on DC. If GM-CSF and IL- 
4 were removed from the medium prior to infection, this lead to a lower production of p24 
by immature DC (data not shown), but the DC could be seen to be dysmorphic by light 
microscopy, being smaller and fewer in number. PI studies confirmed that DC were dying 
(Fig. 5.13), and this was not due to infection. Thus it proved impossible to study the 
effects of GM-CSF.

5.5.5- DC, HIV-1 replication, and activated T cells
DC capture antigen in the periphery, before migrating to the lymph nodes, and 

maturing. Once in the lymph nodes DC present antigens to T cells, inducing a vigorous 
response (reviewed in (Banchereau & Steinman, 1998)). It has been repeatedly shown that 
DC may pick up virus, possibly in the periphery, and pass this virus on to CD4^ T cells, 
resulting in a burst of viraemia far greater than is seen if CD4^ T cells are infected on their 
own (Ayehunie etal., 1995, Cameron etal., 1996, Granelli-Piperno etal., 1998, Ludewig 
et al., 1996, Pinchuk et al., 1995, Pope et al, 1994, Pope et al, 1,995b). This demonstrates 
that DC/T cell interactions are of prime importance in disseminating virus. However most 
of the research has focussed on the effects of DC on replication of HIV-1 in T cells, and 
not the effect of these T cells on DC.

To address this question, a model was set up using the HUT78 cell line. These cells 
could either be left unstimulated, or could be activated with PM A and PH A. This system 
has been used previously to study the effects of activated T cells on macrophages (Shattock 
et al, 1996a, Shattock & Griffin, 1994). Analysis of HUT78s showed that they up-regulated 
the markers of T-cell activation that were tested (Table 5.1), and in experiments where 
autologous T cells were used alongside, similar effects were seen for both types of cells. 
This supports the validity of the model.

5.5.5.1- Activated T cells alter HIV-1 replication kinetics
A recent study showed that activated T cells lead to an activation of HIV-1 replication
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in mature DC (Granelli-Piperno et al, 1999). However, in that study mature DC could not 
be infected productively with HIV-1. The virus could enter, but the life cycle was halted at 
late reverse transcription, similar to T-tropic strains in macrophages. The activated T cells 
allowed HIV-1 in the DC to surmount this barrier. CD40L-CD40 interactions appeared, at 
least in part, to be responsible for this.

In the present study, activated T cells resulted in a dramatic increase in M-tropic 
HIV-1 production from normal macrophages (Fig. 5.8), in line with published data (Shattock 
et a l, 1996a, Shattock & Griffin, 1994). No change in RF replication was seen. This still 
failed to infect macrophages productively, even though the block to infection seems to be 
the same as that seen in mature DC by Granelli-Piperno et al (1999).

Their effect on DC depended upon the maturity of the DC, as well as the isolate 
used. In immature DC, laboratory adapted isolates showed either enhanced or inhibited 
production of p24, while mature DC showed predominant inhibition. For primary isolates 
both immature and mature DC showed enhancement for SL2 and 2044 and no effect on 
2076. Of these, only SL2 in mature DC appeared to conform completely to the recent 
study (see above). This isolate probably did not infect the mature DC productively unless 
activated T cells were present (Fig. 5.9B). It is interesting to note that neither LC nor 
dermal DC, two alternative types of mature DC, saw any significant change in p24 
production with the addition of activated T cells.

5.5.5.1.1- Hypotheses for the effects of activated T cells
It was clearly evident by simple morphology that activated T cells were having an 

effect on DC, since they adhered transiently to plastic and became elongated and strikingly 
dendritic (Fig. 5.11). There was also limited change in some of the cell surface markers 
examined. Induction of cell death in DC by the activated T cells was excluded by several 
tests (Figs. 5.12, 5.13, 514), and indeed in the absence of GM-CSF and IL-4, activated T 
cells acted as a DC survival factor (Fig. 5.13). This could have been mediated by the 
presence on the activated T cells of molecules such as CD40L or TRANCE (Wong et al,
1997).

The reason for the variable effects seen with DC is not certain. It is possible that 
there are two separate mechanisms at work, one of which leads to enhancement, and the 
other to inhibition. Thus, inhibition in immature DC could be due to activated T cells 
inducing maturation in the DC. CD40L, which is expressed on activated T cells has been 
shown to induce DC maturation (Sallusto et al., 1995). As shown in this study, mature DC 
produce less HIV-1 than immature DC. However, FACS analysis showed that treatment of 
immature DC with HUT78s did not lead to any obvious up-regulation of markers of DC 
maturation, making this hypothesis unlikely.

Another possibility is that activated T cells stimulate production of M IP-la, MIP- 
1(3, and RANTES from macrophages via CD40L-CD40 interactions (Kombluth et al..
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1998). This chemokine production can lead to suppression of HIV-1 infection of 
macrophages and T cells. Work from that study, and from Shattock et al (1994, 1996b), 
showed that activated T cells enhance HIV-1 replication in macrophages, suggesting that 
if these chemokines are being produced they are not in sufficient quantities to inhibit 
infection in macrophages or to overcome the enhancing effects of the activated T cells. 
But it is possible that in DC there were some cases where enough chemokines were being 
produced to overcome the enhancement. This would be especially important for the lab- 
adapted strains as they are more sensitive to neutralisation, but inhibition of RF infection 
would require the chemokine SDF-1. This hypothesis might be examined in the future by 
measuring the levels of chemokines in the supernatant.

It is even conceivable, although unlikely, that both enhancement and inhibition 
could be mediated by chemokines. It has been shown that MIP-1 a, MIP-1 p, and RANTES 
can enhance replication of some isolates in macrophages, if the macrophages are exposed 
to chemokines prior to infection and then the chemokines removed (Schmidtmayerova et 
al, 1996). Also, using whole blocks of lymphoid tissue and an M-tropic isolate, low levels 
of M IP-la had differing effects, depending on the donor. In some cases enhancement was 
seen and in some cases inhibition (Margolis et al, 1998), and this suggests that donor 
variability may play a role.

Finally it possible that activated T cells induce cytokine release from the DC, such 
as IL-12, whose secretion is known to be induced by CD40L interacting with CD40 on the 
DC.(Celia et al, 1996) as well as other stimuli (Reis e Sousa et a l, 1997). IL12 has been 
shown to have complex effects on HIV production in DC/CD4^ T cell co-cultures (Weissman 
et al, 1996).

Thus in short, it appears that activated T cells can induce both enhancement and 
inhibition of HIV-1 replication in DC. These are probably mediated by two different 
antagonistic mechanisms, with the one winning dependent on the donor of the cells and 
the isolate used. The results seen with primary strains suggest that enhancement would 
most likely be seen in vivo, although it appears that some isolates (2076) and some cell 
types (LC and dermal DC) are unaffected.

5.5.5.1.2- Possible cell surface molecules responsible for the effects of acti
vated T cells

The activated T cells used were fixed with paraformaldehyde to prevent replication 
of virus within them, and to limit their effects to interaction of cell surface molecules and 
not cytokine production. Of the molecules examined any one of the activation markers 
could be a candidate for interaction with DC surface molecules, with the likely exception 
of CD25 (which is the IL-2 receptor alpha), and CD58 (which interacts with CD2, a molecule 
not found on DC). Of the remainder CD54 interacts with CDl la  and CD 18, both of which 
are expressed on DC. CD70 is a member of the TNF family similar to CD40L, and interacts
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with CD27, which is expressed on DC. Unfortunately the prime candidate, CD40L, was 
not examined, and many other molecules exist that could be responsible. Their role could 
be tested either by blocking them or their ligands with antibody and seeing whether this 
abolishes the effects of activated T cells.

Of the other tested molecules only CD48 and CD86 showed significant changes. 
d0148 is a possible counter receptor of CD2, but its role is not fully understood. CD86 can 
bind CD28 and CTLA-4, but while present on activated HUT78 cells it is not found in 
activated primary T cells, thus making it a poor candidate for the role of DC activation. 
Thus of the those molecules tested CD70 maybe a likely T cell candidate for a role in DC 
activation.

5.5.6- Potential in vivo relevance
DC are distributed throughout the body, and can migrate to lymph nodes, where 

they interact with T cells. This makes them potentially important in initial infection and 
spread of the virus, and there is much evidence to support this (Spira et al., 1996, Zaitseva 
et al, 1997, Zoeteweij & Blauvelt, 1998). If virus is taken up in the periphery, on migration 
to the lymph nodes DC would pass on this virus to T cells (Ayehunie et al, 1995, Cameron 
etal., 1996, Granelli-Piperno e/ûf/., 1998, Ludewig e/a/., 1996, Pinchuk a/., 1995, Pope 
et al., 1994, Pope et al., 1995b), resulting in the initial burst of viraemia seen in primary 
infection (see section 1.4.1).

DC may become infected in the periphery and this study showed that infection is 
well tolerated by DC and cell death does not occur (unlike T cells). On migrating to the 
lymph nodes the DC would activate T cells. These in turn would activate the DC and 
induce an increase in production of virus by them. This increase in virus production would 
in turn lead to greater numbers of infected T cells, which, having being activated by the 
DC, would produce more virus, a vicious circle. Hence dissemination would occur.

This might explain why coincidental infections in HIV patients such as influenza 
result in a transient burst of viraemia (Ho, 1992), and may explain why once opportunistic 
infections take hold there is an inexorable decline in the immune system (unless, of course, 
treatment is given). Infection would result in greater numbers of DC migrating to lymph 
nodes, increased T-cell activation, increased viral production from DC and therefore greater 
numbers of infected T cells, and increased production of large amounts of virus, creating 
a vicious circle.

If the inhibition by activated T cells seen in some of the experiments was genuine 
and not an artefact, then understanding the mechanisms might allow therapeutic intervention, 
down-regulating HIV production by DC and thereby limiting dissemination to T cells. 
Failing this, blocking the enhancement of virus by the DC might be of benefit.
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5.6- Summary
In the system tested, a wide range of both laboratory adapted and primary HIV-1 

isolates could replicate in immature DC irrespective of the tropism of the virus, and with 
no detected detrimental effects on DC morphology and viability. However, not all primary 
isolates could replicate in mature DC, although the majority could. Furthermore, the mature 
DC were able support infection less well. Both macrophages and LC replicated virus as 
expected.

To test the effects of activated T cells on HIV-1 replication in DC, paraformaldehyde 
fixed HUT78 cells were used. Analysis of markers if T-cell activation and comparison 
with peripheral blood T cells suggested that the model was valid. These cells had the 
expected effect on macrophages, increasing production of M-tropic, but not T-tropic virus. 
The effect of the activated T cells on DC was less clear and depended somewhat on the 
maturation status of the DC. Activated T cells enhanced the production of primary isolates 
in both immature and mature DC, but had variable effects on laboratory adapted isolates. 
No effect was seen on LC. While the activated T cells clearly had morphological effects on 
DC, no mechanism was elucidated for its effects on HIV-1 replication.
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DC are of crucial importance in priming naïve T cells, stimulating secondary 
responses, and combating infection. The initial premise, based on the observations of others, 
was that DC are abnormal, both in function and in numbers, in HIV-1 infection. Given the 
important role of DC in the immune system, such abnormalities in DC could thus be an 
important component responsible for the immune breakdown seen as HIV-1 disease 
progresses. Therefore the main aims of this PhD were to assess a possible role for HIV-1 
in DC dysfunction, and to assess the replication kinetics and toxic effect of HIV-1 infection 
of DC.

Given that most DC remain uninfected, DC dysfunction may be due to an HIV-1 
soluble component. Gpl20 can be shed from infected cells and is found in the plasma of 
infected patients. Further to this, gpl20 has been shown to have adverse affects on other 
cell types, such as CD4+ T cells, hence it was selected at as the most likely candidate for a 
soluble HIV-1 factor. To this end, a novel system has been set up whereby gpl20 can be 
cloned from a molecular clone of the HIV-1 virus, expressed in a human cell line, and then 
purified to almost homogeneity using a novel and simple two column strategy. Given the 
very low purity of the initial supernatant, a recovery of around 20% of initial rgpl20, and 
a final purity of the rgpl20 of >95% as assessed by densitometry, were highly satisfactory. 
The protein remained conformationally intact as assessed by sCD4 and antibody binding, 
and with careful precautions proteolytic cleavage of the V3 loop could be avoided. The 
broad band (as compared to CHO expressed rgpl20) of the rgpl20 seen by silver stain, 
suggested that the use of a human cell line resulted in a more heterogeneous glycosylation, 
more in keeping with gpl20 produced by PBMC. Such a system allows the easy purification 
of a diverse range of gpl20 for use in subsequent assays, even at low concentrations, and 
has the potential to be scaled up should the need arise.

Using this system two rgpl20 were purified from the HIV-1 isolates SF162 and 
SF2, which are M- and T-tropic respectively. These proteins were rigorously assessed for 
conformation and concentration prior to their use to examine the effects of rgpl20 on DC. 
Highly purified SF162 and SF2 rgpl20 inhibited DC-induced proliferation of both 
autologous and allogeneic CD4+ and (unexpectedly) CD8^ T cells significantly. Pre-pulsing 
the cells with gpl20 resulted in the novel finding that the majority of the effect of rgpl20 
was at the DC as opposed to the T-cell level. This effect was also obtained using an rgpl20 
(Chiron SF2) from a separate source and could be blocked by sCD4. A similar effect was 
seen when rgpl20 was added to during the generation of DC from monocyte precursors.

Investigations as to the cause of the inhibitory effect of rgpl20 on proliferation
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showed that it was not due to eellular death of either DC or T cells. Nor did it appear to be 

due to adverse consequences on DC/T-cell clustering, although some was seen at the highest 

concentrations of SF162 rgpl20  used. It is possible that this effect would have become 

more apparent had higher concentrations of all rgp l20  been tried, and it is possible that 

this m ight be im portant for T-cell m ediated effects which appear to require higher 

concentrations of g p l20  for inhibition to be seen. Investigations of levels of cell surface 

accessory and co-stimulatory molecules also showed no change. Thus no mechanism 

responsible for the inhibition by rgpl20  was discovered. Elucidation of such a mechanism 

would be of interest for future research, especially the possibility that aberrant cytokine^by 

the DC, similar to that seen in gp 120-treated macrophages, could be responsible.

Further to this, elucidation of the signalling pathway in DC resulting in the inhibition 

would also be interesting. Preliminary research suggested that SF162 rgp l20  could signal 

into DC as measured by a phosphotyrosine assay, and that this signalling was slow and 

therefore likely to be inhibitory. However, more work needs to be undertaken to make firm 

conclusions, and also to discover whether signalling was happening via CD4, coreceptor, 

or a combinationjthe two. Beyond this, individual components of the signalling pathway 

could be examined, as could its relationship to poor T-eell stimulation by DC, possibly 

leading to some way of correcting this in vivo.
Given that inhibition of T-cell proliferation occurs between 62.5 and 125 ng/ml of 

rgp 120, sufficient gp l20  has been shown to be present in the blood of AIDS patients for 

the inhibitory effect on DC-induced T-cell proliferation to occur in vivo. Furthermore it is 

possible that sufficient levels are found in the lymph nodes of patients at other stages of 

disease. Such an inhibitory effect could be the cause of dysregulation of HIV-1 exposed 

DC seen by other researchers both in vitro and in vivo, and may affect the ability of an 

individual to ward off disease progression and opportunistic infections due to an incomplete 

immune response, and therefore would be of great interest. However if this inhibitory 

effect is found in vivo, it is not possible to conclude whether this is a cause of disease 

progression, or the result of disease progression. Finally it important to note that the DC 

used were generated from monocyte precursors using cytokines, and while these have 

been shown to be a useful model of the DC found in vivo, it remains possible that they 

provide an inaccurate model in these experiments.

As well as being adversely affected by gp l20 , DC were shown to be able to be 

infected by a wide range of HIV-1 isolates. Isolates could replicate in DC irrespective of 

their tropism or coreceptor use. In fact tropism did not correlate well with production of 

p24, with the two M-tropic strains Ba-L and SL2, producing the most and least respectively. 

Nor did vims appear to be toxic to the DC, having no negative effects on either DC viability, 

or morphology, or cell surface molecules (at least for those isolates tested). However the 

ability of infected DC to stimulate T-cell proliferation was not tested due to the technical
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limitations of working in a Category III facility. Treatment of DC with LPS to create 
“mature” DC lead to a reduction in p24 production, with one isolate, SL2 failing to 
productively infect.

While infected DC can pass on HIV-1 readily to T cells, resulting in a burst of 
viraemia, the converse effects of the T cells are more complex. There was visual evidence 
of a morphological effect on DC, which became transiently plastic adherent, suggesting 
some form of activation event. On immature DC, fixed, activated T cells induced both 
enhancement and inhibition of HIV-1 replication in the DC, while in mature DC these T 
cells induced inhibition of laboratory adapted isolates, and enhancement of primary isolates, 
even inducing expression of SL2. However, using LC, activated T cells had no effect on 
HIV-1 replication. The discrepancies in the results found may represent the presence of 
two opposing mechanisms, or may be due to donor variation. Since the blood used in these 
experiments was in the form of huffy coats supplied by the National Blood Transfusion 
Service, retesting an individual’s blood was not possible.

These results taken in conjunction with the fact that DC can pass on infection to T 
cells suggests that a feed back loop could be set up whereby infected DC would migrate to 
lymph nodes, where they would pass on the infection to T cells and activate them. The 
activated T cells would in turn enhance replication of HIV-1 in DC resulting in greater 
infection of T cells. Thus if the mechanisms involved in enhancement and inhibition of 
HIV-1 production from DC by activated T cells could be elucidated, it might be possible to 
either block the enhancement, or promote inhibition, thereby limiting the spread of infection 
to T cells.

In summary, this study has shown two separate interactions between DC with HFV- 
1, both of which have potential adverse implications. Firstly, HIV-1 rgp 120 inhibits the 
ability of DC to induce T-cell proliferation, thereby possibly reducing the capacity of the 
immune system both to combat the HIV-1 infection itself, and also opportunistic infections. 
Secondly, HIV-1 can readily infect DC, and interactions with activated T cells, as might 
occur in the lymph nodes, can result in the enhancement of HIV-1 replication in DC, thus 
potentially exacerbating the spread of infection.
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APPENDIX I-SOLUTIONS

1.1- LB (Luria Bertani)
0.5% yeast extract, 1% tryptone, 1% NaCl, 0.8% glucose.
1.1.1- LB Ap plates

1.6% agar was added to LB (I.l). When the temperature was less than 
50°C, 20mg/1 ampicillin was added.

1.2- Antibiotic stock solution

Ampicillin (AP) stock solution was prepared at lOOmg/ml. This was filter

sterilised through a 0.22|im nitro-cellulose filter (Millipore).

1.3- TE buffer
lOmM Tris-Cl pH7.5, ImM EDTA.

1.4- PBS (pH7.4)
130mM NaCl, 7mM Na HPO , 30mM KH PO .

1.5- SOx TAE buffer
2M Tris-HCl, IM Acetic acid, lOOmM EDTA.

1.6- DNA agarose gel loading buffer
0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol, 25% (v/v) ficoll-700.

1.7- Colony cracking buffer
0.2M NaOH, 0.5% (w/v) SDS, 0.25% (w/v) bromophenol blue.

1.8- Mammalian cell lysis buffer
lOmM Tris-HCl (pH8.3), ImM EDTA, 0.5% (v/v) Triton X-100, 0.001% (w/v) 
SDS. Immediately prior to use 300 pg of proteinase K (Promega) per ml is added.

1.9- Trypan Blue Dye
0.2% (w/v) Trypan Blue, 0.2% (w/v) NaN in PBS.

1.10- 2x HEPES-buffered saline (HBS)
280mM NaCl, lOmM KCl, 1.5mM Na HPO 2H O, 12mM Dextrose, 50mM

2 4 2
HEPES. Using 0.5N NaOH pH is carefully adjusted to 7.05, then the solution is 
sterilised by passing through a 0.22pM filter, and aliquots stored at -20°C. Aliquots 
should be thawed immediately prior to use and not refrozen.

1.11- 2M CaCl
2

2M CaCl .6H O. Sterilise by passing through a 0.22pM filter, and strore aliquots at
2 2

-20°C.
1.12- pGal buffer

5mM potassium ferricyanide, 5mM potassium ferrocyanide, 2mM M gCl.
1.13- X-gal

Dissolve in dimethylformamide to make a 20 mg/ml stock solution. Store in glass
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Appendix L—Solutions

in dark, at -20°C.
1.14- TBS (pH 7.6)

20mM Tris-Base, 137mM NaCl, 3.8mM HCl.
1.15- TBS-Tween

TBS, 0.05% (v/v) Tween-20.
1.16- Bicarbonate buffer

0.015M Na CO , 0.035M NaHCO , pH9.6.
1.17- Coupling buffer

0.2M NaHCO , 0.5M NaCl (pH 8.3). Filtered through a 0.22 pm cellulose acetate 
filter.

1.18- NHS buffer A
0.5M ethanolamine, 0.5M NaCl (pH 8.3). Filtered through a 0.22 pm cellulose 
acetate filter, and degassed.

1.19- NHS buffer B
O.IM acetate, 0.5M NaCl (pH4.0). Filtered through a 0.22 pm cellulose acetate 
filter, and degassed.

1.20- Column storage buffer
0.05M Na H P04,0.1% (w/v) NaN (pH 7.0). Filtered through a 0.22 pm cellulose

2 3
acetate filter, and degassed.

1.21- Sorenson’s buffer
O.IM glycine-HCl (pH 2.8) Filtered through a 0.22 pm cellulose acetate filter, and 
degassed.

1.22- 2x reducing protein loading buffer
lOOmM Tris-HCl pH 6.8, 200mM DTT, 4% (w/v) SDS, 20% (v/v) glycerol, 20% 
(v/v) 2-mercaptoethanol, 0.2% (w/v) bromothenol blue.

1.23- Blotting buffer
25mM Tris-HCl (pH6.8), 200mM glycine, 20% (v/v) methanol

1.24- NP-40 lysis buffer
150 mM NaCl, 1% (v/v) NP-40, 50 mM Tris-HCl (pH 8.0), ImM sodium 
orthovanadate, 2mM hydrogen peroxide, ImM PMSF, lOpg/ml Aprotinin.

1.25- Stripping buffer
62.5mM Tris-HCl (pH 6.7), 2% (w/v) SDS, 0.7% (v/v) 2-mercaptoethanol.

1.26- Metrizamide
14.5 g metrizamide was dissolved in 100 ml RPMI + 10% (v/v) FCS, filtered through 
a 0.45 pm filter and stored until use in the dark at 4°C.
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APPENDIX II—PLASMID VECTORS

? c E > < ‘S ‘i ^ Z o c o «
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Pvul -TO
I (pcDNAS

5.4kb

Smal

II. 1- pcDNA 3 vector (Invitrogen).
Diagram taken from Invitrogen catalogue.

BsmI
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Appendix II—Plasmid vectors

P-Galactosidase

CMVE/P
CMVpGal

7700

SV40 Pa 

SV40 Ori
Amp

II.2- CMVpGal plasmid.

The plasmid expresses (3-gaiactosidase when transfected into mammalian cells, allowing for screening of 

positive transfectants.
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Appendix II—Plasmid vectors

iStPA BH10gpl20

H i n d l J I — B s p H J K h c i l  E c o R I  
A f l l l  ■

Os pMJI  I 
f ’ f l M l  I A.

BamHI
Sail

SnoBI Ndel̂  '
F a p IS p e l .

Hlul

Asp71BJ Kpnl

11.3- P2 plasmid.

The plasmid has tPA-gpl20 cloned into the Hindlll site of the vector pEEl4, producing HIV-1 BHIO 

gpl20 on transfection. This plasmid was made by Celltech (Rhodes et al. 1994).
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Appendix II—Plasmid vectors

250

B g m
4080

BgU l 730

Sail
1830

II.4- pEE6.ne vector (Celltech)
The vector contains the hCMV major immediate early promoter that expresses well in stable transfectants. 

It also has the neomycin resistance gene for G418 selection.
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APPENDIX III—MANUFACTURERS’ 
ADDRESSES

Aalto Bio Reagents Ltd, 14 Main Street, Rathfarnham, Dublin 14, Ireland.

AIDS Reagent Program (ARP), NIBSC, Blanche Lane, South Mimms, Potters Bar, Herts 
EN6 3QG

Amersham Life Science Ltd, Amersham Place, Little Chalfont, Bucks HP7 9NA 

Amicon, Upper Mill, Stonehouse, Gloucestershire GLIO 2BJ

Beckmann Coulter, Oakley Court, Kingsmead Business Park, London Road, High 
Wycombe, Bucks H pll 1JU

Bio-Rad Laboratories Ltd, Bio-Rad House, Maylands Avenue, Hemel Hempstead, Herts 
HP2 7TD

Boehringer Mannheim Ltd, Bell Lane, Lewes, East Sussex BN7 ILG 

Celltech, 216 Bath Road, Slough, Berks SLl 4EN 

Chiron Corporation, 4560 Horton Street, Emeryville, Ca 94608, USA 

Dako, Denmark House, Angel Drive, Ely, Cambridge CB7 4ET 

Dynatech Laboratories Ltd, Daux Road, Billinghurst, Sussex

Dynal (UK) Ltd, 10 Thursby Road, Croft Business Park, Bromborough, Wirral, Merseyside 
L62 3PW

Evans Medical Limited, Regent Park, Leatherhead, KT22 7PQ

Falcon (Beckton Dickinson), Between Towns Road, Lowley, Oxford 0X4 3LY

Gihco-BRL (Life Technologies), 3 Fountain Drive, Inchinnan Business Park, Paisley, 
PA4 9RF

Harlan Sera Lab, Dodgeford Lane, Belton, Loughborough, Leicestershire LEI2 9TE

ICN Biochemical, 1 Elmwood, Chineham Business Park, Basingstoke, Hampshire RG24 
8NG

ICRF, Clare Hall Laboratories, Blanche Lane, South Mimms, Potters Bar, Herts EN6 
3LD

Immunotech, 13276, Marseille, Cedex 9, France

Invitrogen BV, De Schelp 12, 9351 NV Leek, The Netherlands

Linotype-Hell Ltd, Bath Road, Cheltenham, Gloucestershire GL53 7LR

Medicell International Ltd, 239 Liverpool Road, London, N1 ILX

Molecular Devices Corporation, Unit 4, Charlwood Court, Oak Way, Crawley, West 
Sussex RHl 1 7XA
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Appendix III— Manufacturers* addresses

Murex, Central Road, Temple Hill, Hartford DAI 5LR

Millipore, The Boulevard, Blanchmoor Lane, Watford, Herts WDl 8YW

National Blood Transfusion Service, Collingdale, London

National Diagnostics, Unit 4, Fleet Business Park, Itlings Lane, Hessle, Hull Hu 13 9LX

NBL Gene sciences. South Nelson Industrial Estate, Cramlington, Northumberland, NE23 
9HL

NEN, Boston, MA 02118-2512, USA

NUNC (Life Technologies), 3 Fountain Drive, Inchinnan Business Park, Paisley, PA4 
9RF

Nycomed, Oslo, Norway

Oxford GlycoSciences, Hitching Court, Blacklands Way, Abingdon, 0X14 IRG

Perkin-Elmer Ltd, Maxwell Road, Beaconsfield, Bucks HP9 IQA

Peprotech EC Ltd, 23 St James’s Square, London SWIY 4JH

Pharmacia Biotech, 23 Grosvenor Road, St Albans, Herts All 3AW

Pierce, 3747 N. Meridian Road, PO. Box 117, Rockford, IL 61105, USA

Promega, 2800 Wood Hollow Road, Madison WI 53711-5399, USA

Schering Plough, 1 Giralds Farms, Madison, NJ 07940-1010, USA

Scion Corporation, 82 Worman’s Mill Court, Suite H, Frederick, Maryland, 21701, USA.

Serotec Ltd, 22 Bankside, Station Approach, Kidlington, Oxford 0X5 1 JE

Sigma-Aldrich Company Ltd, Fancy Road, Poole, Dorset, BH12 4XA

Scientific Laboratory Supplies (SLS), Units 26-27 Wilford Industrial Estate, Ruddlington 
Lane, Wilford, Notts NGl 1 7EP

Stratagene, 1011 North Torrey Pines Road, La Jolla, CA 92037, USA 

UBI, TCS, Botolph, Clay don

United States Biochemical (USB), P.O. Box 22400, Cleveland Ohio 44122, USA 

Whatman International Ltd, St Leonard’s Road, 20120 Maidstone, Kent ME 16 OLS
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