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ABSTRACT

The polymerase chain reaction (PCR) amplifies genomic DNA sequences in an in 

vitro reaction, allowing detection, quantification and characterisation of the amplified 

sequence. This thesis describes the application of PCR to the investigation of human 

immunodeficiency virus type 1 (HIV-1) infection. The aim has been to develop 

methods which can be applied directly to clinical samples taken from infected 

individuals and which do not require the in vitro culture of the virus.

Methods for the preparation and storage of suitable samples for amplification by PCR 

have been developed and evaluated including a whole blood cryopreservation method. 

Sequence specific oligonucleotides have been designed for the diagnostic detection of 

HIV-1 in clinical samples by PCR. The diagnostic specificity and sensitivity of the 

method have been determined using characterised virus isolates and clinical samples 

collected from cohorts of infected adults and babies born to infected women.

A PCR has been designed to amplify the reverse transcriptase {RT) gene of H IV -1 

and the amplified product has been analysed with a novel quantitative point mutation 

assay (PMA) The PMA was designed to quantify the proportions of wild-type and 

mutant sequence at a given point in mixed virus sequences derived from clinical 

material, and was used to analyse mutations associated with resistance to 

antiretroviral drugs.

PMA has been used to detect genomic drug resistance in a number of HIV-1 infected 

subject groups receiving zidovudine therapy, and the results analysed in parallel with 

other laboratory findings. The assay has been used to identify drug resistant virus in 

cerebrospinal fluid and to demonstrate the dynamics of viral replication in vivo.

The rapid throughput of samples by PMA has led to it becoming a cornerstone of the 

virological analysis of MRC antiretroviral trials, being applied to both mono- and 

combination-therapy trials.
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CHAPTER 1 

INTRODUCTION

1.1 HUMAN IMMUNODEFICIENCY VIRUS AND THE ACQUIRED  

IM M UNODEFICIENCY SYNDROME

Introduction

The acquired immunodeficiency syndrome (AIDS) was first described in 1981 

(Gottlieb et al. 1981, Masur et al. 1981, Siegal et al. 1981) in homosexual men 

suffering from combinations of rare opportunistic infections and tumours. The 

pathology of the syndrome was characterised by a deficiency in immune function 

characterised by a loss of CD4 positive (CD4+ve) T-lymphocytes (T4 cells, T helper 

cells). As cases increased throughout the eaidy 1980s it became appaient that the 

syndrome was not an isolated and sporadic occurrence but had the appearance of an 

epidemic.

Although numerous suggestions for the cause of the syndrome were proposed during 

this period it became obvious that a viral aetiology was the most likely cause of the 

epidemic. This was further backed up by the identification of the syndrome in 

haemophiliacs, blood transfusion recipients and intravenous drug-users (Centers for 

Disease Control 1982a, b, c). Ultimately, in 1983 a virus was isolated from an AIDS 

patient in the laboratory of Luc Montanier in France (Barre-Sinoussi et al. 1983) 

which had many of the characteristics expected of the putative agent of AIDS, 

notably that the virus grew in CD4+ve T-lymphocytes. The virus, designated 

lymphadenopathy virus (LAV), was found to be a retrovirus and was further 

characterised and adapted for growth to high titre in cell culture in the laboratory of 

Robeit Gallo in the USA (Gallo et al .1983, Gallo et al. 1984).

The isolated virus showed a number of common features with the previously isolated 

human retroviruses, human T-lymphotropic virus types 1 and 11 (HTLV-1, HTLV- 

11), and was thus designated as HTLV-111 (Gallo et al. 1984). It subsequently 

became clear that there were substantial differences between HTLV-1 and HTLV-11
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and the newly described virus, regarding its molecular and genomic structure and the 

pathology of infection and thus the virus was renamed HIV-1 (Coffin et a l  1986). 

The growth of the virus in cell culture allowed the production of viral antigens 

which could be used to produce serological assays for specific antibodies to the virus 

(Schupbach et a l 1984). Consequently, it was confirmed that almost all patients 

with AIDS had antibodies to HIV and so provided overwhelming evidence that the 

virus was the causative agent of AIDS (Samgadharan et a l  1984). The development 

of serological assays for anti-HIV antibodies also allowed the epidemiology of the 

infection to be rapidly elucidated and for modes of transmission to be defined. A UK 

study of 2000 persons (Cheingsong-Popov et a l  1984), using a competitive 

radioimmunoassay, found no antibodies to HTLV III in over 1000 unselected blood 

donors, but found a high prevalence in patients with AIDS, asymptomatic 

homosexual men, haemophiliacs and intravenous drug abusers.

Following the elucidation of the disease progression and epidemiology of HIV-1 

infection a second virus, human immunodeficiency virus type-2 (HIV-2), was 

described (Clavel et a l  1986) which had many features in common with HIV-1. 

Although HIV-2 predominantly infects the same CD4+ve T-lymphocyte population 

the depletion of these cells and the progression to immunodeficiency disease, AIDS 

and death is generally slower (Poulsen et a l 1989, Levy 1993). The epidemiology of 

HIV-2 infection is now well documented (De Cock and Brun-Vezinet 1989) but 

other aspects of HIV-2 infection such as the clinical features of infection, the 

diagnosis of infection and possible vaccine and chemotherapeutic strategies are 

much less well studied than for HIV-1.

Clinical Features of HIV Infection and AIDS

Although most of the clinical features associated with HIV infection are the 

symptoms of AIDS there aie other manifestations of HIV infection seen during the 

acute phase of infection and preceding the progression to AIDS. The clinical 

definitions of AIDS and the preceding stage of AIDS related complex (ARC) are 

being continuously refined and up-dated as the epidemic progresses. These changes 

are brought about as further clinical consequences of the immune deficient state aie 

recognised, often under pressure from patients themselves wishing to be included in

16



the AIDS or ARC definition in order to gain access to newly available drug 

treatments. In addition, the commonest manifestations of the syndrome are changing 

under the influence of drug therapy and prophylaxis, causing some clinical features 

to be seen less often than earlier in the epidemic and some new features to develop 

as infected individuals live longer.

An acute viral syndrome is seen in a proportion of primary infections, three to six 

weeks after infection, and is characterised by influenza-like symptoms (Tindall and 

Cooper 1991). Although the period between the acute infection and the first overt 

clinical signs of HIV infection becoming apparent is referred to as the latent period, 

most infected individuals have chronic lymphadenopathy as evidence of an ongoing 

infection of, and damage to, the immune system. As already indicated the symptoms 

of the more advanced states of HIV infection, ARC and AIDS, are many and varied 

and the definitions of the syndrome are being constantly modified.

The disease classification that will be referred to in this thesis is that proposed by 

the Centers for Disease Control (CDC), Atlanta, USA in 1986 (revised 1987) 

(Centers for Disease Control 1987). The CDC disease classification was 

substantially revised at the beginning of 1993 (Centers for Disease Control 1992) 

and now includes CD4-i-ve T-lymphocyte counts below 200/mm^ whole blood as an 

AIDS defining condition in the absence of any other clinical feature. This definition 

has not been adopted by countries in Western Europe which continue to use the 1987 

classification (Park 1992).

Infection of the central nervous system (CNS) is common, possibly ubiquitous, in 

HIV infection and symptoms of CNS infection are frequently present in HIV 

disease, even in the absence of other systemic illness (Geleziunas et a l  1992, Brew 

1993). However, the frequency with which CNS disease is the first presenting 

symptom of AIDS is low (about 10%) (Levy et a l  1988) and although neurological 

disease can be seen during primary infection (Carne et a l  1985) it is generally seen 

only in the later stages of infection after the advent of damage to the immune 

system. CNS disease can result either from the viral infection itself, that is HIV 

encephalopathy or AIDS dementia complex (ADC), or from a number of 

opportunistic infections resulting from the underlying immunodeficiency. The most 

common CNS infections are toxoplasmosis, cryptococcal meningitis. Herpes 

simplex virus, cytomegalovirus and polyoma virus (JC virus) infections.
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HIV-1 infection in children generally results in progression to AIDS more rapidly 

than in adults, with 50% of infants infected at birth showing symptoms by one year* 

of age and 25% having a diagnosis of AIDS by that time (Falloon et a l  1989). 

Infected infants are more likely to suffer from severe bacterial infections than adults 

and less likely to present with the commonest adult conditions of Pneumocystis 

carinii pneumonia (PCP) and Kaposis Sarcoma (KS). Opportunistic infections and 

other common bacterial and viral infections are usually more severe in infants (Scott 

et a l 1989) reflecting a lack of previous exposure to these agents. A clinical feature 

often seen in infected infants and children, but not adults, is lymphocytic interstitial 

pneumonitis (LIP) affecting 30-50% of these children (Rogers et a l 1987).

A feature of HIV-1 infection that has become apparent as the epidemic in North 

America and Western Europe has been studied is the existence of a sub-population 

of long-term survivors (or non-progressors) of infection (Rutherford 1994). These 

individuals (approximately 5% of the infected population) are now being studied 

intensively to determine which viral or host factors are responsible for their long

term survival and lack of decline in CD4+ve T-cell count (Cao et a l  1995b, 

Pantaleo et a l  1995). There is good evidence of an association between low virus 

load and a slow rate of disease progression (Mellors et a l 1996), although it is 

unclear whether the low load is a feature of the host or the viral variant infecting the 

patient.

The Epidemiology of HTV and AIDS.

By January 1995 over one million cases of AIDS had been reported to the World 

Health Organisation (WHO) (WHO report 1994) and WHO estimates that there have 

been > 4 .5  million cumulative AIDS cases since the pandemic began. The WHO 

further estimates that the global cumulative total of HIV infections is over 18 million 

with 1 3 -1 5  million still alive. Reports of HIV infection have been notified from 

almost every country in the world making HIV infection a true global pandemic. 

There aie three basic routes of transmission of the virus: sexual intercourse with an 

infected person, tiansfer of blood or blood products and vertical transmission from 

an infected mother to her baby. Different areas of the world have a predominance of 

different modes of ti'ansmission.
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North America. Western Europe and Australia: the transmission is 

predominantly within homosexual men and injecting drug users. The balance 

between these two modes varies from 90% homosexual men in California to 

over 60% drug users in Spain and Italy. Heterosexual spread from these two 

groups to their partners is now increasing. The rapid introduction of diagnostic 

screening tests has almost eliminated the spread through blood transfusion and 

the use of blood products such as Factor VIII, although groups of patients can 

be identified who were thus infected early in the epidemic.

Sub-Saharan Africa: this region accounts for over half the global HIV 

infections, the virus being transmitted predominantly by heterosexual sex, and 

also includes the bulk of cases of vertical ti'ansmission. Transmission through

blood and blood products still occurs in the absence of adequate diagnostic

screening procedures. The HIV-1 epidemic covers the whole of Sub-Saharan 

Africa but is paiticulaily concentiated in East Africa, whereas West Africa 

accounts for the majority of HIV-2 infections in the world.

South-East Asia and India: The epidemic reached these regions later than the 

areas above, only beginning in the mid 1980s. Hence these are the aieas of 

highest incidence of infection, transmission being predominantly through 

heterosexual sex and injecting drug use.

The rates of transmission of HIV infection from infected mothers to their babies 

varies from 13% observed in Western Europe (European Collaborative Study 1991) 

to almost 40% observed in some African countries (Newell et a l  1990). The 

transmission to babies can occur in utero, during birth and through breast feeding

(van de Perre et a l 1991). The diagnosis of vertical transmission and the

determination of which of the three modes of transmission has occurred form part of 

the work reported in this thesis and will be discussed further in Chapter 5.
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The Virus

HIV-1 and HIV-2 have been classified in the lentivirinae sub-family of the family 

Retroviridae from their biological, morphological and molecular characteristics 

Other members of this group include maedi-visna virus (M W ), equine infectious 

anaemia virus (EIAV), caprine arthritis-encephalitis virus (CAEV), feline 

immunodeficiency virus (FIV), bovine immunodeficiency virus (BIV) and simian 

immunodeficiency virus (SIV). Morphologically the virus is similar to other 

retroviruses when viewed by electron microscopy, being an enveloped particle 

approximately 120 pm in diameter (Gelderblom et al. 1987). The most notable 

feature of the Retroviridae is the viral expression of an RNA dependent DNA 

polymerase, reverse transcriptase (RT), first described in 1970 (Baltimore 1970, 

Temin and Mizutani 1970). This enzyme functions as part of the life cycle of the 

virus as illustrated in Figure 1.1.

FIGURE 1.1

Genomic
RNA

Viral proteins

mRNA

FIGURE 1.1. The life cycle of HIV (I. adsorption to cell surface receptors; 2. 

imcoating; 3. reverse transcription; 4. integration; 5. transcription; 6. translation of 

RNA; 7. post-translational modifications; 8. insertion o f env proteins into cell 

membrane; 9. assembly o f virus core and budding through cell membrane).
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The virus life cycle

1. Adsorption of the virus to the surface of the target cell via a specific cell 

surface receptor. For HIV this receptor has been shown most commonly to be 

the CD4 molecule found on the surface of T helper lymphocytes and other 

cells such as macrophages (Dalgleish et a l  1984). Additionally, a second cell 

surface receptor is required to allow binding and entry of the virus particle, 

and recently a group of chemokine receptors have been shown to fulfil this 

role (Weiss 1996). It has been found that the specific secondary receptor can 

vary, depending on the quasi-species of the virus particle. For example, vkuses 

with an SI phenotype have been found to use the LESTR receptor, whereas 

NSI viruses use the CC CKR5 chemokine receptor.

2. Fusion of the virus outer membrane with the cytoplasmic membrane of the 

taiget cell and uncoating of the virus paiticle to reveal the virus core.

3. Reverse transcription of the viral RNA genome to a DNA copy. This is a 

complex process resulting in the production of a double stranded DNA copy 

(the pro virus) of the viral RNA genome (Gilboa et a l  1979). Reverse 

tianscription is primed by the binding of cellular tRNÂ ^* to the complementary 

sequence in the viral primer binding site in the LTR region of the viral RNA 

genome. The transcription proceeds with the replication of the RNA sequence 

to a cDNA copy, mediated by the polymerase domain of RT, and the removal 

of the RNA template by the Rnase H domain of the enzyme. During this 

process the LTR sequences are duplicated and after circularisation of the single 

stranded cDNA, second strand DNA synthesis results in the production of a 

double stranded two LTR lineai* DNA transcript which can be integrated into 

the host-cell genome.

4. Transport of DNA proviral genome to the host cell nucleus and integration 

of the DNA provirus into the host cell chromosomal DNA. The integration is 

mediated by a virus encoded integrase.
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5. After a latent period the provirus is transcribed by host cell enzymes, under 

the in Hue nee of viral regulatory gene products, producing mRNA transcripts 

for translation to virus encoded gene products and genome copies for 

packaging in the mature virus particles.

6. Transport of viral RNA transcripts to the cell cytoplasm for translation by 

host cell enzymes and ribosomes.

7. Post-translational modifications of virus gene products by host cell enzymes 

(myristoylation and glycosylation) or by virus encoded protease (post- 

translational cleavage).

X. Transport and insertion of viral envelope proteins into the host cell 

cytoplasmic membrane.

9. Assembly of the virus core containing the virus RNA genome and budding 

through the cell membrane to produce a mature virus particle.

The virus genome

FIGURE 1.2
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FIGURE 1.2 The or<^anisation o f the HIV genome
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As indicated a number of the stages of the life cycle are mediated by viral gene 

products and these products, together with the structural components of the virus are 

encoded by the virus genome (figure 1.2). The HIV-1 genome encodes three major 

products (the gag, pol and env gene products), two regulatory proteins (tat and rev 

gene products) and five accessory products (nef, vpr, vpu, vz/and tev gene products). 

In addition, there are two identical sequences at each end of the provirus genome, 

the long terminal repeats (LTRs), which interact with host and virus gene products 

to regulate the life-cycle of the virus.

The products and functions of the three major structural genes are as follows.

The gag gene.

This gene is translated to a precursor polyprotein (p55) which is cleaved by a virus- 

encoded protease to four proteins used in the structure of the virus core (p24, pl7, 

p7 and p6). The p24 protein is assembled to form the virus capsid containing the 

virus RNA genome (two copies) and the viral reverse transcriptase (RT) and 

integrase. The genomic RNA is itself stabilised by interaction with the p7 

nucleocapsid protein. The matrix protein, p l7 , forms a shell beneath the virus outer 

envelope. The function of the p6 component is uncleai*. During translation of the 

mRNA transcript approximately 95% of the translated polyproteins terminate in the 

region where the gag and pol genes overlap (Jacks et al. 1988) due to the presence 

of a stop codon. However 5% of the translated polyproteins undergo a frame-shift in 

the gag/pol overlap region, where a run of six T residues occurs, and the ribosome 

reads through to produce a gag/pol polyprotein which is cleaved by the viral 

protease to form the pol gene products. The 5% frame-shift incidence produces the 

correct ratio of gag and pol gene products required to assemble a mature virion.

The pol gene.

The pol gene products aie a plO pro tease, a reverse transcriptase formed as a 

p66/p51 heterodimer and a p32 integrase. The protease gene has been cloned and 

expressed, allowing the crystal stincture of the protein to be determined (Navia et al.
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1989). The protease is a homodimer of the plO product and has many similarities 

with previously characterised aspartyl protease enzymes.

The R T  gene has also been cloned and expressed and a preliminary crystal structure 

(to 3.5A) has now been derived (Kohlstaedt et a l  1992). Crystallisation of RT 

proved to be much more difficult than for the protease as the RT molecule is less 

rigid and crystallisation was only possible after the development of a drug which 

acts as an RT inhibitor (nevirapine). This drug binds to the active site of RT and thus 

allowed co-crystallisation of the drug and enzyme. The enzyme was shown to be a 

heterodimer consisting of a p51 component (the polymerase element) and a p66 

component (the polymerase element combined with the RNase H element). The 

polymerase contained within the p66 molecule forms the active site of the functional 

enzyme, the p51 polymerase molecule appearing to stabilise the intact heterodimer. 

The crystal structure of the active site of the enzyme is described as being similar to 

a right hand with the RNA template lying in the cleft between the thumb and fingers 

and with the thumb being connected to the RNAse H which cleaves the RNA 

template as the new DNA stiand is synthesised. The nucleotide binding site of the 

enzyme is thought to lie in the palm of the hand and consists of a 

tyrosine/methionine/aspartic acid/aspartic acid motif (a YMDD motif) at codons 183 

to 186 of the RT gene product. Since the structure of RT was first reported more 

detailed structures have been determined (Jacobo-Molina et a l  1993). Defining the 

structure of RT is of particular importance since most drugs which inhibit the 

replication of HIV are targeted at the RT function and hence the design of drugs and 

the mechanisms by which the virus becomes resistant to drugs is aided by a 

knowledge of the structure and function of the enzyme. The mutations within RT 

which are related to drug resistance will be discussed later. The detection of these 

mutations in clinically derived samples of viral RNA and DNA by a PCR based 

method is a major application of PCR applied to the investigation of HIV infection 

covered in this thesis.

One function that is present in many naturally occuning polymerase enzymes that is 

absent from retrovirus RTs is a proof-reading function. This is mediated by 

exonuclease activities which can excise wrongly inserted bases in the newly 

synthesised nucleic acid strand. The absence of such activity in retroviral RT results 

in the generation of high levels of mutations in the proviral genome copy and the
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observed high levels of genetic diversity in retroviruses, particularly in 

circumstances of a rapidly evolving epidemic as seen with HIV. Studies have 

charted the genetic evolution of HIV both within the community (Balte et al. 1990) 

and within the individual infected person (Meyerhans et al. 1989, Simmonds et al. 

1991).

The env gene.

The genetic and phenotypic diversity referred to above is especially prevalent in the 

env gene products, gp41 and gpl20. These glycoproteins, cleaved from a precursor 

gpl60 glycoprotein by a host cell enzyme, are inserted into the lipid bi-layer outer 

envelope of the mature virus paiticle and, prior to virus maturation, are found 

expressed on the surface of infected cells. The envelope proteins form the major 

interactive bridge between the virus and the target cell (usually via the 

aforementioned interaction between gpl20 and the CD4 molecule) and between the 

virus and the immune system of the host. These interactions form the basis for much 

of the reseai'ch into pathogenesis of the virus and the search for effective vaccines 

for both prophylactic and therapeutic use (for review see Salk et al.l993, Haynes 

1993). As described below the detection of antibodies to the env proteins is the 

commonly adopted method for the serological screening of blood samples.

The Pathogenesis of HIV Infection.

The most obvious effect of long term HIV infection is the depletion of the CD4-i-ve 

cell population of the host. Additionally, neurological disease can result from viral 

infection of the CNS The proposed mechanisms by which CD4-i-ve cell depletion 

occurs range from simple lytic destruction of CD4-kve cells by the virus itself, since 

these are the cells it predominantly infects, through to a variety of autoimmune 

pathways which result in CD4-t-ve cell destruction. Included in these proposed routes 

of destruction is the involvement of many co-factors, particulaiiy other infectious 

organisms such as cytomegalovirus (CMV), Human herpesvirus type 6 (HHV6) and 

mycoplasmas (Webster 1992). Immunological research has looked at how the loss of 

CD4+ve cells affects other functions of the immune system since CD4+ve
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lymphocytes play a pivotal role in the functioning of the healthy immune system. 

These topics are widely reviewed elsewhere (Weiss 1993, Levy 1993, Fauci 1993 

a,b).

Recently, the study of disease pathogenesis has focused on the dynamics of HIV-1 

replication and the levels of virus load in lymphoid tissue. Estimates of the rate of 

infection of PBMCs have shown that between 1:10 and 1: 100,000 CD4-i-ve cells 

carry the HIV-1 pro viral genome at any given point in time, depending on disease 

stage (Schnittman et ai. 1989, Simmonds et al. 1990). The upper estimate of 1:10 is 

seen only late in disease and rates of 1:1000 to 1:100,000 are commonly observed in 

clinical latency. The difficulty of equating these low rates of infection with the 

continued destruction of the CD4-f-ve cell population have been resolved by 

observations of virus levels in lymphoid tissue, and estimates of the rate of viral 

replication in vivo. In situ hybridisation and PCR studies have shown higher rates of 

infection of CD4+ve cells in lymphoid tissue than in PBMCs at all stages of disease 

(Pantaleo et al. 1993, Embretson et al. 1993). Studies of the rates of viral replication 

dynamics, based on observations during antiretroviral therapy, have shown a rapid 

turnover of virus with a mean lifespans of 2.2 days for infected cells and 0.3 days for 

cell-free virions (Ho et al. 1995, Wei et al. 1995, Perelson et al. 1996). The clinical 

importance of virus load as a predictor of disease progression has been demonstrated 

(Mellors et al. 1996) and found to be a better prognostic marker than CD4-i-ve cell 

count, again emphasising the importance of virus load and the rate of virus 

replication in the pathogenesis of HIV infection.

1.2 THE DIAGNOSIS AND M ONITORING OF HUMAN  

IM M UNODEFICIENCY VIRUS INFECTION

Introduction

The methods used to diagnose HIV infection and to monitor disease progression aie 

generally those applied to most other human virus infections. Serological methods 

are used to detect viral antigens or specific antibodies against these antigens in 

patient samples. Virus can be detected by isolation in cell culture, and viral genomic
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sequences can be detected, quantified and characterised by newly developed 

molecular techniques, most notably the polymerase chain reaction (PCR).

The laboratory monitoring of disease progression also involves the assay of non- 

viral indicators such as |32 microglobulin ((32M), and, most importantly, the CD4+ve 

T-lymphocyte count.

As with all diagnostic strategies the diagnosis and monitoring of HIV infection 

needs to strike a balance between diagnostic specificity (the proportion of true 

negative samples correctly identified) and sensitivity (the proportion of true positive 

samples correctly identified). Application of the available diagnostic tests outlined 

below, used either singly or in combination, must use the best strategy to maximise 

these parameters when applied in diagnostic situations. The optimisation of the 

specificity and sensitivity of PCR used in the diagnosis of HIV-1 infection are 

considered in the development work described in this thesis (see Chapter 3) such that 

PCR based diagnostic methods can integrate into existing serology and culture based 

diasnosüc strategies.
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Disease M arkers P ining HIV Infection.

Figure 1.3 shows some of ihe laboratory markers of infection and progression 

associated with HIV infection.

FIGURE 1.3
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F1GURE1.3. Markers o f HIV-J infection 

Anû-env antibodies

Antibodies to gp41 and gpl20 arise during the acute phase of infection, persist at 

easily detectable levels throughout the infection and are used as the marker of 

infection in screening assays by blood transfusion centres and diagnostic 

laboratories. Maternal transfer of IgG makes such assays unsuitable for diagnosis of 

infection in babies, although sub-class specific assays for anti-env IgM and IgA have 

been used in these circumstances (Lange et al. 1988, Weiblen et al 1990). The 

commonly used analyte for antibody testing is serum, but other more easily sampled 

Hu ids such as saliva and urine may also be used (Sun et a l 1990, Desai et a l 1991). 

Antibodies eluted from dried blood spots on filter paper have also been used as
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samples, notably for large scale screening of heel-prick samples from babies (Hoff et 

a l  1988, Peckham «/. 1990).

Anti-p24 antibodies and p24 antigen

The balance between p24 antibody and antigen changes during the course of 

infection with antibody generally being found early in infection and antigen later 

(Lange et a l 1987, Smith AM et a l  1988). By conventional assay methods serum 

from approximately 10% of infected individuals contain p24 antigen during the 

clinically latent phase, rising to 85% for those with AIDS (Goudsmit et a l  1986). 

This pattern is not consistent for all patients and there can be periods when the levels 

of antibody and antigen are so closely balanced that neither is detectable (McHugh et 

a l 1988). Recent advances in diagnostic methods have increased the detection rate 

of p24 antigen by dissociating antigen from the host antibody, usually at low pH 

(Mathiesen et a l  1988).

CD4+ve cell count

The most consistent feature of disease progression is the gradual loss of CD4+ve 

lymphocytes throughout the course of the infection. The loss appears to be slow 

during the latent phase which is of a highly variable length but which on average 

lasts approximately 10 yeai's. The onset of clinical symptoms (ARC) and a reduction 

of CD4+ counts below 500/mm^ whole blood are approximately coincident (Lange 

et a l  1989) and disease progression from ARC to AIDS is usually accompanied by 

an increased rate of loss of CD4+ve cells to < 20/mm^ at end-stage disease 

(Schellekens et a l 1992).

[32 micro globulin (p2M)

The significance of this immunological marker and its relation to disease progression 

and other virological markers is unclear, but increased (32M levels have been 

associated with disease progression and losses of immunological function (Jacobsen 

et a l  1989).
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Virus and pro virus load

Following a burst of viraemia during the acute infection (Graziosi et a l  1993) levels 

of cell free virus in plasma, as detected by quantitative cell culture or PCR methods, 

establish a “set-point” which generally remains stable throughout the clinically latent 

phase (Mellors et a l 1996, Henrard et a l  1995). This level has been found to be 

strongly predictive of the rate of disease progression (Mellors et a l  1996) and low 

levels (<1000 RNA copies/ml plasma) have been associated with long-term non

progression (Gao et al 1995b). Cell-free virus levels are observed to increase during 

progression to ARC and AIDS (Katzenstein et a l  1992, Semple et a l  1993), perhaps 

reflecting a failure of the immune system to maintain continued control of viral 

replication.

The levels of virus in the lymphoid tissue are much higher than those seen in the 

peripheral circulation (Embretson et a l  1993, Pantaleo et a l  1993) and the rates of 

replication and virus turnover are high, virus half-life and generation time being 

estimated at 6 and 24 hours respectively (Perelson et a l  1996).

Pro virus load changes during infection have been less well studied, although 

increases in PBMC proviral load have been associated with disease progression (Ho 

et a l  1989, Simmonds 6//. 1990).

1.3 THE POLYMERASE CHAIN REACTION

The principle of PCR was devised in 1983 (Mullis 1990) and the first practical 

application, the amplification of the human (3-globin gene to detect the mutation 

leading to sickle-cell anaemia, was reported in 1985 (Saiki et a l  1985). The most 

significant advance in PCR methodology, the use of a thermostable DNA 

polymerase purified from cultures of the thermophilic bacterium Thermus aquaticus 

{taq polymerase), was described in 1988 (Saiki et a l  1988) and this improvement in 

the technique has allowed the practical application of the method in laige areas of 

molecular biology.
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The Principle of PCR.

PCR is an in vitro  reaction which essentially m imics the replication of D N A that 

occurs naturally in all living organisms. In vivo  DN A  replication involves the 

separation of the DNA duplex, the priming o f  second strand synthesis from each of 

the single strands by annealing of a short priming sequence of com plem entary  DNA 

and the extension of the priming sequence to a complete second strand by a DNA 

polymerase enzyme. Each of these steps has an analogous step in the in vitro PCR.

FIG U R E 1.4
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FIG U R E  1.4. The princip le  o f  the po lym erase chain reaction
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The consequence of the DNA replication (m vivo or in PCR) is a doubling of the 

original number of DNA copies each of which can repeat the replication thus 

resulting in a further doubling of the number of original DNA molecules. If this 

doubling continues, as seen in rapidly dividing cells, or in PCR, the resulting two

fold geometric increase in DNA copy number leads to a huge amplification of the 

original DNA sequence (see Table 1.1). In the case of PCR the DNA sequence 

amplified is generally between 50 and 10,000 bases long rather than the replication 

of the entire genome that occurs in an in vivo replication.

The basic steps involved in a PCR, shown in Figure 1.4, are as follows:

1. Strand separation. This is accomplished by heating the DNA sample (the 

target sequence) usually to between 90°C and 96°C resulting in the breakage of 

the hydrogen bonds holding the two strands together.

2. Priming. The sepaiated strands of the taiget DNA are cooled to allow the 

binding of two synthetic DNA oligonucleotides to the taiget sequence. The 

oligonucleotides, usually between 15 and 40 bases long, are designed to anneal 

to each strand of the target sequence (one to the sense strand, one to the 

antisense stiand) at a predetermined distance apart. This distance will 

determine the size of the PCR product.

3. Strand extension. The annealed primers are extended to a complete second 

strand by heating the reaction to the optimum temperature for strand extension 

by the polymerase (72°C for taq polymerase) which can then incorporate the 

complementary deoxynucleotide tiiphosphate molecules added to the reaction. 

During the first cycle of replication the strand extension proceeds beyond the 

binding site of the second primer, but on subsequent cycles the number of 

target molecules with their 3'-end determined by the binding site of the second 

primer increases logarithmically and the final size of PCR product after many 

cycles of replication is predominantly that determined by the distance between 

the binding sites of the two primers. The numbers of product molecules 

generated from a single taiget molecule, assuming a theoretical two-fold
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increase at each cycle and a more realistic 1.7-fold increase are, shown in 

Table 1.1.

TABLE 1.1

Target copies generated during PCR aniplification

Cycle
number

Copies
(1 0 0 9 &

efficiency)

Copies
(709%

efficiency)
1 2 2

2 4 3

3 8 5

4 1 6 8

5 3 2 1 4

6 6 4 2 4

7 1 2 8 4 1

8 2 5 6 7 0

9 5 1 2 1 1 9

1 0 1 0 2 4 2 0 1

11 2 0 4 8 3 4 3

1 2 4 0 9 6 5 8 3

1 3 8 1 9 2 9 9 0

1 4 1 .6  X 1 0 ^ 1 6 8 4

1 5 3 . 2  X 1 0 4 2 8 6 2

1 6 6 . 5  X 1 0 4 4 8 6 6

1 7 1 .3  X 1 0 5 8 2 7 2

1 8 2 . 6  X 1 0 5 1 . 4 x  1 0 4

1 9 5 . 2  X 1 0 5 2 . 4  X 1 0 4

2 0 1 .1  X 1 0 6 4 .1  X 1Q 4

2 5 3 . 3  X 1 0 ? 5 . 8  X 1Q 5

3 0 1 .1  X 1Q 9 8 . 2  X 1Q 6

3 5 3 . 4 x  lOlO 1 .2  X 1 0 ^

4 0 1 .1  X 1 Q 1 2 1 . 6 x  1 0 9

The Practical Application of PCR.

The practical use of PCR requires the optimisation of many parameters and the 

design and optimisation of methodologies peripheral to the reaction itself. These 

optimisations and methodology developments, as applied to the investigation of HIV
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infection, form the subject of this thesis. In general the practical application of PCR 

can be divided into four stages:

1. Nucleic acid preparation

2. cDNA preparation by reverse transcription for RNA samples

3. The PCR reaction

4. Analysis of the PCR product.

Parameters of PCR

The polvmerase enzvme

Although eai'ly applications of PCR used the Klenow fragment of E.coli DNA 

polymerase (Saiki et aJ. 1985, Kwok et a i 1987) the requirement to replenish the 

enzyme after each cycle of replication as it was inactivated in the dénaturation step 

quickly led to the use of the thermostable taq polymerase (Saiki et a l 1988). Most 

PCR developments have used taq polymerase (Gelfand 1989) although DNA 

polymerase enzymes from other thermophilic and hyperthermophilic bacteria have 

also been used (Myers and Gelfand 1991). The enzyme, due mainly to its cost, is the 

component present in limiting quantity in a PCR and the optimum cycle number (see 

below) is paitly determined by the point at which the enzyme in the reaction 

becomes exhausted (Mullis 1991). The renewal of the enzyme in the nested PCR 

method (see below) greatly increases the potential amount of product that can be 

generated.

Primers

The oligonucleotide primers used in a PCR are chemically synthesised on an 

automated machine (see Section 2.1 for details). Their design is based primaiily on 

the known sequence of the taiget DNA sample although it is not always possible for 

the primer to be 100% homologous with the taiget due to sequence polymorphisms 

within the target. Such sequence variations are paiticularly prevalent in the genome 

of HIV. The design of primers used in this project is discussed in Chapter 3. In 

general the longer a primer sequence the more specific it will be for its intended 

target, although it also becomes more difficult and expensive to synthesise. Where
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possible primers aie designed to be 17 bases or longer since sequences shorter than 

this could occur by random chance within the human genome.

DNA samples

PCR is affected by the amount and purity of the added DNA sample and is 

particularly susceptible to inhibition by haemoglobin and other proteins containing 

porphyrin rings (Higuchi 1989). The maximisation of sample size to allow detection 

of low copy number targets, such as HIV provirus sequences in DNA extracted from 

lymphocytes, can result in a loss of sensitivity if too large a sample of DNA is used, 

resulting in non-specific inhibition of the reaction (Higuchi 1989). Sample 

preparation methods and the use of internal controls for the detection of non-specific 

inhibitors are discussed further in Chapter 4.

Cvcling Conditions

Dénaturation: This is usually cairied out at 94°C to 96“C. Higher temperatures 

can result in loss of sensitivity due to a shortening of the polymerase half-life, 

lower temperatures result in a loss of sensitivity due to incomplete 

dénaturation of the double stranded DNA target (Saiki 1989).

Annealing: The primer annealing temperature is the most variable element 

between different primer sets and is chosen as a compromise between the 

highest possible temperature below the primer/target melting temperature, 

which will give maximum specificity without loss of sensitivity, and the 

lowest temperature that will allow primer/target mismatches to be overcome 

(often a problem with the highly variable HIV genome) giving maximum 

sensitivity without loss of specificity. Primer melting temperatures (Tm) can 

be estimated from the formula:

Tm= 4 X (number G-t-C bases) -i- 2 x (number A-hT bases) "C.

The maximum anneal temperature used in PCR is commonly Tm -5 °C.
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Extension: The optimum extension temperature for taq polymerase is 72°C and 

is used almost universally. Other polymerase enzymes have different optimum 

working temperatures.

The times spent at each of the temperatures varies depending on the size of 

PCR product being generated. For short products (<100b.p.) only a few 

seconds are necessary and some protocols dispense with the extension step 

relying on the time spent at or close to 72°C whilst heating from the anneal to 

denaturing step.

The cycle number is effectively limited by the amount of enzyme added to the 

reaction and the enzyme half-life, which raiely exceeds 35 or 40 cycles. 

Thermal cycling is cairied out in programmable heating blocks designed to 

heat and cool rapidly between the three temperatures of the reaction.

Nested PCR

One of the best ways to increase PCR sensitivity and specificity is to use nested or 

double reactions (Mullis and Falloona 1987). In this method the products of a PCR 

are used as the input sample in a second PCR with primers internal to the primer pair 

used in the first PCR (nested primers - see figure 1.5). The use of four 

oligonucleotide primers to generate a signal results in the synthesis of a highly 

specific product that can be identified without further specific probing and which 

can be generated in easily detectable amounts from a single initial target molecule 

(Simmonds et a l  1990). The evaluation and optimisation of nested PCR as applied 

to HIV is covered in detail in Chapter 3.
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FIGURE 1.5
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FIG U R E  1.5. The principle o f  nested PCR (illustrated fo r  the pcd <̂ ene prim er set 

evaluated in Chapter 3)

PCR Contamination.

A major potential problem with PCR is the possibility of generating false positive 

reactions by contamination of the reaction with the products synthesised by the same 

primers in a previous reaction as the products of a PCR form the target for another 

PCR using the same primer set. As was shown in Table 1.1 the products of a PCR 

from a single target molecule are very large and are contained in a small reaction 

volume (usually less than l()()|.d). Hence vanishingly small volum es of a post-PCR 

reaction mix will result in a false positive amplification if they get into another PCR 

and adherence to stringent precautions in laboratory techniques are required to avoid 

false positive reactions (Kwok and Higuchi 1989)
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Reverse Transcribed PCR

PCR is a DNA amplification method and the amplification of RNA targets such as 

the HIV genome or HIV messenger RNA requires a reverse transcription step. The 

reverse transcription protocol used in this project is a conventional RT method using 

reverse transcriptase from Maloney mouse leukaemia virus (MMLV) and sequence 

specific priming. This was allied to a novel affinity purification procedure for the 

preparation of viral RNA (Semple et al .1993).

Analysis of PCR Products

The analysis of the products of a PCR fall broadly in to three categories. Firstly 

there is the qualitative detection of the PCR product (i.e. has a specific product of 

the predicted size been synthesised). Secondly, the quantitative detection of PCR 

product, which can be related to the input target copy number to quantify that target. 

Thirdly, there is the analysis of the sequence of the synthesised product, which can 

range from the analysis of a single base in the amplified sequence (i.e. point 

mutation analysis) to the sequencing of the entire PCR product.

PCR Product Detection

The simple detection of the presence or absence of a nucleotide sequence by PCR is 

most often encountered in the detection of microorganisms in clinical samples. 

Compaied to established virus isolation methods, PCR offers a number of potential 

advantages. Diagnostically, PCR is generally more sensitive since it will detect the 

genomes of non-viable virus particles, latent virus genomes and vinises for which 

culture methods do not exist. The method is safe, unlike isolation which results in 

the generation of high titres of infectious virus, requiring containment conditions. 

The high throughput of the method and the possibihty to batch-process samples, 

results in lower costs compaied to virus culture methods.

For diagnostic purposes, the presence of a DNA band of the correct size on an 

ethidium bromide stained agarose gel may be sufficient for diagnosis. However, 

such a simple analysis is rarely specific enough for accurate diagnosis, as the

38



generation of non-specific products in a PCR is common, especially in cases such as 

the detection of HIV proviral DNA where a low copy number of taiget molecules is 

present in a large background of contaminating host-cell DNA.

The two commonest ways to overcome the problems of specificity, and at the same 

time to increase sensitivity are the use of nested PCR (see above) or hybridisation of 

the PCR product with a labelled probe (Southern 1975). The use of nested PCR 

followed by sizing of the product on an ethidium bromide stained gel is the method 

developed and evaluated in Chapter 3.

Quantitative PCR

The use of PCR to quantify the numbers of DNA copies in a sample is based on the 

principle that the amount of PCR product is directly proportional to the number of 

taiget copies in the sample, provided the reaction is not allowed to plateau. As 

illustrated in figure 1.6. (top) the number of PCR cycles required to generate a 

detectable quantity of PCR product is inversely proportional to the number of input 

copies.

Assaying the amount of PCR product after too few cycles (as in A-A’) will give 

poor sensitivity, failing to detect below 10 input copies in the example shown. 

Assaying the amount of product after too many cycles will give a shallow curve (as 

in C-C’) in which low can be detected but cannot be as easily separated from 

samples with high input copy numbers. Beyond 40 cycles in the example shown in 

Figure 1.6, all reactions will have reached a plateau of product synthesis ( due to the 

exhaustion of the enzyme or other reaction component) and therefore quantification 

of the number of target molecules in the sample is not possible, although such 

conditions aie ideal for high sensitivity diagnostic detection of targets.
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FIGURE 1.6
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FIGURE 1.6 Principle of the quantitative PCR. Increasing cycle numbers and 
increasing input copy numbers result in increased product generation (upper 
panel) until the reaction reaches a plateau. Optimisation of cycle number 
(lower panel) results in optimum sensitivity and dynamic range.
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Point M utation and Sequence Analysis of PCR Products

PCR is a very convenient method by which large amounts of DNA can be produced 

for point mutation and sequence analysis. The fidelity of taq polymerase is 

sufficiently high that the PCR product from a single target molecule can be 

considered for practical purposes to be clonal (Tindall and Kunkel 1988). PCR based 

sequencing protocols are now used more commonly than previously described M13 

cloning protocols (Gyllensten 1989) and, when combined with the ability to amplify 

from a single target molecule by nested PCR, allow the analysis of samples 

containing highly polymorphic gene sequences within one sample such as is found in 

a population of HIV virus particles (Meyerhans et a l  1989). The heterogeneity of 

the HIV genomes isolated from clinical samples often requires single copy (clonal) 

sequencing rather than consensus sequencing which will result in ambiguities at 

many gene loci. The problems of consensus sequencing can be partially overcome 

using recently-developed fluorescent dye based automated sequencing methods 

which can indicate the presence of base mixtures in the analysed sequence.

Sequences on the whole are conserved and significant changes in protein structure 

and function frequently result from single codon changes. Hence, the analysis of a 

gene sequence that has been associated with an altered phenotype may require the 

analysis of only the relevant single codon rather than the entire sequence. These 

point mutations (resulting in amino-acid substitutions, deletions or insertions) can be 

analysed by PCR based methods, and the development and application of a point 

mutation assay is covered in this thesis (see Chapter 6). The method described not 

only detects point mutations but quantifies the proportions of wild-type and mutant 

sequence in a mixed population as is frequently found in samples of HIV. In 

particular the assay is applied to the detection of point mutations associated with 

altered sensitivity of HIV to antiretroviral drugs (see Section 1.5).

41



1.4 ANTIRETROVIRAL CHEMOTHERAPY

Introduction

Chemotherapy used in the treatment of individuals infected with HIV can be divided 

into those treatments used to treat the associated opportunistic conditions (e.g. the 

treatment of Pneiimocystis carinii pneumonia with pentamidine) and treatments 

intended to inhibit the replication of the virus itself. Only the latter will be discussed 

here.

As can be seen from an illustration of the life-cycle of the virus (figure 1.1) there ai e 

many potential sites at which therapeutic agents may be targeted and indeed 

inhibition of all of these processes has been achieved in viti^o (Stevenson et a l  

1992). However, those drugs which inhibit the reverse transcription and those 

inhibiting post-translational proteolytic cleavage have been most successful in 

reaching the stage of clinical application. Discussion will concentrate on these drugs 

classes. The number of compounds demonstrated to be inhibitory to the growth of 

HIV in vitro, and believed to act at the level of reverse transcription is very large and 

increasing rapidly. A comprehensive, but by no means exhaustive, review in 1992 

(de Clercq 1992) records 83 compounds which have been reported in the literature, 

both nucleoside analogues and novel non-nucleoside RT inhibitors. To date however 

only a few of these compounds have reached the stage of clinical trial. The first 

compound to do so was zidovudine (3'-azido-3’- deoxythymidine, AZT). 

Antiretroviral drugs have been evaluated in phase I, II and III trials:

Phase I - studies of toxic effects in infected or uninfected volunteers, generally 

cairied out by the pharmaceutical company.

Phase II - detailed pharmacological studies, commonly studying the dose 

response, and looking also at drug interactions and initial indications of 

benefits of therapy.

Phase III - compaiison of the trial treatment with either a placebo or an 

existing therapy, usually the best available to date.

42



Zidovudine (ZDV)

Zidovudine (ZDV) was demonstrated to have an in vitro inhibitory action on the 

growth of HIV-1 in 1985 (Mitsuya et al. 1985). The compound is a nucleoside 

analogue and had been previously developed by Burroughs Wellcome as a potential 

(but unsuccessful) anti-cancer agent. The compound in its active form of AZT tri

phosphate, acts as an inhibitor of reverse transcription by chain termination of the 

new DNA strand being copied by the viral reverse transcriptase from the viral RNA 

template. AZT has an azido group substituted for the 3' hydroxyl group found in the 

naturally occurring thymidine molecule thus preventing the addition of the next 

nucleoside residue to the extending DNA chain. Following the discovery of the anti- 

HIV effects of ZDV, phase I and phase II clinical tiials were rapidly conducted 

(Yai'choan et al. 1986, Fischl et al. 1987). The phase II double blind placebo 

controlled trial was terminated after seven months when it was shown that there was 

a significantly lower mortality of AIDS patients receiving ZDV over those receiving 

placebo.

Since the initial clinical trials of ZDV there have been many more trials of the drug, 

both as monotherapy and in combination with other anti-HIV compounds to 

optimise the use of the drug and to address such variables as drug dosage and the 

clinical status of the patient at the time when therapy is commenced. Recently, drug 

trials have become increasingly reliant on the use of virological markers to give an 

early indication of drug efficacy, rather than depending solely on clinical end-points 

which can take many years to become appaient.

Some of the major monotherapy trials aie detailed below.

Original Phase I Studv (Yarchoan et al. 1986)

A study of toxicity and pharmacokinetics in 35 patients which also 

demonstrated observable clinical improvements and increased CD4-i-ve cell 

counts in more than half the patients. The study demonstrated a plasma half- 

life for the drug of one hour, an oral bioavailability of 65%, penetration of the 

drug to the CNS and relatively low toxicity and incidence of side-effects.
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Original Phase II Studv fFischl et al. 1987)

This was a double-blind placebo-conti'olled trial involving 281 patients with 

AIDS given lOOOmg/day ZDV or placebo. The trial was terminated by the 

data and safety monitoring board after seven months when it was noted that 

there was a significant reduction in mortality in the treated group (one death in 

144 compared to 19 deaths in 137 placebo controls). The increased mortality 

in the placebo group was significantly concentrated in those patients with a 

low (< 100/mm^) CD4-t-ve cell count.

Studv ACTG 016 (Fischl et. a l  1990)

This was a double-blind placebo-controlled trial on subjects with early 

symptoms of HIV infection. 713 patients were enrolled and randomised to 

1200mg/day ZDV or placebo. The subjects had pretreatment CD4-t-ve cell 

count between 200/mm^ and 800/mm^ (stratified into two groups 200-500 

CD4+ve cells/mm^ and 500-800 CD4-t-ve cells/mm^).

The results of the trial, after a mean follow-up of 11 months, showed 36 

progressions to a clinical end-point (severe ARC, AIDS or death) in the 

placebo group compared to 15 in the ZDV group, a highly significant result 

(p=0.0013). This effect was particulaiiy pronounced in the stratum with less 

than 500 CD4-t-ve cells/mm^ with 34 progressions in the placebo group 

compared to 12 in the ZDV group (p=0.0002).

Studv ACTG 019 (Volberding et a l  1990)

This was a double-blind placebo-controlled study carried out in HIV-infected 

asymptomatic individuals, stiatified between those with above and those with 

below 500 CD4-rve cells/ m m \ Drug dosages were 500mg/day or 

1500mg/day. Although approximately 3200 subjects were recruited to the 

study, an initial analysis of the 1338 in the <500 CD44-ve cells/mm^ stratum 

was published as, once again, the trial was terminated early (mean 55 weeks) 

for these subjects when significant benefits of therapy became apparent. The
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relative risk of disease progression for the placebo group was 2.8. ZDV treated 

patients had significant increases in CD4+ve cell counts and decreases in p24 

antigen levels. There was no significant benefit between the two ZDV doses 

but the group receiving 1500mg/day had a significantly higher incidence of 

haematological side effects.

Concorde Trial (Concorde Coordinating Committee 1994)

As with Study ACTG 019 this was a double-blind placebo-controlled trial on 

HIV-infected asymptomatic subjects. Analysis was based on 1749 subjects 

randomised to lOOOmg/day ZDV or placebo. Unlike the previously described 

tiials the Concorde trial was allowed to run to completion (mean follow-up 3 

years) although patients with two consecutive CD4-kve cell counts below 

500/mm^ were offered open ZDV. Analysis of this trial was made on clinical 

end-points only (CDC stage IV disease, death or severe drug toxicity) and 

decreases in CD4 -4-ve cell count were not included in progression rates. 

Overall there was no significant difference in progression rates between the 

drug and placebo groups either to ARC, AIDS or death. The trial did 

demonstrate a significant effect of drug on CD4+ve cell count with a 

maximum benefit seen at six months of 35 cells/mm^ higher median count in 

the ZDV tieated group. This improvement persisted out to the end of the trial. 

This improvement in CD4-t-ve cell count was not reflected in an improved 

clinical outcome, nor was such a benefit evident when the subjects were 

stratified by pre-entiy CD4+ve cell count.

Overall the results of these and other smaller monotherapy trials are inconclusive 

regarding the optimum time to begin therapy. Although all trials agree that ZDV 

significantly delays mortality for those individuals with ARC or AIDS, the benefits 

of early treatment for asymptomatic subjects remains unclear. The trial with the 

largest number of clinical end-points (Concorde) showed no significant benefits, 

whereas trial ACTG 019 was able to demonstrate significant reductions in 

progression by including reductions in CD4-i-ve cell counts in the definition of 

progression.
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Clinical tiials to study the efficacy of ZDV tieatment in HIV infected children and in 

individuals with CNS disease have also been conducted. Trials of ZDV in children 

showed broadly similar results to those in adults (McKinney et a l  1990, McKinney 

et a l  1991) based on clinical and surrogate markers, but placebo controlled trials 

have yet to be conducted. The treatment of HIV encephalopathy (AIDS dementia 

complex, ADC) with ZDV has shown significant benefits as assessed by a variety of 

clinical, laboratory, imaging and neuropsychological markers (Fiala et a l  1988, 

Brunetti et a l 1989). An epidemiological study of the incidence of ADC in the 

Amsterdam Cohort (Portegeis et a l  1989) has shown a dramatic decrease in the 

incidence of ADC since the introduction of ZDV therapy in 1987.

Effects of ZDV on viiological markers (p24 antigenaemia, viral and proviral load) 

and the evolution of drug resistant mutants will be discussed in parallel with the data 

presented in this thesis.

Didanosine ( 2 - 3 -dideoxvinosine, ddl) and Zalcitabine (2*-3*- dideoxvevtidine. 

ddC)

In common with ZDV these two nucleoside analogues are presumed to act as 

competitive inhibitors of reverse transcriptase and as chain terminators when present 

in cells as the active triphosphorylated form. Both have been shown to have in vitro 

activity against HIV (Mitsuya et a l 1986).

As with ZDV phase I trials of these compounds have been conducted to assess 

efficacy and toxicity (Yarchoan et a l 1988, Yarchoan et a l  1989 a,b). Large scale 

monotherapy trials with didanosine (ddl) have been carried out on patients intolerant 

of ZDV but both compounds have been predominantly investigated in combination 

with, or alternating with, ZDV therapy.

Studv ACTG 116B/117 fKahn et a l  1992).

This study involved 913 patients who had had at least 16 weeks prior ZDV 

therapy, had ARC or AIDS and CD4+ve cell counts <300/mm\ or were 

asymptomatic with CD4+ve cell counts <200/mm\ Subjects either continued 

to receive ZDV (600mg/day) or were switched to ddl (500 or 750mg/day).
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Subjects receiving 500mg/day ddl had a significantly reduced progression rate 

compai'ed with those on ZDV (relative risk for patients on ZDV was 1.39, 

P=0.015) but no significant difference was observed for the 750mg/day dose 

of ddl. A previous study (ACTG 116A) (ACTG, 1992) had shown a 

correlation between length of time previously on ZDV and improved benefit 

of ddl, but this was not confirmed in trial ACTG116B/117.

European/Australian Alpha Trial (Pinching and Carbon 1993)

The Alpha Trial randomised 1930 subjects who had become ZDV intolerant to 

200 or 750mg daily ddl. The subjects generally had late stage disease (61% 

AIDS, 65% <50 CD4+ cells/mm^) and mean follow-up time was 12 months. 

Median survival times were comparable in the two groups (12.9 months high 

dose, 12.4 months low dose) as were rates of progression to AIDS and HIV 

encephalopathy. CD4 +ve cell counts benefited more from the high dose (+2.5 

cells/mm^ at six months) than the low dose (-1.7 cells/mm^) but the overall 

conclusion of the trial was that 750mg/day was on the plateau of the dose 

response curve and lower doses are recommended.

Studv ACTG 175 (Hammer et al 1996)

Study ACTG 175 randomised 2467 subjects with CD4 +ve cell count of 200- 

500 cells/mm^ (43% with no prior antiretroviral treatment) to receive ZDV 

alone (600mg daily) or ddl alone (400mg daily) or a combination of ZDV/ddI 

or ZDV/ddC (2.25mg daily). The primaiy end-point in this trial was a >50% 

decline in CD4+ve cell count. Progression was greatest with ZDV 

monotherapy, and the relative hazard ratios of the other therapies were 0.61 for 

ddl monotherapy, 0.50 for ZDV/ddI and 0.54 for AZT/ddC. The same order of 

risk hazard ratios were seen for progression to AIDS or death. A virology sub

study of 391 subjects (Katzenstein et a l  1996) showed that the relative 

benefits of the four treatment arms were reflected in the fall from baseline of 

plasma virus load at eight weeks from randomisation, with mean falls of 0.26 

log (ZDV alone), 0.65 log (ddl alone), 0.93 log (ZDV/ddI) and 0.89 log
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(ZDV/ddC) being seen. The unexpected finding that ddl monotherapy showed 

greater benefit than ZDV monotherapy may have arisen from the harbouring 

of ZDV-resistant virus strains in the ZDV-naive patient group, either because 

they were not truly drug-naive or because their primary infection was with a 

drug-resistant virus strain.

DELTA Trial (Delta coordinating committee 1996)

The Delta Trial randomised 3207 subjects with CD4 4-ve cell counts 

<350/mm\ 2124 of whom were ZDV-naive, to receive ZDV alone (600mg 

daily) or in combination with ddl (400mg daily) or ddC (2.25mg daily). The 

relative reductions in mortality for combination therapies in ZDV-naive 

subjects, compared to ZDV, alone were 42% (ZDV/ddI) and 32% (ZDV/ddC). 

Survival in ZDV-experienced subjects was small for subjects receiving 

ZDV/ddI (23% relative reduction, p = 0.05) and not significant for those 

receiving ZDV/ddC (9% relative reduction, p = 0.47).

The overall conclusions of these nucleoside analogue combination trials is that the 

combinations are superior to ZDV monotherapy, but the benefits to patients who 

have received prior ZDV monotherapy aie substantially reduced compared to those 

with no prior antiretroviral therapy.

Other Nucleoside Analogue Reverse Transcription Inhibitors

Two other nucleoside analogues, 3TC (lamivudine) and d4T (stavudine) have been 

shown to have high in vitro activity (Coates et al. 1992a, Baba et al 1987) and have 

been licensed for clinical use after evaluation in clinical tiials.

3TC Monotherapv Trial (van Leeuwen et al. 1995)

Asymptomatic and mildly symptomatic subjects (CD44-ve cell count < 

400/mm^) were enrolled in this dose ranging phase I/II study. Increases in 

CD4-t- cell counts were seen only transiently during the first four weeks of
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therapy, although other mai'kers (P2M, neopterin, p24 Ag) showed more 

sustained improvements, remaining above baseline out to 52 weeks. Toxicities 

were very low at all drug doses and CSF penetration was similar to ddl and 

ddC.

ZDV/3TC Combination Trials 3001 and 3002 (Katlama et a l 1994.. 

Staszewski 1994)

Glaxo Trials 3001 and 3002 studied the safety and efficacy of ZDV/3TC 

combination therapy in ZDV-naive and experienced subjects. In Trial 3001 

129 subjects with CD4-i-ve cell counts between 100 and 400/mm^ were 

randomised to receive ZDV alone (600mg/day) or ZDV/3TC combination 

(600mg/day ZDV, 600mg/day 3TC) for 24 weeks before being offered open 

label combination therapy. Combination therapy resulted in laiger increase in 

CD4+ve cell count (mean 4-85 cells/mm^ at 4 weeks, 4-78 cells/mm^ at 24 

weeks) than ZDV monotherapy (+33 cells/mm^ at 4 weeks, -9 cells/mm^ at 24 

weeks). Combination therapy produced a greater mean fall in plasma viraemia 

(-1.4 log at 2 weeks, -0.7 log at 24 weeks) than ZDV monotherapy (-0.6 log at 

2 weeks, -0.32 log at 24 weeks).

Trial 3002, in 223 ZDV experienced subjects (baseline CD4+ve cell counts 

100-400/mm^), randomised subjects to 600mg/day ZDV alone or in 

combination with 300 or 600mg/day 3TC. As in Trial 3001 increases in 

CD4+ve cell counts were significantly higher with combination therapy 

(p<0.001) and falls in plasma viraemia were significantly greater (p<0.001). 

No significant differences were seen between the two doses of 3TC.

Both trials demonstrated very low toxicity for combination therapy.
A,

Stavudine Trial ACTG 089 (Murrav et a l  1995)

This tidal assessed the safety and antiviral effects of stavudine in 41 patients 

with AIDS or ARC. 60% of patients had a small (10%) but sustained increase 

in CD4+ve cell count, 83% of p24 antigen positive patients showed a decrease 

in p24 antigenaemia and 60% had increased body weight. Peripheral
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neuropathy was the principal toxicity observed, particularly at higher drug 

doses.

Non-nucleoside reverse transcriptase inhibitors

The other main group of reverse transcription inhibitors is a diverse collection of 

novel compounds referred to as non-nucleoside RT inhibitors (NNRTIs). These 

inhibitors were discovered by in vitro screening of generic compounds for 

antiretroviral activity, followed by the derivation of families of modified forms of 

those found to have in vitro activity. The compounds appear to act as non

competitive RT inhibitors, binding to the active site of the enzyme, and are generally 

HIV-1 specific, having no activity against HIV-2 or other reti'oviruses (de Clercq 

1992). Many of the compounds are related, albeit distantly, to the first published 

formula, tetrahydro-imidazo-(4,5,l-jk)(l,4)-benzodiazepin-2-(lH)one (TIBO) 

(Pauwels et al. 1993). Their structures are generally derived empirically and their 

activities cannot be predicted from their stinctures.

The most widely evaluated NNRTI is nevirapine.[dipyrido(3,2-b:2',3'-e)- 

(l,4)diazepin-6-one] which has been shown to have very high anti-HIV-1 activity in 

vitro (Merluzzi et al. 1990).

Nevirapine monotherapv (ACTG Trial 164) and Nevirapine/ZDV combination 

therapv ( ACTG Trial 168) trials fCheeseman et al. 19951.

These phase I/II open-label trials in 62 subjects with CD4 -t-ve cell counts 

<400/mm\ evaluated doses of 12.5, 50 and 200mg/day nevirapine either alone 

or combined with ZDV (600mg daily). Early suppression of p24 antigen levels 

and rises in CD4 -t-ve cell count were rapidly reversed and returned to baseline 

within eight weeks. Rapid emergence of nevirapine resistant virus strains (as 

eai'ly as one week after starting therapy in some cases) was observed (Richman 

et al 1994) with both mono- and combination therapy.

50



Protease Inhibitors

As noted eaiiier there are a number of potential sites in the HIV life-cycle to which 

inhibitors could be taigeted other than reverse transcription. Of these the post- 

translational cleavage of polyprotein transcripts by the virus encoded protease has 

yielded most success in the development of inhibitors reaching the stage of clinical 

trial. The design of inhibitors of this process was enhanced by the crystallisation of 

the protease and the elucidation of its structure as being closely related to known 

aspartyl proteases (Navia et a l  1989). Early problems with low solubility, and hence 

low bioavailability, have now been overcome and four of these compounds 

(indinavir, nelfinavir, ritonavir and saquinavir) have now entered clinical trials 

(Williams 1996). Large scale clinical-endpoint trials of protease inhibitors, used as 

monotherapy or in combination with each other or with RT inhibitors, have yet to be 

reported, trials to date having concentrated on changes in surrogate maikers.

Trials of protease monotherapy have generally found larger falls in virus load and 

rises in CD4 4-ve cell count than with anti-RT monotherapies. A dose ranging study 

with indinavir (Steigbigel et a l  1996) in 70 subjects found median virus load falls 

from baseline of 2.3 log to 2.6 log and CD4+ve cell count rises of 80 to 145 

cells/mm\ These changes extended to 48 weeks with median virus load remaining

2.0 log below baseline and CD4+ve cell count 85 cells/mm^ above baseline. Trials of 

ritonavir and nelfinavir have shown similar falls in virus load (Danner et a l  1995, 

Conant et a l  1996). Changes in virus load and CD4-t-ve cell count are less 

impressive with saquinavir monotherapy due to poor oral bioavailability and high 

metabolism of the compound (Kitchen et a l  1995).

Trials of protease inhibitors in combination with each other or with RT inhibitors aie 

now being reported.

Stndv ACTG 229 (Collier et a l 1996)

This study randomised ZDV-experienced patients with CD4+ve cell counts 

between 50 and 400 cells/mm^ to receive ZDV/ddC, ZDV/saquinavir or all 

three drugs. Best responses were seen with triple therapy, with a median rise in 

CD4+ve cell count of 33/mm^ and a fall in virus load of 0.74 log copies/ml.
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Combination therapy of saquinavir and ritonavir is currently under evaluation since 

there is a potential synergy between the two drugs, resulting from the inhibition of 

cytochrome P450 by ritonavir leading to a large increase in the half-life of 

saquinavir.

Prevention of materno-fetal transmission of HIV-1 bv antiretroviral therapy

The first trial of antiretroviral therapy given during pregnancy to HIV-1 infected 

mothers to prevent vertical transmission of infection was reported in 1994.

ACTG Trial 076 of ZDV therapv in pregnancv (Connor et a l  1994)

The rationale for this trial was to reduce the rate of transmission of HIV-1 

from infected mother to offspring during pregnancy by reducing the mother’s 

viral load with antiretroviral therapy. This was a double-blind, placebo- 

controlled ti'ial of ZDV in HIV-1 infected pregnant women with CD4 +ve cell 

counts greater than 200/mm^- The treated group were given 500mg daily ZDV 

from between 14 and 34 weeks of gestation onwards. During birth the mothers 

were given intravenous ZDV ( 2mg/kg body weight for one hour and 

1 mg/kg/hr thereafter until delivery) and the babies were given oral ZDV (2mg 

/kg body weight every six hours) for six weeks. Infection status of infants was 

determined by cell culture of the virus.

Of 363 infants where infection status was determined (180 ZDV, 183 placebo) 

thirteen were infected in the ZDV group and 40 in the placebo group 

corresponding to a risk reduction of 67.5% (p = 0.00006).The only significant 

side effect of ZDV therapy was a lower haemoglobin level at birth which 

became an insignificant difference by 12 weeks of life.

Clearly the finding of a reduced transmission rate in this study will lead to 

many further studies using ZDV, other antiretroviral compounds and 

combination therapies.
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1.5 DRUG RESISTANCE IN ANTIRETROVIRAL THERAPY

The phenomenon of viral drug resistance to an antiviral agent was described for 

Herpes simplex virus type-1 (HSV-1) resistance to acyclovir (Barry et al. 1985) and 

similar observations have subsequently been widely reported for resistance to dmgs 

targeted at HIV-1 (Richman 1992).

The first reported study of HIV drug resistance analysed 46 isolates from 33 patients 

tieated with ZDV (Larder et a l  1989). Viruses, isolated in MT-2 cells, were assayed 

for the concentration of drug inhibiting virus growth by 50% (IC^g) in a HeLa-CD4 

plaque reduction assay. Isolates from ZDV naive patients had a narrow range of 

ICjqS (0.01-0.05pM) but sequential isolates from patients on treatment showed an 

increasing IG.  ̂ value beyond six months of therapy with some isolates being more 

than 100-fold less sensitive to the drug than untreated patients.

These observations were confirmed by other workers (Rooke et a l  1989, Land et a l 

1990) and it was further demonstrated that resistant virus could be generated in vitro 

by cell culture passage of sensitive virus in the presence of ZDV (Larder et a l  

1991b). Cross-resistance to other nucleoside analogues such as ddl and ddC was not 

observed (Larder et a l 1990, Richman et a l  1991b). A study of 97 isolates from 73 

individuals (Richman et a l  1990) showed that the development of resistance was 

related to disease stage, with resistant strains evolving in ARC and AIDS patients 

more rapidly than in asymptomatic subjects. Virus with a high degree of resistance 

was found in 89% of late stage disease subjects in this study after 12 months of 

therapy compared to 31% with early stage disease. Drug resistant str ains were shown 

to be replication competent and to persist in vitro in the absence of ZDV with some 

evidence of altered biological characteristics (Rooke et a l  1991).

The molecular basis for drug resistance to ZDV was described in 1989 (Larder and 

Kemp 1989) in an experiment in which HIV-1 was isolated from paired samples 

from five patients before and after periods of therapy lasting from 11 to 26 months. 

The R T  genes of the isolated viruses were sequenced to determine the sequence 

changes occurring during the period of therapy and hence determining which amino 

acid changes were most frequently associated with ZDV therapy. All five paired 

samples showed mutations at three codons (67, 70 and 215) and three pairs showed 

mutation at a fourth codon (219).The authors then elegantly demonstrated that these
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changes were causative of the observed phenotypic drug resistance by introducing 

the changes into an infectious molecular clone of a wild-type, drug sensitive virus 

(HXB-2) by site-directed mutagenesis. The resultant mutant clone became 

phenotypically drug resistant in a HeLa-CD4-i- plaque reduction assay by almost 

100-fold, with an increase in from 0.013|.iM to The mutations

described were:

Codon 67 GAG to AAC resulting in change from Asp to Asn (D67N)

Codon 70 AAA to AG A resulting in change from Lys to Arg (K70R)

Codon 215 ACC to TTC resulting in change from Thr to Phe (T215F)

Codon 215 ACC to TAG resulting in change from Thr to Tyr (T215Y)

Codon 219 AAA to CAA resulting in change from Lys to Gin (K219Q)

The construction of infectious molecular clones with single resistance associated 

mutations and with combinations of these mutations was able to demonstrate the 

conti'ibution of each mutation to the observed level of phenotypic resistance (Larder 

et al. 1991). It was observed however that some clinical isolates that were predicted 

to be paitially drug resistant from their RT  gene sequence were in fact highly 

resistant. Further work (Kellam et a l 1992) determined a fifth mutation at codon 41 

of the RT gene (ATG to TTG or CTG resulting in a met to leu change) which was 

shown to contribute to the observed phenotypic resistance. This mutation was added 

to the proposed scheme associating the effects of single and combined mutations on 

the phenotypic sensitivity of the virus (Table 1.2).

Sequence changes in the RT  gene other than the five described above have been 

associated with resistance to ZDV (Sheehy and Desselberger 1993, Mayers et a l 

1992) but without the réintroduction of these changes into the wild-type virus to 

determine the time effect of the changes on phenotypic resistance the significance of 

such changes remains unclear.
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TABLE 1.2

The ejfect o fR T  mutations on phenoty^pic resistance to zidovudine 

(Larder et al. 7 991 )

Mutation Fold increase in resistance

41 4 X

67 1 X

70 8  X

215 (Y) 16 X

219 1 X

7 0 +  215 (Y) 6  X

4 1 + 2 1 5  (Y) 64 X

6 7 + 7 0 17 X

2 1 5 (F )+ 219 2 2  X

67 + 70  + 219 28 X

4 1 + 6 7  + 215 (Y) 43 X

41 + 70  + 215 (Y) 34 X

41 + 67 +70 +215 (Y) 179 X

67 +70  + 215 (F )+ 219 166 X

41 +67 +70  + 215 (Y) + 219 180 X

The work associating point mutations with phenotypically observed resistance to 

ZDV has formed a model for the analysis of drug resistance to many other 

compounds that are being investigated as, or considered for trial as, antiretroviral 

therapies. After 12 months therapy with ddl, a mutation at codon 74 of the RT gene 

(Leu to Val) was shown to develop in isolates from patients and the mutation was 

shown to increase the in vitro resistance to ddl by 5 to 10-fold when introduced into 

a wild-type (HXB2) infectious molecular clone (St Clair et a i  1991). With other 

compounds resistant mutants have been generated in vitro by culture in the presence 

of sub-limiting concentrations of drug, rather than waiting for resistant mutants to be 

generated in vivo. Where looked for, some degree of resistance has been found to 

almost all of the drugs used to inhibit the replication of HIV, both RT and non-RT
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inhibitors, and by following the procedures described for ZDV point mutations in 

the HIV genome have been linked to phenotypic resistance.

Analyses of both in vitro derived strains and clinical isolates have revealed the rapid 

generation of strains resistant to the novel non-nucleoside RT inhibitors. A trial of 

nevirapine as monotherapy or in combination with ZDV (ACTG Trial 164/168) 

showed the emergence of phenotypically and genotypically resistant virus strains 

within four weeks, although the pattern of genotypic resistance was altered in the 

combined therapy group (Richman et a l 1994). Resistance to TIBO derived drugs 

has been reported within three weeks of the commencement of therapy (Vandamme 

et a l 1993). Similarly rapid evolution of drug resistance has been observed in 

patients treated with 3TC (Schuurman et a l  1995).

Observations in vitro and in vivo have shown that combination therapies can result in 

the development of multidrug resistance and the evolution of single mutations 

associated with resistance to more than one drug (Gu et a l  1994, Shirasaka et ai. 

1995). Cross resistance will be discussed further in Chapter 12.

Phenotypic and genotypic resistance to protease inhibitors have been described, both 

in vitro and in vivo as these compounds have entered clinical use (Tisdale et a l 

1994). As with RT inhibitors such as ZDV, accumulation of mutations in the 

protease gene leads to increasing phenotypic resistance, and frequently to cross

resistance to other pro tease inhibitors (Condra and Schleif 1995). Patterns of 

resistance mutations in the protease gene are presently poorly understood, due to the 

complex interactions of resistance mutations and compensatoiy mutations which 

may be acquired to restore viral fitness (Nijhuis et a l  1997).
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1.6 AIMS OF THE THESTS

The polymerase chain reaction provides a potentially valuable tool for the laboratory 

investigation of HIV-1 infection. The general aim of the work reported in this thesis 

was to develop PCR based methods for such investigations, concentrating on 

methods which can be applied directly to clinical samples collected from infected 

patients. The intention was to develop methods which could provide rapid and safe 

alternatives to established culture based methods.

The areas in which PCR based methods have been developed and evaluated for this 

thesis aie:

(a) The diagnostic detection of HIV-1 infection.

(b) The investigation of resistance to anti-retroviral drugs at the genotypic level.

Specifically, the work described in this thesis has looked at the following aspects of 

the application of PCR to the investigation of HIV-1 infection:

1. Optimisation of PCR for the diagnosis of HIV-1 infection by detection of HIV-1 

provirus in PBMCs. The developments have centred around the necessaiy use of the 

nested PCR method to give optimal sensitivity and specificity, and includes the 

design and evaluation of PCR primer sets and optimisation of reaction conditions.

2. Development and evaluation of a whole blood storage method, allowing the 

recovery of HIV-1 pro viral DNA suitable for amplification in PCR. The method was 

used to allow the simple collection and storage of samples from clinical centres 

lacking laboratory facilities.

3. Evaluation of the PCR methods developed for the diagnosis of HIV-1 infection in 

babies born to infected mothers. The aim was to define a diagnostic strategy for the 

diagnosis of vertical HIV-1 transmission that would give an eaidier diagnosis than 

could be provided by serological methods.
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4. The development of a novel, quantitative point mutation assay (PMA) for the 

detection of mutations in the HIV-1 genome associated with resistance to 

antiretroviral drugs. The method is based on the analysis of PCR products amplified 

from sequences of HIV-1 RNA or DNA sequences containing gene loci which, when 

mutated, are associated with drug resistance. The method is rapid, has a microtitre 

format and is easily adapted to the quantification of any mutation within the 

amplified target.

5. Compai'ison of genotypic analysis by PMA with a culture based phenotypic 

resistance assay, to establish the validity of genotypic drug resistance assayed by 

PMA.

6. Detection by PMA of eaidy changes in genotypic drug resistance in diatg-naive 

patients commencing ZDV monotherapy.

7. A case-control study of patients receiving ZDV therapy to look for an association 

of disease progression and the development of genotypic drug resistance.

8. Comparison of the evolution of genotypic drug resistance observed in cell-free 

plasma virus RNA and PBMC proviral DNA.

9. Detection of genotypic drug resistance in viral RNA sequences isolated from CSF, 

and comparison with plasma virus sequences.
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CHAPTER 2 

METHODS

2.1 POLYM ERASE CHAIN REACTION (PCR) FOR THE DETECTION OF 

HIV-1 PROVIRAL DNA

PCR Reaction

The reaction mix for the first round of PCR was made up as described below:

per tube (mix 1) per tube (mix 2)

Taq polymerase 0 .125|l i 1 0.125pl

nucleotide mix 4pl 4pl

lOx reaction buffer 2 .5|l i 1 1.25pl

primer 1 (MH5 or GAG lA) 0.25pl 0.25pl

primer 2 (MH6 or GAG 2A) 0.25|al 0.25pl

sample or control 2.5 pi 12.5pl

water to 25pi to 25pi

Mix 1 was used for 2 .5 f . i l  sample volumes and mix 2  for 1 2 .5 |lxL 

Thennal cycling conditions were as follows (for either gag or pol primers):

1 cycle 94°C for

35 cycles 94°C for

1 cycle i f C  for
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The second round mix is shown below. The sample was a Ip l transfer of products 

from the first round PCR.

per tube

Taq polymerase 0.125pl

nucleotide mix 4pl

lOx reaction buffer 2.5pl

primer 1(P0L1 or MHIA) 0.25pl

primer 2(POL2 or MH2B) 0.25 pi

sample Ipl

water to 25 pi

Thermal cycling conditions were as follows (for either gag or pol primers):

25 cycles 94^C for Imin., 50°C for 1 min., 72°C for 1 min.

1 cycle 72*̂ 0 for 7 mins, 4°C indefinitely

Agarose gel electrophoresis

All ethidium bromide stained agarose gel electrophoresis was carried out using 2% 

gels in a variety of electrophoresis gel tanks, dependent on the number and volume 

(5 or 10 pi) of PCR products being analysed.

Agarose was melted in single strength TAE buffer in a microwave oven until 

completely dissolved, allowed to cool to 60°C and 0.5mg/ml ethidium bromide 

mixed in immediately before pouring. Gels were left to set at room temperature, on a 

level surface for 15 to 60 minutes and used immediately. Gels were run in single 

stiength TAE tank buffer containing 0.5mg/ml ethidium bromide. Samples were 

loaded with the gel outside the electrophoresis tank ("dry loading") or with the gel in 

the tank under the surface of the tank buffer ("wet loading"). Dry loading was easier 

for sample loading but wet loading gave cleaner, sharper bands on the gel. The 

sample was loaded after mixing 5 or lOpl PCR product with 1 or 2pl loading buffer 

in a microtitre well (V-bottom). Loading buffer was Tris/HCl, O.IM, pH7.6 

containing 20% glycerol and lOmg/ml xylene cyanole. One lane was loaded with
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0.5|j,g 0X 174 molecular size markers (Life Technologies, Paisley, U.K.). Gels were 

routinely run at 100 volts for 45 minutes, viewed on a U.V. light box (234nm) and 

photographed (Polaroid 667 film at f l6  for 1/2 sec).

PCR Primers

Primer sequences used in diagnostic PCR reactions are shown in table 2.1.1.

TABLE 2.1.1

Primers used for HIV-1 diagnostic PCR

Primer Sequence Size Location '

gag outer set

GAG lA  (sense) ACCCTTCAGGAACAAATAGGAT 22 mer 1512-1533

GAG 2A (antisense) TCGCATTTTGGACCAACAAGGT 22 mer 1746 - 1767

gag inner set

MH lA  (sense) CCACCTATCCCAGTAGGAGAAAT 23 mer 1548 - 1570

MH 2B (antisense) GGTCCTTGTCTTATGTCCAGAAT 23 mer 1632 - 1654

pol outer set

MH 5 (sense) GCAGGGGCAAGGCCAATGGACAT 23 mer 3541 - 3563

MH 6 (antisense) CTCCCACTCAGGAATCCAGGTGGC 24 mer 3770 - 3793

pol inner set

POL 1 (sense) CAGGAAAATATGCAAGAATGAGG 23 mer 3600 - 3622

POL 2 (antisense) CCCATGTTTCCTTTTGTATGGGT 23 mer 3722 - 3743

Location in strain HXB2

The product sizes generated by these primer sets are: 

gag (outer) 256 base pairs

gag (inner) 107 base pairs

pol (outer) 253 base pairs

pol (inner) 144 base pairs
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Oligonucleotide Synthesis

Oligonucleotide primers were synthesised in the Department of Virology, UCLMS, 

on an Applied Biosystems type 381A synthesiser (Applied Biosystems Ltd., 

Warrington, U.K.) using phosphoramidite chemistry. All syntheses were on a

0.25pmole scale. Oligonucleotides were cleaved from the CPG synthesis column 

with 3.5ml 33% ammonia solution (Analar) at 4°C over 140 minutes. The cleaved 

oligonucleotides were deprotected by incubating the ammonia solution at 55°C 

overnight.

The oligonucleotides were stored in the ammonia solution at -20°C and were stable 

in this condition for at least two yeai'S (as assessed by their PCR performance). For 

use, the oligonucleotides were ethanol precipitated from 0.5ml of the ammonia 

solution, without the addition of sodium acetate. The DNA pellet was redissolved in 

lOOpl water and the concentiation determined by U.V. absorbance at 260nm. For 

single stranded DNA 1 O.D. unit = 33 pg/ml. Oligonucleotides were diluted to 

contain bbpg/ml for use (see Chapter 3 for oligonucleotide titration).

Culture of characterised HIV laboratory isolates and uninfected cell lines for 

use in PCR

Proviral DNA preparations were made from cell lines chronically infected with 

characterised strains of HIV-1 and from uninfected lymphocytic cell lines for use as 

qualitative and quantitative controls in PCR assays. The virus strains and cell lines 

cultured aie shown in table 2.1.2.

All manipulations with infected and uninfected cell lines were performed under 

category 3 (P3) containment conditions. All cell lines (infected and uninfected) 

were cultured in RPMI medium (Dutch modification; from Life Technologies, 

Paisley, U.K.) containing 10% heat inactivated fetal calf serum (FCS) (Life 

Technologies), 2mM L-glutamine (Life Technologies), lOOunits/ml benzyl penicillin 

(Brittania Pharmaceuticals, Redhill, U.K.), 0.1 mg/ml streptomycin sulphate (Evans 

Medical, Horsham, U.K.) and 2.5pg/ml amphotericin B (Fungizone; E.R. Squibb 

and Sons Ltd., Hounslow, U.K.). Cells were grown in disposable tissue culture
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flasks (Costal*, High Wycombe, U.K.) in 5% CÔ  at 37°C. Cells were subcultured by 

diluting 1:4 in fresh medium once a week and discarding excess cell suspension. 

Every fourth subculture the medium was changed completely by pelleting the cells 

(400g, 10 minutes) and resuspending in fresh medium.

DNA was extracted and purified from cell cultures by SDS extraction and 

phenol/chlorofomi purification as described in Section 2.2. This extraction 

inactivated the virus allowing the extract to be handled under Category 2 (P2) safety 

conditions.

For long term storage of cell cultures, the cells from 10ml of suspension were 

pelleted (400g, 10 minutes) and resuspended in 1ml RPMI culture medium 

containing antibiotics as above, 30% FCS and 10% dimethyl sulphoxide (DMSO) 

(Sigma Chemicals, U.K.). The cell suspension was frozen slowly (approximately 

l°C/minute) to -40°C and stored in a vapour-phase liquid nitiogen refrigerator in 

Nunc Cryotubes (Life Technologies).
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TABLE 2.1.2

Characterised laboratory HIV-1 strains and cell-lines used in validation o f PCR 

methodology

Virus strain Cell line Reference

CBL-1 GEM Weiss et a l  1985

U-455 U-937 Qram et a l  1990

GB-8 H-9 Farrar gr aZ. 1991

ARV-2 H-9 Levy et a l  1984

ARV-4 H-9 Gheng-Mayer er a/. 1988

III-B H-9 Popovic et a l  1984

MN H-9 GâU.0 et a l  1984

RF H-9 Popovic et a l  1984

K-12 H-9 Louwagie et a l  1993

Z-84 GEM Louwagie et a l  1993

SF-33 H-9 Gheng-Mayer et a l  1988

HIV-2 ROD G 8166 Clâ.vel et a l  1986

HIV-2 CBL-20 G 8166 Schultz gr aZ. 1990

HIV-2 CBL-21 G 8166 Schultz era/. 1990

HIV-2 CBL-22 G 8166 Schultz era/. 1990

LAV 1 8E5 Folks era/. 1986

Uninfected G 8166 Salahuddin et a l  1983

Uninfected GEM Foley et a l  1965

Uninfected H-9 Popovic et a l  1984

Uninfected U-937 Sundstiom et a l  1976
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Controls

Negative controls were of two types:

1. DNA extracted from the GEM cell line (Foley et a l 1965) by SDS extraction and 

phenol/chloroform extraction. This extract was quantified by U.V. absorption at 

260/280 nm and diluted in single strength reaction buffer to contain 0.5pg DNA per 

unit volume (2.5 pi or 12.5 pi depending on the test sample volume).

2. A large volume of blood from an HIV antibody negative donor was preserved in 

glycigel, as described in Section 2.3, aliquoted and frozen to -70°C. Aliquots were 

processed in parallel with test samples.

Positive controls were produced from DNA extracted from the 8E5 cell line (Folks 

et a l  1986). This cell line has been demonstrated to contain one HIV-1 proviral 

DNA copy per cell and hence, by extracting DNA from the cell line and quantifying 

the amount of cellular DNA (a single cell contains approximately 6pg DNA) the 

number of HIV-1 proviral copies can be determined. The DNA was extracted using 

phenol/chloroform, quantified by U.V. absorption at 260/280 nm and diluted in 

single strength reaction buffer to contain 10 proviral copies and 0.5pg negative DNA 

(see above) per unit volume (2.5pl or 12.5 pi).
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2.2 EXTRACTION AND PURIFICATION OF DNA FROM  PBMC

Fractionation of whole blood samples bv Ficoll-paaue centrifugation

PBMCs were sepai*ated from whole unclotted blood by centrifugation onto a Ficoll- 

paque cushion (Pharmacia Biotech, St. Albans, U.K.) (Boyum 1968). Blood samples 

were collected into preservative free heparin (1 2 -3 0  i.u./ml) and stored at 4°C until 

separated. Separations were carried out within 24 hours of receipt of the sample, and 

the majority were separated on the same day as they were taken. The samples were 

spun at 400g (1500 rpm) for 10 minutes and the plasma removed, aliquoted and 

stored at -20°C or -70°C. The samples were resuspended to their original volume in 

sterile PBS and layered caiefully onto approximately one-half volume of Ficoll- 

paque (Pharmacia) (e.g. 30ml resuspended blood sample layered onto 15ml Ficoll- 

paque). The layered samples were centrifuged at 400g (1500rpm) for 30 minutes. 

The upper layer was removed by pipette and discarded, taking care not to disturb the 

PBMCs at the interface, and the cells at the interface removed by pipette into the 

minimum possible volume of liquid. The cells were resuspended in RPMI tissue 

culture medium containing glutamine and antibiotics to a total volume equal to the 

original sample. The suspension was centrifuged at 400g (1500rpm) for 10 minutes 

and this wash was repeated once more in the same volume. Finally the cells were 

resuspended in freezing medium (RPMI containing glutamine, antibiotics, 10% 

DMSO and 30% fetal calf serum) and frozen slowly to by placing the vials (Nunc 

Cryotubes, Life Technologies, Paisley, U.K.) in a well insulated box in a -70°C 

freezer. Final storage was at -70°C or vapour-phase liquid nitrogen. Each vial 

contained the cells from 5 or 10ml blood depending on the study.

Phenol/chloroform extraction and ethanol precipitation

PBMCs stored in freezing medium were thawed rapidly in a waterbath at 37°C, the 

cell suspension centrifuged at 10,000rpm (8,000g) for one minute, washed once in 1 

ml PBS and resuspended in 0.5ml SDS extraction buffer.
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SDS extraction buffer:

lOmM Tris/HCl, pH 8.0 containing: lOmM EDTA

lOmM NaCl

0.5% Sodium dodecyl sulphate (SDS) 

100|.ig/ml proteinase K

The extract was incubated in a 60^C waterbath for two hours, 0.5ml 

phenol/chloroform/amyl alcohol (25:24:1) added and mixed vigorously for five 

minutes. The mixture was centrifuged at 14,000rpm (15,000g) for five minutes, the 

upper (aqueous) layer was removed and re-extracted once with 

phenol/chloroform/amyl alcohol and once with chloroform/amyl alcohol (24:1). 

DNA was precipitated from 0.45ml of the aqueous phase by mixing with 50|.il 3M 

sodium acetate, pHS.O and 1.0ml cold (- 20°C) absolute alcohol. The mixture was 

left to precipitate overnight at -20°C, the DNA pelleted by centrifugation at 

14,000rpm (15,000g) for 10 minutes and washed once with 1ml 70% alcohol. The 

DNA pellet was redissolved in lOOql deionised water and stored at -20°C.

NP40/Tween 20 extraction

This procedure is based on a previously described method (Higuchi 1989) and 

involves extraction, without purification, of DNA from Ficoll separated PBMCs into 

a PCR compatible buffer allowing the extract to be added directly to the reaction. 

Stored PBMCs were thawed rapidly in a waterbath at 37°C and the cells pelleted by 

centrifugation at 10,000 rpm (8,000g) in a microfuge for one minute. The 

supernatant was aspirated, the cells gently resuspended in 1ml PBS and pelleted 

again at 10,000rpm (8,000g) for one minute. The supernatant was aspirated and 

discarded and the cells resuspended in lOOj-il NP40/Tween 20 extraction buffer.
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NP40/tween 20 extraction buffer:

lOmM Tris-HCl (pH 8.3) containing: 50mM KCl

2.5mM MgCl^

0.001% gelatin 

0.45% Tween 20 

0.45% Nonidet P40 

60|.ig/ml proteinase K

The extraction was carried out in a waterbath at 60°C for two hours followed by 10 

minutes at 95“C to inactivate the proteinase K. The extiacts were stored at -20°C and 

undigested cell debris was removed by centrifugation at 14,000rpm (15,000g) for 

one minute prior to addition of the extract to the PCR.

The detergents in the extraction buffer do not cause inhibition of PCR (unlike other 

extraction buffers such as SDS) (Higuchi 1989) and the other buffer components aie 

identical to those in the PCR reaction buffer, thus allowing any sample volume to be 

accommodated in the PCR with appropriate adjustments to the added reaction 

buffer.

Storage of whole blood samples in glvcigel

Whole blood samples can be collected directly into pre-prepared vials containing 

glycigel in the clinic and frozen immediately, as was the case in the European 

Collaborative Study (Chapter 5), or samples can be preserved after centrifugation 

and removal of plasma for serological studies.

When collected in the clinic 2 ml samples of whole blood were mixed with 2 ml 

melted glycigel in glass bijoux and frozen immediately to -70°C. No anticoagulant 

was needed as glycigel contains EDTA.

The glycigel supernatant is unsuitable for some serological assays and therefore, 

where laboratory facilities were available, plasma was removed from the sample for 

use in serology. In this case the sample was collected into an anti-coagulant ( EDTA, 

lithium heparin or citrate) and centrifuged at 400g for 10 minutes to pellet the cells. 

The plasma was removed, aliquoted and stored at -70°C. The cell pellet was
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resuspended to the original sample volume with PBS and mixed with an equal 

volume of melted glycigel. The cell suspension was aliquoted and frozen to -70°C.

DNA extraction from glvcigel stored samples

The preserved sample was melted in a 37°C waterbath and a 1ml aliquot spun in a 

microfuge at 14,000 rpm (15,000g) for one minute. For serological studies 0.5ml of 

supernatant (plasma plus glycigel) was removed and stored at -20°C. For samples 

stored with PBS rather than plasma the supernatant was discarded. The cell pellet 

was thoroughly mixed, by pipetting, with 0.5ml lysis buffer and centiifuged at 

14,000 rpm (15,000g) for one minute. The pellet (cell nuclei plus unlysed cells) was 

washed two or three times further with 1ml aliquots of lysis buffer until all red cells 

were removed and only a white cell nucleus pellet remained.

The pellet was resuspended in lOOpl extraction buffer and incubated in a 60°C 

waterbath for two hours. The proteinase K was denatured by heating the extract to 

95°C for 10 minutes. Up to 12.5pl of this extract was used as the sample in a 25ql 

PCR reaction mix reducing the amount of lOx concentrate reaction buffer 

appropriately.

Lysis Buffer:

lOmM Tris-HCl (pH 7.5) containing: 1% Triton XlOO

0.32M sucrose 

5mM MgClj

Extraction Buffer : as for NP40/Tween 20 extraction from PBMCs
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2.3 RNA PURTFICATTON AND REVERSE TRANSCRIPTION

Cell-free virus RNA was prepaied from serum, plasma or CSF by affinity capture of 

virus particles using anti-gpl20 coated polystyrene latex.

Purification of anti-izpl20

The Protein-A Sephaiose column (1cm x 4.5cm, bed volume 3.5ml) (Phamiacia) 

was eluted manually, fractions, collected manually and the optical densities 

measured in a spectrophotometer. The column was eluted with ten volumes (35ml) 

starting buffer (O.IM Tris/HCl, pH7.6). The sample (1ml serum or ascitic fluid) was 

clarified by centrifugation at 10,000rpm (8,000g) for five minutes in a microfuge, 

diluted 1:2 in stalling buffer and run on to the column. The column was eluted with

ten volumes starting buffer and the U.V, absorbance at 280nm (OD ) of the final
^  ^  280

1ml aliquot of eluate was measured to ensure that all the unbound proteins were

eluted. If not the elution was continued until the OD was < 0.050. The IgG was
280  ^

eluted with 20ml IM acetic acid, pH3.0, and fractions collected into tubes 

containing O.lg solid Tris. When the Tris had dissolved the of each fraction 

was measured and fractions with an > 0.2 were pooled. The pooled fractions

were dialysed against one litre PBS, overnight at 4^C, the of the final pool
0

measured and stored at -20 C.

The antibodies evaluated for immunocapture of virus are shown in Table 2.3.1 

TABLE 2.3.1

Anti sera/as cites purified fo r use as latex coating antibodies

Antisemm ’ Type Specificity Immunogen

ADP 401 Sheep polyclonal gp 120/160 CHO derived

ADP 403 Sheep polyclonal gp 120/160 CHO derived

ADP 408 Sheep polyclonal gp 160 Vaccinia derived

ADP 412 Sheep polyclonal gp 120 Baculovirus derived

4A 76C (ADP 360) Mouse monoclonal gp 120 CHO derived

MRC AIDS Reagent Project 1994
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Anti-gpl20 coating of latex

The antibody coated latex used to affinity purify HIV-1 from clinical samples was 

coated by a modification of a previously described method (Hudson and Hay 1989, 

Semple et al. 1993).

A 1ml volume of latex (0.8|.im diam., 10% suspension. Sigma, Poole, U.K.) was 

centrifuged at maximum speed in a microfuge for five minutes. The supernatant was 

discarded and the latex pellet washed twice by centrifugation in 1ml Tris/HCl, O.IM, 

pH7.6. The latex was resuspended in 10ml coating solution ( Tris/HCl, O.IM, pH7.6

containing 40|.ig/ml each purified IgG from antibodies 403, 412 and 4A76C). The
0

suspension was incubated in a waterbath at 45 C for 20 minutes vortexing briefly 

after 10 minutes. The suspension was washed twice by centrifugation. The first wash 

was in 10ml PBS and the second in 10ml PBS containing 0.1% BSA and 0.1%

sodium azide (blocking solution). The latex was finally resuspended in 1ml blocking
0

solution and stored at 4 C for up to 6 months.

Jmmiinocaptiire of virus from clinical samples

The samples (serum, plasma or CSF) were centrifuged at 14,000rpm (15,000g) for 

five minutes in a microfuge to remove debris and cellular material. After 

clarification 100|,il of sample was removed and added to 20p.l anti-gpl20 coated 

latex suspension. The samples were mixed continuously for one hour on a shaking 

platform (Combimixer type CM-9, Sarstedt Ltd., Leicester, U.K.) at a speed 

sufficient to maintain the latex in suspension. The latex samples were centrifuged for 

five minutes at 10,000rpm (8,000g) in a microfuge ,the supernatant discarded and 

the pellet washed with lOOpl PBS. Immediately the pellet was resuspended in 20|.il 

reverse transcription mix.

Reverse transcription

The latex captured virus from 100|_il serum, plasma or CSF was resuspended in 20|.l 1 

reverse transcription mix.
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Reverse ti'anscription mix:

lOx reaction buffer 2 pi

dNTP mix 0.8pl

Reverse trancriptase Ipl

RNAse Guard 0.5pl

O.IMDTT 0.2pl

cRNA 0.1 pi

10% Triton X-100 O.lpl

anti-sense primer 0.1 pi

Water lO.Opl

0
The reaction was incubated in a 37 C waterbath for one hour vortexing briefly after 

30 minutes and one hour. The reaction was centrifuged at 14,000rpm (15,000g) for 

five minutes in a microfuge. The centrifuged sample (pellet and supernatant) was 

stored at -20^0. Before use the sample was thawed in a 37 C waterbath, vortexed 

briefly, centrifuged at 14,000rpm (15,000g) for five minutes in a microfuge and the 

required volume of supernatant removed with great care as the latex is inhibitory to 

the PCR. The remainder of the sample was refrozen (latex and supernatant) for 

future use.
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2.4 QUANTITATIVE PCR

Quantification of proviral PNA load bv end-point dilution

The use of nested PCR allows the detection of a single target copy added to the 

reaction (Siramonds et al. 1990). Therefore by amplification of multiple replicates 

from a dilution series of target DNA or cDNA it is possible to estimate the copy 

numbers in a given volume of the original sample. The method used in this thesis is 

based on the method of Simmonds et al. (1990) in which the sample is diluted in a 

five-fold dilution series in replicate until only a proportion of the replicates give a 

positive signal. At this end-point the number of copies from which the positive 

reactions aie obtained will follow a Poisson distribution (i.e. some reactions will 

come from a single target copy, some from two etc.). The frequency of negative 

replicates (F) allows the calculation of copy numbers at this sample dilution as : 

copies/unit volume = - In [F]

In practice four replicates were amplified from a five-fold dilution series (neat to 

1:125) using the pol primer set by the method described in Section 2.1. This strategy 

covered the majority of samples from HIV-1 infected subjects and those in which all 

replicates gave a positive reaction at a dilution of 1:125 were repeated, diluting from 

1:125 to 1:15625.

Quantification of cell-free virus RNA

The method used for quantification of cell-free virus load by quantitative PCR was 

developed by Malcolm Semple in The Department of Virology, UCL (Semple et al. 

1993). The assay is based on a nested PCR, using the pol primer set designed for 

diagnostic detection of HIV-1, in which a '^S labelled dNTP (̂ Ŝ dCTP) was 

incorporated into the second round product and was quantified by scintillation 

counting. Labelled product was separated from unincorporated label by affinity 

capture of the product onto streptavidin coated micro titre wells via a biotinylated 

second round primer (POL 1-bio) incorporated into the second round product and, 

after washing away of unincorporated label, separation of the unbiotinylated strand 

by NaOH treatment for transfer to a scintillation cocktail for counting.
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Test samples were quantified by comparison with an external standard curve run in 

the same assay. The standard curve was produced from a high titre patient sample 

previously quantified by end-point dilution PCR as described above.

RNA samples for assay were prepared from semm by affinity capture of virus 

paiticles as described in Section 2.3 and reverse transcribed as described in Section 

2.3. Serum was preferred to plasma since intra-assay variability was lower with this 

material.

A separate antisense primer (CPI) immediately downstream of PCR primer MH6 

was used in the reverse transcription step.

CPI 5' GGAGGGGTATTGACAA 3' (16 mer)

After removal of the latex by centrifugation, 10pi of the cDNA sample was added to

a 50pl PCR reaction using pol primers MH 5 and MH 6 as detailed in Section 2.1.

The first round reaction was run for 30 cycles using the conditions shown in Section

2.1 and Ipl of the first round product was transferred to the second round reaction 

mix shown below.

per tube

p/if polymerase 0.125pl

nucleotide mix (GAT mix) 0.4pl

lOx reaction buffer 2.5pl

primer 1 (POL 1-bio) 1.25 pi

primer 2 (POL 2) 1.25pi

''S  dCTP Ipl

sample or control Ipl

water to 25 pi
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Thermal cycling conditions were as follows:

0 0 0
12 cycles 94 C for 1min., 50 C for 1 min., 75 C for 1 min.

0

1 cycle 75 C for 7 mins.
0

1 cycle 4 C indefinitely

In the second round of amplification pfu polymerase (Recombinant exo-; Stratagene 

Ltd., Cambridge, U.K.) was used in preference to taq polymerase as the

incorporation of dNTPs by taq is poor. This enzyme requires a higher primer
0

concentration, as shown above, and has an optimum extension temperature of 75 C. 

The nucleotide mix contains G,A and T only as the C is provided by the label, and 

the mix was used at 1/10 normal amount to balance with the nucleotide 

concentiation of the label.

The second round PGR was run for 12 cycles as this was found to give the widest 

dynamic range of quantification whilst still detecting a single cDNA input copy. All 

samples and conti'ols were purified, reverse transcribed and amplified in duplicate. 

Each duplicate was assayed in duplicate giving four values for each sample or 

control.

From each second round product 5ql was mixed in duplicate with 95ql PBS, 

containing 0.05% Tween 20, in a strep ta vidin coated micro titre well. Coating was as 

described in Section 2.5, except that the wells were coated with lOOql/well rather 

than 25ql. The wells were incubated at room temperature for one hour and washed 

10 times with TTA buffer with a one minute soak between washes six and seven. 

After aspirating the wash buffer, 60ql 0.15M NaOH was added to each well, 

incubated at room temperature for five minutes, 50ql of the NaOH solution was 

transferred to a white microtitre plate (Canberra Packard) and mixed with lOOql 

scintillation cocktail (Microscint 40, Canberra Packard). Wells were counted for one 

minute in a Topcount microtitre scintillation counter (Canberra Packard), the mean 

of the replicates calculated, a standard curve plotted from the controls and the test 

samples read from this curve.

The standard curve was a half-log dilution series from 1000 cDNA copies to one 

cDNA copy made from a high titre patient serum diluted in negative human serum.
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2.5 POINT MUTATION ASSAY (PMA) 

Amplification of RNA and DNA samples for use in PMA

DNA sample preparation was as described in Section 2.2, RNA preparation and 

reverse transcription as in Section 2.3. The outer antisense PCR primer SPP8 (see 

below) is also used for reverse transcription.

The PCR was performed as described in Section 2.1 using the following cycling 

conditions:

First round amplification:

1 cycle 94°C for 4 mins.

35 cycles 94°C for Imin., 55°C for 1 min., 72°C for 1 min.

1 cycle 72"C for 7 mins, 4°C indefinitely

Second round amplification:

30 cycles 94°C for Imin., 57°C for 1 min., 72°C for 1 min.

1 cycle 72"C for 7 mins., 4"C indefinitely

The reactions were performed in 50pl working volumes, 5pi being analysed on an 

ethidium bromide stained agarose gel, and 40pl being used in the PMA.

PMA Method

The method described is for the analysis of 24 samples (22 test samples and two 

controls) in a complete 96 well plate. Smaller numbers were analysed in strips of 

microtitie wells, reducing the quantities of reagents proportionately.

The storage buffer was aspirated from the stored streptavidin coated microtitie wells 

and 15pl/well TTA buffer added. lOpl of each sample of PCR product was added to 

four wells and mixed with the TTA diluent. The wells were incubated at room 

temperature for 15 minutes and washed three times in TTA wash buffer with a Nunc 

manual microplate washer (Life Technologies, Paisley, U.K.). Captured PCR 

products were denatured by the addition of 40pl/well 0.15M NaOH and the plate 

was incubated at room temperature for five minutes. The wells were washed four
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times in TTA buffer. After the addition of 25til/well anneal mix, the wells were 

sealed and incubated at 63°C for three minutes by floating in a shallow water bath. 

The plate was allowed to cool slowly to room temperature over 30 minutes by 

placing it on a metal block heated to 63°C and left to cool. To each well was added 

9.8)il labelling mix (labelling mix A, G, C or T to one well for each sample) and the 

plate was incubated at room temperature for two minutes. The wells were washed 

six times with a one minute soak between washes four and five. Due to the short 

incubation time with the labelling mix the wells were washed sequentially in the 

order in which the label was added (i.e. A then G then C then T). The labelled 

probes were denatured from the captured strands by the addition of 40pl/well 0.15M 

NaOH and the plate incubated at room temperature for five minutes. The 40pl of 

NaOH solution was transferred to a scintillation vial containing 5ml scintillation 

cocktail compatible with an aqueous sample (LKB Optiphase Hi-Safe 3; Pharmacia- 

Wallac, Turku, Finland) and the vials counted for one minute in an LKB “Rackbeta” 

scintillation counter (Pharmacia-Wallac). In later experiments the NaOH solution 

was mixed with lOOpl Microscint 40 scintillation cocktail (Canberra Packard Ltd., 

Pangbourne, U.K.) in a white microtitie plate and counted on a “Topcount” 

microtitre scintillation reader (Canberra Packard).

Calculation of the point mutation assay results

The ambient background (found by counting a vial containing scintillation cocktail 

only) was subtracted from all readings (only when using the “Rackbeta”). The 

readings for the following bases were divided as follows:

Codon 41 divide the T signal by 3

Codon 67 divide the T signal by 7

Codon 70 divide the A signal by 2

Codon 215 divide the A signal by 2

Codon 219 divide the G signal by 2

This was required because where these bases occur in the sample being analysed an 

identical base or bases follows it and the polymerase adds more than one labelled 

base. The mean of the bases which do not occur at the point being analysed was 

calculated as follows:
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Codon 41 

Codon 67 

Codon 70 

Codon 215 

Codon 219

C only

mean of A and G 

mean of C and T 

C only

mean of A and C

This background signal was subtracted from the wild-type and mutant signals:

Codon 41 W/T = T Mutant = A or G

Codon 67 W/T = C Mutant = T

Codon 70 W/T = A Mutant = G

Codon 215 W/T = G Mutant = A or T

Codon 219 W/T = T Mutant = G

The percentage of wild-type (W/T) or mutant (M) was calculated as follows: 

% M = corrected M signal_____ ________  xlOO

corrected M signal 4- corrected W/T signal

% W/T = corrected W/T signal xlOO

corrected W/T signal 4- corrected M signal

Controls

Wild-type and mutant plasmid controls were run in parallel with the test samples. 

The plasmid samples used were HXB2 and RTMC, a mutant derived from HXB2 by 

site-directed mutagenesis. These plasmids were a gift from Dr. Brendan Larder, 

Wellcome Research Laboratories, Beckenham, U.K. and are gratefully 

acknowledged.
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PMA Solutions

Wash buffer/TTA diluent (lOx) lOOmM Tris/HCl containing:

0.5% Tween 20 

1.0% Na azide

(stored as lOx concentrate at room temp. )

PMA diluent 40mM Tris/HCl, pH 7.6 containing: 

20mM MgCl,

50mM NaCl 

(stored at 4°C)

Anneal mix (for 96 wells) PMA diluent 2475pi

Probe stock 25pl

(made up immediately before use)

Labelling mix (for 24 wells) Klenow polymerase stock 48pi

O.IMDTT 24pl

’’s  dNTP dilution 24^1

Water 144pl

(made up immediately before use)

Probe stock: 66pg/ml

Klenow polymerase stock: 2pl Klenow polymerase (Pharmacia or 

Promega Ltd., Southampton U.K.) +

192pl PMA diluent (made up immediately 

before use)
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dNTP dilution: 1:10 in water of 1000 - 1500Ci/mmol

(NEN Dupont Ltd., Stevenage, U.K.)

These labels were all purchased at the same 

time to have the same activity.

The 1:10 dilution was stored at -20°C.

Streptavidin coating of microtitre wells

Microtitre wells for use in PMA (Nunc, Maxisorb U-well, Life Technologies, 

Paisley U.K.) were coated with 25pl/well streptavidin coating solution (O.OIM 

Tris/HCl, pH7.6, containing 2.5pg/ml streptavidin) and the wells were incubated 

overnight at room temperature in a moist box. The wells were washed twice with 

PBS and filled with blocking solution (PBS containing 1% BSA and 0.1% sodium

azide, 0.35ml/well) and incubated at room temperature for one hour. The wells were
0

stored, for up to six months, at 4 C with the blocking solution in the wells. 

Reprobing modification of PMA

After the final removal of the now labelled probe with 0.15M NaOH for scintillation 

counting the single stranded target remains attached to the microtitre well and can 

therefore be reprobed for another mutation.

After dénaturation of the probe/target hybrid with 0.15M NaOH and transfer of the 

labelled probe to the counting plate the wells were washed four times with TTA 

wash fluid and aspirated. Note that the dénaturation step was limited to five minutes 

to prevent extended NaOH treatment weakening the binding of the target to the 

stieptavidin coated well, either by weakening of the biotin/streptavidin bond or the 

streptavidin/microtitre well bond. The PMA protocol was resumed with the addition 

of a new anneal mix and annealing of the new probe.

If necessary after washing the wells were stored prior to reprobing by leaving the 

wells filled with TTA wash fluid and storing the wells at 4°C in a moist box for up to 

three days.
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PMA probes and PCR primer sequences

The primer and probe sequences used in PMA are shown in tables 2.5.1. and 2.5.2 

TABLE 2.5.1

Primers used for amplifying RT gene o f HIV-1 fo r  point mutation analysis by PMA

Primer Sequence Size Location

Outer set

SPPIA (sense) GTAGGACCTACACCTGTCAACATAA 25 mer 397-421

SPP8 (antisense) GACTTGCCCAATTCAATTTTCCCAC 25 mer 1246-1270

Inner set

SPP2A (sense) TGTTGACTCAGATTGGTTGCACTTTA 26 mer 434-459

SPP6A (antisense) TTCTGTATGTCTTAGACAGTCCAGCT 26 mer 1216-1241

Location in RT gene of sti'ain HXB2 

SPP 2A biotinylated for use with probes ARP 1, ARP 3, ARP 4C and ARP 5D 

SPP 6A biotinylated for use with probe ARP 2B

TABLE 2.5.2

Point mutation assay probes fo r  ZDV resistance associated mutations

Codon Probe Sequence Wild-type Mutant

41 ARP5D AAATTTTCCCTTCCTTTTCCA T x 3 A or G

67 ARPl TITTCTCCATTTAGTACTGT C T x 7

70 ARP 2B AAAGAAAAAAGACAGTACTA A X 2 G

215 ARP4C CTGATGTTTTTTGTCTGGTGTG G A X 2 (phe) 

T(tyr)

219 ARP 3 AAGTTCTTTCTGATGTTTTT T G x 2

RT gene of HIV-1 

Bases added to probe in PMA by wild-type sequence
3

Bases added to probe in PMA by mutant sequence

Unlabelled primers and probes were synthesised as described in Section 2.1, 

biotinylated primers were synthesised commercially (Oswel, Southampton, U.K.).
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2,6 ASSAY OF ALBUMIN LEVELS BY RADIAL IMMUNODIFFUSION

0
A 12ml, 1% agarose gel (Sigma) in PBS was melted and cooled to 55 C before 

mixing in 60td anti-human albumin IgG (Atlantic Antibodies, USA), poured into a 

100mm squaie petii dish (Sterilin Ltd, Teddington, U.K.) and 2.5mm wells cut when 

the gel had set. lOpl of sample was added to each well. CSF samples were used neat 

and serum samples diluted 1:100 in PBS. Each sample was assayed in duplicate and 

duplicate control samples were made from commercial purified human albumin 

(Sigma, Poole, U.K.) at concentrations of 60, 40, 20 and lOmg/ml. The plate was 

incubated at room temperature overnight in a moist box and the diffusion zone 

diameter was measured using a transilluminator and a vernier measuring scale 

(Behring Diagnostics, Milton Keynes, U.K.). A standard curve was plotted from the 

conti'ol samples and the concentrations of the test samples read from this.
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2.7 BUFFERS. REAGENTS AND EQUIPMENT

Buffers and reagents specific to a particular method are specified in the appropriate 

section. Given below are the buffers and reagents common to a number of methods. 

Unless stated otherwise, reagents were supplied by Sigma (Poole, U.K.) and were 

molecular biology grade.

Buffers

10 X  PCR reaction buffer (for taq)

O.IM Tris/HCl, pH8.3 

500mM Kcl 

15mM MgCh

10 X PCR reaction buffer (for pfii)

200mM Tris/HCl, pH 8.5 

lOOmM (NHJ.SO,

1 mg/ml BSA 

1% Triton X-lOO

Nucleotide mix

For use in PCR mix 250pl of lOOmM stock (as supplied) of each nucleotide with 

20ml water to give final concentration of 1.25mM of each nucleotide. Aliquot and 

store at -20°C. For use in reverse transcription mix 2 5 0 | li1 of each dNTP as supplied, 

aliquot and store neat at -20"C.

TAE (Maniatis et al. 1982)

242g Tris base 

57.1ml glacial acetic acid 

100ml 0.5M EDTA, pH8.0 

Water to 1 litre
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Gel loading buffer (6x) (Maniatis et al. 1982) 

lOmM Tris/HCl, pH 7.5 containing:

ImM EDTA 

30% glycerol

0.25% xylene cyanol

Glvcigel

glycerol 125ml

water 200ml

EDTA 0.6g

gelatin 5.0g

NaCl L8g

Na azide 0.3g

Reagents

Taq polymerase

Amplitaq: Perkin Elmer, Warrington, U.K. 

pfu polymerase

Stratagene Ltd., Cambridge, U.K.

Triphosphonncleotides 

Pharmacia Biotech, St. Albans, U.K.

Oligonucleotides

Oswel Ltd., Southampton, U.K.

Molecular weight markers 

Life Technologies, Paisley, U.K.

Agarose

Life Technologies, Paisley, U.K.
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Proteinase K 

Sigma, Poole, U.K.

Phosphate buffered saline tablets fPBS)

Unipath Ltd., Basingstoke, U.K.

Reverse Transcriptase

MMuLV: Pharmacia, St. Albans, U.K.

RNase guard

Placenta derived: Phaimacia, St. Albans, U.K.

Streptavidin 

Sigma, Poole, U.K.

EciiiiDment

Thermal cvclers

TR2 - Hybaid Ltd, Teddington U.K.

TC480 - Perkin-Elmer, Warrington, U.K.

Microfuge

Centra-S - lEC, Dunstable, U.K.

Scintillation Counter

Topcount - Canberra Packaid, Pangbourne, U.K.
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CHAPTER 3 

THE DEVELOPMENT OF PCR METHODOLOGY

3.1 INTRODUCTION

The use of PCR as a diagnostic method, as with other diagnostic procedures, requires 

the optimisation of sensitivity and specificity. Achieving good sensitivity and 

specificity with PCR is particularly challenging in the case of diagnosing HIV 

infection, since the number of available genome copies can be very low (Simmonds et 

al. 1990), against a background of human chromosomal DNA containing high copy 

numbers of endogenous retroviral sequences.

The method developed in this project involves the amplification of proviral HIV-1 

DNA extracted from PBMCs using a nested PCR procedure. The use of proviral 

DNA as the sample, rather than plasma virus RNA, is common to most reported 

diagnostic HIV PCR methods since this avoids the difficulties of RNA preparation 

and the need for reverse transcription. Nested PCR was selected for evaluation 

because of the simplicity of the final product analysis (ethidium bromide stained 

agarose gel), the avoidance of radiochemicals used in Southern blot analysis and the 

reported high sensitivity (Simmonds et a l  1990).

A number of the parameters of the nested PCR method used in this project have been 

described previously, either in the literature or in the information provided by Cetus 

(now Roche Molecular Systems), the inventors of PCR (Mullis 1990, Saiki et al. 

1985, Saiki et al. 1988). These parameters, not considered for further investigation in 

the development of a diagnostic PCR method for HIV-1 are:

1. The concentration of taq polymerase in the reaction mix.

2. The formulation of the reaction buffer.

3. The concentration of dNTPs in the reaction mix.

4. The temperatures used for dénaturation and product extension (set at 94°C 

and 72^C respectively).
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The parameters of the reaction which were specific to a particular primer set and 

which were optimised for the primer sets evaluated in this thesis are;

1. Primer concentration in the reaction mix.

2. Magnesium ion concentration in the reaction mix.

3. Primer anneal temperatures

These parameters were optimised by using samples containing a mixture of DNA 

extracted from an uninfected CD4+ve T-cell line (CEM) and from the 8E5 cell line. 

The 8E5 cell line contains a single integrated HIV-1 proviral DNA copy (Folkes et al. 

1986) and by quantifying the total DNA from an extract from this cell-line the number 

of HIV-1 proviral DNA copies can be established. Hence the samples used for 

optimisation were very similar in quality to the type of sample that would be analysed 

in clinical situations (i.e. DNA extracts from fractionated PBMCs) and contained a 

known copy number of HIV-1 proviral DNA sequences.

Having optimised the reaction conditions, the absolute sensitivity of the method 

(defined as number of input proviral DNA copies required to give a positive reaction) 

was established using dilution series of the 8E5 cell-line and of an HIV-1 containing 

plasmid. The specificity of the primers was investigated using DNA extracts from 

uninfected cell-lines and cell-lines infected with characterised laboratory strains of 

HIV-1 and HIV-2. Finally the diagnostic sensitivity of the method was estimated by 

analysing clinical samples from 100 HIV-1 antibody positive, asymptomatic (GDC 

Stage II disease) drug trial subjects prior to therapy.

Primer Design

Primers for the PCR amplification of HIV-1 sequences need to strike a balance 

between specificity and sensitivity. Two main factors contribute to difficulty in 

achieving good specificity.

1. HIV-1 sequences, particularly proviral sequences, are generally present in 

low copy numbers in clinical samples against a background of high copy
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numbers of host sequences from chromosomal DNA and host mRNA 

(Simmonds e/a/. 1990).

2. Human cells contain many endogenous retroviral sequences which are likely 

to contain sequence homology with HIV (Martin et a l  1981).

High sensitivity can be achieved with nested PCR methods, in which a single copy of 

HIV-1 can be reproducibly amplified from a DNA or cDNA sample. However, in 

vivo the diagnostic sensitivity of the method is compromised by mismatching between 

the target and primers arising from the highly heterogeneous nature of the HIV-1 

genome. Mismatching can be overcome by reducing the stringency of the annealing 

conditions but at the possible loss of specificity.

The primers used in this thesis were designed using Microgenie computer software 

(Beckman Instruments Inc., Palo Alto, CA, USA) and the Los Alamos HIV sequence 

database (Myers et a l 1994) to look for highly conserved regions of the HIV-1 

genome which showed no homology with sequences in available human, mammalian, 

bacterial or viral databases.

Other criteria followed in the design of the primers included;

1. Balancing of theoretical melt temperatures (Tm) and GC:AT ratios within 

primer pairs so that the reaction conditions would be similar for both primers

2. Avoidance of the 3' terminus falling on a potentially redundant ("wobbly") 

base (i.e. one that can cause a silent mutation - generally the third base of a 

codon)

3. Use of naturally occurring T residues at the 3' terminus of primers since 

mismatches between a T in the primer and target are still amplified with high 

efficiency (Kwok et a l 1990).

The inner primer set used to amplify the gag gene (MH1A/MH2B) were modified 

from primer set SK38/39 described in the literature (Ou et a l  1988). The outer 

primer set used to amplify the pal gene (MH5/6) were modified from sequences
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designed at NIMR, Mill Hill (B.Thompson, personal communication). Other primer 

sets were designed de novo.

Avoidance of contamination

Stringent precautions are required to avoid feedback contamination of a PCR with the 

products of a previous reaction using the same primer set. Based on previously 

described precautions (Kwok and Higuchi 1989, Bootman and Kitchen 1992) the 

measures taken during the work described in this thesis included:

1. Use of separate pre- and post-PCR laboratories. The pre-PCR room was 

used for sample preparation (fractionation o f blood samples, DNA extraction, 

affinity purification of virus from plasma and CSF), cDNA synthesis, 

preparation of the PCR reaction mixes and addition of the DNA or cDNA 

sample. The post-PCR room was used for the addition o f first round products 

to the second round of the nested PCR, the siting o f the thermal cyclers and the 

analysis of the PCR products (agarose gels, quantification of PCR products, 

point mutation analysis of PCR products).

2. Avoidance of transfer of any equipment, reagents or papers out of the post- 

PCR room without decontamination. Where such items could not easily be 

decontaminated (e.g. equipment for repair) they were enclosed in non

contaminated wrappings and not taken near to the pre-PCR area. 

Decontamination, where needed, was by soaking in IM HCl for one hour. Solid 

waste from the post-PCR room was sent for incineration, liquid waste was 

flushed down the sink with large quantities of water.

3. Separate dedicated laboratory overalls were worn in the pre- and post-PCR 

areas and those from the post-PCR area were laundered separately.

4. Disposable gloves and overshoes were worn in the post-PCR laboratory and 

discarded before leaving the room.
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3.2 PRIMER TITRATION

The optimum primer concentration in the reaction mix was determined for each 

primer set. The starting concentration of each oligonucleotide was adjusted to contain 

660 pg/ml (20 O.D. units when the U.V. absorbance at 260 nm was measured) by 

dilution in water.

Dilutions of neat, 1:3, 1:10, 1:30 andTlOO were used in a single round PCR of 35 

cycles as described in Section 2.1 and 10 pi of the products run on an ethidium 

bromide stained agarose gel. The PCR products were assessed subjectively for the 

strength of specific and non-specific bands to determine an optimum primer 

concentration. The samples used in the PCR were dilutions of DNA extracted from 

the 8E5 cell-line diluted to contain 1000, 100, 10 and 0 copies of HIV-1 proviral 

DNA in the sample volume (2.5pi). Each sample also contained 0.5pg DNA 

extracted from the CEM cell line (uninfected CD4 +ve T-cell line).

The results of the subjective assessments of the ethidium bromide stained gels are 

shown in Table 3.2.1 and an example of the results observed using the primer pair 

MH5/MH6 (outerpol set) is shown in Figure 3.2.1.

The assessment of specific and non-specific PCR band strength from an ethidium 

bromide stained agarose gel by eye is necessarily subjective. However, it was possible 

to evaluate crudely the primer dilutions which gave the greatest sensitivity and best 

discrimination between specific and non-specific PCR product bands as can be seen in 

Figure 3.2.1. From these gels it was estimated that a primer concentration of 

66pg/ml (equivalent to the 1:10 dilution above) was optimal for each of the primer 

sets assayed. Therefore this primer concentration was standardised for use in future 

PCR experiments and evaluations.

As will be seen from the results in Sections below the nesting o f primer sets eliminates 

all visible non-specific products from the ethidium bromide stained gels and gives 

clean, highly-visible specific PCR products.
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TABLE 3.2.1

Titratioti o f primer concentration fo r  HIV-1 PCR primer sets

Primer set Dilution 1000

proviral

copies^

100

proviral

copies^

10

proviral

copies^

Control

(CEM

DNA)^

MH5 /M H 6 neat ++ (2t) + (3t) -(4 t) +++ (5t)

outer set pol gene 1:3 +++ (6t) ++ (7t) ± (8 t) +++ (9t)

1:10 ++(10t) + + ( l l t ) ±(12t) + (13t)

1:30 -(2b) -(3b) -(4b) -(5b )

1:100 -(6b ) -(7b) -(8b ) -(9b )

P O L l/P 0 L 2 neat +++ + - +++

inner set pol gene 1:3 +++ ++ ± +++

1:10 +++ ++ ± +

1:30 - - - -

1:100 - - - -

GAG lA /G A G  2A neat +++ + - ++

outer set gag gene 1:3 +++ ++ ± +

1:10 +++ ++ + ±

1:30 ± ± - -

1:100 - - - -

M H1A/M H2B neat +++ + - ++

inner set gag gene 1:3 +++ ++ ± +

1:10 +++ ++ + ±

1:30 ± - - -

1:100 - - - -

 ̂Strength of specific HIV-1 PCR product bands 

 ̂Strength of non-specific product band

numbers in brackets refer to lane numbers in figure 3.2.1 (t = top, b = bottom)
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FIGURE 3.2.1 FIGURE 3.3.1

1 2 3 4 5 6 7 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14

VOw

FIGURE 3.2.1 Primer titration (MH5/6 primer set). Lane numbers 
correspond to Table 3.2.1. Lanes I and 14 (top), 1 and 10 (bottom) 
contain molecular weight markers ((s^X174). Specific product band 
(245 b.p.) indicated by arrows.

FIGURE 3.3.1 [Mg^^] titration (MH5/6primer set). Lane numbers 
correspond to Table 3.3.1. Lanes 1 and 14 (top), 1 and 10 (bottom) 
contain molecular weight markers (^X174). Specific product band 
(245 b.p.) indicated by arrows.



3.3 MAGNESIUM TITRATION

The optimum magnesium ion concentration in the reaction mix was determined for 

each primer set. Concentrations of 1.00, 1.25, 1.50, 1.75 and 2.00 mM were used in a 

single round PCR of 35 cycles as described in Section 2.1 and 10 pi of the products 

run on an ethidium bromide stained agarose gel. The PCR products were assessed 

subjectively for the strength of specific and non-specific bands to determine an 

optimum Mg concentration. The samples used in the PCR were as described in 

Section 3.2, containing 1000, 100, 10 and 0 copies o f 8E5 proviral DNA per reaction 

and DNA from the uninfected CEM cell line.

The results of the subjective assessments of the ethidium bromide stained gels are 

shown in Table 3.3.1 and an example of the results observed using the primer pair 

MH5/MH6 (outerpol set) is shown in Figure 3.3.1.

As with the results of the primer titrations shown in Section 3.2, the assessment of 

optimum magnesium ion concentration when judged by eye on an ethidium bromide 

stained gel is highly subjective. All o f the primer sets assayed above had optimal 

[Mg^ ] close to 1.5mM, although in any individual case this may have been found to 

be above or below this concentration if a finer titration series had been used. For the 

sake of convenience and standardisation, therefore, it was decided to use a 

concentration of 1.5mM in all future reactions.
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TABLE 3.3.1

Titration o f magnesium ion concentration fo r  HIV-1 PCR primer sets

Primer set [Mg^] 1000 100 10 Control

proviral proviral proviral (CEM

copies^ copies^ copies^ DNA)^

M H 5/M H 6 l.OOmM + (5b) ±(6b) -(7b ) -(8b )

outer set pol gene 1.25mM ++ (6t) + (2b) -(3b ) -(4b )

l.SOmM +++(10t) + + ( l l t ) + (12t) + (13t)

1.75mM +++ (6t) ++ (7t) + (8t) +++(9t)

2.0mM +++ (2t) ++ (3t) ± (4 t) +++(5t)

P O L l/P 0 L 2 l.OOmM -K+ + -

inner set pol gene 1.25mM 4--H+ 4- ± 4-+

l.SOmM + 4-+ 4-+ + 4-4-

1.75mM + + + 4-4- 4- 4-4-

2.0mM + + -h ± -H-H4-

GAG 1A / GAG 2A l.OOmM + + -f - -

outer set gag gene 1.25mM + + + 4-4- ± ±

l.SOmM + + + 4-+ 4- 4-

1.75mM -I-++ 4-+ 4- 4-

2.0mM ++-H -F+ 4- -k

M H1A/M H2B l.OOmM -h+ - ±

inner set gag gene 1.25mM -k + + -k-H ±

l.SOmM +-K+ 4-+ + 4-+

1.75mM + + + 4 - f 4- 4-+

2.0mM + + 4- -H4-

 ̂Strength of specific HIV-1 PCR product bands 

 ̂Strength of non-specific product bands

number in brackets refer to lane numbers in figure 3.3.1 (t = top, b = bottom)
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3.4 ANNEAL TEMPERATURE

To determine the optimum anneal temperature for each primer set the samples 

described in Section 3.2, containing 1000, 100, 10 and 0 copies of 8E5 proviral DNA 

were amplified in a single round PCR for 35 cycles using anneal temperatures of 

50 C, 55 C, 57 C and 60 C The results of the subjective evaluation of the ethidium 

bromide stained gels are shown in Table 3.4.1.

TABLE 3.4.1

Optimisation o f anneal temperatvres fo r  HIV-1 PCR primer sets

Primer set Anneal 1000 100 10 Control

temperature pro virus provirus provirus (CEM

copies copies^ copies^ D N A f

M H 5/M H 6 50“C 4-+ + - + +

outer set pol gene 55“c +++ +-t- ± +

57"C + 4-+ + + + +

60"C 4-4-4- + + + ±

P O L l/P 0 L 2 50“C ++ + - ++

inner set pol gene 55®C +++ ++ ± +

57°C + + + ++ + +

60"C + ±

G A G 1A /G A G 2A 50°C ++ ± + +

outer set gag gene 55"C + + + +-h + +

57"C +-I-+ +-t- + ±

60"C + + + + + + -

M H1A/M H2B 50"C + + + + + ± + +

inner set gag  gene 55°C + + + +4- + +

57"C + + + + + + ±

60“C +++ ++ + -

^Strength of specific HIV-1 PCR product bands

'Strength of non-specific product bands
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Evaluation of the ethidium bromide stained gels shows a marked reduction in the 

production of non-specific PCR products as the anneal temperature increases without 

reducing the strength of the HIV-1 specific band with 60^C being the optimum for 

both the gag  and pol primer sets. However, evaluation of the products of a nested 

PCR show that non-specific product bands are invisible at much lower anneal 

temperatures (see Section 3.6 below). Therefore, it was decided to use sub-optimal 

anneal temperatures of 55 C in the first round and 50 C in the second round of 

amplification for both primer sets (approximately IOC below the Tm for each primer 

set). This improves the chances of amplifying diverse HIV-1 strains, particularly 

viruses of African origin, which may be mismatched with the primer sequences used 

in the PCR method developed in this thesis.

3.5 CROSS-TESTING AGAINST LABORATORY VIRUS STRAINS AND  

CELL-LINES

To evaluate the the spectrum of HIV detectability of the primer sets, and the levels of 

non-specific reaction, nested PCR reactions were performed on DNA extracted from 

a number of HIV infected and uninfected cell-lines.

Details of cell culture methods are given in Section 2.1, and DNA extraction was 

made using phenol/chloroform as detailed in Section 2.2.

Results are shown in Table 3.5.1.

The pol primer set gave a positive reaction with all the HIV-1 strains assayed, and 

was unreactive with the uninfected cell lines and with the HIV-2 infected cell lines. 

The gag primer set failed to detect strain U455, detected all the other HIV-1 strains 

assayed and was unreactive with uninfected and HIV-2 infected cell lines.

Since the design of the gag primer set was based on the primer set most commonly 

used in diagnostic PCR methods reported in the literature (SK38/39) (Ou et a l  1988) 

it was retained for use as a diagnostic set for the work reported in this thesis, despite 

failing to detect strain U455. This virus strain is classified in HIV-1 clade A (Myers et 

al. 1994) and is derived from an isolate made in Uganda (Oram et a l 1990).
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TABLE 3.5.1

PCR reaction o f  HIV-1 gag and pol nested primer sets with characterised laboratoiy 

virus strains

Virus strain Cell line gag primers pol primers

CBL-1 CEM +ve +ve

U-455 U-937 -ve +ve

GB-8 H-9 +ve +ve

ARV-2 H-9 +ve +ve

ARV-4 H-9 +ve +ve

III-B H-9 +ve +ve

MN H-9 +ve +ve

RF H-9 +ve +ve

K-12 H-9 +ve +ve

Z-84 CEM +ve +ve

SF-33 H-9 +ve +ve

8E5 CEM +ve +ve

HIV-2 ROD 8166 -ve -ve

HIV-2 CBL20 8166 -ve -ve

HIV-2 CBL21 8166 -ve -ve

HIV-2 CBL22 8166 -ve -ve

Uninfected CEM -ve -ve

Uninfected H-9 -ve -ve

Uninfected U-937 -ve -ve

3.6 SENSTTTVITY TESTING USING DNA FROM  THE 8E5 CELL-LINE

Replicate half-log (1:3.2) dilutions of DNA extracted from the 8E5 cell line were 

made in water and amplified using the nested gag and pol primer sets. Each PCR 

reaction also contained O.Spg DNA extracted from the CEM cell line. The results of 

the replicate amplifications are shown in Table 3.6.1 and Figure 3.6.1. It was assumed
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TABLE 3.6.1

PCR titration o f HIV-1 DNA j)‘om the 8E5 cell line using nested gag and po l primer 

sets

Copies/

reaction

Replicate

1

Replicate

2

Replicate

3

Replicate

4

gag^oZ

Replicate

5

gag^oZ

+ve reactions 

gûg^oZ

100 +ve / +ve +ve / +ve +ve / +ve +ve / +ve +ve / +ve 5/5 5/5

32 +ve / +ve +ve / +ve +ve / +ve +ve / +ve +ve / +ve 5/5 5/5

10 +ve / +ve +ve / +ve +ve / +ve +ve / +ve +ve / +ve 5/5 5/5

3 +ve / +ve +ve / +ve +ve / +ve +ve / +ve +ve / +ve 5/5 5/5

1 +ve / +ve -ve / -ve -ve / -ve +ve / +ve -ve / -ve 2 / 5 2 / 5

0.3 -ve / -ve -ve / -ve -ve / -ve -ve / -ve -ve / -ve 0 / 5 0 / 5

0.1 -ve / -ve -ve / -ve -ve / -ve -ve / -ve -ve / -ve 0 / 5 0/5

0 -ve / -ve -ve / -ve -ve / -ve -ve / -ve -ve / -ve 0/5 5/5

that the 8E5 DNA extract contained the equivalent of one proviral copy per cell and 

that each cell contained a total of 6pg chromosomal DNA.The amplification o f only a 

proportion of the replicates at the sample dilution containing a nominal one proviral 

DNA copy per unit sample volume (2.5 pi) is the result that is predicted for a PCR 

that can give a positive result from a single proviral DNA copy added to the reaction 

(Saiki et al. 1988, Simmonds et al. 1990). At the end-point of such a dilution series 

the number of copies that will be added to each reaction follows a Poisson 

distribution. The frequency of predicted positive reactions is given as:

1 - g'l O = 0.63

In the above assay the frequency is 0.40, suggesting that the limit of detection with 

both primer sets is close to a single copy.

The results seen in Figure 3.6.1 also demonstrate the large improvements in 

sensitivity and specificity that result from the use of the nested PCR method. As 

shown, the specific first round band is visible only to a level o f approximately 10
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FIGURE 3.6.1

1 2 3 4 5 6 7 9 10 11  12 13 14 15  16 17 18 19 20

VO
VO

1 2 3 4 5 6 7 9 10  11 12 13 14 15 16 17 18 19 20

FIGURE 3.6.1 Determination o f nested PCR sensitivity by end-point dilution, (see Table 3.6.1). Gel photographs show results from first and 
second round reactions (left and right hand photographs repectively) using pol gene primer set. Lanes 1, 20 (top), 1 and 19 (bottom) contain 
molecular weight markers. Copies 8E5 = 100 (lanes 2-6 top), 30 (lanes 7-11 top), 10 (lanes 12-16 top) 3 (lanes 17-19 top, 2-3 bottom), 1 (lanes 
4-8 bottom) 0.3 (lanes 9-13 bottom) 0 (lanes 14-18 bottom). Product sizes (253 b.p. first round, 144 b.p. second round) indicated by arrows.



input copies, whilst non-specific bands are visible at all dilutions and in the negative 

control. After nesting only the HIV-1 specific PCR product band is visible. 

Consequently the use of sub-optimal anneal temperatures becomes possible, hence 

allowing divergent virus sub-types to be detected more frequently.

3.7 SENSITIVITY TESTING USING PLASMID DNA CONTAINING HIV-1 

SEQUENCES

A sample panel of dilutions o f an HIV-1 containing plasmid was made available by 

The MRC PCR Reference Centre, AIDS Collaborating Centre, NIB SC, Potters Bar, 

U.K. This panel was used in an evaluation of PCR performance by 26 laboratories in 

nine countries (Bootman and Kitchen 1992). The results o f the evaluation o f these 

samples using the gag and pol primer sets is given in Table 3.7.1. Samples were 

assayed in duplicate by the method described in Section 2.1 and 2.5|,il sample volume 

was used. The results of the evaluations by all participating laboratories, using their 

own in-house method are given.

TABLE 3.7.1

PCR detection o f HIV-1 containing plasmid dilutions

Sample Template/2.5 pi UCLMS PCR 

igcig)

UCLMS PCR 

(pol)

All laboratories 

(% detecting)

A Human DNA (50ng) -ve / -ve -ve / -ve 5.5%

B 1000 HIV-1 copies +ve / +ve +ve / +ve 95.1%

C 0.1 HIV-1 copies -ve / -ve -ve / -ve 15.1%

D 1.0 HIV-1 copies 4-ve / -ve +ve / -ve 40.0%

E 10 HIV-1 copies +ve / +ve +ve / +ve 85.2%

F 100 HIV-1 copies +ve / +ve +ve / +ve 92.7%

G water control -ve / -ve -ve / -ve 11.1%

H 1000 HIV-1 copies +ve / +ve 4-ve / 4-ve 85.3%

I 10000 HIV-1 copies +ve / +ve 4-ve / 4-ve I00%4

J water control -ve / -ve -ve / -ve 9.3%
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As with the titration of the 8E5 DNA extracts, the nested PCR method developed in 

this project was able to detect a single HIV-1 proviral copy added to the PCR 

reaction. Despite the potential for false positive reactions that exists with nested PCR, 

since the sample is added to the second round reaction in the PCR product analysis 

area, no false positive reactions were seen. The occurrence of false positive reactions 

seen in other centres, indicates the need for stringent precautions to be taken to avoid 

sample and product feedback contamination.

3.8 DIAGNOSTIC SENSITIVITY ASSESSED AGAINST 100 

PRETREATM ENT SAMPLES FROM ZDV TRIAL SUBJECTS

To establish the diagnostic sensitivity of the PCR method developed, additional 

samples from 100 drug-naive subjects taken at time of entry into a placebo controlled 

trial of ZDV (The Concorde Trial; Concorde Coordinating Committee 1994) were 

assayed.

The DNA samples assayed were extracted from the lymphocytes from 10ml whole 

blood, separated on Ficoll-paque as described in Section 2.2. The extracts were made 

into NP40/Tween 20 extraction buffer as detailed in Section 2.2 and amplified with 

the gag and pol nested primer sets, as described in Section 2.1, using 2.5pl of extract 

only.

Of the 100 samples, one sample failed to amplify with the gag  primer set, but did 

amplify with the pol set, and one sample failed to amplify with either set, giving 

diagnostic sensitivities of 98% and 99% respectively for the gag  and pol primers. The 

two samples which did not amplify were repeated twice and gave the same result each 

on each occasion.

In order to determine the reason for the failure to amplify two samples, subsequent 

samples from the same subjects were assayed. The results are shown in Table 3.8.1.

It was concluded from these results that the failure to amplify the samples from 

subject [A] was due to primer mismatching of the gag  primers with the virus strain 

infecting this subject, since the same pattern of PCR reactivity was observed at all 

time points. Epidemiological data from this subject suggested that he was probably 

infected in Cameroon.
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The sample taken at the third time point from subject [B] was detectable using both 

primer sets. Thus it was concluded that the failure to detect proviral genome in the 

first two samples from this subject probably reflected a low proviral load.

TABLE 3.8.1

PCR amplification o f sequential samples from  ZDV placebo controlled drug trial 

subjects (Concorde Trial) using gag and pol primer sets

Subject Sample number Weeks on trial gag  primers p o l primers

1 0 -ve +ve

A 2 25 -ve +ve

3 36 -ve +ve

1 0 -ve -ve

B 2 12 -ve -ve

3 24 +ve +ve

3.9 DISCUSSION

There have been numerous descriptions and evaluations of HIV-1 diagnostic PCR 

methods since the application of PCR to the detection of HIV-1 was first described 

(Kwok et al. 1987, Ou et al. 1988). Single centre and multicentre studies to evaluate 

sensitivity and specificity of PCR diagnosis of HIV-1 have reported varying degrees 

o f success in correctly identifying the presence or absence of HIV-1 proviral DNA in 

both clinical and laboratory produced samples.

Young et al. (1990) reported sensitivities of 94% (n = 71) and 99% (n = 151) in two 

separate studies with specificities of 100% and 98.5% respectively in the two studies. 

Boumique et al. (1992) detected proviral DNA in 51 of 53 HIV-1 infected subjects, 

with no false positve reactions in 29 uninfected subjects, and Sauvaigo et al. (1993) 

detected 53 of 54 infected subjects using a whole blood lysis sample preparation 

similar to that described in Chapter 4 of this thesis. A multicentre study of five 

laboratories by Sheppard et al. (1991) found a mean diagnostic sensitivity of 99%
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(range 98% - 100%, n = 99) and a mean specificity o f 94.7% (range 90.5% - 100%, n 

= 105). The study of Bootman and Kitchen (1992) referred to in Section 3.7, with 26 

participating centres analysing 10 plasmid-derived mock samples, found an overall 

false positive rate of 9.3% and a false negative rate o f 7.4%.

The diagnostic PCR method developed in this thesis had a sensitivity of 99% using 

the po l primer set and 98% using the gag  set, results broadly in line with those found 

in the studies described above. The failure to detect one sample with either primer set 

was ascribed to a low provirus copy number in the sample. The samples used in 

Section 3.8 to evaluate diagnostic sensitivity were collected from GDC stage II 

disease subjects (asymptomatic, CD4+ve cell counts >500/mm^) and provirus loads 

as low as one infected cell in 80,000 PBMCs have been described for such individuals 

(Simmonds et al. 1990). Low provirus loads have been associated with the small 

proportion of infected patients (approximately 5%) characterised as long-term 

survivors of HIV-1 infection (Cao et a l  1995b, Pantaleo et a l  1995) and it is 

therefore not surprising to find at least one subject with a pro virus load below the 

level of detectability in the present study.

The failure of the gag primer set to detect one other subject, presumed on 

epidemiological grounds to have been infected in Cameroon, demonstrates a problem 

that has been associated with diagnostic PCR primer sets amplifying sequences in the 

gag  gene of HIV-1 (Grankvist et a l  1991). The study of Grankvist et a l  showed 

that the SK38/39 primer set failed to detect HIV-1 in 32% of clinical samples 

collected from African sources. This is demonstrated in Section 3.5 of the present 

study, in which the laboratory HIV-1 strain U455, a clade A virus, was not detected 

by the gag primer set. Modifications of the SK38/39 primer set by Roche Molecular 

Systems (SK462/SK431 with probe SKI02) seem not to have fully overcome the 

problems of primer/target mismatches seen with gag  primer sets, since a false 

negative result using the Amplicor diagnostic PCR kit was recently revealed in our 

Department (Arnold et a l 1995). In this instance paired samples o f proviral HIV-1 

DNA from a mother and her infant were amplified using both the gag  and pol primer 

sets developed in this project, but only the sample from the mother was reactive using 

Amplicor. Sequence analysis revealed the virus strain from the infant to be a sub

group G virus of African origin and showed between four and six base mismatches
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between the primer/probe set and the target sequence. The sample from the mother 

contained clade E sequences, with few mismatches between the Amplicor primers and 

probes and the target. It was concluded that the mother was infected with both clade 

E and G virus subtypes and had transmitted only the G subtype to the baby, resulting 

in the pattern of reactivities seen.
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CHAPTER 4

STORAGE AND PRESERVATION OF WHOLE BLOOD 

SAMPLES FOR USE IN PCR

4.1 INTRODUCTION

The latency of HIV-1 as an integrated proviral DNA copy in CD4-t-ve lymphocytes 

and macrophages (Dalgleish et a i ,  1984) makes DNA extracted from PBMCs a 

convenient sample for use in the PCR. Previous investigators have used 

cryopreserved PBMCs separated from fresh blood samples within 24 hours of 

sampling (Abbott et al. 1988, Young et al. 1990).

The storage and preservation of whole blood samples in a glycerol/gelatin based 

medium ("Glycigel" ; Huggins, 1973) was investigated with a view to storing frozen 

samples of whole blood, so that DNA suitable for use in PCR could be extracted at a 

later date. The method allows samples to be stored simply at the point of sampling 

and transported to a central laboratory where they can be batch processed. This 

obviates the need for PBMC preparation and cryopreservation at a site close to the 

clinic or centre where the patient was sampled.

An initial evaluation of the method was made using samples collected from 

asymptomatic HIV-1 infected homosexual men. An application of the method in 

which samples taken from children born to HIV-1 infected mothers (European 

Collaborative Study 1992; see Chapter 5) were collected, stored and transported to 

our laboratory for analysis is described.
0 0

Stability studies on samples stored at -20 C and -80 C were carried out.

4.2 METHOD AND M ATERIALS 

Patients

Two ml. aliquots of heparinised blood from 19 asymptomatic homosexual men 

(CDC disease group II or III) sent to the laboratory for other routine investigations
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were mixed with glycigel and stored at -20 C or -80 C . Aliquots of whole blood 

from the same specimens were stored frozen without glycigel, as were Ficoll- 

separated PBMCs as described in Section 2.2. Similar specimens were collected and 

stored from HIV-1 infected mothers (n=10) and their newborn babies for up to six 

months. Throughout this work samples from HIV-1 seronegative, PCR negative 

patients were processed in parallel to control for cross contamination. Supernatants 

from the negative samples were used as controls in the serological assays.

Storage and Preservation of Samples

Patient blood was mixed thoroughly with an equal volume of melted glycigel as 

described in Section 2.2 and stored frozen at -20°C or -80°C. Samples were frozen 

slowly in an insulated box and thawed quickly in a waterbath at 37°C.

Ficoll sepaiated PBMCs from duplicate blood samples were stored frozen at -80°C in 

cell freezing medium as described in Section 2.2.

DNA extraction from Glycigel preserved samples

Method A

The method of Higuchi (1989) was used to extract DNA from cell nucleus pellets as 

described in Section 2.2. This extract was used directly in the PCR. Heparinised 

samples stored without glycigel were extracted by this method for comparison. DNA 

was also extracted by this method from lymphocytes separated by Ficoll 

centrifugation at the time of sampling.

Method B

A 4m 1 aliquot of the glycigel preserved sample was thawed, centiifuged at 400g for 

10 minutes and the supernatant removed for serological studies. The cells were 

washed once with 10ml normal saline containing 50% dextrose, twice with 10ml 

normal saline containing 10% dextrose, and once with PBS. The cells were then 

fractionated by Ficoll centrifugation and DNA was extracted from the PBMCs in
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0.5ml SDS extiaction buffer (see Section 2.2) for two hours at 60°C. The extracted 

DNA was purified by phenol/chloroform extraction and ethanol precipitation as 

described in Section 2.2. The DNA was finally redissolved in lOOpl water.

DNA from PBMCs separated by Ficoll centrifugation at the time of initial sampling 

was also extracted by the same method.

PCR

Nested PCR, using gag and pol primer sets, and analysis of the products by agarose 

gel electrophoresis was carried out as described (see Sections 2.1).

Serological Studies

Studies were performed on paired serum and glycigel supernatants from nine 

patients, stored at -20^C for 28 days. Glycigel supernatants were deglycerolised by 

loading 2.5ml of each supernatant onto a disposable Sephadex 025 column (Type 

PDIO; Pharmacia Biotech, St. Albans, U.K.), equilibrated with 25ml PBS, and 

eluting with 3.5ml PBS. Assuming the supernatant is a 1:3 dilution of the original 

plasma, the further processing resulted in a 1:5.6 final dilution. All samples were 

tested, undiluted, in a commercially available particle agglutination assay (Serodia- 

HIV, Fujirebio Inc.), by western blotting (Dupont Ltd.), in an in-house anti-reverse 

transcriptase (anti-RT) assay (Loveday and Tedder 1993), and at final dilutions of 

1:10, 1:100 and 1:1000 in a competitive enzyme-linked immunosorbent assay (ElA) 

(Wellcozyme HIV Recombinant, Wellcome Diagnostics, Dartford, U.K.).

4.3 RESULTS

Comparison of glycigel and directly frozen samples

Blood samples from nine patients were stored at -20°C for 28 days frozen directly or 

preserved in glycigel. DNA was extiacted by method A. The yield of DNA was 

estimated by ethidium bromide staining and compaiison to known standards
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according to the method of Maniatis et al. (1982). Results are shown in Table 4.3.1 

The mean yield from the glycigel preserved samples was 2.9x higher.

PCR using nested primers in the pol gene gave a positive signal in nine of nine 

samples preserved in Glycigel and seven of nine samples frozen directly.

TABLE 4.3.1

Comparison o f yields and HIV-1 detection in DNA from  9 Glycigel preserved or 

directly fivzen  samples extracted by method A.

Samples Range Mean yield PCR results

(tig DNA/ml blood) (tig DNA/ ml blood) (positive/total) 

Glycigel preserved 2.0 to 10.0 6.3 9/9

Frozen directly 1.0 to 5.0 2.2 7/9

Comparison of DNA Extraction M ethods on Glycigel Preserved and Fresh 

Samples

Glycigel preserved samples from 11 asymptomatic HIV-1 seropositive homosexual 

men were stored at -20"C for seven days. DNA was extracted by methods A and B. 

DNA was also extracted by the same methods from PBMCs separated by Ficoll 

centrifugation at the time of sampling.

DNA yields and the numbers of samples giving positve reactions in PCR are shown 

in Table 4.3.2.

A titre was estimated for 4 of these samples by amplifying samples diluted neat, 

1:10, 1:100 and 1:1000. A geometric mean titre was calculated (Table 4.3.3).
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TABLE 4.3.2

Yields o f and detection o f HIV-1 in DNA from 11 patients extracted by methods A 

and B from Glycigel preseived and Ficoll separated samples.

Samples Extraction Range Mean yield PCR result

method (pg DNA/ml blood) (pg DNA/ml blood) (+ve/total)

Glycigel A 2.8 - 35.4 pg/ml 14.8 pg/ml 11/11

preserved B 0 .1 -11 .7  pg/ml 1.5 pg/ml 2/11

Ficoll A 0.6 - 2.3 pg/ml 1.3 pg/ml 11/11

separated B 0.6 - 5.4 pg/ml 3.4 pg/ml 11/11

TABLE 4.3.3

Approximate HIV-1 PCR titres fo r  DNA from 4 patients extracted by method A fi^om 

Glycigel preserved or Ficoll separated samples.

Sample number Glycigel preserved Ficoll sepaiated

410 1:100 1:10

411 1:1000 1:100

412 1:100 neat

413 1:10 1:10

Geometric mean titie 1:100 1:10

Stability Studies

Samples were stored at -20°C and -80°C and DNA was extracted by method A after 

three and six months. The numbers of samples giving a positive PCR signal is shown 

in table 4.3.4. A titre was estimated by amplifying samples diluted neat, 1:10, 1:100 

and 1:1000; results aie shown in Table 4.3.5.
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TABLE 4.3.4

Detection o f HIV-1 in DNA extracted from Glycigel preserved samples stored at 

-2(fiC and-8(fiC

Storage temp. 0 months 3 months 6 months 12 months

-20^: 19/19’ 19/19 12/19 not tested

-SOAC 11/11 11/11 11/11 11/11

Number positive/number tested

TABLE 4.3.5

Approximate HIV-1 PCR titres fo r  DNA extracted from  Glycigel presei’ved sampi

stored at -2(PC and -SO^Cfor 0 and 3 months.

Storage Sample number 0 months 3 months

193 1:100 1:10

194 1:100 neat

-20AC 195 1:10 neat

196 1:100 1:10

197 1:10 neat

geometric mean 1:39 1:3.9

410 1:100 1:100

411 1:1000 1:1000

-8 0 ^ : 412 1:100 1:100

413 1:10 l.TO

geometric mean 1:100 1:100

Investigation of Babies Born to HTV-1 Infected Mothers

Specimens collected into glycigel at a hospital in Italy, stored at -80°C for between 

one week and three months, and transported frozen to our laboratory were analysed 

by PCR using gag and pol primers. Results are shown in table 4.3.6.
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TABLE 4.3.6

Detection o f HIV-1 by PCR in Glycigel presei'ved samples fiv m  infected mothers and 

their babies.

Subjects Number PCR reactive PCR reactive

tested pol primers gag primers

Mothers 10 10 10

Neonates 6 2 2

Infants >18 months, seronegative 6 0 0

Infants > 18  months, seropositive 2 2 2

Serological Results

In all commercially available antibody assays tested and the in-house anti-RT assay 

all serum and deglycerolised supernatants from HIV-1 infected patients were 

positive with a loss of sensitivity in the latter that corresponded to the dilution 

associated with Glycigel sample prepaiation (table 4.3.7). In the competitive EIA 

where 10-fold dilutions of samples were tested all specimens remained positive at a 

dilution of 1:100 (actual dilution of Glycigel supernatants was 1:560), and all 

Glycigel supernatants were negative at a dilution of 1:1000 (actual dilution was 

1:5600).
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TABLE 4.3.7

Comparative study o f matched serum and Glycigel supernatants using fourHIV-1 

antibody assays.

Patient Sample Competitive EIA"
1:10 1:100 1:1000

PAA'
(titre)

Western
blot'

Anti-RT' 
EIA (units)

1 Serum 6.0 2.2 1.1 1:256 -t- 810
G. Sup' 2.4 1.0 0.6 1:64 -h 232

2 Serum 8.6 3.5 1.5 >1:512 -H 469
G. Sup. 4.4 1.4 0.8 >1:512 4- 96

3 Serum 9.6 3.6 1.3 >1:512 + 201
G. Sup. 3.9 1.4 0.6 1:128 + 83

4 Serum 10.2 3.0 1.2 >1:512 + 671
G. Sup. 4.6 1.7 0.7 1:256 + 204

5 Serum 13.9 5.2 1.3 >1:512 + 683
G. Sup. 4.9 1.7 0.8 1:128 4- 321

6 Serum 7.0 2.6 1.2 1:256 4- 360
G. Sup. 2.6 1.2 0.6 1:64 4- 83

7 Serum 11.9 4.6 1.8 >1:512 4- 400
G. Sup. 4.2 1.3 0.6 L256 4- 143

8 Serum 8.5 3.5 1.3 >1:512 4- 76
G. Sup. 3.5 1.3 0.6 1:256 4- 25

9 Serum 10.7 3.3 1.5 >1:512 4- 207
G. Sup. 4.2 1.7 0.7 1:256 4- 67

Differences in signal reflect dilution effects of Glycigel. All samples remained

positive at a dilution of 1:100.
2

Competitive EIA-normalised optical density (NOD = cut-off OD/test CD).
3

Particle agglutination assay (PAA)-highest dilution showing agglutination; negative

<1:16
4

Western Blot +ve result indicates reaction with at least one antigen band in each of 

gag, pol and env
5
Anti-RT-EIA -units of anti-RT activity from a standard curve of a known positive 

control (S) serially diluted on each test plate (1 unit = OD given by LIOOOS in NHS)
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4.4 DISCUSSION

It remains unlikely that current PCR methodology will replace serology as a front

line diagnostic method for the diagnosis of HIV-1 infection in adults, or for the 

screening of blood donations. However, PCR is useful in making an early diagnosis 

of neonatal infection since the presence of maternal antibodies in the neonate makes 

serological diagnosis difficult or impossible before 15 months of age (DeRossi et a l 

1988).

The limited use of PCR in routine HIV-1 diagnosis, coupled with the technical 

difficulties involved in carrying out the method and the space and financial resources 

required (Clewley, 1989) have resulted in the method being used only in a few 

specialised centres. Storage at -70°C of Ficoll-separated PBMCs remains the 

benchmark method for sample handling and preparation. However, there is a 

requirement for samples collected at sites without a PCR facility or a PBMC 

separation capability to be stored in a way that will allow such samples to be 

processed at a later date without loss of sensitivity or specificity.

Glycerol preservation methods for whole blood required for tranfusion purposes 

have been in use for many years (Smith AU 1950) and we have evaluated the 

glycigel method described for preservation of small blood samples described by 

Huggins (1973) for its usefulness in preserving samples for use in HIV-1 PCR.

The results showed that heparinised whole blood frozen directly gave a poor yield of 

DNA when extracted by either of the methods presented here.

Glycigel storage will preserve PBMCs and allow standard Ficoll separation and 

phenol/chloroform extraction of DNA (method B-table 4.3.2). However the yields of 

DNA were low and resulted in many false negative PCR results. This poor result was 

probably due to inhibition of the PCR by haemoglobin, a known powerful PCR 

inhibitor aiising from red cell fragments which layered with the lymphocytes at the 

Ficoll interface. Much more successful was the extiaction of DNA from a cell 

nucleus preparation (method A) and it is presumed that glycigel-preserved the white 

cell nucleii. DNA extracted by method A from glycigel-preserved samples gave 

comparable DNA yields and PCR titres to samples processed conventionally by 

Ficoll separation of lymphocytes from fresh blood (tables 4.3.2 and 4.3.3). It should
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be noted that the higher DNA yields from Glycigel samples processed by method A 

resulted from extraction of DNA from all white cells, and not only PBMCs.

The stability data at -20“C showed an approximate ten-fold reduction in PCR titre of 

over a period of three months, but this did not generate any false negative results in 

the samples tested. Although storage at -20°C is not ideal and may potentially 

generate false negative results, samples may be stored at this temperature for short 

time periods (< three months) if this is the only freezing facility available. Storage at 

-80°C showed no reduction in titie after one year and this temperature is therefore to 

be prefered for long term storage.

Deglycerolised supernatants from glycigel preserved specimens could reliably be 

used to perform commercially available and in-house assays for antibodies to HIV- 

1,with a loss in sensitivity reflecting the dilution effect of sample preparation.

The results from specimens collected from babies at a hospital in Italy indicate that 

investigation of patients at a centre with no PCR or lymphocyte separation facilities 

and at a site remote from that where the PCR is to be performed, can be successfully 

achieved using these methods.
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CHAPTER 5

APPLICATION OF DIAGNOSTIC PCR METHOD TO SAMPLES 

COLLECTED FROM THE EUROPEAN COLLABORATIVE 

STUDY ON CHILDREN BORN TO HIV-1 INFECTED

MOTHERS

5.1 INTRODUCTION

The diagnosis of HIV infection in children born to HIV-infected mothers is 

complicated by the presence of passively-acquired maternal antibodies, and 

exclusion of infection in these infants remains problematic. Thus, the detection of 

infectious virus, viral antigens or viral genomes in the infant offers the best 

opportunity for making an early diagnosis, rather than waiting for up to 18 months 

for the disappearance of the maternally-acquired antibodies. The potential to detect 

single viral genome copies by PCR offers a sensitive and safe alternative to virus 

isolation in cell culture (Laure et a l  1988, Williams P et a l  1990).

The present study evaluated the use of the PCR methodology, described in Chapters 

3 and 4, as a tool for making a sensitive and specific diagnostis of vertical 

transmission of HIV infection. The study population in which the methodology was 

evaluated was a sub-group of infants enrolled in the European Collaborative Study 

of Children Born to HIV Positive Mothers (ECS 1991, ECS 1992). Since this study 

involved many clinical centres, covering a wide geographical area, the use of the 

glycigel sample preservation method described in Chapter 4 was ideally suited to die 

collection, storage and transportation of the samples assayed in the present study.

The sensitivity and specificity of the PCR methodology used was derived by 

compaiison with diagnoses made by clinical evaluations and by serological 

diagnoses made after the infants reached 18 months of age. Additionally the 

potential for making eaiiy serological diagnosis by quantifying the rates of decline 

of antibody titres was assessed.
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5.2 METHODS AND MATERIALS 

Study population

Eighty four children were recruited from two Italian and three Spanish centres 

participating in the ECS Study. Their mothers were identified as HIV-1 infected at 

or before the time of deliveiy, and the children followed from birth according to a 

standai'd clinical and laboratory protocol (European Collaborative Study, 1991 and 

1992). Informed consent was obtained from the parents of all the children enrolled 

in the study. None of the children had a history of breastfeeding.

Fifty seven of the children had two or more samples collected and were analysed in 

the longitudinal study, the remaining 27 had only a single sample collected and were 

analysed as a cross-sectional study population.

Final diagnosis of infection status in the children was made according to the ECS 

definition (European Collaborative Study, 1991). HIV infection was del'ined by 

AIDS (CDC 1987), positive virus culture or p24 antigenaemia on two or more 

occasions or the persistence of HIV specific antibodies beyond 18 months of age. 

Exclusion of infection was based on the failure to detect antibodies on two 

occasions, in the absence of any clinical indications of infection.

All specimens were assayed by PCR or serology without knowledge of the infection 

status of the study subject. The ECS diagnosis is given in Tables 5.1 and 5.2.

Sample collection, storage and transportation

Whole blood samples were collected into glycigel as described in Methods Section 

2.3. Separate serum or plasma samples were not collected and hence all serological 

assays were performed on glycigel supernatants. Samples were stored frozen at the 

study centres for up to six months befOie being tiansported on dry-ice to UCLMS 

for analysis.
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PCR diagnosis

Samples were amplified by PCR as described in Methods Section 2.1 and Chapter 4 

using both gag and pol nested primer sets.

Serological diagnosis

Antibody to HIV-1 in the glycigel supernatants was detected and quantified by 

titration in a gelatin particle agglutination assay (Fujireibio Inc. Ltd.) according to 

the manufacturer’s instructions. Reactive samples were investigated by Western Blot 

(Dupont Ltd.) according to the manufacturer’s instuctions.

Statistical Methods

Statistical analysis was carried out by Dr. Marie-Louise Newell and Mr. David Dunn 

of The Institute for Child Health, London W Cl and is gratefully acknowledged.

5.3 RESULTS

Results of genome detection, serological assays and infection status as defined by 

ECS criteria are given in Tables 5.1 (longitudinal subjects) and 5.2 (cross-sectional 

subjects). Overall 21 of the 84 children tested were considered to be infected by ECS 

criteria. Samples contemporary with the ECS diagnosis of infection all contained 

HIV-1 genomes detectable by PCR. Four of 12 samples (33%) had detectable 

genome in samples collected within the first week of life. The latest negative PCR 

result in a child, subsequently defined as being infected, was in a sample taken at 98 

days of age. Figure 5.1 shows the estimated cumulative proportion (with 95% 

confidence intervals) of infants considered to be infected by ECS definition in whom 

HIV-1 genome was detected.

Of the 63 uninfected children, genome was never detected in 60. In three children a 

single sample gave a repeatable PCR amplification. In the first case (samples B 15/25 

in Table 5.1) the sample taken on day 3 was reactive with both pol and gag primer 

sets. The second case (samples G25/36 in Table 5.1) gave a repeatable reaction with,
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pol primers only, in the sample taken on day 3, all subsequent samples being 

un re active with both primer sets. The third ease (sample B150, Table 5.2) showed 

detection with both g6/g and pol primers in a sample taken at day 437 from a child 

who was consistently asymptomatic and immunologically normal. Subsequent 

investigations of sample labelling and documentation suggested that sample 

transposition or misidentification was likely to have occurred in the first and third 

cases, thoueh not in the second.

FIGURE 5.1
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FIGURE 5.1. Estimated cumulative proportion o f 
infected children with positive PCR (solid line), 
with 95% confidence inten’als (dashed lines), by age.
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TABLE 5.1

PCR and serology results from  longitudinal subjects in ECS (mothers and infants)

UCLMS No. Sample Age (days) Infection status 
(ECS)

PCR Fuji titre WB (gag) 
p 17/24/55

WB (po/) 
p 31/51/66

WB (e/7v) 
gp 41/120/160

B3 B1 4 Uninfected -/- 96000 +/+/+ +!+!+ +/+/+
B51 B2 144 -/- 960 +/+/+ +!+!+ ±1+1+

B6 B1 109 Uninfected -/- 3800 +/+/+ +!+!+ +!+!+
B57 B2 277 -/- 240 -/+/- -i-t+ -1-1+
B96 B3 369 240 -/+/- -1-1+ -1-1+

B15 B1 3 Uninfected +/+ 1536000 +/+/- +1+1+ +1+1+
B25 B2 34 -/- 192000 +/+/+ +1+1+ +1+1+

B28 B1 15 Uninfected -/- 12000 +/+/+ +!+!+ +1+1+
B29 B2 183 -/- 960 +/+/- +l+!+ +l+i+

B36 B i 19 Uninfected -/- 48000 +1+1- +l+!+ +1+1+
B62 B2 88 -/- 24000 ./-/- +1+1+ +l+!+
B94 B3 258 -/- 960 -/-/- +1+1+ -l±t+

B154 B4 458 -/- <60 -/-/- -1-1- -/-/-
B147 B5 543 -/- <60 -/-/- -/-/- -/-/-

B41 B l 5 Infected +/+ 9600 +/+/+ +/+/+ +!+!+
B87 B2 80 +/+ 3800 +/+/- +/+/+ +1+1+

B63 B l 4 Uninfected 192000 +/+/+ +/+/+ +1+1+
B45 B2 86 3800 +/+/± ±/+/+ +l+!+

B129 B3 366 -/- 240 -/-/- ./-/- -1-1+
B140 B4 459 -/- <60 -J-i- -/-/- -/-/-



TABLE 5.1 (cont.)

UCLMS No. Sample Age (days) Infection status 
(ECS)

PCR Fuji titre WB (gag) 
p 17/24/55

WB (pol) 
p 31/51/66

WB (e/7v) 
gp 41/120/160

B75 B l 12 Infected +/+ 960 -/+/- -/-/- -1+1+
B47 B2 108 +/+ 480 +/+/- -/+/- -1+1+

B102 B3 170 +/+ 1900 +/+/- -/+/- +1+1+
B91 B4 199 +/+ 96000 +/+/- -/+/- +!+!+

B77 B l 98 Infected -/- 3800 +/+/- +/+/+ +1+1+
B85 B2 131 -/+ 3800 +/+/- +/+/+ +1+1+
B43 B3 175 +/+ 480 ±1+1- +/-/+ +1+1+

BlOl B l 132 Infected +/+ 1900 -/+/- -1+1+ +1+1+
B152 B2 454 +/+ 6000 -/-/- -/-/- +1+1+

B136 Bl 5 Uninfected 96000 -l±/- ±/+/+ +1+1+
B139 B2 26 -/- 96000 -/+/- ±/+/+ +1+1+
B133 B3 40 -/- 48000 NA NA NA

B143 B l 2 Uninfected -/- 48000 +/+/+ +/+/+ +1+1+
B148 B2 25 -/- 6000 -/+/- +/+I+ +1+1+
B130 B3 43 -/- 6000 +1+1+ +/+/+ +1+1+

B146 B l 2 Uninfected -/- 48000 +1+1+ +1+1+ +1+1+
B135 B2 28 -/- 48000 +/+/+ +/+1+ +1+1+
B149 B3 48 -/- 48000 +1+1+ +1+1+ +1+1+

G16 M +/+ 384000 NA NA NA
G15 Bl 1 Uninfected -/- 12000 +1-1- +1-1- +/+/+
G31 B2 316 -/- 120 -/-/- -/-/- -1-1+
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TABLE 5.1 (cont.)

UCLMS No. Sample Age (days) Infection status 
(ECS)

PCR Fuji titre WB (gag) 
p 17/24/55

WB {pol) 
p 31/51/66

WB {env) 
gp 41/120/160

G19 M - +/+ 768000 NA NA NA
G17 Bl 34 Uninfected 384000 +/+/+ +/+/+ +/+/+
G18 B2 88 -/- 3800 +/+/+ -!±!± -/+/+
G32 B3 171 1900 +/+/+ +!+!+ ±1+1+

G24 M +/+ 192000 NA NA NA
G22 Bl 0 Uninfected ~l~ 96000 +/+/+ +!+!+ +!+!+
G23 B2 49 48000 +/+/+ +!+!+ +!+!+
G33 B3 88 -/- 1900 +/+/+ +!+!+ +!+!+
G34 B4 286 <60 ±/+/- -!-!+ -!-!+

G26 M +/+ 400000 NA NA NA
G25 Bl 3 Uninfected -/+ 384000 +1+1- +/+/+ +/+/+
G35 B2 89 -/- 3800 -l±l- -/-/- -/+/+
G36 B3 192 960 NA NA NA

G42 M NA 192000 NA NA NA
G37 B l 0 Uninfected -/- 96000 NA NA NA
G38 B2 64 -/- 3800 +/+/- ±1+1+ +!+!+
G39 B3 92 -/- 3800 +/+/- -i±i+ +!+!+
G40 B4 155 960 +/+!- -!-!+ +!+!+
G41 B5 - -/- <60 -/-/- -/-/- -/-/-

G46 M +/+ 384000 NA NA NA
G44 Bl 2 Uninfected -/- 96000 +/+/+ +/+/+ +!+!+
G45 B2 240 -/- 3800 ±1-1+ +/+/+ +!+!+



TABLE 5.1 (cont.)

UCLMS No. Sample Age (days) Infection status 
(ECS)

PCR
ga^/pol

Fuji titre WB igog) 
p 17/24/55

WB (/?(>/) 
p 31/51/66

WB (e/?y)
gp 41/120/160

G50 M - +/+ 192000 NA NA NA
G47 Bl 32 Uninfected -/- 96000 +/+/- +/+/+ +1+1+
G48 B2 172 -/- 960 +/+/- +/+/+ +1+1-
G49 B3 264 -/- 960 ±/±/- -/+/+ -1+1+

M l 9 Bi 30 Uninfected -/- 48000 -/+/+ ±/+/+ +1+1+
M2 9 B2 275 -/- 120 -/+/- -/-/- -/+/-
M45 B3 548 -/- 240 -/-/- -/-/- -/-/-

M20 B l 7 Uninfected 7700 +/+/+ +/+/+ +1+1+
M34 B2 277 -/- 480 +/+/+ -/+/+ -/+/-
M3 5 B3 531 -/- 60 -/-/- -/-/- -/-/-

M31 Bl 269 Uninfected -/- 960 -/+/- _/_/_ -1-1+
M32 B2 548 -/- <60 -/-/- -/-/- */■/■

M36 Bl 0 Uninfected -/- 192000 -/+/- +1+1+ +/+/+
M37 B2 91 -/- 24000 -/±/- +1+1+ +/+/+
M38 B3 281 -/- 1900 _/_/_ -1-1+ -1-1+
M49 B4 552 <60 -/-/- _/_/_ -/-/-

M40 Bl 135 Uninfected -/- 3800 +/+/± +1+1+ +/+/+
M41 B2 300 -/- 480 -/-/- +1-1+ -1-1+

M42 Bl 0 Infected -/- 348000 -/+/+ +1+1+ +1+1+
M43 B2 91 +/+ 3800 +/+/- +1+1+ +1+1+

M46 B l 0 Uninfected -/- 384000 +/+/+ +1+1+ +1+1+
M47 B2 94 -/- 3800 +/+/+ +1+1+ +1+1+
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TABLE 5.1 (cont.)

JCLMS No. Sample Age (days) Infection status 
(ECS)

PCR Fuji titre WB (gag) 
p 17/24/55

WB ( / 7 o / )  

p 31/51/66
WB (e/7\-’) 

gp 41/120/160
P19 Bl 8 Infected -/- NA NA NA NA
P61 82 245 +/+ 7680 -/+/- -1-1+ -1+1+
P62 83 378 +/+ 24000 -/+/- -1+1+ ±1+1+
P63 84 532 +/+ 24000 -/+/- ±1+1+ +1+1+

P121 85 728 +/+ 96000 -/+/- +1+1+ +1+1+

P23 81 2 Uninfected -/- NA NA NA NA
P35 82 129 -/- 7700 ±/+/- ±/+/+ ±/+/+
P36 83 234 240 -/-/- -1-1+ -l-l±
P37 84 416 -/- 120 -/-/- _/_/_ -/-/-

P24 81 2 Uninfected -/- NA NA NA NA
P38 82 129 -/- 12000 +/+/- +/+/+ +/+/+
P39 83 234 -/- 960 -/±/- -1-1+ -1-1+
P40 84 416 -/- 1900 - 1- 1- -/-/- -/-/-

P25 81 3 Uninfected -/- 192000 +1+1- +1+1+ +1+1+
P26 82 102 -/- 6000 -/+/- +/-/+ +1+1+

P125 83 340 -/- 480 _/_/_ -/-/- -1-1+
P113 84 718 -/- 480 -/-/- -/-/- -/-/-

P30 M +/+ 96000 NA NA NA
P27 81 1 Uninfected -/- 192000 +/+/- +1+1+ +/+/+
P28 82 100 -/- 6000 -/+/- -1+1+ ±/+/+
P29 83 156 -/- 3800 -/-/- -/+/+ -l±l+

PlOl 84 247 -/- 960 -/-/- -/+/+ -1-1+
P123 85 373 -/- 960 -/-/- _/_/_ _/_/.
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TABLE 5.1 (cont.)

JCLMS No. Sample Age (days) Infection status 
(ECS)

PCR
oag/po!

Fuji titre WB (gog)
p 17/24/55

WB {pol) 
p 31/51/66

WB {env) 
gp 41/120/160

P34 M - NA 3840000 NA NA NA
P31 Bl 1 Uninfected -/- 384000 NA NA NA
P32 B2 138 -/- 24000 NA NA NA
P33 B3 222 -/- NA NA NA NA

P44 M +/+ 384000 NA NA NA
P41 Bl 1 Uninfected -/- 192000 +/+/- +/+/+ +1+1+
P42 B2 129 -/- 3800 -/-/- -!+!+ +1+1+
P43 B3 318 240 -/-/- _/_/_ _/_/.

P48 Bl 1 Uninfected -/- 192000 +/+/± +1+1+ +/+/+
P49 B2 140 1900 +1+1- -/-/- +1+1+
P50 B3 287 -/- 960 -1-1- -/-/- -/-/-

P53 M +/+ 384000 NA NA NA
P51 Bl 0 Infected -/- 192000 -/+/- +1+1+ +1+1+
P52 B2 138 +/+ 3840 -/+/- -1-1+ -1+1+

PllO B3 417 +/+ 48000 -/+/- -l+l- +1+1+
P126 B4 613 +/+ 48000 -/+/- -/-/- -1-1+

P57 M +/+ 384000 NA NA NA
P54 Bl 0 Infected -/- 192000 -/+/- -/+/+ +/+/+
P55 B2 106 +/+ 6000 +1+1- -1-1+ +1+1+
P56 B3 260 +/+ 9600 +1+1- -1-1+ +1+1+

P120 B4 407 +/+ 192000 +1+1- +1+1+ +1+1+
P102 B5 463 +/+ 384000 +1+1+ +/+/+ +1+1+
P103 B6 846 +/+ 3840000 +1+1+ +/+/+ +1+1+
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TABLE 5.1 (cont.)

JCLMS No. Sample Age (days) Infection status 
(ECS)

PGR Fuji titre WB (gag) 
p 17/24/55

WB (;?o/) 
p 31/51/66

WB (e/7v0 
gp 41/120/160

P57 M - +/+ 348000 NA NA NA
P58 B1 0 Uninfected -/- 192000 -/+/- -1+1+ +/+/+
P59 B2 106 -/- 6000 -/±/- -/-/- +1+1+
P60 B3 260 -/- 480 -/-/- -/-/- -l±l+

P116 B4 389 -/- 480 -/-/- _/_/_ -/-/-
P117 B5 463 240 -/-/- _/_/_ -/-/-
P118 B6 904 960 -/-/- _/_/_ -/-/-

P64 B1 0 Uninfected -/- 96000 +/+/- ±1+1+ +/+/+
P65 B2 127 1900 -/+/- -/-/- -1+1+
P66 B3 232 -/- 240 -/±/- -/-/- -1-1+

P69 M _ +/+ 96000 NA NA NA
P67 B1 I Uninfected -/- 96000 +/+/+ +/+/+ +1+1+
P87 B2 15 -/- NA NA NA NA
P68 B3 365 -/- 120 _/./_ _/_/_ -/-/-

P72 M -/+ 348000 NA NA NA
P70 B1 2 Uninfected -/- 192000 +/+/- +/+/+ +1+1+
P71 B2 118 -/- 3840 -/-/- -/-/- -1+1+

P119 B3 332 -/- 120 -/-/- -/-/- -/-/-

P75 M -/+ 3840000 NA NA NA
P73 B1 3 Infected +/+ 384000 +/±/+ -1+1+ ±1+1+
P74 B2 80 +/+ 96000 +/+/- -/+/+ +1+1+

P114 B3 269 +/+ 96000 -/+/- +/+/+ +1+1+
P95 B4 325 +/+ 96000 ±1+1- +/+/+ +1+1+

P124 B5 647 +/+ 192000 -l±l- +1+1+ +1+1+
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TABLE 5.1 (cont.)

JCLMS No. Sample Age (days) Infection status 
(ECS)

PCR Fuji titre WB (gag) 
p 17/24/55

WB {pol) 
p 31/51/66

WB {env) 
op 41/120/160

P75 M - -/+ 3840000 NA NA NA
P76 B1 3 Uninfected -/- 192000 +/+/+ +/+/+ +1+1+
P77 B2 80 -/- 48000 +1-1- -1-1+ +1+1+

P115 B3 269 -/- 1900 . 1- 1- -/-/- +1+1+
P96 B4 315 -/- 960 -/-/- -/-/- +1+1+

P80 M +/+ 192000 NA NA NA
P78 B1 6 Infected -/- 192000 +/-/+ ±1+1+ +1+1+
P79 B2 83 +/+ 24000 +1+1- -1+1+ ±1+1+
P94 B3 195 +/+ 384000 ±1+1+ +1+1+ +1+1+
P93 B4 482 +/+ 96000 +1+1+ +1+1+ +1+1+

P86 M +/+ 1920000 -l±l- +l-l± ±1+1+
P85 B1 3 Uninfected -/- 384000 +1+1- -/+/+ +1+1+

P105 B2 122 -/- 12000 +l+l± -1+1+ -1+1+
P98 B3 311 -/- 960 -/+/- -/-/- -1+1+

P97 M +/+ NA NA NA NA
P108 B1 G Infected -/- 384000 -/-/- -1+1+ +/+/+
P122 B2 69 +/+ 48000 -/+/- -1+1+ +1+1+
P104 B3 90 +/+ 24000 _/_/_ -/-/- -/-/-

P109 M +/+ 384000 +1+1+ +/+/+ +/+/+
P20 B1 1 Infected -/- NA NA NA NA
P21 B2 84 +/+ NA NA NA NA
P45 B3 273 +/+ 24000 +1+1- -l-l± +1+1+
P46 B4 392 +/+ 96000 ±1+1- -!-l± +1+1+
P47 B5 525 +/+ 48000 ±1+1- -l-l± +1+1+
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TABLE 5.1 (cont.)

fCLMS No. Sample Age (days) Infection status 
(ECS)

PCR Fuji titre WB (ĝ 7g) 
p 17/24/55

WB ipol) 
p 31/51/66

WB {env)
TO 41/120/160

V7 M - +/+ 384000 NA NA NA
V8 B1 0 Infected -/- 192000 +/+/+ +1+1+ +1+1+

V25 B2 169 +/+ 240 -/+/- +1+1+ +1+1+
V39 B3 251 +/+ 1900 -/±/- -1+1+ +1+1+

V9 M -/+ 192000 NA NA NA
VU) Bi 1 Uninfected -/- 9M00 +/+/+ +/+/+ +/+/+
V24 B2 183 -/- 960 -/+/+ +/+/+ +1+1+

V16 M - 768000 NA NA NA
V15 B1 5 Uninfected -/- 384000 +/±/- +1+1+ +1+1+
V31 B2 102 -/- 3800 ±1-1- -/+/+ +1+1+
V51 B3 280 -/- 480 -/-/- -1-1+ -1-1+

V17 B l 5 Infected -/- 384000 +/+/+ +1+1+ +1+1+
V22 B2 21 -/- 384000 NA NA NA
V36 B3 114 +/+ 7700 +/+/± ±l±l+ +/+/+

V26 B l 42 Uninfected -/- 192000 +/+/+ +1+1+ +1+1+
V40 B2 98 -/- 3800 +/+/+ +1+1+ +1+1+

V28 M _ NA 384000 NA NA NA
V27 BI 42 Uninfected -/- 96000 +/+/+ +1+1+ +/+/+
V42 B2 98 -/- 3800 +/+/+ +1+1+ +1+1+

V37 M _ NA 192000 NA NA NA
V38 Bl 9 Uninfected -/- 96000 +1+1+ +1+1+ +/+/+
V44 B2 107 -/- 3800 +1+1+ +1+1+ +/+/+
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TABLE 5.1 (cont.)

JCLMS No. Sample Age (days) Infection status 
(ECS)

PCR
.gng/po/

Fuji litre WB (g^g) 
p 17/24/55

WB ipol) 
p 31/51/66

WB (gf?v) 
gp 41/120/160

V50 M - +/+ 96000 NA NA NA
V38 Bl .12 Uninfected -/- 24000 -/-/- +/+/+ +1+1+
V44 B2 98 -/- 3800 -/-/- +/+/+ +1+1+

V65 Bl 114 Infected +/+ 1900 -/+/- -/-/- -1+1+
V88 B2 307 +/+ 192000 +1-1- -1-1- -1+1+

V68 M +/+ 192000 NA NA NA
V69 B l 21 Uninfected -/- 48000 ±1+1+ +1+1+ +1+1+
V75 B2 90 -/- 1900 -/+/- +1+1+ +1+1+

V I00 B3 364 -/- 60 -/+/- -/-/- -1-1+
N
oo

NOTES: UCLMS prefix indicates collection centre (B ^  Barcelona, G = Genoa, M 
Sample: M = mother, B l = 1st baby sample, B2 = 2nd baby sample etc. 
Fuji titre = reciprocal of dilution giving 100% agglutination 
WB = Western Blot (Dupont)

Madrid, P = Padua, V = Valencia)



TABLE 5.2

PCR and serology results from  cross -sectional subjects in ECS 

(infants only)

UCLMS No. Age

(months)

Infection 

status (ECS)

PCR

P88 53.4 + +/+

P89 67.0 - -/-

P90 49.4 + +/+

P91 3L8 - -/-

M3 24.4 - -/-

M4 24.3 - -/-

M5 25.5 - -/-

M15 9.9 + +/+

G1 38.0 - -/-

G3 38.7 - -/-

G4 30.2 - -/-

G6 31.4 - -/-

G7 28.9 - -/-

G8 26/3 - -/-

G12 32.5 + +!+

G13 2&0 + +/+

B3J 9.9 - -/-

B33 31.1 - -/-

B46 23/4 - -/-

B67 37.] + +/+

B72 294) -

B78 2025 - -/-

B81 49^ - -/-

B82 19.3 - -/-

B95 422 - -/-

B1Ü5 41.9 - -/-

B150 14.3 - +/+
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The estimated sensitivity of genome detection at selected ages, and the negative 

predictive value, are shown in Table 5.3. For a 15% rate of vertical transmission (the 

rate observed in the ECS) and an assumed specificity of 100%, the negative 

p] edict!ve value increases from 85% at birth to 94% at one month of age, and 100% 

at six months of age. An assumed specificity of 95% gives identical negative 

predictive values. For a transmission rate of 25% the negative predictive values 

range from 75% at birth to 97% at three months of age.

TABLE 5.3

PCR sensitivity and negative predictive values at specific ages

Age Sensitivity Negative predictive Negative predictive

(days) (95% Cl)' value 15' (95% Cl) value 25' (95% Cl)

0 0.00 (0.00 - 0.26) 0.85 (0.85 - 0.88) 0.75 (0.75 - 0.80)

7 0.57 (0.19 - 0.85) 0.93 (0.87 - 0.97) 0.87 (0.79 - 0.95)

30 0.63 (0.33 - 0.92) 0.94 (0.89 - 0.99) 0.89 (0.82 - 0.97)

91 0.91 (0.63 - 1.00) 0.98 (0.94 - 1.00) 0.97 (0.89 - 1.00)

183
—1----------

1.00 (0.90- 1.00) 1.00 (0.98 - 1.00) 1.00 (0.97 - 1.00)

Sensitivity calculated using Turnbull's method 

Assuming 15% or 25% tiansmission rate and 100% specificity of PCR method

Forty eight uninfected children had two or more antibody levels assayed during the 

first year of life. On average the maternally acquired antibody levels halved every 

33.5 days (95% C.I. 31.0 - 36.5 days). The changes in antibody levels in infected 

children for the first three months of life are similar to those in uninfected children 

(Figure 5.2). Thereafter the levels in infected children shown either a levelling off or 

rise between three and six months. The lowest antibody titre, at any age, in an 

infected child was 1:240, at six months of age. However 9 of 10 infected children 

had antibody titres, measured between 6 and 12 months above the 95th centile, 

suggesting that a presumptive serological diagnosis of infection may be made on a 

single antibody titre before 18 months of age.
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FIGURE 5.2

200 300 4000 100
Age (days)

FIGURE 5.2. Antibody titres by age, for infected children 
with 50th and 95th centiles (dashed lines) for uninfected 
children

5 .4  n iS C U S S T O N

The early diagnosis of vertical HIV transmission is dependent  on the sensitivity and 

speeificily of the diagnostic methods  used, on having access to appropriate 

specimens,  and on the timing of infection. Although the serological methods  used in 

this study have high sensitivity and specificity when used in the diagnosis of  HIV 

infection in adults and oldei' children,  their use in early diagnosis in neonates is 

compl icated  hy the persistence of transplacentally-derived maternal aniihody.
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Various strategies have been developed for differentiating between the transplacental 

antibody and the infant's own antibody response including IgA class anti-HIV-1 

(Weibien et al. 1990), in vitro antibody production (De Rossi et al. 1991)and 

changes in Western blot patterns. In this study minor changes in blot profile could 

indeed be detected suggesting the development of reactivities additional to that of 

the maternal pattern. However, these changes were subtle, subjective and usually 

occurred at the time that the antibody titres themselves were rising. Antibody 

quantification is easily achieved by titiation in agglutination assays and has the 

major advantage of being cheap and accessible to most laboratories.

As is shown in this study the timing of infection (intrauterine, peripaitum or 

postpartum) can strongly influence the point at which a diagnosis by PCR can be 

made, since immediately after infection is established the number of genome copies 

in the sample are likely to be below the limit of detection of the method. It will also 

influence greatly the point at which the infant's immune response can be detected for 

the first time. Forty eight uninfected children had two or more antibody 

measurements in the first yeai* of life. On average the level of transplacental 

maternal antibody halved every 33.5 days (95% confidence interval 31.0 - 36.5 

days). The age-specific mean antibody level and the 95th percentile are 

superimposed on the antibody level data for the infected children in figure 5.2. The 

decline in antibody levels in the first three months of life was similar for infected 

and uninfected children. Subsequently, infected children began to show either an 

antibody rise or, more importantly, a levelling off of antibody decline between three 

and six months of age. The lowest antibody titre observed at any age in an infected 

child was 1:240, at around six months of age. Conversely, 9 of 10 infected children 

with a measurement between 6 and 12 months of age exceeded the 95th centile 

threshold, suggesting that an early presumptive serological diagnosis of infection, 

based on antibody quantification in one or more samples can be made long before 18 

months, relying upon either a rising antibody titre or, more sensitively, upon an 

apparent reduction in the expected rate of decline of the passively acquired maternal 

antibody.

The diagnostic sensitivity of the PCR method used in this study was 100% (21/21) at 

169 days postpartum, although more frequent sampling would probably have 

reduced the time to diagnosis. However, in one subject subsequently shown to be
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infected by ECS definition and PCR positive, HIV-1 sequences were not detectable 

by PCR at 98 days. This may have been the result of a slow establishment of an 

intrauterine or péripartum infection, such that the number of pro viral genome copies 

was below the limit of detectability at times of early sampling. More likely, this was 

the result of a postpaitum infection, since antibody titres continued to decline over 

the next 77 days of follow-up (day 175). Postpartum infection by breast feeding or 

other parenteral routes has been described as an infrequent event (Van de Perre et a l 

1991, Dunn et a l 1992). In common with other studies (De Rossi et a l 1991, 

Borkowsky et al. 1992, Kline et a l  1994) the sensitivity of genome detection was 

low immediately after birth. None of the five samples taken at birth from infants 

subsequently diagnosed to be infected had detectable HIV 1 proviral sequences and 

overall the detection rate immediately after birth (0-7 days) was 33% (4/12). As 

suggested in other studies reporting similar rates of detection immediately 

postpartum these results are compatible with a high proportion of transmission 

events occurring perinatally rather than in utero, a hypothesis supported by 

observation of the differential transmission rates to the first and second born of twins 

(Gotrden et a l  1991).

The number of uninfected infants whose samples were consistently non-reactive in 

PCR was 60/63 (95%). However, there was good evidence to suggest that two of the 

false positive reactions were in mislabelled or transposed mother-baby samples, a 

finding not totally unexpected in a large, geographically dispersed, multicentre 

multinational study. If these two results are excluded, the diagnostic specificity of 

genome detection was 98% (60/61). There was no evidence of sample transposition 

for the remaining repeatable false positive result since the stringent use of negative 

controls and other commonly used procedures to avoid PCR feedback contamination 

(Kwok and Higuchi 1989) were in place. Therefore, this observation suggested that 

detectable HIV-1 genome sequences were present in a sample from an infant who 

subsequently proved to be uninfected. The sample from this infant was taken three 

days after birth and was reactive only with the pol primer set and hence, in a clinical 

diagnostic setting, would not have been reported as a confirmed positive result for 

HIV-1 genome detection. The finding of pol-on\y sequences may have been caused 

by an abortive infection of the infant or maternally derived HTV-1 genomic 

fragments that persisted for a short time in the infant. This observation has not been
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previously reported and this interpretation should be regarded with caution. 

Transient positive cultures and PCR reactions have been observed in other infant 

studies (Borkowsky et al. 1992, Wiznia et a l 1994, Bryson et a l 1995) at low 

frequency and their significance remains unclear.

The results show that PCR can be carried out on whole blood samples, simply stored 

frozen and with a delay of at least six months before testing. The overall diagnostic 

sensitivity of the method compares well with other reported PCR methods and those 

instances of false negativity that were seen probably arose from the limit of 

detectability in infected individuals with low (< 1:10  ̂ PBMCs infected) provirus 

load in the peripheral blood. The collection method used in this study may provide 

an alternative to the proposed use of dried blood spots as samples for extracting 

DNA for PCR amplification (Yourno and Conroy 1992) since the available volume 

of blood from a dried blood spot can limit the sensitivity of such methods.

This study has enabled the design of a coherent strategy for the early diagnosis of 

vertical transmission in infants born to infected mothers, using both genome 

detection and antibody measurement. In general two consecutive samples containing 

detectable HIV-1 genome are required for a confirmed genomic diagnosis. In this 

study, even including the possible false positive reactions, no uninfected infants 

yielded two specimens containing HIV-1 genomes whereas all infected infants had 

two or more consecutive positive reactions. Although the number of genome 

detections in samples taken immediately postpartum was low the high specificity 

resulting from two consecutive positive reactions still allows a confirmed diagnosis 

of infection at three months to be made in approximately half of the infants who are 

or who subsequently became diagnosed as infected. PCR analysis of samples taken 

at three and six months would have resulted in a confirmed diagnosis of infection in 

all but one infant, in which late postpartum infection was considered. This failure to 

detect genomic sequences at 98 days after birth in a sample from an infant who 

subsequently was found to be infected, shows that sampling for PCR diagnosis 

should continue beyond three months until such time as absence of infection can be 

demonstrated serologically by the loss of detectable passive antibodies. Antibody 

measurement at the same time as genomic assays is a valuable supplement to 

genomic diagnosis and will assist in the eaidy confirmation of infection. Indeed, for 

those laboratories that do not have access to genome detection, it may provide on its
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own a simple way to time and predict infection. Identification of the time of 

infection is becoming increasingly important as the results of the ACTG 076 study 

(Connor et a l  1994) indicate that ZDV intervention may influence the rate of 

transmission. If this is so, careful planning will be necessary so that any predicted 

drug suppression can be tailored in time to coincide with the most likely point when 

transmission may be expected to occur.
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CHAPTER 6

DEVELOPMENT OF THE POINT MUTATION ASSAY

6.1 INTRODUCTION

The description of point mutations associated with resistance to antiretroviral drugs 

(Larder and Kemp 1989), prompted the design of the assay described. It was 

recognised that the population of virus genomes seen in clinical samples may consist 

of mixtures of wild-type and mutant sequence at any given point in the genome, and 

that the proportions of wild-type and mutant may vary under the influence of drug 

therapy. Therefore, it was decided to design an assay to both detect and quantify the 

mutations associated with drug resistance. The assay was designed to be applicable to 

the investigation of virus sequences found in clinical samples collected from patients 

undergoing therapy.

Principle of the point mutation assay (PMAI

The principle of the point mutation assay (PMA) designed for this thesis is illustrated 

in figure 6.1.1. The method is adapted from existing sequencing protocols, reducing 

these protocols to the sequencing of a single base and adapting them for use in a 

microtitre format, allowing quantification of mixtures of wild-type and mutant 

sequence at the point being assayed.

The steps in the assay, shown in figure 6.1.1, are:

A. Generation of a biotinylated PCR product in a nested PCR reaction, 

encompassing the region of the genome containing the mutation site of interest 

()[).

B Capture of the biotinylated product on four streptavidin coated microtitre 

wells. After capture of the products, the other components of the PCR are 

washed away.
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C. Dénaturation of the captured products using 0.15M NaOH, and washing 

away of the non-biotinylated DNA strand.

D Annealing of an oligonucleotide probe to the captured single strand. The 

probe is designed such that its 3’-terminus is one base short of the point being 

assayed.

E. Addition of a single ^^S-labelled dNTP to each of the four wells, together 

with Klenow DNA polymerase. If the base at the point of interest is 

complementary to the added dNTP the enzyme will extend the anneal led 

oligonucleotide probe with a single labelled dNTP (or with more than one 

where a run of identical bases occurs in the target). Ideally, labelled ddNTPs 

would be used, so that multiple additions could not occur, but a suitable source 

of labelled ddNTPs was not available for this project.

F. Finally, the now extended probe is denatured from the target with NaOH and 

the NaOH solution containing the probe added to a scintillation cocktail for 

counting. In the case of a pure population of sequences at the point being 

assayed, addition of the labelled dNTP will only occur in the well containing the 

dNTP complementary to the base in the target sequence, and only this well will 

generate a signal. Where a mixture of sequence population is found in the 

target, labelled dNTP addition will take place in more than one well and the 

signals generated will be in direct proportion to the proportion of bases in the 

target at the site of interest. Hence the method can quantify the proportions of 

wild-type and mutant sequence in a mixed population o f viral genomes. The 

bases that are absent from both the wild-type and mutant variants can be used 

to give an indication of the background signal in the assay.

It was found, after optimisation of the assay, that the remaining single stranded target 

attached to the microtitre well could be reprobed, as indicated by the arrow from step 

F to D in Figure 6.1.1. Validation of the reprobing modification is presented in 

Section 6.4.
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Design of PMA probes and primer sequences

The PCR primers were designed to anneal to conserved regions of the pol gene of 

HIV-1 in order to amplify the 5’-end of the R T  gene containing the codons which 

mutate to confer resistance to drugs acting as RT inhibitors (Larder and Kemp 1989). 

The primer binding sites were chosen to encompass all of the mutation sites in the R T  

gene associated with drug resistance, so that a common PCR could be used for the 

analysis of the mutations of interest. This entailed designing a primer set to amplify an 

808 base pair fragment of the R T  gene (874 b.p. first round product).

The probes used in PMA can be sense or antisense (the opposite strand being 

biotinylated in the second round PCR product). Where possible, the sense of the 

probe was chosen to avoid the 3' end terminating on the third base of a codon, since 

this base can often mutate silently. It has been found that the PMA signal is 

completely inhibited by a single base mismatch at the 3' end of a probe. Probes used in 

this thesis were designed for the assay of mutations associated with resistance to 

ZDV at codons 41, 67, 70, 215 and 219 (Larder and Kemp 1989, Kellam et al. 

1992). In principle however, the assay can be adapted to the assay of any mutation 

within the amplified region simply by designing and synthesising a suitable 

oligonucleotide probe. All other assay conditions remain unaltered.

The primer and probe sequences are described in Section 2.5

6.2 OPTIMISATION OF PMA METHOD

The design of the point mutation assay is based around existing dideoxynucleotide 

sequencing protocols using streptavidin coated Dynabeads (Dynal) and Sequenase T7 

DNA polymerase (United States Biochemicals, Cleveland, Ohio). A number of the 

buffers and incubation times used in these protocols have been adopted and found to 

work without modification. Steps in the assay which were not considered for further 

optimisation included:

1. DNA denaturing conditions, set at five minutes with 0.15M NaOH.

2. Probe annealling buffer taken from Sequenase protocol.
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3. Probe annealling conditions. These were set at 63^C (just below the 

dénaturation temperature for streptavidin) cooling slowly over 30 minutes to 

room temperature.

4. Wash buffer. This was chosen empirically as Tris/Tween buffer with no salt 

to maximise the stringency of the wash. Azide was found to be necessary after 

bacterial contamination of the buffer was observed to completely destroy any 

signal in the assay.

5. Labelling mix buffer, taken from Sequenase protocol.

6. Labelling conditions, set at two minutes at room temperature.

7. Scintillation counting conditions, set according to counter manufacturers 

recommendations.

8. Assay working volume, set at 25pi in a microtitre U-well, based upon the 

necessary reagent concentrations derived during optimisation (see below) and 

the cost of those reagents.

The steps taken to optimise the diagnostic PCR method in Chapter 3 (Mĝ "̂  titration, 

primer concentration etc.) were followed for the PCR primer set used to amplify the 

segment of the R T  gene being probed for drug resistance associated mutations. 

Immunocapture of cell-free virus on anti-gpl20 coated latex and reverse transcription 

protocols were optimised by Malcolm Semple, Department of Virology, UCLMS and 

his assistance is gratefully acknowledged.

The steps in the assay requiring optimisation were:

1. Capture of PCR products to solid phase

2. Concentration of probe

3. Concentration of Klenow polymerase

4. Concentration o f l a b e l l e d  dNTPs
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Capture of biotinylated PCR products

The volume of PCR product added to each microtitre well in the assay was optimised 

using the probe for mutation at codon 70 (probe ARP 2B) as this was the first probe 

sythesised for use in the assay. In the absence of available plasmids of known 

sequence, optimisation of the assay procedure was made using PCR products 

amplified from six proviral DNA samples.

DNA was extracted, by the NP40/Tween 20 protocol described in Section 2.2, from 

PBMC samples collected from patients undergoing ZDV monotherapy. The RT 

sequences were amplified in a nested PCR, as described in Section 2.1, using a 

biotinylated anti sense primer (SPP6A-bio) in the second round of amplification, as the 

probe for codon 70 was a sense probe.

Varying volumes (1, 2, 5 and 10pi) of PCR products were added to the assay, the 

total volume being made up to 25pi with TTA diluent. All other assay conditions 

were set according to the protocol described in Section 2.3.

Assay results are shown in Table 6.2.1.

The results indicated that the amount of PCR product added to each well was in 

limiting quantity, since the signal generated increased as increasing amounts of PCR 

product were added to the reaction. The proportions of mutant sequence detected 

were generally unaffected by the volume of PCR product added to the reaction. A 

higher apparent level of mutation (4%) was seen with sample A when 1 pi of product 

was used. However, since the background signals generated in the assay make a 

greater contribution to the label incorporation when the specific signals are lower it 

was thought that the 4% level seen with sample A was due to this effect, rather than 

indicating the presence of a mutant subpopulation at this codon.

Therefore, since the highest volume of product (lOpl) used in the above titration gave 

the highest signals, this was chosen as the working volume for the final protocol to 

minimise the effects of background signal variations. The use of a high volume of 

PCR product also reduces the possibility of assay failures with samples which amplify 

poorly due to non-specific or sequence specific inhibition of the PCR reaction. 

Additionally, the cost of the PCR reaction is small compared to the other components 

used in the assay, particularly the labelled dNTPs
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TABLE 6.2.1

Pohit mutation assay - titration o f  PCR product concentration

PCR
product
volume

Sample
ID

Signal (cpm) from added “̂ S dNTP 
(A = W/T, G = mutant, C and T = 
background)

%
mutation
calculated

A G C T

Ipl

A 2791 74 16 18 4
B 1729 565 18 26 39
C 2063 167 22 33 12
D 1400 875 17 20 44
E 555 1047 19 22 80
F 1303 888 51 11 58

2pl

A 4431 81 26 24 2
B 2455 792 32 60 39
C 3885 237 22 40 10
D 2355 1454 30 33 55
E 804 1923 28 28 84
F 1889 1036 74 75 52

5pd

A 7388 118 20 40 2
B 4612 1386 30 36 37
C 6425 269 38 49 7
D 3948 2007 28 117 50
E 1370 2045 31 85 60
F 3261 1794 88 18 52

lOpl

A 12032 94 20 14 1
B 7852 1800 34 41 32
C 11071 480 34 82 7
D 5091 3238 17 21 56
E 1834 4276 44 31 83
F 5684 3233 55 16 53

Probe concentration

The concentration of the probe was optimised using a similar strategy to that used for 

the optimisation of the PCR product concentration, using the same six proviral DNA 

samples derived from clinical material and assaying them for mutation at codon 70. 

Probe dilutions of 1:10, 1:100 and 1:1000 were made in anneal buffer from the probe 

stock solution which had been adjusted to a concentration o f 66pg/ml. All other
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conditions were set according to the protocol described in Section 2.3. Results are 

shown in Table 6.2.2.

TABLE 6.2.2

Point mutation assay.’ - titration o f prohe concentration

Probe
dilution

Sample
ID

Signal (cpm) from added '"̂ S dNTP
(A = W/T, G mutant, C and T -
background)

%
mutation
calculated

A G C T

1:10

A 16910 67 41 37 0
B 9020 2619 33 33 37
C 11929 485 30 66 7
D 7993 3481 18 28 47
E 2947 5157 29 34 78
F 9166 3659 75 14 44

1:100

A 15166 56 22 62 0
B 9078 2323 35 54 34
C 10821 375 36 123 5
D 7187 3238 25 51 47
E 2736 4587 33 70 78
F 6272 3468 123 25 53

1:1000

A 7165 33 16 82 0
B 4146 1059 46 108 33
C 6706 195 35 89 4
D 3878 1694 15 71 47
E 1485 2456 30 99 78
F 3256 1858 156 24 53

The titration showed that dilutions of 1:10 and 1:100 of the probe stock solution gave 

the best signal strengths. No significant differences in the final proportions of mutant 

sequence detected with any sample at any probe dilution were noted. A dilution of 

1:100 was therefore chosen as optimal and used in the final protocol.

Klenow polymerase concentration

The volume of Klenow polymerase added to each labelling mix was determined using 

a similar assay format to that used for PCR product titration. Again, the same six 

DNA samples were assayed for mutation at codon 70. Volumes of 0.5pi, 1.0pi, and
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2.0\i\ of Klenow (10 units/|.il as supplied by Pharmacia) were added to the PMA 

diluent to make up the Klenow stock solution (see Section 2.3). All other conditions 

were set according to the protocol in Section 2.3.

Results are shown in Table 6.2.3

TABLE 6.2.3

Point mutation assay - titration o f  Klenow polymerase concentration

Volume
of
Klenow

Sample Signal (cpm) from added '"̂ S dNTP
(A = W/T, G = mutant, C and T =
background)

%
mutation
calculated

A G C T

0 5pl

A 12140 50 20 19 1
B 6254 1799 18 36 36
C 8334 320 20 35 7
D 2502 2568 18 26 67
E 1764 4470 22 18 84
F 7770 2553 29 28 40

l.Opl

A 16447 148 35 33 1
B 12383 2686 43 59 30
C 12981 492 45 37 6
D 8068 3767 26 112 48
E 3103 5248 47 79 78
F 6763 3914 99 17 54

2.0|il

A 19373 190 69 96 1
B 11987 3287 53 148 35
C 15193 673 78 150 7
D 9804 4767 70 76 49
E 3618 8299 109 103 83
F 7869 4564 65 68 54

The titration showed that 2.0pl gave the highest signal strength. However as the 

enzyme is a significant part of the cost of the assay a volume o f l.Opl was chosen for 

use in the final protocol. The use of the lower enzyme volume also halves the 

frequency with which batches of enzyme change, thus halving the frequency that 

enzyme batches need to be quality controlled in the assay.
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Labelled dNTP concentration

The concentrations o f l a b e l l e d  dNTPs added to each labelling mix was determined 

using a similar assay format to that for PCR product titration. Volumes of O.ôpl, 

1.2pl, and 2.4pl of dNTPs (as supplied by NEN - Dupont) were added to each 

labelling mix (see Section 2.3), the remaining volume being made up with water. All 

other conditions were set according to the protocol in Section 2.3.

Results are shown in Table 6.2.4.

TABLE 6.2.4

Point mittation assay - titration o f labelled dNTP concentrations

Volume
^SdNTP
added

Sample
ID

Signal (cpm) from added 35S dNTP
(A = W/T, G = mutant, C and T =
background)

%
mutation
calculated

A G C T

0.6pl

A 4196 17 13 15 0
B 2518 1144 20 17 48
C 3261 213 18 44 10
D 2315 1815 18 19 61
E 584 2428 32 117 92
F 1838 1770 16 12 66

1.2pl

A 6238 25 10 25 0
B 3258 1054 7 29 39
C 4071 225 7 69 9
D 2656 1782 9 25 57
E 945 2205 7 116 84
F 2572 1644 7 28 56

2.4pl

A 12414 64 33 81 0
B 6936 2068 28 32 37
C 7745 437 30 53 9
D 5854 3545 25 22 55
E 1758 5051 32 20 85
F 4952 3457 27 15 58

Increasing the volume of labelled dNTPs significantly increased the signal strength 

obtained in the assay. Volumes greater than 2.4pl were not considered for use due to 

the high costs of the labels, difficulties with regular supply of the reagents (the
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supplier only produces a fresh batch once a month) and safety regulations regarding 

the amount of label that can be held in the Department.

As with the optimisations described PCR product, probe and enzyme concentrations, 

the highest signal strength practicable was considered to be beneficial to the assay, 

since the effects of background signals are minimised and improved results can be 

obtained from samples which amplify poorly. Therefore, a labelled dNTP volume of 

2.4pl was selected for use in the final assay protocol.

6.3 VALIDATION OF PROBES FOR ZDV RESISTANCE ASSOCIATED  

MUTATIONS

To validate the use of the probes designed for the assay mutations at codons 41, 67, 

70, 215 and 219 of the R T  gene, standard curves were constructed using plasmids 

containing a clone of the A7̂  gene of HIV-1 (strain HXB2) and clones containing the 

resistance mutations engineered into an HXB2 R T  gene background. The plasmids 

were supplied by Dr Brendan Larder, Wellcome Research Laboratories, and their gift 

is grateflilly acknowledged.

The wild-type and mutant plasmids were titrated by end-point dilution nested PCR 

(see Section 2.4) and mixtures of wild-type and mutant plasmids were made 

containing known proportions of wild-type and mutant sequence, and adjusted to 

contain approximately 1000 plasmid input copies per PCR amplification.

The plasmid mixtures were assayed by the optimised PMA protocol and the results 

are shown in Tables 6.3.1 to 6.3.6 and in Figures 6.3.1 to 6.3.6.
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FIGURE 6.3.1
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F I G U R E  6.3.1 PMA standard curve for mutation at RT codon 41 
(dashed line indicates equivalence)

T A B L E  6 3 1

Poni! mutai ion assav staïu/arcl curve - codon 41

%  mutant 

sequence added 

to assay

% mutation 

detected 

(replicate 1)

%  mutation 

detected 

(replicate 2)

% mutation 

detected 

(replicate 3)

%  mutation 

detected 

(mean)

Standard

deviation

0 0 0 0 0.0 0.0

5 7 8 9 8 0 1.0

10 14 13 15 14.0 1.0

25 28 27 30 2 8 .3 1.5

50 55 57 53 5 5 .0 2.0

75 78 81 8 0 79.7 1.5

90 92 93 93 9 2 .7 0.6

100 100 100 100 100  0 0.0
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FIGURE 6.3.2

100

8 0 -

6 0 -

I
§ 4 0 .

0"

I 2 0 -

10060 804020
Percentage mutant plasmid added

FIGURE 6.3.2 PMA standard curve fo r  mutation at RT codon 67  
(dashed line indicates equivalence)

TA B LE 6.3.2

}\)inl inn talion assav standard curve - codon 67

% mutant % mutation % mutation % mutation % mutation Standard

sequence added detected detected detected detected deviation

to  assay (replicate 1) (replicate 2) (replicate 3) (mean)

0 0 0 0 0.0 0.0

5 0 0 0 0.0 0.0

10 3 5 6 4.7 1.5

25 14 12 17 14.3 2.5

50 31 33 33 32.3 1.2

75 66 58 67 63.7 4.9

90 85 83 80 82.7 2.5

100 100 100 100 100 0 0.0
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FIGURE 6.3.3
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FIGURE 6.3.3 PMA standard curve fo r  mutation at RT codon 70 
(dashed line indicates equivalence)

TA BLE 6.3.3

Point mutation assav standard curve - codon 70

% mutant % mutation % mutation % mutation %  mutation Standard

sequence added detected detected detected detected deviation

to assay (replicate 1) (replicate 2) (replicate 3) (mean)

0 0 2 3 1.7 1.5

5 7 7 6 6.7 0.6

10 17 11 12 13.3 3.2

25 30 24 26 26/7 3.1

50 48 57 49 51.3 4.9

75 73 79 72 74 6 3.8

90 82 90 89 87 0 4.4

100 99 99 98 98.7 0.6
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FIGURE 6.3.4
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FIGURE 6.3.4 FM A standard curx’efor mutation at RT codon 215 (ta tyr) 
(dashed Une indicates equivalence)

T A B L E  6.3.4

Foim  mnlalion assav standard curve - codon 215 (io ivr)

%  mutant % mutation %  mutation % mutation % mutation Standard

sequence added detected detected detected detected deviation

to assay (replicate 1) (replicate 2) (replicate 3) (mean)

G 0 0 0 0.0 0.0

5 9 7 8 8.0 1.0

10 12 13 18 14,3 3.2

25 33 32 30 3 1 6 1.5

50 64 56 53 57.6 5.7

75 80 79 78 7930 1.0

90 92 92 89 9 1 0 1.7

100 100 100 100 100 0 0.0
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FIGURE 6.3.5
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FIGURE 6.3.5 PMA standard curve for mutation at RT codon 215 (to phe) 
(dashed line indicates equivalence)

T A B L E  6.3.5

Point 1111!talion assay standard curve - codon 215 (to phe)

% mutant % mutation % mutation % mutation % mutation Standard

sequence added detected detected detected detected deviation

to assay (replicate 1) (replicate 2) (replicate 3) (mean)

0 2 2 1 1.7 0.6

5 8 6 5 6.3 1.5

10 1 1 12 10 11.0 1.0

25 23 23 20 2Z0 1.7

50 52 41 42 45 ^ 6.1

75 67 68 71 68 7 2.1

90 86 89 95 90 0 4.6

100 100 100 100 100 0 0.0
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FIGURE 6.3.6
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FIGURE 6.3.6 PMA standard curve for mutation at RT codon 219 
(dashed line indicates equivalence)

T A BLE 6.3 6

l^oini mil lai ion assav s/aiiclarc/ curve - codon 2 !9

% mutant % mutation %  mutation % mutation % mutation Standard

sequence added detected detected detected detected deviation

to assay (replicate 1) (replicate 2) (replicate 3) (mean)

G 0 0 0 0.0 0.0

5 9 8 9 8.7 0.6

10 15 14 16 15.0 1.0

25 35 33 29 32 3 3.1

50 67 62 61 63 3 3.2

75 84 85 80 83 0 2.6

00 91 93 94 92 7 1.5

100 100 100 100 100 0 0.0
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The reproducibility of the assays was high in all cases, as seen in the standard 

deviations of the replicates assayed at each plasmid concentration.

In four cases, codons 41, 70, 215 to tyr and 215 to phe, the proportions of mutant 

sequence detected by the assay corresponded closely to the result expected from the 

proportions of mutant plasmid sequence added. In two cases, codons 67 and 219, the 

assay results deviated from the expected results. At codon 67 the assay 

underestimated the proportion of mutant sequence in mixed wild-type/mutant targets, 

although the assay correctly assigned pure wild-type and mutant sequences as 0% and 

100% mutant respectively. The underestimate probably results from the correction 

factor applied to the mutant signal, since the reaction should theoretically add seven 

labelled T residues to the extended probe. In reality this probably does not happen, 

perhaps due to exhaustion of the available labelled dTTP. It was decided, however 

that the deviation from the expected result was not sufficient to warrant the 

introduction of correction factors which may themselves have generated other 

inaccuracies. The use of a sense probe was considered, but found to give too many 

assays giving neither wild-type or mutant signal. This probably arises because such a 

probe overlies codon 70, and mutation at codon 67 is frequently accompanied by 

mutation at codon 70, resulting in a probe target mismatch with a codon 67 sense 

probe.

At codon 219 the assay produced an overestimate of the proportion of mutant 

sequence, again identifying the pure wild-type and mutant targets correctly. The 

deviation from the expected result at codon 219 was not so large as for codon 67. 

The deviation seen probably results from probe target mismatches, since it was 

observed that the overall signal strengths seen with this probe (wild-type or mutant) 

were generally lower than with the other probes used in the assay. Again the deviation 

from the expected result was not considered to warrant the introduction of additional 

controls or correction factors.
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6.4 EVALUATION OF ASSAY PARAMETERS

Further to the construction of standard curves using plasmid derived target 

sequences, the assay performance was evaluated using HIV-1 sequences amplified 

from clinical material to determine:

1. Assay reproducibility.

2. Background signals from clinically derived targets.

3. Validity of the reprobing assay modification

Reproducibility

The between-day reproducibility of the assay was evaluated by assaying the mutation 

level at codon 70 of the RT  gene in 76 DNA extracts from PBMC samples. The 

samples were taken from the Concorde cross-sectional study described in Chapter 8. 

The proviral load was assayed in each sample by end-point dilution PCR as described 

in Section 2.4 to determine the number of copies added to each PCR reaction prior to 

the PM A.

The results of the duplicate assays and the copy number added to each PCR are 

shown in Table 6.4.1.

The correlation between the duplicates was r = 0.975 (p < 0.001), demonstrating a 

high level of reproducibility. Four samples (14, 27, 32 and 76) showed poorer 

matching of duplicates than might have been anticipated from the overall level of 

correlation. It can be seen, however, that the input copy numbers of these samples 

was low (4, 3, 2 and 10 respectively) and it is likely that the poor duplicates have 

arisen from sampling error rather than from inaccuracies introduced by the assay 

procedure.
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TABLE 6.4.1

Duplicate PMA s al codon 70 o f the R T  gene o f  76 PBMC proviral DNA samples 

from  Concorde Trial subjects

Sample Copies Assay Assay
No. / assay^ No.l No.2

1 1 0 0
2 36 1 0
3 90 1 0
4 22 1 6
5 18 1 0
6 216 12 15
7 6 1 1
8 433 86 76
9 18 0 0
10 67 0 2
11 52 0 0
12 90 92 95
13 1 2 0
14 4 79 23
15 67 91 81
16 67 0 0
17 44 7 8
18 13 0 0
19 90 0 3
20 152 95 94
21 30 85 84
22 44 2 1
23 17 90 92
24 216 96 90
25 87 0 0
26 216 88 92
27 3 66 97
28 17 78 95
29 87 0 0
30 90 5 0
31 13 0 0
32 2 0 15
33 216 6 0
34 216 3 3
35 4 96 85
36 17 89 96
37 13 97 95
38 4 6 2

''DNA copies added to PCR

Sample Copies/ Assay Assay
No. assay^ N o.l No.2
39 433 87 95
40 3 1 0
41 30 56 48
42 90 89 76
43 87 2 1
44 10 0 2
45 90 0 0
46 65 96 97
47 90 0 0
48 11 0 0
49 54 33 44
50 152 0 2
51 17 97 96
52 44 0 1
53 65 0 0
54 8 0 0
55 44 0 0
56 13 96 86
57 3 95 87
58 54 89 90
59 18 0 2
60 216 0 2
61 2 0 0
62 35 0 0
63 90 0 0
64 18 87 83
65 18 0 2
66 1 0 1
67 2 0 0
68 266 1 0
69 4 84 79
70 260 94 94
71 2 0 0
72 92 18 26
73 42 71 81
74 1657 94 97
75 44 2 3
76 10 22 0
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A further evaluation of the reproducibility of the complete method was made by 

assaying four plasma virus RNA and four PBMC proviral DNA samples from eight 

subjects on open ZDV therapy for mutation at codon 215. The samples were selected 

to have mixed populations of wild-type and mutant sequence, rather than being close 

to 100% wild-type or mutant. The samples were extracted, amplified and assayed on 

five separate days. The results are shown in Tables 6.4.2 and 6.4.3.

TABLE 6.4.2

Plasma vims RNA assayed in four samples, five times, by PMA fo r  mutation to Tyr 

at codon 215

Sample Run 1 Run 2 Run 3 Run 4 Run 5 Mean % S.D.

A 56 49 58 58 50 54 2 4.4

B 41 46 38 38 36 39 8 3.9

C 82 82 85 88 89 8Y2 3.3

D 34 45 40 49 45 42 6 5.8

TABLE 6.4.3

PBMC proviral DNA assayed in four samples, five  times, by PMA fo r  mutation to

Tyr at codon 215

Sample Run 1 Run 2 Run 3 Run 4 Run 5 Mean % S.D.

W 8 25 12 11 17 14.6 6.6

X 9 10 11 6 5 8.2 2.6

Y 25 32 25 26 26 26 8 2.9

Z 45 39 41 31 38 38 8 5.1
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Background signals in clinical samples

Background signals may be generated in PMA by at least three mechanisms:

1. As with other microtitre assay systems such as EIA or RIA, background 

signals can be generated due to non-specific adsorption of the label to the assay 

well.

2. The enzyme could add a non-complementary labelled base to the annealled 

probe (i.e. the enzyme “makes a mistake”), and this lack of complete fidelity 

may result in the generation of background signals.

3. PCR can generate non-specific products from clinical samples, due to the 

presence of sequence homology in the host nucleic acid present in the extract 

added to the PCR. Although these products may not be visible on the ethidium 

bromide-stained gel, they may contribute to background in the assay.

To determine the cut-off level for PMA, below which the proportion of mutant 

sequence assayed was due to assay background, rather than reflecting a true mutant 

sub-population, mutations were assayed in 39 ZDV-naive subjects prior to entering 

an antiretroviral therapy trial.

The results for the five ZDV associated point mutations at codons 41, 67, 70, 215 

and 219 are shown in Figure 6.4.2.

Mutation levels o f greater than 2% were not found in any subject at any of the codons 

assayed. Therefore, the assay cut-off was set at 3%, and mutation levels of 2% or less 

were deemed to be due to assay background and not to reflect a true mutant sub

population. When interpreting the results of PMA on clinical samples levels of 2% or 

less were considered to represent a pure wild-type sequence population.

157



FIGURE 6.4.1
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FIGURE 6.4.1. Frequencies o f point mutation levels, assayed by PMA at codons 41, 
67, 70, 215 and 219, in 39 drug-naive subjects entering an antiretroviral drug trial.



Validation of reorobing

To demonstrate the validity of the reprobing method, six PCR products amplified 

from proviral DNA derived from clinical samples (see Section 6.2) were assayed 

using probes for mutations at codons 41, 67, 215 and 219 (codon 70 was not assayed 

since the assay requires the anti sense strand to be biotinylated, unlike the assay for the 

other four ZDV resistance associated mutations). After assaying the samples for the 

four mutations the captured PCR products were reprobed using an alternative probe. 

Hence, samples assayed initially for mutation at codon 41 were reprobed for mutation 

at codon 219 and vice-versa. Similarly, samples assayed for mutation at codons 67 

and 215 were alternated.

The results are shown in Table 6.4.4

Although a reduction in signal strength was observed between the first and second 

probings the levels of mutant sequence derived from the assay were almost identical 

between the two probings. The overall correlation coefficient for all samples assayed 

between the first and second assays was r = 0.987 (n = 24, p < 0.001).
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TABLE 6.4.4

Point mutation assay - validation o f reprobe method

Codon Sample % mutation 

first assay

% mutation 

reprobe 

assay

41

A 13 12

B 16 25

C 84 90

D 4 6

E 1 0

F G 0

67

A 29 35

B 61 51

C 51 50

D 70 42

E 0 0

F 0 0

215

A 30 30

B 78 76

C 77 79

D 0 0

E 98 100

F 0 0

219

A 95 91

B 93 95

C 0 0

D 89 89

E 87 94

F 0 0
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6.5 VALIDATION OF PMA AGAINST ALTERNATIVE M ETHODS FOR 

ASSAYING GENOTYPIC DRUG RESISTANCE  

Validation against selective PCR

Five DNA samples for PMA analysis were supplied by Dr. Charles Boucher, 

Department of Virology, Academic Medical Centre, Amsterdam. The samples had 

been assayed in Amsterdam using a selective PCR methodology (Boucher et al. 1992) 

to determine if the samples were wild-type, mutant or a mixed sequence population. 

The results of the PMA analysis and the selective PCR results provided by 

Amsterdam are shown in Table 6.5.1

TABLE 6.5.1

Comparative analysis o f ZDV resistance associated point mutations in DNA samples 

from treated patients by PMA and selective PCR

Sample Codon 41 Codon 67 Codon 70 Codon 215 Codon219

M41L D67N K70R T215Y/F K219Q

number PMA PCR PMA PCR PMA PCR PMA PCR PMA PCR

H192 80% X 10094 M 99% M 10094 M 88% X

H248 93% nr 0% W 5% W 99% M 0% W

H194 0% W 0% W 99% M 0% W 0% W

H243 79% W 21% X 2% X 99% M 17% X

H251 0% W 0% w 99% M 95% X 0% w

 ̂PMA result = percentage mutant sequence 

PCR results: M = mutant, W = wild-type, X = mixed wild-type and mutant

nr = no result

The PMA and selective PCR results were in agreement in 21 of 24 cases as shown in 

Table 6.5.2. In one case (H243, codon 70) selective PCR found a mixed sequence 

population that was identified as wild-type only by PMA, in a second case (H248,
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codon 70) PMA detected a 5% mutant subpopulation not seen by selective PCR, and 

in a third case (H243, codon 41) PMA identified the sample as having a high level of 

mutant sequence (79%) but PCR analysis identified the sample as wild-type only.

TABLE 6.5.2

Concordance o f  selective PCR and PMA analysis o f  ZDV resistance mutations in 

HIV-1 proviral DNA samples

Selective PCR

wild-type mixed mutant

PMA

wild-type 9 1 0

mixed 2 5 0

mutant 0 0 7

Validation using MRC ADP RNA samples

Further validation of PMA was made using RNA samples (tissue culture 

supernatants) from sequential isolates from a patient on ZDV monotherapy. These 

isolates had previously been assayed for phenotypic ZDV resistance and genotypic 

ZDV resistance by selective PCR at codons 67, 70 215 and 219 only (Boucher et al. 

1992). The results of the phenotypic drug resistance assays and genotypic resistance 

assayed by PMA and selective PCR are given in Table 6.5.3.
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TABLE 6.5.3

Comparative analysis o f ZDV resistance associated point mutations in sequential 

RNA samples from  a ZDV treated patients by PMA and selective PCR

Sample Weeks AZT Codon 67 Codon 70 Codon 215 Codon 219

number on drug ID 50 D67N K70R T215Y/F K219Q

(pM) PMA PCR PMA PCR PMA PCR PMA PCR

105/A 0 0.015 0% W 0% W 1% W 0% W

105/B 24 0.16 0% w 0% W 98% M 0% W

lOS/C 60 0.5 8% X 42% X 97% M 0% W

105/D 86 0 63 98% X 96% X 96% M 0% W

105/E 115 0.7 1% w 4% X 97% M 0% w

105/F 136 3.5 99% M 100% M 99% M 94% M

 ̂r iv i

PCR

l e s u i L  — p c i ü e i i i a y e  [ i i u i a i u  s e q u c n u e

results: M == mutant, W = wild-type.

The concordance of the selective PCR and PMA assays are shown in Table 6.5.4. Of 

24 point assayed only two discordances were observed (sample 105/D, codon 67 and 

sample 105/F, codon 219) which was designated pure mutant by selective PCR and 

94% mutant by PMA.

TABLE 6.5.4

Concordance o f  selective PCR and PMA analysis o f  ZDV resistance mutations in 

HIV-1 culture supernatant viral RNA samples

Selective PCR

wild-type mixed mutant

PMA

wild-type 11 1 0

mixed 0 5 1

mutant 0 0 7
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6.6 DISCUSSION

The point mutation assay was developed in response to a need first identified by 

Larder and Kemp (1989) for PCR based assays to detect drug resistance associated 

point mutations in virus sequences derived from clinical samples. The assay developed 

bas a number of features which make it suitable for the investigation of drug 

resistance at the genotypic level in subjects undergoing antiretroviral therapies.

1. The assay is quantitative, thus allowing the emergence of mutations over 

time, in response to therapy, to be observed in serial samplings. Observations of 

the rate of acquisition of resistance associated mutations can give useful insights 

into the dynamics of viral replication and viral pathogenesis.

2. The microtitre format of the assay allows the easy handling of large numbers 

of clinical samples, such as are generated in drug trials. For example, the assay 

developed in this thesis has recently been used to analyse eight resistance 

associated mutations in approximately one thousand plasma samples collected 

during the MRC Delta Trial (data not available for this thesis).

3. The assay is easily adaptable to the assay of any mutation within the genomic 

region amplified by PCR. All that is required to analyse a new mutation of 

interest is the synthesis of an oligonucleotide probe, all other parameters of the 

assay protocol remaining unchanged. To avoid assay problems associated with 

probe/target mismatching, particularly silent mutations at the third base of 

codons (third base "wobbles"), the protocol allows the probing to be made on 

either the sense or antisense strands, the opposing strand being biotinylated 

during the second round PCR. It is still important to check the performance of 

new probes against laboratory virus strains mutated by site-directed 

mutagenesis.

4. The assay is used to assay viral genomic sequences PCR amplified directly 

from clinical material without the need for virus isolation. This avoids the
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perturbations in the balance of quasispecies that can result from culture, and 

also allows the analysis of a high proportion of samples due to the high 

diagnostic sensitivity of PCR amplification.

The point mutation assay developed in this thesis not only allows mixed populations 

of wild-type and mutant sequences to be identified, but quantifies the proportions of 

each sequence. This is not the case with selective PCR, a nested PCR technique, since 

the wild-type and mutant sequences will each give a product band of equal intensity 

on an ethidium bromide stained gel irrespective of the relative proportions of the two 

sequences. The quantitative nature of PMA enables changes in the balance of wild- 

type and mutant sequences and the rates of these changes to be analysed in serial 

samples collected from subjects undergoing antiretroviral therapies. The analysis of 

longitudinal changes in mutation patterns will be considered in the subsequent 

chapters of this thesis.

The first extended use of PMA was made in patients starting ZDV therapy for the 

first time and is described in Chapter 7. This study combined the assay of resistance 

associated point mutations with the measurement of serum virus loads in treated 

patients. Obviously, the measurements of these two parameters are closely linked, 

since it can be speculated that the evolution of resistant virus strains will result in the 

outgrowth of those strains in the selective environment provided by the drug.

As described in Section 6.5 above, PMA correlates well with other methods for the 

detection of genotypic drug resistance. However, genotypic resistance provides only 

an indirect measure of drug resistance, relying on the demonstration of an association 

of genotypic changes with changes in in vitro dmg resistance observed in cell culture. 

Chapter 8 describes a comparison of PMA detection of genotypic drug resistance 

with phenotypic resistance measured in culture for patients receiving ZDV or placebo 

in the MRC Concorde Trial (Concorde coordinating committee 1994). The 

advantages of using a genotypic assay for the measurement of drug resistance are 

described above, but the indirect measure provided by these methods needs to be 

pinned against phenotypic resistance measurements for reference.

Chapter 9 describes a study in which PMA was used to try to demonstrate the clinical 

significance of ZDV resistance associated mutations. This was a case-control study in

165



which the presence and levels of the five mutations associated with ZDV resistance 

were correlated with clinical disease progression.

Chapter 10 shows the use of PMA to observe the acquisition of ZDV resistance 

mutations in paired RNA samples extracted from plasma and CSF. It has been shown 

that ZDV has good penetration of the CNS and the study described looked for the 

development of genotypic ZDV resistance in virus from the CSF to see if this was 

independent of the development of resistance in the peripheral circulation.

The quantitative measurement of the changes in proportions of wild-type and mutant 

sequence at a given gene locus provided by PMA has allowed studies to be made on 

the dynamics of virus replication within the infected individual. Chapter 11 describes 

the use of PMA to measure the relative levels of drug resistance mutations in plasma 

virus RNA and PBMC proviral DNA in order to give an insight into the dynamics of 

virus replication and the rates of development of drug resistance.
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CHAPTER 7

HIV-1 RNA SERUM-LOAD AND RESISTANT VIRUS 

GENOTYPES DURING EARLY ZIDOVUDINE THERAPY

7.1 INTRODUCTION

The inhibition of viral replication by ZDV, resulting from the inhibition of reverse 

transcription, has been demonstrated (Mitsuya et a l  1985), and the resultant 

reduction of cell-free virus load in plasma or serum has been used as a monitor of the 

efficacy of ZDV therapy in treated patients (Ho et a l  1989, Semple et a l 1991, 

Aoki-Sei et a l 1992). Previous studies of the effects ZDV therapy have generally 

looked at changes in plasma viraemia or CD4+ve cell counts in serial samples 

collected at intervals of four weeks or more. Thus, early changes in virus load have 

not been monitored and the rates of decline in plasma virus load have not been 

determined.

The present study sampled patients starting open-label ZDV monotherapy for the first 

time at frequent intervals in order to determine the rate of decline of cell-free virus 

load in serum immediately after the start of therapy. The acquisition of ZDV 

resistance associated point mutations was assayed in the same viral RNA samples, 

using the quantitative PMA developed in this thesis, to relate changes in serum virus 

load to the appearance of these mutations.

7.2 METHODS AND MATERIALS 

Patients and samples

Eleven HIV-1 infected homosexual men with CDC stage IV disease beginning ZDV 

therapy were sampled. All patients gave informed consent, and all were ZDV-naive. 

Baseline clinical and laboratory values are given in Table 7.2.1. Patients were sampled 

at baseline and at approximately four d?.y intervals for the first 28 days of therapy.
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Thereafter, patients were sampled at irregular intervals to between 27 and 203 days 

from the start of therapy (median 105 days). Serum was separated from clotted blood 

within six hours of venepuncture and was stored in aliquots at -70*̂ C.

TABLE 7.2.1

Treatment, clinical and laboratoiy baseline values fo r  study patients

Patient Age

(years)

CDC

disease

stage

ZDV

dose

(mg/day)

Time on 

therapy 

(days)

Study

period

(days)

CD4+ve 

cell count 

(cells/mm^)

Serum 

viral load 

(copies/ml)

1 56 4CI 1000 142 142 130 2300

2 55 4D 800 105* 196 20 30000

3 40 4CII 1000 77* 125 90 18000

4 29 4CII 500 27 27 100 320

5 27 4A 500 43 43 320 420

6 33 4CI 1000 58* 84 180 1680

7 44 4CII 1000 36* 70 40 2380

8 40 4CI 1000 64* 91 200 4220

9 32 4D 1000 29* 123 50 11760

10 29 4CII 1000 203 203 50 2560

11 41 4CII 1000 105 105 120 1280

^Patients who interrupted therapy 

Assav of serum vim s load

Serum virus load was assayed as described in Section 2.4. Assays were carried out by 

Calum Semple, Department of Virology, UCLMS.

Assav of point mutations

Point mutations at codons 41,67, 70, 215 and 219 of the R T  gene were assayed in 

cell-free viral RNA sequences, as described in Section 2.5.
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Other measurements

CD4+V0 cell counts were measured by automated fluorescent flow cytometry.

7.3 RESULTS

The changes in virus load and the acquisition of ZDV resistance associated point 

mutations in individual patients are shown in Figures 7.3.1 to 7.3.11. Median changes 

in serum virus load from baseline are shown in Figure 7.3.12.

All patients showed a rapid fall in serum virus load after starting ZDV therapy. The 

median virus load fell from 2380 copies/ml at baseline (range 320 - 30,000) to a 

median minimum level of 220 copies/ml (range 40 - 2000). The mean time taken to 

reach a trough of virus load was seven days, and large falls in virus load were seen 

within one to two days in five patients (2, 3 , 5 , 6  and 10). In four patients (3, 7, 8 and 

9) the fall in virus load was maintained whilst therapy continued, rising again, in all 

four patients, when therapy was discontinued. The remaining seven patients all 

showed a return of virus load to close to baseline levels, despite continuing therapy. A 

partial rebound of virus load towards baseline was seen within 50 days in six of the 

seven patients, the seventh was not sampled between days 28 and 142.

Two patients (4 and 5), treated for only 27 and 43 days respectively, failed to acquire 

any detectable resistance mutations during therapy. One patient (9) showed only a 

transient appearance of mutation at codon 219. The eight other patients acquired 

detectable resistance mutations at one or more codons. All of these patients had 

detectable mutation at codon 70, in six cases the codon 70 mutation was the first to 

arise. The mean time on therapy before mutation at codon 70 was detectable, where 

seen at all, was 69 days (range 36 to 142). In three patients (1, 6 and 8) the codon 70 

mutation was the only mutation detected.

Patient 2 showed a transient appearance of mutation at codon 219 before this was 

replaced successively by mutations at codons 70, 215 and 41. Similarly, an early
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FIGURE 7.3.2
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FIGURE 7.3.3 Changes in serum virus load and resistance
associated mutations in cell-free viral RNA - Patient 3
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FIGURE 7.3.5
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FIGURE 7.3.5 Changes in serum virus load and resistance
associated mutations in cell-free virus RNA - Patient 5
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FIGURE 7.3.6
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FIGURE 7.3.6 Changes in serum virus load and resistance
associated mutations in cell-free viral RNA - Patient 6
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FIGURE 7.3.7
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FIGURE 7.3.7 Changes in serum virus load and resistance
associated mutations in cell-free viral RNA - Patient 7
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FIGURE 7.3.8
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FIGURE 7.3.8 Changes in serum virus load and resistance
associated mutations in cell-free viral RNA - Patient 8
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FIGURE 7.3.9
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FIGURE 7.3.9 Changes in serum virus load and resistance
associated mutations in cell-free viral RNA - Patient 9
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FIGURE 7.3.10 Changes in serum virus load and resistance
associated mutations in cell-free viral RNA - Patient 10
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FIGURE 7.3.11 Changes in serum virus load and resistance
associated mutations in cell-free viral RNA - Patient 11
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FIGURE 7 3.12
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transient appearance o f  mutation at codon 67 w as seen in subject 11, to be replaced  

by m utations at codons 70, 215 and 41.

Six patients w ere fo llow ed after discontinuation o f  therapy. O f these, one (patient 9) 

had no detectable mutation when therapy w as stopped, tw o  (patients 6  and 8 ) had 

m utation at codon  70 and three (patients 2, 3 and 7) had m utations at both codons 41 

and 215. The patients with m utations at codon 70 show ed a return to  baseline in the 

level o f  this mutation when therapy w as stopped. Flowever, in the three patients with 

m utations at codons 41 and 215 w ho discontinued therapy these m utations continued
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to evolve, in two cases (2 and 3) to high levels (>80%) of mutant sequence at each 

codon.

It was difficult to associate the return to baseline of virus load with the emergence of 

resistant virus strains in those patients who continued on therapy. Generally the 

rebound of virus load appeared to precede the emergence of resistance mutations, and 

in those case where the appearance of mutations paralleled the return to baseline of 

virus load (for example patients 8 and 10) the proportion of mutant sequence was not 

large enough to account fully for this return.

7.4 DISCUSSION

All 11 of the patients sampled in this study showed a rapid fall in serum virus load at 

the start of ZDV therapy. The fall seen was approximately 10-fold in each case and 

persisted for between 28 and 77 days whilst therapy continued. For those patients 

who continued therapy the rebound of serum virus load generally appeared to be back 

to approximately 50% of the baseline levels and persisted at that level until therapy 

was ended.

It should be noted that the RNA copy numbers shown for the assay used in this study 

are approximately 100-fold (21og) lower than would normally be indicated by 

currently available commercial assays such as the Chiron b-DNA assay or Roche 

Amplicor Monitor. As described in Section 2, the assay uses immunocapture of viral 

particles onto anti-gpl20-coated latex to prepare the RNA for reverse transcription 

and PGR. The assay calibration (see Semple 1994 for details) is made against DNA 

calibrators prepared from the 8E5 cell-line, and does not account for the inefficiency 

of the immunocapture, or of reverse transcription, unlike the commercial assays 

which claim to assay absolute RNA copy numbers. However, evaluation of the 

immunocapture assay (Semple 1994) shows that changes observed during 

antiretroviral therapy parallel those seen with other assays, and log changes from 

baseline are equivalent in commercial assays and the assay used in this study.

Serum or plasma virus load measurements have been used in many studies to monitor 

the efficacy of antiretroviral therapies in vivo . The present study has revealed that the 

falls seen in virus load occur within a few days of the start of therapy. Since
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compounds such as ZDV are believed to inhibit the replication of the virus at the 

stage of reverse transcription to a proviral DNA copy the rapid fall observed suggests 

that the virus levels seen in the peripheral circulation are the product of a population 

of infected cells that are rapidly turning over the replication of the virus, and have 

only a short period of latency in which the provirus is integrated into the infected cell 

genome.

Alternatively, it may be postulated that ZDV is inhibiting the production of cell free 

virus by inhibiting at another stage of the viral lifecycle, or that the drug is preventing 

the appearance of the virus in the peripheral circulation by some unknown 

mechanism.

Recent studies support the hypothesis of a rapid virus turnover in infected individuals 

(Wei et al. 1995, Ho et al. 1995) and other groups have demonstrated much higher 

levels of viral replication in lymphoid tissue than that seen in the peripheral circulation 

(Embretson et al. 1993, Pantaleo et al. 1993). These findings will be discussed further 

in Chapter 11 in relation to observations made on the differential appearance of 

resistance mutations in cell-free viral RNA and PBMC proviral DNA.

The majority of patients acquired resistance associated point mutations, although the 

appearance of these mutations was difficult to associate with the rebounds in virus 

load. Interestingly the two patients with no detectable mutations (4 and 5) rebounded 

quickly (27 and 43 days respectively) to levels close to baseline.

The commonly observed pattern of mutation acquisition seen in this study was similar 

to that previously reported for patients on ZDV monotherapy (Boucher et al. 1992) 

with codon 70 mutation arising first and being supplanted by mutations at codons 215 

and 41, mutations at codons 67 and 219 only occasionally being seen. It has been 

speculated that this temporal pattern arises from the phenotypic resistance associated 

with mutation combinations. Single mutations at codons 70 or 215 are thought to 

give higher levels of ZDV resistance than when the two mutations are combined in 

CIS.  By comparison, a cA-linked combination of mutations at codons 41 and 215 gives 

a greater increase in resistance than either 41 or 215 alone, or any other combination 

of two c/5-linked mutations (Kellam et al. 1992, Boucher et al. 1992).

The loss of mutation at codon 70 after stopping therapy in the two patients where this 

was the only detectable mutation followed the expected pattern. Mutation at any of
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the resistance associated mutation sites would presumably be observed frequently in 

drug-naive patients if it conferred any replication advantage to the virus. Codon 70 

mutations have been found infrequently in drug-naive subjects (Zhang et a l  1991) 

which may explain why this mutation is commonly the first to arise when therapy 

starts.

The continued acquisition of mutations at codons 41 and 215 after stopping therapy 

seems surprising, therefore. Recent evidence has suggested that these mutations do 

indeed confer a growth advantage on the virus (Caliendo et a l  1995) in the absence 

of ZDV, although it is unclear why such mutations are not found in drug-naive 

patients. Other studies of the changes in mutation patterns on stopping ZDV 

monotherapy have shown that mutation at codon 215 is retained for long periods (>1 

year in some cases) after drug is withdrawn (Albert et a l  1992, Boucher et a l 

1993b).

What is still unclear from the present study, is the reason for the dissociation between 

changes in viral load and the appearance of drug resistance associated point mutations 

seen in ZDV monotherapy. Although de Jong et a l  (1995) have demonstrated some 

association of codon 70 mutation with the return to baseline of virus load, using the 

point mutation assay developed in this thesis, the association is not so strong as is 

seen with other compounds such as 3TC (Schuurman et a l  1995) or nevirapine 

(Richman et a l  1994).
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CHAPTER 8

COMPARISON OF GENOTYPIC RESISTANCE ASSAYED BY 

PMA WITH PHENOTYPIC RESISTANCE ASSAYED IN

CULTURE

8.1 INTRODUCTION

To monitor the clinical efficacy of drug therapies in HIV-1 infected subjects 

undergoing therapy a number of surrogate markers have been used in addition to 

direct observation of clinical benefits observed in the subjects. Such markers include 

measurements of CD4-i-ve lymphocyte count in peripheral blood, p24 antigenaemia, 

pro virus load in PBMCs and cell-free virus load in serum or plasma. Pro virus and 

cell-free virus loads can be measured directly by cultivation of the virus from 

isolated PBMCs or plasma to give a measure of infectious virus titre (Ho et a l 

1989). Alternatively virus loads can be estimated indirectly by quantification of 

proviral (DNA) and cell-free virus (RNA) genomes by molecular methods including 

quantitative PGR (Mulder et a l 1994), NASBA (van Gemen et a l  1994) and bDNA 

assays {C?iO et a l  1995a).

Reduced sensitivity of HIV-1 to the drug ZDV has been detected at the phenotypic 

level by in vitro culture of the virus in the presence of the drug (Larder and Kemp 

1989). This reduced sensitivity can be detected in virus isolated by cell culture from 

subjects undergoing therapy (Larder et a l 1989) and can be generated in vitro by 

culture of characterised laboratory virus stiains in the presence of gradually 

increasing concentrations of the drug (Larder et a l 1991b). The association of point 

mutations in the RT  gene of HIV-1 with reduced sensitivity to ZDV has been 

demonstrated (Laider et al. 1989, Kellam et a l  1992) and these mutations have been 

detected in subjects undergoing ZDV therapy by gene sequencing (Mayers et a l 

1992) and PGR based point mutation assays (Kaye et a l  1992) as described in 

chapter 6.
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The use of such indirect, PCR-based, molecular methods to measure drug efficacy 

and drug resistance (genotypic resistance) has a number of advantages over direct 

cell culture based methods (measuring phenotypic resistance), particularly when 

monitoring large numbers of clinical samples, such as are generated in large-scale 

diiig trials. Broadly, the advantages of PCR-based methods are:

1. They are much less labour intensive than culture based methods and give 

results in a shorter time period (days rather than weeks).

2. They ai*e less expensive, due mainly to the resultant lower labour costs.

3. They are generally safer since most methodologies involve the inactivation 

of the virus eaiiy in the procedures. In contrast culture based methods 

necessai'ily involve the replication of infectious virus to high titre. Such 

procedures are normally carried out in category 3 (P3) containment facilities, 

again adding to the cost of the work.

4. They are generally more sensitive, since the reported rates of virus detection 

by PGR are generally higher (close to 100% for PBMC proviral DNA) 

(Simmonds et a l 1990) than the rates of isolation by culture, thus allowing a 

greater proportion of clinical samples to be analysed. To maximise the rates of 

virus isolation by culture samples must be processed from freshly taken 

samples not from stored material (Brun-Vezinet et a l  1992). To facilitate this, 

indicator cell lines or negative donor PBMC cultures must be continuously 

available, as must staff qualified to cai*ry out the procedures. PCR-based 

methods can use stored clinical material successfully thus allowing easier 

scheduling of work and batch processing of clinical samples.

Nonetheless, the results provided by PCR based methods are only an indirect 

measure of virus load and drug resistance. Therefore, in an attempt to provide 

further validation of these techniques a cross-sectional sampling was made of 97 

subjects on the Concorde Trial (Concorde Coordinating Committee 1994) 67 on 

therapy, 30 on placebo. Samples were processed by cell culture and PCR based
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method in parallel and the results compared. Virus was cultured from PBMCs and 

plasma and the drug sensitivity of isolated viruses assayed phenotypically in a cell 

culture system. Aliquots of the same blood samples were analysed by quantitative 

PCR (DNA and RNA) and for resistance associated point mutations by the 

quantitative PMA described in Chapter 6. Further comparison of culture-derived 

drug resistance and resistance associated point mutations was provided by PMA 

analysis of cell-free virus RNA from cell culture supernatants post-phenotyping. 

Results of the compaiison of phenotypic and genotypic resistance assays are 

presented here.

The isolation of virus by cell culture was carried out in the laboratory of Professor 

Jonathan Weber, St. Mai'y's Hospital, London, U.K. and his kind permission to use 

the results generated by his laboratory in this thesis is gratefully acknowledged. The 

determinations of phenotypic drug resistance were carried out in the laboratory of 

Professor Don Jeffries, Department of Virology, St. Bartholomew's Hospital, 

London, U.K. and his kind permission to use the results generated by his laboratory 

in this thesis is gratefully acknowledged. This study was organised by the MRC HIV 

Clinical Trials Centre and permission from Dr Janet Darbyshire to use the data is 

gratefully acknowledged.

8.2 M ETHODS 

Subjects and samples

Whole blood samples were collected from 97 trial subjects (Table 8.2.1). Due to the 

loss of one clotted sample and one unclotted sample, RNA and DNA analyses were 

able to be performed on 96 subjects each and compared in 95.
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TABLE 8.2.1

Baseline characteristics o f study subjects

Sex: Male 94 (97%)

Female 3(3% )

Risk group: Homosexual contact 85 (88%)

Haemophil. / blood trans. 7(7% )

Heterosexual contact 3(3% )

IVDU 2(2% )

A.ge: Mean 34 years

SD 7.63 years

Median 33 years

p24 antigen: positive 7(7% )

negative 90 (93%)

CD4 -t-ve Mean (n = 90) 545.7

lymphocyte count: SD 220.2

(cells/mm^) Median 500

Samples for virus isolation were sent by courier to St. Mai'y's Hospital within two 

hours of venepuncture, being stored at 4°C in the interim, and processed for isolation 

within six hours of venepuncture. Samples for PCR studies at UCL were 

fractionated on Ficoll-paque within six hours of sampling, as described in Section 

2.2, and stored at -80°C until analysed.

Assay of zidovudine resistance bv culture

Phenotypic resistance of virus isolated from patient PBMCs was assayed as 

described previously (Brun-Vezinet et al. 1992). Viius was initially isolated from 

fractionated PBMCs, stored at -80°C, by co-cultivation, at a ratio of 1:1, with 

phytohaemagglutinin (PHA) stimulated normal-donor PBMCs. Culture supernatants 

were monitored for RT activity and supernatants collected at the peak of activity (14 

to 21 days) were used in the sensitivity assay. Dilutions of supernatant from neat to
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10'  ̂ in 1ml were mixed with 3ml of 2 x lOVml PHA stimulated normal-donor 

PBMCs for 2 hours at 37°C. The cells were washed twice and added in quadruplicate 

to microtitre wells containing ZDV to give final drug concentrations of 0, 0.025, 

0.05, 0.25, 1.25 and 6.25pM. Half the culture medium was changed on days 5, 7 and 

10 and the RT activity monitored in the supernatants harvested at these times. The 

virus titre (TCID^J was estimated in the wells containing no drug ( Kai'ber or Reed- 

Muench) and the drug sensitivity assayed by linear regression analysis (logit/log) at 

the peak of RT activity in the wells containing 100 TCIDj^. Resistance was defined 

as ICgQ > 0.3mM ZDV (Professor D. Jeffries, personal communication).

Detection and quantification of resistance-associated point mutations

PMA was carried out as described in Section 2.5 for mutations at codons 41, 67, 70, 

215 and 219 of the RT  gene.

8.3 RESULTS

Of 96 RNA samples available for genotypic analysis, 74 were successfully amplified 

by PCR and analysed by PMA. Of 96 DNA samples, 75 were amplified and 

analysed. Virus isolated by PBMC co-culture from 34 subjects and by culture of cell 

free plasma virus from 12 subjects was assayed for phenotypic resistance. The 

culture supernatants from 32 of the 34 PBMC isolates were made available for 

genotypic resistance analysis. Thus, a comparison was possible between PBMC and 

plasma virus phenotypes and PBMC DNA, plasma virus RNA and culture virus 

RNA genotypes.

Table 8.3.1 shows the results of the phenotypic (ICgJ and genotypic analyses of the 

34 subjects on whom PBMC isolates were made. The comparisons of phenotypic 

resistance and genotypic resistance in the three sample types analysed are illustiated 

in Figures 8.3.1 to 8.3.3. Table 8.3.2 shows the results for the 12 subjects from 

whom plasma virus was isolated and phenotyped.
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TABLE 8.3.1
Comparison o f  phenotypic resistance in isolates from PBMCs and genotypic resistance

ICo Codon 41 Codon 67 Codon 70 Codon 215 Codon 219

0 1 2 0 1 2 0 0 0

0 1 2 0 0 0 0 0 0

2 0 0 0 7 2 0 0 0

0 1 0 1 1 1 0 0 0

1 0 1 0 2 1 nr 0 0

0 1 0 0 0 1 0 0 1

0 0 2 1 1 1 0 0 0

2 0 0 0 2 0 0 1 I

T 0 ns 0 1 ns 0 nr ns

0 0 1 0 0 0 nr 0 0

0 2 0 0 2 1 0 0 0

0 0 1 0 7 1 0 0 0

0 2 2 1 1 2 0 0 0

1 0 0 0 i 0 0 0 0

0 1 1 1 1 1 0 0 0

0 7 42 1 1 0 0 0 0

76 0 92 2 1 81 0 0 0

97 96 96 1 1 2 0 0 0

ns 22 ns ns 1 ns ns 0 ns

96 90 99 82 61 31 92 84 96

99 ns 98 1 ns 1 0 ns 6

46 85 87 34 28 14 86 87 54

0 1 75 0 0 1 0 0 0

15 71 81 1 25 24 61 81 90

70 88 73 2 7 1 0 0 0

0 86 45 1 1 0 0 94 97

97 92 97 64 30 31 98 93 96

95 94 77 99 69 25 31 51 68

83 91 93 0 0 4 nr 98 100

0 0 4 100 95 98 0 0 0

to o 65 100 99 69 90 0 0 0

98 95 96 41 33 45 81 78 87

0 18 6 98 85 83 0 0 0

80 87 97 98 48 94 98 59 97

0 .024

0 .024

0.025

0.027

0.028

0.035

0 .040

0.042

0 .044

0 .047

0 .080

0.105

0 .138

0.145

0 .170

0.403

0 .460

0 .520

0 .550

0.665

0.685

0.700

0.800

0.880

0.920

1.725

1.850

2.033

2.220

3 .100
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>6.250
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0
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0
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0

0

0
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0

0

0

0

0
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0

0

0

0

0

0
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7
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0 0 

1 0  
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0
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0

0

0

0

0

0
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0

0

0

0

2

0

0
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ns 

6 

0 

8 

1 

0 

0

2 

4 

27 

24 

100

2

8

100

0

0

0

2

0

0

0

0

0

0

0

0

00

0

0

0

0

0

0

ns

69

100

4

0

12

2

0

94

28

0

93

0

0

0

1

83 

ns 

1 1 

0 

60 

59 

27 

47

100 43

97 77

1 0 

100 77

50

0

0

0

0

0

0

0

0

0

ns

0

0

0
0

0
0
0
0

0

ns

97

12

6

4

100
2

100
100
38

99

0

87

54

0

28 100

Serum virus RNA, PBMC proviral DNA, culture virus RNA 
Shading = phenotypic resistance 
ns = no sample 
nr = no reaction (see text)
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TABLE 8.3.2
Comparison o f phenotypic resistance in isolates from plasma and genotypic resistance

IC Codon 41 Codon 67 Codon 70 Codon 215 Codon 219

0.023

0 .024

0.025

0 .044

0.050

0.084

0.400

0.680

1.600

4.500

>6.250

>6.250

2

nr

0

ns

0

1

3

35

0

0

0

0

0

0

10

1IX* 87 

1 0

0

80

0

95

0

0

ns

ns

0

0

8

ns

100
8

0

ns

0 

0 

0 

11 s 

0 

0 

4 

I 1 

0 

28 

93 

0

0 

0 

0 

0 

0 

0 

1 1 

16 

0

50

0

0

ns

ns

0

0

6

ns
0

54

28 100 

0 ns

ns
0

0

46

88

0

98

80

?

0

0

0

0

I

0

85

89

18

95

87

5

2

1

ns 

II s 

0 

1

87

ns

6

96

97 

ns

0

0

ns

0

0

34

23

98

41

98

79

1

2

1

0

0

2

28

20

85

33

48

97

1

1

ns

ns

1

1

14

ns

83

45

94

ns

0

nr

0

ns

0

0

86

0

0

81

98

nr

0

0

0

0

0

0

87

0

0

78

59

nr

0

0

ns

ns

I

0

54

ns

0

87

97

ns

Serum virus RNA, PBMC proviral DNA, culture virus RNA 
Shading = phenotypic resistance 
ns = no sample 
nr = no reaction (see text)

Both tables rank the samples in ascending order of phenotypic ZD V resistance. The 

designated cut-off between phenotypic drug sensitivity and resistance was set at 

= 0 .3pM  ZDV.

In the isolates from PBM Cs no genotypic resistance was found in any analyte in the 

15 subjects who were designated as phenotypically drug sensitive. O f the 19 

phenotypically drug resistant subjects, all were genotypically resistant when assayed 

in the culture fluid RNA. H owever three subjects (IC^^ = 0.403, 0.800 and 1.725) 

had no evidence o f genotypic resistance in serum virus RNA and two subjects (IC,„, 

-  0 .460 and 0.800) showed no genotypic resistance in PBM C proviral DNA. The 

phenotypic resistance detected in virus isolated from plasma (six sensitive, six 

resistant) correlated exactly with the genotypic resistance seen in all three analytes.
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The Pearson correlations of phenotypic drug resistance in the 34 samples isolated 

from PBMCs with PBMC proviral DNA, serum virus RNA and culture fluid virus 

RNA, at the five codons analysed is shown in Tables 8.3.3 a, b and c.

The Spearman rank correlations between proportions of mutant sequences at the five 

codons in PBMC proviral DNA, serum virus RNA and culture virus RNA are shown 

in Table 8.3.4 for those subjects where a result was available from both genome 

sources.

TABLE 8.3.3a

Correlation o f phenotypic ZDV resistance (PBMC) and genotypic resistance in 

serum virus RNA

Mutation Number studied Pearson correlation 

coefficient (log IC^J

Significance (p =)

Codon 41 32 0.38 0.03

Codon 67 33 0.56 0.0007

Codon 70 33 0.63 0.0001

Codon 215 33 0.68 <0.0001

Codon 219 30 0.48 0.008

TABLE 8.3.3b

Correlation o f phenotypic ZDV resistance (PBMC) and genotypic resistance in 

PBMC proviral DNA

Mutation Number studied Peai'son correlation 

coefficient (log ICĝ )

Significance (p =)

Codon 41 33 0.38 0.03

Codon 67 33 0.58 0.0004

Codon 70 33 0.71 <0.0001

Codon 215 33 0.67 <0.0001

Codon 219 32 0.54 (1001
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TABLE 8.3.3c

Correlation o f phenotypic ZDV resistance (PBMC) and genotypic resistance in 

culture virus RNA

Mutation Number studied Pearson correlation 

coefficient (log ICgo)

Significance (p =)

Codon 41 32 0.46 0.009

Codon 67 32 0.61 0.0002

Codon 70 32 0.73 <0.0001

Codon 215 32 0.66 <0.0001

Codon 219 32 (158 0.0006

TABLE 8.3.4

Correlation between genomic resistance in PBMC proviral DNA, serum virus RNA

and culture virus RNA

PBMC proviral DNA v PBMC proviral DNA v Serum virus RNA v

serum virus RNA culture virus RNA culture virus RNA

Codon number SRCC’ 99%CI= number SRCC 99% Cl number SRCC 99% Cl

41 67 0.46 0.18-0.68 31 0.54 0.12-0.80 31 0.51 0.07-0.78
67 68 0.71 0.51-0.83 31 0.80 0.55-0.92 32 0.75 0.46-0.90
70 69 0.73 0.54-0.84 31 0.73 0.42-0.89 32 0.74 0.43-0.89
215 69 0.62 0.38-0.78 31 0.68 0.34-0.87 32 0.71 0.38-0.88
219 64 0.72 0.52-0.85 30 0.95 0.87-0.98 29 0.78 0.50-0.92

Speai'man rank correlation coefficient
2
99% confidence interval. All correlations were highly significant (p<0.0005)

The levels of phenotypic and genotypic resistance associated with time on therapy 

are shown in Table 8.3.5. Of 11 ZDV naive subjects none showed evidence of 

phenotypic or genotypic resistance. Two of eight subjects treated for less than 2.5 

years (range 0.88 to 2.46 years) were genotypically and phenotypically drug 

sensitive and two of 15 treated for greater than 2.5 years (range 2.51 to 3.57 years) 

were dru» sensitive.
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TABLE 8.3.5

Acquisition o f phenot)^pic and genotypic resistance during zidovudine therapy

IC„ Codon 41 Codon 67 Codon 70 Codon 215 Codon 219
RNA DNA RNA DNA RNA DNA RNA DNA RNA DNA

Zidovidine naive
0.024 1 0 0 1 0 1 0 1 0 0
0.025 0 0 2 0 2 0 0 2 0 0
0.027 0 0 0 0 0 1 1 1 0 0
0.042 0 0 0 0 2 0 0 2 1 0
0.044 0 0 0 0 2 0 0 1 0 0
0.047 0 0 0 2 0 0 0 0
0.080 0 0 0 0 0 2 0 2 0 0
0.105 0 0 0 2 0 0 0 2 0 0
0.138 0 0 1 2 0 2 1 1 0 0
0.145 0 1 0 0 1 0 0 1 0 0
0.170 0 0 0 2 0 1 1 1 0 0

0 -2 .5  years therapy
0.035 0 0 0 0 0 1 0 0 0 0
0.040 2 1 0 0 0 0 1 1 0 0
0.460 5 0 0 0 76 0 2 1 0 0
0.550 0 1 22 1 0
0.685 7 100 99 1 0
0.700 3 0 4 11 46 85 34 28 86 87
0.920 0 0 2 59 70 88 2 7 0 0

> 6.250 0 0 93 28 98 87 98 48 98 59
>2.5 years therapy

0.024 0 0 0 2 0 1 0 0 0 0
0.028 0 0 0 1 0 0 2 0
0.403 0 0 0 0 0 7 1 1 0 0
0.520 0 0 0 0 97 96 1 1 0 0
0.665 13 0 69 83 96 90 82 61 92 84
0.800 0 0 0 0 0 1 0 0 0 0
0.880 0 0 12 60 15 60 25 1 61 81
1.725 0 0 0 27 0 86 1 1 0 94
1.850 i) 0 94 47 97 92 64 30 98 93
2.033 0 1 100 43 95 94 99 69 31 51
2.200 8 7 97 77 83 91 0 0 98
3.100 100 69 1 0 0 0 100 95 0 0
3.625 0 0 100 77 100 65 99 69 0 0
4.205 1 0 28 50 98 95 41 33 81 78
5.700 100 87 0 0 0 18 98 85 0 0

RNA = serum virus RNA, DNA = proviral PBMC DNA
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8.4 DISCUSSION

There are a number of advantages to the use of genotypic methods for the evaluation 

of drug resistance during antiretroviral therapy. Since, however, genotypic analysis 

provides only an indirect measure of drug resistance it is necessary to demonstrate 

the relationship between genotypic and phenotypic resistance. This relationship has 

been shown previously in vitro for virus isolates adapted for growth in culture and 

for virus strains genetically manipulated by site-directed mutagenesis to contain 

resistance associated mutations (Larder and Kemp 1989, Larder et a l  1991). The 

present study was designed to determine if the relationship between genotypic and 

phenotypic resistance holds true for viruses isolated directly from clinical samples 

taken from subjects undergoing ZDV monotherapy.

Genotypic analysis has been performed directly on viral sequences isolated from 

clinical material without prior virus cuiture. Tables 8.3.1 and 8.3.2 show a generally 

good correlation of PMA analysis with phenotypic resistance. Point mutations were 

not observed in any subject in whom phenotypically drug sensitive isolates could be 

found. Point mutations were observed in the majority of subjects from whom 

phenotypically resistant viruses were isolated. There were some instances, however, 

in which mutations were not detected in either serum virus RNA or PBMC derived 

proviral DNA, although in only one subject were mutations not detected in either 

analyte.

The concordance between genotypic resistance and phenotypic resistance for virus 

isolated from plasma was better than for virus isolated from PBMCs, although the 

numbers were smaller. No drug sensitive virus isolates from plasma had detectable 

mutations in plasma virus RNA, PBMC DNA or in culture supernatant post- 

phenotyping. All resistant isolates had resistance associated mutations at two or 

more codons, generally to a high proportion of mutant sequence. The greater 

concordance between plasma isolates and genotypic resistance may reflect 

differences in the range of phenotypes and genotypes represented in plasma virus 

and PBMC virus. The divergence between genotypes seen in PBMC proviral DNA 

and plasma virus RNA is explored further in Chapter 11.

Since mutations were detectable in all RNA samples isolated from cell culture 

supernatants post-phenotyping it may be concluded that phenotyping by culture of
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the virus isolate in the presence of ZDV has resulted in the selection and 

proliferation of the drug resistant strains in culture. It is likely that the selected 

strains constituted a small sub-population of the virus in the clinical sample and that 

this sub-population was too small a proportion to be detected by PMA, that is less 

than 2% of the total viral genomic sequences present. In some cases, therefore, 

phenotypic cell culture methods may provide a more sensitive method for the 

detection of drug resistance and give an earlier indication that drug resistance virus 

strains are beginning to emerge in the treated subject. The present study found no 

phenotypic resistance in ZDV-naive subjects, suggesting that the resistance that is 

detected has arisen in vivo rather than being generated artificially in vitro during the 

phenotyping process.

The compaiison of phenotypic and genotypic resistance also suggests that the five 

mutations analysed are responsible for all of the drug resistance seen in the present 

study, since, when analysed in the cell culture supernatant, no resistant stiains were 

observed which did not contain one or more of the five mutations. Although other 

mutations have been associated with ZDV resistance, none have been demonstrated 

to result in phenotypic resistance when assayed in in vitro culture systems.

The emergence of increasing levels of ZDV resistance, phenotypic and genotypic, 

with time on therapy, as shown in Table 8.3.5, is predictable and has been 

previously described (Boucher et al. 1992).

Since the use of PCR based methods to monitor drug resistance was first proposed 

by Lai'der and Kemp (1989) such methods have been used increasingly in the 

virological evaluation of antiretioviral therapies, both monotherapies and 

combination therapies (Boucher et a l 1992, Holodniy et a l  1995). Alternatives to 

the PMA method evaluated in the present study include the use of selective PCR 

(Newton et a l 1989) using oligonucleotide primers mismatched at the 3'-terminus 

and bulk automated sequencing (Larder et <7/. 1993, Wei et a l  1995). Selective PCR 

suffers from the disadvantages of being unable to quantify the proportions of mutant 

and wild-type sequence in a given sample, and the frequent generation of non

specific PCR products. As a consequence there is a lack of confidence in the results 

of this method since it is not possible to distinguish a true mutant or wild-type sub

population at low level from aitifactual generation of non-specific PCR products. 

The quantitative PMA described here overcomes this problem as the level of mutant
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sub-population considered to be significant can be set by the investigator. The use of 

bulk automated sequencing can identify mutant sub-populations accurately, but only 

down to a level of approximately 25%.

In conclusion, the use of genotypic detection of resistance in ZDV therapy offers a 

useful and practical alternative to cell culture based methods. The assay evaluated in 

this study can be applied to viral sequences isolated directly from clinical samples 

without prior isolation in cell culture. Earlier detection of the emergence of drug 

resistance may be possible by cell culture methods, due to the selective outgrowth of 

resistant strains cultured in the presence of drug. However, the use of genotypic 

resistance detection should ideally be used in conjunction with phenotyping in the 

study of antiretroviral therapies, since the emergence of drug resistance by 

alternative mutational pathways remains a possibility. This is of paiticular 

importance when monitoring resistance in combination therapy trials, as mutation to 

resistance to one drug can result in sensitization to a second compound. 

Furthermore, the combination of mutations associated with resistance to different 

drugs may result in the generation of a virus strain with reduced replication kinetics 

(Chow et o l  1993a). Hence, in such circumstances, the virus may find an alternative 

genetic route to evolve resistance to one or more drugs used in combination, which 

would not be identified by PMA.
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CHAPTER 9

APPLICATION OF THE POINT MUTATION ASSAY TO A 

CASE-CONTROL STUDY OF DISEASE PROGRESSION IN 

CONCORDE TRIAL PATIENTS

9.1 INTRODUCTION

As demonstrated in the analysis of serial samples taken from patients on open ZDV 

therapy, described in Chapter 7, it is difficult to establish an association between the 

emergence of drug resistant virus strains and changes in serum virus load and CD4+ve 

cell count. Certainly the emergence of ZDV resistant virus strains occurs slowly, even 

in subjects with advance HIV disease (Larder et a l  1989, Richman et a l  1990), 

whereas the return to pre-therapy levels of viraemia and CD4+ve cell count is seen 

after approximately six months of ZDV monotherapy, even in asymptomatic subjects 

(Concorde Coordinating Committee 1994, Loveday et a l 1995).

Previously, it has been reported that disease progression can be associated with a 

number of biological and virological markers, such as p24 antigen levels (de Wolf et 

a l  1987), plasma virus load (Ho et a l  1989, Piatak et a l  1993), CD4+ve cell count 

(de Wolf et a l  1989) and the presence of syncytium-inducing (SI) virus strains 

(Tersmette e/a/. 1988).

To establish whether there is an association between the emergence of ZDV resistant 

virus strains and disease progression a case-control study using samples collected 

from Concorde Trial subjects was carried out. Samples were analysed from 

progressors and non-progressors to AIDS matched for time on therapy, CD4+ve cell 

count and p24 antigen status at the start of therapy. Point mutations associated with 

ZDV resistance were assayed in cell-free viral RNA extracted from virus purified by 

immunocapture from stored serum samples collected at, or up to three months before, 

disease progression. Mutations were assayed in pre-treatment samples to ensure the 

absence of significant levels of pre-existing mutations. Serum samples were assayed
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for viral load by quantitative reverse transcribed PCR to look for an association with 

disease progression.

9.2 METHODS AND MATERIALS

Patients

Cases were subjects receiving ZDV therapy who had progressed to an AIDS defining 

illness and who were sampled pre-therapy and 0 to 3 months before progression to 

AIDS. Controls were matched to cases for time on therapy, p24 antigen status and 

CD4 4-ve lymphocyte count at the commencement of therapy. Samples were analysed 

from 21 cases and matched controls and six unmatched cases.

Point Mutation Assay

Purification of virus by immunocapture, reverse transcription and PCR amplification 

of the viral RNA and assay of the level of point mutation at five codons of the RT 

gene were carried out as described in Section 2.5 and Chapter 6.

Viral load Measurement

Levels of viral RNA in serum were measured by quantitative reverse transcribed PCR 

as described in Section 2.4.

Statistical Analysis

Statistical analysis of the results was performed by Abdel Babiker and Bahrat Thakrar 

(MRC Clinical Trials Centre, Mortimer Market Centre, UCL, London) and is 

gratefully acknowledged.
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9.3 RESULTS

The levels of point mutations at the five R T  codons associated with ZDV resistance 

(codons 41, 67, 70, 215 and 219) in samples from 21 pairs of progressors (cases) and 

non-progressor (controls), taken 0 to 3 months before progression, are shown in 

Table 9.3.1. None of the samples taken pre-therapy from cases and controls had 

detectable pre-existing resistance mutations (ie. all had 2% or less mutation levels at 

codons 41, 67, 70 and 219 and 4% or less at codon 215). The mutation and viraemia 

levels in the six unmatched cases are shown in table 9.3.2.
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TABLE 9.3.1

Levels o f  resistance associated ZDV resistance mutations and serum virus RNA load 

in paired cases and controls.

Pair
Number

Case/
Control

Codon
41

Codon
67

Codon
70

Codon
21 5

Codon
2 1 9

RNA
copies/ml

1 C 77 4 1 99 0 260
Con 0 0 0 100 0 800

2 C 1 0 2 36 0 8020
Con 0 0 95 100 36 60

3 C 2 5 66 22 0 600
Con 0 0 53 9 0 40

4 C 100 78 1 99 1 320
Con n a ' NA NA NA NA 40

5 C 100 0 10 100 0 12780
Con 75 0 2 99 0 240

6 C 100 100 86 69 0 380
Con 1 100 58 47 40 180

7 C 4 4 89 13 0 60
Con 0 0 93 3 0 220

8 C 100 0 31 98 0 120
Con 100 0 2 98 0 220

9 C 0 NR- 2 0 0 2760
Con 0 100 10 99 87 100

10 C 73 100 96 99 50 160
Con 5 13 91 5 58 60

11 C 0 100 91 100 85 2720
Con 0 0 36 8 0 420

12 C NA NA NA NA NA 2180
Con 5 0 0 40 2 40

13 C 0 NR 99 13 0 <20
Con 1 0 44 14 0 40

14 C 20 0 87 30 2 <20
Con 6 0 60 43 90 40

15 C 99 0 1 97 0 540
Con 0 99 85 2 1 80

16 C 100 0 6 98 0 200
Con 12 31 94 2 0 280

17 C 2 0 9 0 0 100
Con 3 0 91 0 0 80

18 C 98 100 93 99 0 140
Con NA NA NA NA NA <20

19 C 5 42 0 80 0 240
Con 65 0 34 99 0 2120

20 C 100 1 0 100 0 3740
Con 2 10 80 27 0 100

21 C 100 0 0 97 99 600
Con 95 7 0 99 14 340

^NA = no amplification i.e. sample could not be analysed due to failure to amplify in 

PCR

NR = no result i.e. no signal was obtained in PMA.
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TABLE 9.3.2

Levels o f  resistance associated ZDV resistance nmtations and serum virus RNA load 

in unmatched cases

Case Codon Codon Codon Codon Codon RNA
41 67 70 215 219 copies/ml

A 100 0 95 100 0 120
B 50 90 99 46 48 3480
C 98 10 71 100 0 2360
D 100 3 1 98 0 20
E 0 67 12 100 96 40
F 100 37 1 99 0 60

The mean, standard deviations (sd), median and inter-quartile ranges (Q1-Q3) of 

viraemia levels and proportions of mutant sequence at each codon are shown in Table 

9.3.3. Statistical comparison of plasma RNA levels and the proportions of mutant 

sequence at each codon was made between cases and controls using a Wilcoxson 

matched pair test. The six additional unmatched cases were paired with controls and 

included in the analysis to increase the levels of significance.

The only parameter to achieve a significant association with disease progression was 

the proportion of mutant sequence at codon 41 (p = 0.006). Mutation at codon 215 

(p = 0.09) and plasma viraemia (p = 0.06) showed a weak, but not statistically 

significant association with disease progression.

Table 9.3.4 shows the odds ratios of disease progression being associated with plasma 

virus load or with mutation at one of the codons analysed. Again, only mutation at 

codon 41 was significantly associated with disease progression, showing an increased 

risk of progression of 2.2% for every 1% of mutant sequence acquired.
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TABLE 9.3.3

Statistical analysis o f  differences between cases and contj'ols by Wilcoxon paired test

Cases Controls p-value^
Codon 41 (%) 
mean (sd) 
median 
Q3-Q1 
N

58 8 (46 1) 
8T5
100-2
26

19.5 (34.8)
2
1 2 - 2
19

0.006

Codon 67 (%) 
mean (sd) 
median 
Q3-Q1 
N

30.9(41.2)
4
7 3 - 0
24

18.9(36.7)
0
1 3 - 0
19

0.2

Codon 70 (%) 
mean (sd) 
median 
Q3-Q1
N

40.3 (42.9)
11
89- 1 
26

48.8 (37.7)
53
91 -2  
19

0.7

Codon 215 (%) 
mean (sd) 
median 
Q3-Q1
N

72.8 (37.6) 
98
9 9 - 3 6
26

47.1 (43.1) 
40
9 9 - 5
19

0.09

Codon 219 (%)
mean (sd) 
median 
Q3-Q1 
N

14.7(31.9)
0
1 -0  
26

17.3 (30.2) 
0
3 6 - 0
19

0.5

RNA 
mean (sd) 
median 
Q3-Q1
N

1556(2877)
260
2360 - 100 
27

275 (472)
100
260 - 50 
20

0.06

 ̂p-values from Wilcoxon test (null hypothesis: median for cases = median for controls)
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TABLE 9.3.4

Odds ratio o f  a case associated M>ith mutation level 

(Unmatched univariate analysis)

Mutation Odds ratio p-value

Codon 41 1.022 0.007

Codon 67 1.008 0.300

Codon 70 0 990 0.500

Codon 215 1.020 0.040

Codon 219 0.997 0 800

RNA load 1.001 0.085

Table 9.3.5 shows the frequencies of detection of the M41L mutation in cases and 

controls and the mean proportions of mutant sequence at this codon. Table 9.3.6 

shows that mutation at codon 41 occurs in combination with mutation at codon 215 

in all but one instance, in both cases and controls, and then only to a level of 12% 

mutant sequence. In contrast the T215F/Y mutation is frequently found in the absence 

of M41L, being seen in 12 of 45 subjects (27%) in this study. Hence, although only 

mutation at codon 41 has been found to be significantly associated with disease 

progression, it is generally only found in combination with mutation at codon 215, not 

as a single mutation, even though codon 215 was not associated with disease 

progression in this study.

TABLE 9.3.5

Frequency and levels o f  codon 41 mutations in cases and controls

Frequency of Mean mutation level

mutations

Cases 19/26 (73%) 58.8% (sd = 46.1)

Controls 8/19 (19%) 19.5% (sd = 34.8)
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TABLE 9.3.6

Coïncidence o f  mutation at codons 41 and 215 (cases and conti'ols)

Mutation Frequency

Codons 41 and 215 26M5

Codon 41 only 1/45^

Codon 215 only 12/45

no mutation at codons 41 and 215 6/45

4 o  12% only

9.4 DISCUSSION

As discussed in Chapter 7, the direct association of the emergence of drug resistant 

virus strains with changes in plasma viraemia, changes in CD4+ve cell count and 

disease progression is difficult to establish when analysing serial samples from ZDV 

treated patients. This is in contrast to the situation seen with subjects undergoing 

monotherapy with 3TC and non-nucleoside RT inhibitors such as nevirapine. In such 

trials the emergence of virus strains with high levels of drug resistance is very rapid (< 

4 weeks) and correlates well with a return to baseline levels of plasma viraemia and 

CD4+ve cell count (Schuurman et a l 1995, Richman et a l  1994).

The present study describes a case-control study of asymptomatic subjects receiving 

ZDV monotherapy in the Concorde Trial. Cases (progressors to AIDS) and controls 

(non-progressors) were matched for p24 antigen status and CD4+ve cell count at the 

start of therapy and time on therapy when the samples analysed were taken, which 

was up to three months before time of progression. None of the cases or controls had 

detectable resistance mutations in samples collected at the start o f therapy.

The only statistically significant association of mutation with progression was seen 

with the M41L mutation. There was a weak, though not statistically significant, 

association of the T215F/Y mutation and serum virus load with progression. In only 

one instance was the M41L mutation detected in the absence of a mutation at codon 

215.
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The association of mutations in the R T  gene of HIV-1 with phenotypic drug 

resistance has been demonstrated by the introduction, by site-directed mutagenesis, of 

the mutations into a wild-type, drug sensitive, infectious molecular clone (Larder and 

Kemp 1989, Kellam et al. 1992). Thus it was possible to assign levels of phenotypic 

drug resistance with single and combined mutations. The mutation at codon 215 

(T215F or T215Y) is the single mutation giving the largest increase in phenotypic 

resistance, resulting in a 16-fold increase in resistance. The addition of the M41L 

mutation into a codon 215 mutant background gives a high level of phenotypic 

resistance, in the order of 60 to 70-fold. Mutation at codon 41 alone gives only a 

four-fold level of resistance. As described previously (Boucher et a/. 1993a), and as 

seen in the patients analysed in Chapter 7, the mutation at codon 215 commonly 

arises before that at codon 41 during ZDV therapy. This observation is confirmed in 

the present study, and suggests that the association of disease progression with 

acquisition of M41L results from the increased phenotypic resistance resulting from 

the addition of this mutation to a mutant codon 215 background.

Previously, the two studies showing the strongest association of ZDV resistance with 

disease progression have been made in children receiving ZDV monotherapy. Tudor- 

Williams et #7(1992) showed a significant association of phenotypic drug resistance 

with disease progression in a cohort of 23 children receiving ZDV (p < 0.001). 

Principi et al. (1994) found disease progression in 10 of 10 children receiving ZDV 

monotherapy who had developed codon 215 mutations, whereas none o f nine without 

such mutations showed disease progression. This study did not look for mutation at 

codon 41. A study by Bach (1990) suggested an association o f progression with 

resistance in a group of six patients treated with ZDV who switched to ddl therapy 

and showed rapid clinical improvements.

A study by de Jong et al. (1995), using the PMA methodology developed in this 

thesis, demonstrated that part of the return to baseline of virus load (that occurring 

between three and six months after the start of therapy) was due to the outgrowth of 

virus strains containing the K70R mutation. However the initial phase of virus load 

rebound (seen between one and three months) could not be attributed to the effects of 

this mutation and was proposed to be due to other pharmacokinetic or viral growth 

dynamic effects.
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As was noted in the introduction, a number of other virological and biological factors 

have been associated with disease progression. The problem with these studies, as 

with the present study, is establishing a causal relationship with progression. In 

particular, it is difficult to prove whether virological factors such as SI phenotype or 

drug resistance precede increases in virus load (although this was only weakly 

associated in the present study). Thus it is difficult to demonstrate whether the change 

in viral characteristic (SI phenotype, drug resistance for example) results from an 

increased virus turnover, or the increased virus turnover results from a change in virus 

phenotype. The case-control design of the present study, coupled with only a weak 

association of progression and virus load, suggests that the development of drug 

resistance may be a cause rather than an effect of progression due to increased virus 

turnover. The relationship of the emergence of drug resistance and viral dynamics will 

be discussed further in Chapters 11 and 12.

As described in Chapter 8, the use o f genotypic analysis of virus isolates gives only an 

indirect measure of drug resistance, although the relationship between genotypic and 

phenotypic resistance was demonstrated to be very strong in that study. However, the 

benefit o f using genotypic analysis, as in the present study, is the avoidance of virus 

strain selection that is likely to arise from virus culture. In addition, the proportion of 

samples which can be analysed by PCR based methods is high (>90%) compared to 

culture based methods, particularly when analysing cell-free plasma virus. Thus the 

bias introduced by the use of PCR based genotypic analysis is limited and the 

association described in this study may give a good indication that the development of 

ZDV resistance can significantly contribute to disease progression.
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CHAPTER 10

ZIDOVUDINE RESISTANCE-ASSOCIATED POINT 

MUTATIONS IN HIV-I FROM CEREBROSPINAL FLUID AND 

PLASMA

lO .l INTRODUCTION

HIV-1 is present in the central nervous system (CNS) soon after primary infection 

and throughout the course of HIV disease (Shaw et al. 1985, Ho et a l 1985, Levy et 

a l  1985). Neurological disease, caused either by HIV-1 itself or by other 

opportunistic infections, is a common manifestation of AIDS (Navia et a l 1986, 

Gallo et a l  1988). The presence of cell free virus detected by virus culture (Shaw et 

a l  1985), PCR (Goswami et a l  1991a, Shaunak et a l  1990) and of intrathecally 

synthesised IgG (Goswami et a l 1991b, Resnick et a l  1985) suggests that active 

replication of the virus is taking place within the CNS.

ZDV has been shown to penetrate the CNS (Klecker et a l  1987) and clinical 

improvements in neurological function following ZDV therapy have been 

demonstrated in clinical trials (Allworth and Kemp 1989, Brunetti et a l  1989). 

Reduced sensitivity of the virus to the drug has been observed after prolonged 

treatment (Larder et a l 1989) and the phenotypic drug resistance seen in cell culture 

systems has been associated with point mutations in the reverse transcriptase {RT) 

gene at codons 41, 67, 70, 215 and 219 (Larder and Kemp 1989, Kellam et a l

1992). The evolution of these mutations during ZDV therapy has been demonstrated 

in vivo in HIV-1 sequences derived from PBMCs (Boucher et a l  1992; Chapter 7). 

The present study looked for the presence of resistance-associated mutations at the 

five codons, in cell-free virus RNA extiacted from paired samples of cerebrospinal 

fluid (CSF) and plasma collected from patients who presented with acute 

neurological dysfunction and previous ZDV experience.

Viral RNA, extiacted from HIV-1 purified by affinity capture on anti-gpl20 coated 

latex, was reverse transcribed, amplified in a nested PCR and the mutations assayed
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by PMA. The pattern and frequency of the drug resistance associated mutations were 

correlated with clinical and laboratory diagnoses.

10.2 METHODS AND MATERIALS 

Patients

All 18 patients had CDC stage IV disease, previous exposure to ZDV and had been 

admitted to a specialist in-patient unit for investigation of possible neurological 

disease. Clinical features, neurological diagnoses, CDC disease stage and drug 

therapy of patients are given in Table 10.2.1.

Duration of prior therapy with ZDV varied from 5 to 164 weeks.Three patients were 

still taking ZDV at the time of sampling, the rest had stopped treatment between 2 

and 92 weeks previously. Before the time of sampling one patient (L) had switched 

to ddl therapy for 14 weeks after stopping ZDV and one (J) to ddC for 51 weeks.

Samples

Aliquots of CSF, taken for routine laboratory investigation, were centrifuged for one 

minute at 20,000g in a microfuge to remove debris and cellular material and stored 

at -80°C prior to assay. Plasma samples, taken at the same time and sepaiated from 

heparinised blood, were also stored at -80°C.

Point mutation assay

Virus was purified from plasma and CSF samples by affinity capture on anti-gpl20 

coated latex, as described in Section 2.3. Point mutations were assayed as described 

in Section 2.5.

Integrity of the blood -brain barrier

Blood-brain barrier integrity was established by assaying levels of albumin in the 

paired CSF and plasma samples in a radial immunodiffusion assay (RID) as
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described in Section 2.6. A CSFrplasma albumin ratio < 0.0074 was considered to 

represent an intact blood-brain barrier (Tibbling et a l  1977).

TABLE 10.2.1

Clinical details o f study subjects

Subject Disease

stage

Weeks on 

ZDV

Weeks 

off ZDV

CD4 + cell 

count'

Neurological diagnosis

A 4B 5 12 80 HIV encephalopathy

B 4C1/D 9 80 10 HIV encephalopatliy

C 4C1/D 12 2 30 HIV encephalopatliy, sinusitis, 

peripheral neuropatliy

D 4C1 20 32 na" Cerebral toxoplasmosis, CMV retinitis

E 4C1 22 50 na HIV encephalopatliy, self-limiting 

headache

F 4C1/B/D 26 28 10 HSV encephalopathy

G 4B 37 18 20 HIV encephalopatliy

H 4C1 45 56 10 HIV encephalopatliy

J 4D/4C1 52 51 na Cryptococcal meningitis

K 4C1/D 54 36 na CMV retinitis

L 4C1/B 57 14 40 HIV encephalopatliy, cerebral 

toxoplasmosis

M 4C1/D 58 32 10 HIV encephalopatliy

N 4A 60 0 40 HIV encephalopatliy, disseminated 

Hodgkins lymphoma

P 4C1/B 62 56 10 HIV encephalopathy

Q 4C1 68 0 na HIV encephalopathy, CMV retinitis

R 4A 80 0 340 Brachial flexopatliy, self-limiting 

headache

S 4C1 145 92 40 HIV encephalopatliy

T 4C1/B 164 5 30 HTV encephalopathy

’CD4 -h lymphocyte count at time point nearest to sampling date (cells/ mm^). 

^na = no count available
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10.3 RESULTS

Results of the assays for the five point mutations assayed in samples from 18 

patients aie given in Table 10.3.1. All patients had intact blood-brain barriers (CSF; 

plasma albumin ratio < 0.0074) and although this is an unusual finding in such a 

group of patients, it should be noted that only three (D, J and L) had evidence of 

CNS infections other than HIV itself. Resistance associated mutations were found in 

all subjects. In three subjects (B, D and E) the proportion of mutant sequence was 

low (<10%) in only one or two codons. The proportion of mutant sequence could 

not be determined in three instances (codons 41 and 219 - subject G, codon 67 - 

subject R) as the assay gave neither a wild-type or mutant signal. Such a result has 

been previously shown to result from a probe/target mismatch (discussed in Chapter 

6).

In the 18 CSF samples analysed 33 resistance associated mutations were detected 

and 38 mutations were detected in the paired plasma samples. The association of the 

detection of mutations in paired samples was analysed in a Fisher's exact test and the 

significance levels are shown in table 10.3.2.

TABLE 10.3.2

Association o f detection ofrnutations in viral RNA extracted from  paired samples o f 

CSF and plasma.

Mutation CSF +ve' CSF +ve CSF -ve CSF -ve Statistical

plasma +ve plasma -ve plasma +ve plasma -ve significance^

codon 41 8 2 1 6 p < 0.01

codon 67 4 0 0 13 p < 0.01

codon 70 4 0 2 12 p < 0.01

codon 215 14 0 2 2 p < 0.05

codon 219 1 0 1 15 not significant

all codons 31 2 6 48 p < 0.0001

'number of samples with > 2% mutant sequence 

"Statistical significance in Fisher's exact test
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T A B L E  10.3.1

Analysis o f point imitations in viral RNA extracted from paired samples o f plasma and CSF.

t o
'Ol

Subjccl Weeks Weeks 
on olT

ZDV ZDV

Codon 41* Codon 67* Codon 70* Codon 215* Codon 219*

A
B
C
D
E
F
G
H
J
K
L
M
N
P
Q
R
S
T

5
9
12
20
22
26
37
45
52
54
57
58 
60 
62 
68 
80 
145 
164

12

80
2

32
50 
28 
18 
56
51 
36 
14 
32 
0

56
0
0

92
5

C SF Plasma CSE Plasma CSE Plasma CSE Plasma CSE Plasma
2
2
0
0
0
3

NR
85
76
100
0
0
Î6
100
99 
79 
27
100

0
0
0
0

NR
100
0
89
0

34
94
100
100
81
87
99

0
0
0
0
0
0
0
0

94
97
0
0
0

100
0

NR
0
8

0
0
0
1
0
0
0
0

93
96
0
0
0

91
1

NR
0

0 0 25 15 0 0
2 4 2 2 0 0
0 0 90 0 0
1 2 2 4 0 0
2 3 # # # # 0 0
0 0 83 41 0 0
0 0 17 100 NR NR
0 0 99 99 0 0

60 64 99 100 92 88
100 97 99 81 0 0

1 1 2$ 98 0 0
1 1 5 5 9 0 80
0 2 97 100 0 0

ÎOO : 100 99 0 0
1 0 99 99 0 0

22 31 99 99 0 0
0 0 100 6 0 0
0 0 98 94 0 0

* % mutant sequence in viral RNA 
shading indicates discordant p lasm a/CSF pairs

NR = no result, sample did not signal as cither wild-type or mutant



W here discordance between proportions of mutant sequence were observed a higher 

proportion of mutation was seen in plasma in 10 of 14 discordant pairs (subjects M, 

N and S codon 41; subject T  codon 67; subjects C, E, G, L, M codon 215 and 

subject M codon 219).

The correlation of proportions of mutant sequence, at all five codons analysed, 

between plasma and CSF, is shown in Figure 10.3.1. Those pairs in which both 

sam ples were either < 3% mutant or > 97% mutant have been excluded. The 

correlation seen between C SF and with intermediate proportions between pure wild- 

type and pure mutant was low (r = 0.352).

FIGURE 10.3.1
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FIGURE 10.3.1 Comparison o f levels o f mutant sequences in 
plasma and CSF (dashed lines indicate equality, +/- 25% , filled  
symbols indicate discrepancies betwen plasma and CSF)
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10.4 DISCUSSION

This study has detected mutations at all five codons assayed in virus isolated from 

CSF. In paiticular, high frequencies of mutations at codons 215 (17 of 18 subjects) 

and 41 (12 of 18 subjects) were detected. This result reflects the importance of 

codon 215 mutation and the combination of the codon 41 and 215 mutations in the 

generation of high phenotypic resistance to ZDV, as previously reported.

The presence of the five mutations occurs almost as frequently in CSF as in paired 

plasma samples, with 31 of the 41 mutations detected being present in both CSF and 

plasma. The level of mutations in the virus populations of the CSF and plasma pairs 

was closely matched if those paired samples with either completely wild-type or 

completely mutant sequence in both samples are included. However there was poor 

correlation between the levels of mutations in the two fluids when samples with 

levels intermediate between pure wild-type and pure mutant were analysed. Such 

samples may represent virus populations transitting from wild-type to mutant under 

the influence of ZDV, or returning to wild-type as drug is withdrawn.

The infrequently observed mutations at codons 67 (seen in four patients, J,K,P and 

T) and 219 (seen in two patients, J and M) occurred in both the CSF and plasma in 

all but one case. Furthermore it was observed that the three instances where the 

assay failed to detect wild-type or mutant sequence (due to target/probe mismatching 

as noted previously) occurred in both CSF and plasma. Taken together these data 

suggest that the observed virus populations may be able to exchange between the 

plasma and CSF despite an intact blood-brain barrier.

The finding of a slightly higher frequency of mutation in plasma only (eight 

mutations compared to two mutations found in CSF only) together with the higher 

proportions of mutant sequence that were found in plasma suggest that mutant virus 

may be migrating from the peripheral circulation to the CNS. Examples of this were 

seen in subject C, who had received only 12 weeks therapy, where the only mutation 

seen was at codon 215 in plasma only and subject M where mutations at codons 41, 

215 and 219 in plasma were matched by only a low level of mutation at codon 215 

in CSF. However, other examples show the reverse of this trend indicating that 

resistance may appear in the CNS prior to the peripheral circulation.
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Two previous studies have reported the detection of ZDV resistance associated point 

mutations in viral genome sequences isolated from CSF (Di Stefano et a l  1993, 

Wildemann et a l 1993). In these studies, as in the present study, the presence of the 

five mutations in CSF was closely matched with that in blood. However both of 

these studies examined proviral DNA sequences rather than the RNA sequences 

analysed in the present study. The study of Wildemann et a l  (1993) using 

sequencing of multiple PCR amplified genomes, found a close matching of the 

frequencies of mutations between HIV-1 genomes in CSF and blood, as was found 

in the present study.

Several reports have demonstrated the clinical benefits of ZDV in patients with HIV 

encephalopathy (formerly called AIDS dementia complex) (Allworth et a l  1985, 

Brunetti et a l  1989). Epidemiological data from the Amsterdam Cohort, 

Netherlands, showed a significant decrease in the incidence of AIDS dementia since 

the introduction of ZDV therapy in 1987 (Portegies et a l  1989). The 18 patients 

described here all had neurological symptoms, 13 with HIV encephalopathy, despite 

ZDV therapy. It is tempting to postulate that the generation of resistant stiains 

within the CNS or migration of such strains to the CNS from the peripheral 

circulation may have overcome the benefits of ZDV therapy. Further studies of this 

hypothesis may be difficult as samples of CSF from HIV-1 infected patients without 

neurological symptoms ai*e generally not available and the isolation of virus from 

such samples is frequently problematic (Goswami et a l  1991a).
The present study has revealed instances of mutations being at low level or absent in 

virus from CSF whilst being present at high level in plasma virus. For example 

subject C has a high proportion of mutation at codon 215 (90%) in plasma but no 

detectable mutations at any of the five codons in virus from CSF. Subject M has 

higher mutations in plasma at three codons (34% codon 41, 59% codon 215, 80% 

codon 219) compaied to CSF (0% codon 41, 5% codon 215, 0% codon 219). Such 

results imply that continuing ZDV therapy for the treatment of neurological disease, 

during HIV-1 infection, may give continuing benefits, despite the presence of drug 

resistant virus in the peripheral circulation.

Overall, the data presented are inconclusive in indicating whether drug resistant 

virus sti'ains found in CSF aiise from virus replication within the CNS, or are 

imported from outside the CNS by infected cells such as macrophages or
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lymphocytes passing into the CNS. The detection of virus in CSF by PCR and 

culture soon after seroconversion suggests that the virus may have easy access to the 

CNS, and therefore drug resistant strains generated outside the CNS may be 

expected to have similai' access. However, there are few data available on the control 

of virus replication in the CNS after seroconversion, and the finding of drug 

resistance mutations in cell-free viral RNA from the CNS does not imply that these 

resistant strains are representative of the virus population throughout the CNS. 

Studies of the dynamics of replication within the CNS and the effects of 

antiretroviral therapy are needed to determine the pathogenesis of HIV-1 infection in 

the CNS. Unlike similar studies on the pathogenesis outside the CNS which have 

been widely reported, CNS studies will continue to be hampered by the difficulty of 

obtaining clinical samples. However, consideration needs to be given to HIV 

infection of the CNS since this may prove to be a major obstacle to the eradication 

of the virus from the infected patient by the use of aggressive antiretrovira] 

therapies.
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CHAPTER 11

THE APPEARANCE OF DRUG RESISTANCE ASSOCIATED 

POINT MUTATIONS IN HIV-1 PLASMA RNA PRECEDES THEIR 

APPEARANCE IN PROVIRAL DNA

11.1 INTRODUCTION

The phenotypic reduction in the sensitivity of HIV-1 to inhibition of growth by the 

antireti'oviral drug ZDV has been demonstrated in cell culture systems (Larder et al. 

1989) and point mutations in the R T  gene have been associated with this phenotypic 

change (Larder and Kemp 1989, Kellam et a l 1992). These mutations can be detected in 

pro virus DNA sequences derived from PBMCs (Larder et a l  1991) and in cell-free 

virus RNA (Albert et a l 1992).

The acquisition of these mutations during ZDV therapy has been described (Boucher et 

a l 1992) and the levels of in vitro phenotypic resistance associated with single and 

combined mutations have been determined (Boucher et a l  1993a). Previous studies of 

the appearance of the mutations have used qualitative point mutation detection systems 

based on selective PCR methodologies (Newton et a l  1989, Richman et a l  1991) or 

sequencing of the RT  gene after isolation and amplification of the HIV-1 genome 

sequences (Mayers et a l 1992).

The use of the point mutation assay, developed and evaluated in this thesis, allows the 

rates of evolution of drug resistance associated point mutations to be determined in 

serial samples collected from patients undergoing antiretroviral therapies. In the course 

of these studies it has been observed that during ZDV therapy the acquisition (or indeed 

loss) of the mutations in plasma virus RNA appeal's to precede their acquisition in 

proviral DNA extracted from PBMCs from the same blood sample.

To confirm this observation the rates of acquisition of the resistance associated 

mutations at codons 41, 67, 70, 215 and 219 of the RT gene of HIV-1 in serial samples 

collected from 10 patients on open ZDV therapy were analysed.
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11.2 METHODS  

Subjects and samples

Serial blood samples were collected from 10 HIV-1 infected subjects receiving between 

500 and lOOOmg daily ZDV. All subjects were classified as having CDC stage IV 

disease and the median CD4+ T-cell count was 100/mm^ (range 20 - 320/mm^) . 

Samples were collected at varying intervals over periods of between 105 and 444 days 

on therapy. The number of samples analysed from each subject was between three and 

six. Heparin plasma and PBMCs were fractionated from whole blood samples and stored 

as described in Section 2.2.

Nucleic Acid Isolation

Cell-free virus plasma RNA and PBMC proviral DNA were extracted as described in 

Sections 2.3 and 2.2 respectively.

PCR amplification and point mutation analysis

Reverse transcription, PCR amplification and point mutation analysis was carried out as 

described in Sections 2.1, 2.3 and 2.5.

11.3 RESULTS

Examples of the acquisition of mutant sequence at codons 41, 70 and 215 of the RT 

gene of HIV-1 in paired RNA and DNA samples are shown in figures 11.3.1 to 11.3.3. 

The proportions of mutant sequences at codons 67 and 219 were below 10% in all RNA 

and DNA samples and were not analysed further.

The time delay between accumulating a given level of mutation in the paired samples 

has been estimated graphically as indicated in the figures. The point of estimation was 

set at the 50% mutation level or at half of the maximum achieved where 100% was not 

reached in either RNA or DNA. In cases where mutation is acquired and subsequently 

lost the delay period has been estimated during the period of acquisition rather than loss.

221



FIGURE 11.3.1
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FIGURE 11.3.1 Acquisition o f point mutation at codon 41 o f the RT  
gene o f HIV-1 in viral RNA and proviral DNA showing time delay 
between RNA and DNA at 50% maximum DNA mutation level.
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FIGURE 11.3.2
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FIGURE i 1.3.2. Acquisition o f point mutation at codon 70 o f  
the RT gene of HIV-1 in viral RNA and proviral DNA showing 
time delay between RNA and DNA at 50% mutation level.
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FIGURE 11.3.3
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FIGURE 11.3.3. Acquisition o f point mutation at codon 215 o f 
the RT gene o f HIV-1 in viral RNA and proviral DNA showing 
time delay between RNA and DNA at 50% maximum DNA 
mutation level.
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Table 11.3.1 shows the time delays observed between the acquisition of each mutation 

in RNA and DNA for the 10 subjects. Table 11.3.1 also indicates the ratio of the areas 

under the curves (AUCs) and the maximum time taken to observe any level of mutation 

in RNA and DNA (including subjects where the level reached was insufficient to allow 

a time delay to be accurately measured).

TABLE 11.3.1

Acquisition o f resistance mutations in RNA and DNA

Subject Codon Days RNA precedes 
DNA to a given level

AUG ratio 
(RNA:DNA)

Mutation first detected 
(days)

... RNA DNA
006 41 nt’ nt - -

70 +53 2.11 165 222
215 +29 1.38 444 444

012 41 0 1.02 75 75
70 nt nt - -

215 +12 1.11 75 75
027 41 nm^ 0.63 210 210

70 0 0.73 210 75
215 nm 4.13 210 210

030 41 nm 4.75 195 195
70 +26 1.59 159 159
215 0 1.00 159 159

041 41 +11 1.46 138 196
70 0 1.00 52 56
215 -27 0.74 105 105

045 41 +52 5.00 192 192
70 +7 1.12 77 77
215 +40 2.66 77 192

066 41 +38 1.29 210 210
70 nm 1.54 210 nm
215 +31 1.30 36 36

067 41 nm 0.11 - -

70 +12 1.00 64 64
215 +12 1.31 195 195

074 41 +35 1.48 357 357
70 -7 1.04 56 56
215 +170 2.06 84 84

081 41 +28 3.20 105 105
70 +22 1.45 64 64
215 +33 3.14 64 105

^nt = Not tested

^nm = No mutation detected, or mutation at too low a level to allow the time gap to be 

accurately measured
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Mutations were detectable in 54 paired assays, 13 at codon 41, 20 at codon 70 and 21 at 

codon 215. In 41 of the 54 paired assays the proportion of mutant sequence detected in 

cell-free virus RNA exceeded that detected in PBMC proviral DNA. The proportion of 

mutant sequence in DNA exceeded RNA in 10 paired assays and the levels were equal 

(within 2%) in 3 assays.

The AUC for mutations observed in RNA exceeded that in DNA for 17 of the 28 curves 

plotted, DNA exceeded RNA in 4 cases and 7 were equal (within 20%).

The maximum time at which mutations were first detectable was the same in RNA and 

DNA in 21 cases, RNA preceded DNA in five cases and DNA preceded RNA only 

once. Table 11.3.2 shows the mean levels of mutations in the paired samples from which 

a significance level for the difference between RNA and DNA could be calculated 

(Wilcoxson paired test).

Overall the mean time delay observed in paired samples of RNA and DNA reaching a 

given level of mutation was 25 days.

TABLE 11.3.2

Comparison o f mean levels o f resistance mutations in RNA and DNA

Codon Number of samples 

with detectable 

mutations

Mean level of 

mutation in cell- 

free virus RNA

Mean level of 

mutations in 

proviral DNA

Significance'

41 13 29% 21% p = 0.05

70 20 44% 22% p < 0.005

215 21 52% 35% p < 0.005

Wilcoxson paired test

As shown in figure 11.3.4 there was an inverse correlation between the time delay in 

acquiring mutations in RNA and DNA and the rate at which the mutations were 

acquired (i.e. the faster the rate of acquisition the shorter the time delay).
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FIGURE 11.3.4
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FIGURE 11.3.4. Correlation between rate o f acquisition o f point 
mutations (%/day increase) and time delay between reaching a given 
level o f mutation in RNA and DNA.
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11.4 DISCUSSION

The quantitative point mutation assay developed in this thesis enables drug resistance 

associated mutations to be detected and the frequency of mutation in a mixed wild- 

type/mutant virus population to be determined. The use of the assay to monitor serial 

samples from ZDV treated subjects has led to the observation that the mutations are 

detectable earlier in cell-free virus RNA than in proviral DNA from PBMCs, and their 

accumulation in RNA precedes that in DNA.

The data presented here show a statistically significant difference between mutation 

frequencies in paired RNA/DNA samples in favour of RNA at the three codons 

analysed. In the group of subjects analysed in this study (all with CDC stage IV disease) 

the evolution to a given level of a mutation assayed in cell-free virus RNA preceded its 

evolution assayed in PBMC proviral DNA by 25 days on average. The rate of evolution 

of resistance mutations and the time-delay between their acquisition in RNA and DNA 

were inversely correlated. This inverse correlation probably indicated an increased rate 

of virus turnover in the subjects with high rates of acquisition thus leading to a reduction 

in the delay between acquisition in RNA and DNA.

The accuracy of the time delay measured in this study is dependant upon the frequency 

of sampling, the point at which the time gap is measured and the precision and accuracy 

of the assay used. In some subjects, at some codons, the number of samples in which 

mutations could be detected was low and the rate of change from wild-type to mutant 

was derived by interpolation between two widely separated mutation levels, as shown 

for example in Figure 11.3.1. Measuring the time delay at the 50% mutation level , or 

50% of the maximum achieved, was chosen as this represents the point at which any 

time delay is most likely to be observed. Mutation levels generally started at 0% mutant 

sequence in both RNA and DNA and reached a plateau at the same level in both RNA 

and DNA in the subjects studied. The assay used in this study has good reproducibility 

(see Chapter 6) although, as with any PGR based genotypic assay, this reproducibility is 

limited by inherent sampling errors when the input copy number is low (<10 

copies/PCR) as can often be the case immediately after commencing antiretroviral 

therapies.

Therefore the precise quantification of the time delay in any given individual must be 

regarded with caution, although the qualitative observation of mutations in cell-free 

viral RNA preceding their appearance in PBMC proviral DNA remains statistically 

significant, as shown in Table 11.3.2. The precision with which the time delay can be
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quantified would be increased with more frequent sampling. However the time at which 

resistance mutations will appear cannot be predicted, and therefore it is difficult to have 

subjects available for frequent sampling at the appropriate time. This problem can be 

partially offset, as in the present study, by increasing the number of subjects studied, 

thus averaging out the inaccuracies that arise from low frequency sampling.

Recently Wei et a l  (1995) have shown that the acquisition of the nevirapine resistance 

associated mutation at codon 190 of RT, in cell-free viral RNA, preceded its acquisition 

in proviral PBMC DNA using an automated sequencing method. The time delay 

between mutations appearing in RNA and DNA described for codon 190 in their paper 

was broadly similar to the 25 day delay seen in the present study.

The observations of genomic sequence differences between HIV-1 proviral DNA and 

cell-free virus RNA have been made previously particularly in env gene sequences. 

Michael et a l (1993) studied V1-V3 sequences in viral RNA and proviral DNA in a 

single patient and showed higher sequence heterogeneity in DNA, suggesting that only a 

subset of available proviral DNA sequences were being expressed as viral RNA. 

Simmonds et a l (1991) looked at the sequences of the V3, V4 and V5 regions of gpl20 

in sequential samples from two patients. Again substantial differences were observed 

between plasma viral RNA and PBMC proviral DNA together with a rapid turnover of 

sequences in both RNA and DNA. It was shown that sequences observed in RNA were 

predictive of sequences that would subsequently be seen in DNA.

A study of ZDV resistance associated mutations in RNA and DNA from two treated 

patients by MS Smith et a l  (1993) found a higher frequency of mutations in RNA 

compared with DNA although these results may have been biased by culture of the virus 

prior to detection of mutations. A study of the effect of ZDV therapy on the spectrum of 

env gene sequences by Zhang et a l  (1994) found large differences between sequences 

seen in RNA and DNA under the influences of drug treatment and suggested that 

expressed RNA sequences could not be predicted from the available proviral sequences 

seen in PBMCs.

The study described in this chapter has followed a larger number of subjects than those 

described above and has monitored the acquisition of mutations by PCR amplification of 

viral genomic sequences directly from clinical samples. The use of a quantitative point 

mutation assay has not only enabled qualitative differences between RNA and DNA to 

be detected but has allowed the delay between the appearance of mutations in RNA and 

DNA to be quantified.
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The delay seen in the appearance of mutations in PBMC proviral DNA suggests that 

PBMCs are not making a major contribution to the circulating virus population. The 

virus observed in the peripheral circulation probably represents the virus expressed by 

the total infected cell population in an individual, and the accumulation of mutations 

seen in cell-free viral RNA represents the accumulation of these mutations in those cells 

actively producing virus. It may be postulated that the sequences observed in the PBMC 

provirus population are acquired from preceding round of replication and indicate that 

PBMCs are not turning over the virus as rapidly as other infected cell populations.

This hypothesis would fit with observations of other groups that there is a greater level 

of viral replicative activity in the lymphoid tissue than in the peripheral blood (Pantaleo 

et a l 1993, Embretson et a l 1993). It is noteworthy also that the rapid fall in viraemia 

seen immediately after the commencement of ZDV therapy (Wei et a l  1995, Loveday et 

a l  1995) is not reflected in an immediate fall in provirus load as measured in PBMCs 

(Donovan et a l  1991), again suggesting that PBMC infection does not accurately reflect 

the infection status of the infected individual as a whole.

Alternatively the RNA sequences observed may represent only that fraction of the total 

proviral population in the infected individual which is actively replicating. The PBMC 

proviral sequences may more accurately reflect the total sequence population within the 

infected individual, both actively replicating and latent.

As discussed recently by Coffin (1995), the total infected cell population in an HIV 

infected individual can exist in four possible states: productively infected cells, latently 

infected cells, chronically infected cells producing infectious virus and cells infected 

with defective virus sequences. The relative proportions of each of these populations in 

the infected individual is unknown. Therefore the changes in virus load and the 

accumulation of mutations as observed in a single body compartment, the blood, are not 

necessarily representative of the changes in the infected individual as a whole. As shown 

in this study, even within the peripheral circulation, the virus sequence populations in 

the plasma and PBMCs can differ from each other.
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CHAPTER 12

GENERAL DISCUSSION

12.1 INTRODUCTION

The polymerase chain reaction offers an invaluable new tool for the laboratory 

investigation of human immunodeficiency virus infection. PCR has been developed 

not only for use in a molecular biological research setting, but also as a practical 

method for clinical investigation of HIV infected patients.

This thesis describes the development and application of PCR in the investigation of 

HIV-1 infected patients, emphasising the elimination of the need for culture-based 

alternatives and concentrating in particular on the detection of HIV-1 specific 

nucleic acid sequences in clinical samples, and to the measurement of drug 

resistance associated point mutations in HIV-1 genomes derived from clinical 

material.

12.2 PCR DIAGNOSIS OF HIV-1 INFECTION  

Preparation of Samples for Amplification o f HIV-1 Genomes by PCR

In addition to established sample handling and RNA and DNA extraction methods 

which have been used in this thesis, such as phenol-chloroform extraction of DNA 

from Ficoll fractionated PBMCs (see Section 2.2), the use of sample preparation 

methods more suited to the processing of lai'ge numbers of clinical samples have 

been explored.

The single tube, no separation technique of Higuchi (1989), in which cellular DNA 

is extracted into a PCR compatible buffer has been evaluated and found to give a 

high level of diagnostic sensitivity (Chapter 3). The detection of proviral HIV-1 

DNA in 99 of 100 Ficoll separated PBMC samples was in line with previously 

reported rates of detection (Young et a l  1990, Sheppard et a l  1991, Bournique et 

a l  1992, Sauvaigo et a l 1993). The one sample which the method failed to detect
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was still non-reactive if alternative "classical" DNA preparation methods such as 

phenol/chloroform extraction were used, and it was concluded that the frequency of 

infection of PBMCs in the sample was below the threshold of detectability.

Further simplification of the method for preparation of cellular DNA can be made 

by elimination of the Ficoll separation step. The differential lysis procedure used in 

this thesis effectively dilutes the DNA from infected CD4-kve cells by including 

DNA from all leukocytes. As the extract is made from cell nuclei only, the reduction 

in contaminating cellular material that would have arisen from digestion and 

extraction of whole cells allows a larger sample to be added to the reaction, 

increasing sensitivity. The simplicity of the method ensures a high sample 

throughput and few opportunities for technical error or loss of sample during 

processing.

As a final step in the simplification of the handling and preparation of samples for 

the detection of proviral HIV-1 DNA, a sample storage procedure was developed 

and evaluated. The use of a glycerol/gelatin based preservative medium allowed 

whole blood samples to be frozen directly at the point of collection, without further 

processing, and DNA extracted by the methods discussed above, up to one yeai' later 

without loss of signal (see Chapter 4). The use of the method allows the collection 

and storage of samples in clinical centres with no laboratory facilities, as was the 

case in the centi'es collecting samples for investigation of mother-child transmission 

detailed in Chapter 5. The method is useful in diagnostic laboratories since samples 

can be stored and batched processed, thus avoiding the inefficiencies of single 

sample processing and allowing the scheduling of diagnostic PCR runs to be fitted 

ai'ound other work. As with DNA extraction from fresh or stored PBMCs, the use of 

a simple, single tube extraction procedure from cell nuclei was found to give 

optimum results with samples preserved in glycigel.

HIV-1 RNA samples used in this thesis were prepared using an immunocapture 

technique developed by Calum Semple, Department of Virology, UCLMS. As with 

the DNA prepaiation methods used, the RNA preparation method was very simple 

and thus suited to the processing of large numbers of clinical samples. 

Immunocapture, as is the case with affinity chromatography, is the simplest single 

step purification method available and results in a high degree of purification. The 

simple, single step protocol and the high purity of RNA preparation resulting from

232



this, gave an overall diagnostic sensitivity similar to more complex total RNA 

extraction procedures (Mulder et al. 1994, Boom et a l  1992), since RNAase and 

non-specific inhibitor effects are avoided (see Semple, 1995, for discussion).

Diagnosis of HIV-1 Infection bv PCR

The success of a diagnostic procedure depends on the correct identification of true 

positive samples (diagnostic sensitivity) and true negative samples (diagnostic 

specificity). In these respects the diagnosis of HIV-1 infection by PCR has some 

way to go before it can compete with conventional serological methods used in 

diagnostic virology.

Sensitivitv

As was shown in Chapter 3, the absolute sensitivity of PCR is close to being perfect, 

since there is good evidence to show that a single target molecule added to the 

reaction will result in a positive signal. However, the diagnostic sensitivity of the 

method is compromised by the limit to the sample size that can be added to the 

reaction, and by the low frequency of infection of the cells from which the sample is 

extracted (CD4-t-ve PBMCs) in the infected individual (Simmonds et a l  1990). 

Consequently, the rate of false negative reactions in infected adults in the data 

presented in this thesis and in other studies, is of the order of 1%. This compares 

with diagnostic sensitivities of close to 100% for serological assays (Constantine

1993). As was also demonstrated in Chapter 3, false negative reactions can result 

from primer/target mismatches when the patient is infected with a diverse virus 

subtype.

Generally, the clade B HIV-1 subtype is circulating amongst the infected 

homosexual and intravenous drug user populations of Western Europe and North 

America. It is to match this subtype that the primers used in this thesis have been 

designed, as have most of the primer sequences reported in the literature. However, 

the importation, particularly from sub-Saharan Africa, of diverse virus strains can 

result in false negative reactions, as was shown in Chapter 3 with the gag primer set 

used to amplify a target from a virus strain believed to originate in Cameroon.
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Commercially available diagnostic assays are not immune from this problem, as was 

shown with the false negative reaction of a clade G virus strain in the Amplicor 

assay (Roche Molecular Systems) which gave positive reactions with both the gag 

and pol primer sets used in this thesis (Ar nold et a l  1995).

The continuing emergence of diverse virus subtypes makes the PCR diagnosis of 

HIV infection problematic, and even the use of multiple primer sets can still result in 

false negative reactions. For example, the primer sets evaluated in this thesis fail to 

detect HIV-1 subtype 0 (data not shown) (Loussert-Ajaka et a l  1994).

There are two diagnostic situations in which HIV-1 specific antibody detection is 

unhelpful and PCR would be the method of choice. Firstly, PCR detection of HIV 

shortly after exposure can give an early diagnosis of infection before seroconversion. 

It is rare, however, for patients to present with a primary infection, and there is 

currently no intervention available to halt the progress of the infection. Secondly, as 

described in Chapter 5, PCR can be used to make a diagnosis of infection in babies 

born to HIV infected mothers, during the period of up to 18 months in which 

serological diagnosis is difficult due to the presence of maternally acquired 

antibodies in the infant.

The diagnostic sensitivity of PCR and predictive value of non-infection is low at, or 

close to, birth (<50%) (Dunn et a l 1995), presumably because a large proportion of 

infections occur perinatally. The proportion of infections which can be detected rises 

with age and is close to 100% by six months, as perinatal infections become 

established.

Specificitv

Problems of specificity in diagnostic settings are commonly overcome by the use of 

confirmatory assays for positive results. Confirmation of positive HIV PCR 

reactions is no exception to this, and suitable diagnostic strategies need to be 

followed to ensure a correct diagnosis is made, despite the fact that a properly 

carried out PCR has a very high specificity. Non-specific PCR reactions can result 

from feedback contamination and from badly designed PCR methodologies. 

Feedback contamination is a potential problem due to the amplified products of a 

reaction being identical in sequence to the target sequence needed to start a new
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reaction. Stringent precautions are required to separate pre- and post-PCR areas to 

prevent feedback of PCR products to the PCR set-up area and these are discussed in 

Chapter 3.

The design of PCR methodologies needs to consider the potential for amplification 

of non-target sequences present in the sample. This is a particular problem in the 

specific amplification of HIV due to the presence of endogenous retrovirus 

sequences in the human genome which may be amplified by the HIV specific 

primers under non-stringent reaction conditions. Primer design, the use of nested 

primer sets and the optimisation and validation of the method are discussed in detail 

in Chapters 3 and 4.

Failure to ensure the specificity of the PCR method and the diagnostic strategy to 

which it is applied may well account for reports of positive PCR reactions in 

antibody negative patients, other than those who are seroconveiting (Imagawa et a l 

1989, Wolinsky et a l  1989). The reports of "silent" HIV infections (Haseltine 

1989), in which patients were found to be PCR or culture positive but antibody 

negative for prolonged periods (up to four years), have not been subsequently 

confirmed by other workers (Faizadegan et a l  1993). It is now generally accepted 

that an antibody negative window period greater than two or three months following 

primary infection is unlikely to occur. More recently, there have been reports of 

babies born to infected mothers being initially infected and subsequently clearing the 

infection. Although clearance may have happened in a single, well documented and 

investigated case (Bryson et a l 1995) doubt must be cast over a rate of clearance in 

2.7% of vertically transmitted infection recently reported (Newell et a l  1996). The 

possibility of false positive diagnoses in uninfected infants due to non-specific PCR 

reactions must be considered and would seem to be the most likely explanation.

From the work reported in this thesis a number of simple rules can be proposed to 

ensure high levels of sensitivity and specificity in the application of PCR to the 

diagnosis of HIV-1 infection.

1. Use a high sensitivity and specificity methodology such as nested PCR or

PCR coupled to a probe hybridisation method, and do not rely on a single

amplification step.
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2. Optimise the method for all primer sets used, particularly the primer and 

Mg2+ concentrations and the anneal temperature.

3. Use multiple primer sets, amplifying various regions of the HIV genome. It 

may be worthwhile to include primer sets matched to alternative virus 

subtypes, if such viruses are likely to be encountered in addition to the 

commonly circulating subtype.

4. Do not rely on a diagnosis based on a single PCR reaction (positive or 

negative) but always re-sample and re-test .Use an alternative serological 

method for confirmation if one is appropriate (e.g. p24 Ag assay).

5. To confirm a negative diagnosis in a baby, prior to loss of maternal 

antibodies, three consecutive negative reactions at 0, 3, 6, 9 or 12 months are 

requhed. A positive diagnosis should be based on positive reactions with more 

than one primer set and must be confirmed on a second sample. Ideally, a 

sample from the mother should be analysed in parallel to eliminate the 

possibility of a false negative reaction arising from the baby being infected 

with a divergent virus subtype.

12.3 PCR-BASED DETECTION OF POINT M UTATIONS IN HTV-1

The impetus to design an assay for the detection and quantification of point 

mutations in the HIV genome was provided by the association of specific mutations 

in the RT  gene with reduced sensitivity to inhibition by ZDV (Larder and Kemp 

1989). Briefly, as detailed in Chapter 6, the assay developed in this thesis is 

quantitative and can follow the rate of acquisition of mutations in serial samples, has 

a microtitie format which ensures high sample throughput, and is easily adaptable to 

the detection of new mutations.

The number of mutations associated with HIV-1 drug resistance has increased 

greatly since the description of four mutations associated with ZDV resistance, and a
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recent listing (Mellors et a l  1995) showed mutations at 31 R T  gene codons and 18 

protease gene codons associated with drug resistance. The adaptability of the assay 

developed in this thesis for the quantification of newly described mutations, without 

the need for further optimisation, gives the assay an advantage over the commonly 

used alternative of selective PCR (ARMS - Newton et a l  1989). As was shown by 

Kwok et a l  (1990) primer-template mismatches at the 3'-end of the primer often 

have no effect on the efficiency of amplification in PCR under standard reaction 

conditions. Since mutation detection by selective PCR relies on failure to amplify a 

primer-template mismatch, the reaction conditions for the detection of mutations 

have to be optimised very carefully for each new mutation for which an assay is 

required. For this reason the use of selective PCR for the detection of resistance- 

associated mutations has been largely confined to codon 215 which has a double 

base change in the mutant sequence and is therefore easily detected by the method. 

Furthermore, selective PCR can only distinguish between pure wild-type sequence, 

pure mutant or mixed wild-type and mutant, and gives no indication of the 

proportion of mutant sequence in a mixed population. The advantages of selective 

PCR for mutation detection are that the reagent costs aie low, the assay is easy to 

perform once it has been optimised, and it requires no additional equipment above 

that needed to do a PCR.

The other commonly used method for detection of resistance-associated point 

mutations is sequencing (Larder et a l  1993). The method has many features in 

common with the assay used in this thesis, since PMA is effectively a consensus 

sequencing method at a single base in the RT  gene. Automated sequencing also uses 

PCR product (conventional PCR or cycle sequencing PCR) as the template, 

amplified in bulk from the input taiget , which can be taken directly from the 

clinical sample, as in PMA. The method is not as sensitive as PMA in detecting 

small sub-populations of mutant or wild-type sequence, being able to detect down to 

10% sub-populations at best. Detection of 25% subpopulations is considered a 

realistic level to be achieved routinely (Applied Biosystems, personal 

communication). The method is also more expensive and more labour intensive than 

PMA if analysis of only a few (<10) specific mutations is required. The advantage of 

the method is that it provides information on all the bases in a given region of the 

HIV genome. This becomes a paiticular advantage when investigating genome
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changes associated with combination therapies, particularly involving more than two 

drugs. In such therapies the number of mutations known to be associated with 

resistance is likely to be greater than 10, making PMA unwieldy. In addition 

previously unidentified mutations, resulting from the particular drug combination, 

may be identified by automated sequencing.

Chapter 6 describes the optimisation and validation of PMA, showing good 

agreement of the assay results with samples analysed by selective PCR and sequence 

mixtures produced from plasmids of known sequence. Having optimised and 

validated the assay it was used to analyse clinical samples from a number of studies 

involving subjects undergoing ZDV monotherapy and the results of these analyses 

are discussed in further detail below.

12.4 THE CLINICAL STGNTFTCANCE OF DRUG RESISTANCE IN HTV-1

As outlined in Chapter 1 the efficacy of antiretroviral therapies, as revealed by the 

controlled trials that have been reported, is variable. ZDV monotherapy, for 

example, the most widely used therapy to date, has been shown to be beneficial in 

late stage disease (Fischl et al. 1990) but may be of limited efficacy when 

administered to asymptomatic patients (Concorde Coordinating Committee 1994). 

Other compounds such as nevirapine and 3TC, when used as monotherapies, have 

been found to be effective for even shorter durations than ZDV, with CD4+ve cell 

counts returning to baseline within four weeks (Richman et al. 1994, Schuurman et 

al. 1995). However, combination therapies have given more encouraging results, 

producing improvements in CD4+ve cell counts and clinical status and reductions in 

plasma virus load for greater than one year (Johnson 1994).

The analysis of drug resistance is likely to provide explanations for many of the 

observed clinical and virological effects of antiretroviral therapies by indicating 

mechanisms for therapy failure. Such studies may assist in designing drug 

combinations that can be used to overcome these failures.

As discussed in Chapter 8, the use of genotypic methods to study drug resistance has 

many benefits, assuming that the measurement of resistance by indirect genotypic 

methods can be correlated with the direct measure of reduced viral sensitivity to
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drug inhibition that is measured by cell culture methods. The data presented in 

Chapter 8 give support to this assumption, showing that drug resistance 

measurements by genotypic and phenotypic methods are highly correlated. Further, 

the data show that for subjects on ZDV monotherapy, assay of the five mutations 

previously described as being associated with ZDV resistance (Larder and Kemp

1989, Kellam et a l  1992) is sufficient to detect all phenotypically resistant virus 

strains isolated from clinical samples.

Unlike some therapies (e.g. 3TC or nevirapine monotherapy) in which the 

emergence of drug resistant virus strains shows a strong temporal relationship with 

return towards baseline in plasma virus load and CD4+ve cell count (Schuurman et 

a l  1995), the appearance of resistant virus strains during ZDV therapy is not well 

correlated with such changes, or indeed with disease progression (Richman et a l

1990, Boucher et a l  1990). The study of early changes in virus load at the start of 

ZDV therapy, presented in Chapter 7, showed a rapid early fall in virus load, 

followed by a rebound towards baseline starting at about 28 days after the start of 

therapy. The return to baseline was slow as long as ZDV therapy continued, 

accelerating if therapy was discontinued. None of these changes could be related 

easily to the appearance of ZDV resistance mutations. The mutations were acquired 

in a similar pattern to that previously described (Boucher et a l  1992) with mutation 

at codon 70 appearing first and tending to be displaced by mutations at codon 215 or 

41 and 215 combined. The timing of the the appearance of these mutational changes 

was not obviously coincident with increases in virus load. A study by de Jong et a l 

(1995) using the PMA developed in this thesis was able to show that the acquisition 

of codon 70 mutations could account for part, but not all, of the return to baseline of 

virus load. Interestingly, the findings of de Jong et a l  are in close agreement with 

the theoretical predictions made in a number of mathematical models of the effects 

of ZDV therapy (McLean et a l  1991, McLean and Nowak 1992, Frost and McLean

1994). In these models the authors argue that the generation of a large pool of 

uninfected CD4+ve cells, consequent upon the inhibition of infection by ZDV 

therapy, causes an initial rebound in virus load. The effects of the generation of drug 

resistant virus will only become apparent at a later stage, a scenario confirmed by de 

Jons et a l
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An unexpected finding from the study described in Chapter 7 was the continuing 

increase in proportion of mutant sequence at codons 215 and 41 after the end of 

ZDV therapy. This only occurred when the accumulation of these mutations had 

already begun. Caliendo et al. (1995) have suggested that this may result from a 

growth advantage for the mutant virus over the wild-type, even in the absence of 

ZDV, although it is unclear why this mutation should not be observed in drug-naive 

subjects, therefore. Clearly, ZDV resistant virus strains do not appear to suffer 

greatly in their growth characteristics and pathogenicity, since there are a number of 

reports of transmission of resistant virus strains between individuals (Anonymous 

1993, Erice et a l  1993, Fitzgibbon et a l  1993 ). One such instance, seen in the 

Department of Virology, UCLMS (Loveday et a l  1994), resulted in the infected 

person being admitted to hospital with a primary infection illness, having been 

infected with a virus sti'ain showing 100% mutant sequence at codons 41 and 215. 

Additionally, the loss of mutant virus stiains, especially with mutation at codon 215, 

after stopping ZDV therapy is reported to be slow (Albert et a l  1992, Boucher et a l

1993) again suggesting that resistance associated mutations have little if any effect 

on the growth rate of the virus.

A more predictable scenario can be observed, for example, in subjects undergoing 

3TC monotherapy, as described by Schuurman et a l  (1995). In this study of 20 

subjects, the changes in viral load, p24 antigen levels and CD4-kve cell counts and 

the appearance of genotypic drug resistance (mutation at codon 184) showed good 

temporal relationships. Mutation at codon 184, assayed by PMA, reached a median 

close to 100% eight weeks after the start of therapy, the time at which CD4-i-ve cell 

counts returned to baseline. Viral load and p24 antigen increased as resistant virus 

strains appear although the levels returned only to 50% of baseline levels where they 

remained stable out to 12 weeks.

Analysis of the proportions of resistance associated point mutations in a case-control 

study of subjects from the Concorde Trial (asymptomatic subjects receiving ZDV 

monotherapy or placebo), as presented in Chapter 9, was able to demonstrate a 

correlation of disease progression with genotypic drug resistance. The only 

statistically significant association with disease progression was found with mutation 

at codon 41 (p = 0.006). This mutation was found only in combination with 

mutation at codon 215, a mutation combination giving high-level phenotypic drug
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resistance of about 64-fold above wild-type virus (Kellam et a l  1992). The 

association of disease progression with drug resistance in ZDV treated patients has 

not been described previously. The result creates a dilemma, since the outcome of 

the clinical trial was to show no difference in disease progression between subjects 

taking immediate or deferred ZDV. Therefore, taking ZDV, and the generation of 

resistant virus, should have no effect on rates of disease progression. Recently, long

term follow-up data on Concorde subjects has demonstrated an increase in disease 

progression in those subjects randomised to take immediate ZDV (IVD Weller, 

personal communication). This unexpected outcome to the Concorde Trial could be 

explained by the increased disease progression seen in subjects on ZDV therapy 

acquiring resistant virus strains.

One of the more encouraging aspects of the use of antiretroviral therapy, particularly 

ZDV monotherapy, has been the effect of reducing the rates of AIDS dementia 

complex (Maehlen et a l 1995). Taken on their own, the data presented in Chapter 

10 are inconclusive regarding the possible problem of drug resistant virus strains in 

CSF. Although there was a generally lower level of detection and proportion of 

mutant sequence in viral RNA from the CNS, there was also evidence to suggest that 

virus had good access to the CNS from the peripheral ciiculation, with the 

uncommon mutations at codons 67 and 219 being seen in both plasma and CSF in 

paired samples. A further study, carried out in collaboration with colleagues at The 

Department of Virology, Royal Free Hospital, looked for drug resistance mutations 

in proviral DNA from brain and other post-mortem tissues (data not presented in this 

thesis) (Strappe et a l 1995). This study found a number of subjects with no 

resistance associated mutations in brain tissue, despite having high levels of mutant 

sequence in other tissues. The study also found a significant correlation between the 

level of provirus load in tissues and the proportions of resistance associated 

mutations. It may be speculated that virus turnover within the CNS is much lower 

than the rate seen in lymphoid tissue and that there are low cell free virus loads in 

CSF. The low virus turnover would reduce the rate of generation of resistant virus 

strains within the CNS, and the resistant virus strains "leaking in" from the 

peripheral circulation may be there in sufficiently low load to be unable to overcome 

the inhibitory effects of ZDV, which shows good penetrance of the CNS (Klecker et 

67Z. 1987).
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The use of PMA in demonstrating the rate at which mutations accumulate is 

exploited in Chapter 11 to address the subject of the in vivo dynamics of HIV-1 

replication. The delay in the appeaiance of mutations in proviral DNA from PBMCs 

compared to plasma virus RNA was also reported by Wei et al. (1995) using an 

automated sequencing method and observing mutation at codon 190 of the RT  gene. 

The delay seen suggests that the proviral DNA sequences observed in PBMCs are 

not representative of the proviral sequences generating cell free virus and are not 

part of the actively replicating pool of infected cells.

Taken together with the data of Wei et al. (1995) and Ho et al. (1995), the data 

presented in this thesis showing the rapid fall in virus load, following the initiation 

of antiretroviral therapy (Chapter 7) suggest a rapid turnover of virus, in at least part 

of the infected cell population, compatible with a latent phase of three days or less in 

the integrated proviral state. As discussed in Chapter 11, the balance in numbers 

between cells in differing states of infection is unknown and thus predictions 

regai'ding the possible therapies that will produce long-term clinical benefits remain 

uncertain.

12.5 THE FUTURE OF ANTIRETROVIRAL THERAPY

Despite the number of clinical trials that have been completed, many questions 

remain unanswered about the future direction of antiretroviral therapies. Of course, 

with new potentially effective antiretroviral compounds being produced all the time 

the future is, necessarily, unpredictable. New compounds and treatments may be 

effective not only by themselves but in combination with existing therapies, and a 

logarithmic increase in the number of possible combination therapies results from a 

linear increase in the number of available drugs. Problems may arise in the future in 

trials of therapies in drug-naive subjects, as the pool of such subjects is dwindling 

rapidly in Western Europe and North America.

Discussed below aie some of the unanswered questions and new questions which 

have aiisen from the trials that have been carried out to date, and from the 

virological findings in these tiials, some of which have been presented in this thesis.
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When should therapy be started?

The results of the Concorde Trial (Concorde Coordinating Committee 1994) would 

argue that early intervention with antiretroviral therapy is ineffective and possibly 

harmful in the long-term, since no benefit was seen from therapy in asymptomatic 

subjects, and drug resistant virus strains appeared in the majority of treated subjects 

(see Chapter 8). A trial in which subjects switched from ZDV therapy to ddl therapy 

(ACTG 116B/117, D'Aquila et a l  1995) showed a more rapid disease progression in 

subjects entering the trial with ZDV resistant virus strains. Recent data from the 

Delta Trial (Delta coordinating committee 1996) showed that therapy with ZDV 

combined with ddl or ddC was less effective in ZDV-experienced patients. In 

contrast, ZDV/3TC combination therapy was equally effective whether the patient 

was ZDV-experienced or naive (Katlama 1994, Staszewski 1994). Ho et a l  (1995) 

have argued that therapy should be initiated as soon as possible after primaiy 

infection, even during seroconversion, in an attempt to avoid selection of drug 

resistant mutants that will be generated during early replication of the virus in the 

infected individual. However, as pointed out by Richman (1994), unless viral 

replication is completely inhibited, and none of the therapies available at present 

seem to do that, the generation of drug resistant variants by natural selection is an 

inevitable consequence of therapy. Hence, until therapies become available which 

will completely inhibit viral replication throughout the body, the use of therapies at a 

time when they have been shown to be clinically most effective would appear to be 

the best policy.

What is the best monitor of the efficacv of antiretroviral therapv?

The rapid fall in plasma virus load seen immediately after the start of antiretroviral 

therapy (Chapter 7, Wei et a l 1995, Ho et a l 1995) indicate that if a drug has any 

antiretroviral effect at all in vivo, the effects will be seen within a few days or weeks 

if plasma viral load is monitored. Therefore, it is not surprising to find that plasma 

virus load monitoring has become the front-line method of monitoring the efficacy 

of antiretroviral therapies, since an indication of efficacy can be obtained in a short 

period of time. Fortunately, the rapid early falls in virus load have been paralleled in
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most antiretroviral therapy trials by an increase in CD4+ve cell count. However, 

beyond the first few weeks after the start of therapy the relationship between vims 

load and CD4+ve cell count may break down. For example, CD4+ve cell counts 

returned to baseline within 12 weeks of starting 3TC monotherapy (Schuurman et al.

1995) whereas virus load was sustained at 50% of baseline. This sustained reduction 

may result from a reduction in viral fitness caused by the acquisition of high levels 

of mutation at codon 184 of the RT  gene.

The use of virus load measurement as an initial screen for antiretroviral therapy 

efficacy is probably justified as a method for eliminating ineffective therapies. 

Ultimately, the effect of therapy on CD4+ve cell count is likely to be seen as the 

final arbiter of long-term efficacy, since loss of CD4+ve cells is most closely linked 

to disease progression (Fahey et a l  1990).

What is the future for antiretroviral therapv in pregnancv?

Antiretroviral therapies in infected adults can, at best, delay disease progression by a 

few years. The use of antiretroviral therapy during pregnancy to (Connor et a l

1994) can result in the prevention of vertical transmission of HIV-1 infection, and 

thus result in an HIV-1 infection-free life for the baby. The initial trial of Connors et 

a l  using ZDV monotherapy reduced the transmission rate in their study group from 

22% to 7%. The possibility exists of reducing vertical transmission rates even 

further by clinical and virological investigations of the timing of drug 

administration, the use of combination therapies, the effects of pre-existing drug 

resistance and the effects of virus load and rate of virus turnover in the mother. The 

use of drug therapy to reduce vertical transmission in Africa, South America and the 

Far East, where the majority of infected babies are born, is a realistic possibility if 

sufficiently low-cost therapies can be devised.
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Will combination therapv be better than monotherapy in overcoming the problem of 

drug resistance?

Two general approaches to combination therapy aie available: targeting of multiple 

functions within the HIV-1 lifecycle or multiple targeting of a single function 

(combined convergent therapy).

The use of multiple function targeting relies on the additive effects of reductions in 

viral replication rather than synergy between the drugs. Although therapies for 

clinical use are currently available to only two functions (against the RT  and 

protease gene products) a number of other targets aie available to which compounds 

could be designed such as the integrase function and the regulatory elements of the 

genome (Stevenson et a l 1992). There is likely to be no linkage or interaction of the 

gene functions in multiply targeted therapies and the rate of acquisition of drug 

resistance will be reduced due to the reduction in virus turnover resulting from the 

additive inhibitions of the two drugs.

The rationale of using multiple targeting of a single function, referred to as 

combined convergent therapy (Chow et al. 1993a), is to find a drug combination in 

which the virus is unable to become resistant to all of the drugs simultaneously. It 

has been reasoned that if the virus combines the mutations necessary to become 

resistant to each drug individually, the combination of mutations would result in a 

virus with reduced or no replicative capacity (Chow et a l  1993a). Although a 

demonstiation of this reduced replicative capacity by Chow et a l  was later found to 

be due to the inadvertent introduction of other lethal mutations (Chow et a/. 1993b) 

the principle remains intact and it has since been demonstrated, for example, that the 

combination of mutation at codon 184 (3TC resistance) with mutation at codon 215 

(ZDV resistance) results in a re-sensitization of the virus to inhibition by ZDV 

(Larder et a l 1995). Larder et a l  have proposed that this re-sensitization is 

responsible for the apparently good clinical and virological efficacy seen with 

3TC/ZDV combination therapy.

Some of the possibilities for combined therapies which may exploit the limitations 

of the virus to become multidrug resistant are shown in Table 12.5.1 (taken from 

Larder 1994)
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TABLE 12.5.1

Combinations o f mutations in HIV-1 R T that confer multi-drug resistance

R T  genotype ZDV

RT inhibitor 

ddl nevirapine 3TC

M41L/T215Y R* S S S Single

L74V S R S s
Y181CORV106A S S R s

M41L/T215Y/L74V R R S s Double

M41L/T215Y/V106A R S R s
L74V/Y181C S R R s

M184V s R S R

M 41L/T215 Y/L74 V/V106 A R R R s Triple

M41L/T215Y/L74V/

V106A/M184V

S R R R

* R = resistant, S = sensitive

Problems in designing combination therapies to a single viral function arise when 

appai'ently effective combinations in vitro are used in vivo. The number of mutation 

combinations available for drug induced selection in an infected patient far exceeds 

the number available in an in vitro system, and hence unpredicted routes to 

combined drug resistance may arise in vivo. Futhermore, it is easy to achieve 

drug levels in vitro and thus prevent any possibility of resistance arising, whereas 

ICjoo & patient has yet to be achieved for any drug or drug combination in vivo. 

Thus, in vivo, the virus always has time to find a route to continued replication and 

survival even when a pre-existing option has not been defined in vitro.
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12.6 CONCLUSION

The use of PCR to diagnose HIV infection is now well established. As with most 

newly introduced methodologies there will be a period of evaluation to ensure the 

validity of the method in comparison to existing techniques. The diagnostic HlV-1 

PCR method developed in this thesis is now in routine use in the Department of 

Virology, UCLMS and is expected to remain established as a front-line diagnostic 

tool.

The use of the PCR based point mutation assay for detection of drug resistance 

during antiretroviral therapy will shortly be available in the Diagnostics Section of 

the Depaitment of Virology to allow clinicians to evaluate patients on an individual 

basis. The method has already been in use for a number of years in the analysis of 

samples collected during clinical trials of antiretroviral therapies. The assay has been 

adapted for the assay of many point mutations associated with a number of RT 

inhibitors and has recently been used to assay mutations in the protease gene 

associated with drug resistance.
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