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Abstract

The entry stage of the HIV-1 vira life cycle has become a prime target for preventing
HIV-1 infection. This has led to the development of a new class of arti-retroviral agents
termed entry inhibitors, which have proven effective in vitro and in the clinic. These new
agents target three different stages of entry, namely CD4 binding, coreceptor interaction

with either CCR5 or CXCR4 and the fusion process. Here we studied isolates from

entry inhibitor, T-20.

In Chapter 2 we examined corec
sengitivity to CCR5 and CXCR4 inhibit

coreceptor usage profiles were isol with advanced AIDS. The CCR5-

specific agents, PR01.40 an C onoglonal antibody and RANTES, the natural

ligand for CCRS ghhibit | 2 ates, while the two X4 and the three R5X4

viruses wer itive to the -gpecific inhibitor, AMD3100. The five X4 or R5X4

eplicate in peripheral blood mononuclear cells (PBMC) that did

another R5X4 virus could use CCR3, Bob/GPR15 and CXCR6. The R5X4 and X4
viruses contained more diverse V3 loop sequences with a higher overall positive charge,

compared to the R5 viruses. Hence, HIV-1 subtype C viruses are able to use CCR5,



CXCR4 or both for entry, and they are sensitive to specific inhibitors of entry via these

coreceptors.

In Chapter 3 we analyzed isolates from 10 acutely infected individuals, who were
followed longitudinally for up to three years. Two of these individuals (Dul51 and

Dul79) underwent a coreceptor switch and were studied more intens . The other

and the fusion process in a PBMC 5 isolates were sensitive to

RANTES and PRO140 and in to 0 CXCR4 coreceptor inhibitors
AMD3100 and T-140.Ther a ency/ for later isolates to become dlightly less
sensitive to the CGR5 inhjbitors e sengitive to the CXCR4 entry inhibitors. None

of the R5X lates ectively inhibited by PRO140 and RANTES, but the

ecame sensitive to CXCR4 entry inhibitors. Both Dul51 and
amino acid changes in their V3 sequences that included an increased
charge associated with CXCR4 usage. This indicates that coreceptor switching can occur
in subtype C infections and is associated with changes in the V3 loop. However, both
Dul51 and Dul79 were subsequently found to be dually infected with another subtype C

strain, which may account for some of the phenotypic and genotypic changes seen in

these individuals including the appearance of CXCRA4-virus variants.



In Chapter 4 we explored two HIV-1 isolates (CM4 and CM9) able to use
alternate HIV-1 coreceptors for entry (i.e. coreceptors other than CCR5 or CXCR4) on
transfected cell lines. These isolates were tested for their sensitivity to inhibitors of HIV-
1 entry on primary cells. Both isolates were from patients with cryptococcal meningitis, a

severe AIDS defining condition. CM4 was able to use CCR5 and Bob/GPR15 efficiently

CM9 used CCR5, CXCR4, Bob/GPR15, 6 and CCR3 on transfected cells and was

able to replicate in the presence D31 D32/D32 CCR5 PBMC. It was

insensitive to vMIP—]‘otaxi d 1309 usedindividually, but was inhibited completely
when vMIP-1 ord309, igan CR8, were combined with AMD3100. These

results stro that thigpisolate can use CCR8 on primary cells. Collectively

me HIV-1 isolates can use alternate coreceptors on primary

coreceptor inhibitors.

In Chapter 5 we examined the effectiveness of T-20 to inhibit HIV-1 subtype C

isolates. T-20 blocks the fusion stage of the vira entry cycle and it is the first entry

inhibitor to be licensed for clinical use. T-20 consists of 36 amino acids and was designed



based on the HR-2 region of HIV-1 subtype B. A total of 23 HIV-1 subtype C isolates
were tested for their ability to replicate in the presence and absence of T-20. This
included five isolates with multiple genotypic drug resistance mutations to reverse
transcriptase and protease inhibitors. Among the 23 subtype C isolates there were 10-16
amino acid changes in the 36 amino acid region corresponding to 720. However, al

isolates were effectively inhibited by T-20 at 1 ng/ml, including the 5 iselates resistant to

be highly effective in patients with HIV- type C ipfection including those failing

existing anti-retroviral drug regimen

vitro resistance patterns of HIV-1 subtype C to

T-20. Resi 1-20 is uence of persistent exposure to the antiretroviral

atterns of resitance to T-20 were similar to resistance mutations
occurri e B viruses, 11 subtype C and 4 subtype B viruses were passaged in
the presence of increasing concentrations of T-20. The subtype C isolates showed varying
levels of replication at 1 mg/ml T-20 by day 18, but by day 29 al replicated efficiciently
a 10 mg/ml T-20. All isolates showed evidence of genotypic changes in gp4l HR-1
following exposure to T-20 that included G36S/E/D, 137T, V38M/A/L/IE, N42D,

N43K/S, L45R/M and AS0T/V. Five viruses had compensatory changes in the HR-2



region, which corresponds to the T-20 sequence, and two isolates had changes in the V3
region. Mutational patterns among the 4 subtype B viruses were similar to those for
subtype C and those previously published in the literature. These data indicate that in
vitro resistance to T-20 develops rapidly among HIV-1 subtype C isolates. In general,
mutational patterns for subtype C were similar to those described for subtype B,

suggesting that the mechanism of action for T-20 is smilar for HIV- type B and C

isol ates.

Observations from these studies indicate th

epto iditors. Given the propensity for CCR5 usage this

may imply that CCR5 corec jnhibitors may be more effective in countries where
ominate. Entry inhibitors may be useful for prevention and
and have the potential to provide sterilizing immunity. These agents
could be used as mitrobicides and as an adjunct to existing antiretroviral therapies for use
in HIV-1 subtype C infected individuals. However resistance to entry inhibitors can
emerge and should be used in combination with other antiretrovirals to minimize this

outcome. While entry inhibitors provide a new line of defence against HIV-1, their cost

may prevent their use in developing countries in the immediate future. Nevertheless, this

vi



is the first comprehensive study of the sensitivity of HIV-1 subtype C isolates to entry
inhibitors providing a data-driven rationale for their use in individuas infected with HIV-

1 subtype C.
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CHAPTER ONE

1. INTRODUCTION
The South African HIV-1 epidemic has reached explosive proportions. The total number
of HIV-1 infected individuals is estimated to be 5.3 million [4.5million —6.2 million]

(www.unaids.org). Over the next five years AIDS deaths will increase dramatically and

reduce morbidity and mortality as seen in ountries Where treatment is available.

cir Ing T South Africa is subtype C, which is the
pe ide (www.unaids.org). Subtype A/+CRF02_AG

was estimat e Seco spreading subtype followed by subtype B strains.

The predominant straig of H

fastest spreading HIV-1

Subtype A/+ is predominant in Africa together with subtype A and D and
other i ecombinant forms (CRF). Subtype B is most predominant in the
developed world such as North America, Europe and Australia. Subtype C predominates
in India, China, Ethiopia and other regions in southern Africa. Some evidence exists that
subtype C is different from other subtypes in both phenotypic and genotypic

characteristics. It was shown that subtype C was almost exclusively nonsyncytium

inducing (NSI) and did not switch to the syncytium inducing (SI) phenotype (Abebe et



al., 1999; Ping et al., 1999; Tien et al., 1999). Only recently have Sl variants been
identified but the frequency thereof is till low (Cilliers et al., 2003; Janse Van Rensburg
et al., 2002; Johnston et al., 2003; Pollakis et al., 2004). More studies are needed on
patient cohorts followed longitudinally to determine the frequency of a coreceptor switch

in this subtype.

1.1 Natural history of HIV-1 infection in adults and childre

alow HIV-1 infection. After attachment th

where it replicates and is later detect n acute clinical syndrome occurs 2-

re e Jrus. This syndrome presents as flu-like
fect ral nervous system (Vanhems et al., 2000).

During the aeute phase viral replication is very high and can be determined using a viral

4 weeks dfter the irﬁal

symptoms and it gan al

load al., 1996). In the initia phases of HIV-1 infection there is a

take up to 3 monthsto develop and are used to detect HIV-1 infection in an ELISA assay.
HIV-1 is accompanied by a cellular as well as a humoral immune response (Fauci, 1996).
The rate at which the initia infection is controlled is normally a good indicator of how
quickly a patient will progress to develop AIDS (Fauci, 1996). The higher the viral load

set point the higher the chances are the person will progress faster to develop AIDS. A



cytotoxic T-cell response in combination with an antibody response helps control the
initial phase of infection and to reach a set point, which can remain relatively constant
over along time (Koup et al., 1994) (Figure 1.1). The acute phase is followed by the
asymptomatic phase where the patient remains disease free. AIDS is the end stage of the
disease and is associated with CD4 counts below 200 cellgml, and the onset of

opportunistic infections especially tuberculosis and meningitis.

A ) Chronic, asymptomatic
Acute Infection Phase of infection

CD4*T cells

IME FROM INFECTION (months —years)

Figure 1.1: Schematic diagram showing the natural history of viral load and CD4 count.
Three stages associated with disease progression are shown. HIV replicates and steadily
depletes the immune system until the culmination of AIDS. The viral load increases
dramatically in the acute phase and CD4 numbers decline. After a few weeks the immune
system responds to HIV infection, which reduces the vira load and the CD4 number
returns to near normal levels. The CTL response is responsible for control of viremia and
to lesser extent the neutralizing antibody response. Neutralizing antibodies take much
longer to develop and only play a role later in infection. In the AIDS phase viral load
increases and CD4 counts drop. These events allow individuals to remain clinically well
for many years. (Courtesy of Natasha Taylor)



In general, children progress at a faster rate than adults in developing AIDS (Powderly,
1997). This might be attributed to the timing of infection, as these infants could be
infected in utero or as a result of their immature immune system. The highest incidence

of AIDS occurs within the first year of life and accounts for over a third of all pediatric

al., 2003; Pilgrim et al., 1997).

1.2. HIV-1lifecycle
® b
iresi host t

tion enable it to survive and to multiply. It enters the

host cells by binding to CD4 cellular coreceptor. This enables the viral envelope
conformational changes and for cell fusion to occur. Once it
viral RNA is released into the host cell cytoplasm. The reverse
transcriptase enzyme transcribes single stranded RNA into double stranded DNA, which
then establishes itself via the enzyme integrase into the host DNA. This enables the virus
to make use of the host cell machinery to produce more vira particles. Firstly strands of

protein are synthesized which then assembles at the host cell membrane. These are

cleaved into functional proteins by the vira protease enzyme. Once all the proteins are



cleaved vira particles bud out of the host cell membrane using parts of the host cell
membrane to construct viral particles (Pope and Haase, 2003). Approximately 10° viral
particles are produced dailly (Zhang et al., 1999). Knowing how the virus enters and

reproduces itself has presented novel approaches to inhibit parts of the vira life cycle.

These opportunities to inhibit virus replication can be divided into distinct different

1.3 Use of highly actig: anti

vi%/
ther&ART) is one of the major factors influencing
infected patients in industrialized countries (Gallant,
of these drugs has been shown by the rapid decline in AIDS
inhibitors can be grouped as nucleoside antagonists, which consist of zidovudine,
didanosine, zalcitabine, lamivudine, stavudine, abacavir and tenofovir (Kilby and Eron,
2003). The nonnucleoside reverse transcriptase inhibitors consist of nevirapine,

delavirdine, and efavirenz (Kilby and Eron, 2003). The protease inhibitors consist of

ritonavir, indinavir, nelfinavir, amprenavir, lopinavir-ritonavir and two combinations of



saquinavir (Kilby and Eron, 2003). These drugs are usually used in combinations as triple
drug therapies and prolong the asymptomatic phase of infection and can partially restore
immune function. However, drug resistance and poor tolerability in some individuals has

focused attention on the need for additional drug therapies (Hirschel and Opravil, 1999).

14.HIV-1entry

et al., 1996). Fusin was first identified as t

in T-cells and was later renamed C

wWn
) i

XCR4 serve as the magjor entry molecules for all

97; Feng et al., 1996). A second

(Ber
coreceptor, termed C(%S w €e)as the coreceptor for macrophage tropic or

non-syncytium inddcing ates (Deng et al., 1996; Dragic et al., 1996).

the expression of these molecules on CD4 cells determines the

1.4.1 The envelope glycoprotein
The entry of HIV-1 into cells is a multi-step process that is mediated by the vird
envelope (Env) glycoprotein (Wyatt and Sodroski, 1998). Env originates as a single chain

glycoprotein precursor, gpl60, which dissociates to yield the functional glycoproteins



gpl120 and gp4l. These two subunits assemble non-covalently on the virion surface as
trimers (Chan et al., 1997; Wyatt and Sodroski, 1998). The envelope region comprises of
five variable domains (V1-V5), in which nucleotide substitutions, duplications and
deletions produce extensive amino acid diversity and five constant regions (C1-C5),
which is responsible for the more conserved functions of the envelope (Lamers et al.,

1993). The third variale loop (V3 loop) is associated with coreceptor binding and cellular

the V3 loop is very conserved in HI

all cases whereas for 8btyp

positions 11, 25, 13, 19, 23, 24 and 32 (De Wolf et al., 1994; Hwang et al., 1991; Milich,

Margolin, and Swanstrom, 1997; Shioda, Levy, and Cheng-Mayer, 1991; Y oshimura et
al., 1996). Determination of the total number of positively charged amino acidsin the V3

loop revealed that Sl variants have the highest positive charge compared to the NS|



variants (De Wolf et al., 1994; Fauci et al., 1996).

The crystal structure of the gpl20 subtype B strain HXBc2 was elucidated in
1998 in complex with a two-domain fragment of the CD4 receptor and a neutralizing
human antibody that blocks chemokine receptor binding (Kwong et al., 1998). From this
data it was shown that the CD4 binding site on gp120 is fairly well conserved and is

located within a cavity at the interface of the outer domain, inner domaig.and the bridging

formed between the chemokine receptor-

consists of the bridging sheet and th 2 loop (Kwong et al., 1998; Parren

of the
et al., 1999; Wyait ag Sod , 1 . Experimental data has shown that the V1/V2
the an kine receptor binding sites (Wyatt and Sodroski,

inds C her displacement of the V1/V2 and V3 loop occurs,

e receptor binding (Parren et al., 1999; Rizutto and Sodroski,
r to sx CCR5 coreceptors are required for vira fusion to occur
(Kuhmann et al., 2000). Binding to CCR5 induces further conformational changes that
activate the fusion machinery of gp4l. These changes include the formation of a coiled
coil structure domain of gp4l (Chan et al., 1997; Weissenhorn et al., 1997). Fusion with
the cell membrane takes place by insertion of the gp41 subunit into the lipid bilayer of the

target cell, thus rendering Env an integral component of the viral and the target cell



membranes (Chan et al., 1997; Sattentau, Zolla-Pazner, and Poignard, 1995).
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diagram of HIV-1 envelope. The variable loops are shown in
lations dSites containing mannose-type or  hybrid-type
ctures are indicated by branched structures and glycosylation sites
containing complex-type oligosaccharides structures are indicated by the U-shaped
branches. Epitopes able to induce neutralizing antibodies are highlighted in color.

Taken from (Zolla-Pazner, 2004)

1.4.2 Coreceptor usage
The discovery of the chemokine receptors CCR5 and CXCR4 as HIV-1 entry coreceptors

allowed for a more precise understanding of biological phenotypes (Doms and Peiper,



1997). The MT-2 cell line, which traditionally is used to classify viruses as SI or NS,
express high levels of CXCR4, but do not express CCR5. Thus the ability to grow in MT-
2 cells is a function of the ability of Sl isolates to use CXCR4. HIV-1 strains that use
CXCR4 are designated X4 and those that use CCRS5 are called R5 viruses (Berger et al.,
1998). Viral strains often show preferential use of a coreceptor, although some dual

tropic strains have the ability to use both CCR5 and CXCR4 equivalel and are termed

Vodicka et al., 1997). CCR5 is expressed on
dendritic cells ard brain cells while CXC
monocytes (He et al., 1997; Lusso,
individuals are amost exclusively CCR5- indicatingbthat R5 viruses are selectively

transmitted. It is thought that mac ritic cells, which are abundant in

h io%ymphoid tissues and are responsible for
ough

r

an
mucosal tissues, tran%ort t n
dissemination of thé virus body.

G-protein coupl eceptor family (Berger, 1997) (Figure 1.3 and 1.4). They share
approximately 32% amino acid identity, although this is reduced to 20% when only the
amino acids on the extracellular surface are compared (Doms and Peiper, 1997). Both

CCR5 and CXCR4 contain 352 amino acids and have three extracellular loops on the

surface of the cell. The extracellular domain contains four cysteine residues (indicated in

10



red) (Figures 1.3 and 1.4), which form disulfide bonds between the amino terminus and
the third extracellular loop and between the first and second extracellular 1oops (Berson
et al., 1996). It is likely that mutations in one extracellular domain may indirectly affect
the function of neighboring regions and that residues in all four extracellular regions can

influence coreceptor usage (Horuk et al., 1994). Alanine scanning mutagenesis and the

et al., 1997). Despite the low amino acid

isolates have been identified that are

et al., 1996; Simmons.et al., ). might be explained by the fact that coreceptors
have common stgdctural ur that a single gp120 molecule engages different

determinant h corec HIV can evolve to use CXCR4 during disease

hat the ability of gpl20 to interact with specific amino acids
tor may change over time (Doranz et al., 1997; Picard et al., 1997).
The surface of CXCR4 is negatively charged whereas CCR5 has an amost neutral charge
(Moore and Stevenson, 2000). This is an indication that the interaction between CCRS5,
CXCR4 and the HIV envelope might be charge related and the higher the charge of the

gp120 the more likely avira isolate is to use CXCR4 (Edinger et al., 1998).
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144 Al tors

d CXCR4, some HIV-1 isolates are able to utilize other
y CCR1, CCR2b, CCR3, CCR8, CXCR6 (Bonzo/STRL33),
Bob/GPR15, and GPRL1 (Edinger et al., 1998; Zhang et al., 1998) (Table 1.1). The use of
alternate coreceptors is rare and is hormally associated with vira isolates from late-stage
disease (Pohlmann, Krumbiegel, and Kirchhoff, 1999). In some cases this may provide a
selective advantage, for example, the ability of some isolates from cerebrospinal fluid to

use CCR3 may allow them to infect microglia, which express both CD4 and CCR3 (He et

13



al., 1997). HIV-1 isolates able to infect thymocytes and utilizing CCR8 was reported
indicating use of alternate coreceptors on primary cells (Lee et al., 2000). Of al the
alternate coreceptors proposed to be utilized by HIV-1, CCR3 and CCR8 appear to be the
most commonly used (Table 1.1). Hoffman and co-workers have shown that the V1 and
V2 loops play an important part in the utilization of minor coreceptors in vitro (Hoffman

et al., 1998). However, the role of these minor coreceptors in vivo il aiNs uncertain

(Zhang and Moore, 1999).

they were able to productively infect PB able to replicate in cell lines

expressing CCR5, CXCR4, CCR1, , CC CR6 and Bob/GPR15 (Azevedo-
ts ound by Willey et al., in that HIV-2, SIV and
inf defective PBMC and brain microvascular

s (BMVEC's) Which lack both CCR5 and CXCR4 (Willey et al., 2003).

Pereira et al., 2003). %milar

HIV isolates w able

endothelial
lates tested had an R5X4 phenotype except one, which used
(Willey et al., 2003). These viruses were inhibited by vMIP-1, a
chemokine secreted’by human herpes virus-8 (HHV-8), which is able to bind to a wide
range of chemokine receptors including CCR8, GPR1 and CXCR®6 thus indicating an

unknown route of entry into cellsrelevant to in vivo infection (Willey et al., 2003).
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Table 1.1: In vitro use of coreceptors by HIV-1.

Coreceptor Ligand HIV-1 Reference for coreceptor use
CCR1 MIP-1a, MPIF-1, MCP-3, RANTES -* Bron et al., 1997; McKnight et al., 1998
CCR2b MCP-1, MCP-2, MCP-3 + Doranz et al., 1996
CCR3 Eotaxin, eotaxin-2, MCP-3, MCP-4, RANTES ++ Choe et al., 1996; Doranz et al., 1996
CCR4 MDC, TARC, RANTES, MIP-1 - McKnight et al., 1998
CCR5 MIP-1a, MIP-1R, RANTES, MCP-2 ++++ Alkhatib et al., 1996; Deng et al., 1996; Dragic et al., 1996
CCR8 1-309 ++ Rucker et al., 1997
CCR9 TECK + Choe et al., 1998

CXCR4 SDF-1 +++ Feng et al., 1996
CX3CR1/V28 Fractalkine + Reeves et al., 1997
CXCR6/Bonzo CXCL16 + Alkhatib et al., 1997;

GPR1 ? + Farzan et

Bob/GPR15 ? +
Apj Apelin +
Chem R23 ? +

RDC1 ?
* Rarely or never used as a coreceptor (-); occasio

R5X4 isolates in bold); major coreceptor u i in vivo (++++) (for example CCR5
usage by HIV-1 R5 isolates).

1.5 Resistance to HIEL inf

HIV-1 variants [ ual e associated with CCR5 as the coreceptor of
preferenc 1997; n et al., 1996a). This coreceptor was first discovered

people who engaged in highrisk sexua behavior, but who

fected (Connor et al., 1996; Paxton et al., 1996; Samson et al.,
1996a). Subsequently a 32-base pair deletion ©32) in the CCR5 gene in the region
encoding the second extra-cellular loop was discovered which results in a frame shift and
premature truncation of the protein (Liu et al., 1996; Samson et al., 1996b). This
truncated polypeptide is expressed, but does not appear on the cell surface and lacks

coreceptor activity (Liu et al., 1996; Ranaet al., 1997; Samson et al., 1996a). Individuals

15



who are homozygous for D32 CCR5 are highly resistant, but not immune to HIV-1
infection as they can be infected by viruses that use CXCR4 (Biti et al., 1997; O'Brien et
al., 1997; Theodorou et al., 1997). Individuals who are heterozygous for D32 CCR5
progress to disease more slowly and have a much lower viral load, probably as a result of
reduced expression of CCR5 (Dean et al., 1996; Huang et al., 1996; Michael et al.,

1997). The allele frequency of D32 CCRS5 in the Caucasian popul ationgissapproximately

a protective advantage against bubonic plag

rate were noted when BALB/c and 3CID challenged with Yersinia pestis or .

pseudotuberculosis (Mecsas Is indicates that some other pathogen or
urrence of this mutation. While the D32 CCR5

s why e individuals remain uninfected by HIV, despite

virus, only a minority of highly exposed persistent seronegative
individuals ozygous for the D32 CCRY5, indicating that there are other naturally

occurring mechanisms for HIV resistance.

1.6 Entry inhibitors
HIV-1 entry into a cell is a multi-step process and involves the envelope region of HIV-1

and two molecules on the cell surface (Wyatt and Sodroski, 1998). This entry step occurs

16



in three distinct phases, alowing multiple opportunities for intervention. Entry inhibitors
can act at all three stages during this process: the attachment of gpl20 to CD4, the
interaction of the gpl20-CD4 complex with a coreceptor and the gp4l mediated
membrane fusion process. Agents that target these 3 steps are broadly referred to as entry
inhibitors (Figure 1.5). Novel compounds targeting each one of these three stages are in

development and one, T-20, has adready been registered by the_Eood and Drug

Administration and is in use as a therapeutic agent in @Ombination h other

antiretroviral agents.
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Figure 1.5: Three stages of HIV-1 entry and specific inhibition of each stage. The
sequential interactions of HIV-1 gpl120 with the host cell membrane are depicted. The
first interaction is gp120-CD4 followed by coreceptor binding which then allows fusion
of the host and virus cell membranes. Compounds able to prevent CD4 binding ad
coreceptor binding are indicated using arrows to show binding sites and which
interactions are interrupted. The mechanism of action for T-20 and T1249 is shown.
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1.6.1 Preventing CD4-gp120 interactions

1.6.1.1 PRO542

PRO542 is atetravalent CD4-immunoglobin fusion protein that comprises the D1 and D2
domains of human CD4 genetically fused to the heavy and light constant regions of
human 1gG2. This agent is aso known as CD4-1gG2 (Allaway et al., 1995). It consists of

two heavy chains from a human CD4-1gG2 heavy chain fusion protein.and two chains of

viruses from treated patients rendering R5 viruses
consistent with other antiretroviral agents when treating patients.
0542 may be particularly useful as a salvage therapy as the
most notable effects were seen in patients with high viral loads and low CD4 counts

(Jacobson et al., 2004).
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Figure 1.6: The structure of PRO542

1.6.1.2 BM S-378806
BMS-378806 is a sméll molw d has inhibitory activity by binding to or
close to the CD din n gp (Guo et al., 2003; Lin et al., 2003). It has been

shown to [ tency withran effective concentration of 40 nM against HIV-1 but

V-2 and Simian Immunodeficiency Virus @lV) (Lin et al.,
2003). Itsin activity is independent of coreceptor usage, which makes it a useful
agent to treat HIV (Guo et al., 2003; Lin et al., 2003). It has significant pharmacological
advantages such as low protein binding, minimal human sera effect on anti-HIV potency.
It has good oral bioavailablity and low toxicity in animal studies (Lin et al., 2003).
Although it was shown to be very potent against most HIV-1 subtype B strains resistance

to this compound developed by amino acid substitutions in the CD4 binding region
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within 20 days or more (Lin et al., 2003). Three amino acid differences were prominent
with an M426L, M4341/VIT and M475I being able to render these isolates resistant to the
compound (Guo et al., 2003; Lin et al., 2003). Mutations in other regions were also noted
and had a complementary role in developing resistance (Lin et al., 2003). Analysis of
sequences from nonB subtypes show a high frequency of naturally occurring resistance

mutations, suggesting that it may be less useful in other subtypes (Moo al., 2004).

o

OCH,
a
N N |

N H

been produced in recombinant form in Escherichia coli and has identical properties to
natural CV-N (Boyd et al., 1997). It is extremely stable and able to withstand
denaturation by heat, denaturants, detergents, organic solvents and can withstand multiple

freeze thaw cycles (Boyd et al., 1997). CV-N targets the virion attachment to the host cell

and blocks the CD4-gp120 interaction. CV-N recognizes Man (alpha) 1> 2Man-linked
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mannose residues. CV-N thus also is able to block 2G12 binding to the viral envelope
since this antibody recognizes an epitope that includes complex and hybrid carbohydrate
residues. CV-N targets the same epitope as the 2G12 monoclonal antibody and prevents
CD4 binding to HIV envelope possibly through steric hindrance, importantly the binding
patterns of CV-N overlap but are not identical (Esser et al., 1999; Wyatt and Sodroski,

1998). CV-N has shown antiviral activity against a broad range of virusessuch as HIV-1,

(Dey et al., 2000; O'Keefe et al., 2003).

1.6.2 CCR5 Inhibitors
16.21 RANTES
RANTES (regulated &pon ormal T cell expressed and secreted) is a [3-
-cells and binds to CCR5 and other chemokine
receptors. It plays ani during the inflammatory response and is responsible
for | (Fernandez and Lolis, 2001; Wu et al., 1997a). It is the natural
ligan d prevents HIV from entering the cell by binding to CCR5 (Cocchi et
al., 1995; Trkola ., 1996; Trkola et al., 2001). RANTES has been speculated to play
a mgor role during disease progression in that high RANTES concentrations might
inhibit R5 strains and thus prolong the asymptomatic phase or predict the switch to X4
variants (Saha et al., 1998). It was shown by Trkola and coworkers that very high

concentration of RANTES (>500 ng/ml) might enhance HIV infection (Trkola et al.,
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1999). A proposed mechanism might be that RANTES bind free virions and enhances
virus cell interactions (Trkola et al., 1999). Escape of R5 variants from RANTES has
been shown in rapid progressors but not in long-term survivors predicting a role for
RANTES in controlling HIV-1 vira load as well as progression to disease (Koning et al.,
2003).

RANTES has proven to be a useful agent to screen for other,small molecule

et al., 1997). Met-RANTES was develop i hionine at the amino terminus

and has potent antagonistic effects TES mons et al., 1997). Met-RANTES
at

and AOP-RANTES kg/e s abi hibiting R5 isolates compared to natural

RANTES (Gordonget al., 2999; S et al., 1997). In contrast, excess concentrations

en HIV infectivity possibly via crosdinking with
rdon et al., 1999; Marozsan et al., 2001). Both Met-RANTES
S are only effective against R5 isolates and are not effective against X4

isolates (Simmons et al., 1997).

1.6.22TAK779

TAK779 prevents HIV-1 infection by binding a pocket formed by the trans- membrane

helices 1, 2, 3 and 7 of CCR5 and does not induce down-modulation or signaling of the

22



receptor (Baba et al., 1999; Dragic et al., 2000). It has high specificity for CCR5 and
CCR2 (Baba et al., 1999; Dragic et al., 2000). It has an ICsp ranging between 24 nM
(Dragic et al., 2000). TAK779 is not being considered for clinical application but is a

useful inhibitor of R5 isolates in vitro (Trkolaet al., 2001).
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Figure 1.8: Structure of TAK779 (Taken aba et al [51999)

1.6.2.3 PRO140

PRO140 is an antizCCR5 gnono ody and has high specificity for the cellular

coreceptor CCR5 (Qlson et 999). It does not induce downmodulation or signaling
of ther al., 1999). It is very potent and prevents R5 strains from binding
to no ability to block X4 solates and has an 1Cq Of 2 pg/ml
(Trkola et al., ). PRO140 binds amino acids in the amino terminus and second
extracellular loop of CCR5 preventing both gp120 and chemokine binding (Olson et al.,
1999). PRO140 is effective against most R5 HIV-1 strains including HIV-1 subtype C
isolates (Cilliers et al., 2003; Trkola et al., 2001). No resistance mutants have thus far
been shown for PRO140, which makes it very useful as a possible drug therapy

(LaBrancheet al., 2001). Itis till in pre-clinical testing.
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1.6.2.4 SCH-C (SCH-351125) and SCH-D

SCH-C is a smal nonpeptide molecule called oxime-piperidine and has a molecular
weight of 557.5 KDa (Strizki et al., 2001). It is very specific for CCR5 with no cross
reactivity to other chemokine receptors and prevents R5 viruses from binding to CCR5

(Strizki et al., 2001). It has a mean 1Cso concentration ranging between, 0.4 and 0.9 nM

and E283 in TM7 (Tsamis et al., 2
subtype G isolate and ‘t mig
use CCRS5 in the pfesenc rizki et al., 2001). It has good pharmacokinetic
a serum half-life of 5-6 hours (Strizki et al., 2001).

trials have been less favorable due to cardiac irregularities
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Figure 1.9: Chemical structure of SCH-C (T et al., 2002)

SCH-D is a follow-up compound of SC fferent structure compared to
SCH-C but the mechanism of actio he same. It is reported to be more
al.,}2004). SCH-D has a longer haf-life, better
ilabilTeyain sat and monkey studies (Schurmann et al., 2004).

It has enter ini [ wn to be more effective at the higher dose range. It

had a longer efore viral rebound compared to patients in the lower dose tria
group. [ e due to saturation of the CCR5 receptors giving prolonged inhibition
of vira rebound (SChurmann et al., 2004).

1.6.3 CXCR4 Inhibitors

Inhibitors targeting CXCR4 are highly cationic compounds and specific for CXCR4

(Fujii, Nakashima, and Tamamura, 2003). Targeting CXCR4 as a potential therapy may
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prove to be very difficult as CXCR4 is important for embryogenesis and both CXCR4
and its natural ligand stromal cell derived factor-1 (SDF-1) play important
immunological roles (Fernandez and Lolis, 2001). Nevertheless a number of compounds

have been devel oped.

1.6.3.1 SDF-1a

of CXCR4 (Labr et s et al., 1997) (Figure 1.9). It has an effective

1.6.3.2 AMD3100
AMD3100 is a bicyclsn and cationic corfipound that binds to the extracellular loops
1998;

concentratign i omol and it prevents X4 and R5X4 isolates from binding
tivity againgt R5 viruses (Donzella et al., 1998; Labrosse et al.,
, 1997). Resistance to AMD3100 takes a long time to develop in vitro
and occurs after 50-60 seria passages, which is likely to give it a favorable resistance
profile (Hendrix et al., 2000). It is not orally available and is administered intravenously
or sub-cutaneoudly. It has an in vivo haf-life of approximately 0.9 hours (Hendrix et al.,
2000). AMD3100 was the first known chemokine receptor blocker to enter Phase |

clinical trials (Hendrix et al., 2000). However AMD3100 caused an elevated white blood
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cell count and due to this side effect no further clinical trials were undertaken (Hendrix et

al., 2000).

el
C I

N2

Figure 1.10: Structure of AMD3100. (T fromHendrix et al 5”2000)

1.6.3.3T-140 and T22
T22 is the precursor pepti O\ T-140 and is a synthetic polyphemusin

analogue consisting of 18 amino two disulfide bridges forming an anti-parallel

[3-sheet strucfure (Frgure 1.1 amura et al., 1996; Tamamuraet al., 1998Db). It has a
half maxim ive'eoncentration at 290 nM in vitro and has specificity for X4 viruses
. T-140 is a smaller peptide and consists of 14 amino acid
residues with a singte disulfide bond (Tamamura et al., 1998a; Tamamura et al., 1998b).

It has higher anti-HIV activity at alower 1Csp of 12 nM.
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Figure 1.11: The peptide structure of T-140 taken fsom amura et al’;2003)

1.6.3.4 ALX40-4C
ALX40-4C is a peptide consisting of n rgininefkesidues (Doranz et al., 1997
Nakashima et al., 1992; O'Brien et al 96). ecificity against X4 viruses but is
ineffective against R5 viru t mate 1Csp of 3 nM for X4 strains (O'Brien

et al., 1996). Due to displacement,studies with both 12G5 (a monoclonal antibody to

CXCRY4) it is postuleted that 40-4C binds to the first and second extracellular loops
of CXC ., 2001 Doranz et al., 1997). ALX40-4c proved to be safe and
[ clinical trials. It was tested on 40 patients, 12 of whom
harbored X4 vir (Doranz et al., 2001). Due to low efficiency of this compound to
broadly inhibit HIV-1 clinical development of this compound was halted (Doranz et al.,
2001). Even though this clinical trial did not result in the desired outcome it proved that

X4 inhibitors could be safely administered without severe adverse side effects even

though the effects on white blood cell counts were not investigated (Doranz et al., 2001).
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1.6.4 Inhibiting gp41

The fusion process is another useful target for entry inhibitors. The gp4l consists of a
fusion peptide and 2-terminal heptad repeat regions (HR-1 and HR-2), which are coiled
coils and fold into each other to enable fusion to take place (Chan et al., 1997). These two
heptad regions contain conserved areas that can serve as target areas for development of

entry inhibitors.

COOH

Figure 1.12: A schematic map of gp4ld amino terminus to the carboxy
terminus. The fusion peptide (FP) is Sit iAo terminus and acts as a spike
that inserts into the host cell membrane. The igirls the first heptad-repeat region
and forms part of the coiled coil stru e linker between HR-1 and HR-2

and acts as a hinge during fusion. d heptad-repeat region (HR-2) is shown in
blue and is situated near the ion (TM) of the virus. The region from
which T-20 was derivegl is in (Taken fgom (Kilby and Eron, 2003).

otein (Wild et al., 1994) (Figure 1.11 and Figure 1.12). It
interferes with t rmation of the six-helical bundle by binding to the HR-1 region of
gp41, thereby preventing fusion between the viral and host cell membranes (Kilby et al.,
1998; Wild et al., 1994). T-20 is the first in a new class of anti-retroviral drugs termed
entry inhibitors licensed for use in humans and is known by the name Enfuvirtide or

Fuzeon. In Phase |1l human clinica trials this drug has been shown to be effective for

patients in deep salvage therapy including those with viruses resistant to reverse
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transcriptase and protease inhibitors (Lalezari et al., 2003b). Phase Il clinical trials
involving T-20 were referred to as T-20 versus Optimized Regimen Only (TORO).
TORO | trids enrolled 491 patients from North America and Brazil and the TORO 11 trial
enrolled 504 patients in Europe and Australia (Clotet et al., 2004; Laezari et al., 2003a).
Results from these clinical trials showed that patients who received T-20 as part of their

combination regimen achieved a mean reduction in HIV levels of 1.43 log, copies/ml

restricted in developing countries due to high cost.

Coreceptor interactions have been reported to play arole in T-20 efficiency with CCR5-
using isolates requiring higher concentrations of T-20 to inhibit replication compared to

CXCR4-using viruses (Derdeyn et al., 2000; Derdeyn et al., 2001; Reeveset al., 2002). It
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was found that expresson levels of CCR5 on the host cell could influence the
effectiveness of T-20 (Reeves et al., 2002). Reduced coreceptor affinity can also affect
fusion levels and vira infectivity athough there is no correlation between coreceptor
affinity and entry inhibitor sensitivity (Reeves et al., 2004). A point mutation outside the
(3-21 sheet did affect coreceptor and TAK779 affinity but had no impact on the fusion

kinetics or sensitivity to T-20 (Reeves et al., 2004).

We et al., 2002). A V38 mutation has

(Lu et al., 2004). The N42T and N utant er two and fourfold resistance and
-fold resi

the N43S and N43K (xglfer fi d stance. Combinations of these resistance
ofy resistance with N42T/N43K approximately 32-

fold resist proximately 149-fold higher resistance (Lu et al.,

2004). of fithness was determined and shown to be
>N42T/N43K~N42T/N43S>V 38A/N42D~V 38AN42T>V 38E/N42S

(Lu et al., 2004). These orders of fitness were determined on X4 envelopes, which may
be different for R5 envelopes (Lu et al., 2004). Changes in the V3 loop as well as
sensitivity to T-20 are determined in the V3 loop based on coreceptor usage (Derdeyn et

al., 2000; Derdeyn et al., 2001; Reeves et al., 2002). Changes in the HR-2 region from
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which T-20 was derived have aso been reported to undergo changes to facilitate

resistance (Poveda et al., 2002).

Figure 1.13: The structure of T-20 consists of 36 amino acids and targets the HR-1
region of gp4l. (www.trimeris.com)

Structure of T-20

C204M301N51064 |

Mol. Wt. 4492 |

T-20 is a peptide drug consisting of 36 amino acids

1.6.4.2T-1249

T-1249 is the follow-up compound to T-20. It is a designer peptide consisting of 39
amino acids and was developed to be effective against 20 resistant isolates and was
derived from sequences of HIV-1, HIV-2 and SIV (Eron et al., 2004). The inclusion of
HIV-2 and SIV sequences gives it a broader range of activity. It is currently in Phase |

clinical trials and was used for patients failing phase 11/111 clinical trials with T-20 due to
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resistance. Among these patients a drop of HIV plasma RNA of 1.1-1og10 copies/ml was
seen (Eron et al., 2004). T-1249 was well tolerated over a 14-day treatment period (Eron
et al., 2004). Most patients had injection Site reactions and these increased as the dose of
T-1249 was increased. Cross serum antibody responses were noted for some patients
receiving T-1249 and for some patients the response was accompanied with rash or fever

(Eron et al., 2004). The response was specific for T-1249 and patients had

development of T1249 is no longer being p (Www trimeris.com).

1.6.4.3 5-Helix
®

5-Helix is a recogibinant & pepti ived from the carboxy termina of gp4l (Root,

to consist of five of the six helix bundles when the
trimer and is connected by small peptide linkers. This peptide has one
linker i les it to bind to the carboxy terminus of gp4l (Root, Kay, and
Kim, 2001). It was derived from the region directly adjacent to the 2F5 epitope
suggesting its action would be antagonistic with other G peptides. Its efficacy is in the

nanomolar range (Root, Kay, and Kim, 2001).

33



1.7 Combinations of entry inhibitors
A promising approach is to use a combination of entry inhibitors ard existing anti-
retrovirals. This approach will target different stages of viral entry and replication cycle

and might give a better prognosis in delaying drug resistance (Tremblay et al., 2003).

Combination of antiretrovira drugs has already been shown to be synergistic or

blay et al., 2003). T-20 and PRO542 proved to be
oth CD4 binding and fusion was targeted to prevent virus entry
2001). All these drug combinations targeting different stages of the
virus life cycle provide good proof of concept that drug combinations will be effectivein
combating drug resistance and gives ample opportunity to switch drug combinations.
Clinical trials are necessary to establish which combinations will be most favorable and

to establish first line and follow- up drug regimens.



1.8 Monoclonal antibodiesto CCR5 and CXCR4

Various monoclonal antibodies to CCR5 and CXCR4 have been identified. Of these 2D7
and PRO140 seem to be the most effective at inhibiting HIV entry via the CCR5
coreceptor. Both 2D7 and PRO140 are mouse monoclonal antibodies. However PRO140
was subsequently transformed into a humanized version (Olson et al., 1999; Wu et al.,

1997b). Antibodies that bind to other regions especialy the amino tetminus of CCR5

have been developed but their efficacy at inhibiting HIV-1 repligétion was pa

1.8.12D7
2D7 was generated fr@ am an ds t@ the second extracellular loop of CCRS. It

t thepatur s RANTES, macrophage inflammatory protein

la and 113 fyom binging whi e 2D7 a very potent CCR5 antagonist (Wu et al.,
1997b). The antibody has proven that the second extracellular loop of CCR5
plays role in binding gp120 (Wu et al., 1997b). Resistance to 2D7 has been

shown for isolates able to replicate in the presence of 2D7 without the use of other

coreceptors (Aarons et al., 2001).
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1.8.212G5

12G5 targets CXCR4 and binds to the second extracellular loop of CXCR4 and has the
ability to prevent X4 viruses from binding to this coreceptor (McKnight et al., 1998). Full
inhibition of X4 isolates was obtained at between 10-20 pg/ml (Strizki et al., 1997). It

was found that not all X4 viruses were inhibited by this monoclona antibody suggesting

that other regions of CXCR4 can be used to bind CXCR4 and AcK night et
al., 1998; Strizki et al., 1997). This monoclonal antibody iéwsef or other

agents able to bind to CXCR4.

1.9 Monoclonal antibodies targeting H W envelOpe
Monoclonal antibodies (Mabs) targeting
important role in neutralization of e assisted in identifying epitopes
sengitive to antibodies, Severaa#fon ibodies have been described and some of

their binding epit own. abs are 1gG1b12 (b12), 2G12, 2F5 and 4E10

(Burton an ri, 1997; n et al., 1994; Moulard et al., 2002; Trkola et al.,

1.9.11gG1b12
One of the most effective crossclade neutralizing antibodies is 1gG1bl12. It has a
conformational epitope overlapping the CD4 binding site and thus prevents CD4 gp120
interactions (Burton and Montefiori, 1997; Burton et al., 1994; Roben et al., 1994). It has

an 1Csp of between 3 and 7 ng/ml for laboratory adapted HIV strains and was higher for
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primary isolates at less or equa to 1 pg/ml (Burton and Barbas, 1994). Trias with
macaques proved that 1gG1b12 could prevent HIV-1 infection at 25 mg/ml making it a
possible therapeutic agent (Parren et al., 2001). Its efficacy has been demonstrated in an
animal model where cocktails of monoclona antibodies, which included 1gG1b12, were
able to protect macaques from infection (Ferrantelli et al., 2003). It is effective against

most but not al HIV-1 subtype C strains, which accounts for most infections worldwide

(Binley et al., 2004; Bures et al., 2002).

19.22G12

The monoclonal 2G12 binds to gp120 and has bread cro e neutralization and its

mannose rich glycosylation sites at positi N332, N339, N386 and N392 play a

major rolein binding 2G12 (Moulard et al., ). 2G12 Binding is ineffective if changes

in these regions occur (Sanders et al ;
not to be able to neu%alize HIV=T subtype C probably due to the absence of the
glycosylation site & positign 295 al., 2002; Binley et al., 2004).

193 2F5

al., 2002). 2G12 has been proven

2F5is i targeting alinear epitope ELDKWA on the C-terminal region of gp41
(Purtscher et al., 1994; Muster et al., 1994; Zwick et al., 2005). It is very potent against
viruses harboring this epitope especialy subtype B with an 1Cs ranging between 0.7
pg/ml and 9.7 pg/ml (Purtscher et al., 1994). Most HIV-1 subtype C does not have the
ELDKWA epitope and have natural polymorphisms in this region thus rendering 2F5

largely ineffective against this subtype (Bures et al., 2002; Binley et al., 2004).
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1.9.44E10
4E10 is an 1gG1 monoclonal antibody targeting the gp41 region near the 2F5 epitope
(Stiegler et al., 2001). 4E10 recognizes the sequence NWFDIT and binding to this

epitope is dose related (Stiegler et al., 2001; Zwick et al., 2005). The NWFDIT epitope is

effective against a variety of HIV-1 subtypes and was ' Jbtype C

viruses (Stiegler et al., 2001; Xu et al., 2001; Binley

1.9.5sCD4-17b

A novel approach to inhibit HIV-1 was to

antibody able to bind to aregion aft 0 bo CD4 (CD4 induced epitope) and it
is able to prevent cogcepto ng.“The s€D4 was linked to 17b via a polypeptide

gAdi
d B

(sCD4) with 17b, which is an

linker (Dey, Del illo 003). SCD4-17b was found to be avery potent

inhibitor of wasr against a broad range of subtypes. It was effective at
an ICsp Of 3. ore than 99% neutralization was obtained at 32 nM (Dey, Del
Castill , 2003). sSCD4-17b was more potent than other monoclonal antibodies
such as 2G12, 2F5'and 1gG1b12 and it was effective against both R5 and X4 isolates

(Dey, Dél Castillo, and Berger, 2003).
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1.10 Combinations of monoclonal antibodies

Monoclonal antibodies with an effective cross-clade neutralizing ability can be used as a
possible therapeutic intervention. Combinations of monoclonal antibodies can be used
against subtype A, B, C and D if one antibody fails to neutralize, another monoclonal

antibody might do so. Combinations of monoclona antibodies can work synergistically

in lowering the concentration needed to neutralize virus (Berrantelli efSal., 2004;

that monoclonal antibodies might be u ing mother-to-child transmission
via breastfeeding (Veazey et al.,

).
antibodies may be US%H int ev n of infection by vaccination. Thus neutraizing

antibodies can eithér be ugéd as a lactic or can have therapeutic applications.

microbicides

An «f iGrobicide is urgently needed to help stem the spread of HIV. Entry
inhibitors present an attractive option as they can prevent HIV from entering the cell. The
first microbicide in human clinical trials was Nonoxynol-9. It was unable to prevent HIV
and may have increased infection (Van Damme et al., 2002). Other potential agents are
PRO2000 and CV-N (Dey et al., 2000; Mayer et al., 2003; O'Keefe et al., 2003).

PRO2000 is a synthetic naphthalene sulfonate polymer and is contained in a gel
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formulation with a pH of 4.5 (Mayer et al., 2003). PRO2000 efficacy has been proven to
be at 100 pug/ml or less and is effective at blocking HIV-1 infection (Mayer et al., 2003).
PRO2000 binds to gp120 and prevents CD4 binding as well as V3 loop interactions with
the coreceptor (Mayer et al., 2003). As with CV-N it is also effective against other
viruses such as herpes viruses and sexually transmitted pathogens such as Chlamydia

trachomatis and Neisseria gonorrhea (Mayer et al., 2003). Phase | trials demonstrated

microbicide containing monoclonal antibo

Monoclonal antibodies are very ex and not be a financialy viable option
for use in a microbici ge but n proadl of concept that agents targeting the virus

will be effective

eaz t al.;N2003b). Microbicides using non-nucleoside reverse

120 and entry inhibitors may also be very effective
irus as well as the host cell receptors and further studies needs to
be don i ulness in preventing sexual transmission of HIV-1 (Di Fabio et

al., 2003; Veazey ef'al., 20033).



1.12 OBJECTIVES

1.12.1 Primary objective

To determine the sensitivity of HIV-1 subtype C viruses to inhibitors of viral entry.

1.12.2 Secondary objectives

become less sensitive to itors over time.

ine e coreceptor use on primary cells of two unusual HIV-1

es usg chemokines and entry inhibitors with defined receptor-binding

4. To assess the effectiveness of T-20 against HIV-1 subtype C isolates and to

compare the sensitivity of HIV-1 subtype C isolates to subtype B isolates.

5. To determine T-20 resistance patterns of HIV-1 subtype C and to compare

these to HIV-1 subtype B.
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CHAPTER 2

SENSITIVITY OF SUBTYPE C ISOLATESFROM AIDSPATIENTSTO CCR5

AND CXCR4 INHIBITORSIN PBMC

S
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21 INTRODUCTION

Transmission of HIV-1 is amost always associated with viruses that utilize CCR5 (R5
viruses) which predominate during the acute and asymptomatic phases of infection

(Michael et al., 1997; Ranaet al., 1997). Disease progression is often associated with the

cell-lines, including CCR1, CCR2b, CCR
(Deng et al., 1996; Edinger et al., »Ponl rumbiegel, and Kirchhoff, 1999;
Sharron et al., 2000; Xiao etfald; 1998;"Zhang et al., 1998). Rarely, however, are such
alternative coreceptors u Mcells (Sharron et al., 2000; Zhang and Moore,

1999).

ism and coreceptor specificity is largely determined by the sequence
of the third hypervariable loop (V3) of the viral gp120 glycoprotein, and distinct changes
in this region have been associated with the NSI/SI phenotype among subtype B viruses
(Chan et al., 1999; De Jong et al., 1992; Ivanoff et al., 1992; Shimizu et al., 1999).
Compared to other subtypes, the V3 regions of the subtype C viruses studied to date tend

to be highly conserved and have a low overall positive charge, which is consistent with



the NSI phenotypes and restricted coreceptor usage of subtype C viruses (Gaschen,

Korber, and Foley, 1999).

The reported low frequency of SI HIV-1 subtype C isolates might be that in most cases
isolates were studied, from asymptomatic patients or from poorly defined disease stages

(Abebeet al., 1999; Bjorndal et al., 1999; Ceciliaet al., 2000; Morris etal.,, 2001; Ping et

whether subtype C isolates able to use either

coreceptor-specific entry inhibitors.
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2.2 Materialsand Methods

2.2.1 Isolation of NSI and Sl HIV-1 subtype C viruses

Patients admitted to he Sizwe Infectious Diseases Hospital in Johannesburg, South
Africa between August and December 1999 with HIV-1-related opportunistic infections
and CD4 T cel counts less than 100 cells/m were selected for this study. Ethical

clearance was obtained from the University of the Witwatersr ommittee for

measured using the Versant HIV-1 RNA 3.0
Acid Diagnostics), previously shown to ampli
genetic subtypes (Elbeik et al., 2002;
load for this cohort was high at 321,070 H

HIV-1 disease. Twenty-two patients

(CM), 2 had Pneumocystis carifiii pneumonia/(PCP) and one had mycobacterium other
©

than tuberculosis fMOTT)RHIV- solated from 22 patients when their peripheral
blood mongnuclear gells ( were co-cultured with phytohemagglutinin (PHA)-
previously described (Morris et al., 2001). Isolates from the
ts were obtained by culturing 100 ml of plasma overnight with PHA-
activated PBMC. Culture supernatants were tested weekly using a commercial p24
antigen kit (Beckman Coulter Ltd., Buckinghamshire, UK) and expanded when high
levels of p24 antigen were present. Cultures were replenished with fresh interleukin —2

(IL-2) medium every 3-4 days and with PHA-stimulated donor PBMC every 7 days for

up to 3 weeks. Virus-containing supernatants were spun to remove cellular debris and



frozen at —70°C until use. Some isolates were re-expanded using PBMC stimulated with
both PHA and surface-immobilized anti-CD3 Mab plus IL-2 as previously described
(Trkola et al., 1999), to generate high titer stocks for further experiments. These isolates
had limited expansion in PBMC in vitro and are likely to reflect the vira swarm present

in vivo, although we cannot exclude that some selection, abeit limited, occurred during in

vitro passage.

2.2.2 Determination of biological phenotype
The MT-2 cell line was used to determine virus e grown in

RPMI 1640 media containing 10% fetal calf ed at 0.5x10° cells/ml

2.2.3 Cor eceptor u&asin tr ected cell li

Viral isolates wergltested their

to replicate in U87.CD4 cells transfected with
CCR5, CXGR4, CCR1, CC CCR3. Cells were plated in 12-well plates at 10°
cellg/ i ection medium (Dulbecco’s modified eagle’'s medium (DMEM)
containi S, antibiotics plus 500 ng/ml G418 (Boehringer Mannheim GmbH)
and 1 ng/ml puromycin (ICN Biomedicals Inc., Ohio, USA). The following day, 1,000
TCIDsp (50% tissue culture infectious doses) of virus was added. After incubation
overnight, the cultures were washed three times with LMEM plus 10% FCS to remove
unbound virus, then monitored for syncytium formation and p24 antigen production on

days 4, 8 and 12. The in-house p24 antigen ELISA has a detection limit of 250 pg/mi
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(Trkola et al., 2001). Isolates that induced syncytia formation and generated increasing

concentrations of p24 antigen were considered to be replication positive.

GHOST.3 cell lines expressing Bob/GPR15 or CXCR6 were used to determine alternate
coreceptor use. The assays were performed essentially as described for the U87.CD4 cell

assays except that cells were grown in the presence of 100 ng/ml hygron

2.2.4 Viral replication in wild type@nd D32/D3 R5PBMC
PBMC from a CCRSOSZ/Dmd CERS5 +/+ control donors were isolated and
stimulated usin A face- bilized anti-CD3 Mab, as described above. On
the followj cultures'Were washed 3 times and incubated in IL-2 containing
e assayed for p24 antigen levels using a commercial assay with
akineticr upont/NEN Life Sciences, Boston, MA) on days 4, 8 and 11.

2.2.5 Inhibitor assaysin PBMC

Entry inhibitor assays were performed using CD8+ T cell depleted PBMC utilizing
RosetteSep CD8 antibody cocktail (StemCell Technologies, Vancouver, Canada) and

stimulated with phytohemagglutinin (PHA). CD8 depletion was confirmed using flow
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cytometry (Becton Dickinson, San Jose, CA). The PBMC were incubated with the
specific inhibitor for 1 hour before adding 1,000 TCIDsp (50% tissue culture infectious
dose per ml) of virus. Assays were performed on 96 well plates using RPMI 1640, 10%
fetal calf serum and IL-2. Inhibitors tested included the anti-CCR5 Mab PRO140
(Progenics Pharmaceuticals, New Y ork), chemokines RANTES (PeproTech Inc., Rocky

Hill, N.J) and the small molecule CXCR4 antagonist, AMD3100. Viral replication was

2.2.6 Sequencing of V3 region

The V3 region was amplified using AACACAAGCCTGTCCAAAGG

C
(Ro

Therm Polyprerase (Southern Biotechnologies); the PCR product was cleaned with

sB
3) and BR (5'-AATT8TAG CTGA-3). RNA was reverse transcribed with
AMV Reverse Trariscript ecular Biochemicals) and amplified with Super-
uct Purification kit (Roche Applied Science). Sequencing was

tR\ directions with the BF and BR primers.



23RESULTS

2.3.1 Characteristics of AIDS patientswith NSI or Sl isolates

Twenty-nine isolates were generated from 13 men and 16 women with a median age of
34 years and a median CD4 count of 40 cellsm. Among the 29 isolates, 5 (17%) were
able to grow in MT-2 célls, leading to syncytia formation (Sl isolates) (Table 2.1). The

subset of patients with Sl viruses had significantly reduced CD4 T cellseounts, which is

able 2.1). However, overdl, there

of 4 (50%) cryptococcal meningiti pati
were no significant daerenc the age, gefider or opportunistic infections of patients
tho

arbored NSI isolates. A cohort containing larger

ill be needed to fully address such issues.

2.3.2

The HIV-1 isolates were subtyped in the C2-V5 region of env gene by heteroduplex
mobility assay (HMA) and all shown to belong to HIV-1 subtype C, the predominant
subtype in South Africa (Breddll et al., 1998; Van Harmelen et al., 1999). Thirteen
isolates were also subtyped in gag by HMA and shown to belong to subtype C (data not

shown) suggesting that these isolates were unlikely to be inter-subtype recombinants,
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although this cannot be excluded. Two viruses, CM9 and SW7, have been confirmed as

being subtype C throughout its genome (Papathanasopolous et al., 2002).

2.3.3 Coreceptor use of HIV-1 subtype C isolates from AIDS patients
There was an absolute correlation between the NSI and Sl phenotype and the ability of an

isolate to use CCR5 or CXCR4, respectively (Table 2.2). Thus, al 24 NSl isolates were

was classified as an R5 virus it did showgtow- level usage of CXCR4 that was below the

cut-off for the p24 antigen assay (data not ity of this virus to use CXCR6

or th levels of replication as U87.CD4
S0 , endogenoudly (Farzan et al., 1997; Unutmaz
ob/GPR15 and CCR3 (Table 2.2). In each case,

as at a comparable level of efficiency but less than

(see below) very efficiently may

cells express this rece&tor,

et al., 2000). CM 9Qfcould CX
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Table 2.1: Characteristics of 29 South African AIDS patients with NSI or Sl isolates

Total NSl isolates  Slisolates
Number (% of total) 30 25 (83%) 5 (17%)
Female (% of total) 16 13 (81%) 3 (19%)
Male (% of total) 14 12 (86%) 2 (14%)
Median age 34 34 29
Median viral load (copies/ml) 26 776100* 68410*
Median CD4 count (cells/ul) 42 48** 10**
Diagnosis
Tuberculosis (TB) (% of NSI/SI) 22 19 (76%) 3 (60%)
Cryptococcal meningitis (% of NSI/SI) 5 3 (12%)
Pneumocystic Carinii pneumonia (PCP) (% of NSI/SI) 2
MOTT/Mac (% of NSI/SI) 1

* significantly different (p=0.0134) by Mann Whitney test, data from only 3 of 5 ppatients availa
** significantly different (p=0.0033) by Mann Whitney test

2.3.4 Sensitivity of HIV-1 subtype C isolatesto
To confirm the use of CCR5 or CXCR4 i
presence of CCR5-specific (RANT
entry inhibitors. A subset of 13 subtype C v

selected for analysis, in comparison 7 isolates from subtypes A, B and E

(from National Ingtit @ for Ref and Reagents Repository). The replication
iru as effectively inhibited (>90%) by the highest
0140 that were tested (Table 2.3). One such isolate
sensitive to RANTES (87% inhibition) and PRO140 (78%
inhibition). rast, the CCR5 inhibitors were ineffective against R5X4 and X4
viruses, suggesting that these viruses can all use CXCR4 to enter PBMC efficiently.
AMD3100 effectively inhibited al the R5X4 and X4 viruses, athough two isolates
(SW30 and SW12) were dightly less sensitive (85% and 86% inhibition, respectively)
than the others. The ability of AMD3100 to restrict the replication of all 3 R5X4 viruses

suggests that they use CXCR4 in preference to CCR5 to enter PBMC in vitro as
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previoudy described (Yi et al., 1999). As expected, AMD3100 was ineffective against all
the R5 isolates, because it is known not to interfere with CCR5-mediated entry (Donzella
et al., 1998; Schols et al., 1997). The ability of an isolate to use aternate coreceptors in
transfected cell lines did not influence whether it was sensitive to any of the entry
inhibitors in PBMC cultures. Thus, both PCP1 and CM9 were fully sensitive to

RANTES, PRO140 and AMD3100 up to day 6, despite being able to use aternate co-

E. One R5X4 subtype B isolate (92US07

not by RANTES and PRO140, sug

od,
R5

and its sensifivity to\CCR5- 0 R4-specific entry inhibitors in PBMC (Trkola et al.,

that i ses CXCR4 preferentially to enter
su

PBMC. Overal, therawas pe-independent, correlation between the

classification of

by use of the co-receptor-transfected cell lines,

). However, the isolates classified as R5X4, because they could
use bo d CXCR4 in co-receptor-transfected cells (Table 2.3), were sensitive
only to the CXCR4"inhibitor AMD3100 in PBMC, and were little affected by the CCR5
antagonists PRO140 and RANTES (Table 2.3). Hence CXCR4 is the co-receptor of
choice for these R5X4 isolates in primary T-cells, with only a minority of the viruses

present entering the cells via CCR5.
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Table 2.2: Coreceptor usage by HIV-1 subtype C isolates from AIDS patients

Isolate CDh4 . Subtype MT-2 U87.CD4 cells Minor .
Source Viral load - Biotype
ID count env assay expressing coreceptors
CXCR4 CCR5
PCP1 PBMC 2 ND C NSI - ++++ CXCRG6+++ R5
CM1 PBMC 43 146,514 C NSI - ++ R5
CM7 PBMC 79 14,089 C NSI - ++++ R5
SW2 Plasma 84 157,150 C NSI - ++++ R5
SW3 Plasma 53 261,880 C NSI - ++++ R5
Sw4 Plasma 76 1,496,620 C NSI - ++++ R5
SW5 PBMC 40 1,374,235 C NSI - ++++ R5
SW8 Plasma 67 1,198,880 C R5
SW9 Plasma 65 301,605 C R5
SW14  PBMC 32 >5,000,000 C R5
SW16 PBMC 9 151,630 C R5
SwW22 PBMC 67 2,749,340 C R5
SW23 PBMC 10 696,000 C R5
SW26 PBMC 25 ND C R5
SW28 Plasma 43 3,814,130 C R5
SW29  PBMC 12 1,190,180 C R5
SW34  PBMC 40 127,000 C R5
SW35 PBMC 37 1,652,870 C R5
SW36 PBMC 55 201,340 R5
SW37 PBMC 121 34,210 R5
SW38 PBMC 37 1,777,930 C R5
SW39 PBMC 94 321,070 C R5
Sw40  PBMC 67 856,180 R5
Sw4l  PBMC 60 3,162,240 C R5
CM9 PBMC ++++ CCR3+++ R5X4
CXCR6+++
BOB+++

Si ++++ - X4

Si ++++ - X4

Si ++ ++++ R5X4

Si ++++ ++++ R5X4

ntigen ++++ = >4 ng/ml p24 antigen
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Table 2.3 Inhibition of HIV-1 subtype C viruses by CCR5 and CXCR4 inhibitors

CCRS inhibitors*

CXCXR4 inhibitor*

Virus Subtype Phenotype Day RANTES at: AMD3100 at:
19 nM 4nM 500 nM 100 nM

PCP1 C R5 CXCR6 6 97 63 34 18
CcM1 C R5 6 87 49 0 8
CM7 C R5 8 3 19
SW5 C R5 4 19 6
SW23 C R5 8 0 0
SW26 C R5 8 8 0
SW29 C R5 8 13 0
SW38 C R5 8 0 0
CM9 C R5X4 CXCR®6, Bob, R3 8 97 58
SW7 C X4 4 0 5 100 87
SW12 C X4 10 0 0 86 31
SW20 C R5X4 8 0 79 0 100 0
SW30 c R5X4 ® s & 9 8 39 85 3
DJ258 A R5 82 100 98 46 0
92RWO026 A R5 8 98 69 100 100 63 23
JR-FL B 10 99 71 100 98 0 36
92US714 B 4 95 60 100 100 0 0
92US077 B R5X 6 17 48 48 41 99 76
2044 B X4 6 20 23 30 22 39 21
CM235 E 10 95 62 100 97 22 2
92THO001 E R 10 100 88 99 98 60 21

* Inhibition >90% is bolded and inhibition <90% is in italics




2.3.5 Replication of NSI and Sl virusesin wild type and D32/D32-CCR5 PBMC

The subtype C isolates used above were also tested for their ability to replicate in PBMC
deficient of CCRS5 (i.e., cells from an HIV-1-negative individual was confirmed by PCR
to have the CCR5 D32/D32 genotype). None of the R5 isolates were able to replicate in
the CCR5 D32/D32 PBMC but al replicated well in the CCR5 +/+ PBMC, confirming

their dependence on CCRS to infect cells (Table 2.4). The R5X4 ane isolates were

same virus in the CCR5 +/+ PBMC.

2.3.6 CXCR4-using subtype C vir tionsin V3 loop

The V3 loop is invol v in d ining tor usage (Hoffman et al., 2002a). Certain

genetic chang [ are 1ated with CXCR4 use, in the context of viruses
from sub B and\D (De et al., 1994). To determine whether CXCR4-using

e distinctive V3 loop sequences, RNA was isolated and their

V3 regions ed. Phylogenetic analysis of the nucleotide sequences of al 16 V3
loop sequences showed that all clustered with HIV-1 subtype C (data not shown),
confirming the HMA data. The V3 loops of al the R5 viruses were 35 amino acids in
length and contained the GPGQ moitif at the crown that is characteristic of HIV-1 subtype

C viruses (Figure 2.1). A neutral serine residue was aways present at position 11 and, in

most cases, an amino acid with a negatively charged side chain (either D or E) at position
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25. The net charge of the V3 loop was +3 to +5. In contrast, the V3 loops of the R5X4
and X4 viruses varied markedly from the consensus sequence, containing substitutions,
deletions and insertions. A common, and unusual, feature was a two-residue insertion
between positions 13 and 14, most frequently isoleucine and glycine, which increased the

length of the loop to 37 amino acids.

p24 antigen levd fol

| solates D32/D32
R5

PCP1 R
CM1
CM7
SW5
SW23
SW26
SW29

++++
++++

++++

++

++++

+++
+++

assay). -, <250 pg of p24 antigen/ml; +, 250 pg to 10 ng of p24 antigen/ml;
I; +++,30-60 ng of p24 antigen/ml; ++++, >60 ng/ml p24 antigen/ml.

A tetrapeptide motif containing positively charged arginine residues was also frequently
present in the V3 loops of the R5X4 and X4 isolates, resulting in a marked increase in the
overal positive charge of the loops to +6 to +9. Furthermore, all the R5X4 and X4

isolates had either aneutral or positively charged amino acid substitution or a deletion at
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position 25. There were no sequence motifs that distinguished between R5X4 and X4

VIruses.

1 5 10 15 20 25 30 35 charge #aa biotype
CCONCTRPNNNTRKSIR..IGPGQTFYATGDI IGDIRQAHC +4 35 R5
sw4 - - -=-S -----B- - .. R5
SW5 - - - - - - - e e - .. RS
swia - | - - - - - - S - - - R5
SW16 - - - - - - - - - - - V - .. RS
sw22 - - - - S - - - - -l- - - .. R5
sw23 - A - - - - - - - - - V - RS
sw26 - - --S ----T -V - R5
sw29 - - - -G - - - - - - V - RS
sw34 - - - -N---TT -V - R5
SwW3s - A - - - - - - - T -V RS
Sw3g - - - -G - - - - - - \% R5
Ccm9 -A--G---1-R--.. - R5X4
sw7 - - --GS -KORIRNIR - X4
swiz -M - -G - - - - - RV - I G - X4
SW20 - - - - - - - - - e - TG - R5X4
SW30 - - - - - - - - - - - V 1G - R5X4

Figure 2.1: Predicted V3 amino aci
isolates (11 R5 and 5 R5X4 or X4) compar
The overal positive charge, number 0 [
on the right. Dashes (-) indicate con€urrence and
of an insertion. Changed ami |

changes in biological gahenot
. Amino ‘ac ons are shown in Appendix B. GenBank
are li in iXx D (Sequencing was performed by Jabulani
id sequ analysis by myself)

uth African HIV-1 subtype C
btype C consensus sequence.
biotype of each isolate is shown
eriod (.) indicates a deletion or lack
. Positions 11 and 25 (associated with

Nhlapo and amino
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2.4 Discussion

Here we describe HIV-1 subtype C isolates from patients with late-stage AIDS that grow
in MT-2 cells (Sl viruses) and use CXCR4 for entry into cells. These isolates were fully
sensitive to AMD3100, a CXCR4-specific entry inhibitor and were able to grow in
PBMC devoid of CCR5. Most of these Sl viruses had significant genetic changes in the

V3 loop compared to NSI viruses isolated from the same cohort. is a smilar

al., 1999; Cecilia et al,, 200

These earlier descriftions @f, subt ates mostly involved cohorts of patientsin the

of HI infection, identified relatively soon after subtype C
rapidly in the geographic area under study. Now, we have
udy patients with advanced AIDS since they were more likely
to harbour Sl virusss. The isolation of CXCR4-using viruses from some of our late-stage
AIDS patients suggests that subtype C viruses may undergo a phenotypic switch during
disease progression, as occurs during subtype B infection (Connor et al., 1997; Richman

and Bozzette, 1994; Scarlatti et al., 1997). However because our cohort was

observational, we cannot know whether any of the patients with Sl viruses had NSI
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viruses at an earlier stage. Prolonged, longitudinal follow-up of individuals with acute
subtype C-infection will be needed to address this issue (See Chapter 3). Although viral
stocks were grown in PBMC in vitro it is likely that the dominant population is
representative of the in vivo swarm as V3 sequence analysis of cultured isolates and from
uncultured plasma samples from 5 of these patients showed them to be identical (data not

shown). Thus phenotypes identified in vitro are likely to reflect the dominant phenotype

in the patients.

Although only 5 of our 29 (17%) AIDS patients iruses, this
represents a higher frequency than was observ S studies on subtype C
infection (Abebe et al., 1999; Bjornda ., 2000; Morris et al.,
2001; Ping et al., 1999; Tien et al., 1999). orts, from 50-90% of patients

with late-stage AIDS have been rep 0 har | isolates (Richman and Bozzette,
1994; Scarlatti et al., 297). er reguency of subtype C X4 viruses will increase
over time or will an A ompared to subtype B infections remains to be

determined. ight be compared to subtype A/E in Thailand where Sl
viru ifiedl later during the epidemic with ever increasing frequency (De
Menu et al., 1999; Sutthent et al., 2002; Sutthent et al., 2001; Utaipat
et al., 2002). Further studies on subtype C infection may revea the same trend. In any
case, the assumptions that subtype C viruses use CCR5 almost exclusively are unlikely to
be valid with more reports of Sl viruses being detected (Cilliers et al., 2003; Janse Van

Rensburg et al., 2002; Johnston et al., 2003; Pollakis et al., 2004).
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Most of the patients in our study had TB, which is the most common opportunistic
infection in AIDS patients in South Africa. CCR5 expression levels are affected by
environmental factors, such as TB, among African patients, which could favor a
relatively high frequency of R5 viruses throughout the course of disease (Clerici et al.,
2000; Fraziano et al., 1999). The transmission of R5 viruses may be particularly efficient

in areas such as South Africa where there is a high incidence of early HIV-1 infection

viruses, which is probably related to the [ this opportunistic infection

and advanced HIV-1 disease.

We previously iruses were as sensitive as subtype B viruses to
the CCR5 iphibi TES and TAK-779 (Trkola et al., 2002). Here, we
vations to a more diverse group of viruses and we have also
inhibitor, AMD3100. Together, these studies support the clinical
evaluation of coreceptor-specific entry inhibitors in South Africa; the antiviral responses
are likely to be similar to those that have been observed in studies on subtype B
infections in North America and Europe (Hendrix et al., 2002; Reynes, 2002). Subtype C
accounts for the vast majority of global HIV-1 infections that are spread by heterosexual

and perinatal transmission in developing countries. The ability of coreceptor inhibitors to
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prevent infection makes them particularly attractive as interventions in high incidence
settings. Novel approaches could include the use of entry inhibitors as microbicides to
prevent sexual transmission or as supplements to be added to breast-milk to block
perinatal infection. Such interventions would however need to be effective, cheap and
simple to administer. Our data suggest that therapeutic or preventative approaches based

on coreceptor entry inhibitors could be useful in developing countri ere subtype C

circulates and where such interventions are most desperately n

S
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CHAPTER 3

LONGITUDINAL ANALYSISOF TWO HIV-1SUBTYPE C ISOLATES

UNDERGOING A CORECEPTOR SWITCH

S
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3.1 Introduction

The use of CCR5 by HIV-1 isolates is normally associated with early transmission and
the asymptomatic phase of HIV-1 infection, while the use of CXCR4 occurs mostly later

during the disease stage. The occurrence of a switch from a CCR5-using (R5) to CXCR4-

using (X4) or CXCR4/CCR5 (R5X4) leads to rapid depletion of .CD4 cells and

their natural ligands (Scarlatti et al 7). A SWIECh in coreceptor use will therefore
render CCR5 coreceptg inhi in Ive latti et al., 1997).

The ability

CXCR eptor is associated with genetic changes in the V3
increase in the overall positive charge (Hoffman et al., 2002a).
Ific positions 11 and 25 with positively charged amino acids (i.e arginine
(R), lysine (K) histidine (H)) determines an X4 or R5/X4 phenotype (Milich,
Margolin, and Swanstrom, 1993). The length of V1 and V2 regions as well as insertions
and dedetions in V3 has also been implicated in contributing to the X4 or R5X4
phenotype (Jansson et al., 2001). The higher charge of the V3 loop is more likely to

interact with a negatively charged CXCR4 (Hoffmann et al., 1999).
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The aim of this study was to examine coreceptor usage of HIV-1 subtype C isolates from
an acutely infected cohort. Two individuals were analyzed further as they were shown to
have undergone a coreceptor switch. The next aim was to establish if these isolates
became less sensitive to CCRS5 coreceptor inhibitors over time and to determine genetic

changes that allowed the isolates to switch coreceptor use.

S



3.2 Materialsand Methods

3.2.1HIV viral isdates

Ten commercia sex workers in Kwa-Zulu Natal participating in a Phase 111 clinical trial
of avaginal microbicide (N9) were followed longitudinally (Table 3.1). The women were
HIV antibody negative at enrollment and were tested monthly for HIV-1/2 artibodies.

When the women tested antibody positive they were enrolled and samples were collected

longitudinally for virus isolation. HIV-1 was isolated from PBI

r their alility, to replicate in U87.CD4 cells transfected with either
as previously described in Chapter 2. Phenotypic assays were

2 cell lines as described in Chapter 2.

3.2.3 Inhibition assays

The viral isolates were tested for their senstivity to entry inhibitors to determine

preferential coreceptor use. These assays were performed on CD8-depleted PBMC with
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p24 antigen readout as described for the coreceptor inhibitors as well as for the fusion

inhibitor T-20 as described in Chapter 2 and Chapter 4.

3.2.4 V3 sequencing

V 3 sequencing was performed as described in Chapter 2 and Chapter 6.

S
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3.3 Results

3.3.1 Patient characteristics

Viral isolates from ten patients with acute HIV infection were characterized (Table 3.1).
All the isolates were subtype C and all except Dul79 used CCRS5 (Table 3.1). Six women
were followed longitudinally: Dul23, Dul51, Dul56, Dul79, Du368 and Du422. Of

these six, two isolates (Dul51 and Dul79) had either an Sl phenotype.or underwent a

the study (>500 000%opies R ). Thisindividual developed AIDS and died within 2

apid progressor. (Table 3.2).

It was estimated that Dul79 was infected from the first of August 1997 and the first
isolate was obtained 16.1 months. In this study the first isolate studied was obtained 19.8
months post infection. Follow-up samples were obtained 21.9, 31.2 and 33.8 months post

infection and viral isolates were generated at these time points. The CD4 count at 19.8
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months post infection was 435 cells/m, but declined. The viral load remained low during

the study period (Table 3.3).

Table 3.1 Vira isolates from a cohort of acutely infected patients

Estimated months VL RNA Viral genotype

IsolatelD after infection ~ CO4Cell count (CellS) - oiegmi (gag/pol/eny)

MT-2Phenotype Biotype

Du123 35 841 19,331
Du151-Nov 98 21 367 >500,000
Du156 <1 404 22,122
Dul72 3.2

Dul74 141

Dul79-Nov 98 161

Du204 6.5

Du281 4.7

Du368 8.3

Du422 2

- indicates no result

Table 3.2: Longi eso 1 with clinical and phenotypic data

EsL ati?](:er;(i)g;hsafter CD(‘:;;?ISI“?%um c\:/olg)lzl\lrﬁ MT-2Phenotype Biotype
11 N/A 579,480 NSl R5
21 367 569,300 NSI R5
Du151-Jun 99 88 239 756,660 NSl R5
Du151-Sep 99 12.0 N/A 321,040 NSI R5
Dul51-Mar 00 30-Mar-00 18.6 143 >500,000 S R5X4
Dul51-May 00 11-May-00 19.9 66 1,163,800 S R5X4

N/A not available
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Table 3.3: Longitudinal isolates of Dul179 with clinical and phenotypic data

Isolate|D Sampledate Estimatiﬂgtci)g;hsafter CD(‘L;TISI/;O)U”t (\:/olr_lel\lnq MT-2Phenotype Biotype
Dul79-Mar 99 18-Mar-99 19.8 435 4,895 S R5X4
Dul79-May 99 20-May-99 21.9 N/A N/A S R5X4
Dul79-Feb 00 24-Feb-00 31.2 259 3,131 S R5X4
Dul79-May 00 13-May-00 33.8 231 2,228 S X4

N/A not available

3.3.2 Cor eceptor usage

Dul51 ard Dul79 isolates were grown in U87.CD4.C CXCR4 to

determine coreceptor usage. The first four isolat to replicate

in cells expressing both CCR5 and CXCR
last two time points were fully dua wopiC: These
to determine the pheane o%

li

correlated with the MT-2 data used

Dul79 was able t oth CCR5 and CXCR4 cells indicating that the

virus isolatefor the first three oints were dual tropic. The isolate from the last time

point licate in CXCR4 expressing cells demonstrating that it was an

3.3.3 Sengitivity of Dul151 and Dul79 to entry inhibitors
Dul51 and Dul79 isolates were tested against two CCR5 (RANTES and PRO140) and
two CXCR4 coreceptor inhibitors (AMD3100 and T-140) and the fusion inhibitor T-20

(Figures 3.1 and 3.2). The first four isolates of Dul51 were effectively inhibited 100% at
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the highest concentration tested, indicating that CCR5 is the major coreceptor used by
these isolates. The last two isolates of Dul51 were not inhibited by the CCR5 inhibitors,
indicating that they were using another coreceptor to infect PBMC. The two CXCR4
inhibitors AMD3100 and T-140 were unable to inhibit any of the R5 isolates and were
ineffective against Dul51-Mar 00 an R5X4 isolate. This might suggest that this isolate

was able to use both CCR5 and CXCR4 with the same efficiency. However the later

isolate (Du 151-May 00) preferentialy uses CXCR4 (Table 3.4 [ ates that
Dul51 isinitially an R5 isolate but evolves from using C Olate and

to using CXCR4 preferentially on PBMC.

Dul79-Mar 99 was not inhibited by eit
CXCR4 to infect PBMC. The CXCR4 infibitors AMDS8100 and T140 were unable to
inhibit the first two isolates, which
and able to use CCRS.When R ocked. AMD3100 was able to partialy inhibit

aly inhibited the first three isolates but was

the last Dul79-May 00 (Table 3.4). This indicates that the

re prone to using CXCR4 even though it is not fully inhibited by
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Table 3.4: Inhibition of Du151 and Dul79 longitudinal samples.

% Inhibition
Isolate number Biotype

RANTES PRO140 AMD3100 T-140 T-20

150 ng/ml 25 ng/ml 500 nM 2 ng/ml 1 ng/ml
Du151-Oct 98 R5 100 100 9 3 100
Dul51-Nov 98 R5 100 100 0 6 100
Du151-Jun 99 R5 99 98 15 51 100
Du151-Sep 99 R5 100 100 1 12 100
Dul51-Mar 00 R5X4 41 11 100
Dul51-May 00 R5X4 31 0 91
Dul79-Mar 99 R5X4 29 39 99
Dul79-May 99 R5X4 23 19 97
Dul79-Feb 00 R5X4 4 5 93
Dul79-May 00 X 0 0 76

4
% Inhibition higher than 90% is bolded

3.3.4 Inhibition with T-20

No naturally occurring resistance mutations

n).

(Figures 3.1 and 3.2).@I! DulShisolat inhibited 100% at 1 my/ml except the last

noted in the HR-1 sequence of

either Dul51 or Dul79 (data not sh 1 and Dul79 were sensitive to T-20

isolate, which ight sen at 91% (Table 3.2). Dul79 was inhibited more
than 90% T-20 except the last isolate, which was only inhibited 76% at 1
there was a tendency for the later isolates to become dightly

less sensitive 0 (Figure 3.2).

3.3.5 Analysis of V3 sequences
The six Dul51 and four Dul79 isolates were sequenced in the V3 region, aligned and
compared. The V3 region of Dul51 had 35 amino acids for all 6 isolates but the overall

charge decreased from 4.5 to 2.5 (Figure 3.3). The last two isolates Dul51-Mar 00 and
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Dul51-May 00 had an increased charge of 8.5 and were accompanied by a large number
of amino acid substitutions in the V3 region (Figure 3.3). These two isolates both had an
R5X4 biotype. Changes in the crown of V3 changed for the R5 isolates from GPGQ to
GPGL for the two R5X4 isolates. A positive charge was noted at position 25, which is

associated with coreceptor switching.

32 amino acids. The switch from dual trop

a deletion next to position 25, whichyi ciated with charge changes. Thisis

in contrast to Du151 agj oth i (Chapter 2) which either retain 35 amino acids

or have insertionggto be gble to 0 a phenotypic switch. This data indicate that

charge relat in the ion are required for Dul79 to be able to switch from

3.3.6 Changesin other regions of gp160

Insertions were noted in the V5 region of Dul51-Mar 00 and Dul51-May 00. A change
in the fusion peptide was seen when Dul51 switched phenotype from LLGFLG to
FLGFLG (Mia Coetzer, personal communication). No changes were seen in other regions

for Dul79.
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Figure 3.1: Inhibition of Dul51 by coreceptor and fusion inhibitors. The longitudinal
isolates become less sensitive to the CCRS5 inhibitors as a result of the coreceptor switch.
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Figure 3.2: Inhibition of Dul79 by two CCRS5 inhibitors and two CXCR4 inhibitors as

well as afusion inhibitor.




1 5 10 15 20 25 30 35 Charge #aa Biotype

Du151- OCT 98 CTRPNNNTRKSI Rl GPGQTFYATGAI | GNI REAHC 4.5 35 RS
DU151- NOV 98 === ---ccmcmcccaooicoaoos = 3.5 35 RS
DU151-Jun 99 ----------- M----- S---- E---D--Q-- 2.5 35 RS
DU151-SEP 99 <= ---cemmeeao oo E---D--Q-- 2.5 35 RS
Du151-Mar OO -----S-K-RGV----- LS-F--RK---D--Q - - 8.5 35 R5X4
Du151-May OO -----S-K-RGV----- LA-F--RK---D--Q - - 8.5 35 R5X4

1 5 10 15 20 #aa Biotype

Dul79- Mar 99 CTRPGNNTRKSI Rl GPGQAF 34 R5X4
DUL79- My 99 -------ceonomcoa- 34  R5X4
Dul79- Feb 00 ------ K--Re------ e S 5 34  R5X4
Du179-May 00 ------ K-1R---L--%-° - - 6 32 X4

Figure 3.4: V3 amino acid I6ngitudinal isolates. Positions 11 and 25
are highlighted in yel'v (ac s sequence), which are associated with a
coreceptor switch. The numb S (#aa) is indicated and the biotype indicates

coreceptor usag Mia Coetzer)
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3.4 Discussion

Ten HIV-1 subtype C isolates from an acutely infected patiert cohort were selected for
this study. Longitudinal follow-up samples were obtained from 6 patients of whom two
(Dul51 and Dul79) had undergone a coreceptor switch or already had an SI phenotype.
The other four isolates continued using the CCR5 coreceptor. The occurrence of an Sl

phenotype for HIV-1 subtype C is rare with only a few reported cases (Cilliers et al.,

CXCRA4.

The first isolate for Dul51 was ed pr conversion and six isolates were
generated over a p%iod s. Whe coreceptor switch for Dul51l was
accompanied by clfanges i, the n with a charge change from 4.5 to 2.5, which
increased, tQ/8.5. ges w seen in the V1 and V5 loops and in the gp41 region.

dually infected with two HIV-1 subtype C strains and this may
the coreceptor switch due to recombination (Grobler et al., 2004).
Coreceptor inhibition data indicated that the change was gradual from an R5 isolate to a
fully dua tropic isolate and then preferential use of CXCR4 on PBMC. Even though the
isolate became less sensitive to CCR5 inhibitors, CXCR4 inhibitors were effective at

inhibiting the last isolate of Dul51. The gradual change in coreceptor usage is reflected
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in the steady decline in CD4 count which was associated with the emergence of X4

isolates.

The first isolate obtained from Dul79 was 19.8 months post infection and already
possessed the ability to use both CCR5 and CXCR4 in cell lines. It too was shown to be

dualy infected (Grobler et al., 2004). Coreceptor inhibition data suggested that this

coreceptor use was accompanied by an in

deletion, which rendered the V3 loo

This is the first i hal) samples to show a coreceptor switch in subtype
C. The swit il benefit the virus in that it provides new targets and
possible esc e immune system. This switch in coreceptor use will have
impli CR5 coreceptor inhibitors, as they will become ineffective against
these isolates. Dual"infection has been shown to be responsible for rapid progression to
AIDS in some petients (Gottlieb et al., 2004). Here we describe two individuals dually
infected with different strains of HIV-1 subtype C. The one individual progressed rapidly

to AIDS and the other did not, which may indicate differences in immune systems to

control the virus.
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Targeting different regions of the entry process could be used to prevent HIV-1 from
replicating even if the virus undergoes a coreceptor switch. Most HIV-1 subtype C
isolates use CCR5 and the occurrence of X4 isolates are \ery rare. Here we showed two
isolates that did switch coreceptor usage. More longitudinal follow-up studies are

required to determine if this phenomenon occur at a higher rat the epidemic

progresses.

S
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CHAPTER 4

USE OF ALTERNATE CORECEPTORS ON PRIMARY CELLSBY TWO HIV-1

ISOLATES

S
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4.1 Introduction.

The two most important coreceptors for HIV-1 entry are CCR5 and CXCR4, and all
HIV-1 isolates tested to date use one or both (Doms, 2000). A few rare isolates can aso
use other coreceptors present on coreceptor-transfected cell-lines, including CCR1,
CCR2b, CCRS3, Bob/GPR15, CXCR6 (STRL33) and CCR8 (Cilliers et al., 2003; Deng et

al., 1997; Edinger et al., 1998; Pohlmann, Krumbiegel, and Kirchhoff, 1999; Xiao et al.,

(D32/D32 CCRY) in the presence of a C inhibitofPhas proven particularly useful

(Azevedo-Pereira et al., 2003; Will ang et al., 2000). Identification of

aternative HIV-1 cor&eptor IS hampered by the lack of suitable ligands athough in
to provide suggestive evidence (Willey et al.,

nstrate that some rare isolates can exploit aternate

The ability of some viral isolates to use aternate coreceptors could impact on the efficacy
of entry inhibitors and possibly also HIV pathogenesis. Hence it is relevant to identify

and characterize HIV isolates able to use alternate coreceptors on primary cells.
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Viral macrophage inflammatory protein-1 (vMIP-1), a promiscuous chemokine expressed
by Human Herpes Virus 8, has been shown to bind to a range of coreceptors, including
CCRS8, GPR1, CXCR6 and to a lesser extent Bob/GPR15 (Dairaghi et al., 1999; Willey et
al., 2003). This chemokine has been shown to prevent HIV-1 infection of some isolates

on primary cells when the major coreceptors are absent or blocked. This suggests that

unusual HIV-1 isolates can use aternate corec [ : by using

chemokines with defined receptor binding profj

S
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4.2 Materialsand Methods

4.2.1HIV-1viral isolates:

Two previoudy described isolates, CM4 ©@9ZACM4) and CM9 @9ZACM9) from a
cohort of AIDS patients, were selected for further analysis (Bredell et al., 2002; Cilliers
et al., 2003; Papathanasopoulos et al., 2002; Trkola et al., 2001). CM4 was isolated in

1999 from a thirty-four year old male in Johannesburg, South Africa who had advanced

Ibed in Chapter 2. CM4-
P1 was the first isolation reported in a pr (Trkola et al., 2001), which
was later re-expanded using PHA - stighul d IL-2 to generate high titre stocks
for these experimenti(CM . The gpl60 encoding regions of both CM4-P1 and
e more than 99% identical (Figure 4.1a). CM4
pe C by HMA (Bredell et al., 2002), but subsequent
ed that this virus was a complex recombinant of at least five
with multiple breakpoints in the env region (Papathanasopoulos et al.,

2002). CM9 was subtype C throughout the genome (Papathanasopoul os et al., 2002).

4.2.2 Coreceptor assayson cell lines
Both viruses were tested for their ability to replicate in U87.CD4 cells transfected with
either CCR5 or CXCR4 cells as previously described in Chapter 2. In addition, U87.CD4

cell lines expressing CCR1 and GHOST.3 cell lines expressing Bob/GPR15, CCR1,
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CCR3 and CXCR6 were used to measure aternate coreceptor usage. These assays were

performed as described in Chapter 2.

4.2.3D32/D32 CCR5 PBMC cell preparation

Blood was drawn from individuas identified with the D32/D32 CCR5 mutation and

PBMC isolated and stimulated with PHA and IL-2 as previously desciieed.in Chapter 2

and (Willey et al., 2003). AMD3100 (1 M) was used to inhibi
CM4 titrations experiments were performed
stimulated with PHA and used at 1 X10° cells'well i 1000, 800, 600,

400, 200, 100, 50 and 10 TCID50 and The experiments were

Entry inhibi were p ed using PHA-stimulated PBMC from wt/wt (wild-
d D32/D32 CCRS donor cells. Cells were incubated with the
r 1 hour before adding 1,000 TCIDso (50% tissue culture infectious
dose per ml of virus). Assays were performed on 96 well plates using RPMI 1640, 10%
feta caf serum and IL-2 as previoudy described in Chapter 2 (Willey et al., 2003).
Inhibitors tested included the anti-CCR5 Mab PRO140 (Progenics Pharmaceuticals, New
York), chemokines RANTES (PeproTech Inc., Rocky Hill, N.J), 1309, eotaxin, vMIP-I

(@l from R&D Systems, Inc) and AMD3100 (AnorMED Inc., Langley, Canada). Viral

83



replication was measured by p24 antigen production or reverse transcriptase (RT) activity
using an RT-enzyme-linked immunosorbent assay (CavidiTech, Uppsala, Sweden). T-20
(American Peptide Company and Hoffmann-La Roche, Palo Alto, Ca) experiments were

performed as described in Chapter 5.

4.2.5 RNA extraction and amplification of the gp160 region

HIV-1 viral RNA was extracted from 200 pl of culture supergétant from different cell
lines using the MagNA Pure LC Total Nucleic Acid Isolati MagNA
Pure LC Instrument (Roche Diagnostics GmbH ' . A reverse
transcription step was performed and the cD plify the gp160 region
with primers as previously described 1996). PCR products were purified
using the High Pure PCR Product Purificat iagnostics GmbH, Mannheim,
Germany). Sequencing reactions w icroAmp 96 well optical reaction
plate using the ABI 3RISM i ermimator v3.0 Cycle Sequencing kit and ABI

uence analysis was performed using the

Sequencher yersion 4.0 softw e Codes Corporation). The Clustal X program was



4.3 Results

4.3.1 Coreceptor usage of CM4 and CM9

Two HIV-1 isolates from patients with cryptococcal meningitis, a severe AIDS defining
condition, were selected for this study. CM9 is an HIV-1 subtype C isolate able to use
CCR5, CXCR4, CCR3, CXCR6 and Bob/GPR15 to replicate in transfected cell lines as

described in Chapter 2 (Table 4.1). While the efficiency with which CMQ used the three

judged by its inability to replicate in USACD4.CXCR4 or MT-2"cdlls. It was also unable

to use CCR3, CXCR6 or CCR1. CCR1 w uded as @negative control for both CM4

and CM9 (Table 4.1).

e in D32/D32 CCR5 PBMC efficiently although

ng/ml versus 10 ng/ml p24 in one representative

ures 4.2 and 4.3). The growth seen for CM9 in D32/D32 CCR5
ely related to the ability of this isolate to use CXCR4 (Figure 4.2).
Since CM4 is unable to use CXCR4, growth in D32/D32 CCR5 PBMC must be due to an
aternate coreceptor. Whether CM4 is using Bob/GPR15 to enter PBMC cannot be

assessed at present, as no inhibitor or natural ligand to block this coreceptor is available.
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Table 4.1: Growth of CM4 and CM9 on coreceptor transfected cell lines

I solate Coreceptor usage (Day12 p24 ng/ml)
u87.Cb4 GHOST .3
CCR5 CXCR4 CCR1 | Bob/GPR15 CCR1 CCR3 CXCR6
Cwm4 70 <1 <1 65 <1 <1 <1
CM9 69 48 <1 3 <1 3 85

same concentrations that were active again lates (Table 4.2) (Chapter 2),

(Trkola et al., 2001). This isolate w to AMD3100, consistent with its

inability to use CXCR4. H n 5 nor CXCR4 inhibitors were effective

against CM4. In M9

ive to AMD3100 (97% inhibition on day 6,

Table 4.2). [ 9 was insengitive to the CCRS inhibitors. Thus the

ability of CM4 and CM9 to be inhibited by the fusion inhibitor
T-20, which is nOt* coreceptor-specific. Both isolates were fully sensitive to 720 and
were inhibited by >99% at 1 pug/ml (Table 4.2). This demonstrates that use of an alternate

coreceptor does not radically alter the envel ope- mediated fusion process.
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Table 4.2: Inhibition data on normal donor (wt/wt) CCR5 PBMC

% Inhibition
| solate PRO140 RANTES AMD3100 T-20
167 nM 19 nM 500 nM 1 pg/mi
CM4 33 24 4 99
CM9 36 34

PBMC, D32/D32 CCR5 PBMC, and

acid sequences of the expanded viruses wer pared to the original infecting
stock (CM4-P1). All gpl6 u 4-P2 grown in different cells were

identical and had onlﬁ ami ch M V3 region (T300N) compared to the earlier

stock (CM4-P1) (Rigure” 4. Hence, the major vira population of CM4 uses both
GPRI5 as coreegeptors on transfected cell lines as well as on D32/D32
that the same envel ope glycoprotein configuration can use both
CCR5 and Bol 15. CM4 had a low overal charge of +3 in the V3 loop, which is

more consistent with usage of CCR5 than of CXCR4 (Hoffman et al., 2002a).
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awvi - P1 © ELYKYKWQ EPLGVAPTKAKRRVVEREKRAI LRAI EAQQHVLKLTWWG KQLQARVLAVEKYLKDQQL

Figure 4.1a: Full-length envelope e aignment of CM4 grown in
different cell lines and PBMC. The cul pernatant is labelled CM4-P1. The
regrown strain is labelled CiVi4-P2! rown in PBMC (CM4-PBMC), D32/D32
CCR5 PBMC (CM4-D32) G .3.Bob cell line (CM4-Bob) is shown. The
variable loops are highlight rey ino acid changes shown. Dots indicate
identical amino agids. ( enc ed by Dr Maria Papathanasopoulos and Trudy
Patience)

is was done using CM9 grown in cell lines expressing CCR5,
CR6 and Bob/GPR15, with the resulting sequences then compared to
the origina isolate grown in wt/wt PBMC. Distinct anino acid sequences changes in
gpl60 were noted between the selected populations, particularly in the VI/V2 and V3
regions of gp120, and in the cytoplasmic tail of gp4l (Figure 4.1b). Viruses that grew in
the CXCR6/Bonzo and CCR3 cell lines were virtualy identical in sequence, and most

similar to the viruses that grew in the CCRS5 transfected cells. The sequence of the virus
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grown in CXCR4-expressing cells was identical to the original PBMC sequence and most
similar to the virus that grew out of the Bob/GPR15 cells. Three changes were noted in
the V3 crown region between these two populations. The viruses expanded on the
CXCR4 or Bob/GPR15 cels had a GPRY motif while those grown in CCR5,
CXCR6/Bonzo or CCR3 expressing cells had a GPGY sequence. There was no

difference in the overal charge (+6) or number of amino acids in the region of the

second that uses CXCR4 and Bob/GPR155Hirs mixed population may account for the

usage of at least 2 different corecept
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gpl20 Vi
0 * 40 * 60

* 2 * 80 * 100 * 120 *
QVD- PBMC : MRVREI LRNYQQAN W8I LGFWM CNVVGNL! KTTLFCASDAK \THACVPTDPNPQEMHL ENVTENFNMAKNDM/DQVHED! | SLVDQSLKPCVKLTPLCVTLECTN : 130

* 800 * 820 * 840 *
OV -PBMC @ | WRAVELLGRR- - ----- GNEI LKYLGSLVQYWGLELKRSAI SLLDTI Al AVAEGTDRI | EFI QRLGRAI YHI

Figure 4.1b: Full length envelope
lines and PBMC (CM9-PBMC
GHOST.3 transfected_with
GHOST.3.CXCR6 (CM9-C
loops are highlighted in

amino acids an i

ce of CM9 grown in different cell

grown in U87.CD4.CXCR4 (CM9-X4),
(CNJ9-Bob), U87.CD4.CCR5 (CM9-R5) and
3 (CM9-R3) respectively. The variable
iho acid changes shown. Dots indicate identical

coreceptors to inhibit CM4 and CM9 replication in D32/D32 CCR5 PBMC. The
chemokine vMIP-1 is a promiscuous chemokine secreted by Human Herpes Virus 8 that
binds to CCR8, GPR1, Bob/GPR15 and CXCR6 (Dairaghi et al., 1999; Simmons €t al.,
2000; Willey et al., 2003). Eotaxin is the ligand for CCR3, and 1309 is specific for CCR8.

CM9 was grown in D32/D32 CCR5 PBMC in the presence of vMIP-1, 1309 and eotaxin
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either singly or in combination with AMD3100. It was previously shown that CM9 could
be inhibited by AMD3100 for up to 6 days on normal donor PBMC, consistent with its
efficient use of CXCR4 for entry (Chapter 2). However, in this study we found that CM9
was eventually able to replicate in the presence of AMD3100 on D32/D32 CCR5 PBMC

when the assay was extended beyond 6 days (Figure 4.2A). When AMD3100 was

combined with eotaxin, the natura ligand for CCRS3, there wassenhanced vira

sence and presence of

AMD3100, vMIP-1, 1309 and CXCL16 (Fi

CXCR6. None of these inhibitors any eff n CM4 replication except vVMIP-1,
which caused a dela'Henc M4 is_using’ a coreceptor other than CCR5, CXCR4,

MC. Its identity is still unclear, but it may be

L16 is the natural ligand for
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Figure 4.2: Inhibition of CM9 in D32/D32 CCR5 PBMC. (A) Growth curve of CM9 in

Days

20

—o— Untreated
—4— AMD3100
—v— AMD+vMIP
—— AMD+1309
—e— AMD+Eotaxin

the presence of AMD3100, vMIP-1, 1309, eotaxin or without inhibitors. (B) CM9in the
presence of AMD3100 aone or in combinations with vMIP-1, 1309 or eotaxin or no
inhibitors. (Samantha Willey and Mathew Sullivan in Dr Paul Clapham’s laboratory

performed these experiments)
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Figure 4.3: Growth curve of CM4 in
AMD3100, vMIP1, 1309, CXCL16 or yi
Sullivan in Dr Paul Clapham’s laborat:
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D32/D32 CCR5
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—+— CM4 1000
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Figure 4.4: Titration of CM4-P2 performed on D32/D32 CCR5 PBMC and normal donor
PBMC. CM4 was diluted starting at 1000 TCIDso down to 10 TCIDs and the levels of
p24 were measured using an inhouse p24 assay. The top figure was performed in
D32/D32 CCR5 PBMC and the bottom experiment was performed on normal donor
PBMC (wt/wt).
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4.3.5Titration of CM4 on D32/D32 CCR5 and normal donor PBMC

Titration experiments were performed in order to establish how well CM4 infects PBMC
with or without CCR5 and to determine the levels of infection in the absence of CCRS.
CM4-P2 was diluted using different TCIDso concentrations starting at 1000, 800, 600,
400, 200, 100, 50 and 10 and was grown in D32/D32 CCR5 PBMC and normal donor

PBMC. The ability of the virus to grow in the PBMC was measuredgtasiiig an in-house
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4.4 Discussion

The identification of HIV-1 isolates able to use coreceptors other than CCR5 and CXCR4
on primary cellsisrare (Lee et al., 2000; Willey et al., 2003; Zhang et al., 2000). While
the significance of alternate coreceptor usage is uncertain, the possibility that HIV-1 can
expand its cellular host range through the use of aternate coreceptors remans a

theoretical possibility. Here we report on how two isolates, CM4 M9, can use

and CXCRA4.

CM4, an R5 isolate able to utilize Bob/GP n transfegied cell lines was isolated from
a patient with advanced HIV di .Mts insepgitivity to both CCR5 and CXCR4
inhibitors suggested %at it du nate coreceptor to infect PBMC. This
receptor is appareqtly al t 2/D32 CCR5 PBMC and can support high levels

esen
of replicati CM4 to use Bob/GPR15 on primary cells remains to be

is an orphan G-protein coupled receptor whose mRNA is widely
olon, spleen, PHA stimulated PBMC, purified T-cells and to a lesser
extent in unstimulated PBMC (Deng et al., 1997). Until a natural ligand to Bob/GPR15 is
identified it will remain difficult to prove that CM4 is using this receptor to enter primary
cells. In aprevious study a different batch of CM4 (CM4-P1) was inhibited by RANTES,
PRO140 and TAK779 suggesting that entry was CCR5-dependent (Trkola et al., 2001).

For the experiments reported here, CM4 had been expanded in PHA-stimulated PBMC to
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generate a high titre stock (CM4-P2). The entry of this virus preparation was found to be
independent of CCR5, as reflected by its aility to grow in D32/D32 CCR5 PBMC.
Experiments directly comparing the properties of the original (CM4-P1) and expanded
vira stock (CM4-P2) confirmed these findings (data not shown). The envelope sequences
of CM4-P1 and CM4-P2 showed they were more than 99% identical (Figure 4.1a). It is

unlikely that the single amino acid change T300N between CM4-Plaand CM-4P2 is

during in vitro passage.

CM9 was also isolat‘ fro

pleiotropic isolatedhat h I CXCR4-usage (Chapter 2). Other studies have

a%advanced HIV infection and it too is a
efer
shown th r of preference for most dual- or pleiotropic isolates
previously shown to use alternate coreceptors, CCR3, CXCR6
and Bob beit less efficiently than CXCR4 (Cilliers et al., 2003). In this study
we show that in addition to using these five coreceptors, CM9 can also use CCR8. This
was confirmed using NP2.CD4.CCRS transfected cells, which supported CM9 replication
(data not shown). However, the use of CCR8 appears to be less efficient than CXCRA4.
Thus during the first 6 days, replication in PBMC was fully inhibited by AMD3100,

suggesting a dominant role of CXCR4. However, replication at later time points was
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inhibited by both vMIP-1 and 1309, a CCR8-specific inhibitor, in the presence of
AMD3100. Thus it appears that growth in the presence of AMD3100 after 6 days is due
to the ability of this isolate to use CCR8. This later use of CCR8 may be related to
expression levels of this receptor on PBMC, which may vary in culture, or the utilization
of CCRS8 by different populations in the CM9 stock, or less efficient usage of CCR8

compared to CXCR4. CCR8 is expressed at high level in the thymus

pe sequences from viruses grown in PBMC and cell lines revealed that
the same vira population of CM4 was able to use CCR5, Bob/GPR15 and a coreceptor
on CCRS5 deficient PBMC. In contrast, distinct viral populations may account for some of
the promiscuous coreceptor activity of CM9. Two distinct viral populations could be
discerned in gpl160 from CM9. The population able to use CCR5, CXCR6 or CCR3 had

three amino acid changes in the V3 region and 4 amino acid changes in V2 compared to
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the population able to utilize CXCR4 or Bob/GPR15. However the population able to
utilize Bob/GPR15 also had an insertion in the gp4l similar to that found in the CCR5,
CXCR6 and CCR3 using virus. This suggests that the Bob/GPR15 utilizing envelope is
digtinct from all the other populations; it even may be a recombinant between different
populations. Further studies on this virus may provide clues as to the genetic

determinants of both major and aternate coreceptor usage. Howeve CCR8-using

D32/D32 CCR5 PBMC.

Whether it is significant that both 4 an CM9 isolates were derived from

Ill remains unclear. Cryptococcal meningitis is a

patients with cryptocwal m

the immune system has deteriorated and it is

meningitis could up-regulate other chemokine receptors or allow access of HIV-1 to other
cell populations, such as in the central nervous system that may promote use of aternate
coreceptors. This data may also point to the need for the use of a combination of entry
inhibitors that target different stages in the entry cycle, such as the CD4-binding site or

the fusion process. T-20 was able to efficiently inhibit both CM4 and CM9 strains
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suggesting that it is not influenced by aternate coreceptor usage. Thus T-20 may be a
useful adjunct to coreceptor inhibitors (Tremblay et al., 2000, Tremblay et al., 2002).
Collectively these data suggest that aternate coreceptors need to be considered when
developing entry inhibitors and that such isolates pose a potential threat to the clinical use

of inhibitors targeting only CCR5 and CXCRA4.

S
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CHAPTERS

SENSITIVITY OF HIV-1 SUBTYPE C ISOLATESTO THE ENTRY INHIBITOR

T-20

S
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5.1 Introduction

T-20 isthefirst in anew class of anti-retroviral drugs termed entry inhibitors licensed for
use in humans and s known by the name T-20 or Fuzeon. In Phase |1l human clinica
trils this drug has been shown to be effective for patients in deep salvage therapy
including those with viruses resistant to reverse transcriptase and protease inhibitors

(Lalezari et al., 2003b). Coreceptor interactions have also been reported,to play a role in

has led to the assumption that al subtypes eptible to T-20 (Hanna et al.,
., 200 ever, there have been aimost no
the'sensitivities of non B subtypes to T-20 to

significant genetic differences from subtype B in the HR-2

2002; Villahermosa et al., 2003; X

comprehensive phenotypic

validate this assumption.

, with 12 of the 36 amino acids in the consensus C sequence
being different (Hanna et a., 2002). In addition subtype C viruses show differences in
coreceptor preference with reported but infrequent use of CXCR4 (Cilliers et al., 2003;
Janse Van Rensburg et al., 2002; Johnston et al., 2003). We therefore aimed to determine

whether T-20 would be effective in vitro against subtype C viruses able to use both
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CCR5 and/or CXCR4 as well as viruses from patients with resistance to other anti-

retroviral drugs.

S
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5.2 Materials and methods

5.2.1Viral isolates

The primary isolates used in the study were derived from South African patients infected
with HIV-1 subtype C viruses. This included 4 isolates from acutely infected sex workers
(Williamson et al., 2003), 11 isolates from adult patients with AIDS (Chapter 2) and 3

isolates from pediatric AIDS patients (Appendix A). In addition viruses were isolated

Table 5.2). Primary virus stocks were gen

subtype C isolates, 15 used the CC epto CXCR4 and 5 used both CCR5
and CXCR4 (Chapter g and ter-3). Six HIV-1 subtype B R5 isolates from acutely
infected South AfgiCan patients werei ed for comparison.

ification and sequencing

was amplified from vira RNA in a nested RT-PCR using the first
round outer primers'env A and env N and second round inner primersenv B and env M as
described previously (Gao et al., 1996). Primers specific for the gp41 region were used to
sequence the PCR products in both directions. The sequencing reactions were

electrophoresed and analyzed on an ABI3100 sequencer @Applied Biosystems, CA).
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Sequence data was edited and assembled and neighbor-joining trees were constructed

from the nucleotide sequences as described previoudy (Papathanasopoulos et al., 2002).

5.2.3 T-20 phenotypic sensitivity assays
Experiments were performed using peripheral blood mononuclear cells (PBMC) with a

p24 antigen read-out. Five-fold dilutions of T-20 (American Peptide.Company, Inc,

20 (virus control). Tr‘mean

caculated for irus.
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5.3 Results

We investigated the amino acid similarity between T-20 and the corresponding region in
the gp41 sequences of the isolates used in this study. Phylogenetic analysis of the gp4l
gene confirmed the subtype designation of all subtype C and B isolates used in this study
(Figure 5.1). Analysis of the predicted amino acid sequences of the T-20 region in HR-2

showed that between 10 and 16 of the 36 amino acids were different (Iable 5.1). These

showed the lowest level of variation, wit

difference) as expected, given that deriv m a subtype B isolate. These data
are shown graphi callyg Fi gu&
This hig of genetic divessity prompted us to investigate the efficacy of 20 to

inhi irus replication in vitro. Table 5.2 shows that all 23 subtype C
isolates were ed >90% at 1 mg/ml T-20. The ICso values ranged from 0.008-0.324
ng/ml with 7 isolates having 1Cso values at the lowest concentration tested (0.008 ng/ml).
Of these, 4 used CXCR4 and 3 used CCR5. There were, however, no significant
differences in ICsp or ICgo vValues between the CCR5 and CXCR4-using viruses (Figure

5.3 A and B). There were no apparent differences in the sensitivity of viruses from adult
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Table5.1: Amino acid sequencesin the HR-2 region of gp41 subtype C isolates aligned to T-20

T-20 sequence YTSLIHSLIEESONOOEKNEOELLELDKWASLW # aa changes
Consensus C sequence GT .YR . L D . KD A . S N N 12 (33%)
Subtype C-acute
Dul23a .G T .YK .L . . K D (33%)
Dul5la ..GT .YR .L .D . K D (33%)
Dul74 F .DI .YN .L .V. E K D (42%)
Du422a .NT .FR . L .D K D (33%)
Subtype C-AIDS
PCP1 .GE .YR . L . 11 (31%)
SW5 ..NT . YR . L . . . . T 13 (36%)
SW26 .SNT .YK .L .D . | 16 (44%)
SW29 .N 1 .YR .L .D . 12 (33%)
SW38 .DT . YR . L . . . T 11 (31%)
CM1 .DT . YR . L . A . 10 (28%)
CM7 .NT . YR . L . E . T 13 (36%)
CM9 .DI . YN .L . . 11 (31%)
SW20 .NT . YR . L .D 11 (31%)
SW30 .ET .YR . L . 12 (33%)
SW7 .DT .YR . L .V 12 (33%)
Subtype C-pediatric AIDS
RP1 .ET .YR . L . NN .S L. 14 (39%)
TM1b .NT .YR . L .NS 14 (39%)
T™9 .NT . YR . L . KN 12 (33%)
Subtype C-drug resistant
DR10 .DT R . L D . . .D . 10 (28%)
DR19 .G . D A .NN .Q 13 (36%)
DR28 .DE D A R .NN . . . .. 14 (39%)
DR62 .G | D A .QN . .S .. 13 (36%)
DR100 .D I . D A . N 10 (28%)
Subtype B-acute
SM1 . G e .. 3 (8%)
SM2 .o N LT L 6 (17%)
DS3 p . H 2 (6%)
DS8 . K . L 6 (17%)
DS9 .G .. 4 (11%)
DS12 .Gl .Y 20 4 (11%)
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Subtype C HR-2 region (n=23 isolates)

100
40+
20 I

YTSLLHSL IEESQNQQEKNEQE
T-20 amino acid

o)
g

% aa difference
()]
<

Subtype B HR-2ffegion (n=6 isG

100

80

% aa difference

IEESQNQQEKNEQELLELDKWASLWNWF
T-20 amino acids

Figure 5.2: Variation in the HR-2 region of HIV-1 subtype C and B compared to T-20.
The mean percentage amino acid changes at a certain position containing the total
number of isolates with a change at that position. This was compared to the T-20 peptide
in the HR-2 region comparing subtype C with subtype B isolates.
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Table5.2: Inhibition of HIV-1 subtype C viruses by T-20 and analysis of baseline resistance patterns

* Inhibition >90% is bolded and inhibition <90% is in italics
**|solates have the following resistance mutations in reverse transci
M184V, T215Y, M230L); DR62 (D67N, K70R, M184V, K219Q); DR100 (

Virus Biotype Day T-20 at*: T-20 (mg/ml) Region associated 0 resistance
1 mg/ml 200 ng/ml ICq ICso
Subtype C-acute
Dul23a R5 8 100 98 0.088 0.010
Dul51a R5 8 100 100 0.078 0.014
Dul74 R5 6 100 100 0.073 0.014
Du422a R5 8 100 93 0.207 0.035
Subtype C-AIDS
PCP1 R5, CXCR6 6 93 87 0.294 0.017
SwW5 R5 8 100 100 0.132 0.00
SW26 R5 6 98 98 0.073 .
SW29 R5 6 99 90 0.312 N .
SW38 R5 6 100 100 0.173 K
CM1 R5 6 98 94 0.191 .
CM7 R5 6 92 0.249 N
CM9 R5X4, CXCR®6, Bob, R3 6 100
SW20 R5X4 8 96
SW30 R5X4 6 100
Sw7 X4 4 98
Subtype C-pediatric AIDS
RP1 R5X4 6 90
TM1b R5X4 6 100
T™9 X4 8 99
Subtype C-drug resistant**
DR10 R5 10 10| N
DR19 R5 10 9
DR28 X4 6 100
DR62 .
DR100 N
Subtype B-acute
SM1 62 0.966 0.079 L N
SM2 69 0.952 0.150 L N .
DS3 70 0.766 0.156 N M
DS8 100 0.148 0.026 . N
DS9 62 0.481 0.252 L N
DS12 31 >1 0.430 N

41L, D67N, T69D, M184I, Y188L, G190A, L210W, T215Y); DR19 (D67N, T69_SS, V106M, G190A, L210W, T215Y); DR28 (K103N,
33E). Protease mutations found in DR100 (M46l, 154V, V82A)
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and pediatric patients collected at different stages of disease progression (Figure 5.3A
and B). Inhibition was not affected by the presence of drug resistance mutations in the pol
gene, as all 5 isolates from patients failing anti-retroviral therapies were fully sensitive to

T-20 (Figure 5.3C).

alternate coreceptors (PCP1 and C
subtype B isolates had the highest 1Cqo Vv
compared to the subtype C ysol -0.910 ng/ml). Thus despite the 33%

@

difference in the consensu 0] -2 between subtypes B and C, T-20 appears

to be highly effecti subtypes.

agan
amino acids 36-45 of HR-1 have been shown to confer
resistance to (Kilby et al., 2002; Poveda et al., 2002; Rimsky, Shugars, and
Matthews, 1998; We et al., 2002). The most important mutations are G36D/S and
V38M/A (bolded in Table 5.2) but changes at position 37, 39, 40, 42 and 43 have aso
been found in patients failing T-20 therapy (Kilby et al., 2002; Poveda et al., 2002).

Analysis of this region among the isolates used in this study showed no evidence for
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Figure5.3: Sensitivity of HIV-1 subtype C isolates to T-20. The graphs show percentage
inhibition plotted against the concentration of 720 in pg/ml. The ICgqp and ICsp’s are
shown with a dotted line. (A) AIDS R5 viruses are compared to (B) AIDS X4 and R5X4
isolates. Isolates resistant to reverse transcriptase and protease inhibitors are shown to be

fully sensitive to T-20 (C).
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mutations associated with 20 resistance except for 1 isolate (SW7) that had the 137V
mutation (Table 5.2). This mutation was previously seen among patients failing T-20
(Roman et al., 2003; Wei et al., 2002) but in the case of SW7 this is likely to be a

naturally occurring polymorphism as this isolate was fully sensitive to T-20. Other

polymorphisms in this region also had little to no impact.

1.5
£ 1.0 o
m [}
>
o L]
o
= 0.5- . . .

.:,‘ . ¢
0.0 .
ype C IC50-subtype B

IC90-subtype C  1C90-subtype B W
es between subtype C and B isolates.
es B and Cavere found to be not significant

Figure 5.4: Comparison of
Differences between I-‘/-l
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5.4 Discussion

These data show that HIV-1 subtype C isolates are highly sensitive to T-20 in vitro and
do not harbour naturally occurring polymorphisms that might confer resistance to T-20.
This includes isolates from patients failing other anti-retroviral therapies who had
resistance mutations in the pol gene. All isolates were sensitive at 1 ng/ml, which is the

physiological concentration at which T-20 is effective (Kilby et al., This suggests

that T-20 would be highly effective in HIV-1 subtype C infected’patients inc g those

failing other anti-retroviral regimens.

Sequence analysis revealed that the HR-1 regi ly more conserved than
HR-2, which also showed a high degree &t types. While the precise
interaction between HR-1 and HR-2 an ism whereby T-20 inhibits the
hese interactions can nevertheless

formation of the 6helica bundle r S uncl

accommodate signific?t geneti€ changes. This may favour the broad applicability of T-
to function against very diverse HIV dtrains.

imit to the degree of variation as T-20 is not effective

developing T-20 resistance including changes at distal sites, as has been seen among
some patients failing therapy. This includes changes in HR-2 as well as other regions of
envelope (Derdeyn et al., 2000; Derdeyn et al., 2001; Reeves et al., 2002). The
conservation of the GIV motif in the mgjority of HIV-1 isolates suggests that T-20 binds

to the same region in HR-1 of al HIV-1 subtypes.
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There is some debate regarding the efficacy of T-20 against isolates using different
coreceptors with some studies showing thet CCR5-using isolates were more resistant to
T-20 (Derdeyn et al., 2000; Derdeyn et al., 2001; Reeves et al., 2002). However other
studies have shown no differences in sensitivity based on coreceptor usage (Greenberg et

al., 2001). While some of the CXCR4-using viruses in this study weremore sensitive to

comparable to ours, which used primary PI

studies with larger numbers of su are needed to determine whether

subtype C isolates are&deed&

HIV-1 subtype C 1§ the mo idly expanding viral subtype worldwide and it is

B iso
ve ta/T-20.

therefore im sure that new agents function effectively against these viruses.
Our d at therapeutic or preventative agents based on T-20 would be effective
in countries where Subtype C predominates. While T-20 is unlikely to be widely used in
developing countries because of the complexities of administration and cost, its
development may have particular significance for such countries where the burden of
infection resides and where new strategies are needed. Given that entry inhibitors block

vira infection at the cell surface, they may serve as potent preventative agents for use as
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microbicides or to prevent mother-to-child transmission. Thus further studies on the
sengitivities of subtype C isolates to new entry inhibitors, particularly those with different

phenotypic and genotypic properties are warranted.

S
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CHAPTER 6

IN VITRO GENERATION OF HIV-1 SUBTYPE C ISOLATESRESISTANT TO

T-20

S
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6.1 Introduction

Treatment of HIV-1 infection has focused mostly on antiretroviral therapies targeting the
two major viral enzymes, reverse transcriptase and protease. While these therapies have
proven highly effective in the treatment of HIV infection they have shown limitations due
to intolerability and resistance (Carpenter et al., 2000; Bucher, Young, and Battegay,

2004). T-20 represents a new treatment option for patients and is the fitst entry inhibitor

1994; Chan et al., 1997). Genetic analyses of
e shown very little variation in the HR-1 region.
This | tion that T-20 will be effective against most genetic subtypes
ermosaet al., 2003; Xu et al., 2002), which was confirmed for
subtype C isolates (Cilliers et al., 2004). The high level of genetic variation seen in HR-2,
the region from which T-20 was derived, among different genetic subtypes appears not to

compromise the efficacy of T-20, most likely due to the low variation in the HR-1 region

to which T-20 binds (Hanna et al., 2002).
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Both in vitro and in vivo studies have shown that resistance to T-20 is associated with
changes in the GIV motif at positions 36-38 in the HR-1 region (Kilby et al., 2002; Wei
et al., 2002) particularly with changes at G36D/S and V38M/A (Lalezari et al., 2003b;
Rimsky, Shugars, and Matthews, 1998). Less frequent resistance mutations include
G36E, G36V, I137T and to a lesser extent 137V (Rimsky, Shugars, and Matthews, 1998;

Roman et al., 2003; Lu et al., 2004). Resistance-associated amino_acid substitutions

outside this region have also been reported including Q39H, Q40

et al., 2004).

Although resistance.to T-20¢'am subtype B HIV-1 isolates has been well

formation about T-20 resistance among nonB

viruses. It is/known'that T-20 ive against subtype C viruses, and that background

T-20 is low (Chapter 5). The magority of new infections
worl caused by subtype C viruses, therefore alternative treatment options
and characterization of resistance to novel drugs among these viruses is of importance.
This study therefore aimed to investigate resistance to T-20 among isolates of HIV-1

subtype C.
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6.2 Materialsand Methods

6.2.1 Generating T-20 resistant isolates

Eleven HIV-1 subtype C isolates, previously shown to be sensitive to T-20 (Chapter 5),
were cultured in the presence of increasing concentrations of T-20 to select for resistant
viruses. Peripheral blood mononuclear cells (PBMC) were CD8 depleted using

RosetteSep CD8 depletion cocktail (StemCell Technologies, Vanco Canada) (as

et al., 2003; Trkola et al., 2001). Cultures ml) p24 antigen were re-fed
using the same concentration of T-2 ore than 1 ng/ml p24 antigen were

cultured with an incrﬁ%d on of J20. Once cultures reached more than 50
ith between 5 and 10 ng/ml T-20. The cultures

fresh epleted PHA stimulated donor PBMC. Two sets of

ere performed, the first (S1) used T-20 obtained from American

with T-20 obtained from Roche, Palo Alto. The second experiment (S2) was set up using
day 29 culture supernatants from S1 starting with 5 pg/ml of T-20, increased later to 10
ng/ml. This was to eliminate any virus that might be sensitive to T-20 and to obtain pure
cultures of T-20 resistant viruses. Once isolates grew in a concentration of 10 ng/ml they

were considered to be resistant to T-20.
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6.2.2 Phenotypic sensitivity assay

The level of phenotypic resistance to T-20 was determined using PBMC with a p24
antigen read-out. Resistant viruses (S2 day 29, 1000 TCIDsg) were incubated with five-
fold dilutions of T-20, starting at 25 pg/ml, for 1 hour before the addition of 10°

cellswell CD8 depleted PBMC in 96 well plates. The levels of p24 antigen were

determined on days 4, 6, 8 and 10. ICgp and ICs5p values were gé

described (Chapter 2, Chapter 5) (Trkolaet al., 2001).

6.2.3 Sequencing of gp41l

RNA was extracted from 200 m of natant using the MagNA Pure LC

Isolation station (Roche Applied Science, berg, Gefmany) and the Total Nucleic

by the manufacturer. The nucleic

Acid isolation kit (Roche Applied Sgience) as d
acid was resuspendetun a fipal volume of m. Reverse transcription was performed
R

using Expand High Fidel Transcriptase (Roche Applied Science). The
reaction was/primedtusing the O primer (5-GGCAAGTGCTAAGAATCCGT-3).
rmed using the Expand High Fidelity PCR system (Roche
in a nested PCR. First round amplification was performed using
gp41FO (5 -GCCAGTGGTATCAACTCAAC-3) and gp4l1RO. Amplification was
performed as follows: 94°C for 5 min, 25 cycles of 94°C for 30 secs, 55°C for 30 secs
and 72°C for 1 min. Primers used for the second round reaction were gp4lFl (5-
GAAGGACAACTGGAGAAGTG-3) and gp41RI (5-GCTCTCCACCTTCTTCTTCG

3'). Cycling conditions were identical to those used in the first round. Amplified samples
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were electrophoresed on a 1% agarose gel and yielded a product of approximately 700
bp. PCR product was purified using the High Pure PCR purification system (Roche
Applied Science). Sequencing was performed in both directions with the ABI Big Dye
terminator system, as described by the manufacturer, using gp4lFl and gp41RI.
Sequences were joined using the Sequencher 4.1.4 program (GeneCodes, Ann Arbor,

MI). Multiple alignments were performed using Clustal X. Phylog

percentages.

6.2.4 Sequencing of V3

The V3 region was amplified using sB AACACAAGCCTGTCCAAAGG
3) and BR (5'-AATT8TAG C CTGA-3). RNA was reverse transcribed with
i ecular Biochemicals) and amplified with Super-
Biotechnologies); the PCR product was cleaned with

uct Purification kit (Roche Applied Science). Sequencing was
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6.3 Results

6.3.1 Generation of T-20 resistant isolates

Eleven HIV-1 subtype C isolates, previously shown to be sensitive to T-20 (Cillierset al.,
2004), were included in this study. Eight isolates were from adult patients with advanced

HIV disease (Cilliers et al., 2003), two were from acutely infected adult patients

(Dul51a, Du422a) (Williamson et al., 2003) and one was from a pediatric patient with

ncreasing concentrations of T-20 (from 0.005

nmg/ml up to 40 ng/ml) and vi wth was monitored using a p24 antigen assay for 36
showed only low-level replication during the first 2 weeks of
culture concentrations ranged from 0.05 to 1 ng/ml, but by day 18 al isolates
replicated at varying but detectable levels. Two isolates (Du422a and SW38) showed
higher levels of replication producing more than 100 ng/ml p24 antigen within 11-15
daysat 1 mg/ml T-20. By day 29 vira replication for al isolates at 10 ng/ml was high

(>25 ng/ml p24 antigen), stable and unaffected by the addition of fresh T-20. Virus
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populations from day 29 cultures (S1) were sequenced to determine the resistance

profilesin gp4l.

In order to enrich for 20 resistant virus the S1 day 29 cultures were used to infect a
fresh batch of PBMC at a starting concentration of 5 nmg/ml T-20 (S2). These cultures

were continuously cultured in the presence of 10 ng/ml T-20 from dayed.onwards until

day 29. Three isolates (SW38, SW7 and RP1) were able to g from outset©f culture

3. i with T-20f esistance
The gp4l regio [tur T-20 naive parental viruses, S1 and S2 was

alysed to determine if genotypic resistance to T-20

ses were al genotypically sensitive to T-20 and, with the
(GVV), dl had the GIV motif (Chapter 5). The cultures from the first
passage (S1) had changes mostly in the GIV motif with more changes at psition 36
(7/11) followed by position 38 (3/11) (Table 6.1). Some changes were also noted outside
the GIV motif at positions 42, 43, 45 and 50 in the HR-1 region. No resistance mutations

were noted for the subtype B isolates in S1 even though they were able to replicate in the
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presence of 10 ng/ml T-20. Further analysis on day 36 revealed resistance mutations not

evident at day 29 (data not shown).

Culturesin S1 contained mixed populations with both T-20 sensitive and resistant viruses
present at day 29 (as observed in sequencing chromatograms and indicated in Table 6.1).

To obtain pure resistant cultures a second experiment (S2) was set up usiig,5 mg/ml T-20

support, and consensus sequences support

Mutations were noted in the GIV nfotit of 9/11%8ubtype C isolates and 3/4 subtype B
isolates (Table 6.2). %nei also had mtations outside the GIV motif at positions

S12), L45R (SW5), R46M (DS3) and A50T/V

$42D (SW29),

7 andy RP1). ree viruses (Dud422a, RP1 and DS12) high-level

by mutations in these regions as al had wild-type GIV

mutations observed for that virus in S1 eg. SW29. However, interestingly, in some cases
the predominant resistant population observed in S1 was not the same population present
in S2, with new mutations emerging (eg. CM9). This observation reflects the dynamic
nature of T-20 resistance mutations reported in vivo (Baldwin et al., 2004) and may be

due to differences in fitness (presumably determined by virus entry) in a system where T-
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20 concentrations are increased gradually as in S1, as opposed to S2 where virus was
exposed to immediate and high (5 ng/ml) levels of T-20. Most of the resistance mutations
observed occurred at the same positions as previously reported for subtype B isolates,

further demonstrating the importance of the GIV motif in resistance to T-20.

S
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Table 6.1: Changes in the HR-1 region of subtype B and C isolates exposed to increasing concentrations of T-20 for 29 days (S1).

Biotype HR-1 amino agid sequence
SubtypeC
Consensus G I E A Q Q
Dul5la R5 : AIT
Du422a R5 G/D
SW5 R5 )
CMm7 R5 : AIT
SW29 R5 G/S :
SwW38 R5 G/SID T . H
PCP1 R5/X6 G/E :
RP1 R5/X4 G/D AN
CM9 R5/X4/X6/R3/Bob GID .
SW7 X4 ~ VIVIA
DR28 X4 G/SID
Subtype B
Consensus I Q Q Q N N L L R A I E A Q Q
SM1 R5 : : : :
SM2 R5
DS3 R5
DS12 R5/X4
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6.3.3 Changesin the HR-2 region

The HR-2 region of resistant subtype C and B isolates was sequenced and analyzed to
investigate compensatory changes, which may arise as a result of T-20 exposure. These
changes, compared with parenta and S1 viruses, were noted only for the second
experiment (S2). Four of the 11 subtype C viruses had changes in the HR-2 region with

one isolate containing three changes in the region corresponding to_the T-20 peptide:

mutation and DS12 a G129D mutation.

6.3.4 Analysisof V3 amino acid sequenc

The V3 region of X4 viruses has pr,

(

gy b ted to undergo changes when T-20

interacts with the 9%20 r et al., 2004). V3 sequencing was therefore
ermine if changes in the V3 region might arise
11 subtype C isolates had changes in the V3 region:
e (T) to Isoleucine (I) change at position 2 and SW38 had a
amine (Q) at position 32 (Table 6.3). These changes were close to the
stem of the V3 region, which has been implicated in T-20-related changes within gp120
(Yuan et al., 2004). For SW38 this change resulted in a decreased charge in the V3 loop

from +4 to +3.
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6.3.5 Determination of T-20 | Cog and |1 Csp for resistant isolates.

The ICqp and ICsp values were determined for the T-20 resistant isolates (S2 day 29) to
establish if there was any correlation between the degree of phenotypic resistance and the
type or number of resistance mutations. The 1Csp values had a wide range from 9.52
pg/ml to more than 25 pg/ml, equivalent to a 7 to 234-fold increase in resistance to T-20

compared with T20-naive parental viruses (data not shown). The 1Cgg Vvalues ranged

obtain an ICsp value. No clear association noted between the resistance profile and

the inhibitory concentration of T-20.
®
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Table 6.2: The ICso and ICgp values with corresponding resistance sequences for subtype C and B isolates from S2 day 29.

Biotype Inhibitory concentration (ua/ml)
1Cxg 1Cqo
SubtypeC
Consensus Q
Dul5la R5 9.52 14.08
Du422a R5 15.24 23.55
SW5 R5 24.99 >25
CM7 R5 15.75 23.87
SW29 R5 19.79 >25 .
SW38 R5 19.89 >25 H
PCP1 R5/X6 >25 >25
RP1 R5/X4 >25 >25
CM9 R5/X4/X6/R3/Bob 22.62 >25
SW7 X4 >25 >25
DR28 X4 16.69 23.7
Subtype B
Consensus Q
SM1 R5 17.21 24.91
SM2 R5 22. 25
DS3 R5 NR .
DS12 R5/X4 7.12 > N/K/S

NR = no replication
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Table 6.3: Summary of T-20-associated changes in the HR-2 and V 3 regions S2 viruses.

HR-2 V3
Subtype C
SW38 D129N K32Q*
D148E
K152S
Dul23 D137E -
CM9 E151K -
RP1 K147Q
Dul51 -
Subtype B
SM1 G129N
SM2 V130F
DS12 G129D

* V3 numbering: position 1 corresponds to residue 29
- indicates no change compared with parental viru

S
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SW38 S2

SW38 S1
PCP1 %
pcp1  PCP1 Sw3s
q 100
DR28 ST2 by
DR28 DR28
S2 100
100
SW7 S2
SW7 S1 SW5
SW \\100 SW5 S1

CM7S1 g3
CM 1

00
CM7 S2
Du422a S2 gg 100
Du422
S1 Du422a

100§6M9 S2
Du151

Dut®1a S2 pyuisia Si coMs1

88" SS9
SW29
s1

DS12S2 A 75 SM2S1

DS12  DS12 SM2
s1

0.02

Figure 6.1: Phylogenetic analysis of nucleic acid sequences from parental, S1 (day 29)
and S2 (day 29) sequences (Mega version 2.1). Consensus sequences for subtype B and
subtype C are included. Bootstrap values exceeding 75% are shown. This data indicates
that no contamination by another virus or different strains were responsible for the
appropriate T-20 resistance mutations (Courtesy of Dr Penny Moore).
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6.4 Discussion

The development of resistance appears to be an inevitable result of exposure to T-20,
regardless of the subtype of HIV-1. Here we describe the development of in vitro
resistance to T-20 among subtype C isolates from patients at different stages of disease
including one with pre-existing reverse transcriptase mutations. Mutations occurred

predominantly in the HR-1 region, mostly at the G36 and V38 positions, which have

Analysis of amino acid changes in the HR-

pg/ml T-20 (S2) revealed mutations iated -20 resistance in al subtype C and
B isolates. Most of tkge ch 0 ed injthe GIV motif with some isolates having

isr

owever, in many cases these mutations were not
those observed i ien (S1). The reasons for this are not clear but indicate
een populations of mutant viruses under T-20 selection in vitro.
A num i es thal had changes at the G36 motif at S1 reverted to the wild-type
glycine in S2. The relative reduction in the number of G36 mutants in S2 may ssmply be
a result of exposure of a mixed population of viruses (selected gradually in S1) to
immediate high levels of T-20. This inability of G36 mutants to persist at S2 suggests that

for some viruses, mutations at this resdue may not confer the highest level of T-20

resistance. Alternatively, perhaps the fitness of these variants was sufficiently
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compromised to redtrict their infection of fresh PBMC in the presence of high
concentrations of T-20, resulting in the infection of PBMC in S2 with sub-popul ations of
T-20-resistant viruses with increased fitness compared with G36 variants. The three
isolates (Du422a, RP1 and DS12) that showed high level resistance in the absence of
mutations in the GIV motif al had the N42K/S mutation suggesting that this mutation

may cause high level resistance on its own. Further support for this.comes from the

suggesting that N42K has increased fithess compared to . S, mutations in GIV
as well as those outside GIV can confer high-level ce to T-20 f¢ -1 subtype

C and B isolates.

T-20-associated mutations in HR-1 have result in reduced affinity for

n acti ” Mutations within HR-2 have been
iC which compensated for the initial reduction in

stance (Baldwin et al., 2004). In this study,

HR-2 (and concomitant reduction i

shown to result in a hgerfus

fusogenicity assogiated

in the region were noted in four HIV-1 subtype C isolates.
in the region corresponding to that from which T-20 was derived
enly across this region. Interestingly, three of the four HIV subtype B
isolates had changes in the HR-2 and these were mostly in the beginning of the T-20
region, athough not at the SNY motif implicated as a compensatory mutation in a T-20-
resistant and -dependent virus (Baldwin et al., 2004). Whether the changes observed in
HR-2 among T-20 resistant subtype C isolates have any significance for development of

T-20 resistance among subtype C isolates still needs to be determined.
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Changes outside the gp41 have previously been shown to influence the efficiency with
which T-20 binds to the HR-1 region (Reeves et al., 2002; Reeves et al., 2004). The
position rext to the 321-bridging sheet of gp120 has been shown to influence coreceptor
binding and thus impact on how well T-20 interacts with the gp41 region (Reeves et al.,

2002; Reeves et al., 2004). Coreceptor usage has also been implicated in.sensitivity to T-

not shown). T-20 has been shown to inter gp120 of subtype B X4 viruses and the

V3 loop has been reported to under

(

sub isolates. The significance of these changes still

0 the cysteine bords at the stem of

ges
the loop in the pre&ege of et al., 2004). In this study we noted changes

as both were R5 isolates. We cannot exclude the

Selection of resistance was most pronounced for one isolate in both S1 and S2. This
isolate, SW38, had one change in the HR-1, three changes in the HR-2 as well as a
change in the V3 region. SW38 has three polymorphisms in the HR-1 region to which T-

20 binds, which may contribute to the rapid development of resistance to T-20 in S1 and
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S2. This may indicate the possible role of compensatory changes at different positions in
the envelope region to accommodate primary drug resistance mutations that dlow the
virus to replicate in the presence of T-20, despite possible reduced fitness compared with
parental viruses (Lu et al., 2004). To fully understand the mechanism of T-20 resistance
future work will need to examine the role of regions other than gp4l to investigate what

influence these regions have on T-20 resistance and how the gpl6 pensates for

potentially deleterious T-20-associated mutations.

20 among subtype C isolates. Virus resist

stance among subtype B HIV-1

to T-20, and was genotypicaly ¢ able
isolates, suggesting a s)mmo h of Jaction of the drug in both subtypes. These

t of resistance in T-20 treated patients infected
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CHAPTER 7

CONCLUSION

While considerable progress has been made in the last eight years in understanding how
HIV interacts with human cells, one of the major advances has been the discovery of
HIV-1 coreceptors and how they function. The maor coreceptors are CCR5 and CXCR4

of which CCRS5 is used more frequently. CXCR4 is used less frequ and at later

as insertions or deletions similar to subtyp

infections worldwide it is important

coreceptor switch albei‘at a%

The development ofy a new f compounds that can block HIV-1 infection has

erst at alows this subtype to undergo a
uen

ibilities for vira control, including their use as microbicides to

genera these inhibitors have been well tolerated and effective in limited clinical testing,
and their ability to block multiple steps in the entry process makes this an attractive
approach. There is limited data available on the effectiveness of these compounds on

HIV-1 subtype C. Due to genotypic and phenotypic differences between HIV-1 subtype
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B and C studies need to be performed to assess the effectiveness of new and existing

inhibitors on HIV-1 subtype C.

Entry inhibition of HIV-1 subtype C isolates
c
=
2
c
£
é’
PRO542 PRO140 AMD3100 T20
anti-CD4 anti-CXCR4 anti-gp41
4 or R5X4
Figure 7.1. percentage inhibition for the three classes of entry
inhibitor -1 subtype C? The rumber of isolates tested is shown on top of each

ti-CD4 inhibitor are not discussed in this thesis. The R5 isolates
or R5X4 isolates are shown in red.

Figure 7.1 represents a summary of data presented n this thesis and additional data
(courtesy of Elin Gray). PRO542 is a recombinant tetravalent antibody coupled to the
CD4 molecule that binds gp120 (Allaway et al., 1995), inhibited subtype C viruses in a
coreceptor independent manner (E. Gray unpublished data). R5 viruses were inhibited

effectively by the CCR5 coreceptor inhibitors and the X4 and R5X4 isolates were
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inhibited by the CXCR4 inhibitors. The fusion inhibitor was highly effective against all
isolates tested irrespective of coreceptor use. All three stages of entry for subtype C are

therefore susceptible to entry inhibitors.

A potential obstacle to using coreceptor inhibitors is the emergence of isolates able to use

coreceptors other than CCR5 or CXCR4. Although the use of aternatg,coreceptors is a

bind to these coreceptors. In one case thi€' was CER8 for whicl’an inhibitor is available

although in the second case the receptor was unkmown. Few HIV-1 isolates are

tested for aternate coreceptor use heir o ence may be more common than
need'to consider blocking alternate coreceptors

current data suggests;uture es
e

should their use bedmor alen urrently described.

Collectively ggest that the mechanism used by HIV to enter cells will be the
C as for subtype B and that the same prevention strategies should be
successful for HIV-1 subtype C infected populations. However, HIV due to its genetic
variability has already shown evidence that it can circumvent some of these new
inhibitors irrespective of clade either by using another coreceptor or by having genetic
differences in regions that entry inhibitors target (Moore et al., 2004). Thus it cannot be

assumed that al entry inhibitors will be effective on HIV-1 subtype C and in vitro testing
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is required to verify this for new agents. The synergistic use of entry inhibitors will be
advisable to circumvent coreceptor switching either to CXCR4 or an alternate coreceptor.
Combinations of entry inhibitors will also minimize drug resistance to a specific entry
inhibitor targeting different phases of the entry process. The development of this new
class of compounds and their ability to be used in combination with highly active anti-

retroviral therapy expands the opportunities to target multiple in the vird

replication cycle and increases the possibilities for controlling

7.1 USEFUL OUTCOMES

These data has provided useful information ility of HIV-1 subtype C
isolates to entry inhibitors as well as resi , Which is more or less
similar to subtype B. Such data are needed al use of these drugs in South

Africa. The information obtained m y applicable to other regions of the

world where subtype 8 circ ermare the pattern of genetic mutations in the

subtype C envelopé gene resistarce to entry inhibitors will be useful for

future applicati try in . This is important, given that the envelope gene of
genetic variation and that resistance patterns may differ between
inhibitors. Collectively the data obtained here will give an indication
as to the potential efficacy of these novel drugsin HIV-1 subtype C infected patients and

to their potential use as preventative agents, which are desperately needed in countries

where HIV-1 subtype C circulates.
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APPENDIX A

Patient information from whom vira isolates were derived

SampleID  Ethnicity Age Sex CD4 VL

Acutely infected patients

Dul23a N/A N/A  F
Dul5la N/A N/A
Dul74 N/A N/A
Du422a N/A N/A

178,830

8.4 N/A 190,990

M 11 296,865

Drug resistant

40 M 43 14,194

DR19 Black 6 M 439 15,200

DR28 Black 9 M 173 269,000

Sl

Sl

Sl

NS

NS

Sl

SI/NSI Clinical Status

N/A
severe (C)

severe (C)

Candida
Oesophagus

N/A

N/A
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SampleID  Ethnicity Age Sex CD4 VL SI/NSI Clinical Status

DR62 Black 6 F 1231 57,100 NS N/A

DR100 Black 2 M 716 489,000 NS N/A

Subtype B

SM1 Caucasian N/A M N/A  N/A

SM2 Caucasian N/A M N/A

DS3 Caucasian 39 M NS AIDS
DS8 Caucasian 34 M S AIDS
DS9 Caucasian 39 M NS AIDS
DS12 Caucasian 26 Sl AIDS

®

N/A= not availabl
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APPENDIX B

Amino acid abbreviations

Amino acid

Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Glutamine
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threopine
Tr

Tyrosine
Vadine

Abbreviation

<<E—|m{ r I O MmO O U Zzx >
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APPENDIX C
Buffersand solutionsfor p24 assay

10x NaHCO3:
Weigh 42g NaHCO3 and add 500ml double distilled water (ddH,0) and set pH at 8.5.

10x TBS to make up 5 litres:
Weigh 421g NaCl and 519 Tris- Trizma base. Add 5 liters of double digti
(ddH20). Set pH at 7.5 using HCI to adjust.

water

1x TBSfor 20 liters:
Use 2 liters 10x TBS and add 18 liters of distilled w.

10x PBS for 10 liters:
Weigh 800g of NaCl, 20g KCl, 144g N
Add 8 liters of distilled water and adjust p

10x TROPIX Wash buffer:
ELISA-Light Kit. Forgy liter 00ml of 10X concentrate and add 900ml double
distilled water.

10x TR ffer
out 24.3g of TRIS base add 10ml of MgCh (1IM). Adjust to 1
liter u illedl water and set pH at 9.8.
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APPENDIX D

GenBank accession numbersfor the V3 sequencesare

AY 170657 (SW4), AY 170658 (SW5), AY 170659 (SW14),
AY 170660 (SW16), AY 170661 (SW22), AY 170662 (SW23),
AY 170663 (SW26), AY 170664 (SW29),

AY 170666 (SW35), AY 170667 (SW38),

AF411966 (SW7), AY 230878 (SW12),

AY 230880 (SW30).

GenBank accession numbersfor gp4l ces

AY 504998 (99ZADu174) 5011 SM2)

AY504999 (99ZA S\Ng 1967 (99ZACM9)

AY 505000 (992 11966 (99ZASW7)

AY505001 (99ZA AF544007 (ZADu123)

AY 505002 ( AY 043173 (ZADul51)

AY50 AY 043175 (ZADu422)

AY 505004 (99ZACM?7) AY 529667 (00ZAPCP1)

AY 505005 (02ZADR10) AY 529669 (99ZASW20)

AY 505006 (02ZADR19) AY 529673 (99ZASW30)

AY 505007 (02ZADR28) AY 529673 (01ZARP1)

AY 505008 (02ZADR62) AY 529677 (99ZATM1b)
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AY 505009 (03ZADR100) AY529679 (99ZATM9)

AY505010 (99ZASM1)

Full genome sequences

AF411964 (99ZACM4)

AF411966 (99ZASW7)

AF411967 (99ZACM9)
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APPENDIX E

Ethical clearance

Ethical clearance was obtained from the University of Witwatersrand Committee for

Research on Human Subjects (Medical) protocol number M040911

S

191



	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E

