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ABSTRACT

While the role of human immunodeficiency virus (HIV) in producing damage to the 

central nervous system (CNS) is undisputed, the pathogenesis of the disorders associated 

with the infection still remain unclear. Suggested pathogenetic mechanisms include direct 

action of HIV or viral protein (gpl20) or an indirect one, via products secreted by HIV- 

1-infected macrophages/microglia or other glial cells, one of which is represented by 

cytokines.

Regarding the time of the infection at which cytokines become detectable in the brain 

very little is known. The aim of this study was to ascertain whether 1) the presence of 

HIV-1 DNA and microglial hyperplasia in the brain during the pre-AIDS stages of the 

infection is accompanied by enhanced expression of MHC class II antigens and by 

presence of cytokines; 2) brain damage, including neuronal loss via apoptosis, seen in 

brains of AIDS patients, is present at the pre-AIDS stage.

The methods applied to the study include morphology, immunohistochemistry for 

detection of p24, MHC class II and cytokines, PGR and in situ end labelling.

HIV-1 DNA, but not HIV-1 p24 antigen, was detected in 17 of the 36 brains of HIV-1 

positive pre-AIDS individuals. Levels of HIV-1 DNA in this group are lower than those 

found in AIDS group.
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Microgliosis and astrogliosis are present in the majority of pre-AIDS individuals. In 

addition, macrophages, but not MGC, are seen in some of these cases. Elevated 

expression of MHC class II, tumour necrosis factor (TNF)-a, interleukin (IL)-la, IL-4 

and IL-6, and presence of apoptotic cells have been demonstrated in pre-AIDS cases.

These data demonstrate that the state of immune activation described in AIDS is already 

present at the pre-AIDS stage, during which cytokines may trigger the cascade of events 

leading to brain damage; they suggest that therapeutic strategies in HIV-1 positive 

individuals might have to be applied before they enter the AIDS stage.
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CHAPTER ONE: 

REVIEW OF THE LITERATURE
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1.1 Introduction

" AIDS is, now, everywhere, part of the human condition and will remain so for a very 

long time to come. With approximately 6,000 people becoming infected every day, and 

close to 20 million people already infected and sick, AIDS is one of the major tragedies 

of our time (Dr. Peter Piot, Executive Director, Joint United Nations programme on 

HIV/AIDS, 1995)."

The major routes of transmission of acquired immunodeficiency syndrome (AIDS) are 

through anal and vaginal intercourse, sharing of contaminated needles, transfusion of 

blood and blood products and from mother to fetus (Weller, 1993).

During the past 15 years, two distinct human immunodefeciency virus (HIV) epidemics 

have developed and expanded in different regions of the world. The first, which has 

spread throughout the United States and Western Europe, has involved primarily 

homosexual men, intravenous drug users, and people exposed to infected blood and 

blood products, such as haemophiliacs. This epidemic has included a relatively small 

number of heterosexual individuals which are presently increasing in proportion as the 

absolute numbers of new infections in homosexual men and drug users decrease. The 

second type of epidemic is seen in Sub-Saharan Africa, where HIV has spread primarily 

among heterosexuals as a more conventional form of sexually transmitted disease, with 

relatively small numbers of individuals being infected by exposure to blood or by other 

routes. The smaller, weaker heterosexual epidemic in the West has, at least until now, 

been entirely due to HIV-1 subtype B. Evidence demonstrating phenotypic differences
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between HIV-1 B (in West) and non-B subtypes (in Africa) for "heterosexual 

transmission efficiency" is further emphasized by the pattern of HIV-1 C and E epidemic 

which has recently appeared in Asia (western India and southeast Asia, especially 

northern Thailand). In a short period of time, these viruses have caused rampant 

heterosexual epidemics (Essex, 1995).

As soon as the epidemic appeared, it became obvious that the central nervous system 

(CNS) was frequently involved in HIV-1 infection (Snider et al., 1983) as shown by the 

number of severe and often fatal neurological infections experienced by AIDS sufferers. 

It was estimated that 70-80% of AIDS patients would sooner or later suffer from some 

neurological disorders that, in 10% of cases, represent the first or even the sole signs 

of AIDS (Harrison, 1993). Individuals involved range from those who are at the stage 

of seroconversion to those with AIDS-related complex (ARC) or during the fully 

developed AIDS syndrome. It led Shaw et al (1985) to consider HIV as a neurotropic 

organism and the brain as the reservoir of the virus. The true incidence of neurological 

disease in AIDS is difficult to assess although postmortem data indicated an incidence 

of over 80% (Kennedy, 1993).

During the early stages of the investigation, neuropathologists kept themselves busy 

describing and classifying the various brain lesions, all of which, for instance, 

cytomegalovirus (CMV) encephalitis, progressive multifocal leukoencephalopathy (PML) 

and lymphoma appeared to be opportunistic infections zmd a consequence of 

immunosuppression (Scaravilli et al., 1993).
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Then, in 1985, it was observed that the brains of a number of patients, showing obvious 

clinical signs of dementia, formerly called AIDS dementia complex (ADC, Navia et al., 

1986) and, now called the HIV-1-associated cognitive/motor complex (report of a 

working group of the American Academy of Neurology AIDS Task Force, 1991), 

displayed an unusual type of leukoencephalitis, characterised by hitherto unseen 

multinucleated giant cells (MGCs) in a context of microglial hyperplasia and 

macrophages.

Though it was suspected that this new entity could represent the specific HIV-1 induced 

disease, conventional neuropathology could not go beyond the stage of hypothesis. The 

isolation of the virus from the CNS as early as in 1985 (Ho et al) gave good 

circumstantial evidence, not the proof, of the direct involvement of the virus. The 

subsequent classification made by Levy et al (1988) took this into account and a specific 

HIV encephalitis was included into the lists of complications of HIV-1 infection.

The arrival on the scene of specific antibodies raised against a number of HIV antigens 

(p24, gp 120) represented an important step forward as they demonstrated widespread 

presence of the virus within the CNS. However, an additional problem arose: whereas 

in most other viral encephalitides the aetiological agent can be seen within neurons and 

glial cells, usually as an intranuclear inclusion, thus giving morphological evidence of 

why cells suffer and die, in AIDS the virus can be identified only within cells of the 

microglia / macrophage lineage although, more recently, Saito et al (1994) have also 

demonstrated nonproductive infection in astrocytes. However, virus cannot be found 

within nerve cells and there is no obvious cytopathic effect of HIV on
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neuroectodermal cells in vivo. Another feature of HIV in the brain is that relatively small 

amounts of the organism can be visualised both by immunohistochemistry and in situ 

hybridisation methods.

The brain is affected, as shown by a nerve cell loss (Ketzler et al., 1990; Everall et al.; 

Wiley et al., 1991). As the theory of brain damage as a direct effect of the virus in 

producing CNS lesions seemed to loose ground, various other hypotheses were put 

forward at this point to try and explain this apparent contradiction.

Could it be possible that this hyperplasia of mesenchymal cells could be the expression 

of a type of immune activation of the CNS that, in turn, could be responsible for 

producing substances toxic to the CNS and, at the same time, perpetuate the reaction. 

Suggested pathogenic mechanisms include: (1) interaction of neurotoxins from 

HIV-infected macrophages (Giulian et al., 1990; Pulliam et al., 1991; Griffin et al., 

1991; Heyes et al., 1991) or other glial cells (Vitkovic et al., 1990; 1991); (2) nerve cell 

damage by the HIV-1 envelope glycoprotein (gp) 120 (Lipton, 1992); (3) induction of 

cytokines by gp 120 interacting with microglia/macrophages.

Among the various culprits, cytokines were considered as the most likely candidates. 

These proteins are by no means specific to HIV infection and can be found in a variety 

of abnormal conditions such as multiple sclerosis (MS). Some cytokines are directly 

toxic to the CNS (Merrill et al., 1992). In HIV infection, both in vivo and in vitro, data 

point to the role of cytokines at a number of important stages of the disorders and, 

indeed, cytokines were found in the cerebrospinal fluid (CSF) of these patients (Gallo
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et al., 1989; Griffin et al., 1991; Grimaldi et al., 1991). However, levels in the CSF 

may not correlate with actual levels in the CNS as, although CSF and the brain represent 

two interconnected compartments, they are not in equilibrium regarding solutes. The 

obvious conclusion is that a reliable amount of the levels of cytokines within the CNS 

could be derived only from an investigation of brain tissue itself.

It has been confirmed that the CNS was in a state of immune activation, as indicated 

by the expression by macrophages of the major histocompatibility complex (MHC) class 

II antigens and that cytokines were present within the brain tissue. Enhanced expression 

of MHC class II antigens has been demonstrated in a number of HIV infected astrocytes, 

microglia and monocytes (Peudenier et al., 1991; Ennas et al., 1992), and sensory and 

sympathetic ganglia in HIV-1 infected subjects (Esiri et al., 1993). Expression of these 

antigens has been correlated not only with the various pathological changes but also with 

HIV encephalitis (Achim et al., 1991a and b; Kennedy and Gaims, 1992). Once 

activated, MHC class II positive cells can induce production of toxic proteins such as 

cytokines (Molina et al., 1990) which have been detected in brain in HIV infection by 

Tyor et al (1992). Gelbard et al (1993) and Lynn and Wong (1995) related the presence 

of the cytokines to neuronal loss, which Petito and Roberts (1995), Adle-Biassette et al 

(1995) and Gelbard et al (1995) showed takesplace through apoptosis.

It is recognized that in most individuals the initial HIV-1 infection results in a latent or 

chronic infection, which, before and during eventual progression towards AIDS, is 

accompanied by a progressive and ultimately profound immunosuppression (Mikovits et 

al., 1992; Pomerantz et al., 1992). Initially, however, patients remain clinically
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asymptomatic, as infection is associated with vigorous virus specific immune responses, 

including both neutralising antibodies and cytotoxic T lymphocytes (CTLs) (Walker, 

1994).

Regarding the time and mode of entry into, and spread of HIV within, the CNS, the 

presence of the virus in cerebrospinal fluid has been reported at an early stage (Ho et 

al., 1985; Resnick et al., 1988). Furthermore, examination of brains of HIV-1 positive 

patients, who had died prior to developing AIDS, by Gray et al (1992) showed mild 

changes which were initially interpreted as nonspecific because there were no MGCs and 

no virus could be detected by immunohistochemistry. However, these authors could not 

find similar changes in a control group of HIV negative drug users. Subsequently, HIV-1 

proviral DNA was demonstrated in the brain tissue of these individuals which also 

showed excess of microglia (Sinclair et al., 1992a; Sinclair et al., 1994). These data 

taken together suggested that the status of immune activation previously reported by 

Tyor et al (1992) in AIDS may predate the AIDS stage (Sinclair et al., 1994).

In the next pages the following topics are reviewed and discussed: 1) HIV virus, 2) its 

latency, 3) the pathological changes and immune response of the CNS and 4) the 

possible pathogenetic mechanisms involved in the lesions in the CNS.

1.2 HIV virus

The acquired immune deficiency syndrome (AIDS), first recognised as a clinical 

syndrome by Gottlieb et al in 1981, included initially opportunistic infections and/or
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neoplasia associated with immunodeficiency. Following the definition of AIDS with its 

characteristic loss of T helper cells, investigation into its aetiology has focused on a 

retrovirus that was formerly named lymphadenopathy-associated virus (LAV) (Barré- 

Sinoussi et al., 1983), Human T-cell lymphotropic virus type III (HTLV-III) (Popovic 

et al., 1984) or AIDS associated retrovirus (ARV) (Levy et al., 1984). It is now known 

as human immunodeficiency virus (HIV)-l (Coffin et al., 1986).

Retroviruses are a family of enveloped RNA viruses which contain a RNA-dependent 

DNA polymerase (reverse transcriptase). Intermediate DNA, which can be permanently 

integrated within the host genome (Clements, 1985) is used in the infected cell to 

transcribe virion and messenger RNA.

Retroviruses can be subdivided into two types: oncogenic and non-oncogenic 

(Wong-Staal and Gallo, 1985). The lentiviruses (Lentiviridae) are a distinct subfamily 

of non-oncogenic retroviruses, which produce cellular damage or lysis rather than 

transformation. They may cause persistent infections and chronic diseases in their natural 

hosts. Typically, there is a long incubation period and progression to the disease is often 

gradual, hence the term slow virus or lentivirus. At present HIV-1 and -2 are the only 

pathogenic lentiviruses that have been identified in man. Other viruses of this group 

include simian immunodeficiency virus (SIV), feline immunodeficiency virus (FIV) and 

the "slow viruses" visna/maedi, equine infectious anaemia virus and caprine arthritis/ 

encephalitis virus (Shaunak and Weber, 1992).

HIV-1 is slightly over lOOnm in diameter. On electron microscopy it has a chziracteristic
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dense, cylindrical nucleoid containing core proteins, two copies of single plus(+) 

stranded genomic RNA, and reverse transcriptase, surrounded by a lipid envelope. The 

RNA-dependent DNA polymerase, the sine qua non of retroviruses, is present in the 

virion in association with the RNA genome (Shaw et al., 1988; Levy, 1994) (see Fig. 

1 . 1).

gp120 (S urface)-----

p17 (Matrix)

p9, p6 (Nucleocapsid)

RNA

gp41 (Transmembrane) 

p15(Vpr)

p24 (Capsid)

p64, p51 (reverse transcriptase)

Fig 1.1 Structure of HIV-1. See text for description. After Levy (1994).
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The HIV genome is 9-lOkb long and contains three principal structural genes, gag 

(encoding core proteins p24 and p i8), pol (encoding for the reverse transcriptase and 

other enzymes) and env [encoding for the spike (gpl20) and transmembrane (gp41) 

glycoproteins], flanked at both the 5’ and the 3’ ends by a non coding long terminal 

repeat (LTR) region, which contains the promoter and regulatory gene product acceptor 

sequences (Fig. 1.2).

vpu

vif
9=3 m  tat ■

^ ^ 0  env ^ ^ 0
vpr nef

■  rev M

Fig. 1.2 Genomic map and protein products of HIV-1. See text for details.
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In analysis of HIV genomes, the gag and pol genes have proved more stable than env 

which shows considerable variation, with up to 26 % variance between geographically 

- distinct isolates (Wain-Hobson, 1989). The genetic diversity seen in HIV isolates, 

where no two viruses have identical sequences, is higher than for any other known 

retrovirus (Weber, 1993). Indeed, numerous variant viral forms could coexist over the 

time within the same patient, and it is known that "isolates" of HIV-1 actually consist 

of complex mixtures of genotypically distinct, albeit related, viruses (Shaw et al., 1988).

Other non-structural genes which encode for proteins have been identified in the HIV 

genome. Their function is to regulate viral replication. At least six regulatory proteins 

have been identified which included tat, nef, rev, vpu, vz/and vpr. Regulatory proteins 

affect the production not only of structural gene proteins, but also of regulatory gene 

proteins, including themselves. This level of organizational complexity had not been 

recognized previously or ever expected in the small genomes of the animal retroviruses.

As AIDS is associated with decline of CD4 positive T lymphocytes (T helper cells) in 

the peripheral blood, it was postulated that the receptor for entry of HIV might be the 

CD4 surface molecule itself, which characterizes, and is found on, the surface of T 

helper cells (Dalgleish et al., 1984; Klatzmann et al., 1984). The life cycle of HIV 

begins with the interaction of the virion surface glycoprotein, gpl20, with the major cell 

receptor (CD4), on a subset of lymphocytes and macrophages. A secondary 

glycoprotein, the transmembrane glycoprotein, gp41, is involved in penetration of the 

virus and also mediates cell-cell fusion leading to multinucleated syncytia.
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HIV-1 can be prevented from entering CD4 positive cells by (a) recombinant soluble 

CD4 (Fisher et al., 1988; Hussey et al., 1988; Deen et al., 1988); (b) HIV env protein 

(Lasky et al., 1986) and (c) monoclonal antibodies (Dalgleish et al., 1984; Klatzmann 

et al., 1984).

Most human cells which express CD4 naturally or by transfection can be infected by 

HIV. However, cells from other species are not infected by HIV, even when human 

CD4 is present on the cell surface. This suggests the possible requirement of additional 

molecule(s) that allow the entry of HIV into the cell (Weiss, 1993). Several molecules 

have been considered as potential accessory factors in HIV infection, including MHC 

class I (Corbeau et al., 1991) and/or class II (Mann et al., 1 9 8 8 );galactôcerebroside 

(Harouse et al., 1991) and the cell surface peptidase CD26 (Callebaut et al., 1993). At 

present it is believed that after binding to CD4, HIV-1 requires secondary molecules to 

effect fusion between the virus envelope and the cell membrane (Clapham et al., 1993).

Furthermore, re ent evidence that cells lacking CD4 are susceptible to HIV-1 infection 

in vivo and in vitro (Castro et al., 1988; Chehimi et al., 1991), raises the possibility that 

HIV-1 infection could occur also by a mechanism independent from CD4 (Weber et al., 

1989; Kunsch et al., 1989).

There is evidence suggesting that the cell types predominantly permissive of productive 

HIV-1 infection in the CNS are macrophages and microglia (Kure et al., 1990; 1991). 

More recently, using double-label immunocytochemistry (ICC) Hatch et al (1994) 

demonstrated infection of astrocytes in human fetal organotypic cultures. In 1994 Saito
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et al and Tomatore et al (1994a) confirmed, by in situ hybridization alone or combined 

with immunohistochemistry, that glial cells in brain tissue harbour a nonproductive 

infection. Furthermore, using the same techniques Rank! et al (1995) found that in adults 

abundant expression of HIV nefsnd rev proteins in astrocytes in vivo is associated with 

dementia. The details will be described in 1.5.2.

Following the binding and fusion of the virus with target cells, the core nucleoprotein 

complex containing the viral RNA genome enters the cellular cytoplasmic space where 

the virion-associated reverse transcriptase synthesises a linear, double-stranded DNA 

copy of the viral genome. Some of this DNA migrates to the nucleus where integration 

can occur by co-linear insertion of the ends of the viral LTRs into the chromosomal 

DNA. This integrated DNA copy of the retrovirus genome is called a provirus (O’Brien, 

1994). In host cells, HIV DNA exists in three forms: unintegrated linear,unintegrated 

circular forms, and the integrated form. High levels of unintegrated forms of retroviral 

DNA are found in brains of AIDS patients (Pang et al., 1990) and are often associated 

with superinfection and accompanying cytopathic effects. The unintegrated DNA 

probably exists as the "housekeeping" repertoire of the viral genome and may be 

released into the circulation with the newly formed mature virion particles during the 

course of replication and release of the virus (Nandi and Baneijee, 1993). Integrated 

proviral DNA becomes part of the host DNA complement, replicating as cells divide. 

It is this integrative property which assures the survival of the viral genome until the 

death of the host.

The next phase of the infection involves expression of integrated retroviral genes leading
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to the formation of progeny viruses. Host factors synthesize and process viral RNA, and 

translate viral mRNA on host ribosomes in order to synthesize viral proteins. Signals for 

initiation of transcription of viral genes and enhancer sequences are located in the viral 

LTR. The host regulatory proteins involved include the cellular transcription factors Spl 

and nuclear factor-kB (NF-kB). Viral proteins are assembled following translation of the 

processed viral mRNA and cleavage of peptide precursors by protease. Intact infective 

progeny virions are released by budding through the cell membrane and can infect other 

permissive host cells (O’Brien, 1994). Viral protease is required for release to occur 

with maximum efficiency (Kaplan et al., 1994).

1.3 HIV latency (pre-AIDS)

Through the late 1980s, it was thought that most of the HIV present in asymptomatic 

(report from Centres of Disease Control and Prevention, 1993) individuals was latent. 

However, viral replication has been demonstrated throughout the course of asymptomatic 

and symptomatic disease by Pantaleo et al (1993a); Schnittman et al (1991); Delord et 

al (1992) and Piatak et al (1993). Pantaleo et al (1993a) used PCR to show that the 

product of this active and progressive infection of HIV accumulates in lymphoid organs 

and replicates actively even when there is a low viral burden and replication in 

peripheral blood mononuclear cells (PBMC). In early and intermediate stages of disease, 

there are between 5 and 10 times more infected cells in the lymphoid tissue than in 

PBMC whereas in advanced stages the viral burden is the same in both PBMC and 

lymphoid tissue. Investigations by Schmid et al (1994) demonstrated that HIV proviral 

DNA was not only present in CSF at all stages from asymptomatic term to overt AIDS,
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but also that it was significantly higher in CSF than in blood. This work indicated that

1) there is a substantial penetration of HIV-1 into the CNS/CSF in both systemic and 

neurological asymptomatic disease and 2) that CNS/CSF harbour more HIV-1 than 

blood.

HIV-1 is characterized by variability of genome, change of tropism and phenotypes; all 

these features correlate with the stage of the disease. It is generally agreed that the 

predominant HIV-1 strains, during the early asymptomatic stage, are macrophage- 

monocytotropic (Schuitemaker et al., 1992) non-syncytium inducing (NSI) phenotypes 

(Bozzette et al., 1993; Boucher et al., 1992).

Genetic variation is the hallmark of infections by lentiviruses in general and HIV-1,2 in 

particular. The diversity of sequence is termed ’quasispecies’ (Wain-Hobson, 1989) and 

is seen most in hypervariable regions (VI to V5) of the HIV-1 gpl20. The virus evades 

immune pressure by the continuous production of new mutations resistant to current 

immunological attack (Nowak, 1992). Mutations are usually located in key positions of 

cytotoxic T cell recognition in the immunodominant loop (Simmonds et al., 1990a). 

Mutations could escape neutralising antibodies (Yoshiyama et al., 1994) and may become 

resistant to multiple protease inhibitors which are potential therapeutic agents for HIV 

infection (Condra et al., 1995). The V3 region or gp41 amino terminus has the capacity 

to mediate syncytial formation and determines the viral tropism (Bergeron et al., 1992; 

Innocenti-Francillard et al., 1994; Liu et al., 1990; Sharpless et al., 1992a; Henkel et 

al., 1995). A single point mutation at the neutralisation epitope in the env gene could 

modify cellular tropism (Takeuchi et al., 1991). The variations showed tissue-specific
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evolution (Epstein et al., 1991; Ball et al., 1994; Korber et al., 1994). However, Keys 

et al (1993) found that V3 sequences of paired HIV-1 isolates from blood and CSF 

cluster according to host and show variation related to the clinical stage of disease, 

whereas particular amino acid sequences related to tissue specificity were not identified. 

This finding has been confirmed by Kasper et al (1993) who, in a follow-up study of 7 

infected haemophiliacs, have demonstrated that the diversification of HIV-1 strains, after 

infection from a unique source, is associated with the stages of infection. At the time of 

seroconversion high genetic homogeneity (96.5% - 100%) of HIV-1 is maintained. In 

the case of a patient who showed the highest decrease of CD4 positive cells, moderate 

genetic diversification of the virus was associated with a changed cellular tropism and 

the virus that originally could not be cultivated could then be isolated as a low 

cytopathogenic agent.

Investigations of the biological phenotype and tropism of clones of HIV-1 at different 

stages of infection suggested an association between progression of the disease and a 

viral shift from monocytotropism to T-cell-tropism (Schuitemaker et al., 1992) and 

conversion from non-syncytium to a syncytium inducing (SI) form (Richman and 

Bozzette, 1994). SI predicts decline of CD4 cells and enhanced HIV production (Kozal 

et al., 1994; Richman and Bozzette, 1994). In cultured cell lines, all monocytotropic 

variants were NSI and in vivo it has been observed that there was no progression to 

AIDS without evolution to SI variants (Schuitemaker et al, 1991). On the other hand, 

Valentin et al (1994) found that isolates with SI phenotype did not differ from NSI 

isolates in the ability to replicate in monocytic-derived macrophages in vitro. In another 

group of patients (3 pre-AIDS and 4 AIDS) Donaldson et al (1994a) found that 6 were
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exclusively and one was predominantly infected by variants with NSI/macrophage-tropic 

phenotype, irrespective of the degree of disease progression. Furthermore, Michael et 

al (1993) demonstrated that the proviral genotypes from PBMC of an infected patient 

were differentially represented in expressed sequences. The proviral group (11 clones) 

was more heterogeneous than the cDNA group (9 clones). Deduced amino acid 

sequences showed that they were distinct in the position of N-linked glycosylation sites, 

and in the V3 loop. This may have implicationsfor the pathogenesis of the disease.

Viral RNA transcripts are produced throughout the course of the infection and this 

production has also been confirmed in individuals with 7 or more years of non

progressive HIV infection (Pantaleo et al, 1995). A variety of intracellular mechanisms 

determines the levels of expression of viral regulatory and accessory genes. The degree 

of repression of these genes determines whether or not there is a transition to a 

progressive stage, i.e. AIDS. This has been demonstrated by tissue cultured latent HIV 

in lymphoid and monocytic cell lines. The induction of viral production was associated 

with a shift in HIV-1 specific mRNA from singly and multiply spliced mRNAs to the 

production of full length HIV-1 RNA (Laughlin et al., 1993). In asymptomatic 

individuals the level of multiply spliced viral RNA was higher than unspliced form in 

the PBMC, a condition termed "blocked early-stage latency" (Seshamma et al., 1992). 

The replicating ability of the virus could be associated with its phenotype. Connor and 

Ho (1994) showed that clones isolated just after seroconversion were slowly replicating 

and NSI. However, soon thereafter, SI variants appeared with rapid replication in both 

macrophages and CD4 positive lymphocytes. Moreover, it was suggested that the 

proviral copy number and RNA level could be early indicators of progression in HIV-1
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infection (Verhofstede et al., 1994).

At present there is no clear understanding of the mechanisms of emergence of 

progression of disease from pre-AIDS to overt AIDS. Adams et al (1994) and Balboni 

et al (1993) showed that tat may stimulate the provirus from latency in cultured cells and 

that a tat mutant may inhibit the process. The expression of HIV-1 RNA by chronically 

infected cell lines indicated the existence of host cell specific transcriptional and post- 

transcriptional mechanisms of latency (Butera et a l., 1994). It is possible that the genetic 

determinants for the changes from NSI to SI and monocyte tropism to T cell tropism 

may be entirely or partially responsible for the transition from latency to overt disease. 

In pre-AIDS, HIV harboured within the CNS is predominantly NSI and this might 

explain the rarity or absence of multinucleated giant cell in vivo during this stage.

1.4 HIV-1 infection of the central nervous system (CNS)

It has been reported that 40 to 50% of AIDS patients, both adults and children, have 

neurological symptoms which, in 10% of the cases, may be the first manifestation of the 

disease (Bredesen and Messing, 1983). Pathological study of up to 80% of post mortems 

of HIV-1 positive patients show some morphological abnormalities of the nervous system 

(Guarda et al., 1984; Lang et al., 1989; Anders et al., 1986; Petito et al., 1986; Budka 

et al., 1987).

Neurological complications appear to be due either to direct involvement by HIV and/or 

to the effect of opportunistic infection and malignancies (lymphomas). Neurological
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disorders can be seen at any stage of the infection and some of them do not appear to 

be associated with any opportunistic agent. Some of these such as acute encephalopathy 

(Came et al., 1985) or acute Guillian-Barré syndrome (Comblath et al., 1987) occur 

early in the disease, even as early as at the time of seroconversion. Other episodes, for 

example aseptic meningitis with chronic headache, acute or chronic demyelinating 

polyneuritis, or mononeuritis multiplex have also been reported in pre-AIDS. However, 

the most devastating diseases are seen in patients with AIDS. These include opportunistic 

infections, lymphomas and the HIV-1-associated cognitive/motor complex. The last 

complication is characterized by cognitive, motor and behavioural dysfunction and is 

seen in 15-20% (30/186) of patients with fully developed AIDS (McArthur, 1987). The 

overall prevalence of the HIV -1 -associated cognitive/motor complex in adult AIDS 

patients is 7.3 -11.3% (Janssen et al., 1992), but up to 30 -60% of children with AIDS 

manifest an analogous progressive encephalopathy (Epstein et al., 1986; Belman et al., 

1988; Mintz, 1994).

Whereas there is consensus that CNS involvement in HIV infection is a late event, how 

often and how early the nervous system is infected during the early asymptomatic stages 

is still an unanswered question. Reports on abnormal changes in the CNS in HIV-1 

positive pre-AIDS are reviewed briefly under three headings: evidence from 

neuropsychiatry and neurophysiology; analysis of CSF; and investigation in the brain.

1. Neuropsychiatry and neurophysiology

While some authors found no differences between HIV-1 positive pre-AIDS patients and
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healthy controls (Janssen et al., 1989; McArthur et al., 1989; Newton et al., 1994; 

Connolly et al., 1994; Manji et al., 1994), others found notable deficits in nonverbal 

(Van-Gorp et al., 1989) or verbal memory (Wilkie et al., 1990; Peavy et al., 1994), 

sleep disturbances (Norman et al., 1992), cognitive (Cobum et al., 1992; Villa et al., 

1993) and behavioural impairment (Stem et al., 1992).

Verbal memory was assessed by Peavy et al (1994) using the Califomia Verbal Leaming 

Test (CVLT) on 31 patients with symptomatic AIDS, 94 asymptomatic (pre-AIDS) HIV- 

1 positive and 40 HIV-1 negative control subjects. AIDS subjects were significantly 

impaired compared with HIV-1 negative controls. The performance of the pre-AIDS 

subjects fell on almost every CVLT measure. The profile by a discriminant function 

analysis (DFA) exhibited by the subgroup of impaired HIV-1 subjects (both AIDS and 

pre-AIDS) was similar to that of patients with Huntington’s disease (HD), a prototype 

of subcortical dementia. The findings are consistent with reports of predominantly 

subcortical neuropathological changes associated with HIV infection. Bono et al (1990) 

found that, among 86 pre-AIDS cases, 25 to 50% had neuropsychological and 

neurophysiological abnormalities compared with HIV-1 negative controls. In addition. 

Villa et al (1993) reported that 19/36 (52.8%) AIDS and 10/33 (30.3%) asymptomatic 

HIV seropositive subjects had cognitive impairment, compared with 3.9% of HIV-1 

negative controls. Furthermore, low values of CD4 positive cells, CD4/CD8 ratios and 

high titres of p24 antigen in the blood were found in subjects with cognitive impairment, 

especially in the pre-AIDS group.

Data reported by Iragui et al (1994) supported the conclusion that asymptomatic HIV
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carriers mzinifest subclinical neurological impairment of central somatosensory function; 

they also concluded that the neurological impairment increases with disease progression 

to involve peripheral nerves and visual system. They found that abnormal rates for one 

or more evoked potentials were present in 18/129 (14%) asymptomatic carriers and 

13/30 (43%) subjects with ARC/AIDS as compared with 1/62 (2%) seronegative 

controls. More recently, White et al (1995) demonstrated that asymptomatic HIV-1 

positive subjects (n=23) had impaired cognitive-motor performances characterized by 

reduced accuracy and efficiency. Among them, those with CD4 counts >400 X lO V l 

(n =  l l )  showed statistically significant increase in slow-wave sleep which is believed to 

be related to an increased immune activity (Moldofsky et al., 1986) when compared with 

controls (p <0.03). Those with CD4 counts <400 X lO V l had sleep parameters similar 

to controls. These data demonstrate that immune activation and cognitive-motor 

impairment are impaired in subjects who are at the early pre-AIDS stage of infection.

In summary, it has been suggested that memory, sleep disturbance, cognitive-motor 

functions are impaired even at this early stage of HIV-1 infection.

2. Detection of HIV-1 DNA, virus and other abnormalities in CSF

CSF represents the extracellular fluid of the brain (Glees, 1988). Early HIV-1 infection 

of the CNS has been demonstrated by numerous studies of CSF (Elovaara et al., 1991; 

Price et al., 1988). In 1985 Ho et al isolated HIV from CSF not only in patients with 

AIDS but also in one during acute aseptic meningitis with seroconversion. These results 

were confirmed by others ( Chiodi et al., 1986; Hollander and Levy,
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1987; McArthur et al., 1988).

The identification of CSF abnormalities including pleiocytosis, elevated IgG and 

oligoclonal bands in individuals known to have become infected during the previous 6 

to 24 months supports the hypothesis that the nervous system is an early target for HIV 

(McArthur et al., 1988). CSF neopterin and B2-microglobulin levels, which reflect 

activation of the cellular immune response in CNS, were increased at all stages of HIV 

infection (Bogner et al., 1992).

Sonnerborg et al (1991) detected HIV in CSF from 6/10 and 1/10 asymptomatic HIV-1 

seropositive individuals by PCR and virus culture technique respectively. Schmid et al

(1994) found that HIV-1 DNA was positive in blood in 30/34 (88%) and in CSF in 

22/26 (85%) pre-AIDS individuals. In ARC 44/46 (96%) samples of blood and 30/31 

(97%) CSF and, in AIDS, 7/7 (100%) samples of blood and 5/6 (83%) CSF were HIV-1 

DNA positive. Moreover, using quantitative PCR Schmid et al (1994) demonstrated that 

the proviral load was significantly higher in CSF than in blood at all stages in 

seropositive patients (p = 0.0001).

3. Investigation in the brain

In addition to the neuropathological changes described in 1.6 Sinclair et al (1992a; 1994) 

demonstrated by PCR the presence of HIV proviral DNA in brain of 2/8 HIV-1 positive, 

pre-AIDS patients, in whom there was also an increase of density of astrocytes and 

microglial cells. This led these authors to suggest that the status of immune activation.
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existed before the manifestation of fully developed AIDS (see 1.9).

Davis et al (1992) reported that HIV-1 was isolated from blood and brain tissue 14 and 

15 days respectively from a man who had accidentally received an inoculum of HIV-1 

infected white blood cells. The brain showed mild perivascular cuffing and mild 

lymphocytic meningitis, features similar to those described by Gray et al (1992) in HIV- 

1 positive pre-AIDS individuals; however, there was no evidence of multinucleated giant 

cells. HIV-1 DNA was present in several brain areas, but not in several other organs 

(gut, liver, heart, lung and spleen). This is coincident with the observation by Shaw et 

al (1985) using blot hybridization from an AIDS patient that brain was by far the organ 

most heavily infected with HIV-1 compared with spleen, lymph node, liver and lung. 

Taken together, these data suggest that infection of brain/CSF by HIV-1 might not only 

take place early but also be more severe. On the other hand, observations by Donaldson 

et al (1994b) show that in both AIDS (5 cases) and pre-AIDS (3 cases) brains have lower 

level of infection than lymph node and spleen. These authors as well as Bell et al (1993) 

considered positive results obtained from pre-AIDS cases as due to contamination by 

blood in the organ as they were below 1/10 of the value in PBNC, although in their 

paper 1 case, among 13 pre-AIDS patients to whom PCR was applied, showed 27 copies 

/lO^ cells without paired data from PBNC; in addition among the other 14 pre-AIDS 

cases, for which no quantitative data of HIV-1 in both brain and PBNC were presented, 

one showed high level of p24 in serum with MGC in brain.

1.5 Role of macrophages, microglial cells and astrocytes in the HIV-1 infection of 

the brain
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The CD4 positive T lymphocytes are the major reservoir of HIV in peripheral blood 

compartment and in the lymphoid tissues, whereas in nonlymphoid organs such as brain 

and the lung, local infection is predominantly sustained by mononuclear phagocytes (Poli 

et al., 1993). HIV-1 infection in the CNS has provoked a flurry of interests in the 

functions of microglia/macrophages and astrocytes and in their roles in the pathogenesis 

of HIV-1. It has been known for a long time that microglia and macrophages are both 

reservoirs and host cells of HIV-1 in the brain. Though there is evidence that under 

certain circumstances neurons and glial cells may be infected in vitro, there is as yet no 

evidence that these are important targets for HIV infection in vivo. Histological changes 

including presence of MGCs, white matter pallor and microglial nodules, may be 

relatively mild even in patients with severe cognitive dysfunction and thus may not 

provide a satisfying explanation for the clinical picture (Glass et al., 1993). These 

observations suggest that HIV-1 does not act directly on the neural cells and that 

alternative pathways exist in which microglia and macrophages may be involved. 

Utilizing in situ RT/PCR and immunohistochemistry methods Wesselingh et al (1994) 

found that a large number of macrophages are expressing TNF-a but only small number 

are infected with HIV in brains of AIDS patients with dementia. On the other hand, IL-4 

was not detectable in these brains while it was present in most control tissues and in 

patients with AIDS but without dementia, suggesting that the lack of normal 

downregulatory factors (IL-4, IL-10) might be an important contributor to the increased 

activation of macrophages and the increased production of neurotoxins, such as TNF-a 

(Tyor et al., 1995). HIV-1 infected macrophages are both perpetrators and amplifiers for 

neurotoxic activities.
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Astrocytes are involved in many activities that are critical to brain function including: 

neuronal migration; neurite outgrowth; maintenance of the bloOd-brmn barrier; regulation 

of water, ion and amino acid neurotransmitter metabolism; energy and nutrient support 

of neurons; modulation of immune/inflammatory responses; phagocytic function. In 

addition, specific enzyme systems enable astrocytes to metabolise ammonia, glutamate, 

free radicals, and metals, thus protecting the brain from the toxicity of these agents 

(Norenberg, 1994). Moreover, recent data have demonstrated that astrocytes are also 

directly infected by HIV-1 (see pages 19 and 45 to 47).

1.5.1 Microglial cells and macrophages

Microglia and macrophages are cells of the mononuclear-phagocyte lineage. Intrinsic 

microglia and tissue macrophages within the CNS are derived from precursor cells, 

which circulate in the blood as monocytes, and migrate through the vessel walls into the 

CNS early in gestation (Ling and Wong, 1993). They are apparently randomly 

distributed in normal host tissues, in which they make up about 13% of normal human 

white matter glial cells (Hayes et al., 1987), and appear in larger numbers, under 

chemotactic stimuli, in inflammatory lesions (Gordon, 1986). Some of them become 

perivascular and subarachnoidal or are located within the choroid plexus. A variety of 

pathological insults result in microglia activation, as well as a complex of morphological 

and biochemical alterations (Mrak et al., 1995). 'Activation- is defined as the process 

by which macrophages and monocytes modify their phenotype and acquire new functional 

activities in response to environmental stimulation (Varesio et al., 1995). A microglial 

cell response consists of an increase in size and in number of cells and in length of their
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processes (Esiri, 1993). Sometimes ramified microglia are referred to as "resting" 

microglia and ameboid (rod-shaped) microglia are referred to as "activated" microglia. 

Ameboid microglia are mobile and adhesive cells (Dickson et al., 1993). A potential 

marker for microglial activation is the expression of major histocompatibility complex 

(MHC) class II antigens. Ferritin has also been associated with the reactive microglia 

and HIV-1 RNA (Yoshioka et al., 1992). Macrophages can derive both from circulating 

monocytes as well as activated microglia. It is unclear to what extent intrinsic microglia 

contribute to the perivascular macrophage production and whether perivascular cells too 

can enter the parenchyma and differentiate into ramified intrinsic microglia in the adult 

(for review, see Dickson et al., 1994). Both resting and reactive microglia as well as 

macrophages show histochemical evidence of strong binding of the lectin Ricinus 

Communis agglutinin (RCA)-l (Murabe and Sano, 1982; Mannoji et al., 1986).

Activated microglia have been demonstrated in HIV-1 infected brains in both grey and 

white matter and the activation was not correlated with the presence of HIV-1 antigen 

in the brain region. These activated microglial cells could be those, among other cells, 

producing cytotoxic factors which, in turn, cause brain damage (Weis et al., 1994).

There are two main ways by which activated microglia and macrophages can act as 

cytotoxic cells in the brain.

The first involves direct cell-to-cell contact as demonstrated by coculture of human 

embryonic neurons, astrocytes and HIV-1 infected U937 monocytic cells (Tardieu et al.,

1992). HIV-1 infected monocytic cells can induce toxicity on neurons, as well as on
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astrocytes after cell-to-cell contact (Genis et al., 1992; Epstein and Gendelman, 1993). 

Cocultures of HIV-1 infected monocytes and astrocytes release high levels of cytokines 

and arachidonate metabolites leading to neuronal toxicity. However, when HIV-1 

infected monocytes were cocultured with other cells (but not astrocytes), or when HIV-1 

infected monocyte fluids or viral particles instead of HIV-1 infected monocytes were 

used on astrocytes, these cells failed to induce cytokines and neuronotoxins, suggesting 

that the neuronal toxicity associated with HIV CNS disorders is mediated, in part, 

through cytokines and arachidonic acid metabolites, produced during cell-to-cell 

interaction between HIV-1 infected brain monocyte /macrophages and astrocytes (Genis 

et al., 1992). The role of CR3 (on monocytes) and intercellular adhesion molecule 

(ICAM)-l (on neurons and astrocytes), proteins known to be ligands for each other, has 

been investigated. It has been confirmed that adhesion between monocytes and neurons 

or astrocytes was 80% inhibited by mAbs against the CR3 determinant or against ICAM- 

1, but not others [anti- vascular cell adhesion molecule 1 (VCAM-1), anti-CD44, anti- 

endothelial leukocyte adhesion molecule 1 (ELAM-1)]. The expression on neurons of 

ICAM-1, on astrocytes of ICAM-1 and VCAM-1 was up-regulated by exogenous TNF- 

a , IL -la  and IFN-gamma. The adhesion between monocytes and CNS cells is a further 

inducer of IL -la  and TNF-a which were greatly increased after the adhesion (Héry et 

al., 1995).

The second way is that microglia and macrophages release potentially cytotoxic 

substances (Banati et al., 1993). The major secretory products of microglial cells are 

free oxygen radicals, proteolytic enzymes, arachidonic acid metabolites and 

inflammatory cytokines (IL-1, IL-6, TNF-a) (see 1.10.1 and 1.10.2). In particular,
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colony stimulating factors (CSFs) seem to regulate both the proliferation of microglia 

(Raivich et al., 1991) as well as their differentiation into macrophages (Suzumura et al., 

1990). Stanley et al (1994) found that in HIV-infected individuals microglia was 

abundant, activated and intensely immunoreactive for IL -la , which in turn increases the 

synthesis and processing of 6-amyloid precursor protein (6-APP) and promotes 

proliferation and activation of astroglia. In addition, astrogliosis was accompanied with 

increased expression of IL-1 a  and SI006 (a small soluble calcium-binding protein that 

is synthesized and released by astroglia). Overexpression of IL-1 a  and S1006 may then 

induce gliosis, growth of dystrophic neurites and calcium-mediated neuronal cell loss in 

AIDS.

The mechanism of microglial infection is unclear because microglia have low levels of 

CD4 antigen expression (Funke et al., 1987). On the other hand, CD4 can be detected 

easily in rodent microglia, where cellular activation is associated with up-regulation of 

CD4 (Perry and Gordon, 1987). Possible mechanismscould involve non CD4 mediated 

binding of virus to target cell membranes (Harouse et al., 1991) such as galactosyl 

ceramide or a derivative (Bhat et al., 1991), or antibody mediated uptake, as microglia 

can express immunoglobulin Fc receptors (Takeda et al., 1988). As already mentioned 

(see page 27), two groups have recently reported that entry of HIV-1 into target cells 

requires cell-surface CD4 and additional host cell cofactors. The principal cofactor for 

entry of primary macrophage-tropic strains of HIV-1 has been identified to be CC-CKR- 

5, a receptor for the 6-chemokines regulated-upon-activation, normal T expressed and 

secreted (RANTES), macrophage inflammatory protein (M lP)-la and MIP-16 (Deng et 

al.; Dragic et al.; 1996). Elevated expression of M IP-la and MIP-16 mRNA has been
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demonstrated in brain of HIV-1 infected patients by RT-PCR and RT-m situ PCR 

(Schmidtmayerova et al., 1996).

Changes in the microglial and macrophage population due to HIV-1 infection have been 

examined in HIV-1 infected individuals before the onset of AIDS. Almost all such cases 

show some degree of microglial and macrophage alteration and some show well-defined 

nodules or clusters of reactive microglial cells (Esiri et al., 1989) (see 1.6.2). Another 

feature in the brain of these cases is the presence of sparse cuffs of perivascular 

lymphocytes and macrophages, surrounding veins and in the leptomeninges (Esiri, 1993).

1.5.2 Astrocytes

Another response to brain injury is proliferation of astrocytes. Astrocytes are important 

in maintaining normal levels of extracellular potassium, ammonium, and glutamate and 

thus were attributed a neuroprotective function (Barres, 1991; Hansson, 1988). 

Astrocytes are the most numerous cellular element in brain. They outnumber neurons 

by ten to one and occupy about one-third of the volume in the cerebral cortex 

(Norenberg, 1994). Astrocytes contain receptors to most neurotransmitters and 

neuropeptides (Murphy and Pearce, 1987) which provide key mechanisms for 

intercellular communication. Their loss could lead to a secondary degeneration of 

neurons or their processes (Petito and Roberts, 1995). Astrocytes, like microglia, 

become activated in response to various pathological insults. This activation is marked 

by hypertrophy and results in expression of structural protein (GFAP), adhesion 

molecules, antigen presenting capabilities including MHC antigens and cytokines (Mrak
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et al., 1995). The GFAP gene which encodes an intermediate filament cytoskeletal 

protein (Balcarek and Cowan, 1985) is expressed predominantly in astrocytes (Bignami 

et al., 1972) and is widely used as astrocyte marker. HIV-1 envelop gpl20 causes 

astrocytic, but not neuronal, alteration and/or death as well as decreased expression of 

GFAP leading to the hypothesis that AIDS dementia may partially involve a perturbation 

of astrocyte function, which further impairs neuronal function (Pulliam et al., 1993).

Gliosis, the most frequent and important cellular reaction to brain insults, has been 

demonstrated to correlate with the increase in size of astrocytes in white matter rather 

than either with the density of astrocytes or the intensity of GFAP staining (da-Cunha 

et a l., 1993b). IL-IB-activated astrocytes reveal a marked decrease of mRNA and protein 

of GFAP which was accompanied by the change in cell shape in vitro. Activated 

astrocytes displayed intense GFAP and vimentin immunoreactivity in the small perikarya 

and processes. In contrast, the large, flat astrocytes in control culture showed diffuse 

pale immunoreactivity of GFAP and vimentin. Observation by Liu et al (1994) on 

appearance of GFAP in activated astrocytes and astrocytes in control culture suggest that 

increase in immunoreactivity was related to factors such as redistribution of epitope, 

rather than increase in total protein content. Ammonia has been found to reduce 

stabilisation of GFAP mRNA by up to 85% without inhibiting total RNA synthesis 

(Neary et al., 1994). IL-IB stimulates acquisition of the GD3 positive phenotype of 

human fetal astrocytes and inhibits cell division (Lee et al., 1995).

It has been customary to date, to assume that the only cells harbouring HIV in the CNS 

were those of microglial and macrophages lineage. HIV has been shown to be present
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in MGC, blood-derived monocytes/macrophages, microvascular endothelial cells, and 

in resident microglial cells (Koenig et al., 1986; Wiley et al., 1986; Kure et al., 1990; 

Moses and Nelson, 1994; Bagasra et al., 1996). Astrocyte infection, either in vivo or in 

vitro, has only rarely been reported (Wiley et al., 1986; Cheng-Meyer et al., 1987; 

Dewhurst et al., 1987; Sharpless et al., 1992b). More recently, however, Tomatore et 

al (1994a) and Saito et al (1994) have reported expression by astrocytes in paediatric 

AIDS patients (4/12 and 2/6, respectively). The latter authors found nef mRNA and 

protein in up to 20% of astrocytes. In addition, Ranki et al (1995) demonstrated nef 

protein in astrocytes in 7/14 adult AIDS patients and that expression of HIV nefzndi rev 

proteins is associated with dementia (6/7 with positive astrocytes had suffered from 

moderate to severe dementia).

Tomatore et al (1991) found that astroglial cells transfected with HIV-1 genome rapidly 

transcribed the viral genome producing high levels of p24 protein and infectious virions. 

Thereafter this expression progressively diminished and a persistent phase of infection 

developed during which neither virus nor viral p24 protein could be demonstrated. In 

addition, the persistently infected glial cells could be stimulated to produce viral p24 

protein if either TNF-a or IL-115 was added to the medium, suggesting that astrocytes 

may serve as an undetected reservoir for HIV-1 and disseminate the vims to other 

susceptible cells in the brain upon being triggered by some cellular or biochemical 

signal. Furthermore, by applying regulatory protein probes Tomatore et al (1994b) 

demonstrated a shift from transcripts coding for both stmctural and regulatory proteins 

to those coding only for the latter, suggesting that rev function (to stabilize the longer, 

stmctural protein-encoding transcripts) is impaired (Conant et al., 1994). Moreover,
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work by Nath et al (1995) has shown that human fetal astrocytes can be infected by HIV 

although only the lymphocytotropic (L-tropic) variants [but not the monocytotropic (M- 

tropic)] is capable of doing so; similarly, McKnight et al (1995) showed that when a 

laboratory isolate of HIV-1 is selected to grow in astrocytes, it loses its ability to grow 

in macrophages. As the L-tropic variants increase proportionally over the M-tropic with 

the progression of the infection (Schuitemaker et al., 1992) it could be postulated that 

invasion of astrocytes could be regarded as a sign that the illness is entering the final 

(AIDS) stage. On the other hand, the results of Hatch et al (1994) demonstrated that both 

L- and M- tropic isolates infect microglia and astrocytes in human fetal organotypic 

cultures. It is not known whether during the pre-AIDS stage glial cells are infected.

Astrocyte infection may lead to neuronal dysfunction through loss of supporting growth 

factors, exci totoxicity due to deregulation of neurotransmitter reuptake and loosening 

of the blood-brain barrier permitting further seeding of HIV-1 in the CNS. HIV-1 

infected macrophages initiate inflammatory processes and the processes could be 

amplified thr^igh cell-cell interaction with astrocytes (Blumberg et al., 1994). 

Investigation on the binding site for HIV-1 gpl20 on human fetal astrocytes suggested 

that neither CD4 nor galactocerebroside was involved in this binding (Ma et al., 1994).

1.6 Neuropathology of human immunodeHciency virus infection

1.6.1 AIDS

Neuropathological changes observed in the brains of AIDS sufferers include those
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produced by HIV and those associated with opportunistic infections and lymphomas. The 

following description will deal only with the primary changes produced by HIV.

HIV was first discovered in lymph nodes by Barré-Sinoussi et al (1983) and in peripheral 

blood lymphocytes by Gallo et al (1984); subsequently Shaw et al (1985) demonstrated 

its presence in the nervous system by Southern analysis and in situ hybridization. These 

results were followed by the description of multinucleated giant cells (MGC) (the most 

characteristic neuropathological feature in AIDS) in the brain of HIV-1 positive patients 

by Sharer et al (1985). MGC had been previously illustrated by Horoupian et al (1984), 

without any comment on their specific features.

MGC with the characteristic features (Gray et al., 1988) are considered to be unique to 

AIDS (Petito et al., 1986) and the hallmark of HIV infection in the brain (Budka, 1986). 

MGC demonstrated the capacity of HIV-infected cells for fusion in the nervous system, 

analogous to the formation of syncytia in infected permissive cell cultures (Popovic et 

al., 1984). These giant cells are 15 to 25 ^m in diameter (Sharer et al., 1985; Budka 

1986); they can occur together with other cells in a microglial nodule, in isolated 

clusters scattered throughout the parenchyma or, most frequently, around blood vessels 

in the leptomeninges and in brain (De Girolami et al., 1992). MGC may appear as 

’macrophage-like’ with a large volume of well demarcated cytoplasm containing 

peripheral lipid vacuoles or as smaller ’microglia-like’ multinucleated cells with 

prominent processes, scanty cytoplasm and elongated nuclei clustered at the centre of the 

cell (Scaravilli et al., 1993). They may have only 2-3 nuclei, but the larger ones have 

20-30 or even more. They have been found in the lesions of HIV-myelitis (Maier et al..
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1989) and mediastinal node of one man with AIDS (Gray et al., 1990). However, they 

have not been associated so far with peripheral neuropathy in HIV infection (Esiri,

1993).

In some respects MGC in the CNS in AIDS resemble morphologically those found in 

chronic infective granulomas. They are found also in measles encephalitis (Esiri et al., 

1982). In these conditions their origin has not been fully investigated. MGCs found in 

HIV infected CNS have the capacity to function like macrophages in host defense against 

infection (Schlesinger et al., 1984). They show evidence of strong binding to the lectin 

Ricinus Communis agglutinin (Mannoji et al., 1986) and the HIV envelop protein gpl20 

is known to effect fusion of these type of cells by a direct action on their cell 

membranes.

It has been demonstrated that macrophages and macrophage-derived MGC are capable 

of synthesizing HIV RNA and may be considered both the main reservoir and the vehicle 

of spread of the virus (Koenig et al., 1986). Various techniques have demonstrated the 

presence of HIV genome or protein in their cytoplasm (Koenig et al., 1986; Sharer et 

al., 1986; Wiley et al., 1986; Budka et al., 1987; Vazeux et al., 1987). Ultrastructural 

studies have also shown viral particles either free in the cytoplasm or in cytoplasmic 

cisterns (Koenig et al., 1986; Budka et al., 1987; Gray et al., 1987). Nuclear bridges 

have also been occasionally observed in MGC, suggesting that amitotic nuclear division 

might account for the formation of multinucleated cells in addition to cell fusion, 

(Mizusawa et al., 1988). On the other hand, HIV protein has been demonstrated 

immunohistochemically in brains of AIDS patients in the absence of MGC (Gabuzda,
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1986; Vazeux et al., 1987), suggesting that MGC represent a highly characteristic, but 

not essential, feature of HIV infection of the nervous system. The differences in brain 

sampling may effect the number of MGC in AIDS brains (Scaravilli et al., 1993). 

Immunohistochemistry for HIV antigens should be a valuable diagnostic aid in some 

brains in which MGC are rare (Budka, 1993).

Direct involvement of CNS by HIV produces a form of leukoencephalitis. Lesions, 

which predominate in the hemispheric white matter and deep grey nuclei, with sparing 

of the gyral white matter and corpus callosum, include myelin pallor, astro- and micro

gliosis with variable number of MGCs. According to whether myelin pallor is focal, 

usually perivascular, or diffuse, two types of encephalitis have been described. Indeed, 

they are variation of the same process and some cases with both appearances are seen. 

Both pathological conditions occur in the later stages of the AIDS infection and 

consistently demonstrate relatively large amounts of HIV products.

1). HIV encephalitis (HIVE) is synonymous with multifocal giant cell encephalitis 

(MGCB) (Budka 1986, 1989), subacute encephalitis with multinucleated cells (Petito et 

al., 1986), multinucleated cell encephalitis (Price et al., 1988) and giant cell encephalitis 

(Michaels et al., 1988). It is characterized by multiple ’microgranulomatous’ foci 

irregularly disseminated predominantly in white matter, but also in smaller numbers in 

the grey, usually in a perivascular position. These foci consist of microglia/macrophages 

and MGC, cells show production of HIV. Reactive astrogliosis is also a feature.

2). HIV leukoencephalopathy (HIV-lep) is synonymous with progressive diffuse



51

leukoencephalopathy (PDL) (Kleihues et al., 1985). It is characterized by diffuse 

histopathological triad of myelin reduction, reactive astrogliosis and infiltration of mono- 

and multi-nucleated microglia/macrophages with HIV production involving the white 

matter (Budka, 1993).

HIVE and HIV-lep may co-exist in the same brain. The observation of microvascular 

pathology including thickening of the walls, increased cellularity, and enlargement and 

pleomorphism of endothelial cells in HIV-lep as well as the lesions of HIVE, suggested 

that the lesions may follow the entry of HIV-1 infected haematogenous cells through the 

vessel wall and that altered vascular permeability may lead to damage to myelin and 

axons in HIV-lep (Smith et al., 1990). Cytokines including TNF secreted by HIV-1 

infected macrophages may influence capillary endothelium (Feuerstein et al., 1994).

The incidence of encephalitis with MGC varies in different series: from 42/149 (28%, 

Petito et al., 1986), 38/100(38%, Budka et al., 1987), 21/135 (15%, Lang et al., 1989), 

52/135 (38.5%, Gray et al., 1991a) to 40/100 (40%, Scaravilli et al., 1993). This may 

reflect an actual yearly increase in incidence of MGC encephalitis, as observed by the 

latter author, 6/22 (27%) patients who died before 1987 have MGC; subsequently the 

incidence increased to 21/48 (41%) in 1987-8 and 13/30 (43%) in 1989. This may also 

reflect changes in survival time related to improved diagnosis and better treatment of 

opportunistic infections (Scaravilli et al., 1993). The characteristic microglial nodules 

and multinucleated cells can occasionally be seen in spinal cords (HIV myelitis). Myelitis 

was present in 5% of the 178 spinal cords examined by Petito (1993) and in 8% of the 

26 spinal cords reported by Grafe and Wiley (1989). Zidovudine (AZT) treatment
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significantly reduces the occurrence of productive HIV infection of the brain in AIDS 

if continued until death. Discontinuing AZT therapy may favour the occurrence of HIV 

encephalitis (Gray et al., 1994; Mæhlen et al., 1995). The main problems of AZT are 

reversible anaemia which results in about 30% of patients not tolerating long-term use, 

and the development of drug resistance which may be associated with clinical failure of 

the drug (Peto, 1992).

Although cortical abnormalities first described in 1987 by Budka have received for some 

time relatively little attention, Ciardi et al (1990) found increased expression of GFAP 

and microglial hyperplasia in neurologically asymptomatic AIDS patients; in addition, 

cortical thinning and reduced number of nerve cells were reported in 1990 by Ketzler 

et al and confirmed by Everall et al and Wiley et al in 1991. Subsequently, Gray et al 

(1991b) reported the neuropathology in one AIDS patient with HIV encephalopathy 

showing predominant cortical changes including severe neuronal loss and only minimal 

changes in white matter and basal ganglia, suggesting that HIV encephalopathy is not 

necessarily limited to white matter lesions. Furthermore, detection of HIV proviral DNA 

in the cortex of AIDS patients both with and without obvious abnormalities (Sinclair et 

al, 1992b), suggests that HIV may be involved in the pathogenesis of cortical 

abnormalities.

HIV-1 associated (possibly HIV-1 induced) central nervous system changes include also 

lymphocytic meningitis (usually very discrete), vacuolar myelopathy [incidence in adult 

patients at postmortem ranging from 18 to 30% (Petito, 1993)], multifocal vacuolar 

leukoencephalopathy and diffuse poliodystrophy (DPD) (Budka, 1993) and mineralization
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of blood vessel walls (Scaravilli et al., 1993).

1.6.2 pre-AIDS

The time and mode of entry and spread of the virus in the CNS remain unanswered 

questions. A neuropathological study by Esiri et al (1989) of HIV-1 infected 

haemophiliacs who died from intracranial haemorrhage and cirrhosis of the liver before 

the onset of AIDS (7 cases) or at the AIDS stage (4 cases) showed that not only AIDS 

but also pre-AIDS cases suffered some degree of microglial and macrophage alteration. 

Neuropathological disorders included, in addition to acute and/or old haemorrhage, in 

3 out of 4 AIDS cases, microglial nodules in 2 (one was with myelin pallor also); anoxic 

foci in 1 whereas among 7 pre-AIDS patients, mild lymphocytic meningitis / 

encephalitis, or both were found in 2, myelin pallor in 2. Two of these 4 showed also 

microglial nodules. The other 3 cases showed MGC encephalopathy in 1 and acute and 

chronic haemorrhage was present only in 2. Examination by Gray et al (1992) of 11 

brains of HIV-1 positive individuals who had died from overdose or a gunshot prior to 

developing AIDS, showed lymphocytic meningitis, myelin pallor, reactive gliosis and 

microglial proliferation. These changes had been previously considered as nonspecific 

(probably related to the drug addiction) as there was no evidence of encephalitis and HIV 

antigen could not be detected by immunohistochemistry. However, they could not be 

seen in a control group of HIV-negative drug users (11 cases who died from same 

causes, i.e. 10 overdose and 1 gunshot). Similar changes have been found by others 

(Lenhardt et al., 1988; Bell et al., 1993). It is notable that meningitis which has been 

observed by all authors mentioned above occurs in the pre-AIDS stages of HIV infection
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but is rare in AIDS. However, association of leptomeningitis with HIV-1 specific 

neuropathology has been found in a few AIDS brains with prominent collections of HIV 

producing cells in the leptomeninges. This suggests that, at least in some cases, HIV 

pathology may spread to the leptomeninges (Budka, 1993). Furthermore, Santosh et al

(1995) reported that the brain of a pre-AIDS case who died from road traffic accident 

showed features of HIV associated early leukoencephalopathy. These early brain 

changes, including leptomeningitis, myelin pallor and gliosis are considered secondary 

to vascular inflammation and opening of the blood-brain barrier (Gray et al., 1993).

1.7 level of HIV-1 DNA in the PBMC and CNS during different stages of disease

HIV causes a chronic disease in man. During the early period after primary infection 

there is widespread dissemination of virus and a decrease in the number of CD4 T cells 

in peripheral blood. An immune response to HIV ensues, with a decrease in detectable 

viraemia followed by a prolonged period of clinical latency (see Fig. 1.3. Pantaleo et 

al., 1993b). It has been suggested that evaluation of proviral copy number could be an 

early indicator of AIDS progression (Verhofstede et al., 1994; Lefrere et al., 1992; 

Chevret et al., 1994).
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The polymerase chain reaction (PCR) technique has been applied in DNA and RNA 

research since 1985 and developed for the quantitative evaluation and for cloning and 

sequencing purposes. The goal of quantitative PCR is to deduce, from the final amount 

of PCR product, the initial number or related levels of target molecules among samples. 

In HIV research, it has been performed mostly on PBMC (Aoki et al., 1990; Bieniasz 

et al., 1993; Wood et al., 1993; Jurriaans et al., 1992; Esccdch et al., 1992; Simmonds 

et al., 1990b). It has also been employed on tissues such as lymphoid organs, lung, liver 

(Sei et al., 1994; Cao et al., 1992; Donaldson et al., 1994b), semen and saliva (Liuzzi 

et al., 1995). Only a few data regarding brain are available (Pang et al., 1990; Achim 

et al., 1994) and the results were obtained using either ^^P-labelled primer (probe) or 

fresh frozen tissues (Cao et al., 1992; Pang et al., 1990; Achim et al., 1994).

In addition to PCR having a critical role in the quantification of HIV-1 DNA (Stieger 

et al., 1991; Piatak et al., 1993; Poznansky et al., 1991), nested or hemi-nested PCR 

was often applied in view of its advantages: it eliminates nonspecific products which 

could interfere with quantitation and it increases sensitivity of PCR, the threshold of 

detection is lowered (Haff, 1994; Zimmermann et al., 1994; Yourno and Conroy, 1992; 

Simmonds et al., 1990b; Ferré, 1994).

1.7.1 PBMC and CD4 positive T cells

Quantitative analysis of HIV-1 DNA in asymptomatic carriers by PCR has been 

performed using PBMC (Lee et al., 1991; Bush et al., 1993; Ferré et al., 1992) and 

CD4 positive T lymphocytes (Oka et al., 1990; Brinchmann et al., 1991). Comparison
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between data in these individuals and AIDS patients has shown that the titres of HIV 

were significantly higher in AIDS (O’Shea et al., 1991) and that viral load has an 

inverse correlation to the number of CD4 positive cells. When selected individuals with 

low CD4 cell counts (below 50/mm^) (they were considered as AIDS patients regardless 

of whether they were asymptomatic or symptomatic) were taken into consideration, no 

significant difference in viral load was found between the two groups (Jacques et al.,

1994).

Because good correlation between the proviral DNA in PBMC and the viral RNA levels 

in plasma was observed in a group of asymptomatic patients with a CD4 positive T-cell 

count >200X10Vl (Verhofstede et al., 1994) and because HIV RNA was expressed 

during all stages of infection (Piatak et al., 1993), measuring proviral copy numbers by 

PCR in early stages of HIV-1 infection was considered a useful means of predicting 

progression to AIDS by Chevret et al (1994).

1.7.2 Cerebrospinal fluid (CSF) & brain

Little is known about HIV-1 proviral DNA load in brain, particularly regarding the early 

stages of disease. One group (Bell et al., 1993) believes that HIV-1 DNA detected in 

pre-AIDS cases is a contamination from residual blood within brain. However, more 

recently, a quantitative study by Schmid (1994) demonstrated that, at all stages, HIV-1 

proviral load in seropositive patients was significantly higher in cerebrospinal fluid 

(CSF) than in blood [median 25 vs. 0.6 copies/1,000 CD4 positive cells (p =  0.(XX)1)]; 

in addition the load was higher in the blood and CSF of subjects with more advanced
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systemic disease and with neurological signs of HIV-1 infection.

A summary of published data on the load of HIV-1 DNA in PBMC, CD4 positive cells 

and RNA in plasma is quoted in the Table 1.1.

Table 1.1 List of HIV-1 DNA load in PBMC, CD4+ cells and RNA in plasma in the 
published literature

Source AIDS pre-AIDS Reference

PBMC 1/4,606 1/10,714 Lefrere et al., 1992

PBMC 450-10,516/10'PBMC 
(mean=2,403)

50-2,570/10TBMC 
(mean=779)

Escaich et al., 1992

PBMC 1/700-3,300 1/6,000-80,000 Simmonds et al., 1990b

PBMC 200-4,000/lO^PBMC 
(mean = 1,245)

2-l,000/10^PBMC 
(mean=213)

Lee et al., 1991

CD4 + 1 /1 0  cells 1/ 1 0 ,0 0 0  cells Wood et al., 1993

CD4+ 1/ 1 0 0 - 1 0 ,0 0 0 Poznansky et al., 1991

CD4-H 18-2,857/10^ CD4 Oka et al., 1990

CD4 + 1/2,500-26,000 
(media, 1/ 1 2 ,0 0 0 )

Brinchmann et al., 1991

CD4-H 10.7/1,000 cells 0.09/1,000 cells Schmid et al., 1994

The proviral load in patients, all stages, was significantly greater in CSF 
than blood [media 25 vs. 0.6 copies/1,000 CD4-I- cells ^=0.0001)]

Plasma 1 0 0 -2 2 ,0 0 0 ,0 0 0  copies /ml Piatak et al., 1993

Plasma 10^-8X10" /ml Scadden et al., 1992
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1.8 Programmed cell death (PCD) and HIV infection

HIV infection leads to the progressive collapse of two systems within the human body: 

the immune system, and the central nervous system, AIDS results from the loss, in each 

organ, of a selective cell population: CD4 positive T cells in the immune system, leading 

to immune incompetence; neurons in the brain, leading to dementia (Ameisen, 1995).

The asymptomatic phase of the disease is characterized by the inability of CD4 positive 

T cells to proliferate as shown in vitro by the response to MHC class II restricted recall 

antigens (Shearer and Clerici, 1991). This functional impairment is followed by the 

decline of CD4 positive T cells and the development of AIDS.

A number of virological and immunologic mechanisms have been proposed to account 

for the CD4 positive T cell defect and depletion, including syncytium formation between 

infected and non-infected cells, selective infection and destruction of memory T help 

cells, inappropriate immune killing of uninfected cells, and autoimmune responses 

(Fauci, 1988; Banda et al., 1992; Habeshaw et al., 1992). Recently, new developments 

in this area of research have suggested that the loss of CD4 cells in HIV-1 infected 

patients is associated with lymphocyte activation. Activation, however, does not result 

in cell proliferation, but rather in cell death, through a mechanism known as 

programmed cell death (PCD) (Wyllie et al., 1980; 1984).

PCD is characterized by disappearance of individual cells and is an active cell suicide 

mechanism. It represents the endpoint of a genetically determined programme which
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requires de novo gene expression and protein synthesis. The morphological 

characteristics of PCD have been called apoptosis. Apoptosis differs from necrosis which 

is an accidental event triggered by factors external to the dying cells. Moreover, whereas 

in cell necrosis the event involves large groups of cells and there is loss of membrane 

integrity, swelling and degeneration of cell organelles and eventually lysis, in apoptosis 

single cells appear to die: organelles are normal and nuclei show dense chromatin, which 

is degraded into single and multiple oligonucleosomes, clumped against the nuclear 

membrane. The DNA is cleaved in the intemucleosomal linker region, where it is 

relatively weakly associated with histone H I, and electrophoretic separation of DNA of 

apoptotic cells reveals a "ladder" pattern of bands averaging about 200, 400, 600bp, 

etc., corresponding to oligonucleosomal fragments (Arends et al., 1990; Walker and 

Sikorska, 1994). This fragmentation of DNA is enzymatic and generally occurs after 

activation of a calcium-dependent endogenous endonuclease (Arends et al., 1990).

1.8.1 T lymphocytes

Apoptosis has been recognized as a possible way by which immune cells (Cameron et 

al., 1994; Schnittman and Fauci, 1994; Carbonari et al., 1994; Howie et al., 1994; Lu 

et al., 1994; Martin et al., 1994; Sandstrom et al., 1993; Shearer et al., 1993; Lewis 

et al., 1994) are eliminated in AIDS, and more recently it has been detected among CD4 

and CDS lymphocytes in HIV-1 positive individuals at the asymptomatic stage of the 

infection (Groux et al., 1992; Jaleco et al., 1994; Meyaard et al., 1992; 1994). A study 

by Gougeon et al (1993a)quantified the apoptotic peripheral blood lymphocytes (PBLs) 

from 29 asymptomatic HIV-1 infected individuals and 28 seronegative controls. Up to
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25% of patients’ cells were apoptotic after stimulation with ionomycin, compared to 9% 

in cultures from seronegative donors. The apoptotic process could be accelerated by 

increasing the intracellular Ca^^ mobilization which was supposed to activate the 

endogenous endonuclease; the latter destroys the chromatin structure and induces 

apoptosis. Cyclosporin A, a powerful suppressor of the immune system and an inhibitor 

of activation, and Zn"*"̂  ions, known to inhibit endonuclease and DNA fragmentation in 

PCD induced cell death, reduce the ionomycin-induced DNA fragmentation to control 

level. A similar mechanism, whereby infected cytotoxic T-lymphocytes are eliminated, 

has been reported in HTLV-1 infection (Umehara et al., 1994).

An observation by Gougeon and Montagnier (1993) suggested that the T cell tropism of 

the activator used to induce apoptosis in patients’ lymphocytes will determine which 

subpopulation will die: ionomycin (Gougeon et al., 1993a,b) and anti-CD3 antibodies 

(Meyaard et al., 1992) activate the death of both CD4 and CDS positive T cells, whereas 

superantigens induce preferentially the death of CD4 positive T cells (Groux et al.,

1992).

T cell PCD may exert a beneficial role in the control of viral infection as seen during 

acute benign Epstein-Barr virus induced mononucleosis in children (Uehara et a l., 1992). 

However, correlation between T cell PCD and AIDS pathogenesis suggests that, in HIV 

infection, this deletional mechanism is not beneficial and may contribute to CD4 positive 

T cell depletion and to development of AIDS (Gougeon et al., 1993b).

1.8.2 Neurons
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Apoptosis of these cells is thought to be implicated not only during developmental but 

also in the post-maturation stages of the peripheral nervous system (PNS) and CNS 

neurons, as recent studies have suggested that apoptotic neuronal death occurs in the 

mature nervous system and that it may be even involved in a number of human diseases 

such as neuro-degenerative disorders including Alzheimer’s and Parkinson’s disease or 

in ageing (Chen et al., 1995).

Neuropathological studies in AIDS have revealed that brains of patients suffering from 

the AIDS dementia complex with the typical encephalitis show, in addition to the well 

known features, variable amounts of neuronal loss in cortical and subcortical regions 

(Everall et al., 1993; Ketzler et al., 1990; Wiley et al., 1991). Quantitative studies 

showed that the closer to the microglial nodules, the greater the neuronal loss is. 

However, this effect disappeais300 ixm away from the nodule, suggesting the possible 

diffusion of neurotoxins from the nodule (Masliah et al., 1994a). It has been postulated 

that, in AIDS, cell loss would take place through a process of apoptosis and indeed, 

apoptosis has been unquestionably demonstrated in the CNS of adult (Adle-Biassette et 

al., 1995; Petito and Roberts, 1995) as well as paediatric AIDS patients (Gelbard et al., 

1995).

The regulation of apoptosis is rather complex. Reports showing that some genes induce 

apoptosis (Rabizadeh et al., 1993; Itoh et al., 1991), and other genes inhibit it (Mah et 

al., 1993; Zhong et al., 1993), suggest a parallel between the system that modulates the 

propensity of cells to undergo neoplastic transformation - oncogenes and tumour 

suppressor genes - and the system that modulates the propensity of cells to undergo
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apoptosis - presumably, necrogenes and cellular death suppressor genes. Among them 

expression of bcl-2 oncogene, which functions as death suppressor gene, is associated 

with a marked inhibition of neuronal cell death (Bredesen, 1994). Mcl-l (Kozopas et al., 

1993), which has some similarity to bcl-2, and bcl-x (Boise et al., 1993), are also 

thought to be involved in the inhibition of apoptosis in the nervous system whereas p53, 

a tumour suppressor gene induces the occurrence of apoptosis (Yonish-Ronach et al., 

1991).

Neurotrophic factors and cytokines are also thought to be involved in apoptosis. Nerve 

growth factor (NGF) and its low-affinity receptor p75 n g f receptor(n g f r ) al., 1991),

TNF and TNF receptor (TNFR) I (a widely expressed gene whose product may induce 

apoptosis or necrosis when bound by its ligand, TNF) appear to be involved in cell 

death. In contrast, TNFR II does not induce cell death when bound by TNF (Tartaglia 

et al., 1991). As the possible mechanism is still incompletely understood it would be 

interesting to know by which mechanism the binding of TNFR I by TNF induces cell 

death (Clement and Stamenkovic, 1994). TNF binds to TNFR I and releases arachidonic 

acid intracellularly. Reaction oxygen molecules increase intracellularly, possibly because 

of both arachidonic acid metabolism and a poorly understood block at mitochondrial 

complex III (Lancaster et al., 1989). The second member of the TNFR superfamily 

shown to induce cell death is fas antigen, which is a cell surface protein that belongs to 

the TNFR and NGFR and can mediate apoptosis (Itoh et al., 1991). However, it has not 

been demonstrated to be expressed in the CNS (Watanabe-Fukunaga et al., 1992). 

Among other neurotrophic factors ciliary neurotrophic factor (CNTF) is found in 

astrocytes and is known to protect oligodendrocytes from death induced by TNFs
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(apoptosis) (Louis et al., 1993).

1.9 Immune response of CNS to HIV-1 infection

HIV-1 infection results in a virus-induced immunosuppression characterized by loss of 

cell-mediated immunity, depletion of CD4 positive cells, loss of core antibody, and an 

increased viral burden (Moss et al., 1994).

An important aspect of HIV disease is that it comprises complex pathogenic processes 

that are multifactorial and multiphasic, including a paradoxical state of immune 

activation overlapping with immunodeficiency.

The CNS is relatively isolated from systemic immune responses in the absence of 

disease, and there are several differences between CNS and the majority of peripheral 

sites. Firstly, classic antigen-presenting cells, the dendritic cells that reside in almost all 

tissues of body, are absent from the brain. Secondly, MHC antigens, which have a key 

role in generating and propagating the immune response, are not expressed at detectable 

levels in healthy, inactivated CNS tissue, apart from endothelial cells. Finally, blood 

proteins and cells are excluded from CNS under normal conditions by the blood-brain 

barrier (BBB) (Sharief, 1995).

HIV-1 mediated disease in brain is dependent on CNS immune activation. Microglia, 

macrophages and astrocytes are cells implicated in the immune regulatory and effector 

function. They are potent HIV antigens presenting cells and are necessary for T cell
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activation. Activation of T helper cells specific for viral antigens is critical for antibody 

production and for generation of cytotoxic cells during the immune response to HIV 

(Manca et al., 1994). The role of these cells is discussed in 1.5.

Immune response phenomenon has been demonstrated in brains of AIDS and HIV-1 

positive pre-AIDS individuals. Priming of macrophages occurs due to local interferon 

(IFN)-gamma or IFN-gamma-like effects induced by virus. MHC class II and superoxide 

anions are increased in brain macrophages and astrocytes (Tyor et cil., 1992). Neopterin 

[(6 -D-erythro-trihydroxypropyl)pterin], a product of guanosine triphosphate metabolism 

and a marker for cell-mediated immune stimulation (Fuchs et al., 1988), is produced by 

monocytes/macrophages and increases after stimulation by IFN-gamma (Huber et al., 

1984). Neopterin might modulate the effects of toxic oxygen intermediates which are 

known to be cytotoxic and thus neopterin may act to enhance macrophage cytotoxicity 

(Weiss et al., 1993) (see 1.10.2). CSF neopterin, IgG, IgG synthesis, IgG index, and 

82-microglobulin are increased in neurologically asymptomatic HIV-1 positive individuals 

and have an inverse correlation with blood CD4 positive T cell count (Lucey et al.,

1993). Elevated CSF neopterin 1 suggests that microglia/macrophage activation occurs 

during the relatively early pre-AIDS stages (Lucey et al.; Hagberg et al., 1993). In 

addition, the highest CSF and brain quinolinic acid (QUIN), N-methyl-D-aspartate 

(NMDA) receptor agonist levels occur in condition of macrophage infiltration and gliosis 

within the CNS (Wiley et al., 1992; Heyes et al., 1991; Martin et al., 1992). QUIN 

increases significantly in CNS of children with AIDS compared with controls 

(p<0.(X)l). The concentrations were also higher in patients with encephalopathy than 

those without encephalopathy (p < 0 .0 1 ) and in patients who died compared with those



66

who axe still alive. These data suggest that CSF QUIN could be a mediator of 

neurological dysfunction and an additional marker of neurological disease (Brouwers et 

al., 1993). More recently, however, Giulian et al (1996) found that HIV-1 infection did 

not produce an increase of QUIN from mononuclear cells. Although elevations of QUIN 

have been found in the CSF of HIV-1 infected individuals, Giulian et al (1996) believe 

that the increases were likely attributable to entry through damaged BBB. In contrast, 

a neurotoxic amine, NTox, was produced by blood monocytes and by brain mononuclear 

phagocytes infected with HIV. NTox can be extracted directly from brain tissues infected 

with HIV-1.

In conclusion, a bidirectional circuit exists between the CNS and the immune system 

since activation of the immune system results in the elaboration of cytokines and 

inflammatory mediators; these mediators induce hypothalamic corticotrophin releasing 

factor (CRF), which stimulates the release of the immunosuppressive molecules (Black,

1994).

1.10 Possible neuropathogenetic mechanisms of HIV-1 infection

Whilst fatal immunosuppression is the ultimate outcome, it is shown that HIV-1 infection 

is a syndrome of immune deregulation in which abnormal immune activation may also 

occur (Oldstone, 1994) (see 1.9).

It has been mentioned above that the pathogenesis of the changes within the CNS in 

AIDS, including nerve cell loss, could be produced directly by the virus and/or viral
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products (Dreyer et al., 1990; Kaiser et al., 1990; Sabatier et al., 1991; Wemer et al., 

1991) or induced indirectly via products secreted by HIV-infected macrophages / 

microglia. The latter mechanism seems the more likely and it has been hypothesised that 

the damage can be induced via production of cytokines.

1.10.1 Cytokines

Cytokines are among the most potent factors mediating intercellular communication and 

interaction. These proteins are by no means specific of HIV infection and can be found 

in normal brain (Breder et al., 1988) as well as in a variety of abnormal conditions 

(Hofman et al., 1989). The complex network of cytokines involved in inflammatory and 

immunoregulatory responses has an important role in several components of the 

pathogenesis of HIV infection and AIDS. Firstly, expression and production of several 

cytokines are deregulated in HIV-infected patients. Secondly, several cytokines have an 

important role as growth factors for AIDS-associated malignancies, namely B-cell 

lymphomas and Kaposi’s sarcoma (KS) (Ensoli et al., 1992); this topic however will not 

be discussed further in this thesis. Finally, multiple cytokines can directly regulate the 

replicative capacity of HIV at multiple levels of its life cycle. The fact that cytokines are 

produced and secreted by the same cells that are potential targets of HIV infection, 

provides an example of how infected cells can contribute to the autoregulation of virus 

expression and spread. In HIV infection, both in vivo and in vitro, data appears to show 

that the role of cytokines could be exerted at various stages of the disorder (Vitkovic et 

al., 1994): entry of the virus into the brain tissue (see 1.10.3), up- and down-regulation 

of HIV expression in the brain and induction of astrogliosis and myelin pallor.
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TNF-a is used as the reference cytokine in the majority of the studies dealing with the 

role of cytokines as regulators of viral production and spreading, due to its demonstrated 

mechanism of activation of HIV expression. Both TNF-a and IL-115 have also been 

thought to be neurotoxic (Gendelman et al., 1994). Induced TNF-a and IL-lfi may lead 

to autocrine feedback loops involving further productive viral replication and cytokines 

including IL-6 and granulocyte macrophage colony stimulating factor (GMCSF). 

Cytokines, such as TNF-a (Reddy et al., 1988; Lahdevirta et al., 1988; Mintz et al.,

1989); IL-1 (Arditi et al., 1991; Scott-Algara et al., 1991); IL-6 (Breen et al., 1990; 

Honda et al., 1990; Birx et al., 1990; Rautonen et al., 1991) have been found to be 

elevated in the plasma, serum and CSF (Grimaldi et al., 1991; Mastroianni et al., 1992; 

Gallo et al., 1989; Laurenzi et al., 1990; Perrella et al., 1992; Griffin et al., 1991) of 

HIV-1 infected patients.

Indeed cytokines have been detected in the CNS during HIV infection (Griffin et al., 

1991; Grimaldi et al., 1991; Lahdevirta et al., 1988; Tyor et al., 1992). In an 

investigation of brain tissue in AIDS, Tyor et al (1992) reported presence of various 

cytokines in the white matter. Within the CNS, activated astrocytes and microglia are 

the main source of cytokines, although IL-1 and transforming growth factor-15 (TGF-15) 

can be secreted also by oligodendrocytes. Their functions have been extensively 

described and the literature on the subject has been recently reviewed by Vitkovic et al

(1994) and Benveniste (1994).

Local production of IL-1 in the brain (da-Cunha et al., 1993c; Poli et al., 1994; Genis 

et al., 1992; Epstein and Gendelman, 1993) together with that of other proinflammatory
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cytokines and factors, is hypothesized as contributing to the HIV-induced pathological 

effects in this organ. XL-IB is a selective and potent activator of human astrocytes in 

vitro (Liu et al., 1994) (see 1.5.2).

At molecular level, induction of virus expression by TNFs (a and B) and IL-1 has been 

correlated with activation of the cellular transcription factor NF-kB (Osborn et al., 1989; 

Swingler et al., 1992; Griffin et al., 1989; Duh et al., 1989; Okamoto et al., 1989). It 

is known that TNFs interacting with their p55 receptor on the cell surface, other than 

p75 receptor, mediate the TNF-associated cytotoxic effects leading to activation of 

NF-kB (Kruppa et al., 1992).

Report by Vitkovic et al (1994) indicated that TNF-a is specifically increased in AIDS 

brain and that the magnitude of the increase is associated with the severity of dementia. 

IL-6 immunoreactivity (Tyor et al., 1992) and mRNA (Wesselingh et al., 1993) have 

been detected in AIDS autopsy brains. IL-6 appears to exert both transcriptional and 

post-transcriptional effects on virus expression in cultured cells. It does not usually affect 

the constituent levels of HIV transcription, and it does not activate NF-kB itself, whereas 

it potently increases the inductive effect of TNF-a and IL-1 on both viral transcription 

and virion production (Poli et al., 1990; 1994).

With regards to the role of IL-4 in HIV replication, it appears that, similarly to IL-10, 

TGF-B and IFN-gamma, it may exert different effects depending on the experimental 

condition (Schuitemaker et al., 1992). IL-10 mRNA and receptor mRNA have been 

detected in both microglia and astrocytes in vitro, suggesting that IL-10 is produced in
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the CNS and plays a role as an inhibitor regulator in the CNS cytokine network (Mizuno 

et al., 1994). Low concentration of IL-10 is synergistic with multiple cytokines (TNF-a, 

IL-6) in enhancing HIV production in cells of monocytic lineage while high 

concentrations of it completely block the production of endogenous TNF-a and IL-6 

from acutely infected monocyte-derived macrophages (Weissman et al., 1995). IL-4 

induces proliferation and activation of microglia but suppresses their induction of MHC 

class II antigens expression (Suzumura et al., 1994). On the one hand, Boyle et al (1993) 

detected IL-4 mRNAs by in situ hybridization in patients’ lymph nodes, although at 

levels not higher than those found in reactive lymph nodes obtained from HIV-1 

seronegative individuals. In contrast, messages for this cytokine could not be detected 

from PBMC and cells from lymphoid tissue by PCR by Graziosi et al (1994). The latter 

study is consistent with the reports by others (Re et al., 1992; Cayota et al., 1992; 

Maggi et al., 1994). Furthermore, it has also been demonstrated that exposure of CD4 

positive T cell to gpl20 leads to a decreased ability to secrete IL-2 and IL-4 (Chirmule 

et al., 1992). Lower levels of IL-4, as well as IL-1, have been detected in the brains of 

AIDS patients with dementia compared with those without dementia, whereas TNF-a 

exhibited the opposite pattern (Wesselingh et al., 1993).

In the brain, activated macrophages and microglia are the major cellular source for TNF- 

a, IL-1 and IL-6, although other cell types such as astrocytes can also be stimulated to 

secrete these cytokines. In addition, oligodendrocytes could produce IL-1 and endothelial 

cells produce TNF-a and IL-6 (Benveniste, 1994).

Perhaps most relevant to neuropathogenesis of HIV-1 infection is the ability of TNF-a
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to mediate myelin and oligodendrocyte damage in vitro (Selmaj and Raine, 1988), and 

its ability to cause cell death of brain-derived oligodendrocytes in rat (Robbins et al., 

1987) and man (Wilt et al., 1995) in vitro. A dual role of TNF-a - enhancing viral 

replication by activated microglia and damaging oligodendrocytes - has been 

demonstrated in vitro by Wilt et al (1995) recently using culture of purified human 

microglia and oligodendrocytes derived from adult human brain. It has been postulated 

and demonstrated by Masliah et al (1994b) that cytokines released by 

macrophages/microglia within the brain are involved in the modulation of neuronal 

survival and death. They examined the distribution of cytokine receptors in the human 

brain and found that XL-18 and TGF-81 receptors increase by 35% (average) in intensity 

of labelling in cases with moderate HIVE compared to cases without HIVE or with 

severe HIVE while the receptor of IL-2 was not altered in HIVE. Once cytokines bind 

to receptors, a cascade of intracellular events including the activation of protein kinase 

C (PKC) and calcium release and phosphorylation of specific proteins (Yamato et al.,

1990) is produced. Similar findings were also reported by Ban (1994) and Sawada et al

(1995) in mouse. They demonstrated that both neurons and glial cells did express IL-1 

receptors (Ban, 1994) at the site of astrogliosis induced by a local mechanical injury and 

IL-2 receptor in microglia which were activated by lipopolysaccharide (LPS) (Sawada 

et al., 1995).

Cytokines are potent inducers of cytokine production. IL-1 induces the production of IL- 

6, TNF-a, colony stimulating factors (CSFs), and IL-1 itself whilst astrocytes produce 

three colony stimulating factors upon stimulation with TNF-a; granulocyte macrophage 

colony stimulating factor (GM-CSF), granulocyte colony stimulating factor (G-CSF), and
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macrophage colony stimulating factor (M-CSF) (Aloisi et al., 1992; Malipiero et al., 

1990; Tweardy et al., 1991). IL-1 and TNF-a in combination with IL-6 and GM-CSF 

could account for many clinical and histopathological findings in AIDS nervous system 

disease (Merrill and Chen, 1991). TNF-a and IL-1 induced IL-6 mRNA and its 

biological activity in astrocytes, but not in microglia (Sawada et al., 1992).

Other cytokines such as TGF-131 and IL-13 (Denis and Ghadirian, 1994; Montaner et al.,

1993), and IFN-a (Fernie et al., 1991) are thought to inhibit HIV replication. The 

former has been identified in the brains of patients with AIDS (Wahl et al., 1991) and 

they may play an important role as a negative regulator of HIV expression in infected 

macrophages/microglia by either autocrine or paracrine manner (for review, see 

Benveniste, 1994).

1.10.2 Virus, viral proteins and other neurotoxic factors

Recent evidence supported the existence of HIV-1 or immune-related toxins that lead 

indirectly to the injury of neurons via interactions between macrophage/microglia, 

astrocytes and neurons. HIV-1 infected monocytoid cells, after interacting with 

astrocytes, secrete neurotoxic substances (Giulian et al., 1990; Pulliam et al., 1991). 

These substances may include eicosanoids, i.e. arachidonic acid and its metabolites, as 

well as platelet-activating factor (PAF). Others include nitric oxide (NO), superoxide 

anion (O2) and the N-methyl-D-asparate (NMDA) agonist, cysteine. These factors can 

lead to increased glutamate release or decreased glutamate re-uptake. In addition, IFN- 

gamma stimulation of macrophages induces release of the NMDA-like agonist.
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quinolinate. HIV-1 infected or gpl20 stimulated macrophages also produce cytokines, 

as described above (see 1.10.1).

It has been found that PAF is increased in the CSF of patients with AIDS and is 

correlated with their degree of neurological impairment. The nanomolar concentration 

of PAF produced by HIV-1 infected human macrophages, when these cells are cultured 

in the presence of astrocytes, is toxic to either rat or human neurons cultured from 

cerebrocortex or retina (Gelbard et al., 1994).

gpl20 by itself is not neurotoxic, i.e. it does not have any direct effects on neurons 

(Sharer, 1992). It can however induce neurotoxicity either by directly enhancing 

neurotoxic factor release from macrophage/microglia, or by promoting glutamate-induced 

neurotoxicity (Choi, 1988). gpl20 kills neurons in a nitric oxide dependent manner in 

primary cortical culture at low picomolar concentrations. gpl20 neurotoxicity also 

requires calcium and glutamate and is blocked by glutamate receptor zmtagonist.

The tat protein of HIV-1 is a potent activator of transcription directed by the viral long 

terminal repeat. The basic domain of the lentiviral tat protein has been demonstrated 

responsible for damages in mouse brain by infusion of tat peptides in the lateral ventricle 

or in the grey matter by either systemic (hippocampus) or local (thalamus) injection. An 

inflammatory process characterized by the formation of an edema and invasion of 

macrophage accompanied by reactive astrogliosis lied to the loss of neurons in grey 

matter. TNF-a, IL-1 a and 13, IL-6 RNA have been detected by probing. Blockade of 

TNF-a by pentoxifylline treatment led to the decrease of IL-1 and inducible nitric oxide
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synthase expression, accompanied by a reduction of the lesions, indicating far-induced 

lesions might be mediated by TNF production (Philippon et al., 1994). The evidence 

shown by Taylor and Khalili (1994) suggested the transactivation by tat in astrocytic 

cells derived from the CNS is mediated by NF-kB, rather than traditional fra/w-activation 

response element (TAR) (an RNA enhancer) (Sharp and Marciniak, 1989). More 

recently, Magnuson et al (1995) demonstrated HIV-1 tat activates non-NMDA excitatory 

amino acid receptors and cause neurotoxicity in human brain slices and human fetal 

neuronal cultures.

The neurotoxins - NO, O2 and ONOO, as a group, potentiate NMDA receptor-mediated 

neurotoxicity. It has been proposed that NO interacts with the superoxide anion (O2) to 

form perexynitrite (ONOO ) which is an extremely reactive and toxic molecule (Dawson 

et al., 1993). Injury to the astrocyte by cytokines, HIV or HIV gene products results in 

increasedproduction of Na'^/H'^ antiport potassium conductance (Benos et al., 1994) and 

ultimately glutamate release from astrocytes. In turn, glutamate over-excites neurons 

leading to an increase in intracellular Ca^^, neuronal injury and further release of 

glutamate amplifying these cellular interactions. The final pathway of neurotoxic action 

may be blocked by NMDA antagonists (Bemton et al., 1992). Calbindin immunoreactive 

neurons in the neocortex were significantly reduced in HIVE (p <  0.001). The loss of 

these neurons was correlated with viral burden (p < 0.001), suggesting the differential 

vulnerability of these neurons in HIVE (Masliah et al., 1995)

1.10.3 Blood-brain barrier (BBB) and HlV-1 infection
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The term blood-brain barrier (BBB) is generally applied to describe the overall interfaces 

between circulating blood at one side, and the extracellular as well as the CSF space at 

the other side (Felgenhauer, 1986). The BBB consists, in part, of the microvascular 

endothelium and associated astrocyte foot processes, found in  close apposition to the 

abluminal side of the vascular endothelial cells (EC) and the basal lamina.

Impairment of the BBB is another important pathogenetic feature that contributes to brain 

damage in HIV-1 infection. A common histological observation in HIV encephalitis is 

the localization of HIV proteins within the cells of monocyte/macrophage lineage, 

suggesting that HIV can enter the CNS as cell-associated virus (Hurwitz et al., 1994).

To gain entry into the CNS, through the BBB, (1) HIV may directly infect endothelial 

cells (EC) and pass into the CNS as cell-free virus; (2) it can enter the CNS either cell 

free or cell associated virus through cytokine or other factors disrupted BBB; (3) HIV-1 

enters the CNS via infected monocytes or lymphocytes and the entry is facilitated by the 

expression of adhesion molecules by the EC and astrocyte components of the BBB. The 

function of adhesion molecules has been studied recently by Hurwitz et al (1994) using 

a tissue culture model of BBB. Results demonstrate that astrocytes upregulate the 

expression of ICAM-1 (a pan-leucocyte adhesion protein) by EC; TNF-a stimulated 

EC/astrocytes or astrocytes culture express the adhesion proteins IG9, ICAM-1, vascular 

cell adhesion molecule 1 (a lymphocyte and monocyte adhesion molecule) (VCAM-1) 

and E-section (a lymphocyte and neutrophil adhesion protein) (Lasky, 1992) and finally, 

EC bind more HIV-1 infected monocytes than uninfected monocytes. IL-1 has also been 

demonstrated to alter the BBB by inducing other cytokines and adhesion molecules. It
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likely stimulates the expression of adhesion molecules VCAM-1 and endothelial 

leucocyte adhesion molecule (ELAM-1) on endothelial cells and possible ICAM-1 in 

astrocytes (Frohman et al., 1989). These molecules have been detected in brains of HIV- 

1 infected humans and SIV-infected monkeys (Sasseville et al., 1992). TGF-Bl induced 

in astrocytes of the BBB could also facilitate this entry as nanogram of TGF-Bl in 

circulation thus providing a necessary signal attracting monocytes/macrophages, 

including those that are latently infected with HIV, into parenchyma (da-Cunha et al., 

1993c).

Moreover, Moses and Nelson (1994) have demonstrated that human brain capillary 

endothelial (HBCE) cells are permissively infected by HIV. This is in keeping with 

results of several other groups (Wiley et al., 1986; Koenig et al., 1986; Stoler et al., 

1986; Ward et al., 1987; Rostad et al., 1987). This infection is noncytolytic and is 

mediated by a CD4 and GalCer lacking independent mechanism. T cell tropic but not 

brain-derived macrophage tropic HIV strains selectively infect brain endothelium 

suggesting that T cell tropism is important for HIV entry through the BBB either by 

infection of HBCE cells or via entry of HIV-1 infected leucocytes. Brain endothelial 

cells have also been identified as a target cell for SIV in the CNS of rhesus macaques 

(Lackner et al., 1991). Recently, Nottet and Gendelman (1995) propose that HIV-1 

penetrates the BBB inside differentiating macrophages, which become immune-activated 

once inside the brain, and secrete high levels of neurotoxins. Chronic, subclinical disease 

results by astrocyte regulation of macrophage effector functions. Ultimately, endogenous 

control mechanisms break down, leading to motor and mental impairments in some 

affected subjects.
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Taken together, the data supported the hypothesis that the BBB may participate in the 

entry of HIV infected monocytes into the CNS and that adhesion molecules may 

contribute to the extravasation of HIV infected monocytes into the CNS parenchyma.

1.11 Summary

Elucidating the pathogenesis of HlV-1 induced lesions in the CNS must take into account 

that the virus cannot be found within nerve cells; the track is further complicated by the 

fact that relatively small amounts of organism can be visualised both by 

immunohistochemistry and in situ hybridization methods. These findings, and the lack 

of obvious cytopathic effect by HIV on neuroectodermal cells in vivo, have led to a 

number of pathogenetic mechanisms being proposed. One widely regarded hypothesis 

takes into consideration the state of immune activation of the brain, as indicated by the 

expression by macrophages of MHC class 11 antigens. Enhanced expression of these 

antigens has been demonstrated in a number of HIV infected cells (astrocytes, microglia, 

monocytes) as well as in sensory and sympathetic ganglia of HlV-1 infected subjects. 

Expression of MHC class 11 antigens has been correlated with the AIDS dementia 

complex as well as with HIV encephalitis. Once activated, MHC class 11 positive cells 

can produce toxic proteins such as cytokines. Indeed cytokines have been detected in the 

CNS during HIV infection.

The point remains that, to date, it is not clear when (and how) the virus enters and how 

commonly HIV is present in the brain at early stages of infection before development 

of AIDS. This is important to elucidate these points as they may show when to start
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feeling worried and initiate treatment.

1.12 Aims of the present study

The aim of this study was to ascertain 1) whether the presence of HIV provirus DNA 

and microglial hyperplasia in the brain during the pre-AIDS stages of the infection is 

accompanied by enhanced expression of MHC class II antigens and by presence of 

cytokines, 2) which may suggest that brain damage could take place even at this early 

stage of the infection; finally 3) whether levels of HIV-1 DNA in brain correlate with 

stages of the infection and might be a predictor of progression of disease.
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CHAPTER TWO: 

MATERIALS AND METHODS
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2.1 Subjects

Brain samples of 63 individuals were examined by histochemistry for detection of RCA 

and immunohistochemistry (IHC) for astrocytic density, HIV-1 p24, MHC class II and 

cytokines as well as by PCR to detect HIV-1 DNA. Samples included 18 AIDS cases 

and 9 normal controls chosen from the series of the Department of Neuropathology, 

Institute of Neurology, University of London. Cases with no neuropathological 

abnormalities as well as those with a neuropathological diagnosis of HIVE, HIV-lep 

were selected for study. The normal controls included five which did not belong to any 

risk group for HIV-1 infection and in which no neuropathological abnormalities of any 

type as well as four HIV-1 negative drug addicts. Of the 36 HIV-1 seropositive 

asymptomatic cases, 23 were obtained from Professor F Gray, Department of 

Neuropathology, Hôpital Henri Mondor, France; 13 were obtained from the Edinburgh 

Medical Research Council (MRC) AIDS Brain Bank, through the courtesy of Dr. Jeanne 

Bell. The cause of death of the 36 pre-AIDS individuals was recorded as accidental and 

included drug overdose in 31 and suicide in 5.

Among these 63 individuals 33 HIV-1 DNA positive on PCR including 16 AIDS (6 

demented and 10 undemented) and 17 HIV-1 positive pre-AIDS cases were further 

quantitatively examined.

In a pilot study the PCR technique used to detect HIV-1 DNA in frozen tissue was 

adapted for paraffin embedded specimens; 20 AIDS brains, from which both fresh frozen 

and paraffin specimens were available, were randomly chosen from the series of the
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Department of Neuropathology, Institute of Neurology, London. The frontal poles of 

brain were removed and frozen whilst the rest of the brain was fixed in 10% buffered 

formalin for a variable length of time (Table 3.5). For the purpose of this study, 

paraffin embedded tissue from sites adjacent to the frozen sample was used.

All the specimens used for morphology, IHC, in situ end labelling (ISEL) and PCR 

(pilot study exclusively) were formalin fixed and paraffin embedded. Anterior frontal 

lobe block was selected from each case. For morphology, IHC and ISEL, all sections 

were cut at 7 microns, mounted on silane (3-aminopropyl triethoxysilane) coated slides 

and air dried at 37°C. All sections were examined blindly. The delay between death and 

post mortem was recorded and was between 20 and 36 hours for all the cases. Fixation 

time for the AIDS and control brains ranged from 3 weeks to 5.5 months; for the HIV-1 

positive pre-AIDS brains it did not exceed 3 weeks.

2.2 Methods

2.2.7 Morphological examination

Routine histological examination included staining with haematoxylin and eosin and van 

Gieson methods in all HIV-1 positive AIDS, pre-AIDS and HIV-1 negative controls. 

Luxol fast blue / cresyl violet. Glees and Marsland’s silver stain, histochemical and 

immunohistochemical and in situ hybridisation methods for opportunistic infections were 

carried out on selected blocks from each case of AIDS, to exclude other aetiologies that 

might not have been morphologically obvious.
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2.2.2 Histochemistry and immunohistochemistry (IHC)

2.2.2.1 Markers for macrophages /  microglia and astrocytes

Monoclonal anti-GFAP (see Table 2.1) and the biotinylated lectin Ricinus communis 

agglutinin (RCA)-120 (Vector Labs, UK) were used as astrocyte and macrophage / 

microglia markers respectively.

2.2.2.2 Antibodies

The details of antibodies applied in the study are listed in Table 2.1, together with 

optimal dilutions and other technical information. To identify HIV antigen, polyclonal 

anti-p24, which recognizes the gag-associated protein p24, was used. A monoclonal anti

human MHC class II (HLA-DR) antibody (BioGenex, UK) was used to identify MHC 

class II expression, and polyclonal anti-human interleukin la  (IL -la, Cistron, USA), 

interleukin 4 (IL-4) and interleukin 6 (IL-6) as well as tumour necrosis factor-a (TNF-a, 

Genzyme, UK) were used for detection of cytokines.
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Table 2.1 Summary of the antibodies employed in the study

Primary
antibodies

Source Dilution
employed

Supplier Effect of cytokine on 
HIV replication (Poli 
and Fauci, 1992b)

Anti-p24 Rabbit 1:400 DuPont
Diagnostics,
UK

Anti-GFAP Rabbit 1:400 Dako Ltd, 
UK

Anti-HLA-DR 
(MHC II)

Mouse 1:5 BioGenex,
UK

Anti-TNF-a Rabbit 1:25 Genzyme, UK inductive

Anti-IL-1 Rabbit 1:15 Cistron 
Technology 
Inc, USA

inductive

Anti-IL-4 Rabbit 1:25 Genzyme, UK inductive/suppressive

Anti-IL-6 Rabbit 1:20 Genzyme, UK inductive
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2.2.2.3 IHC

IHC was performed as described by An et al (1994) and Sinclair et al (1994). The 

sections were deparaffinized by washing 3 times with xylene, treated with 1 % H2O2 in 

methanol (to block endogenous peroxidase), followed by rehydration and washing in tap 

water and phosphate-buffered saline (PBS). After blocking of non-specific 

immunoglobulin binding with 5% normal swine serum for 10 min at room temperature 

(RT) in Tris-buffered saline (TBS), the sections were incubated with primary antibody 

at 4°C overnight. After further rinsing in TBS and incubation with biotinylated secondary 

antibodies for 30 min at RT and a 30 min reaction with an avidin-peroxidase complex 

at RT, the reaction was finally developed with 3,3-diaminobenzidine (DAB) and sections 

were counterstained with Meyer’s haematoxylin. Procedures for p24 and cytokine 

detection were applied with a little modification from the above protocol. During the 

procedure, following the deparaffmisation and blocking of endogenous peroxidase, 

sections were heated for 5 min twice in a microwave oven at high power in O.IM 

sodium citrate buffer pH 6.0. Microwave antigen retrieval represented a technical 

advance within IHC that greatly increased the range of antibodies which can be used to 

study formalin fixed, paraffin embedded tissues (Cuevas et al., 1994).

2.2.3 Quantitative assessment of density of microglia /  macrophages and astrocytes

Quantitative measurements of the density of RCA-120 and GFAP positive cells were 

made by counting cells in a defined area on a tissue section as described by Ciardi et al 

(1990). Counting was performed using a Zeiss microscope with a 40 x objective and a
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graticule was fitted in the eyepiece of the microscope to define an area over the section. 

The area of the field defined by the graticule was Imm^, corroborated using a slide 

micrometer. Cells were counted in seven fields and the mean of these counts was the 

number of cells per mm^. In both gray and white matter RCA-120 and GFAP positive 

cells with a recognisable nucleus were counted (endothelial cells which are also stained 

by RCA-120 were not taken into account). Fields can be selected at random when the 

tissue is homogenous, and the cells to be counted are distributed evenly throughout the 

tissue. Normally, ramified microglial cells appear uniformly dispersed and are present 

in nearly equal numbers in the gray and white matter (Dickson et al., 1993). However, 

in HIV-1 infection hyperplasia of microglia / macrophages is prominent in the white 

matter. The density of microglia / macrophages has been counted in gray and white 

matter separately. In contrast to microglia, astrocytes appear to have a nonuniform 

distribution and in particular, in tissues with a complex structure, such as the cerebral 

cortex. GFAP positive astrocytes have been counted in the white matter, subpial and 

middle area of cortex and expressed as cells per mm^ respectively.

A semi-quantitative method was also devised in pre-AIDS individuals from ±  to +  + 

based on the morphology of RCA-120 and GFAP positive cells, i.e. their size and the 

length of cell processes, and indicated as ± , +  or + +  on each section, in which there 

is microglia infiltrate or gliosis (see Table 3.1). RCA-120 positive cells were defined 

as ± : RCA positive cells rare; + : ramified microglia with slender processes; +  +  : 

ramified microglia with enlarged nucleus and thickened processes. Scoring system for 

GFAP immunoreactivity was based on appearance of the majority of GFAP positive 

astrocytes in each section. ±  indicates that positive cells were rare; + : a small amount
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of ill-defined cytoplasm or a few short processes; +  +  moderate amount of cytoplasm 

or processes of moderate length. Cells with a macrophages like morphology were simply 

classified as macrophages.

2.2.4 Semi-quantitative assessment of expression of MHC II and cytokines

A semi-quantitative scoring system for evaluation of expression of MHC class II antigens 

and cytokines was devised which took into account density of positive cells and scored 

the results applying a scale ranging from 0 to 3. Accordingly, absent or minimal 

expression either of MHC class II or cytokines were labelled 0 to 1; moderate 2 and 

high 3. Alternatively, 1, 2 and 3 indicate the presence of less than 10, between 10 and 

20 and more than 20 cells, respectively, per high-power field(x250).

The specificity of the immunostaining for cytokines was verified using phorbol myristate 

acetate (PMA) activated human cell line (U937; monocyte) and lymph nodes obtained 

from a patient with AIDS as it is known that the macrophages derived from stimulated 

monocytes (Harris et al., 1993) and HIV infected lymph nodes (Aggarwal and 

Gutterman, 1992) express TNF-a, IL -la , 4 and 6.

2.2.5 In situ end labelling (ISEL)

2.2.5.1 Positive control

Three specimens of neuroblastoma were used as positive controls to optimise conditions
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for ISEL and in each procedure using ISEL.

2.2.5.2 Optimisation of conditions for ISEL

As the specimens used in this investigation were formalin fixed, permeation and 

digestion by proteinase was a preliminary essential step for the success of this technique. 

Concentrations of proteinase K (Boehringer Mannheim, U. K.) ranging from 1-100 

/ig/ml as well as incubation times ranging from 10 to 30 min were used to determine the 

optimal concentration of the enzyme. Initially, incubation was fixed at 37°C for 10 min. 

A series of dilutions containing proteinase K at concentrations of 1, 10, 20, 50, 100 

/ig/ml was used on a positive control. After an optimised concentration of proteinase K 

has been selected, sections were digested at that concentration of proteinase K for 10, 

20 and 30 min respectively to select the optimised time for digestion.

2.2.5.3 Detection of DNA fragmentation usins DNA pohmerase 1 and terminal 

deoxvmcleotidvl transferase (TDT)

All 54 HIV-1 positive patients, 9 negative and 3 surgical tumour control specimens were 

investigated by ISEL with DNA polymerase 1. Moreover, to test the validity of the ISEL 

with DNA polymerase, 2 cases with HIVE, 2 HIV-1 positive non-AIDS, 2 negative and 

2 surgical positive control were also studied by ISEL with terminal deoxynucleotidyl 

transferase (TDT).

2.2.5.3.1 ISEL of fragmented DNA by DNA polymerase 1 (nick translation)
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Paraffin embedded sections were deparaffinized and rehydrated, then treated with 0.3% 

Triton X-100 in PBS for 15 min at RT for detergent permeabilization, followed by 

proteinase K (1 jug/ml) digestion in 100 mM Tris-HCl pHS.O, 50 mM EDTA at 37°C 

for 10 min; digestion was stopped by washing with PBS. Sections were incubated at 

37°C with the end labelling buffer (50 mM Tris-Hcl pH7.5, 5 mM MgCl2, 10 mM 

2-mercaptoethanol, 0.005% BSA) containing 0.03 mM dATP, dCTP, dGTP and 0.02 

mM dTTP (Promega, UK), 0.01 mM digoxygenin (DIG)-ll-dUTP (Boehringer 

Mannheim) and 50 U/ml Klenow DNA polymerase 1 (Boehringer Mannheim) for 120 

min. After blocking with buffer 1 (0.1 M Maleic acid, 0.15 M NaCl Ph 7.5) containing 

2% normal goat serum and 0.3% Triton X-100 for 30 min at RT, sections were 

incubated with anti-DIG antibody conjugated with alkaline phosphatase (AP) (Boehringer 

Mannheim) diluted 1:500 in buffer 1 containing 1 % normal goat serum at 4°C overnight. 

After washing with buffer 1, colorimetric detection was followed. Slides were stained 

with nitroblue tétrazolium chloride (NBT) / X-phosphate in buffer 2 (100 mM Tris-Hcl 

pH9.5, 50 mM MgCl2, 100 mM NaCl) and then counterstained with nuclear fast red.

2.2.5.3.2 TDT-mediated dUTP-fluorescein nick end labelling (TUNEL)

Nuclear DNA fragmentation was detected by ISEL using TDT (Gold et al., 1994). 

Boehringer Mannheim’s In situ cell death detection kit was used to detect apoptotic 

neurons in 2 HIV-1 positive cases with AIDS, 2 HIV-1 positive pre-AIDS individuals 

showing a positive reaction by end labelling with DNA polymerase 1 as well as in 2 

positive and 2 negative controls. Cell permeabilization and proteinase K digestion were 

carried out as described above (see 2.2.5.3.1). End labelling procedures were carried
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out according to the protocol recommended by the supplier. Briefly, sections were 

incubated with the TUNEL reaction mixture containing TDT and fluorescein-dUTP. 

During the incubation period (37°C for 120 min), TDT catalyses the additional 

fluorescein-dUTP at free 3’-OH groups in single and double stranded DNA. After 

washing, the label incorporated at the damaged site of the DNA is marked by an 

anti-fluorescein antibody conjugated with AP. Colorimetric detection was as above 

(2.2.5.3.1).

The details of procedures of ISEL are shown in Appendix B.

2.2.5.4 Double labelling with ISEL and lectin (RCA-120)

The lectin RCA-120 was applied to reveal cells of the microglia / macrophage lineage, 

on slides previously labelled with ISEL method.

2.2.6 PCR

2.2.6.1 Preparation of DNA

2.2.6.1.1 Extraction of DNA from fresh frozen tissue

DNA was extracted by the methods of Pang et al (1990) and Sinclair and Scaravilli 

(1992b). Each block (around 0.5 g) of semi-frozen frontal lobe containing both white and 

gray matter was stripped of leptomeninges and diced into small pieces. Tissue was
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digested overnight with proteinase K (final concentration of 0.25 mg/ml in proteinase 

K buffer) at 55°C with gently shaking. Subsequently DNA was purified by the standard 

method of Sambrook et al (1989). DNA was extracted with phenol, phenol / chloroform 

and chloroform and purified by precipitation with ethanol.

2.2.6.1.2 Extraction of DNA from formalin fixed paraffin embedded tissue

The technique for DNA preparation from formalin fixed, paraffin embedded tissue was 

described by An et al (1994). As leptomeninges in AIDS and pre-AIDS cases may 

include discrete numbers of lymphocytes, some of which may contain HIV, the area of 

the paraffin section including the meninges was removed from the specimen to be used 

for PCR with a disposable scalpel for each case examined. Ten sections (10 /xm) were 

cut and placed in a 1.5 ml Eppendorf tube providing a yield of about 30 fig of DNA. 

The paraffin was removed by 3 washes with xylene for 15 min followed by 100% 

ethanol for 5 min. The tissue was dried at 95°C for approximately 30 min, then digested 

for 24 to 48 hours at 55°C with proteinase K at a final concentration of 5 mg/ml. 50 fi\ 

of proteinase K stock solution (50 mg/ml) might be added to the tube after an overnight 

digestion if necessary. Extraction of DNA in the supernatant was purified by a standard 

method with phenol / chloroform and chloroform, followed by a centrifugation through 

Microcon-30 (Amicon UK) using an Eppendorf centrifuge at 13,000g for 10 min. The 

initial volume of 0.5 ml was finally reduced to about 5-20 fi\ (pure DNA). DNA was 

recovered sind quantified by spectrophotometer (see Appendix C).

2.2.6.2 Primers
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All the sequences of primers are written from 5’ to 3’:

Human 15-globin primers [MRC, AIDS Directed Programme (ADP), National Institute 

for Biological Standards and Control (NIBSC)]- 

ADP894.1: ACA CAA CTG TGT TCA CTA GC;

ADP894.2: CAA CTT CAT CCA CGT TCA CC.

A llObp (position 14-123) fragment is flanked by primers ADP894.1 and ADP894.2.

HIV-1 primers 3855/1 and 3855/2 [Perkin Cetus Elmer (ILS Ltd, London, UK)] have 

been used in pilot PCR study.

3855/1 (SK145): AGT GGG GGG ACA TCA AGC AGC CAT GCA AAT;

3855/2 (SK431): TGC TAT GTC AGT TCC CCT TGG TTC TCT.

A 142bp (position 1366-1507) fragment is flanked by primers 3855/1 and 3855/2.

HIV-1 primers pol \ ,p o l  2 andpol 3 were used in the nested PCR for detection of HIV-

1 DNA in the brains as well as semi-quantitative analysis.

pol 1 (3181-3203); CAG GAA AAT ATG CAA GAA TGA GG;

pol 2 (3324-3302): CCC ATG TTT CCT TTT GTA TGG GT;

pol 3 (3228-3247): CAA TTA ACA GAG GCA GTG CA with 5 ’ digoxigenin (DIG)

-11-dUTP end labelled.

A 144 bp fragment was amplified at the first round of PCR by pol 1 and pol 2. The 

second round of PCR was amplified by pol 3 with 5 ’ digoxigenin (DIG) -11-dUTP end 

labelled and pol 2. A 97 bp fragment is flanked by pol 2 and pol 3.
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2.2.6.3 PCR analysis

2.2.6.3.1 Pilot study

Human single copy gene 15-globin was used as a DNA positive control and only samples 

that were clearly positive were used for HIV PCR. Ten molecules of non-infectious 

plasmid containing a completely rearranged HIV sequence (provided by UK MRC, ADP, 

PCR Reference Center) were used as the HIV positive control. DNA from brain tissue 

of patient not in any HIV risk group was used as a negative control.

50 /xl of the reaction mixture contained 0.5 /xM of each primer (ADP894.1 and 894.2), 

0.2 mM of dATP, dCTP, dGTP and dTTP and 2.5 units amplitaq DNA polymerase in 

PCR buffer (10 mM Tris-HCl, pH8.3, 50 mM KCl, 1.5 mM MgClî, 0.001% gelatin). 

Forty cycles of PCR were performed with 1 /xg of extracted template DNA, each cycle 

consisting of thermal dénaturation at 94°C for 1 min, primer annealing at 60°C for 2 

min and extension at 72°C for 3 min for 8-globin gene and, using 3855/1 and 3855/2 

and annealing at 55°C for HIV-1.

Amplified 8-globin products were visualised by ethidium bromide staining of agarose gel 

electrophoresis. HIV products were further detected by Southern blot hybridisation to 

ascertain their specificity. To detect the 142bp PCR product (amplified by HIV-1 

primers 3855/1 and 3855/2) modified Saluz and lost "filling in" method (1986) was 

applied. Oligonucleotides were provided by the MRC ADP NIBSC. Their sequences are: 

gag (30 mer): 5’-CAT CAA TGA GGA AGC TGC AGA ATG GGA TAG;
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(10 mer): 5’- TCC CAT TCT G.

An annealing mix containing 10 /il of the 30 mer, 10 /cl of the 10 mer and 2.5 /cl of the 

oligonucleotide labelling buffer (500 mM NaCl, 100 mM Tris-HCl pH 7.5, 100 mM 

MgCl2, 10 mM dithiothreitol) was prepared and incubated at 75°C for 2 min, at room 

temperature for 20 min and on ice for 10 min. This was followed by addition of 1 /cl 

each of 10 mM/1 dATP, dGTP and dCTP. 2 /cl of this mix was labelled by addition of 

0.5 /cl DIG-11-dUTP, 0.5 /cl 1 mM/1 dTTP and 1 /cl Klenow (Boehringer Mannheim, 

UK) and incubated for 1 hour at RT. The probe was precipitated by ethanol.

Nylon membranes (Boehringer Mannheim, UK) were prehybridized for more than 1 

hour at 42°C in hybridization buffer [5 x Saline-Sodium Citrate (SSC), 50% formamide, 

0.1% N-lauroylsarcosine, 0.02% sodium dodecyl sulfate (SDS) and 2% blocking 

reagent] and then hybridized overnight at 42°C with 200 ng/ml of labelled probe. They 

were then washed in 4 changes 0.2 x SSC, 0.1% SDS at RT for 1 hour.

Colorimetric detection with NBT and X-phosphate was performed according to the 

Boehringer Mannheim protocol (Boehringer Mannheim, 1993). After incubation with 

anti-DIG-AP at RT for 30 min and a post-incubation wash, the filter was incubated in 

substrate for development of colour.

2.2.6.3.2 Detection of HIV-1 DNA from patients with pre-AIDS, HIVE and AIDS 

without detectable neuropathological changes

Nested PCR was used to detect HIV sequences in paraffin embedded brain tissues of all
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63 cases. The primers used in this study were designed to amplify a sequence of HIV 

pol gene. 50 pi of the reaction mixture contained 0.3 pM  of each primer (either pol 1 

and pol 2 or pol 2 and pol 3), 0.2 mM of dATP, dCTP, dGTP and dTTP, and 2.5 units 

of Biotaq DNA polymerase in PCR buffer [16 mM (NH4)2S02, 67 mM Tris-HCl 

(pH8.8), 3 mM MgCl2, 0.01% Tween-20 ]. Thirty two cycles of first round of PCR 

were performed with 1 pg extracted DNA, each cycle consisting of thermal dénaturation 

at 94°C for 1 min, annealing and extension at 63°C for 2 min. In the second round of 

PCR 28 to 30 cycles were performed with 2.5 ^1 of PCR product obtained from first 

round amplification in the 50 p\ of reaction. Thus 97 bp DIG labelled PCR product was 

obtained after the second round amplification. PCR product was analyzed by 

electrophoresis and Southern transfer followed by chemiluminescence.

2.2.6.3.3 PCR positive control

Human B-globin gene was amplified in all samples to confirm that the quality and 

quantity of extracted human DNAs were suitable for the amplification. Amplified 

B-globin product was visualised by ethidium bromide staining of agarose gel 

electrophoresis.

2.2.6.4 Semi-quantitative PCR

2.2.6.4.1 Standard DNA

A series of dilution containing 1, 10, 100 and 1,000 copies of HIV-1 plasmid DNA
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(MRC, ADP, PCR Reference Kit) was supplemented with normal human genomic DNA 

to the concentration of 1 jug per reaction. These dilutions run parallel with samples at 

each PCR amplification.

2.2.6.4.2 Optimised conditions for quantification

Nested PCR was used. In order to obtain exponential phase in both first and second 

round of amplifications, standard DNAs were amplified for different cycles. In the first 

round of PCR, 28, 30, 32, 34 and 36 cycles were applied whilst 12, 14, 16, 18 and 20 

cycles were applied in the second round of amplification.

2.2.6.4.3 Detection of levels of HIV-1 DNA from HIV-1 positive individuals with and 

without symptoms

From the results of the amplification 28 cycles were chosen for the first round and 18 

for the second. Each cycle consists of thermal dénaturation at 94°C for 1 min, annealing 

and extension at 63°C for 2 min. A 144 bp fragment was amplified in the first round of 

PCR by pol 1 and pol 2. A 97 bp fragment was obtained from the second round of PCR 

applying pol 3 [with 5’ DIG-11-dUTP end labelled] and pol 2. A series of dilutions of 

known copy number of HIV DNA was amplified parallel as external standard in each 

amplification. After 28 cycles of the first round amplification 2.5 p\ of PCR product was 

amplified for 18 cycles using primers pol 2 and DIG-11-dUTP labelled pol 3. Following 

electrophoresis and Southern transfer (VACU-AID, Hybaid, UK) amplified DNA was
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detected by chemiluminescence (CSPD, Boehringer Mannheim) and densitometry (see 

Appendix D). The value represented mean of two or three tests.



97

CHAPTER THREE: 

RESULTS
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3.1 Neuropathology

The brains of 18 AIDS patients were examined: 10 showed changes characteristic of 

HIV leukoencephalopathy (Fig. 3.1a) / encephalitis (Fig. 3.1b). Both types will be 

labelled as HIVE in this thesis; the other 8 showed no obvious neuropathological lesions. 

The main HIV-related neuropathological abnormalities of encephalitis were 

predominantly in the hemispheric white matter and consisted of multiple small foci, 

predominantly perivascular, of microglia, macrophages and astrocytes and included a 

number of multinucleated giant cell (MGCs). MGCs were localised predominantly in 

nodules of microglial cells and in the perivascular region in places forming clusters. Fig. 

3.1c shows reactive astrocytes, macrophages and MGCs. One large MGC is at the centre 

with a few nuclei forming a circle at the edge of the cell; some nuclei are joined by 

nuclear bridges (arrow) are seen. MGC (arrow) in Fig. 3 .Id  is located in the 

perivascular region. Microglia and macrophages were forming, in place, loose irregular 

nodules in HIVE. These foci were separated from each other, giving the area a moth- 

eaten appearance (Fig. 3.1b). These features have been called HIV encephalitis (HIVE). 

These changes are usually most severe in the anterior regions of the hemispheres but are 

found also in the deep grey nuclei and brain stem. Areas of complete loss of myelin 

appear diffusely pale and the whole process has been named HIV-leukoencephalopathy 

(HIV-lep, Fig. 3.1a). The difference between HIVE and HIV-lep is that lesion patterns 

in the former is multifocal and inflammatory, whereas in the latter, lesion appears as a 

diffuse damage to the white matter featuring myelin loss, reactive astrogliosis, 

macrophages and MGCs.
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Abnormalities in the 36 HIV-1 positive pre-AIDS group included astrogliosis in 34, 

microgliosis (31 cases), discrete meningitis (11 cases, see Fig. 3.2) and macrophages in 

4 cases. Fig. 3.2 shows thick meninges with small cell infiltration. Microgliosis and 

astrogliosis are discussed in 3.2. Hypoxic changes appearing as angulated somata and 

shrunken nuclei of some neurons with uniformly eosinophilic cytoplasm were seen in 14 

cases. There was one completely normal brain. The neuropathology of the 36 pre-AIDS 

individuals is summarized in Table 3.1. Cases No. 1 to 17 were HIV-1 DNA positive 

by PCR whereas cases 18 to 36 were PCR negative. There was no correlation between 

microgliosis and astrogliosis and presence of HIV-1 DNA whereas a correlation could 

be established between the presence of meningitis and presence of HIV-1 DNA (see 

Table 3.1, 8 out of 17 HIV-1 DNA positive compared with 4 out of 19 HIV-1 DNA 

negative cases, p =  0.0753, Fisher).

3.2 Density and morphology of microglia/macrophages and astrocytes

Lectin. RCA-120 positive cells were increased in number in most AIDS brains with 

HIVE as well as in a number of pre-AIDS brains when compared with normal controls 

(see Table 3.2). Amongst normal controls there was no difference between 5 normal 

brains which had no any risk of HIV-1 infection and brains of 4 HIV-1 negative drug 

addicts. The means of RCA-120 positive cells were 219 ±  122 (standard deviation, SD) 

and 175.4 +  93.3 in HIVE and pre-AIDS groups, respectively.

Fig. 3.3 shows the results of RCA-120 staining in various groups. Fig. 3.3a refers to 

RCA-120 staining in normal control. In normal brains only a few scattered ramified



100

microglial cells with thin, faint cell processes can be seen, whereas RCA-120 positive 

cells showed increase in size and number of branched processes in most of the AIDS 

brains with HIVE (Fig. 3.3b) and in a number of pre-AIDS brains (Fig. 3.3c). The 

difference between these two HIV-1 positive groups was the presence in the former, of 

numerous macrophages and some MGC (Fig. 3.3b). On the other hand, in AIDS brains 

without detectable neuropathological changes, there was only a slight increase in number 

of microglial cells (mean = 81.4+28.5) (whose size was only moderately increased) in 

addition to a few scattered macrophages (Fig. 3.3d). Comparison of results of 

histochemistry and the densities per mm^ of both microglia and macrophages in the 

various groups are shown in Fig. 3.4 and Table 3.2.

GFAP. The density of GFAP-positive astrocytes was significantly increased only in the 

HIVE group as compared with normal controls. On the other hand, there was no 

statistically significant difference between AIDS without CNS disease, pre-AIDS and 

normal control cases which includes HIV-1 negative drug addicts (see Table 3.2 and 

Fig. 3.4). However, when the size of cells was considered, this parameter was 

significantly increased in each of the three HIV-1 seropositive groups compared with 

control (3.5a). In particular, 34/36 pre-AIDS individuals showed slightly or severely 

swollen astrocytes (Fig. 3.5c), whereas the appearance of astrocytes in severe cases 

could be similar to that seen in HIVE (Fig. 3.5b). A difference in the distribution of 

astrocytes between HIVE and pre-AIDS groups is that, in the former, both white and 

grey matter were variously involved whereas in the latter obvious astrogliosis was seen 

only in white matter. In brains of AIDS without neuropathological disorders astrocytes 

showed similar appearance as seen in pre-AIDS group (Fig. 3.5d) .
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Fig. 3.1 Photograph (a) and photomicrographs (b, c & d) of brain sections showing 
the appearances of HIV-lep (a), HIVE (b) and the histological appearances of 
leukoencephalitis (c & d). (b) - (d) are shown in the next page, (a) shows that myelin 
is diffusely pale in HIV-lep; (b) shows multiple foci of myelin pallor in the white 
matter of HIV encephalitis; (c) shows reactive astrocytes and two MGCs. One is 
large, irregularly round and shows some of the nuclei linked by internuclear bridges 
(arrow). In (d) there is an increased number of glia as well as the presence of MGC 
(arrow) localised to the perivascular region, (a) Luxol fast blue (LFB) and 
haematoxylin & eosin (H & E). (x5); (b) LFB. (x38); (c & d) H & E. (x500)



102

m
»

V- • \ (

f

»
e

#



103

Fig. 3.2 Photomicrograph showing leptomeningitis in a pre-AIDS case. 
Leptomeninges are slightly thickened by discrete lymphocytic infiltration.
H & E. (xI44)
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Table 3.1 Summary of the neuropathological changes in 36 HIV-1 positive pre-AIDS 
individuals

Case
No.

Meningitis Microglia infiltrate Gliosis Hypoxic
changes

Morphology RCA-120/mm^

1 + - 64 -h -

2 +  (L) - 42 + (W ),±(G) -

3 - + +  (M) 240 4--K -

4 +  (L) + (W) 120 + (W) -

5 + + 176 +  (W) -

6 - + +(W,G)(M) 408 - -H

7 - + (W) 105 +  +  (W) +

8 +  (M) + 275 +  (W ),±(G) 4-

9 - +  (W ),±(G) 246 +  -h(W) -

10 + + (W) 79 +- +  (W ),±(G) -

11 - + + 283 +  (W) -

12 - ±(W) 133 + +(W ),±(G ) -

13 + (focal) ± 231 + (W) -h

14 - + 166 +  +(W ),+(G ) 4-

15 - + (W),±(G) 245 +  +  (W) -

16 - + (W) 322 -H-H(W),+(G) -h

17 + + (W)(M) 143 -H-H(W),4-(G)
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Case
No.

Meningitis Microglia infiltrate Gliosis Hypoxic
changes

Morphology RCA-120/mm^

18 - ± 2 + + -

19 - - 74 +(W) +

20 - +(W) 131 ±(W) -

21 - +  + 164 +(W) -

22 - - 72 - -

23 - + 74 + +(W) +

24 - + 192 + (W) +

25 + + 134 + -

26 - +  (W) 170 + +(W ),±(G ) +

27 - +  (W ),±(G) 231 + (W) -

28 - ±(W) 278 + +

29 - ± 128 + +  (W ),±(G) -

30 + ±(W) 142 + -

31 - ± 241 ±(W ), +  (G) -

32 ± +  +(W ), +  (G) 266 + + -

33 - +  +(W ), +  (G)(M) 365 +(W ),±(G ) -

34 + - 91 + +(W ),+(G ) +

35 - ±(W) 139 + (W) -

36 - + 141 + +(W ),±(G ) +

W =W hite matter; G = Grey matter; L=Lymphocyte; M=Macrophage; 
- = absent; ± =  slight; +  =  moderate; +  +  =high
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Table 3.2 Density of RCA-120 positive and GFAP positive cells in pre-AIDS, HIVE 
and AIDS without CNS disease

Group Cases
RCA 120 GFAP

Mean+SD Median Mean+SD Median

Control 9 38+30.1 40 72.4+43.3 59

HIVE 10 219.2 + 122 205 103.2+21.4 108

AIDS 8 81.4+28.5 80 63+23.3 65

pre-AIDS 36 175.4+93.3 153.5 50.2+13.1 49.5

HIVE = HIV encephalitis 
AIDS = AIDS no neuropathology
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Fig. 3.3 Photomicrographs showing brain sections stained with the lectin RCA- 
120. In normal brain (a) the few RCA-120 positive cells are ramified microglia 
with thin and faintly staining cell processes, (b) shows that in HIVE RCA-120 
positive cells are increased in number and size and appear as macrophages and 
some MGC, only a few small microglial cells are seen (arrow); in pre-AIDS (c) 
increased (in number and in size) microglial cells are seen; and in AIDS without 
neuropathological lesions (d) the density of RCA-120 positive cells and their size 
are moderately increased. RCA and haematoxylin. (x350)
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Fig.3.4 Distribution of the density of RCA-120 and GFAP positive cells in pre- 
AIDS, HIVE and AIDS without CNS disease and in normal control.
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Fig. 3.5a-d Photomicrographs showing brain sections stained with GFAP. The 
density of GFAP positive cells is increased only in HIVE group (b) compared 
with control (a). However, hypertrophy of GFAP positive cells is seen in all three 
HIV-1 positive groups (b,c,d). The proportion of swollen astrocytes is high in 
HIVE (b), moderate in pre-AIDS (c) and low in AIDS without neuropathology 
(d). GFAP and haematoxylin. (x350)
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3.3 Expression of MHC class II and cytokines

.3.3.7 a/%7 cyfo/bwaej; c<%my?6w?j%%n apTawpwf

(control, HIVE and AIDS without CNS disease V5 pre-AIDS)

Elevated expression of MHC class II antigens and cytokines was demonstrated in all 

three HIV-1 positive groups. Group comparison was made by presenting the percentages 

of cases that scored low, moderate and high of MHC class II, TNF-a, IL-la, IL-4, IL-6 

in the white matter of each group (see Fig. 3.6 - Fig. 3.10). The expression of MHC 

class II and cytokines as represented by scores was high in HIV-1 positive patients (taken 

as a single group) compared with HIV-1 negative individuals; there was no obvious 

difference observed between normal and drug addicts. Interestingly, pre-AIDS patients 

showed higher scores for MHC class II, TNF-a and IL-la than AIDS without 

neuropathological changes and higher scores for TNF-a and slightly higher for IL-4 than 

AIDS brains with HIVE. The grey matter was examined separately using the same 

scoring system described above (see materials and methods). Data for MHC II were 

comparable to those found in the white matter in both in AIDS and pre-AIDS brains. 

Regarding the cytokines, the scores obtained for the AIDS and pre-AIDS groups were 

considerably lower than those found in the white matter and in the latter group could be 

regarded as minimal.
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Fig. 3.6 - 3.9 Graphs showing percentage of cases showing low, moderate and high 
levels of the expression of TNF-of (3.6), IL -la  (3.7), IL-4 (3.8) and IL-6 (3.9) in pre- 
AIDS, HIVE, AIDS without CNS disease and in normal control.

AIDS= AIDS without neuropathological changes
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Fig. 3.10 Graph showing percentage of cases showing low, moderate and high levels 
of the expression of MHC class II antigens in pre-AIDS, HIVE, AIDS without CNS 
disease and in normal control.

AIDS= AIDS without neuropathological changes
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3.3.2 Statistical analysis

Statistics using Mann-Whitney U test (preplanned group comparison without adjustment) 

(see Table 3.3) showed that the expression of MHC class II antigens was significantly 

higher in HIVE group than in pre-AIDS (p = 0.004) and in pre-AIDS group than in 

normal control and AIDS without neuropathology (p = 0.051 and 0.041, respectively). 

Regarding the cytokines, comparison between pre-AIDS with the other three groups 

(normal control, HIVE and AIDS without neuropathological changes) showed that they 

are not significantly (AIDS without neuropathology, p = 0.056) or significantly different 

(controls and HIVE, p = 0.016 and 0.015, respectively) in the expression of TNF-a; 

highly significantly (controls, p = 0.0001), significantly (HIVE, p = 0.015) or slightly 

different (AIDS no neuropathology, p = 0.08) in expression of IL -la . Except for the 

observation that expression of IL-4 and IL-6 in normal controls is lower than that found 

in pre-AIDS, there is only slight difference between pre-AIDS and two AIDS groups in 

the expression of IL-4 and 6.

Table 3.3 Group comparison vs pre-AIDS

MHC II TNF-a IL -la IL-4 IL-6

Normal control p=0.051 p=0.016 p=0.0001 p=0.057 p =0.027

HIVE p =0.004 p=0.015 p=0.015 p=0.392 p=0.906

AIDS without 
neuropathology p=0.041 p=0.056 p=0.08 p=0.463 p=0.259
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3.3.3 Results: HIV-1 positive pre-AIDS individuals

Individual scores of the 36 pre-AIDS individuals are illustrated in Table 3.4 and include 

results of PCR. There are correlationsbetween presence of HIV-1 DNA and expression 

of MHC II and cytokines. In 17 cases with positive PCR for HIV-1 DNA, moderate to 

high levels (scores 2 or 3) of expression have been found in 76% (13 out of 17) cases 

for MHC II, 59% for TNF-a, 76% for IL-lor, 65% for IL-4 and 71% for IL-6 

compared with 47%, 42%, 63%, 37% and 26% in HIV-1 PCR negative individuals 

respectively. Statistical analysis using Fisher test showed that the expression of MHC 

II, TNF-a, IL-lcK and IL-4 was higher in HIV-1 DNA positive cases than in HIV-1 

DNA negative individuals (p = 0.058, 0.16, 0.197 and 0.068, respectively) whereas the 

expression of IL-6 was significantly higher (p =  0.008) in HIV-1 DNA PCR positive 

cases than HIV DNA negative ones.
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Table 3.4 Summary of the results of PCR and IHC of HIV-1 positive pre-AIDS 
individuals

Case No. PCR MHC II TNF-q! IL -la IL-4 IL-6

1 + 2 3 2 2 3

2 + 3 3 3 2 3

3 + 3 3 3 3 3

4 + 2 0 1 2 2

5 + 2 3 3 2 2

6 + 1 2 1 2 1

7 + 2 3 3 2 2

8 + 0 0 3 0 0

9 4- 3 0 2 1 2

10 + 2 2 2 0 2

11 + 1 1 1 0 2

12 + 3 2 2 2 3

13 + 2 2 2 0 2

14 + 2 1 2 2 1

15 + 0 0 2 2 0

16 + 3 2 2 1 1

17 + 2 1 0 3 2
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Case No. PCR MHC II TNF-Û! IL -la IL-4 IL-6

18 - 2 0 1 0 0

19 - 1 2 2 0 1

20 - 0 0 1 0 0

21 - 0 0 3 0 0

22 - 1 1 0 3 0

23 - 3 3 2 0 3

24 - 1 1 3 2 2

25 - 1 0 3 0 2

26 - 2 1 2 0 0

27 - 2 2 1 2 0

28 - 1 2 3 0 0

29 - 2 2 0 3 0

30 - 2 2 2 1 2

31 - 3 0 2 0 0

32 - 1 2 2 1 2

33 - 0 1 2 1 1

34 - 2 1 1 3 0

35 - 1 1 1 3 0

36 - 2 2 2 3 0

0 = absent; l= low ; 2 = moderate; 3=  high; 
- = negative; 4- =  positive
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3.3.4 Types of cell expressing MHC II and cytokines

Examples of cells immunostained for MHC class II antigen in pre-AIDS and AIDS 

brains are shown in Fig. 3.11a,b. In pre-AIDS (a) microglial cells and possibly some 

astrocytes were stained and signals were located in cytoplasm and the cell processes; 

HIVE (b) macrophages and some astrocytes showed positive immunoreactivity for MHC 

II.

Regarding the types of cells immunostained with the various antibodies against 

cytokines, TNF-a stained microglia/macrophages, pericytes and a small number of 

astrocytes; in pre-AIDS (Fig. 3.12a) the majority of immunostained cells were 

microglial cells in addition to a few astrocytes, whereas in HIVE (Fig. 3.12b) 

macrophages were also positive. IL-1 was seen in microglia/macrophages, astrocytes and 

some endothelial cells and in (d) an occasional glial cell. Expression of IL-4 was higher 

in pre-AIDS (e) than in AIDS (f) and appeared in microglia and astrocytes; IL-6 was 

seen in microglia, astrocytes and possibly some endothelial cells. Examples of the 

various cell types immunostained with the range of the different cytokine antibodies in 

the same groups are illustrated in Fig. 3.12a-h.
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Fig. 3.11 Photomicrographs showing the expression of MHC class II antigen in the 
brains of HIV-1 positive pre-AIDS (a) and AIDS (b) individuals. In (a) the majority 
of positive cells are microglia whereas in (b) also positive macrophages are seen. 
MHC class II and haematoxylin. (X600)
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Fig. 3.12 Photomicrographs showing the results of immunostaining with antibodies 
against cytokines, (a), (c), (e) and (g) represent pre-AIDS, (b), (d), (f) and (h) AIDS 
cases, (e) - (h) are shown in the next page, (a) & (b) illustrate TNF-a; (c) & (d) IL- 
la ; (e) & (f) IL-4; (g) & (h) IL-6. Counterstainedwith haematoxylin. (X900)
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3.4 Apoptotic cells in brains of AIDS and pre-AIDS cases

3.4.1 Effects o f fixation on in situ end labelling (ISEL)

Digestion by 1/xg/ml of proteinase K at 37°C for 10 min showed good sensitivity and 

minimized the intensity of the background. Increasing the concentration of proteinase K 

above this optimal level did not improve the sensitivity. Using this concentration, 

apoptotic cells could be demonstrated in brain tissue samples fixed in buffered formalin 

for periods ranging from 2 weeks to 5.5 months.

3.4.2 Other conditions for ISEL

Many other factors can also affect the sensitivity of detection of apoptosis. For example 

the 1:3 ratio of dig-dUTP:dTTP recommended by Boehringer Mannheim (1989) for 

random primer directed synthesis and used by An et al (1992) in PCR amplification has 

also confirmed its suitability to improve sensitivity when compared with the use of 

dig-dUTP alone in the reaction. On the other hand, incubation with anti-DIG antibody 

at 4°C overnight provided the best results when compared with incubation either at RT 

for 2-3 hours or at 37°C for 30 min (data not shown).

3.4.3 Apoptotic cells in brains of AIDS and pre-AIDS patients

No apoptotic cells were seen in any brain slide stained with routine methods. The ISEL 

method revealed only an occasional cell in the white matter of the negative controls and
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these could be identified as glial cells. Apoptotic cells were identified by in situ end 

labelling for free-3’-OH ends of cleaved DNA in 11 specimens; these included 6 of 10 

HIVE cases, 1 of the 8 AIDS without neuropathological changes and 4 of the 36 HIV 

positive pre-AIDS cases. All 3 positive control specimens of neuroblastoma showed 

numerous isolated apoptotic cells.

A representative case of a patient with HIVE is shown in Fig. 3.13a and b. In Fig. 

3.13a cortical neurons with apoptotic nuclei are shown. Nuclei are virtually of normal 

size. In Fig. 3.13b a perivascular cell with an apoptotic nucleus is seen. Fig. 3.13c and 

d show apoptotic cells in grey (c) and white matter (d) of a pre-AIDS case. In Fig. 

3.13c a large neuron with an apoptotic nucleus is shown in detail whereas in Fig. 3.13d 

there are several apoptotic glial cells in white matter.

In the HIV positive pre-AIDS group, all but 1 ISEL positive case were also HIV-1 DNA 

positive on PCR. Except for the positive nuclei, apoptotic cells did not differ 

morphologically from negative cells; in particular the size and shape of the nuclei were 

unremarkable, the outlines of their cell bodies were identifiable and the cytoplasm did 

not appear dissimilar from that of negative cells.

With regard to the distribution of apoptotic cells, in the HIVE cases they were found 

both in the grey matter, where they were almost exclusively nerve cells (Fig. 3.13a), 

and in the white matter (Fig. 3.13b). In the cortex their density varied from area to area, 

did not seem to correlate with the areas of vascular vulnerability and appeared to be 

distributed throughout all the layers.
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In the HIV-1 positive pre-AIDS cases, apoptotic cells were found in the white matter in 

all four cases (Fig. 3.13d), whereas in two, neurons were also stained (Fig. 3.13c). In 

the cortex, ISEL positive cells appeared scattered throughout all the layers, in places 

forming clusters of 3 - 4 cells. As far as the cortex is concerned, although the total 

population of apoptotic neurons was not quantified in these tissue sections, the density 

of ISEL-positive neurons was smaller in pre-AIDS than in AIDS (both with and, in the 

single case, without encephalitis) brains.

Using double labelling with ISEL and RCA-120, a number of cells in the white matter 

in HIVE cases showed double staining (see Fig. 3.14), whereas in the HIV-1 positive 

pre-AIDS brains only scattered apoptotic cells appeared RCA-120 positive, suggesting 

that, in the latter group, dying cells were predominantly glial in nature. In addition, 

some of their morphological features suggested an oligodendroglial nature. A number 

of endothelial cells were also seen to be stained by these methods. Moreover, numerous 

apoptotic bodies would be seen in tumour specimens which were ISEL positive whereas 

areas of massive necrosis in the tumour (control) samples did not show the typical 

positive features. Fig. 3.14a and b show double staining using ISEL and RCA-120 of 

white matter of an AIDS brain. In Fig. 3.14a two microglia/macrophages show apoptotic 

nuclei (blue) and brown cytoplasm (RCA-120) whereas in Fig. 3.14b one apoptotic cell 

is RCA-120 negative.

In this study, detection of cells by ISEL using DNA polymerase 1 and TDT confirmed 

that both enzymes were suitable for this technique and that the latter did not appear more 

sensitive than the former.
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Fig. 3.13a-d Photomicrographs showing apoptotic cells as revealed by the ISEL 
method in the grey (a & c) and white matter (b & d) of HIV encephalitis (a & b) 
and HIV-1 positive pre-AIDS brains (c & d). In (a) neurons and in (b) one glial cell 
with apoptotic nuclei are seen. A large neuron with an apoptotic nucleus is present 
in (c) and several apoptotic glial cells are seen in (d).
ISEL and nuclear fast red. (X552)
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Fig. 3.14a,b Photomicrographs showing double staining using RCA-120 and ISEL 
methods. ISEL shows a blue nuclear staining and RCA-120 positive appear brown. 
In (a) two apoptotic cells are also RCA-120 positive whereas in (b) one cell with an 
apoptotic nucleus is RCA-120 negative. ISEL, RCA-120 and nuclear fast red. 
(X950)
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3.5 Detection of p24 antigen and HIV-1 DNA by IHC and PCR

3.5.1 Pilot study by PCR: comparison between results using fresh frozen and paraffin 

embedded specimens

The neuropathological changes observed in the brain tissue of the 20 patients with AIDS, 

from which both frozen and formalin fixed, paraffin embedded are available, in this 

study are summarised in the Table 3.5. HIV encephalitis was present in 7 cases; other 

neuropathological findings included cytomegalovirus encephalitis (3 cases), progressive 

multifocal leukoencephalopathy (1 case), cryptococcosis (2 cases), lymphoma (1 case), 

tuberculosis (1 case); 3 cases did not show any abnormalities. Nine cases, including all 

those with neurological evidence of HIV encephalitis, were HIV p24 positive.

Sixteen cases resulted PCR positive on frozen specimens. These included all those with 

immunohistochemical evidence of HIV. Of these, 15 were also positive when paraffin 

embedded material was used. Southern blot confirmed the positive results. None of the 

cases which was positive in paraffin samples gave negative results when frozen material 

was examined (An et al., 1994). Among the 20 cases, delay of post mortem ranged 

between 17 hours to 4 days and fixation time between 1 to 8 months. One (No. 19) with 

the longest delay of post mortem and fixation time showed PCR positive on both frozen 

and paraffin specimens. Fig.3.15a,b show the results of PCR amplification in 3 cases 

using both frozen and paraffin samples. Case 1 (lanes A&B) was positive in both; case 

2 (lanes C&D) was the single case positive only with frozen material and case 3 (lanes 

E&F) was an example of the 4 cases negative on both frozen and paraffin embedded
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material.

Table 3.5 Summary of the results of PCR detectioir with pathological and 
immunohistochemical findings

No. Sex Age

Delay 
of PM 
(Days)

Fixa
tion

(Mths)

Neuropathological
diagnosis HIV

p24

PCR

F P

1 M 31 1 5 HIVE + 4- 4-

2 M 29 1 5 No abnormalities - - -

3 M 39 4 3 PML + + +

4 M 53 3 1 HIVE -b + 4-

5 M 42 3 5 Lymphoma + + 4-

6 M 25 2 3 HIVE, Cryptococcosis - + 4-

7 M 26 2 7 Ischemia foci - -

8 M 47 3 1.5 Ischemia foci - - -

9 M 28 2 2 Cryptococcosis - + 4-

10 M 40 1 2 Non-specific gliosis -1- -1- 4-

11 M 30 2 6 Non-specific gliosis + + 4-

12 M NK 1 2 HIVE + 4-

13 M 25 1 4 CMVE - + 4-

14 M 43 17hr 6 HIVE, CMVE - 4- 4-

15 M 49 2 3 HIVE + 4- 4-

16 M 67 3 3 No abnormalities - 4- -

17 M 35 2 1 Tuberculosis - 4- 4-

18 M 51 4 6 CMVE - - -

19 M 52 4 8 HIVE, FPL + 4- 4-

20 M 32 1 2 No abnormalities - 4- 4-

NK, Not known
HIVE, HIV encephalitis
CMVE, Cytomegalovirus encephalitis
PML, Progressive Multifocal Leukoencephalopathy
FPL, Focal Pontine Leukoencephalopathy
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A B C D E F G  H I

Fig. 3.15 Results of PCR amplification on frozen and paraffin specimens in 3 cases, 
a) Electrophoresis and b) Southern blot hybridization. In lanes A, C and E DNA 
was extracted from fresh frozen samples; In lanes B, D and F it was extracted from 
paraffin material; Lane G: HIV plasmid DNA positive control; Lane H: normal 
brain negative control; Lane I in a): DNA molecular weight marker.



129

3.5.2 p24 antigen in brains of individuals with pre-AIDS and AIDS

Among the 63 cases studied, immunohistochemistry with anti-p24 antibody was positive 

in 7 of the 10 cases showing HIVE. No positive staining was seen in the other 8 AIDS, 

in all the pre-AIDS and in control brains. Fig. 3.16a-c show the staining of p24 in cases 

with HIVE. In Fig. 3.16a two MGCs with several nuclei clustered at the centre of the 

cells show p24 staining in their cytoplasm. Fig. 3.16b show p24 positive macrophages 

and in Fig. 3.16c one microglial cell is positive for p24.

3.5.3 Detection of HIV-1 DNA from cases with pre-AIDS, HIVE and AIDS without 

CNS disease

All the control cases were negative. HIV-1 DNA was detected in all (10 cases) HIVE, 

in 5 out of 8 AIDS without neuropathological changes and in 17 out of 36 HIV-positive 

pre-AIDS patients. Results of PCR in pre-AIDS individuals are shown in detail in Table 

3.3. Fig. 3.17a,b illustrate an example of the results of PCR by both electrophoresis (a) 

and chemiluminescence (b).



130

B

) 0

Fig. 3.16a-c Photomicrographs showing staining of HIV-1 p24 in cases with HIVE. 
In (a) two MGCs with nuclei clustered at the centre of the cells show p24 staining 
at the periphery of the cytoplasm; (b) shows p24-positive macrophages and in (c) 
one microglial cell shows positive for p24. Haematoxylin and p24. (X912)
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a b c d e f g h i j k l  m  n o p

Fig. 3.17a,b Results of PCR shown by electrophoresis (small arrow) and 
chemiluminescence (large arrow). Lanes (A-H) represent pre-AIDS; (I-L) AIDS 
cases; (M, N) positive controls; (O) negative control; (?) DNA molecular weight 
marker.
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3.6 Quantification of HIV-1 DNA

3.6.1 Standard curve for semi-quantitative PCR

A linear relationship between the logarithm (log) of the amount of PCR product and the 

log of the initial amount of sample DNA could be obtained following 28 cycles in the 

first round and further 18 to 20 cycles of amplification in the second round of PCR (see 

Fig. 3.18). The effect of the numbers of cycles on the amplification by PCR was 

investigated. As shown in Fig. 3.19, PCR products obtained after the first round of PCR 

using known copies of HIV-1 plasmid DNA as initial templates were followed by further 

14, 16 or 20 cycles of amplification. Thus 18 cycles were chosen for the second round 

of PCR for quantitative purpose.

3.6.2 Sensitivity of the technique

The sensitivity of detection of HIV-1 DNA by this technique, i.e. when the exponential 

phase could be obtained by the conditions mentioned above (3.6.1), is in range of 1-10 

to 1,000 copies/150,000 cells, assuming that \}xg DNA corresponded to 150,000 cells 

(6.6pg DNA per diploid cell) (Simmonds et al., 1990b). The results of PCR in 9 cases 

of HIV-1 positive pre-AIDS (4 cases) and AIDS (5 cases) individuals are shown in Fig. 

3.20a,b.

3.6.3 Correlation between level of HIV-1 DNA and stage of disease
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The levels of viral DNA in brain of AIDS (mean =  169.2, median =  135, range: 5 - 

540, interquartile range: 90 - 180) and HIV-1 positive pre-AIDS individuals (mean = 

55.8, median =  45, range: 5 - 215, interquartile range: 15 - 70) are listed in Table 3.6 

and represented in Fig. 3.21. Results indicated as 5 - 10 were considered positive (see 

discussion). The results show that levels of HIV-1 DNA in brains of the AIDS group 

were higher than those found in asymptomatic individuals. As shown in Table 3.6 and 

Fig. 3.21 most copy numbers of HIV-1 DNA in pre-AIDS group are less than 100 (with 

three exceptions) whereas in AIDS group majority of cases show levels between «  100 

to 300 copies (except two have 540 copies and four have less than 100 copies). There 

is a significant difference between AIDS and pre-AIDS cases (P <  0.012, Mann Whitney 

U test). However, no correlation between levels of HIV-1 DNA and either 

neuropathological disorders or HIV-associated dementia is seen.
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Fig. 3.18 shows a linear relationship between the logarithm (log) of the amount of 
PCR product and the log (copies) of the initial amount of sample DNA obtained.



135

Fig. 3.19 Effect of cycle numbers of amplification by nested PCR. A to E, F to J 
and K to O illustrate the chemiluminescence results when 14, 16 and 20 cycles were 
amplified, following 28 cycles of amplification in the first round of PCR, 
respectively. A, F, K: negative control with normal human DNA only; B, G, L: 1 
copy of HIV-1 DNA; C, H, M: 10 copies; D, I, N: 100 copies; E, J , O: 1,000 copies.
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Fig. 3.20 (a and b) A seml-quantitative detection of HIV-1 DNA in specimens of pre- 
AIDS (A to D) and AIDS (E to I) cases is shown. J to L illustrate a standard HIV-1 
DNA, J: 200 copies; K: 100 copies and L: 10 copies, a) represents an agarose gel 
electrophoresis stained by ethidium bromide; b) represents the result of 
chemiluminescence.
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Table 3.6 Summary of the neuropathological findings and the results of level of 
HIV-1 DNA in brains of AIDS and pre-AIDS individuals

Case
No.

Neuropathology Dementia Copies/150,000 
cells

AIDS

1 HIVE Yes 100

2 HIVE No 150

3 HIVE Yes 540

4 HIVE No 65

5 HIVE Yes 5-10

6 HIVE No 540

7 HIVE No 150

8 HIVE Yes 210

9 HIVE/ focal pontine 
leukoencephalopathy

Yes 5-10

10 HIV
leukoencephalopathy

No 120

11 No abnormalities Yes 5-10

12 No abnormalities No 180

13 No abnormalities No 162

14 No abnormalities No 105

15 No abnormalities No 280

16 No abnormalities No 90
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Case
No.

Neuropathology Copies/150,000 
cells

pre-AIDS

17 Meningitis(Lym), Microglia(4-W), Gliosis(+W) 120

18 Microglia(+ W , ±  G), Gliosis(-l-/-H-W) 10

19 Meningitis, Microglia(4-W), 
Gliosis(+/-h-hW ,±G)

15

20 M i c r o g l i a G l i o s i s ( - f - W ) 215

21 Microglia(±W), Gliosis(+/-f-l-W ,±G) 30

22 Microglia±, Gliosis(4-/4-4-W,4-G), Hypoxic 
changes

5-10

23 Microglia(4-W), Gliosis(4-4-W,-l-G), Hypoxic 
changes

5-10

24 Meningitis, Microglia(4-W), Gliosis(-f-fW,-l-G), 
Hypoxic changes

60

25 Meningitis(focal), Microglia±, Gliosis(4-W), 
Hypoxic changes

70

26 Meningitis(Mac), Gliosis(+W ,±G), Hypoxic 
changes

50

27 Microglia(-l-W,±G), Gliosis(+/4--l-W) 75

28 Microglia(-fW), Gliosis(4-4-W), Hypoxic changes 160

29 Microglia infiltrate-I-/-f-I-(Mac) 5-10

30 Menigitis, Gliosis(-I-) 5-10

31 Meningitis(Lym), Gliosis(-f-W,±G) 50

32 Meningitis, Microglia-1-, Gliosis(4-W) 45

33 Microglia(-l-4-W,-l-/-l--l-G), Hypoxic changes 27

HIVE= HIV encephalitis; 
Lym= lymphocyte;
Mac= macrophage;
W =white matter;
G = grey matter 
±  =  absent to slight;
+  =  moderate;
+  +  =high
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Fig. 3.21 Distribution of levels of HIV-1 DNA in AIDS and pre-AIDS groups.



140

CHAPTER FOUR: 

DISCUSSION
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4.1 Neuropathological changes and microglial reactivation in brains of HIV-1 

positive pre-AIDS cases

Neuropathological changes, observed in the brains of 10 out of 18 cases in the AIDS 

group and which included myelin pallor, infiltration by macrophages, increaseanumbers 

of microglial cells and of GFAP positive cells and MGCs, fulfil the criteria for the 

diagnosis of HIV encephalitis as previously described by Budka (1991). In the brains of 

the other 8 cases in the same group there were no obvious neuropathological 

abnormalities except in one in which the white matter showed a discrete increase in 

number of GFAP positive astrocytes.

Findings in HIV-1 positive pre-AIDS group were discrete leptomeningitis, myelin pallor 

as well as micro- and astro-gliosis. Leptomeningitis, usually not a feature of HIVE, was 

present in 11 among the 36 cases of this group. A correlation between the presence of 

meningitis and HIV-1 DNA could be established although the difference was not 

significant (p=0.0753). Meningitis is a relatively common finding in HIV-1 positive 

asymptomatic individuals and confirms the finding of perivascular inflammation observed 

by Gray et al (1992) in half (6 of the 11) of their cases. Early HIV infection of 

leptomeninges has been demonstrated in pre-AIDS individuals. Infected individuals go 

through an early acute phase during which there is detectable virus and host cell reaction 

in the CSF and a subsequent phase in which virus is reduced or absent whilst the local 

production of HIV-1 antibodies continues (Price et al., 1988). Evidence in early SIV 

encephalopathy confirms that infected cells in the brains are located mainly in 

perivascular and meningeal compartments (Hurtrel et al., 1991). The above data suggest
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that meningitis may be one of the early (or acute) appearances of HIV-1 infection in 

brain. Considering the abundance of blood vessels in meninges it seems to be a 

reasonable explanation that HIV or viral infected cells enter brain parenchyma through 

a compromised blood-brain barrier .

Regarding the lack of MGCs in the brain of pre-AIDS subjects, this might be explained 

by the observation that, at the early stage of HIV infection, virus harboured within the 

CNS might be the non syncytium-inducing (SI) variant as demonstrated in the blood 

(Schuitemaker et al., 1991).

With regard to the microglial hyperplasia, seen in 31 of the 36 cases, increased numbers 

of cells of microglia/macrophage lineage are a prominent feature of HIV-associated 

disorders of the CNS during late AIDS (Genis et al., 1992) as well as early pre-AIDS 

stages (Esiri et al., 1989; Gray et al., 1992); it is known that these cells are susceptible 

to infection by HIV and may serve as its reservoir (Ho et al., 1994). Latent infection 

of monocytes/macrophages is an important mechanism by which HIV escapes immune 

surveillance and enters the CNS (Achim et al., 1991b). A semi-quantitative evaluation 

of white matter microgliosis, based on the density of cells as well as their size and the 

length of cell processes, showed that microgliosis is present in all HIV-1 seropositive 

groups. The highest increase of microglial cells and macrophages is seen in cases with 

HIV encephalitis when compared with pre-AIDS individuals and those with AIDS 

without obvious neuropathological changes. Morphologically, amoeboid (rod) microglial 

cells were seen in most AIDS brains with HIVE as well as in a number of pre-AIDS. 

In brains of AIDS without neuropathological changes their sizes are only moderately
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increased compared to the two formers. The increase in density of microglial cells in 

pre-AIDS group indicates that a cellular response to the virus in CNS is already present 

at this early stage of the infection; moreover, the higher density of microglia in pre- 

AIDS group compared to AIDS cases without neuropathological changes suggests that 

the increase is temporary (Sinclair et al., 1994). This is in keeping with an observation 

by Pantaleo et al (1993a) and Embretson et al (1993) that HIV-1 infection is active and 

progressive in lymphoid tissue during the clinically latent stage of disease. Dendritic 

cells in lymph nodes trap HIV at early stage of infection and this is followed by decrease 

in viral load possibly due to immune response. This might explain why the density of 

microglia was higher in pre-AIDS group than that in AIDS without neuropathological 

changes.

Regarding the density of GFAP positive astrocytes, it is higher in HIVE group than in 

any of the other groups. However, comparison of cell size in the different groups shows 

that this is higher in the 3 HIV positive than in normal controls. The difference of 

appearances of astrocytes in HIVE and pre-AIDS groups is that, in the former, activated 

astrocytes are located in both white and grey matter whereas in the latter, obvious 

astrogliosis is found in white matter only.

4.2 Detection of HIV-1 proviral DNA in brains of patients at pre-AIDS stage

HIV-1 DNA was detected in brain of a number of HIV-1 positive pre-AIDS individuals 

(17 of the 36, = 47%). This confirms and extends previous results by Sinclair et al 

(1994) who demonstrated that HIV-1 DNA in 2 of the 8 brains of pre-AIDS individuals



144

and confirms that entry of HIV-1 into CNS takes place at the early stage of the infection. 

These results are at variance with those of Donaldson et al (1994b) who believe that 

HIV-1 DNA detected in pre-AIDS brains Ito be due to contamination of residual blood 

in the tissue.

The possibility that positive PCR findings could result from HIV harboured in infected 

cells contained in the intraparenchymal or meningeal blood vessels must be considered. 

As mentioned earlier (see 2.2.6.1.2), the meninges were removed from the paraffin 

embedded section used for PCR; as for the hypothesis that virus is present in cells 

trapped in intraparenchymal vessels, the three possible sources of contamination from 

the blood are (1) PBMC, (2) CD4 positive cells and (3) HIV-1 DNA/RNA in plasma, 

an unconfirmed possible source suggested by Nandi and Baneijee (1993). The possibility 

of contamination from blood has been calculated and details are shown in Appendix A 

assuming (1) that distribution of blood was even throughout the whole body at the time 

of death; (2) that blood flow in the brain had normal rate of 50-55ml per lOOg brain per 

minute and hence blood flow in the whole brain per minute =  50 X 14 (l,400g weight 

of organ / lOOg) = 700ml = 700,000mm^ (Adams and Victor, 1985) and (3) that the 

white blood cells (WBC) count was the normal level (7.4 X 10^/ mm^) (Dittmer, 1961).

Data from the literature show that only between 1 / 1,000 and 1 / 500,000 peripheral 

blood mononuclear cells (Lee et al., 1991) and between 1 / 2,500 and 1 / 26,000 CD4 

cells (Brinchmann et al., 1991) carry the virus in seropositive pre-AIDS individuals. As 

only less than one paraffin section (about 30/xg of DNA could obtained from 10 sections) 

per case was used for PCR studies, this amount of tissue could not conceivably contain
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a number of cells high enough to give a positive result, taking into account the threshold 

of sensitivity of our PCR technique.

Infected cells contain on average 1 to 2 provirus copies (Brinchmann et al., 1991). 

Therefore, as shown in Appendix A, the possibility of contamination from blood within 

brain tissue would be about 1.185 (0.025 4- 0.33 4- 0.83) copies /per PCR reaction, 

assuming 1 copy of HIV-1 DNA per infected cell and no more than 1.54 (0.05 4- 0.66 

4- 0.83) copies whilst we assumed 2 copies per infected cell. In the formula in 

Appendix A 1 of the 1,000 PBMC, 1 of the 100 CD4 T cells and 10̂  copies / ml reflect 

the values higher than average levels (see Table 1.1 in Chapter 1).

The application of quantitative PCR to the investigation of HIV-1 DNA in post mortem 

brain could yield accurate qualitative and quantitative data about the pre-AIDS. Thus, 

it is obviously necessary and useful to analyze quantitatively the levels of HIV-1 DNA 

in brains of, particularly, HIV-1 positive pre-AIDS individuals and to compare them 

with those in brains of AIDS patients. The result mightUatletoànswer two questions. The 

first is whether PCR proved positive results of HIV-1 DNA in pre-AIDS cases in this 

study reveals viral DNA harboured in cells in parenchyma of brain rather than those in 

infected cells in blood flow. As calculated in Appendix A if levels of HIV-1 DNA is >  

2 copies / reaction then the excess (copy number - 2) are considered to be obtained from 

brain tissue. The second concerns whether or not levels of HIV-1 DNA in brains 

correlate with the stage of the infection and are suitable predictor of progression of 

disease.
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Results using nested semi-quantitative PCR demonstrated that, with regard to the first 

question, levels of HIV-1 DNA are higher than 2 copies / PCR reaction (see Table 3.6 

in chapter 3) and represent HIV-1 DNA within parenchyma of these brains, thereby 

indicating that HIV-1 enters brains at an early pre-AIDS stage (An et al., 1996b). This 

is confirmed by the finding by Schmid et al (1994) who demonstrated that proviral load 

in patients, at all stages, was significantly higher in the CSF than in the blood. Results 

also suggest that CNS is not only involved early but also that levels of HIV-1 DNA in 

the brains of HIV-1 positive pre-AIDS group, although lower than those found in group 

with AIDS, are already considerably high. Among the 17 HIV-1 DNA positive cases in 

pre-AIDS group, half (9 of the 17, =  53%) showed moderate (>  10 to < 100) copy 

numbers of HIV-1 DNA. In the other half, 3 showed high copies (>  100) of HIV-1 

DNA and 5 had low copies (5-10). There was neither CD4 cell count nor any other 

clinical information available, because it was impossible in most of these cases to know 

before death even whether they were HIV-1 positive, which made further analysis 

difficult. Therefore, it cannot be excluded that whilst some cases were at the stage of 

infection just preceding AIDS, others might just have been at the stage immediately 

following seroconversion and we cannot even exclude that some cases would have 

become nonprogressors.

It has been demonstrated that in PBMC (Escaich et al., 1992; Simmonds et al., 1990b; 

Lee et al., 1991) and CD4 positive T cells (Wood et al., 1993) HIV-1 DNA was higher 

in patients with AIDS than in those with pre-AIDS.

Regarding the second question whether or not levels of HIV-1 DNA in brains correlate
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with the stage of the infection and are a suitable predictor of progression of disease, this 

study has further demonstrated that higher copy numbers were found in brains of the 

group of patients with more advanced disease than irithoseof asymptomatic individuals. 

However, when the results of single individuals were considered, some degree of 

overlapping could be noted: indeed, high numbers of copies were present in some 

asymptomatic cases whereas some AIDS patients showed low copy numbers. Regarding 

the relatively high level of HIV-1 DNA found in three asymptomatic cases (No. 17, 20 

and 28), this does not rule out the possibility that, as all members of this group were 

’normal’ and died of causes unrelated to AIDS (suicide, drug over dose etc) without 

CD4 count available, they could have reached a stage of the infection just preceding 

AIDS. On the other hand, no plausible reason could be produced for the low copy 

number found in some AIDS cases. On the basis of these results it is concluded that 

whereas the use of HIV-1 DNA load in CNS is a valuable indicator of progression of 

the disease, its application should be restricted to investigation of large series and not 

to single cases.

Regarding the AIDS control group, it has been noted that there was no correlation 

between levels of viral DNA and presence or absence of either neuropathological 

changes or dementia; this would suggest that the presence of HIV in the brain is a 

necessary but not sufficient condition for the development of HIV encephalitis and 

dementia. Glass et al (1995) found that HIV-associated dementia correlates better with 

the presence of macrophages and microglia than with the presence and amount of HIV- 

infected cells in the brain, suggesting that HIV-associated dementia is due to indirect 

effects of HIV infection of the brain including infection by different neurovirulent strains
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of HIV-1 and/or neurotoxic factors. This interpretation could also apply to the lack of 

correlation between presence of encephalitis and levels of HIV-1 DNA in brain.

4.3 Immune activation in brains of pre-AIDS individuals

In this study increased density of microglia was associated, in pre-AIDS brains, with 

enhanced expression of MHC class II molecules. The mean score [1.7] in these brains 

was lower than in cases associated with HIVE [2.7], but was higher than that found in 

AIDS brains without associated pathology [0.6] (see Fig. 3.10, Table 3.3). Fig. 3.10 

shows the proportion of cases with low, moderate and high scores, respectively. Twenty 

two of the 36 (61%) cases in pre-AIDS group and 9 of the 10 (90%) cases of HIVE 

group showed moderate to high scores (p = 0.004) whereas in AIDS without 

neuropathological changes only 2 of the 8 (25%) cases have moderate to high scores (p 

< 0.05), the others are scoring low. In addition, in the pre-AIDS group expression of 

MHC class II was found to be higher in HIV-1 DNA-positive than in HIV-1 DNA 

negative brains (p = 0.058, Fisher). The mean score of expression of MHC class II 

antigens in HIV-1 DNA positive was 1.94 a value considerably higher, though 

statistically not significantly so, than in negative cases [1.4]. Alternatively, in HIV-1 

DNA positive individuals a low score was found in 4, moderate in 8 and high in 5 cases 

whereas in HIV-1 DNA negative ones, low score was found in 10, moderate in 7 and 

high in 2 cases only.

The key role played by MHC class II in the process of antigen presentation by 

antigen-presenting cells (dendritic cells, macrophages and B-cells) to CD4 positive T
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cells is known (Puppo et al., 1991). Brinkmann et al (1993) investigated in vitro and in 

vivo microglial cells of rhesus monkeys infected by SIV and found that isolated cells 

were latently infected independently of the presence of neuropathological lesions. In 

addition, though only a small percentage of these cells were productively infected in 

vivo, the majority of them expressed MHC class II molecules, indicating a previous state 

of activation acquired in vivo. The elevated expression of MHC II in AIDS has been 

previously confirmed by several groups (Tyor et al., 1992; Achim et al., 1991b; 

Kennedy and Gairns, 1992). Regarding MHC II in pre-AIDS, it has been demonstrated 

that CD4 positive T cells in asymptomatic HIV-1 infected individuals are functionally 

abnormal before these cells are depleted. The cells are programmed for death, are non- 

responsive after antigenic stimulations and fail to produce IL-2 (THl cytokine). These 

different T cells abnormalities are explained by the effects of HIV on antigen-presenting 

cells. Alteration of the functions of the antigen-presenting cell may program T cells for 

activation induced death (Meyaard et al., 1993).

The demonstration of the increased expression of MHC class II antigens in brains of 

individuals at the pre-AIDS stage lends support to previous hypothesis (Sinclair et al.,

1994) that a status of immune activation, observed in AIDS by Tyor et al (1992), already 

exists in brain during the asymptomatic stages preceding AIDS. At this stage, viral 

specific immune responses (shown by the presence of MHC class II molecules), 

including both neutralising antibodies and cytotoxic T cells, help inhibit virus replication 

(Walker, 1994). However, after this latent period, in which the balance seems to be in 

favour of the host, new viral variants, derived from the high rate of HIV mutagenesis, 

arise; they in turn stimulate the immune system, induce new cycles of viral replication
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and new virulent mutants, leading to the final collapse of the immune system (Caetano, 

1991). During this complex pathogenic processes a paradoxical state of immune 

activation overlapping with immunodeficiency can be observed, called ’immune 

disequilibrium’. Immune-related toxins may lead indirectly to the injury or demise of 

neurons.

In most subjects infected with HIV-1, clinical or laboratory evidence of 

immunodeficiency develops within 10 years of seroconversion. However, in a small 

percentage of infected individuals, there is no progression of disease and CD4 positive 

T cells counts remain stable for more than a decade. These subjects have been termed 

’long-term survivors’ or ’long-term nonprogressors’. They have a vigorous virus- 

inhibitory CDS positive lymphocyte response and a strong neutralizing-antibody response 

(Gao et al., 1995); their viral load is low but viral replication persists (Pantaleo et al., 

1995). As a result of effective host immunity, these subjects, initially infected with a 

virulent strains of HIV-1, become eventually infected with a more-attenuated viral 

quasispecies. Anti-HIV-1 CDS positive cytotoxic T lymphocytes have been thought to 

play an important role in controlling HIV-1 replication and preventing disease in long

term nonprogressors (Rinaldo et al., 1995). However, it is not yet clear why and how 

these subjects can keep their intact humoral and cellular immune responses for a long 

time lacking of disease whereas others can not. This phenomenon shows us, at least, a 

ray of hope indicating that it is possible to live with the virus for prolonged periods 

without harm.

4.4 Elevated expression of cytokines and their role in the pathogenesis of early
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changes

Regarding the time of the infection at which cytokines become detectable in the brain, 

as shown by their presence in the CSF, very little is known, as most investigations have 

only compared levels in AIDS patients with and without dementia. Moreover, data 

reflecting levels in the CSF may not correlate with the actual levels of cytokines within 

the parenchyma of brain. Indeed, although CSF and brain tissue represent two 

interconnected compartments, they are not in equilibrium regarding solutes (Pardridge, 

1991). Results at the AIDS stage are conflicting as Perrella et al (1992) did, whereas 

Weller et al (1991) did not, find evidence of TNF-a. On the other hand, Vitkovic et al

(1994) detected slightly elevated levels of TNF-a in the CSF in HIV infection, compared 

with HIV-negative individuals, but no difference between demented and non-demented 

subgroups, confirming previous data by Tyor et al (1992). Results of the latter are at 

variance with those by Perrella et al (1992) and Grimaldi et al (1991), who reported 

higher TNF-a levels in demented than non-demented AIDS patients.

In this study elevated expression of MHC class II antigens and cytokines TNF-a, IL -la , 

IL-4, IL-6 has been demonstrated in HIV-1 positive patients compared to HIV-1 negative 

controls. The study has revealed also, for the first time, that expression of IL -la , IL-4, 

IL-6 and TNF-a in formalin fixed, paraffin embedded brain tissue is elevated in HIV-1 

positive pre-AIDS compared with HIV-1 negative individuals as well as HIV-1 positive 

brains without neuropathological changes (An et al., 1996a).

Regarding the patterns and levels of expression of cytokines, scores of most of these as
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well as of MHC class II antigens in brains of AIDS without neuropathological disorders 

were usually lower than those showed in pre-AIDS and HIVE groups. The highest levels 

of IL -la  were found in patients with HIVE, whereas pre-AIDS individuals showed only 

moderate levels of this cytokine and little was present in AIDS brains without 

neuropathology. Levels of IL-6 were similar in HIVE and pre-AIDS groups, but were 

higher than those seen in AIDS group without neuropathological changes. However, the 

pre-AIDS group showed higher scores of TNF-a and IL-4 than AIDS with HIVE. 

Results showed that scores for IL-4, an anti-inflammatory cytokine (Lucas and Hohlfeld, 

1995), were lower in HIVE than in pre-AIDS group. In HIV infection HIV-1 gpl20 has 

been demonstrated to decrease ability of CD4 positive cells to secrete IL-4 (Chirmule 

et al., 1992). A double effect (inductive / suppressive) of IL-4 in HIV replication has 

been demonstrated (Poli and Fauci, 1992b). Regarding the expression of TNF-a, a 

number of groups have reported an increased expression of TNF-a in brain of patients 

who had HIV-associated dementia (Wesselingh et al., 1993; Glass et al., 1993). Data 

obtained from brains of patients with HIVE in this study were in keeping with those 

found by Pulliam et al (1994) who found that production of TNF-a by HIV-infected 

macrophages in AIDS was relatively low. There were statistical difference (TNF-a, IL- 

la ,  IL-4) or significantly difference (IL-6) between correlation of the presence of HIV-1 

DNA and expression of cytokines in pre-AIDS individuals.

Positive cells included microglia and astrocytes (for all the cytokines), pericytes (TNF-a) 

as well as endothelial cells (IL-la, IL-6). Although both grey and white matter were 

involved, most positive cells were found in the latter.
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In conclusion, the finding of presence of HIV-1 DNA in brains of pre-AIDS individuals 

as well as immune activation, as revealed by elevated expression of MHC class II 

antigens associated with production of cytokines, enables us to propose the following 

possible explanation for some of the neuropathological changes previously reported in 

pre-AIDS individuals (Gray et al., 1992). Functions of cytokines in pathogenesis of HIV- 

1 infection in the CNS is summarised in Fig. 4.1. HIV-1 infected macrophages/microglia 

secrete cytokines and neurotoxins such as platelet-activating factor (PAF), arachidonic 

acid and metabolites and QUIN. Cytokines enhance HIV-1 replication and the replicated 

viral product - HIV-1 gpl20 further activates uninfected macrophages to secrete these 

neurotoxins. Cytokines and neurotoxins may have a direct effect on neurons. Interaction 

of macrophages with astrocytes could lead to gliosis. Reactivated astrocytes further alter 

and lack the ability of maintaining normal neurotrophic factors [nerve growth factor 

(NGF), fibroblast growth factor (FGF)], resulting in increase of Ca '̂  ̂ and adhesion 

molecules (ICAM, VC AM). Cell activation processes may be mediated by these cell-to- 

cell signalling molecules. Furthermore, adhesion molecules will upregulate cytokines, 

and through feedback loop, finally, lead to neuronal injury o r death. As from the works 

of Selmaj and Raine (1988) and Wilt et al (1995) it is known that TNF-a has a direct 

effect on oligodendrocytes and that it mediates myelin and oligodendrocyte damage in 

vitro, we can hypothesise that the myelin pallor described by Gray et al (1992), and 

confirmed in my study can be correlated with the presence of TNF-a. TNF-a is known 

to act through a mechanism of apoptosis (Selmaj et al., 1991).

A more worrying possibility is that cytokines could, at this early stage, trigger the 

cascade of events by which IL-1 can stimulate the production of itself as well as of other
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cytokines such as TGF-Bl (da-Cunha and Vitkovic, 1992; da-Cunha et al., 1993a), IL-6 

and TNF-of (Dinarello, 1992). Production of IL-1, TGF-Bl and TNF-a by various cell 

types within the CNS, in turn, activates HTV replication (Poli and Fauci, 1992a; 

Vitkovic et al., 1991), thus creating a vicious circle that perpetuates the damage. 

Furthermore, cytokines are low molecular weight proteins that can act both locally or 

at sites remote from their site of origin (Giulian and Lachman, 1985) and may have long 

lasting effects (Dickson et al., 1993). Admittedly, the amounts of these proteins found 

within cells in the cortex in our cases were not large; nevertheless we cannot exclude 

that they may diffuse from the adjacent white matter where their effect on myelin, and 

possibly axons, is a strong possibility.

Data from this study demonstrated that immune activation and, in particular, elevated 

expression of cytokines are present already in brains of HIV-1 positive pre-AIDS 

individuals. As it is known that overexpression of cytokines, especially those 

proinflammatary cytokines such as TNF-a and IL-1, can be one of mechanisms of 

pathogenesis of CNS disorders in HIV-1 infection, another question arose, i.e. is brain 

damage already taking place during asymptomatic infection of HIV-1?
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4.5 Apoptosis in brains of pre-AIDS individuals

In order to ascertain whether nerve cell loss was occuring at this early stage of the 

infection two methods were at our disposal; the use of stereology and the visualisation 

of DNA damage leading to apoptosis using one of the techniques now available. 

Stereology has yielded good results in the AIDS brains. However, as we were 

anticipating only minimal (if any) cell loss, we concluded that the former technique 

would not be able to detect subtle decreases and opted for tbe latter.

Apoptosis has been associated with specific and characteristic morphological and 

chemical changes and it is known that the cycle of the former may be limited to a few 

minutes only (Kerr et al., 1987), and that after this time apoptotic bodies are rapidly 

phagocytosed (Wyllie et al., 1980). One biochemical event that is almost exclusively 

associated with apoptosis is the internucleosomal degradation of genomic DNA. The 

initiation of DNA cleavage occurs prior to morphological changes (Wyllie, 1980) and 

it has been suggested to be the first irreversible event leading to the inevitable cellular 

demise (Arends et al., 1990). As I could not detect in my material apoptotic bodies I 

undertook in situ end labelling (ISEL) method in the hope that it could yield results.

I was aware of the fact that formalin fixation, especially over long periods, may produce 

false negative results of apoptosis using ISEL (Davison et al., 1995). As the specimens 

used in this investigation were formalin fixed, I submitted the specimens to pre-digestion 

by proteinase to permeate the section. Using optimised conditions, this technique enabled 

me to detect apoptosis initially in surgical material (tumours) and subsequently in post
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mortem brain tissue samples fixed in buffered formalin for periods ranging from 2 weeks 

to 5.5 months. Results of this study confirm that the ISEL technique can be successfully 

applied to paraffin sections (Wijsman et al., 1993) for the detection of DNA 

fragmentation (Ansari et al., 1993; Gavrieli et al., 1992; Gold et al., 1994; Migheli et 

al., 1994). Furthermore, they show that the two methods applied, DNA polymerase 1 

and TDT, have the same degree of sensitivity and can be used interchangeably.

Presence of apoptotic nerve cells in AIDS has been reported recently in brains of adults 

(Adle-Biassette et al., 1995; Petito and Roberts, 1995) and of children (Gelbard et al.,

1995). The results of the present study demonstrate, for the fist time, that apoptotic cells 

also occur in brain tissue during the asymptomatic stage of the HIV infection. However, 

unlike Petito eind Roberts (1995) we, as well as Adle-Biassette et al (1995) and Gelbard 

et al (1995), could not find evidence of apoptotic bodies in routinely stained sections. 

Apoptotic cells were detected in the white matter in four cases, two of which showed 

also apoptotic cortical neurons. As far as the cortex is concerned, although no cell count 

was done, the density of ISEL positive neurons appeared lower in pre-AIDS than in 

AIDS (both with and in the single case without encephalitis) brains. The absence of 

quantitative study in the papers mentioned above (Adle-Biassette et al., 1995; Petito and 

roberts, 1995; Gelbard et al., 1995) makes any comparison of the severity of cell loss 

between their and our AIDS cases impossible except for confirming that AIDS cases 

without encephalitis showed lower numbers of positive cells than those with the disorder 

(Gelbard et al., 1995). Among the cells in the white matter undergoing apoptosis, a 

number of glial, and some RCA-120 positive microglial cells were identified. The latter 

finding is not surprising as apoptosis has appeared to be a mechanism by which activated
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microglial cells are gradually eliminated following CNS injury as observed by Gehrmann 

and Banati (1995) in rat. Although a further characterisation (double staining) of the glial 

cells was not attempted for technical reasons, some of them could be identified as 

oligodendrocytes on morphological grounds. The finding of neuroectodermal cells other 

than neurons taking part in apoptosis is in keeping with the observations by Petito and 

Roberts (1995) who reported cell death both in neurons and astrocytes. Furthermore, 

Louis et al (1993) demonstrated that mature oligodendrocytes can die by apoptosis in 

response to toxic signals in vitro. No apoptotic cells other than neurons are mentioned 

by Gelbard et al (1995) and Adle-Biassette et al (1995).

Various pathogenetic theories have been put forward to explain the loss of neurons in 

AIDS patients. A mechanism triggered by HIV envelope glycoprotein has been reported 

for CD4 cells (Laurent-Crawford et al., 1993), cortical cell cultures (Muller et al., 1992) 

and in the cerebral cortex of rat (Bagetta et al., 1995). Investigation by Bagetta et al 

(1995) demonstrated that, after cerebral intraventricular (c.i.v.) injection of recombinant 

HIV-1 gpl20, brain of rats showed DNA fragmentation in neurons in the neocortex, thus 

suggesting that apoptosis is the mechanism through which neurons of the neocortex are 

disposed of. It has been observed also that HIV gpl20 and gp41 heterodimer complex 

and CD4 receptor are necessary for the induction of apoptosis in a synchronous infection 

of HIV in cultures. HIV-producing cells are also potent effector cells capable of inducing 

apoptosis in uninfected CD4 expression cells (Hovanessian, 1994).

Cytokines (Kizaki et al., 1993; Mangan and Wahl, 1991; Ohno et al., 1993) and some 

cellular toxins have been considered to play a role in apoptosis. Induction of apoptosis
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of lymphocytes has been correlated with some cellular toxins, such as prostaglandin E2 

(PGE 2), produced by HIV infected macrophages (Mastino et al., 1993), sulphated 

glycoprotein-2 (SGP-2) (Michel et al., 1992) and lipid hydroperoxides (Sandstrom et al., 

1994). Indeed, tumour necrosis factor can cause DNA fragmentation (Obeid et a l., 1993) 

and can activate latent HIV. On the other hand, apoptosis of T cells from HIV-1 infected 

patients is partly or entirely suppressed by IL-2 or a mixture of IL -la  and IL-2 

(Gougeon et al., 1993a; Lewis et al., 1994).

In the present study, three of the four cases showing apoptotic cells were found to be 

positive for HIV-1 DNA by PCR, thus emphasising the links between presence of the 

virus and cell damage. In view of the close relationship between presence of HIV-1 and 

toxic factors (Tyor et al., 1992) and between the latter and cell loss in AIDS brains (see 

Chapter 1 1.8), I suggest that the same mechanisms described in full blown AIDS may 

operate in the HIV-1 positive pre-AIDS brains in which elevated expression of MHC II 

antigen and of various cytokines has been proved. Abnormalities found in brains of pre- 

AIDS individuals in this study were less severe in grey than in the white matter, which 

is in keeping with the appearances in brains of AIDS patients.

The demonstration that a number, albeit small, of individuals at the pre-AIDS stage 

show apoptotic neurons (An et al., 1996c), combined with the findings described above, 

gives further support to the opinion that brain damage is taking place during the early 

stages of HIV infection and suggests that therapeutic strategies in HIV-1 positive 

individuals might have to be applied before they enter the AIDS stage.
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AZT is extensively used in the treatment of HIV infection. It is still debated whether 

AZT should be offered to asymptomatic HIV-1 infected individuals in the hope of 

delaying or even preventing progression to AIDS. Results obtained by several groups are 

conflicting. AZT treatment appeared to protect SIV-infected newborn macaques against 

rapid onset of AIDS (Van-Rompay et al., 1995). Zaretsky (1995) analyzed the data of 

two studies and demonstrated that there was no benefit from AZT treatment in terms of 

progression to AIDS for those who are asymptomatic with CD4 positive cell count > 

or =  500 / m m \ due perhaps to the toxic effects of AZT on the more intact immune 

system of these patients. This is supported by McKallip et al (1995) who found that 

AZT, when present at the time of thymocyte differentiation or during the response of 

T cells to antigens in vivo, can mediate significant inhibition of such functions, 

suggesting that AZT may affect the immune response to HIV antigens. In addition, AZT 

therapy combined with other agents may now become the preferred choice of therapy 

to delay disease progression in patients with asymptomatic or mildly symptomatic HIV 

infection (see review, Rachlis, 1990). Methionine enkephalin (Met-Enk), which has been 

reported to be immunostimulatory, acts in combination to improve the efficacy of AZT 

in reducing progression of murine retrovirus-induced disease (Specter et al., 1994) and, 

more recently, Goldstein et al (1995) reported that progression rates from asymptomatic 

to AIDS or death were reduced by application of thymopentin in AZT-treated 

asymptomatic HIV-1 infected subjects with 200 - 500 CD4 cells / mm .̂ Results were 

evaluated in a double-blind, randomized, placebo-controlled trial. A similar result was 

demonstrated by Collier et al (1996) when saquinavir, a HIV protease inhibitor, was 

given with two antiretroviral agents (AZT and zalcitabine) to 297 patients who had CD4 

positive counts of 50 to 300 cells per cubic millimetre and included 111 (37%)
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symptomless and 153 (52%) symptomatic non-AIDS patients. This three drugs 

combination reduced HIV-1 replication, increased CD4 positive cell counts, and 

decreased levels of activation markers in serum more than did treatment with AZT and 

either saquinavir or zalcitabine.

4.6 Methodological aspects

Regarding the techniques used in this study, the PCR method has been adapted to 

amplify HIV-1 DNA from formalin fixed, paraffin embedded brain tissue; this has made 

retrospective study possible as the frozen samples, especially those of HIV-1 positive 

pre-AIDS individuals are in limited supply. Moreover, by using fixed material, risk of 

contamination and infection become virtually impossible. A pilot study demonstrated that 

this method offered almost the same sensitivity as that which used frozen tissue (An et 

al., 1994). Semi-quantitative nested PCR using chemiluminescence has also been 

introduced. It displays advantages in its sensitivity and specificity as well as lack of 

possible contamination of radioisotope. In this study using a single round semi- 

quantitative PCR, the exponential phase was obtained when 20 - 40 to 2,000 copies were 

amplified (Davison et al., 1996). The double rounds of PCR, in which the phase is 

between < 10 to 1,000 copies, makes this technique more reliable for the quantification 

of samples with low copy of HIV-1 DNA (An et al., 1996b).

Immunohistochemistry is now a routine technique widely used in histopathology 

laboratories and is performed in tissue routinely fixed with 10% formaldehyde. Whereas 

the recommended duration of fixation for post mortem brain was 3 weeks, there is now 

a tendency to shorten these times as it is known that prolonged fixation can reduce the 

intensity of the immunostaining and needs vigorous antigen retrieval procedures (Taylor 

et al., 1994). Of the brain tissue used in this work, all the pre-AIDS cases were fixed 

for approximately 3 weeks whereas the AIDS and HIVE cases were fixed for periods 

varying from 3 weeks to 5.5 months. In this respect it should be pointed out that: 1) in
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a previous study (Sinclair, PhD Thesis, 1992) it was observed that fixation time did not 

affect the intensity of GFAP and RCA-120 staining in HIVE cases examined up to 10 

months. I am aware, however, that different antigens can react differently to the same 

fixation as shown by the lack of reaction with anti-cytokine antibodies in fixed tissue 

unless antigens are unmasked by microwave treatment. 2) one of the HIVE cases in my 

own series in which fixation time was the longest (5.5 months) produced high expression 

of MHC II and moderate expression of IL-1 (IL-4, IL-6 and TNF-a were low). On the 

other hand, in another case of HIVE which was fixed for 3 weeks only, MHC II was 

high, IL-1 was moderate whereas TNF-a, IL-6 and IL-4 were completely negative. 

Although more strict fixation times are recommended in this type of study, the two 

examples quoted above suggest that the intensity of the immunostaining obtained in my 

work could reflect in general the amount of antigen contained in the tissue.

The specificity of the reaction has been checked in a limited number of samples by 

applying normal rabbit serum in parallel with antibodies for each cytokine. No staining 

was observed. A further check of specificity i.e. the omission of the primary antibody 

was not done by myself; however in the laboratory where I did my work this is a 

common practice and all the reagents I used had been previously used and checked by 

the MLSO in charge of immunohistochemistry. The results were invariably negative.

Apoptosis was originally defined only by specific morphological criteria. Its 

characteristic morphological features are chromatin condensation, nuclear fragmentation 

with subsequent formation of an apoptotic body. In addition to morphological 

identification, two other methods have been made available more recently for the study 

of this event, in situ end labelling (ISEL) and gel electrophoresis, both of which identify 

cleaved DNA. During apoptosis, DNA fragmentation proceeds through an ordered series 

of stages, starting with the production of large (300kb-lmb) fragments, that are then 

degraded to fragments of moderate length (30-50kb). These fragments are further 

degraded to smaller fragments and then into the small oligonucleosome fragments 

( = 200bp) in some but not all cells (Walker et al., 1993).
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In my work ISEL positive cells have been found in HIV-1 positive cases. However, 

apoptotic bodies were not seen in the same cases. Similar findings were reported by 

Gelbard et al (1995) and Adle-Biassette et al (1995). As a number of reports from the 

literature suggest that morphological (apoptotic body formation) and biochemical 

(fragmentation of chromatin) processes occurring during apoptosis could take place 

simultaneously, our results clearly do not fit this pattern. However, this could be 

interpreted as follows: 1) the light microscopic recognition of apoptosis mainly depends 

on the detection of discrete well-preserved apoptotic bodies. Convoluted budding cells 

are rarely seen in paraffin sections of immersion fixed tissue. Apoptotic bodies that have 

undergone significant degradation following their phagocytosis are also difficult to 

recognize. 2) the chromatin condensation could be correlated only when DNA digestion 

reached about 50kb or nuclear fragmentation with DNA laddering (Ghibelli et al., 1995). 

Therefore, it is likely that apoptotic body and obvious morphological changes could not 

be seen by light microscopy in the cells which have only large and moderate length of 

degraded DNA fragments. Furthermore, in post mortem material it may be difficult to 

recognise the early stages of nuclear irregularity which might represent stage 1 (see 

Ghibelli et al., 1995) of apoptosis.

One likely problem in the study of apoptosis using fixed tissue sections is the possible 

occurrence of false positive results due to DNA damage taking place during the fixation. 

False negative results have also been found to occur (Davison et al., 1995); their 

likelihood was correlated with the length of fixation resulting in overcrosslinking. 

Proteinase K digestion has therefore become an essential step, as an optimised digestion 

gives good sensitivity and less background. At the same time, it is also important to 

increase the sensitivity by optimising the conditions, such as period of incubation with 

antibody, proportion of dig-dUTP and dTTP, as I did in my study. All these criteria 

were taken into consideration and applied to this study.

Finally, multiple statistical tests using Mann-Whitney U-test (two tailed) have been used 

in my study. This non-parametric test was chosen because the values did not have a
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normal distribution. It should be emphasized that this test carries potential difficulties. 

The dividing line between the ’likely’ and ’unlikely’ classes is usually defined in terms 

of a probability ip) and 0.05 was chosen as the threshold for statistical significance. 

However, it should be kept in mind that this is a generally accepted, albeit arbitrary, 

criterion.

In comparison with pre-AIDS, there are significant differences in the expression of MHC 

II in HIVE (p=0.004), TNF-a in normal control (p=0.016) and HIVE (p=0.015), IL- 

la  in normal control (p=0.0001) and HIVE (p=0.015), and IL-6 in normal control 

(p=0.027). Additionally, some differences found are borderline in statistical terms. 

These are the expression of MHC II in normal control (p=0.051) and AIDS without 

neuropathological change (p=0.041), TNF-a in AIDS without neuropathological change 

(p=0.056), and IL-4 in normal control (p=0.057). Finally, there is no difference in the 

expression of IL-la in AIDS without neuropathological change (p=0.08), IL-4 in HIVE 

(0.392) and AIDS without neuropathological change (p=0.463), IL-6 in HIVE 

(p=0.906) and AIDS without neuropathological change (p=0.259) (see Table 3.3).

4.7 Overview

In undertaking the work discussed in this thesis I hoped that-the results obtained could 

answer some questions. Firstly, how frequently does HIV-1 enter the brain during the 

early stages of HIV-1 infection and do levels of HIV-1 DNA in infected cells of 

parenchyma of these brains correlate with the stages of infection? Secondly, regarding 

the immune response in brains of individuals at this stage, are immune activation 

(revealed by elevated expression of MHC class II antigens) and cytokines already 

present, in addition to the reactivation of microglial cells? Which cells are involved in 

the responses to the virus in the brain?

Examination of brains of asymptomatic HIV-1 positive individuals who died prior to the
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development of AIDS demonstrated that invasion of the CNS by HIV-1 occurs early 

after primary infection, an opinion that now has been generally accepted (Tardieu, 1996) 

and that invasion induces an immunological process including a perivascular 

inflammatory T-cell reaction and leptomeningitis (Gray et al., 1996). I have now further 

demonstrated an immune activation of brain parenchyma with hyperplasia of microglial 

cells, upregulation of MHC class II antigens and production of cytokines.

Cytokines are peptides that bind to specific receptors and provide a number of signals. 

Most cytokines are extremely "pleiotropic", are produced by a variety of cell types and 

act on various cells in different ways. Cytokines have been divided into two classes: Ty2 

cells ("good") and Tyl cells ("bad") as well as regulatory ("good") or proinflammatory 

("bad") cytokines (Lucas and Hohlfeld, 1995). It is therefore, not surprising that the 

cytokine network is extremely complex, and our understanding of it is far from 

complete.

Cytokines participate in normal physiologic events within the CNS. At the time of 

infection and inflammation, their role is emphasized by dysregulation of their expression 

and production and that of their receptors within the CNS, with consequent effects on 

brain function. Cytokines have been implicated in the pathogenesis of many CNS 

disease, including HIV-1 infection, multiple sclerosis (MS), and their role continues to 

be intensely studied. Investigation on cytokines have become a central topic within MS 

research. It has been suggested that cytokines play an essential role in the 

pathophysiology of MS, both by regulating autoimmuno responses and by mediating 

myelin damage.



164

How cytokines exert effects on the brain is still a subject of much research; cytokines 

detected in the CNS may be produced by cells within the CNS or, alternatively, they 

may have passed from the circulation into the CNS. Cytokines have been described in 

CNS endothelial cells of rodents (Gutierrez et al., 1993), thus suggesting that they are 

able to cross the blood-brain barrier. Moreover, it is known that cytokines are active 

adhesion molecules and play a direct role in adhesion, a necessary step for cells to pass 

through the blood-brain barrier. Cytokines have been demonstrated not only by 

immunocytochemical studies which can be applied to localise cytokines in the CNS, but 

also by in situ hybridisation to determine their sites of synthesis within the brains of 

HIV-1 infected cases (Wesselingh et al., 1994) and MS (Woodroofe, 1995). Production 

of cytokines could be initiated by stimulation of local viral infection, such as HIV-1 

infection in the CNS. It is generally accepted that subsequently cytokines can trigger a 

cascade of events including feedback loop involving themselves leading to brain damage.

As cytokines are involved in the pathogenesis of many CNS diseases, the restoration of 

proinflammatory cytokine homeostasis by naturally occurring cytokine inhibitors and 

inhibitory cytokines seems a promising way to treat chronic inflammatory disease 

(Burger and Dayer, 1995). A better understanding of the behaviour of each factor (cells 

and mediators), however, is a prerequisite to guarantee the safety of such treatment. The 

cytokine inhibitors usually act by hampering the binding of the cytokine to the specific 

cell surface receptor. Soluble receptors are able to bind cytokines and thus compete with 

the membrane receptors. The production of proinflammatory cytokines, such as IL-1 and 

TNF-a, seems to be highly dependent on the direct cell-to-cell contact between 

stimulated cells and other cells; therefore, coordinating inhibitions of biologic activity
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of these cytokines and induction and production of anti-inflammatory cytokines might 

provide new specific immunotherapies to prevent tissue destruction.

4.8 Suggestions for further study

1) The characteristic changes (local productive HIV infection revealed by 

immunohistochemistry and electron microscopy; presence of MGC) seen in brain of 

patients with AIDS have never been described in the pre-AIDS (Budka, 1993). 

Unfortunately, many of these studies relied on structural protein probes which are not 

suitable for their demonstration in cells having a restricted infection of HIV-1. It is still 

unclear whether HIV-1 existing in the CNS during the early pre-AIDS stage is only 

latent as proviral DNA, or whether the replication of HIV-1 is restricted to regulatory 

genes. Indeed Seshamma et al (1992) observed that during the period of viral latency 

regulatory transcripts rather than full length HIV-1 RNA predominate in PBMC. If this 

were to apply to the brain, it would explain why p24 and p41 (which represent viral 

structural proteins) could not be detected immunohistochemically in pre-AIDS brain. 

Therefore, an investigation on the expression / replication of HIV-1 and their localization 

using both structural and regulatory proteins and/or mRNA markers would be of great 

interest for the understanding of HIV-1 in the CNS in the early pre-AIDS stage 

following infection.

2) Regarding the levels of HIV-1 DNA in the AIDS group, correlation was found neither 

between levels of viral DNA and presence or absence of neuropathological changes; nor 

between viral DNA levels and HIV-associated dementia. This would suggest that other
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factor(s) in addition to the presence of HIV itself might be necessary to produce HIV 

encephalitis and dementia. These factors include the genotype of the virus and the 

condition of the host. Regarding the former, further studies, to examine whether there 

are specific sequence differences in brain-derived HIV-1 clones between patients with 

and without HIVE and between those with and without HIV-associated dementia, are 

necessary to better understand the pathogenetic mechanism involving viralstrain. As for 

the latter, the existence of some individuals who, despite having HIV viraemia, remain 

carriers without progressing to the AIDS status (Pantaleo et al., 1995) tell us how 

important individual variability can be in this type of infection.

3) Elevated expression of cytokines such as TNF-a, IL -la , IL-4 and IL-6 has been 

demonstrated in brains of HIV-1 pre-AIDS individuals. However, a further investigation 

on the receptor of these cytokines in the brain would be helpful to understand their 

involvement in the CNS disease in HIV-1 infection. Masliah et al (1994b) found that 

cytokine receptors are altered during HIV infection. IL-13 and TGF-Bl receptors have 

been found in dendritic processes of neurons in the neocortex. In cases with moderate 

HIVE, an average 35 % increase was observed compared to cases without HIVE or with 

cases with severe HIVE.

4.9 Conclusions

The study has demonstrated in brain of HIV-1 positive pre-AIDS individuals that:

1. Neuropathological changes including infiltration of microglial cells, presence of 

macrophages and meningitis;
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2. HIV-1 DNA in 17 of the 36, but not p24;

3. Levels of HIV-1 DNA (median = 45, mean = 55.8, range: 5-125) are lower

than those found in brain of AIDS cases (median =135, mean =135, range: 5-

540);

4. Elevated expression of major histocompatibility complex class II antigens,

cytokines such as TNF-a, IL -la , IL-4 and IL-6;

5. Apoptotic cells in white matter in 4 of the 36, 2 have also shown apoptotic

neurons in the grey matter;

By showing presence of HIV provirus DNA in a large proportion of pre-AIDS brains, 

together with the identification of a condition of immune reaction, the existence of 

detectable amounts of cytokines as well as evidence of apoptosis, these results emphasise 

the potential risk brain tissue, and nerve cells in particular, are exposed to and indicate 

the need for therapeutic interventions from the very early stages of the infection.



168

REFERENCES



169

Report of a working group of the American Academy of Neurology AIDS Task Force
(1991) Nomenclature and research case definitions for neurologic manifestations of 
human immunodeficiency virus-type 1 (HIV-1) infection. Neurology 41:778-785

From the Centers for Disease Control and Prevention. (1993) revised classification 
system. JAMA 269:729-730

Achim CL, Morey MK, Wiley CA (1991a) Expression of major histocompatibility 
complex and HIV antigens within the brains of AIDS patients. AIDS 5:535-541

Achim CL, Schrier RD, Wiley CA (1991b) Immunopathogenesis of HIV encephalitis. 
Brain Pathol 1:177-184

Achim CL, Wang R, Miners DK, Wiley CA (1994) Brain viral burden in HIV infection. 
J Neuropathol Exp Neurol 53:284-294

Adams M, Sharmeen L, Kimpton J, Romeo JM, Garcia JV, Peterlin BM, Groudine M, 
Emerman M (1994) Cellular latency in human immunodeficiency virus-infected 
individuals with high CD4 levels can be detected by the presence of promoter-proximal 
transcripts. Proc Natl Acad Sci USA 91:3862-3866

Adams RD, Victor M (1985) Principles of Neurology. Third edition. McGraw-Hill Book 
Company, p278

Adle-Biassette H, Levy Y, Colombel M, Poron F, Natchev S, Keohsne C, Gray F
(1995) Neuronal apoptosis in HIV infection in adults. Neuropathol Appl Neirobiol 
21:218-227

Aggarwal and Gutterham (1992) Human cytokines. Handbook for basic and clinical 
research. Blackwell Scientific Publications, USA

Aloisi F, Care A, Borsellino G, Gallo P, Rosa S, Bassani A, Cabibbo A, Testa U, Levi 
G, Peschle C (1992) Production of hemolymphopoietic cytokines (IL-6, IL-8, colony- 
stimulating factors) by normal human astrocytes in response to IL-1 beta and tumor 
necrosis factor-alpha. J Immunol 149:2358-2366

Ameisen JC (1995) Mechanisms of immunodeficiency in human immunodeficiency virus 
infection. Rev Prat 45:709-714

Anders KH, Guerra WF, Tomiyasu U, Verity MA, Vinters HV (1986) The 
neuropathology of AIDS. UCLA experience and review. Am J Pathol 124:537-558

An SF, Ciardi A, Giometto B, Scaravilli T, Gray F, Scaravilli F (1996a) Investigation 
on expression of major histocompatibility complex (MHC) class II and cytokines and 
detection of HIV-1 DNA within brains of asymptomatic and symptomatic HIV-1 positive 
patients. Acta Neuropathol Berl 91:494-503

An SF, Ciardi A, Scaravilli F (1994) PCR detection of HIV proviral DNA (gag) in the



170

brains of patients with AIDS: comparison between results using fresh frozen and paraffin 
wax embedded specimens. J Clin Pathol 47:990-994

An SF, Franklin D, Fleming KA (1992) Generation of digoxigenin-labelled double
stranded and single-stranded probes using the polymerase chain reaction. Mol Cellular 
Probes 6:193-200

An SF, Giometto B, Scaravilli F (1996b) HIV-1 DNA in brains in AIDS and pre-AIDS: 
correlation with the stage of disease. Ann Neurol 40:38-44

An SF, Giometto B, Scaravilli T, Tavolato B, Gray F, Scaravilli F (1996c) Programmed 
cell death in brains of HIV-1-positive AIDS and pre-AIDS patients. Acta Neuropathol 
Berl 91:169-173

Ansari B, Coates PJ, Greenstein BD, Hall PA (1993) In situ end-labelling detects DNA 
strand breaks in apoptosis and other physiological and pathological states. J Pathol 
170:1-8

Aoki S, Yarchoan R, Thomas RV, Pluda JM, Marczyk K, Broder S, Mitsuya H (1990) 
Quantitative analysis of HIV-1 proviral DNA in peripheral blood mononuclear cells from 
patients with AIDS or ARC: decrease of proviral DNA content following treatment with 
2 ’,3’-dideoxyinosine (ddl). AIDS Res Hum Retroviruses 6: 1331-1339

Arditi M, Kabat W, Yogev R (1991) Serum tumor necrosis factor alpha, interleukin 1- 
beta, p24 antigen concentrations and CD4-I- cells at various stages of human 
immunodeficiency virus 1 infection in children. Pediatr Infect Dis J 10:450-455

Arends MJ, Morris RG, Wyllie AH (1990) Apoptosis. The role of the endonuclease. Am 
J Pathol 136:593-608

Bagasra O, Lavi E, Bobroski L, Khalili K, Pestaner IP, Tawadros R, Pomerantz RJ
(1996) Cellular reservoirs of HIV-1 in the central nervous system of infected individuals: 
identification by the combination of in situ polymerase chain reaction and 
immunohistochemistry. AIDS 10:573-585

Bagetta G, Corasaniti MT, Berliocchi L, Navarra M, Finazzi-Agro A, Nistico G (1995) 
HIV-1 gpl20 produces DNA fragmentation in the cerebral cortex of rat. Biochem 
Biophys Res Commun 211:130-136

Balboni PG, Bozzini R, Zucchini S, Marconi PC, Grossi MP, Caputo A, Manservigi R, 
Barbanti-Brodano G (1993) Inhibition of human immunodeficiency virus reactivation 
from latency by a tat transdominant negative mutant. J Med Virol 41:289-295

Balcarek JM, Cowan NJ (1985) Structure of the mouse glial fibrillary acidic protein 
gene: implications for the evolution of the intermediate filament multigene family. 
Nucleic Acids Res 13:5527-5543

Ball JK, Holmes EC, Whitwell H, Desselberger U (1994) Genomic variation of human



171

immunodeficiency virus type 1 (HIV-1): molecular analyses of HIV-1 in sequential blood 
samples and various organs obtained at autopsy. J Gen Virol 75:67-79

Ban EM (1994) Interleukin-1 receptors in the brain: characterization by quantitative in 
situ autoradiography. Immunomethods 5:31-40

Banati RB, Gehrmann J, Schubert P, Kreutzberg GW (1993) Cytotoxicity of microglia. 
Glia 7:111-118

Banda NK, Bernier J, Kurahara DK, Kurrle R, Haigwood N, Sekaly RP, Finkel TH
(1992) Crosslinking CD4 by human immunodeficiency virus gpl20 primes T cells for 
activation-induced apoptosis. J Exp Med 176:1099-1106

Barres BA (1991) New roles for glia. J Neurosci 11:3685-3694

Barré-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, Gruest J (1983) 
Isolation of a T-lymphotropic retrovirus from a patient at risk for acquired immune 
deficiency syndrome (AIDS). Science 220:868-871

Bell JE; Busuttil A; Ironside JW; Rebus S; Donaldson YK; Simmonds P; Peutherer JF
(1993) Human immunodeficiency virus and the brain: investigation of virus load and 
neuropathologic changes in pre-AIDS subjects. J Infect Dis 168: 818-824

Belman AL, Diamond G, Dickson D, Horoupian D, Llena J, Lantos G, Rubinstein A 
(1988) Pediatric acquired immunodeficiency syndrome. Neurologic syndromes. Am J Dis 
Child 142:29-35

Benos DJ, Mcpherson S, Hahn BH, Chaikin MA, Benveniste EN (1994) Cytokines and 
HIV envelope glycoprotein gpl20 stimulate Na-H/H-I- exchange in astrocytes. J Biol 
Chem 269:13811-13816

Benveniste EN (1994) Cytokine circuits in brain. Implications for AIDS dementia 
complex. Res Publ Assoc Res Nerv Ment Dis 72:71-88

Bergeron L, Sullivan N, Sodroski J (1992) Target cell-specific determinants of 
membrane fusion within the human immunodeficiency virus type 1 gpl20 third variable 
region and gp41 amino terminus. J Virol 66: 2389-2397

Bemton EW, Bryant HU, Decoster MA, Orenstein JM, Ribas JL, Meltzer MS, 
Gendelman HE (1992) No direct neuronotoxicity by HIV-1 virions or culture fluids from 
HIV-1-infected T cells or monocytes. AIDS Res Hum Retroviruses 8:495-503

Bhat S, Spitalnik SL, Gonzalez-Scarano F, Silberberg DH (1991) Galactosyl ceramide 
or a derivative is an essential component of the neural receptor for human 
immunodeficiency virus type 1 envelope glycoprotein gpl20. Proc Natl Acad Sci USA 
88:7131-7134

Bieniasz PD, Ariyoshi K, Bourelly MA, Bloor S, Foxall RB, Harwood EC, Weber JN



172

(1993) Variable relationship between proviral DNA load and infectious virus titre in the 
peripheral blood mononuclear cells of HIV-1-infected individuals. AIDS 7: 803-806

Bignami A, Eng LF, Dahl D, Uyeda CT (1972) Localization of the glial fibrillary acidic 
protein in astrocytes by immunofluorescence. Brain Res 43:429-435

Birx DL, Redfield RR, Tencer K, Fowler A, Burke DS, Tosato G (1990) Induction of 
interleukin-6 during human immunodeficiency virus infection. Blood 76:2303-2310

Black PH (1994) Central nervous system-immune system interactions: 
psychoneuroendocrinology of stress and its immune consequences. Antimicrob Agents 
Chemother 38:1-6

Blumberg BM, Gelbard HA, Epstein LG (1994) HIV-1 infection of the developing 
nervous system: central role of astrocytes in pathogenesis. Virus Res 32:253-267

Boehringer Mannheim (1989) DNA labelling and detection nonradioactive. Applications 
Manual, pp.4-13. Boehringer Mannheim Gmbh, W-Germany.

Boehringer Mannheim Biochemica (1993) Detection of DIG-labeled nucleic acids in The 
DIG system user’s guide for filter hybridization. Mannheim, Germany pp49-60.

Bogner JR, Junge-Hulsing B, Kronawitter U, Sadri I, Matuschke A, Goebel FD (1992) 
Expansion of neopterin and beta 2-microglobulin in cerebrospinal fluid reaches maximum 
levels early and late in the course of human immunodeficiency virus infection. Clin 
Investig 70: 665-669

Boise LH, Gonzsilez-Garcia M, Postema CE, Ding L, Lindsten T, Turka LA, Mao X, 
Nunez G, Thompson CB (1993) bcl-x, a bcl-2-related gene that functions as a dominant 
regulator of apoptotic cell death. Cell 74:597-608

Bono G, Zandrini C, Brusta R, Sinforiani E, Barbarini G, Moglia A (1990) 
Neuropsychological and neurophysiological abnormalities in HIV-infection. Their 
relevance and predictive value. Acta Neurol Napoli 12:4-8

Boucher CA, Lange JM, Miedema FF, Weverling GJ, Koot M, Mulder JW, Goudsmit 
J, Kellam P, Larder BA, Tersmette M (1992) HIV-1 biological phenotype and the 
development of zidovudine resistance in relation to disease progression in asymptomatic 
individuals during treatment. AIDS 6:1259-1264

Bozzette SA, Mccutchan JA, Spector SA, Wright B, Richman DD (1993) A cross- 
sectional comparison of persons with syncytium- and non-syncytium-inducing human 
immunodeficiency virus. J Infect Dis 168:1374-1379

Boyle MJ, Berger MF, Tschuchnigg M, Valentine JE, Kennedy BG, Divjak M, Cooper 
DA, Turner JJ, Penny R, Sewell WA (1993) Increased expression of interferon-gamma 
in hyperplastic lymph nodes from HIV-infected patients. Clin Exp Immunol 92:100-105



173

Breder CD, Dinarello CA, Saper CB (1988) Interleukin-1 immunoreactive innervation 
of the human hypothalamus. Science 240:321-324

Bredesen DE (1994)Neuronal apoptosis: genetic and biochemical modulation. In: Tomei 
LD and Cope FO (ed) Apoptosis II: p397-421

Bredesen DE, Messing R (1983) Neurological syndromes heralding the acquired 
immunedecifiency syndrome. Ann Neurol 14: 141

Breen EC, Rezai AR, Nakajima K, Beall GN, Mitsuyasu RT, Hirano T, Kishimoto T, 
Martinez-Maza O (1990) Infection with HIV is associated with elevated IL-6 levels and 
production. J Immunol 144:480-484

Brinchmann IE, Albert J, Vartdal F (1991) Few infected CD44- T cells but a high 
proportion of replication-competent provirus copies in asymptomatic human 
immunodeficiency virus type 1 infection. J Virol 65:2019-2023

Brinkmann R, Schwinn A, Muller J, Stahl-Hennig C, Coulibaly C, Hunsmann G, et al
(1993) In vitro and in vivo infection of rhesus monkey microglial cells by simian 
immunodeficiency virus. Virology 195:561-8

Brouwers P, Heyes MP, Moss HA, Wolters PL, Poplack DG, Markey SP, Pizzo PA
(1993) Quinolinic acid in the cerebrospinal fluid of children with symptomatic human 
immunodeficiency virus type 1 disease: relationships to clinical status and therapeutic 
response. J Infect Dis 168:1380-1386

Budka H (1986) Multinucleated giant cells in brain: a hallmark of the acquired immune 
deficiency. Acta Neuropathol Berl 69:253-258

Budka H (1989) Human immunodeficiency virus (HlV)-induced disease of the central 
nervous. Acta Neuropathol Berl 77:225-236

Budka H (1991) Neuropathology of human immunodeficiency virus infection. Brain 
Pathol 1:163-175

Budka H (1993) HIV-Related Dementia: Pathology and Possible Pathogenesis. In: 
Scaravilli F (ed) The neuropathology of HIV infection. Springer Verlag, pp 171-185

Budka H, Costanzi G, Cristina S, Lechi A, Parravicini C, Trabattoni R, Vago L (1987) 
Brain pathology induced by infection with the human immunodeficiency virus (HIV). A 
histological, immunocytochemical, and electrotnicroscopical study of 100 autopsy cases. 
Acta Neuropathol Berl 75:185-198

Burger D, Dayer JM (1995) Inhibitory cytokines and cytokine inhibitors. Neurology 
45(suppl 6):S39-S43

Bush CE, Donovan RM, Smereck SM, Strang D, Markowitz N, Saravolatz LD (1993) 
Quantitation of unintegrated HIV-1 DNA in asymptomatic patients in the presence or



174

absence of antiretroviral therapy. AIDS Res Hum Retroviruses 9:183-187

Butera ST, Roberts BD, Lam L, Hodge T, Folks TM (1994) Human immunodeficiency 
virus type 1 RNA expression by four chronically infected cell lines indicates multiple 
mechanisms of latency. J Virol 68:2726-2730

Caetano JA (1991) Immunologic aspects of HIV infection. Acta Med Port 4(SuppI 
l):52s-58s

Callebaut C, Krust B, Jacotot E, Hovanessian AG (1993) T cell activation antigen, 
CD26, as a cofactor for entry of HIV in CD4+ cells. Science 262:2045-2050

Cameron PU, Pope M, Gezelter S, Steinman RM (1994) Infection and apoptotic cell 
death of CD4-I- T cells during an immune response to HIV-1-pulsed dendritic cells. 
AIDS Res Hum Retroviruses 10:61-71

Cao YZ, Dieterich D, Thomas PA, Huang YX, Mirabile M, Ho DD (1992) 
Identification and quantitation of HIV-1 in the liver of patients with AIDS. AIDS 
6:65-70

Cao Y, Qin L, Zhang L, Safrit J, Ho DD (1995) Virologie and immunologic 
characterization of long-term survivors of human immunodeficiency virus type 1 
infection. N Engl J Med 332:201-208

Carbonari M, Cibati M, Cherchi M, Sbarigia D, Pesce AM, Dell’Anna L, Modica A, 
Fiorilli M (1994) Detection and characterization of apoptotic peripheral blood 
lymphocytes in human immunodeficiency virus infection and cancer chemotherapy by 
a novel flow immunocytometric method. Blood 83:1268-1277

Came CA, Tedder RS, Smith A, Sutherland S, Elkington SG, Daly HM, Preston FE, 
Craske J (1985) Acute encephalopathy coincident with seroconversion for anti-HTLV-III. 
Lancet 2:1206-1208

Castro BA, Cheng-Mayer C, Evans LA, Levy JA (1988) HIV heterogeneity and viral 
pathogenesis. AIDS 2 (Suppl 1):S17-S27

Cayota A, Vuillier F, Scott-Algara D, Feuillie V, Dighiero G (1992) Impaired 
proliferative capacity and abnormal cytokine profile of naive and memory CD4 T cells 
from HIV-seropositive patients. Clin Exp Immunol 88:478-483

Chehimi J, Bandyopadhyay S, Prakash K, Perussia B, Hassan NF, Kawashima H, 
Campbell D, Kombluth J, Starr SE (1991) In vitro infection of natural killer cells with 
different humnan immunodeficiency virus type 1 isolates. J Virol 65:1812-1822

Chen SC, Curran T, Morgan II (1995) Apoptosis in the nervous system: new 
revalations. J Clin Pathol 48:7-12

Cheng-Mayer C, Rutka J T, Rosenblum ML, Mchugh T, Stites DP, Levy JA (1987)



175

Human immunodeficiency virus can productively infect cultured human glial cells. Proc 
Natl Acad Sci USA 84:3526-3530

Chevret S, Kirstetter M, Mariotti M, Lefrere F, Frottier J, Lefrere JJ (1994) Provirus 
copy number to predict disease progression in asymptomatic human immunodeficiency 
virus type 1 infection. J Infect Dis 169:882-885

Chiodi F, Asjo B, Fenyo EM, Norkrans G, Hagberg L, Albert J (1986) Isolation of 
human immunodeficiency virus from cerebrospinal fluid of antibody-positive virus 
carrier without neurological symptoms. Lancet 2:1276-1277

Chirmule N, Oyaizu N, Kalyanaraman VS, Pahwa S (1992) Inhibition of normal B-cell 
function by human immunodeficiency virus envelope glycoprotein, gpl20. Blood 
79:1245-1254

Choi DW (1988) Glutamate neurotoxicity and diseases of the nervous system. Neuron 
1:623-634

Ciardi A, Sinclair E, Scaravilli F, Harcourt-Webster N J, Lucas S (1990) The 
involvement of the cerebral cortex in human immunodeficiency virus encephalopathy: 
a morphological and immunohistochemical study. Acta Neuropathol Berl 81:51-59

Clapham P, McKnight A, Simmons G, Weiss R (1993) Is CD4 sufficient for HIV entry? 
Cell surface molecules involved in HIV infection. Phil Trans R Soc Lond 342:67-73

Clement MV, Stamenkovic I (1994) Fas and tumor necrosis factor receptor-mediated cell 
death: similarities and distinctions. J Exp Med 180:557-567

Clements JE (1985) Hypothesis on the molecular basis of nononcogenic retroviral 
diseases. Rev Infect Dis 7:68-74

Cobum KL, Moore NC, Katner HP, Tucker KA, Pritchard WS, Duke DW (1992) HIV 
and the brain: evidence of early involvement and progressive damage. Neuroreport 
3:539-541

Coffin J, Haase A, Levy JA, Montagnier L, Oroszlan S, Teich N, Temin H, Toyoshima
(1986) Human immunodeficiency viruses. Science 232:697

Collier AC, Coombs RW, Schoenfeld DA, Bassett RL, Timpone J, Baruch A, et al 
(1996) Treatment of human immunodeficiency virus infection with saquinavir, 
zidovudine, and zalcitabine. N Engl J Med 334:1011-1017

Conant K, Tornatore C, Atwood W, Meyers K, Traub R, Major EO (1994) In vivo and 
in vitro infection of the astrocyte by HIV-1. Adv Neuroimmunol 4:287-289

Condra JH, Schleif WA, Blahy OM, Gabryelski U , Graham DJ, Quintero JC, Rhodes 
A, Robbins HL, Roth E, Shivaprakash M, et al (1995) In vivo emergence of HIV-1 
variants resistant to multiple protease inhibitors. Nature 374:569-571



176

Connolly S, Manji H, Mcallister RH, Fell M, Loveday C, Kirkis C, Hems M, Sweeney
(1994) Long-latency event-related potentials in asymptomatic human immunodeficiency 
virus type 1 infection. Ann Neurol 35:189-196

Connor RI, Ho DD (1994) Human immunodeficiency virus type 1 variants with 
increased replicative capacity develop during the asymptomatic stage before disease 
progression. J Virol 68:4400-4408

Corbeau P, Olive D, Deveaux C (1991) Anti-HLA class-I heavy chain monoclonal 
antibodies inhibit human immunodeficiency virus production by peripheral blood 
mononuclear cells. Eur J Immunol 21:865-871

Comblath DR, Mcarthur JC, Kennedy PG, Witte AS, Griffin JW (1987) Inflammatory 
demyelinating peripheral neuropathies associated with human T-cell lymphotropic virus 
type III infection. Ann Neurol 21:32-40

Cuevas EC, Bateman AC, Wilkins BS, Johnson PA, Williams JH, Lee AH, Jones DB, 
Wright DH (1994) Microwave antigen retrieval in immunocytochemistry: a study of 80 
antibodies. J Clin Pathol 47:448-452

da-Cunha A, Jefferson JA, Jackson RW, Vitkovic L (1993a) Glial cell-specific 
mechanisms of TGF-beta 1 induction by IL-1 in cerebral cortex. J Neuroimmunol 42:71- 
85

da-Cunha A, Jefferson JJ, Tyor WR, Glass JD, Jannotta FS, Vitkovic L (1993b) Gliosis 
in human brain: relationship to size but not other properties of astrocytes. Brain Res 
600:161-165

da-Cunha A, Jefferson JJ, Tyor WR, Glass JD, Jannotta FS, Vitkovic L (1993c) Control 
of astrocytosis by interleukin-1 and transforming growth factor-beta 1 in humam brain. 
Brain Res 631:39-45

da-Cunha A, Vitkovic L (1992) Transforming growth factor-beta 1 (TGF-beta 1) 
expression and regulation in rat cortical astrocytes. J Neuroimmunol 36:157-169

Dalgleish AG, Beverley PC, Clapham PR, Crawford DH, Greaves MF, Weiss RA 
(1984) The CD4 (T4) antigen is an essential component of the receptor for the AIDS. 
Nature 312:763-767

Davis LE, Hjelle BL, Miller VE, Palmer DL, Llewellyn AL, Merlin TL, Young SA
(1992) Early viral brain invasion in iatrogenic human immunodeficiency virus infection. 
Neurology 42:1736-1739

Davison F, An SF, Scaravilli F (1996) Quantification of HIV DNA in the brain by PCR: 
differences between fresh frozen and formalin fixed tissue. J Clin Pathol 49:425-427

Davison FD, Groves M, Scaravilli F (1995) The effects of formalin fixation on the 
detection of apoptosis in human brain by in situ end-labelling of DNA. Histochemical



Ill

J 27:983-988

Dawson VL, Dawson TM, Bartley DA, Uhl GR, Snyder SH (1993) Mechanisms of 
nitric oxide-mediated neurotoxicity in primary brain cultures. J Neurosci 13:2651-2661

Deen KC, McDougal JS, Inacker R, Folena-Wasserman G, Arthos J, Rosenberg J, 
Maddon PJ, Axel R, Swet RW (1988) A soluble form of CD4 (T4) protein inhibits 
AIDS virus infection. Nature 331:82-84

De Girolami U, Smith TW, Kénin D, Hauw JJ (1992) Neuropathology and 
Ophthalmologic pathology of the acquired immunodeficiency syndrome (A color Atlas). 
Butterworth-Heinemann, USA

Delord B, Ottmann M, Schrive MH, Ragnaud JM, Seigneurin JM, Fleury HJ (1992) 
Analysis of HIV-1 expression in vivo with in situ hybridization and the polymerase chain 
reaction. Mol Cell Probes 6:215-221

Deng HK, Liu R, Ellmeier W, Choe S, Unutmaz D, Burkhart M, Marzio PD, Marmon 
S, Sutton RE, Hill CM, Davis CB, Peiper SC, et al (1996) Identification of a major co
receptor for primary isolates of HIV-1. Nature 381:661-666

Denis M, Ghadirian E (1994) Interleukin 13 and interleukin 4 protect bronchoalveolar 
macrophages from productive infection with human immunodeficiency virus type 1. 
AIDS Res Hum Retroviruses 10:795-802

Dewhurst S, Sakai K, Bresser J, Stevenson M, Evinger-Hodges MJ, Volsky DJ (1987) 
Persistent productive infection of human glial cells by human immunodeficiency virus 
(HIV) and by infectious molecular clones of HIV. J Virol 61:3774-3782

Dickson DW, Lee SC, Hatch W, Mattiace LA, Brosnan CF, Lyman WD (1994) 
Macrophages cuid microglia in HIV-related CNS neuropathology. Res Publ Assoc Res 
Nerv Ment Dis 72:99-118

Dickson DW, Lee SC, Mattiace LA, Yen SHC, Bronsnan C (1993) Microglia and 
cytokines in neurological disease, with special reference to AIDS and Alzheimer’s 
disease. Glia 7:75-83

Dinarello CA (1992) Role of interleukin-1 in infectious diseases. Immunol Rev 
127:119-46

Dittmer DS (1961) Biological handbooks. Blood and other body fluids. Analysis and 
compilation by Altman PL. Federation of American Socienty for Experimental Biology, 
Washington, D. C.

Donaldson YK, Bell JE, Holmes EC, Hughes ES, Brown HK, Simmonds P (1994a) In 
vivo distribution and cytopathology of variants of human immunodeficiency virus type 
1 showing restricted sequence variability in the V3 loop. J Virol 68:5991-6005



178

Donaldson YK, Bell JE, Ironside JW, Brettle RP, Robertson JR, Busuttil A, Simmonds 
(1994b) Redistribution of HIV outside the lymphoid system with onset of AIDS. Lancet 
343:383-385

Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y, Nagashima KA, Cayanan C, 
Maddon PJ, Koup RA, Moore JP, Paxton WA (1996) HIV-1 entry into CD4"  ̂cells is 
mediated by the chemokine receptor CC-CKR-5. Nature 381:667-673

Dreyer EB, Kaiser PK, Offermann JT, Lipton SA (1990) HIV-1 coat protein 
neurotoxicity prevented by calcium channel antagonists. Science 248:364-7

Duh EJ, Maury WJ, Folks TM, Fauci AS, Rabson AB (1989) Tumor necrosis factor 
alpha activates human immunodeficiency virus type 1 through induction of nuclear factor 
binding to the NF-kappa B sites in the long terminal repeat. Proc Natl Acad Sci USA 
86:5974-5978

Elovaara I, Seppala I, Kinnunen E, Laaksovirta H (1991) Increased occurrence of free 
immunoglobulin light chains in cerebrospinal fluid and serum in human 
immunodeficiency virus-1 infection. J Neuroimmunol 35:65-77

Embretson J, Zupancic M, Ribas JL, Burke A, Racz P, Tenner-Racz K, Haase AT
(1993) Massive covert infection of helper T lymphocytes and macrophages by HIV 
during the incubation period of AIDS. Nature 362:359-362

Ennas MG, Cocchia D, Silvetti E, Sogos V, Riva A, Torelli S, Gremo F (1992) 
Immunocompetent cell markers in human fetal astrocytes and neurons in culture. J 
Neurosci Res 32:424-36

Ensoli B, Barillari G, Gallo RC (1992) Cytokines and growth factors in the pathogenesis 
of AIDS-associated Kaposi’s sarcoma. Immunol Rev 127:147-155

Epstein LG, Gendelman HE (1993) Human immunodeficiency virus type 1 infection of 
the nervous system: pathogenetic mechanisms. Ann Neurol 33:429-436

Epstein LG, Kuiken C, Blumberg BM, Hartman S, Sharer LR, Clement M, Goudsmit 
J (1991) HIV-1 V3 domain variation in brain and spleen of children with AIDS: tissue- 
specific. Virology 180:583-590

Epstein LG, Sharer LR, Oleske JM, Connor EM, Goudsmit J, Bagdon L, Robert-Guroff 
M, Koenigsberger MR (1986) Neurologic manifestations of human immunodeficiency 
virus infection in children. Pediatrics 78:678-687

Escaich S, Ritter J, Rougier P, Lepot D, Lamelin JP, Sepetjan M, Trepo C (1992) 
Relevance of the quantitative detection of HIV proviral sequences in PBMC of infected 
individuals. AIDS Res Hum Retroviruses 8:1833-1837

Esiri MM, Morris CS, Millard PR (1993) Sensory and sympathetic ganglia in HIV-1 
infection: immunocytochemical demonstration of HIV-1 viral antigens, increased MHC



179

class II antigen expression and mild reactive inflammation. J Neurol Sciences 
114:178-187

Esiri MM, Oppenheimer DR, Brownell B, Haire M (1982) Distribution of measles 
antigen and immunoglobulin-containing cells in the CNS in subacute sclerosing 
panencephalitis (SSPE) and atypical measles encephalitis. J Neurol Sci 53:29-43

Esiri MM, Scaravilli F, Millard PR, Harcourt-Webster JN (1989) Neuropathology of 
HIV infection in haemophiliacs: comparative necropsy study. BMJ 299:1312-1315

Esiri MM (1993) Pathology of the nervous system. In: Scaravilli F (ed) The 
Neuropathology of HIV infection. Springer Verlag, pp235-250

Essex M (1995) Heterosexual transmission efficiency: another determinant of HIV 
phenotype? International AIDS Society Newsletter 2:10-11

Everall IP, Luthert PJ, Lantos PL (1991) Neuronal loss in the frontal cortex in HIV 
infection. Lancet 337:1119-1121

Everall IP, Luthert PJ, Lantos PL (1993) Neuronal number and volume alterations in the 
neocortex of HIV infected individuals. J Neurol Neurosur Psychi 56:481-486

Fauci AS (1988) The human immunodeficiency virus: infectivity and mechanisms of 
pathogenesis. Science 239:617-622

Felgenhauer K (1986) The blood-brain barrier redefined. J Neurol 233:193-194

Femie BF, Poli G, Fauci AS (1991) Alpha interferon suppresses virion but not soluble 
human immunodeficiency virus antigen production in chronically infected T-lymphocytic 
cells. J Virol 65:3968-3971

Ferré F (1994) Polymerase chain reaction and HIV. Clin Lab Med 2:313-333

Ferré-F, Marchese-A, Duffy-PC, Lewis-DE, Wallace-MR, Beecham-HJ, Bumett-KG, 
Jensen-FC, Carlo-DJ (1992) Quantitation of HIV viral burden by PCR in HIV 
seropositive Navy personnel representing Walter Reed stages 1 to 6. AIDS Res Hum 
Retroviruses 8:269-275

Feuerstein GZ, Liu T, Barone FC (1994) Cytokines, inflammation, and brain injury: 
role of tumor necrosis factor-alpha. Cerebrovasc Brain Metab Rev 6:341-360

Fisher RA, Bertonis JM, Meier W, Johnson VA, Costopoulos DS, Liu T, Tizard R
(1988) HIV infection is bl&ed in vitro by recombinant soluble CD4. Nature 331:76-78

Frohman EM, Frohman TC, Dustin ML, Vayuvegula B, Choi B, Gupta A, van-Den- 
Noor TS, Gupta S (1989) The induction of intercellular adhesion molecule 1 (ICAM-1) 
expression on human fetal astrocytes by interferon-gamma, tumor necrosis factor alpha, 
lymphotoxin, and interleukin-1: relevance to intracerebral antigen presentation. J



180

Neuroimmunol 23:117-124

Fuchs D, Hausen A, Reibnegger G, Wemer ER, Dierich MP, Wachter H (1988) 
Neopterin as a marker for activated cell-mediated immunity: application in HIV 
infection. Immunol Today 9:150-155

Funke I, Hahn A, Rieber EP, Weiss E, Riethmuller G (1987) The cellular receptor 
(CD4) of the human immunodeficiency virus is expressed on neurons and glial cells in 
human brain. J Exp Med 165:1230-1235

Gabuzda DH, Ho DD, de-La-Monte SM, Hirsch MS, Rota TR, Sobel RA (1986) 
Immunohistochemical identification of HTLV-III antigen in brains of patients with AIDS. 
Ann Neurol 20:289-295

Gallo P, Frei K, Rordorf C, Lazdins J, Tavolato B, Fontana A (1989) Human 
immunodeficiency virus type 1 (HIV-1) infection of the central nervous system: an 
evaluation of cytokines in cerebrospinal fluid. J Neuroimmunol 23:109-116

Gallo RC, Salahuddin SZ, Popovic M, Shearer GM, Kaplan M, Haynes BF (1984) 
Frequent detection and isolation of cytopathic retroviruses (HTLV-III) from patients. 
Science 224:500-503

Gavrieli Y, Sherman Y, Ben-Sasson SA (1992) Identification of programmed cell death 
in situ via specific labeling of nuclear DNA fragmentation. J Cell Biol 119:493-501

Gehrmann J, Banati RB (1995) Microglial turnover in the injured CNS: activated 
microglia undergo delayed DNA fragmentation following peripheral nerve injury. J 
Neuropathol Exp Neurol 54:680-688

Gelbard HA, Dzenko KA, Diloreto D, del-Cerro C, del-Cerro M, Epstein LG (1993) 
Neurotoxic effects of tumor necrosis factor alpha in primary human neuronal cultures 
are mediated by activation of the glutamate AMPA receptor subtype: implications for 
AIDS neuropathogenesis. Dev Neurosci 15:417-422

Gelbard HA, James HJ, Sharer LR, Perry SW, Saito Y, Kazee AM, Blumberg BM, 
Epstein LG (1995) Apoptotic neurons in brains from paediatric patients with HIV-1 
encephalitis and progressive encephalopathy. Neuropathol Appl Neurobiol 21:208-217

Gelbard HA, Nottet HS, Swindells S, Jett M, Dzenko KA, Genis P, White R, Wang L, 
Choi YB, Zhang D, et al (1994) Platelet-activating factor: a candidate human 
immunodeficiency virus type 1-induced neurotoxin. J Virol 68:4628-4635

Gendelman HE, Genis P, Jett M, Zhai QH, Nottet HS (1994) An experimental model 
system for HIV-1-induced brain injury. Adv Neuroimmunol 4:189-93

Genis P, Jett M, Bemton EW, Boyle T, Gelbard HA, Dzenko K, Keane RW, Resnick 
L, Mizrachi Y, Volsky DJ, et al (1992) Cytokines and arachidonic metabolites produced 
during human immunodeficiency virus (HlV)-infected macrophage-astroglia interactions:



Ghibelli L, Maresca V, Coppola S, Gualandi G (1995) Protease inhibitors block 
apoptosis at intermediate stages: a compared analysis of DNA fragmentation and 
apoptotic nuclear morphology. FEES Lett 377:9-14

181

implications for the neuropathogenesis of HIV disease. J Exp Med 176:1703-1718

Giulian D, Lachman LB (1985) Interleukin-1 stimulation of astroglial proliferation after 
brain injury. Science 228:497-499

Giulian D, Vaca K, Noonan CA (1990) Secretion of neurotoxins by mononuclear 
phagocytes infected with HIV-1. Science 250:1593-1596

Giulian D, Yu J, Li X, Tom D, Li J, Wendt E, Lin SN, Schwarcz R, Noonan C (1996) 
Study of receptor-mediated neurotoxins released by HIV-1-infected mononuclear 
phagocytes found in human brain. J Neuroscience 16:3139-3153

Glass JD, Fedor H, Wesselingh SL, Mcarthur JC (1995) Immunocytochemical 
quantitation of human immunodeficiency virus in the brain: correlations with dementia. 
Ann Neurol 38:755-762

Glass JD, Wesselingh SL, Seines OA, Mcarthur JC (1993) Clinical-neuropathologic 
correlation in HIV-associated dementia. Neurology 43:2230-2237

Glees P (1988) Cerebral blood and cerebrospinal fluid systems in the human brain. 
Cambridge University Press. Cambridge p67-80

Gold R, Schmied M, Giegerich G, Breitschopf H, Harfung HP, Toyka KV, Lassmann 
H (1994) Differentiation between cellular apoptosis and necrosis by the combined use 
of in situ tailing and nick translation techniques. Lab Invest 71:219-25

Goldstein G, Conant MA, Beall G, Grossman HA, Galpin JE, Blick G, Calabrese LH, 
Hirsch RL, Fisher A, Stampone P, et al (1995) Safety and efficacy of thymopentin in 
zidovudine (AZT)-treated asymptomatic HIV-infected subjects with 200-500 CD4 
cells/mm3: a double-blind placebo-controlled trial. J Acquir Immune Defic Syndr Hum 
Retrovirol 8:279-288

Gordon S (1986) Biology of the macrophage. J Cell Sci (Suppl 4):267-286

Gottlieb MS, Schroff R, Schanker HM, Weisman JD, Fan PT, Wolf RA, Saxon A 
(1981) Pneumocystis carinii pneumonia and mucosal candidiasis in previously healthy 
homosexual men: evidence of a new acquired cellular immunodeficiency. N Engl J Med 
305:1425-1431

Gougeon ML, Garcia S, Heeney J, Tschopp R, Lecoeur H, Guetard D, Rame V, 
Dauguet C, Montagnier L (1993a) Programmed cell death in AIDS-related HIV and SIV 
infections. AIDS Res Hum Retroviruses 9:553-563

Gougeon ML, Laurent-Crawford AG, Hovanessian AG, Montagnier L (1993b) Direct 
and indirect mechanisms mediating apoptosis during HIV infection: contribution to in 
vivo CD4 T cell depletion. Semin Immunol 5:187-194

Gougeon ML, Montagnier L (1993) Apoptosis in AIDS. Science 260:1269-1270



182

Grafe MR, Wiley CA (1989) Spinal cord and peripheral nerve pathology in AIDS: the 
roles of cytomegalovirus. Ann Neurol 25:561-566

Gray F, Belec L, Keohane C, De-Truchis P, Clair B, Durigon M, Sobel A, Gherardi
R (1994) Zidovudine therapy and HIV encephalitis: a 10-year neuropathological survey. 
AIDS 8:489-493

Gray F, Gaulard P, Le-Bezu M, Sinclair E, Gherardi R, Scaravilli F, Poirier J (1990)
HIV encephalitis-like multinucleated giant cells in a nodal lymphoma in AIDS.
Histopathology 16:402-405

Gray F, Geny C, Lionnet F, Doumon B, Fenelon G, Gherardi R, Poirier J (1991a) 
Neuropathologic study of 135 adult cases of acquired immunodeficiency syndrome 
(AIDS). Ann Pathol 11:236-247

Gray F, Gherardi R, Baudrimont M, Gaulard P, Meyrignac C, Vedrenne C, Poirier J
(1987) Leucoencephalopathy with multinucleated giant cells containing human immune 
deficiency virus-like particles and multiple opportunistic cerebral infection in one patient 
with AIDS. Acta Neuropathol Berl 73:99-104

Gray F, Gherardi R, Keohane C, Favolini M, Sobel A, Poirier J (1988) Pathology of 
the central nervous system in 40 cases of acquired immune deficiency syndrome (AIDS). 
Neuropathol Appl Neurol 14:365-380

Gray F, Haug H, Chimelli L, Geny C, Gaston A, Scaravilli F, Budka H (1991b) 
Prominent cortical atrophy with neuronal loss as correlate of human immunodeficiency 
virus encephalopathy. Acta Neuropathol Berl 82:229-233

Gray F, Hurtrel M, Hurtrel B (1993) Early central nervous system changes in human 
immunodeficiency virus (HlV)-infection. Neuropathol Appl Neurobiol 19:3-9

Gray F, Lescs MC, Keohane C, Paraire F, Marc B, Durigon M, Gherardi R (1992) 
Early brain changes in HIV infection: neuropathological study of 11 HIV seropositive, 
non-AIDS cases. J Neuropathol Exp Neurol 51:177-185

Gray F, Scaravilli F, Everall I Chretien F, An S, Boche D, et al (1996) Neuropathology 
of early HIV-1 infection. Brain Pathol 6:1-15

Graziosi C, Pantaleo G, Gantt K R, Fortin JP, Demarest IF, Cohen OJ, Sekaly RP, 
Fauci AS (1994) Lack of evidence for the dichotomy of THl and TH2 predominance in 
HIV-infected individuals. Science 265:248-252

Griffin DE, McArthur JC, Comblath DR (1991) Neopterin and interferon-gamma in 
serum and cerebrospinal fluid of patients with HIV-associated neurologic disease. 
Neurology 41:69-74

Griffin GE, Leung K, Folks TM, Kunkel S, Nabel GJ (1989) Activation of HIV gene 
expression during monocyte differentiation by induction of NF-kappa B. Nature 339:70-



183

73

Grimaldi LM, Martino GV, Franciotta DM, Brustia R, Castagna A, Pristera R, Lazzarin 
A (1991) Elevated alpha-tumor necrosis factor levels in spinal fluid from HIV-1-infected 
patients with central nervous system involvement. Ann Neurol 29:21-25

Groux H, Torpier G, Monte D, Mouton Y, Capron A, Ameisen JC (1992) 
Activation-induced death by apoptosis in CD4-I- T cells from" human immunideficiency 
virus-infected asymptomatic individuals. J Exp Med 175:331-40

Guarda LA, Luna MA, Smith JU R, Mansell PW, Gyorkey F, Roca AN (1984) 
Acquired immune deficiency syndrome: postmortem findings. Am J Clin Pathol 81:549- 
557

Gutierrez EG, Banks WA, Kastin AJ (1993) Murine tumor necrosis factor alpha is 
transported from blood to brain in the mouse. J Neuroimmunol 47:169-176

Habeshaw J, Hounsell E, Dalgleish A (1992) Does the HIV envelope induce a chronic 
graft-versus-host-like disease?. Immunol Today 13:207-210

Haff LA (1994) Improved quantitative PCR using nested primers. PCR Methods Appl 
3:332-337

Hagberg L, Dotevall L, Norkrans G, Larsson M, Wachter H, Fuchs D (1993) 
Cerebrospinal fluid neopterin concentrations in central nervous system infection. J Infect 
Dis 168:1285-1288

Hansson E (1988) Astroglia from defined brain regions as studied with primary cultures. 
Prog Neurobiol 30:369-397

Harouse JM, Bhat S, Spitalnik SL, Laughlin M, Stefano K, Silberberg DH, Gonzalez- 
Scarano F (1991) Inhibition of entry of HIV-1 in neural cell lines by antibodies against 
galactosyl ceramide. Science 253:320-323

Harris PE, Lupu F, Hong B, Reed EF, Suciu-Foca N (1993) Differentiation-stage 
specific self-peptides bound by major histocompatibility complex class I molecules. J 
Exp Med 177:783-790

Harrison MJG (1993) Neurological complication of HIV infection: clinical aspects. In: 
Scaravilli F (ed) The Neuropathology of HIV infection. Springer Verlag, pp21-33

Hatch WC, Pousada E, Losev L, Rashbaum WK, Lyman WD (1994) Neural cell targets 
of human immunodeficiency virus type 1 in human fetal organotypic cultures. AIDS Res 
Hum Retroviruses 10:1597-1607

Hayes GM, Woodroofe MN, Cuzner ML (1987) Microglia are the major cell type 
expressing MHC class II in human white matter. J Neurol Sci 80:25-37



184

Henkel T, Westervelt P, Ratner L (1995) HIV-1 V3 envelope sequences required for 
macrophage infection. AIDS 9:399-401

Héry C, Sebire G, Peudenier S, Tardieu M (1995) Adhesion to human neurons and 
astrocytes of monocytes: the role of interaction of CR3 and ICAM-1 and modulation by 
cytokines. J Neuroimmunol 57:101-109

Heyes MP, Brew BJ, Martin A, Price RW, Salazar AM, Sidtis JJ, Yergey JA, 
Mouradian MM, Sadler AE, Keilp J, et al (1991) Quinolinic acid in cerebrospinal fluid 
and serum in HIV-1 infection: relationship to clinical and neurological status. Ann 
Neurol 29:202-209

Ho DD, Rota TR, Schooley RT, Kaplan JC, Allan JD, Groopman JE, Resnick L (1985) 
Isolation of HTLV-III from cerebrospinal fluid and neural tissues of patients with 
neurologic syndrome related to the acquired immunodeficiency syndrome. N Engl J Med 
313:1493-1497

Hofman EM, Hinton DR, Johnson K, Merrill JE (1989) Tumor necrosis factor identified 
in multiple sclerosis brain. J Exp Med 170:607-612

Hollander H, Levy JA (1987) Neurologic abnormalities and recovery of human 
immunodeficiency virus from cerebrospinal fluid. Ann Intern Med 106:692-695

Honda M, Kitamura K, Mizutani Y, Oishi M, Arai M, Okura T, Igarahi K, Yasukawa 
K, Hirano T, Kishimoto T, et al (1990) Quantitative analysis of serum IL-6 and its 
correlation with increased levels of serum IL-2R in HIV-induced diseases. J Immunol 
145:4059-4064

Horoupian DS, Pick P, Spigland I, Smith P, Portenoy R, Katzman R, Cho S (1984) 
Acquired immune deficiency syndrome and multiple tract degeneration in a homosexual 
man. Ann Neurol 15:502-505

Hovanessian AG (1994) Apoptosis in HIV infection: the role of extracellular and 
transmembrane glycoproteins. In: Towei LD and Cope FO (ed) Apoptosis II: p21-41

Ho WZ, Cherukuri R, Douglas SD (1994) The macrophage and HIV-1. Immunol Ser 
60:569-587

Howie SE, Sommerfield AJ, Gray E, Harrison DJ (1994) Peripheral T lymphocyte 
depletion by apoptosis after CD4 ligation in vivo: selective loss of CD44- and 
’activating’ memory T cells. Clin Exp Immunol 95:195-200

Huber C, Batchelor JR, Fuchs D, Hausen A, Lang A, Niederwieser D, Reibnegger G, 
Swetly P, Troppmair J, Wachter H (1984) Immune response-associated production of 
neopterin. Release from macrophages primarily under control of interferon-gamma. J 
Exp Med 160:310-316

Hurtrel B, Chakrabarti L, Hurtrel M, Maire MA, Dormont D, Montagnier L (1991)



185

Early SIV encephalopathy. J Med Primatol 20:159-166

Hurwitz AA, Berman JW, Lyman WD (1994) The role of the blood-brain barrier in HIV 
infection of the central nervous system. Adv Neuroimmunol 4:249-256

Hussey RE, Richardson NE, Kowalski M, Brown NR, Chang HC, Siliciano RF, 
Dorfman T, Walker B, Sodroski J, Reinherz EL (1988) A soluble CD4 protein 
selectively inhibits HIV replication and syncytium formation. Nature 331:78-81

Innocenti-Francillard P, Brengel K, Guillon C, Mallet F, Morand P, Gruters R (1994) 
Blood monocytes infected in vivo by HIV-1 variants with a syncytium-inducing 
phenotype. AIDS Res Hum Retroviruses 10:683-690

Iragui VJ, Kalmijn J, Thai LJ, Grant I (1994) Neurological dysfunction in asymptomatic 
HIV-1 infected men: evidence from evoked potentials. HNRC Group.
Electroencephalogr Clin Neurophysiol 92:1-10

Itoh N, Yonehara S, Ishii A, Yonehara M, Mizushima S, Sameshima M, Hase A, Seto 
Y, Nagata S (1991) The polypeptide encoded by the cDNA for human cell surface 
antigen Fas can mediate apoptosis. Cell 66:233-243

Jacques I, Massip P, Lhritier D, Mansuy JM, Puel J. HIV-1 viral load in patients with 
low CD4 cell counts with or without clinical symptoms of AIDS. Abstract in Tenth 
International Conference of AIDS, Yokohama, Japan 7-12 August, 1994

Jaleco AC, Covas MJ, Pinto LA, Victorino RM (1994) Distinct alterations in the 
distribution of CD45RO-I- T-cell subsets in HIV-2 compared with HIV-1 infection. 
AIDS 8:1663-1668

Janssen RS, Nwanyanwu OC, Selik RM, Stehr-Green JK (1992) Epidemiology of human 
immunodeficiency virus encephalopathy in the United States. Neurology 42:1472-1476

Janssen RS, Saykin AJ, Cannon L, Campbell J, Pinsky PF, Hessol NA, O’malley PM 
(1989) Neurological and neuropsychological manifestations of HIV-1 infection: 
association with AIDS-related complex but not asymptomatic HIV-1 infection. Ann 
Neurol 26:592-600

Jurriaans S, Dekker JT, de-Ronde A (1992) HIV-1 viral DNA load in peripheral blood 
mononuclear cells from seroconverters and long-term infected individuals. AIDS 
6:635-641

Kaiser PK, Offermann JT, Lipton SA (1990) Neuronal injury due to HIV-1 envelope 
protein is blocked by anti-gpl20 antibodies but not by anti-CD4 antibodies. 
Neurology 40:1757-1761

Kaplan AH, Manchester M, Swanstrom R (1994) The activity of the protease of human 
immunodeficiency virus type 1 is initiated at the membrane of infected cells before the 
release of viral proteins and is required for release to occur with maximum efficiency.



186

J Virol 68:6782-6786

Kasper P, Kaiser R, Kleim JP, Oldenburg J, Brackmann HH, Rockstroh J, Schneweis 
KE (1993) Diversification of HIV-1 strains after infection from a unique source. AIDS 
Res Hum Retroviruses 9:153-157

Kennedy PGE (1993) Overview of HIV in the nervous system. In: Scaravilli F (ed) The 
neuropathology of HIV infection. Springer Verlag, pp259-265

Kennedy PGE, Gaims J (1992) Major histocompatibility complex (MHC) antigen 
expression in HIV encephalitis. Neuropathol Appl Neurobiol 18:515-522

Kerr JRF, Searle J, Harman BV, Bishop CJ (1987) Apoptosis. In: Potten CS (ed) 
Perspective on mammalian cell death. Oxford University Press. Oxford pp93-128

Ketzler S, Weis S, Haug H, Budka H (1990) Loss of neurons in the frontal cortex in 
AIDS brains. Acta Neuropathol Berl 80:92-94

Keys B, Karis J, Fadeel B, Valentin A, Norkrans G, Hagberg L, Chiodi F (1993) V3 
sequences of paired HIV-1 isolates from blood and cerebrospinal fluid cluster according 
to host and show variation related to the clinical stage of disease. Virology 196:475-483

Kizaki H, Nakada S, Ohnishi Y, Azuma Y, Mizuno Y, Tadakuma T (1993) Tumour 
necrosis factor-alpha enhances cAMP-induced programmed cell death in mouse 
thymocytes. Cytoldne 5:342-347

Klatzmann D, Champagne E, Chamaret S, Gruest J, Guetard D, Hercend T, Gluckman 
JC, Montagnier L (1984) T-lymphocyte T4 molecule behaves as the receptor for human 
retrovirus LAV. Nature 312:767-768

Kleihues P, Lang W, Burger PC, Budka H, Vogt M, Maurer R, Luthy R, Siegenthaler 
W (1985) Progressive diffuse leukoencephalopathy in patients with acquired immune 
deficiency syndrome (AIDS). Acta Neuropathol Berl 68:333-339

Koenig S, Gendelman HE, Orenstein JM, Dal-Canto MC, Pezeshkpour GH, Yungbluth 
M, Janotta F, Aksamit A, Martin MA, Fauci AS (1986) Detection of AIDS virus in 
macrophages in brain tissue from AIDS patients with encephalopathy. Science 233:1089- 
1093

Korber BT, Kunstman KJ, Patterson BK, Furtado M, Mcevilly MM, Levy R, Wolinsky 
SM (1994) Genetic differences between blood- and brain-derived viral sequences from 
human immunodeficiency virus type 1-infected patients: evidence of conserved elements 
in the V3 region of the envelope protein of brain-derived sequences. J Virol 68:7467- 
7481

Kozal MJ, Shafer RW, Winters MA, Katzenstein DA, Aguiniga E, Halpem J, Merigan 
TC (1994) HIV-1 syncytium-inducing phenotype, virus burden, codon 215 reverse 
transcriptase mutation and CD4 cell decline in zidovudine-treated patients. J Acquir



187

Immune Defic Syndr 7:832-838

Kozopas KM, Yang T, Buchan HL, Zhou P, Craig RW (1993) M CLl, a gene expressed 
in programmed myeloid cell differentiation, has sequence similarity to BCL2. Proc Natl 
Acad Sci USA 90:3516-3520

Kruppa G, Thoma B, Machleidt T, Wiegmann K, Kronke M (1992) Inhibition of tumor 
necrosis factor (TNF)-mediated NF-kappa B activation by selective blockade of the 
human 55-kDa TNF receptor. J Immunol 148:3152-3157

Kunsch C, Hartle HT, Wigdahl B (1989) Infection of human fetal dorsal root ganglion 
glial cells with human immunodeficiency virus type 1 involves an entry mechanism 
independent of the CD4 T4A epitope. J Virol 63:5054-5061

Kure K, Llena J, Lyman WD, Soeiro R, Weidenheim KM, Hirano A, Dickson DW
(1991) Human immunodeficiency virus-1 infection of the nervous system:an autopsy 
study of 268 adult, pediatric and fetal brains. Hum Pathol 22:700-710

Kure K, Lyman WD, Weidenheim KM, Dickson DW (1990) Cellular localization of an 
HIV-1 antigen in subacute AIDS encephalitis using an improved double-labeling 
immunohistochemical method. Am J Pathol 136:1085-1092

Lackner AA, Smith MO, Munn RJ, Martfeld DJ, Gardner MB, Marx PA, Dandekar S
(1991) Localization of simian immunodeficiency virus in the central nervous system of 
rhesus monkeys. Am J Pathol 139:609-621

Lahdevirta J, Maury CP, Teppo AM, Repo H (1988) Elevated levels of circulating 
cachectin/tumor necrosis factor in patients with acquired immunodeficiency syndrome. 
Am J Med 85:289-291

Lancaster JR, Laster SM, Gooding LR (1989) Inhibition of target cell mitochondrial 
electron transfer by tumor necrosis factor. FFBS Lett 248:169-174

Lang W, Miklossy J, Deruaz JP, Pizzolato GP, Probst A, Schaffner T, Gessaga E 
(1989) Neuropathology of the acquired immune deficiency syndrome (AIDS): a report 
of 135 consecutive autopsy cases from Switzerland. Acta Neuropathol Berl 77:379-390

Lasky LA (1992) Selectins: interpreters of cell-specific carbohydrate information during 
inflammation. Science 258:964-969

Lasky LA, Groopman JE, Fennie CW, Benz PM, Capon DJ, Dowbenko DJ (1986) 
Neutralization of the AIDS retrovirus by antibodies to a recombinant envelope. Science 
233:209-212

Laughlin MA, Zeichner S, Kolson D, Alwine JC, Seshamma T, Pomerantz RJ, 
Gonzalez-Scarano F (1993) Sodium butyrate treatment of cells latently infected with 
HIV-1 results in the expression of unspliced viral RNA. Virology 196:496-505



188

Laurent-Crawford AG, Krust B, Riviere Y, Desgranges C, Muller S, Kieny MP, 
Dauguet C, Hovanessian AG (1993) Membrane expression of HIV envelope 
glycoproteins triggers apoptosis in CD4 cells. AIDS Res Hum Retroviruses 9:761-773

Laurenzi MA, Siden A, Persson MA, Norkrans G, Hagberg L, Chiodi F (1990) 
Cerebrospinal fluid interleukin-6 activity in HIV infection and inflammatory and 
noninflammatory diseases of the nervous system. Clin Immunol Immunopathol 57:233- 
241

Lee SC, Liu W, Dickson DW, Brosnan CF (1995) In human fetal astrocytes exposure 
to interleukin-1 beta stimulates acquisition of the GD34- phenotype and inhibits cell 
division. J Neurochem 64:1800-1807

Lee TH, Sunzeri FJ, Tobler LH, Williams BG, Busch MP (1991) Quantitative 
assessment of HIV-1 DNA load by coamplification of HIV-1 gag and HLA-DQ-alpha 
genes. AIDS 5:683-691

Lefrere JJ, Mariotti M, Wattel E, Lefrere F, Inchauspe G, Costagliola D, Prince A
(1992) Towards a new predictor of AIDS progression through the quantitation of HIV-1 
DNA copies by PCR in HIV-infected individuals. Br J Haematol 82:467-471

Lenhardt TM, Super MA, Wiley CA (1988) Neuropathological changes in an 
asymptomatic HIV seropositive man. Ann Neurol 23:209-210

Levy JA (1994) HIV and the pathogenesis of AIDS. ASM Press. Washington, D. C.

Levy RM, Bredesen DE, Rosenblum ML (1988) Opportunistic central nervous system 
pathology in patients with AIDS. Ann Neurol 23(suppl):s7-sl2

Lewis DE, Tang DS, Adu-Oppong A, Schober W, Rodgers JR (1994) Anergy and 
apoptosis in CD8-f T cells from HIV-infected persons. J Immunol 153:412-420

Ling EA, Wong WC (1993) The origin and nature of ramified and amoeboid microglia: 
a historical review and current concepts. Glia 7:9-18

Lipton SA (1992) Memantine prevents HIV coat protein-induced neuronal injury in vitro. 
Neurology 42:1403-1405

Liu W, Shafit-Zagardo B, Aquino DA, Zhao ML, Dickson DW, Brosnan CF, Lee SC
(1994) Cytoskeletal alterations in human fetal astrocytes induced by interleukin-1 beta. 
J Neurochem 63:1625-1634

Liu ZQ, Wood C, Levy JA, Cheng-Mayer C (1990) The viral envelope gene is involved 
in macrophage tropism of a human immunodeficiency virus type 1 strain isolated from



189

brain tissue. J Virol 64:6148-6153

Liuzzi G, Bagnarelli P, Chirianni A, Clementi M, Nappa S, Tullio-Cataldo P, Valenza 
A, Piazza M (1995) Quantitation of HIV-1 genome copy number in semen and saliva. 
AIDS 9:651-653

Louis JC, Magal E, Takayama S, Varon S (1993) CNTF protection of oligodendrocytes 
against natural and tumor necrosis factor-induced death. Science 259:689-692

Lu YY, Koga Y, Tanaka K, Sasaki M, Kimura G, Nomoto K (1994) Apoptosis induced 
in CD4+ cells expressing gpl60 of human immunodeficiency virus type 1. J Virol 
68:390-399

Lucas K, Hohlfeld R (1995) Differential aspects of cytokines in the immunopathology 
of multiple sclerosis. Neurology 45(6 Suppl 6):S4-S5

Lucey DR, Mcguire SA, Abbadessa S, Hall K, Woolford B, Valtier S, Butzin CA, 
Melcher GP, Hendrix CW (1993) Cerebrospinal fluid neopterin levels in 159 
neurologically asymptomatic persons infected with the human immunodeficiency virus 
(HIV-1): relationship to immune status. Viral Immunol 6:267-272

Lynn WS, Wong PK (1995) Neuroimmunodegeneration: do neurons and T cells use 
common pathways for cell death? FASEB J 9:1147-1156

Maehlen J, Dunlop O, Liestol K, Dobloug JH, Goplen AK, Torvik A (1995) Changing 
incidence of HIV-induced brain lesions in Oslo, 1983-1994: effects of zidovudine 
treatment. AIDS 9:1165-1169

Maggi E, Mazzetti M, Ravina A, Annunziato F, de-Carli M, Piccinni MP, Manetti R, 
Carbonari M, Pesce AM, del-Prete G, et al (1994) Ability of HIV to promote a THl to 
THO shift and to replicate preferentially in TH2 and THO cells. Science 265:244-248

Magnuson DS, Knudsen BE, Geiger JD, Brown stone RM, Nath A (1995) Human 
immunodeficiency virus type 1 tat activates non-N-methyl-D-aspartate excitatory amino 
acid receptors and causes neurotoxicity. Ann Neurol 37:373-380

Mah SP, Zhong LT, Liu Y, Roghani A, Edwards RH, Bredesen DE (1993) The 
protooncogene bcl-2 inhibits apoptosis in PC12 cells. J Neurochem 60:1183-1186

Maier H, Budka H, Lassmann H, Pohl P (1989) Vacuolar myelopathy with 
multinucleated giant cells in the acquired immune deficiency syndrome (AIDS). Light 
and electron microscopic distribution of human immunodeficiency virus (HIV) antigens. 
Acta Neuropathol Berl 78:497-503

Malipiero UV, Frei K, Fontana A (1990) Production of hemopoietic colony-stimulating 
factors by astrocytes. J Immunol 144:3816-3821

Ma M, Geiger JD, Nath A (1994) Characterization of a novel binding site for the human



190

immunodeficiency virus type 1 envelope protein gpl20 on human fetal astrocytes. J 
Virol 68:6824-6828

Manca F, Li-Pira G, Fenoglio D, Fang SP, Habeshaw A, Knight SC, Dalgleish AG
(1994) Dendritic cells are potent antigen-presenting cells for in vitro induction of 
primary human CD4-I- T-cell lines specific for HIV gpl20. J Acquir Immune Defic 
Syndr 7:15-23

Mangan DF, Wahl SM (1991) Differential regulation of human monocyte programmed 
cell death (apoptosis) by chemotactic factors and pro-inflammatory cytoldnes. J Immunol 
147:3408-3412

Manji H, Connolly S, Mcallister R, Valentine AR, Kendall BE, Fell M, Durrance P
(1994) Serial MRI of the brain in asymptomatic patients infected with HIV: results from 
the UCMSM/Medical Research Council neurology cohort. J Neurol Neurosurg 
Psychiatry 57:144-149

Mann DL, Read-Connole E, Arthur LO, Robey WG, Wemet P, Schneider EM (1988) 
HLA-DR is involved in the HIV-1 binding site on cells expressing MHC class II. J 
Immunol 141:1131-1136

Mannoji H, Yeger H, Becker LE (1986) A specific histochemical marker (lectin Ricinus 
communis agglutinin-1) for normal human microglia, and application to routine 
histopathology. Acta Neuropathol Berl 71:341-343

Martin A, Heyes MP, Salazar AM, Kampen DL, Williams J, Law WA, Coats ME, 
Markey SP (1992) Progressive slowing of reaction time and increasing cerebrospinal 
fluid concentrations of quinolinic acid in HIV-infected individuals. J Neuropsychiatry 
Clin Neurosci 4:270-279

Martin SJ, Matear PM, Vyakamam A (1994) HIV-1 infection of human CD4+ T cells 
in vitro. Differential induction of apoptosis in these cells. J Immunol 152:330-342

Masliah E, Achim CL, Ge N, De-Teresa R, Wiley CA (1994a) Cellular neuropathology 
in HIV encephalitis. Res Publ Assoc Res Nerv Ment Dis 72:119-131

Masliah E, Ge N, Achim CL, Wiley CA (1994b) Cytokine receptor alterations during 
HIV infection in the human central nervous system. Brain Res 663:1-6

Masliah E, Ge N, Achim CL, Wiley CA (1995) Differential vulnerability of calbindin- 
immunoreactive neurons in HIV encephalitis. J Neuropathol Exp Neurol 54:350-357

Mastino A, Grelli S, Piacentini M, Oliverio S, Favalli C, Pemo CF, Garci E (1993) 
Correlation between induction of lymphocyte apoptosis and prostaglandin E2 production 
by macrophages infected with HIV. Cell Immunol 152:120-130

Mastroianni CM, Paoletti F, Valenti C, Vullo V, Jirillo E, Delia S (1992) Tumour 
necrosis factor (TNF-alpha) and neurological disorders in HIV infection. J Neurol



191

Neurosurg Psychiatry 55:219-221

McArthur JC (1987) Neurologic manifestations of AIDS. Medicine 66:407-437

McArthur JC, Cohen BA, Farzedegan H, Comblath DR, Seines OA, Ostrow D (1988) 
Cerebrospinal fluid abnormalities in homosexual men with and without neuropsychiatrie 
findings. Ann Neurol 23(Suppl):S34-S37

McArthur JC, Cohen BA, Seines OA, Kumar AJ, Cooper K, Mcarthur JH, Soucy G
(1989) Low prevalence of neurological and neuropsychological abnormalities in 
otherwise healthy HIV-1-infected individuals: results from the multicenter AIDS cohort 
study. Ann Neurol 26:601-611

McKallip RJ, Nagarkatti M, Nagarkatti PS (1995) Immunotoxicity of AZT: inhibitory 
effect on thymocyte differentiation and peripheral T cell responsiveness to gpl20 of 
human immunodeficiency virus. Toxicol Appl Pharmacol 131:53-62

McKnight A, Weiss RA, Shotton C, Takeuchi Y, Hoshino H, Clapham PR (1995) 
Change in tropism upon immune escape by human immunodeficiency virus. J Virol 
69:3167-3170

Merrill JE, Chen IS (1991) HIV-1, macrophages, glial cells, and cytokines in AIDS 
nervous system disease. FASEB J 5:2391-2397

Merrill JE, Koyanagi Y, Zack J, Thomas L, Martin F, Chen IS (1992) Induction of 
interleukin-1 and tumor necrosis factor alpha in brain cultures by human 
immunodeficiency virus type 1. J Virol 66:2217-2225

Meyaard L, Otto SA, Jonker RR, Mijnster MJ, Keet RP, Miedema F (1992) 
Programmed death of T cells in HIV-1 infection. Science 257:217-219

Meyaard L, Otto SA, Keet IP, Roos MT, Miedema F (1994) Programmed death of T 
cells in human immunodeficiency virus infection. No correlation with progression to 
disease. J Clin Invest 93:982-988

Meyaard L, Schuitemaker H, Miedema F (1993) T-cell dysfunction in HIV infection: 
anergy due to defective antigen-presenting cell function? Immunol Today 14:161-164

Michael NL, Chang G, Ehrenberg PK, Vahey MT, Redfield RR (1993) HIV-1 proviral 
genotypes from the peripheral blood mononuclear cells of an infected patient are 
differentially represented in expressed sequences. J Acquir Immune Defic Syndr 6:1073- 
1085

Michaels J, Price RW, Rosenblum MK (1988) Microglia in the giant cell encephalitis 
of acquired immune deficiency syndrome: proliferation, infection and fusion. Acta 
Neuropathol Berl 76:373-379

Michel D, Chabot JG, Moyse E, Danik M, Quirion R (1992) Possible functions of a



192

new genetic marker in central nervous system: the sulfated glycoprotein-2 (SGP-2). 
Synapse 11:105-111

Migheli A, Cavalla P, Marino S, Schiffer D (1994) A study of apoptosis in normal and 
pathologic nervous tissue after in situ end-labeling of DNA strand breaks. J Neuropathol 
Exp Neurol 53:606-616

Mikovits JA, Lohrey NC, Schulof R, Courtless J, Ruscetti FW (1992) Activation of 
infectious virus from latent human immunodeficiency virus infection of monocytes in 
vivo. J Clin Invest 90:1486-1491

Mintz M (1994) Clinical comparison of adult and pediatric NeuroAIDS. Adv 
Neuroimmunol 4:207-221

Mintz M, Rapaport R, Oleske JM, Connor EM, Koenigsberger MR, Denny T, Epstein 
LG (1989) Elevated serum levels of tumor necrosis factor are associated with progressive 
encephalopathy in children with acquired immunodeficiency syndrome. Am J Dis Child 
143:771-774

Mizuno T, Sawada M, Marunouchi T, Suzumura A (1994) Production of interleukin-10 
by mouse glial cells in culture. Biochem Biophys Res Commun 205:1907-1915

Mizusawa H, Hirano A, Llena F (1988) Nuclear bridges within multinucleated giant 
cells in subacute encephalitis of acquired immune deficiency syndrome (AIDS). Acta 
Neuropathol Berl 76:166-169

Moldofsky H, Lue FA, Eisen J, Keystone E, Gorczynski RM (1986) The relationship 
of interleukin-1 and immune functions to sleep in humans. Psychosom Med 48:309-318

Molina JM, Schindler R, Ferriani R, Sakaguchi M, Vannier E, Dinarello CA, 
Groopman JE (1990) Production of cytokines by peripheral blood
monocytes/macrophages infected with human immunodeficiency virus type 1 (HIV-1). 
J Infect Dis 161:888-893

Montaner LJ, Doyle AG, Collin M, Herbein G, Illei P, James W, Minty A, Caput D, 
Ferrara P, Gordon S (1993) Interleukin 13 inhibits human immunodeficiency virus type 
1 production in primary blood-derived human macrophages in vitro. J Exp Med 178:743- 
747

Moses AV, Nelson JA (1994) HIV infection of human brain capillary endothelial cells— 
implications for AIDS dementia. Adv Neuroimmunol 4:239-247

Moss RB, Ferre F, Trauger R, Jensen F, Daigle A, Richieri SP, Carlo DJ (1994) 
Inactivated HIV-1 Immunogen: impact on markers of disease progression. J Acquir 
Immune Defic Syndr 7(Suppl 1):S21-S27

Mrak RE, Sheng JG, Griffin WS (1995) Glial cytokines in Alzheimer’s disease: review 
and pathogenic implications. Hum Pathol 26:816-823



193

Muller WE, Schroder HC, Ushijima H, Dapper J, Bormann J (1992) gpl20 of HIV-1 
induces apoptosis in rat cortical cell cultures: prevention by memantine. Eur J Pharmacol 
226:209-214

Murabe Y, Sano Y (1982) Morphological studies on neuroglia. VI. Postnatal 
development of microglial cells. Cell Tissue Res 225:469-485

Murphy S, Pearce B (1987) Functional receptors for neurotransmitters on astroglial cells. 
Neuroscience 22:381-394

Nandi J, Banerjee K (1993) Alternative mode of replication of human immunodeficiency 
virus: a hypothesis. Med Hypotheses 40:1-7

Nath A, Hartloper V, Purer M, Fowke KR (1995) Infection of human fetal astrocytes 
with HIV-1: viral tropism and the role of cell to cell contact in viral transmission. J 
Neuropathol Exp Neurol 54:320-330

Navia BA, Jordan BD, Price RW (1986) The AIDS dementia complex: I Clinical 
features. Ann Neurol 19:517-524

Neary JT, Whittemore SR, Zhu Q, Norenberg MD (1994) Destabilization of glial 
fibrillary acidic protein mRNA in astrocytes by ammonia and protection by extracellular 
ATP. J Neurochem 63:2021-2027

Newton TF, Leuchter AF, Miller EN, Weiner H (1994) Quantitative EEC in patients 
with AIDS and asymptomatic HIV infection. Clin Electroencephalogr 25:18-25

Norenberg MD (1994) Astrocyte responses to CNS injury. J Neuropathol Exp Neurol 
53:213-220

Norman SE, Chediak AD, Freeman C, Kiel M, Mendez A, Duncan R, Simoneau J
(1992) Sleep disturbances in men with asymptomatic human immunodeficiency (HIV) 
infection. Sleep 15:150-155

Nottet HSLM, Gendelman HE (1995) Unraveling the neuroimmune mechanisms for the 
HIV-1-associated cognitive/motor complex. Immunol Today 16:441-448

Nowak MA (1992) Variability of HIV infections. J Theor Biol 155:1-20

Obeid LM, Linardic CM, Karolak LA, Hannun YA (1993) Programmed cell death 
induced by ceramide. Scince 259:1769-1771

O’Brien WA (1994) Genetic and biological basis of HIV-1 neurotropism. In: Price RW, 
Perry SW (ed) HIV, AIDS and the brain. Raven Press, Ltd., New York, pp47-70



194

Ohno K, Nakano T, Matsumoto Y, Watari T, Goitsuka R, Nakayama H, Tsujimoto H, 
Hasegawa A (1993) Apoptosis induced by tumour necrosis factor in cells chronically 
infected with feline immunodeficiency virus. J Virol 67:2429-2433

Oka S, Urayama K, Hirabayashi Y, Ohnishi K, Goto H, Mitamura K, Kimura S, 
Shimada K (1990) Quantitative analysis of human immunodeficiency virus type-1 DNA 
in asymptomatic carriers using the polymerase chain reaction. Biochem Biophys Res 
Commun 167:1-8

Okamoto T, Matsuyama T, Mori S, Hamamoto Y, Kobayashi N, Yamamoto N, Josephs 
SF, Wong-Staal F, Shimotohno K (1989) Augmentation of human immunodeficiency 
virus type 1 gene expression by tumor necrosis factor alpha. AIDS Res Hum 
Retroviruses 5:131-138

Oldstone MB (1994) HIV neurons and cytotoxic T lymphocytes. Concepts about the 
AIDS dementia complex and viral persistence. Res Publ Assoc Res Nerv Ment Dis 
72:89-97

Osborn L, Kunkel S, Nabel GJ (1989) Tumor necrosis factor alpha and interleukin 1 
stimulate the human immunodeficiency virus enhancer by activation of the nuclear factor 
kappa B. Proc Natl Acad Sci USA 86:2336-2340

O’Shea S, Rostron T, Hamblin AS, Palmer SJ, Banatvala JE (1991) Quantitation of 
HIV: correlation with clinical, virological, and immunological status. J Med Virol 
35:65-69

Pang S, Koyanagi Y, Miles S, Wiley C, Vinters HV, Chen IS (1990) High levels of 
unintergrated HIV-1 DNA in brain tissue of AIDS dementia patients. Nature 343:85-89

Pantaleo G, Graziosi C, Demarest JF, Butini L, Montroni M, Fox CH, Orenstein JM 
(1993a) HIV infection is active and progressive in lymphoid tissue during the clinically 
latent stage. Nature 362:355-358

Pantaleo G, Graziosi C, Fauci AS (1993b) New concepts in the immunopathogenesis of 
human immunodeficiency virus infection. N Engl J Med 328:327-335

Pantaleo G, Menzo S, Vaccarezza M, Graziosi C, Cohen OJ, Demarest JF, Montefiori 
D, Orenstein JM, Fox C, Schrager LK, et al (1995) Studies in subjects with long-term 
nonprogressive human immunodeficiency virus infection. N Engl J Med 332:209-216

Pardridge WM (1991) Peptide drug delivery to the brain. New York:Raven Press, 
ppl08-14

Peavy G, Jacobs D, Salmon DP, Butters N, Delis DC, Taylor M, Massman P, Stout JC, 
Heindel WC, Kirson D, et al (1994) Verbal memory performance of patients with human 
immunodeficiency virus infection: evidence of subcortical dysfunction. The HNRC 
Group. J Clin Exp Neuropsychol 16:508-523



195

Perrella O, Carrieri PB, Guarnaccia D, Soscia M (1992) Cerebrospinal fluid cytokines 
in AIDS dementia complex. J Neurol 239:387-388

Perry VH, Gordon S (1987) Modulation of CD4 antigen on macrophages and microglia 
in rat brain. J Exp Med 166:1138-1143

Petito CK (1993) Myelopathies. In: Scaravilli F (ed) The neuropathology of HIV 
infection. Springer Verlag, pp 187-199

Petito CK, Cho ES, Lemann W, Navia BA, Price RW (1986) Neuropathology of 
acquired immunodeficiency syndrome (AIDS): an autopsy review. J Neuropathol Exp 
Neurol 45:635-646

Petito CK, Roberts B (1995) Evidence of apoptotic cell death in HIV encephalitis. Am 
J Pathol 146:1121-1130

Peto T (1992) Therapeutic aspects of retroviral disease. Baillieres Clin Neurol 1:239-257

Peudenier S, Hery C, Ng KH, Tardieu M (1991) HIV receptors within the brain: a study 
of CD4 and MHC II on human neurons, astrocytes and microglial cells. Res Virol 
142:145-149

Philippon V, Vellutini C, Gambarelli D, Harkiss G, Arbuthnott G, Metzger D, Roubin 
R, Filippi P (1994) The basic domain of the lentiviral Tat protein is responsible for 
damages in mouse brain: involvement of cytokines. Virology 205:519-529

Piatak M, Saag MS, Yang LC, Clark SJ, Kappes JC, Luk KC, Hahn BH, Shaw GM, 
Lifson JD (1993) High levels of HIV-1 in plasms during all stages of infection 
determined by competitive PCR. Science 259:1749-1754

Piot P (1995) Joint United Nations Programme on AIDS. Newsletter of International 
AIDS society 2:4-5

Poli G, Bressler P, Kinter A, Duh E, Timmer WC, Rabson A, Justement JS, Stanley 
S, Fauci AS (1990) Interleukin 6 induces human immunodeficiency virus expression in 
infected monocytic cells alone and in synergy with tumor necrosis factor alpha by 
transcriptional and post-transcriptional mechanisms. J Exp Med 172:151-158

Poli G, Fauci AS (1992a) The effect of cytokines and pharmacologic agents on chronic 
HIV infection. AIDS Res Hum Retroviruses 8:191-197

Poli G, Fausi AS (1992b) The role of monocyte/macrophages and cytokines in the 
pathogenesis of HIV infection. Pathobiology 60:246-251

Poli G, Kinter AL, Fauci AS (1994) Interleukin 1 induces expression of the human 
immunodeficiency virus alone and in synergy with interleukin 6 in chronically infected 
U1 cells: inhibition of inductive effects by the interleukin 1 receptor antagonist. Proc 
Natl Acad Sci USA 91:108-112



196

Poli G, Pantaleo G, Fauci AS (1993) Immunopathogenesis of human immunodeficiency 
virus infection. Clin Infect Dis 17(Suppl 1):S224-S229

Pomerantz RJ, Bagasra O, Baltimore D (1992) Cellular latency of human 
immunodeficiency virus type 1. Cur Opin Immunol 4:475-480

Popovic M, Samgadharan MG, Read E, Gallo RC (1984) Detection, isolation, and 
continuous production of cytopathic retroviruses (HTLV-III). Science 224:497-500

Poznansky MC, Walker B, Haseltine WA, Sodroski J, Langhoff B (1991) A rapid 
method for quantitating the frequency of peripheral blood cells containing HIV-1 DNA. 
J Acquir Immune Defic Syndr 4:368-373

Price RW, Brew B, Sidtis J, Rosenblum M, Scheck AC, Cleary P (1988) The brain in 
AIDS: central nervous system HIV-1 infection and AIDS dementia complex. Science 
239:586-592

Pulliam L, Clarke JA, McGuire D, McGrath MS (1994) Investigation of HIV-infected 
macrophage neurotoxin production from patients with AIDS dementia. Adv 
Neuroimmunol 4:195-198

Pulliam L, Hemdier BG, Tang NM, Mcgrath MS (1991) Human immunodeficiency 
virus-infected macrophages produce soluble factors that cause histological and 
neurochemical alterations in cultured human brains. J Clin Invest 87:503-512

Pulliam L, West D, Haigwood N, Swanson RA (1993) HIV-1 envelope gpl20 alters 
astrocytes in human brain cultures. AIDS Res Hum Retroviruses 9:439-444

Puppo F, Ruzzenenti R, Brenci S, Lanza L, Scudeletti M, Indiveri F (1991) Major 
histocompatibility gene products and human immunodeficiency virus infection. J Lab 
Clin Med 117:91-100

Rabizadeh S, Oh J, Zhong LT, Yang J, Bitler CM, Butcher LL, Bredesen DE (1993) 
Induction of apoptosis by the low-affinity NGF receptor. Science 261:345-348

Rachlis AR (1990) Zidovudine (Retrovir) update. Can Med Assoc J 143:1177-1185

Raivich G, Gehrmann J, Kreutzberg GW (1991) Increase of macrophage colony- 
stimulating factor and granulocyte-macrophage colony-stimulating factor receptors in the 
regenerating rat facial nucleus. J Neurosci Res 30:682-686

Ranki A, Nyberg M, Ovod V, Haltia M, Elovaara I, Raininko R, Haapasalo H, Krohn 
K (1995) Abundant expression of HIV Nef and Rev proteins in brain astrocytes in vivo 
is associated with dementia. AIDS 9:1001-1008

Rautonen J, Rautonen N, Martin NL, Philip R, Wara DW (1991) Serum interleukin-6 
concentrations are elevated and associated with elevated tumor necrosis factor-alpha and 
immunoglobulin G and A concentrations in children with HIV infection. AIDS 5:1319-



197

1325

Reddy MM, Sorrell SJ, Lange M, Grieco MH (1988) Tumor necrosis factor and HIV 
P24 antigen levels in serum of HIV-infected populations. J Acquir Immune Defic Syndr 
1:436-440

Re MC, Zauli G, Furlini G, Ranieri S, La-Placa M (1992) Progressive and selective 
impairment of IL-3 and IL-4 production by peripheral blood CD44- T-lymphocytes 
during the course of HIV-1 infection. Viral Immunol 5:185-194

Resnick L, Berger JR, Shapshak P, Tourtellotte WW (1988) Early penetration of the 
blood-brain-barrier by HIV. Neurology 38:9-14

Richman DD, Bozzette SA (1994) The impact of the syncytium-inducing phenotype of 
human immunodeficiency virus on disease progression. J Infect Dis 169:968-974

Rinaldo C, Huang XL, Fan ZF, Ding M, Beltz L, Logar A, et al (1995) High levels of 
anti-human immunodeficiency virus type 1 (HIV-1) memory cytotoxic T-lymphocyte 
activity and low viral load are associated with lack of disease in HIV-1-infected long
term nonprogressors. J Virol 69:5838-5842

Robbins DS, Shirazi Y, Drysdale BE, Lieberman A, Shin HS, Shin ML (1987) 
Production of cytotoxic factor for oligodendrocytes by stimulated astrocytes. J Immunol 
139:2593-2597

Rostad SW, Sumi SM, Shaw CM, Olson K, Mcdougall JK (1987) Human 
immunodeficiency virus (HIV) infection in brains with AIDS-related 
leukoencephalopathy. AIDS Res Hum Retroviruses 3:363-373

Sabatier JM, Vives E, Mabrouk K, Benjouad A, Rochat H, Duval A, Hue B, Bahraoui 
E (1991) Evidence for neurotoxic activity of tat from human immunodeficiency virus 
type 1. J Virol 65:961-967

Saito Y, Sharer LR, Epstein LG, Michaels J, Mintz M, Louder M, Golding K, 
Cvetkovich TA, Blumberg BM (1994) Overexpression of nef as a marker for restricted 
HIV-1 infection of astrocytes in postmortem pediatric central nervous tissues. Neurology 
44:474-481

Saluz H, Jost JP (1986) A simple high-resolution procedure to study DNA méthylation 
and in vivo DNA-protein interactions on a single-copy gene level in higher eukayotes. 
Proc Natl Acad Sci USA 86:2602-2606

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular Cloning. A laboratory Manual, 
2nd edition. New York, Cold Spring Harbor Laboratory

Sandstrom PA, Roberts B, Folks TM, Buttke TM (1993) HIV gene expression enhances 
T cell susceptibility to hydrogen peroxide-induced apoptosis. AIDS Res Hum 
Retroviruses 9:1107-1113



198

Sandstrom PA, Tebbey PW, Van-Cleave S, Buttke TM (1994) Lipid hydroperoxides 
induce apoptosis in T cells displaying a HIV-associated glutathione peroxidase 
deficiency. J Biol Chem 269:798-801

Santosh V, Shankar SK, Das S, Pal L, Ravi V, Desai A, Sreedharan A, Khanna N, 
Chandramuki A, Satishchandra P, et al (1995) Pathological lesions in HIV positive 
patients. Indian J Med Res 101:134-141

Sasseville VG, Newman WA, Lackner AA, Smith MO, Lausen NC, Beall D, Ringler 
DJ (1992) Elevated vascular cell adhesion molecule-1 in AIDS encephalitis induced by 
simian immunodeficiency virus. Am J Pathol 141:1021-1030

Sawada M, Suzumura A, Marunouchi T (1992) TNF alpha induces IL-6 production by 
astrocytes but not by microglia. Brain Res 583:296-299

Sawada M, Suzumura A, Marunouchi T (1995) Induction of functional interleukin-2 
receptor in mouse microglia. J Neurochem 64:1973-1979

Scadden DT, Wang Z, Grropman IB (1992) Quantitation of plasma human 
immunodeficiency virus type 1 RNA by competitive polymerase chain reaction. J Infect 
Dis 165:1119-1123

Scaravilli F, Gray F, Mikol J, Sinclair E (1993) Pathology of the nervous system. In: 
Scaravilli F (ed) The neuropathology of HIV infection. Springer Verlag, pp99-170

Schlesinger L, Musson RA, Johnston RB (1984) Functional and biochemical studies of 
multinucleated giant cells derived from the culture of human monocytes. J Exp Med 
159:1289-1294

Schmid P, Conrad A, Syndulko K, Singer EJ, Handley D, Li X, Tao G, Fahy-Chandon 
B, Tourtellotte WW (1994) Quantifying HIV-1 proviral DNA using the polymerase chain 
reaction on cerebrospinal fluid and blood of seropositive individuals with and without 
neurologic abnormalities. J Acquir Immune Defic Syndr 7:777-788

Schmidtmayerova H, Nottet HSLM, Nuovo G, Raabe T, Flanagan CR, Dubrovsky L, 
Gendelman HE, Cerami A, Bukrinsky M, Sherry B (1996) Human immunodeficiency 
virus type 1 infection alters chemokine 8 peptide expression in human monocytes: 
implications for recruitment of leukocytes into brain and lymph nodes. Proc Natl Acad 
Sci. USA 93:700-704

Schnittman SM, Greenhouse JJ, Lane HC, Pierce PF, Fauci AS (1991) Frequent 
detection of HIV-1-specific mRNAs in infected individuals suggests ongoing active viral 
expression in all stages of disease. AIDS Res Hum Retroviruses 7:361-367

Schnittman SM, Fauci AS (1994) Human immunodeficiency virus and acquired 
immunodeficiency syndrome: an update. Adv Intern Med 39:305-355

Schuitemaker H, Koot M, Kootstra NA, Dercksen MW, de-Goede RE, van-Steenwijk



199

RP, Lange JM, Schattenkerk JK, Miedema F, Tersmette M (1992) Biological phenotype 
of human immunodeficiency virus type 1 clones at different stages of infection: 
progression of disease is associated with a shift from monocytotropic to T-cell-tropic 
virus population. J Virol 66:1354-1360

Schuitemaker H, Kootstra NA, de Goede RE, de Wolf F, Miedema F, Tersmette M
(1991) Monocytotropic human immunodeficienct virus type 1 (HIV-1) variants detectable 
in all stages of HIV-1 infection lack T-cell line tropism and syncytium-inducing ability 
in primary T-cell culture. J Virol 65:356-363

Scott-Algara D, Vuillier F, Marasescu M, de-Saint Martin J, Dighiero 0  (1991) Serum 
levels of IL-2, IL-1 alpha, TNF-alpha, and soluble receptor of IL-2 in HIV-1-infected 
patients. AIDS Res Hum Retroviruses 7:381-386

Sei S, Kleiner DE, Kopp JB, Chandra R, Klotman PE, Yarchoan R, Pizzo PA, Mitsuya 
H (1994) Quantitative analysis of viral burden in tissues from adults and children with 
symptomatic human immunodeficiency virus type 1 infection assessed by polymerase 
chain reaction. J Infect Dis 170:325-333

Selmaj KW, Raine CS (1988) Tumor necrosis factor mediates myelin and 
oligodendrocyte damage in vitro. Ann Neurol 23:339-346

Selmaj KW, Raine CS, Cannella B, Brosnan CF (1991) Identification of lymphotoxin 
and tumor necrosis factor in multiple sclerosis lesions. J Clin Invest 87:949-954

Seshamma T, Bagasra O, Trono D, Baltimore D, Pomerantz RJ (1992) Blocked early- 
stage latency in the peripheral blood cells of certain individuals infected with human 
immunodeficiency virus type 1. Proc Natl Acad Sci USA 89:10663-10667

Sharer LR (1992) Pathology of HIV-1 infection of the central nervous system. A review. 
J Neuropathol Exp Neurol 51:3-11

Sharer LR, Cho ES, Epstein LG (1985) Multinucleated giant cells and HTLV-III in 
AIDS encephalopathy. Hum Pathol 16:760

Sharer LR, Epstein LG, Cho ES, Joshi VV, Meyenhofer ME, Rankin LF, Petito CK 
(1986) Pathologic features of AIDS encephalopathy in children: evidence for 
LAV/HTLV-III. Hum Pathol 17:271-284

Sharief MK (1995) Role of cytokines in blood-brain barrier damage. In: Aggarwal BB 
and Pari RK (ed) Human cytokines: their role in disease and therapy. Blackwell Science 
Inc., USA, pp609-622

Sharpless NE, O’brien WA, Verdin E, Kufta CV, Chen IS, Dubois-Dalcq M (1992a) 
Human immunodeficiency virus type 1 tropism for brain microglial cells is determined 
by a region of the env glycoprotein that also controls macrophage tropism. J Virol 
66:2588-2593



200

Sharpless N, Gilbert D, Vandercam B, Zhou JM, Verdin E, Ronnett G, Friedman E, 
Dubois-Dalcq M (1992b) The restricted nature of HIV-1 tropism for cultured neural 
cells. Virology 191:813-825

Sharp PA, Marciniak RA (1989) HIV TAR: an RNA enhancer? Cell 59:229-230

Shaunak S, Weber JN (1992) The retroviruses: classification and molecular biology. In: 
Rudge P (ed) Bailliere’s clinical neurology. Neurological aspects of human retroviruses. 
Bailliere Tindall, London, 1:1-21

Shaw GM, Harper ME, Hahn BH, Epstein LG, Gajdusek DC, Price RW, Navia BA, 
et al (1985) HTLV-III infection in brains of children and adults with AIDS 
encephalopathy. Science 227:177-182

Shaw GM, Wong-Staal F, Gallo RC (1988) Etiology of AIDS: Virology, molecular 
biology, and evolution of human immunodeficiency viruses. In: de Vita VT, Heilman 
S, Rosenberg SA (ed) AIDS etiology, diagnosis, treatment, and prevention. J B 
Lippincott Company, London, pp 11-32

Shearer GM, Clerici M (1991) Early T-helper cell defects in HIV infection. AIDS 
5:245-253

Shearer WT, Rosenblatt HM, Schuluchter MD, Mofenson LM, Denny TN (1993) 
Immunologic targets of HIV infection: T cells. Ann N Y Acad Sci 693:35-51

Simmonds P, Balfe P, Ludlam CA, Bishop JO, Brown AJ (1990a) Analysis of sequence 
diversity in hypervariable regions of the external glycoprotein of human 
immunodeficiency virus type 1. J Virol 64:5840-5850

Simmonds P, Balfe P, Peutherer JF, Ludlam CA, Bishop JO, Brown AJ (1990b) Human 
immunodeficiency virus-infected individuals contain provirus in small numbers of 
peripheral mononuclear cells and at low copy numbers. J Virol 64:864-872

Sinclair E, Gray F, Ciardi A, Scaravilli F (1994) Immunohistochemical changes and 
PCR detection of HIV provirus DNA in brains of asymptomatic HIV-positive patients. 
J Neuropathol Exp Neurol 53:43-50

Sinclair E, Gray F, Scaravilli F (1992a) PCR detection of HIV proviral DNA in the 
brain of an asymptomatic HIV-positive patient. J Neurol 239:469-471

Sinclair E, Scaravilli F (1992b) Detection of HIV proviral DNA in cortex and white 
matter of AIDS brains by non-isotopic polymerase chain reaction: correlation with 
diffuse poliodystrophy. AIDS 6:925-932

Smith TW, Degirolami U, Henin D, Bolgert F, Hauw JJ (1990) Human 
immunodeficiency virus (HIV) leukoencephalopathy and the microcirculation. J 
Neuropathol Exp Neurol 49:357-370



201

Snider WD, Simpson DM, Nielsen S, Gold JW, Metroka CE, Posner JB (1983) 
Neurological complications of acquired immune deficiency syndrome: analysis of 50 
patients. Ann Neurol 14:403-418

Sonnerborg A, Johansson B, Strannegard O (1991) Detection of HIV-1 DNA and 
infectious virus in cerebrospinal fluid. AIDS Res Hum Retroviruses 7:369-373

Specter S, Plotnikoff N, Bradley WG, Goodfellow D (1994) Methionine enkephalin 
combined with AZT therapy reduce murine retrovirus-induced disease. Int J 
Immunopharmacol 16:911-917

Stanley LC, Mrak RE, Woody RC, Perrot LJ, Zhang S, Marshak DR, Nelson SJ, 
Griffin WS (1994) Glial cytokines as neuropathogenic factors in HIV infection: 
pathogenic similarities to Alzheimer’s disease. J Neuropathol Exp Neurol 53:231-238

Stem RA, Singer NG, Silva SG, Rogers HJ, Perkins DO, Hall CD, van-Der Horst CM, 
Evans DL (1992) Neurobehavioral functioning in a nonconfounded group of 
asymptomatic HIV-seropositive homosexual men. Am J Psychiatry 149:1099-1102

Stieger M, Demolliere C, Ahlborn-Laake L, Mous J (1991) Competitive polymerase 
chain reaction assay for quantitation of HIV-1 DNA and RNA. J Virol Methods 34:149- 
160

Stoler MH, Eskin TA, Benn S, Angerer RC, Angerer LM (1986) Human T-cell 
lymphotropic virus type III infection of the central nervous system. A preliminary in situ 
analysis. JAMA 256:2360-2364

Suzumura A, Sawada M, Itoh Y, Marunouchi T (1994) Interleukin-4 induces 
proliferation and activation of microglia but suppresses their induction of class II major 
histocompatibility complex antigen expression. J Neuroimmunol 53:209-218

Suzumura A, Sawada M, Yamamoto H, Marunouchi T (1990) Effects of colony 
stimulating factors on isolated microglia in vitro. J Neuroimmunol 30:111-120

Swingler S, Easton A, Morris A (1992) Cytokine augmentation of HIV-1 LTR-driven 
gene expression in neural cells. AIDS Res Hum Retroviruses 8:487-493

Takeda A, Tuazon CU, Ennis FA (1988) Antibody-enhanced infection by HIV-1 via Fc 
receptor-mediated entry. Science 242:580-583

Takeuchi Y, Akutsu M, Murayama K, Shimizu N, Hoshino H (1991) Host range mutant 
of human immunodeficiency virus type 1 : modification of cell tropism by a single point 
mutation at the neutrolization epitope in the env gene. J Virol 65:1710-1718

Tardieu M (1996) Introduction in the 7th "Neuroscience of HIV infection" meeting. J 
NeuroVirol 2:1

Tardieu M, Hery C, Peudenier S, Boespflug O, Montagnier L (1992) Human



Taylor CR, Shi SR, Chaiwun B, Young L, Imam SA, Cote RJ (1994) Strategies for 
improving the immunohistochemical staining of various intranuclear prognostic markers 

'in formalin-paraffm sections: androgen receptor, estrogen receptor, progesterone 
receptor, p53 protein, proliferating cell nuclear antigen, and Ki-67 antigen revealed by 
antigen retrieval techniques. Hum Pathol 25: 263-70

immunodeficiency virus type 1-infected monocytic cells can destroy human neural cells 
after cell-to-cell adhesion. Ann Neurol 32:11-17

Tartaglia LA, Weber RF, Figari IS, Reynolds C, Palladino MA, Goeddel DV (1991) 
The two different receptors for tumor necrosis factor mediate distinct cellular responses. 
Proc Natl Acad Sci USA 88:9292-9296

Taylor JP, Khalili K (1994) Activation of HIV-1 transcription by Tat in cells derived 
from the CNS: evidence for the participation of NF-kappa B—a review. Adv 
Neuroimmunol 4:291-303

Tomatore C, Chandra R, Berger JR, Major EO (1994a) HIV-1 infection of subcortical 
astrocytes in the pediatric central nervous system. Neurology 44:481-487

Tomatore C, Meyers K, Atwood W, Conant K, Major E (1994b) Temporal patterns of 
human immunodeficiency virus type 1 transcripts in human fetal astrocytes. J Virol 
68:93-102

Tomatore C, Nath A, Amemiya K, Major EO (1991) Persistent human 
immunodeficiency vims type 1 infection in human fetal glial cells reactivated by T-cell 
factor(s) or by the cytokines tumor necrosis factor alpha and interleukin-1 beta. J Virol 
65:6094-6100

Tyor WR, Glass JD, Griffin JW, Becker PS, McArthur JC, Bezman L, Griffin DE
(1992) Cytokine expression in the brain during the acquired immunodeficiency 
syndrome. Ann Neurol 31:349-360

Tyor WR, Wesselingh SL, Griffin JW, McArthur JC, Griffin DE (1995) Unifying 
hypothesis for the pathogenesis of HIV-associated dementia complex, vacuolar 
myelopathy, and sensory neuropathy. J Acquir Immune Defic Syndr 9:379-388

Tweardy DJ, Glazer EW, Mott PL, Anderson K (1991) Modulation by tumor necrosis 
factor-alpha of human astroglial cell production of granulocyte-macrophage colony- 
stimulating factor (GM-CSF) and granulocyte colony-stimulating factor (G-CSF). J 
Neuroimmunol 32:269-278

Uehara T, Miyawaki T, Ohta K, Tamaru Y, Yokoi T, Nakamura S, Taniguchi N (1992) 
Apoptotic cell death of primed CD45RO+ T lymphocytes in Epstein-Barr vims-induced 
infectious mononucleosis. Blood 80:452-458

Umehara F, Nakamura A, Izumo S, Hubota R, Ijichi S, Kashio N, et al (1994) 
Apoptosis of T lymphocytes in the spinal cord lesions in HTLV-1-associated myelopathy: 
a possible mechanism to control viral infection in the central nervous system. J 
Neuropathol Exp Neurol 53:617-624

Valentin A, Albert J, Fenyo EM, Asjo B (1994) Dual tropism for macrophages and 
lymphocytes is a common feature of primary human immunodeficiency virus type 1 and 
2 isolates. J Virol 68:6684-6689



203

Van-Gorp W G, Miller E N, Satz P, Visscher B (1989) Neuropsychological performance 
in HIV-1 immunocompromised patients: a preliminary report. J Clin Exp Neuropsychol 
11:763-773

Van-Rompay KK, Otsyula MG, Marthas ML, Miller CJ, Mcchesney MB, Pedersen NC 
(1995) Immediate zidovudine treatment protects simian immunodeficiency virus-infected 
newborn macaques against rapid onset of AIDS. Antimicrob Agents Chemother 
39:125-131

Varesio L, Espinoza-Delgado I, Gusella L, Cox GM, Melillo G, Musso T, Bosco MC 
(1995) Role of cytokines in the activation of monocytes. In: Aggarwal BB and Puri RK 
(ed) Human cytokines: their role in disease and therapy. Blackwell Science, Inc., USA, 
pp55-69

Vazeux R, Brousse N, Jarry A, Henin D, Marche C, Vedrenne C, et al (1987) AIDS 
subacute encephalitis: identification of HIV-infected cells. Am J Pathol 126:403-410

Verhofstede C, Reniers S, Van-Wanzeele F, Plum J (1994) Evaluation of proviral copy 
number and plasma RNA level as early indicators of progression in HIV-1 infection: 
correlation with virological and immunological markers of disease. AIDS 8:1421-1427

Villa G, Monteleone D, Marra C, Bartoli A, Antinori A, Pallavicini F, Tamburrini E 
(1993) Neuropsychological abnormalities in AIDS and asymptomatic HIV seropositive 
patients. J Neurol Neurosurg Psychiatry 56:878-884

Vitkovic L, da-Cunha A, Tyor WR (1994) Cytokine expression and pathogenesis in 
AIDS brain. Res Publ Assoc Res Nerv Ment Dis 72:203-222

Vitkovic L, Kalebic T, da Cunha A, Fauci AS (1990) Astrocyte-conditioned medium 
stimulates HIV-1 expression in a chronically infected promonocyte clone. J 
Neuroimmunol 30:153-160

Vitkovic L, Wood GP, Major EO, Fauci AS (1991) Human astrocytes stimulate HIV-1 
expression in a chronically infected promonocyte clone via interleukin-6. AIDS Res Hum 
Retroviruses 7:723-727

Wahl SM, Allen JB, McCartney-Francis N, Morganti-Kossmann MC, Kossmann T, 
Ellingsworth L, Mai UE, Mergenhagen SE, Orenstein JM (1991) Macrophage- and 
astrocyte-derived transforming growth factor beta as a mediator of central nervous 
system dysfunction in acquired immune deficiency syndrome. J Exp Med 173:981-991

Wain-Hobson S (1989) HIV genome variability in vivo. AIDS 3(Suppl 1):S13-S18

Walker BD (1994) The rationale for immunotherapy in HIV-1 infection. J Acquir 
Immune Defic Syndr 7(suppl I):s6-sl3

I Walker PR, Sikorska M (1994) Endonuclease activities, chromatin structure, and DNA 
I degradation in apoptosis. Biochem Cell Biol 72:615-23

Walker PR, Kokileva-L,LeBlanc J, Sikorska M (1993) Detection of the initial stages of 
DNA fragmentation in apoptosis. Biotechniques 15:1032-1040



204

Ward JM, Oleary TJ, Baskin GB, Benveniste R, Harris CA, Nara PL, Rhodes RH 
(1987) Immunohistochemical localization of human and simian immunodeficiency viral 
antigens in fixed tissue sections. Am J Pathol 127:199-205

Watanabe-Fukunaga R, Brannan Cl, Copeland NG, Jenkins NA, Nagata S (1992) 
Lymphoproliferation disorder in mice explained by defects in Fas antigen that mediates 
apoptosis. Nature 356:314-317

Weber J, Clapham P, Mckeating J, Stratton M, Robey E, Weiss R (1989) Infection of 
brain cells by diverse human immunodeficiency virus isolates: role of CD4 as receptor. 
J Gen Virol 70:2653-2660

Weber JN (1993) HIV infection: a cellular approach. In Scaravilli F (ed) The 
neuropathology of HIV infection. Springer Verlag, ppl-8

Weis S, Neuhaus B, Mehraein P (1994) Activation of microglia in HIV-1 infected brains 
is not dependent on the presence of HIV-1 antigens. Neuroreport 5:1514-1516

Weiss G, Fuchs D, Hausen A, Reibnegger G, Werner E R, Wemer-Felmayer G, 
Semenitz E, Dierich MP, Wachter H (1993) Neopterin modulates toxicity mediated by 
reactive oxygen and chloride species. FEBS Lett 321:89-92

Weiss RA (1993) How does HIV cause AIDS? Science 260:1273-1279

Weissman D, Poli G, Fauci AS (1995) IL-10 synergizes with multiple cytokines in 
enhancing HIV production in cells of monocytic lineage. J Acquir Immune Defic Syndr 
Hum Retrovirol 9:442-449

Weller IVD (1993) Epidemiology and natural history of HIV infection: an overview. In: 
Scaravilli F (ed) The neuropathology of HIV infection. Springer Verlag, pp9-19

Weller M, Stevens A, Sommer N, Melms A, Dichgans J, Wietholter H (1991) 
Comparative analysis of cytokine patterns in immunological, infectious, and oncological 
neurological disorders. J Neurol Sci 104:215-221

Werner T, Ferroni S, Saermark T, Brack-Wemer R, Banati RB, Mager R, et al (1991) 
HIV-1 Nef protein exhibits structural and functional similarity to scorpion peptides 
interacting with K4- channels. AIDS 5:1301-1308

Wesselingh SL, Glass J, Mcarthur JC, Griffin JW, Griffin DE (1994) Cytokine 
dysregulation in HIV-associated neurological disease. Adv Neuroimmunol 4:199-206

Wesselingh SL, Power C, Glass JD, Tyor WR, Mcarthur JC, Farber JM, Griffin JW, 
Griffin DE (1993) Intracerebral cytokine messenger RNA expression in acquired 
immunodeficiency syndrome dementia. Ann Neurol 33:576-582

White JL, Darko DF, Brown SJ, Miller JC, Hayduk R, Kelly T, Mitley MM (1995) 
Early central nervous system response to HIV infection: sleep distortion and cognitive-



205

motor decrements. AIDS 9:1043-1050

Wijsman JH, Jonker RR, Keijzer R, Van de Velde CJH, Cornellsse CJ, Dierendonck 
JHV (1993) A new method to detect apoptosis in paraffin sections: in situ end-labelling 
of fragmented DNA. J Histochem Cytochem 41:7-12

Wiley CA, Achim CL, Schrier RD, Heyes MP, Mccutchan JA, Grant I (1992) 
Relationship of cerebrospinal fluid immune activation associated factors to HIV 
encephalitis. AIDS 6:1299-1307

Wiley CA, Masliah E, Morey M, Lemere C, Deteresa R, Grafe M, Hansen L, Terry 
R (1991) Neocortical damage during HIV infection. Ann Neurol 29:651-657

Wiley CA, Schrier RD, Nelson JA, Lamport PW, Oldstone MB (1986) Cellular 
localization of human immunodeficiency virus infection within the brains of acquired 
immune deficiency syndrome patients. Proc Natl Acad Sci USA 83:7089-7093

Wilkie FL, Eisdorfer C, Morgan R, Loewenstein DA, Szapocznik J (1990) Cognition 
in early human immunodeficiency virus infection. Arch Neurol 47:433-440

Wilt SG, Milward E, Zhou JM, Nagasato K, Patton H, Rusten R, Griffin DE, O’connor 
M, Dubois-Dalcq M (1995) In vitro evidence for a dual role of tumor necrosis factor- 
alpha in human immunodeficiency virus type 1 encephalopathy. Ann Neurol 37:381-394

Wong-Staal F, Gallo RC (1985) Human T-lymphotropic retroviruses. Nature 317:395- 
403

Wood R, Dong H, Katzenstein DA, Merigan TC (1993) Quantification and comparison 
of HIV-1 proviral load in peripheral blood mononuclear cells and isolated CD4-H T 
cells. J Acquir Immune Defic Syndr 6:237-240

Woodroofe MN (1995) Cytokine production in the central nervous system. Neurology 
45(6 Suppl 6):S6-10

Wyllie AH (1980) Glucocorticoid-induced thymocyte apoptosis is associated with 
endogenous endonuclease activation. Nature 284:555-556

Wyllie AH, Kerr JF, Currie AR (1980) Cell death: the significance of apoptosis. Int Rev 
Cytol 68:251-306

Wyllie AH, Morris RG, Smith AL, Dunlop D (1984) Chromatin cleavage in apoptosis: 
association with condensed chromatin morphology and dependence on macromolecular 
synthesis. J Pathol 142:67-77

Yamato K, el-Hajjaoui Z, Simon K, Koeffler HP (1990) Modulation of interleukin-1 beta 
RNA in monocytic cells infected with human immunodeficiency virus-1. J Clin Invest 
86:1109-1114



206

Yonish-Rouach E, Resnitzky D, Lotem J, Sachs L, Kimchi A, Oren M (1991) Wild-type 
p53 induces apoptosis of myeloid leukaemic cells that is inhibited by interleukin-6. 
Nature 352:345-347

Yoshioka M, Shapshak P, Sun NC, Nelson SJ, Svenningsson A, Tate LG, Pardo V, 
Resnick L (1992) Simultaneous detection of ferritin and HIV-1 in reactive microglia. 
Acta Neuropathol Berl 84:297-306

Yoshiyama H, Mo H, Moore JP, Ho DD (1994) Characterization of mutants of human 
immunodeficiency virus type 1 that have escaped neutrolization by a monoclonal 
antibody to the gpl20 V2 loop. J Virol 68:974-978

Youmo J, Conroy J (1992) A novel polymerase chain reaction method for detection of 
human immunodeficiency virus in dried blood spots on filter paper. J Clin Microbiol 
30:2887-2892

Zaretsky MD (1995) AZT toxicity and AIDS prophylaxis: is AZT beneficial for HIV+ 
asymptomatic persons with 500 or more T4 cells per cubic millimeter? Genetica 
95:91-101

Zhong LT, Sarafian T, Kane DJ, Charles AC, Mah SP, Edwards RH, Bredesen DE
(1993) bcl-2 inhibits death of central neural cells induced by multiple agents. Proc Natl 
Acad Sci USA 90:4533-4537

Zimmermann K, Schogl D, Mannhalter JW (1994) Hemi-nested quantitative competitive 
PCR of HIV-1. Biotechniques 17:440-442



207

APPENDICES



208

APPENDIX A

Calculations showing the possibility of contamination of HIV-1 DNA from  residual 

blood within brain

The possibility of contamination from blood could be calculated assuming blood 

distribution to be even throughout the whole body at the time of death; that blood flow 

has a normal rate of 50-55 ml per 100 g brain per minute [50X14(1,400 g weight of 

organ/100 g)=700 ml=700,000 mm^] (Adams and Victor, 1985) and that white blood 

cells (WBC) count is at normal level (7.4X10Vmm^) (Dittmer, 1961).

1. As PBMC represent 4% of circulating white blood cells, the number of PBMC 

infected by HIV-1 in 10 mg*̂  of brain =

7.400rWBC/mm^lX4%X700.000mm^

1,000'^XI ,400gX60(seconds) = 0.025 cell;

2. Assuming a CD4 count of 400 cells/mm^ in the pre-AIDS patients, thus the number 

of HIV-1 infected CD4 positive T cells in 10 mg of brain =

400rCD4 cell/mm^lX700.000mm^ 

lOO'^X 1,400gX60(seconds) = 0.33 cell;
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3. Assuming HIV-1 DNA copies are 10"* copies/ml in the pre-AIDS patients and the 

copies of HIV-1 DNA from plasma in 10 mg of brain =

10^copies/mr^X700ml

l,400gX60(seconds) =  0.83 copies

T otal=

0.025 4- 0.33 -f 0.83 =  1.185 copies (assuming that 1 copy of HIV-1 DNA per 

infected cell); or

0.025 X 2 -I- 0.33 X 2 4- 0.83 = 1.54 copies (assuming that 2 copies per 

infected cell).

Usually, 1-2 /xg of DNA obtained from 10 mg of brain tissue.
This figure refers to the number of PBMC infected in an asymptomatic individual (Lee et al., 
1991).
The figure refers to the number of CD4 positive T cell infected in an AIDS patient 
(Poznansky et al., 1991).
This figure refers to the copy number of HIV-1 RNA in plasma in an AIDS patient 
(Scadden et al., 1992).
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APPENDIX B

Detection of DNA fragmentation using DNA polymerase 1 and terminal 

deoxynucleotidyl transferase (TDT)

REAGENTS

PBS

Proteinase K buffer

10 mM phosphate-buffered saline pH7.4 
138 mM NaCl 
2.7 mM KCl

100 mM Tris-HCl pHS.O 
50 mM EDTA

Buffer 1

Buffer 2

Colour solution

100 mM Tris-HCl pH7.5 
150 mM NaCl

100 mM Tris-HCl pH9.5 
100 mM NaCl 
50 mM MgCl2

4.5 fxl NET
3.5 jul X-phosphate
10/xl of 2.5% levamisole solution 
buffer 2 till 1 ml
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End labelling buffer (for polymerase 1)

50 mM Tris-HCl pH7.5 
5 mM MgClz 
10 mM 2-mercaptoethanol 
0.005% BSA

30X dNTP mix

1 mM dATP 
1 mM dCTP 
1 mM dGTP
0.65 mM dTTP
0.35 mM DIG-11-dUTP

lOX Enzyme solution (kit contents)

terminal deoxynucleotidyl transferase (TDT) in storage 
buffer

Label solution

nucleotide mixture in reaction buffer

Converter-AP

anti-fluorescein antibody, conjugated with AP

METHODS

IISEL using DNA polymerase 1 (nick translation)

1. Deparaffinise specimen

a. Heat slides to 60°C in oven for 15 min.

b. Rinse slides 3 times in xylene, 2 min each.
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2. Rehydrate specimens by immersing in serial graded ethanol washes (100%, 

100%, 95%, 70%, 50%) 2 min each.

3. Detergent permeabilisation

a. Immerse slides in PBS for 2 min.

b. Immerse slides in 0.3% Triton X-100 in PBS 15 min at RT.

c. Wash slides 2 times in PBS, 5 min each.

4. Proteinase K digestion

a. Incubate slides in proteinase K solution (l^g/ml) at 37°C for 10 min.

b. Wash in PBS for 5 min.

5. Dehydrate slides by immersing in serial graded ethanol washes (50%, 70%, 

95%, 100%) 2 min each.

6. Prepare ISEL reaction mixture and apply 100/d to each slide, cover with

parafilm, each 100/d contain:

lOX buffer 10 /d
30X dNTP 3.3 /d
Klenow 5“
dH^O till 100 /d

7. Incubate slides in humid chamber at 37”C for 120 min.

8. Wash with PBS 2 times, 5 min each.

9. Rinse with buffer 1.

10. Incubate slides in buffer 1 containing 2% normal goat serum and 0.3% Triton X-

100 for 30 min at RT.

11. Dilute anti-DIG-AP conjugated antibody 1:500 with buffer 1 containing 1% 

normal goat serum and 0.3% Triton X-100.

12. Apply 100/d of diluted antibody to the slides and incubate in a humid chamber 

at 4°C overnight (about 12 hours).
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13. Wash slides for 10 min with shaking in buffer 1.

14. Wash slides for 10 min with shaking in buffer 2.

15. Apply 2 0 0 colour solution to each slide and incubate slides in humid chamber 

in absence of light for 10 min or longer as needed.

16. Stop reaction by washing slides with water.

17. Counter stain with fast nuclear red for 5 min and then wash with water.

18. Dehydrate as step 5, then 2 min in histoclear.

19. Mount coverslip with ralmount.

n  TDT-mediated dUTP-fiuorescein nick end labelling (TUNEL)

1-5. are same as 1 through 5 in I.

6. Prepare TUNEL reaction mixture by adding 50/xl of lOX enzyme solution to 

450^1 label solution to obtain 500/xl TUNEL reaction mixture.

7-10. are same as 7 through 10 in I.

11. Apply 100 /xl Converter-AP solution onto each slide.

12. Incubate in a humid chamber at 4°C overnight.

13-19. are same as 13 through 19 in I.
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APPENDIX C

Extraction of DNA from formalin fixed, paraffin embedded brain  specimens 

REAGENTS

Proteinase K buffer

10 mM Tris-HCl pH7.4 
1 mM EDTA
0.5% SDS

Proteinase K stock solution 50 mg/ml sterile distilled water

Equilibration of phenol (100 g Molecular biology grade, sigma)

1. Remove from freezer and warm to room temperature.

2. Melt at 68°C in water bath.

3. Add hydroxyquinoline to a final concentration of 0.1%.

4. Add 100 ml 0.5 M Tris-HCl pH 8.0, stir 15 min then aspirate the upper

(aqueous) phase.

5. Add 100 ml 0.1 M Tris-Hcl pH8.0, stir and aspirate the upper phase then repeat

2 to 3 times until the pH of the phenolic phase is > 7.8 .

6. Add 10 ml 0.1 M Tris-Hcl pH8.0 containing 0.2% B-mercaptoethanol.

Preparation of chloroform:isoamyl alcohol 

Add 2 ml isoamyl alcohol to 48 ml chloroform.
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Preparation of phenol:chloroform:isoamyl alcohol (25:24:1)

Mix equal volume of equilibrated phenol and chloroform:isoamyl alcohol.

METHODS

1. Cut 10 fim section and remove part of tissue containing meninges with disposable 

scalpel and forceps, change blades for each block.

2. Put 5 to 10 sections in one Eppendorf tube.

3. Dewax by washing 3 times with xylene and once with 100% ethanal.

4. Dry tissue at 95°C for 30 min.

5. Add proteinase K solution to a final concentration of 5 mg/ml in proteinase K 

buffer.

6. Digest for 24 hours at 55°C in water bath with gently shake.

7. Add fresh proteinase K solution to tissue suspension and continue digestion for 

another 24 hours if tissue is still visible.

8. Extract DNA by standard method, i.e. add an equal volume of phenol: 

chloroform and mix the contents of the tube until an emulsion forms.

9. Centrifuge the mixture at 12,000g for 10 min.

10. Use a pipette to transfer the aqueous phase to a fresh tube. Discard the interface 

and organic phase.

11. Repeat steps 8 through 10 until no protein is visible at the interface of the 

organic and aqueous phases.

12. Add an equal volume of chloroform and repeat steps 9 and 10.

13. Remove the spare liquid by spin through a Microcon-30 column (30,000
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molecule weight cut off) at 13,000g for 10 min.

14. Recover the purified, concentrated DNA by placing sample reservoir upside 

down in a new tube then spin 2 min at 1,000 rpm.

15. Quantify DNA using spectrophotometer.
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APPENDIX D

Semi-quantitative PCR

REAGENTS

PCR reaction buffer (50 /iL)

10 mM dNTP

Blocking stock solution

Buffer 1

16 mM (NHJ2SO2
67 mM Tris-HCl pH8.8
0.01% Tween-20
0.3 fxM of each primer
0.2 mM of dATP, dCTP, dGTP, dTTP
3 mM MgCl2
2.5“ BioTaq polymerase

10 mM dATP 
10 mM dCTP 
10 mM dGTP 
10 mM dTTP

Blocking reagent is dissolved in buffer 1 to a final 
concentration of 10% and autoclaved.

0.1 M Maleic acid
0.15 M NaCl pH7.5

Buffer 2

blocking reagent in buffer 1 at a final concentration of 1 %,



Buffer 3

Washing buffer

2X SSC

CSPD solution

METHODS

I Semi-quantitative PCR

218

100 mM Tris-HCl pH9.5 
50 mM MgClg 
100 mM NaCl

buffer 1 with 0.3% Tween 20

0.3 M NaCl, 30 mM Na-citrate pHV.O

200 fjLl of CSPD in 20 ml buffer 3

1. Preparation of master mix for the first round of PCR, each 50 fil contain:

lOX PCR buffer 5 !x\
50 mM MgCl2 3 /xl
10 mM dNTP 1/xl
primer pol 1 5 /xl
primer pol 2 5 /xl
Taq 0.5 /xl (2.5")
dH^O 26.5 /xl

Total
template

45 /xl
5 /xl (1 /xg of DNA)
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2. Run samples for 28 cycles using Thermal Cycler as below:

95°C 5 min
94°C 1 m in ----- repeat for
63°C 2 m in -----28 cycles
72°C 7 min

3. Preparation of master mix for second round of PCR, each 50 fil contain:

lOX PCR buffer 5 /xl
50 mM MgCl2 3 /xl
10 mM dNTP 1 /xl
primer pol 3 (5’-DIG labelled) 5 /xl
primer pol 2 5 /xl
Taq 0.5 /xl
dH^O 29 /xl

Total 47.5 /xl
PCR product 2.5 /xl

4. Run samples for 18 cycles as step 2.

n  Performing a Southern transfer on the Vacu-AID

1. Run 10 /xl PCR product from second round of PCR on 2% agarose

electrophoresis gel.

2. Carefully measure the size of the gel to be blotted. Cut an aperture 5-10 mm 

smaller than the gel in a rubber mask.

3. Cut a piece of 3 mm filter paper 2-4 cm larger that the gel. Pre-wet with 2X

SSC. Cut the nylon membrane (positive charged) slightly longer that the gel and 

place on top of the 3 mm paper.

4. Carefully locate the rubber mask over the membrane and filter paper so as to

position the aperture exactly over the membrane.

5. Locate top manifold and clamp into place.
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6. Flood the aperture in the rubber mask with a small quantity of transfer buffer and 

carefully position the agaroge gel exactly over the aperture. Remove all air 

bubbles if there is any.

7. Apply vacuum at 80 cm of water pressure and transfer buffer to the top of the 

gel. Blotting proceeds for 90 min.

8. Fix DNA onto nylon membrane by baking membrane at 120°C for 30 min.

in  Chemiluminescence

1. Rinse membrane briefly in washing buffer.

2. Incubate for 30 min in buffer 2.

3. Dilute anti-DIG-AP conjugate to 75 mU/ml (1:10,000) in buffer 2.

4. Incubate membrane for 30 min in 20 ml antibody solution.

5. Wash 2 X 15 min with washing buffer.

6. Equilibrate 2-5 min in buffer 3.

7. Incubate membrane for 5 min in 20 ml CSPD solution.

8. Let excess liquid drip off and blot membrane briefly on Whatman 3 mm paper.

Do not let membrane dry completely.

10. Seal damp membrane in a hybridisation bag and incubate for 5-15 min at 37°C 

to enhance the luminescent reaction.

11. Expose for 15-25 min at room temperature to X-ray film.
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IV Densitometry

Scan the X-ray film using the molecular Dynamics Densitometer.

V Standard curve

Standard curve is made according to the value of area or volume obtained from a series 

of dilutions of standard DNA and linear relationship between the log of the amount of 

PCR product and the log of the initial amount of sample DNA is represented in log/log 

XY chart.
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Abstract
A im s—To adapt the polym erase chain  
reaction (PCR) technique o f HIV detec
tion to paraffin wax em bedded brain tis
sue and to com pare the results with those 
obtained using frozen tissue.
M ethods—HIV antigen and HIV proviral 
DNA were detected in specim ens of  
frontal lobe using im m unohistochem istry  
and PCR, respectively. DNA was 
extracted from fresh tissue using stan
dard m ethods whereas the technique for 
extracting DNA from paraffin wax 
em bedded tissue was partly m odified. 
R esu lts—Twenty cases were exam ined. 
HIV DNA was detected in 16 cases in 
frozen specim ens. O f these, 15 were also 
positive when paraffin wax embedded  
m aterial was analysed.
C onclusions—This study shows that HIV 
proviral DNA can be detected in formalin  
fixed, paraffin wax em bedded brain tis
sue by PCR. The results obtained from  
paraffin wax em bedded specim ens 
showed a sim ilar degree o f reliability to 
those from fresh frozen brain. Factors 
such as fixative, fixation tim e, and delay 
in performing post m ortem  exam inations 
did not seem  to influence PCR am plifica
tion as positive results were obtained 
with specim ens left in fixative for up to 
eight m onths, as well as in cases where 
post m ortem  exam inations had been  
delayed for up to four days.

( J C lm  P atho l 1994;47:990-994)

T he polymerase chain reaction (PC R ), which 
perm its specific and rapid amplification of 
nucleic acid sequences from a variety of tis
sues, has also been used to detect HIV DNA 
in brain tissue of patients with AIDS and of 
HIV positive subjects.' In previous studies 
carried out in this departm ent Sinclair and 
Scaravilli- and Sinclair et al ’ have successfully 
used fresh frozen samples from brain tissue 
obtained at post m ortem  examination. 
However, fresh HIV positive specimens repre
sent a safety hazard which considerably 
restricts their use. By contrast, formalin fixed, 
paraffin wax em bedded tissue has several 
advantages: this fixative renders the tissue 
non-infectious and prevents further deteriora
tion o f proteins and nucleic acids."

M oreover, as em bedding formalin fixed 
material in paraffin wax is the m ost widely 
used m ethod in histopathology, application of

PC R  to this tissue would enable large retro
spective studies to be undertaken and perm it 
com parison of material w ithout risk of conta
m ination. T o be acceptable, however, this 
technique m ust not only yield reproducible 
results but its rate of success m ust be com pa
rable with that using fresh tissue.

T he purpose of this study was, therefore, to 
adapt the PCR technique used to detect HIV 
proviral D N A  in frozen tissue to paraffin wax 
em bedded specimens and to com pare the 
results obtained using each technique.

Methods
Tw enty brains of patients with A IDS, from 
which both fresh frozen and paraffin wax 
em bedded specimens were available, were 
chosen from the files of the D epartm ent of 
Neuropathology, Institute o f Neurology, 
London. T he frontal poles of brain obtained 
at post m ortem  exam ination were removed 
and frozen whilst the rest of the brain was 
fixed in 10'%, buffered formalin for a variable 
length of time (table). Fifteen blocks were 
taken from each case and routinely processed 
for histology. For the purpose o f this study, 
paraffin wax em bedded tissue from sites adja
cent to the frozen sample was used.

IM M U N O H IS T O C H E M IS T R Y  

T he primary antibody HIV p24 (D u Pont 
Diagnostics, Stevenage, U K ), which detects 
the HIV core protein p24, was used to screen 
paraffin wax em bedded sections of anterior 
frontal lobes from all cases in this study. 
Briefly, paraffin wax em bedded sections were 
dewaxed and endogenous peroxidase was 
blocked with 0 03% hydrogen peroxide in 
methanol. Incubation for one hour with 
primary antibody (HIV p24) was followed 
by incubation with biotinylated rabbit 
anti-m ouse (30-60 m inutes) and peroxidase 
conjugated avidin (30 m inutes). 3,3'- 
D iaminobenzidine was used as a substrate to 
reveal the peroxidase.

D N A  was extracted as previously described 
by Pang er aP  and Sinclair and Scaravilli.- 
Briefly, blocks of semi-frozen frontal lobes 
were stripped of leptom eninges and diced into 
small pieces. T issue was digested overnight 
with proteinase K  (final concentration 0 25 
mg/ml in 10 m M  T R IS-H C l, pH  7 4, 1 m M  
ED TA , and 0-5% sodium  dodecyl sulphate 
(SDS)) at 56°C. D N A  was subsequently puri
fied using standard methods."

Paraffin wax em bedded sections (1 0 //m) 
were cut and placed in a 1 5  ml E ppendorf
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Resu lts  o f  P C R  detection icith  pathological a n d  im m unohistochem ical find ings

Case
No

9
10
11
12
13
14

15
16
17
18
19
20

Sex
Age
(years)

Delay 
of P M  
(days)

Fixation Neuropalhological 
( months) diagnosis

31
29
39
53
42
25

26 2
47 3
28 2
40 1
30 2
N ot known 1 
25 1
43 17 hours

5
5
3
1
5
3

7
15
2
2
6 
2
4 
6

3
3
1
6

H IV

HIV encephalitis 
No abnormalitis 
PM L
HIV encephalitis 
Lymphoma 
HIV encephalitis, 
cryptococcosis 
Ischaemic foci 
Ischaemic foci 
Cryptococcosis 
Non-specific gliosis 
Non-specific gliosis 
HIV encephalitis 
CM V encephalitis 
HIV and CM V 
encephalitis 
HIV encephalitis 
No abnormalitis 
Tuberculosis 
CM VE encephalitis 
HIV encephalitis, FPL  
No abnormalities

PC R  

F  P

PM L =  progressive multifocal leucoencephalopathy; CM V = cytomegalovirus; FPL  
pontine leucoencephalopathy; F = frozen tissue; P = paraffin wax em bedded tissue.

+

= focal

95°C for about 30 minutes. Tissue was 
digested with proteinase K  at a final concen
tration of 5 mg/ml in 10 m M  T R IS-H C l, pH  
7-4, 1 m M  ED TA , and 0 5% SDS. Digestion 
took place at 55°C for 24 to 48 hours in tubes 
which were shaken periodically. T he super
natan t fluid was extracted once with an equal 
volum e of phenol (equilibrated with 100 m M  
T R IS -H C l, pH  8 0, and protected by 0 1% 
hydroxyquinoline), subsequently several times 
with a 1/1 mixture of phenol and chloroform 
(a 24/1 (v/v) m ixture of chloroform and iso- 
amylalcohol), and finally once with chloro
form. T he supernatant fluid was passed 
through a M icrocon-30 filter (Amicon, 
G loucs, U K) using an E ppendorf centrifuge 
at 13 000 X ^ for 10 minutes. T he initial vol
um e o f 0 5 ml was finally reduced to about 
5 -20  /d. T he residue was washed once with 
0 5 ml distilled water and used for amplifica
tion. D N A  was quantified using the ethidium  
brom ide saran wrap method."

tube. T he num ber of sections varied accord
ing to the area of the tissue block; as our 
frontal blocks have a standard size, 10 sec
tions were cut from each case. Paraffin was 
removed by washing with xylene for 15 m in
utes with three changes and then with 100% 
ethanol for five m inutes, followed by dry ing at

O A B C D E F

(A)

* # *
A B C D E F

(B)
Figure 1 Results o f  P C R  am plifica tion  to detect the H I V  gag  gene in a varie ty  o f  samples 
o f the P C R  reference kit. (A )  Electrophoresis. (B )  Sou thern  blot hybridisation. L ane A  
shows a negative control consisting o f  carrier D N A  alone; lanes B  to F  show  the results 
using know n  copy num bers o f H I V  p la sm id  D N A  (lane B , 1000  molecules; lane C , O-I 
molecules; lane D , 1 molecule; lane E , 10 molecules; lane F , 100 molecules; lane O  in (A ) ,  
D N A  m olecular weight m arker).

PC R  ANA l.Y SIS

H um an single copy gene /i-globin was used as 
a D N A  positive control and only clearly posi
tive samples were used for HIV PCR analysis.

T en  molecules of non-infectious plasmid 
containing a completely rearranged HIV 
sequence (provided by U K  Medical Research 
C ouncil (M RC ), AIDS D irected Programme 
(ADP), PC R  Reference C entre) were used as 
the HIV positive control. D NA  from brain tis
sue of patients not in any HIV risk group was 
used as a negative control.

All the prim er sequences are written from 5' 
to 3'. Tw o hum an /i-globin primers (M RC, 
A DP, N ational Institute for Biological 
S tandards and C ontrol (N IBSC)) were used: 
A D P894 1, ACA CAA C T G  T G T  TC A  
C TA  G C ; A D P894 2, CAA C T T  C A T CCA 
C G T  T C A  C C. A 110 base pair (position 
14-123) fragment is flanked by primers 
A D P894 1 and A D P894 2. Two HIV primers 
3855/1 and 3855/2 (Perkin C etus Elm er UK) 
were used: 3855/1 (SK 145), A C T  G G G  
G G G  ACA T C A  A GC AGC C A T GCA 
AAT; 3855/2 (SK 431), T G C  T A T  G T C  
A C T  T C C  C C T  T G G  T T C  T C T . A 142 
base pair (position 1366-1507) fragment is 
flanked by primers 3855/1 and 3855/2.

O f the reaction mixture, 50 /d contained 
0 5 /iM  of each prim er, 0-2 miVl of dA TP, 
dC T P , dG T P , and d T T P , and 2-5 units of 
Am plitaq D N A  polym erase in PC R  buffer (10 
m M  T R IS -H C l, pH  8 3, 50 m M  KCl, 1-5 
m M  M gCl, and 0-001% gelatin). Forty cycles 
of P C R  were perform ed with 0-5-1 //g 
extracted tem plate D N A , each cycle consist
ing of therm al dénaturation at 94°C for one 
m inute, prim er annealing at 55°C for two 
m inutes, and extension at 72°C for three 
minutes.

H um an //-globin gene amplification was 
similar to HIV amplification except that the 
annealing tem perature for /i-globin gene ampli
fication was 60°C and 0-1 //M  of primers were 
used in the PC R  reaction. Amplified products 
were visualised by ethidium  brom ide staining 
of agarose gel electrophoresis. HIV products
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were further detected by Southern blot 
hybridisation to ascertain their specificity.

S O U T H E R N  B LO T H Y BRID ISA TIO N  

T o  detect the 142 base pair PC R  product, 
modified Saluz and Jost"’ “filling in” m ethods 
were applied as described before.- 
Oligonucleotides were provided by the M R C , 
A DP, and N IBSC. T heir sequences are: gag 
(30-m er), 5 '-C A T CAA T G A  G GA  AGC 
T G C  AGA A TG  G G A  TA G ; (10-m er), 5'- 
T C C  C A T T C T  G. Briefly, an annealing mix 
containing 10 /d  of the 30-m er, 1 0 //I of the 
10-mer, and 2 5 /d  o f the ologonucleotide 
labelling buffer was prepared and incubated at 
75°C for two m inutes, at room  tem perature 
for 20 m inutes and on ice for 10 minutes. 
T his was followed by incorporation of digoxi- 
genin-11-dU T P and precipitation of the 
probe by ethanol.

Nylon m em branes (Boehringer M annheim , 
UK) were prehybridised for more than one 
hour at 42°C in hybridisation buffer (5 x 
saline-sodium citrate (SSC), 50% formamide, 
0 1 %  N-lauroylsarcosine, 0 02% SDS, and 
2% blocking reagent) and then hybridised 
overnight at 42°C with 200 ng/ml labelled 
probe. They were then washed in 0 2 x SSC

(B)
Figure 2 Results o f  P C R  am plifica tion  o f D N A  from  fro zen  a n d  para ffin  w a x  em bedded  
specimens in three cases. (A )  Electrophoresis. (B )  Southern  blot hybridisation. In  lanes A ,  
C , a n d  E  D N A  w as extracted fro m  fresh fro zen  samples a n d  in lanes B , D , a n d  F  it was 
extracted from  para ffin  w a x  em bedded tissue; lane G , H I V  p la sm id  D N A  positive control; 
lane H , norm al brain negative control; lane I  in ( A ) ,  D N A  molecular iveight m arker.

and 0 1 %  SDS at room  tem perature for one 
hour with four changes.

Colorimetric detection using nitroblue 
tetrasodium  and X -phosphate was performed 
according to the Boehringer M annheim  pro
tocol." Briefly, after incubation with anti- 
digoxigenin-alkaline phosphatase at room 
tem perature for 30 m inutes and a postincuba
tion wash, the filter was incubated in substrate 
to perm it colour developm ent.

Results
Figure 1 illustrates the results of PC R  amplifi
cation with the oligonucleotide probe for the 
HIV gag gene in a variety of samples of the 
PC R  reference kit. T he result of this test 
shows that 10 molecules of HIV-1 DNA gave a 
clear signal after Southern blot hybridisation. 
T here were no false positive results following 
either PC R  amplification or Southern blot 
hybridisation.

T he neuropathological changes observed in 
the brain tissue of the 20 patients with AIDS 
included in this study are sum marised in the 
table. HIV encephalitis was present in seven 
cases; other neuropathological findings 
included cytomegalovirus encephalitis (three 
cases), progressive multifocal leucoen
cephalopathy (one case), cryptococcosis (two 
cases), lym phoma (one case), tuberculosis 
(one case), and non-specific changes (four 
cases); three cases did not show any abnor
malities. N ine cases, including all those with 
neurological evidence of HIV encephalitis, 
were HIV p24 positive.

Specimens were regarded as positive or 
negative whenever PCR results were consis
tently positive or negative (PC R  amplifica
tions were repeated three times). Samples that 
were positive in only one or two of three tests 
(cases 12 and 17-20 in the table) were 
defined as indeterm inate,- and underwent 
another five tests, on the basis of which they 
were reclassified as positive (four cases) or 
negative (one case).

Sixteen cases were positive on analysis of 
frozen specimens. T hese included all those 
with im m unohistochem ical evidence of HIV. 
O f these, 15 were also positive when paraffin 
wax em bedded material was analysed. 
Southern blot hybridisation confirmed the 
positive results. N one of the cases positive on 
analysis of paraffin wax em bedded samples 
gave negative results when frozen tissue was 
examined.

Figure 2 shows the results of PC R  amplifi
cation in three cases using both frozen and 
paraffin wax em bedded samples. Case 1 
(lanes A and B) was positive in both; case 2 
(lanes C and D) gave a positive result with 
frozen m aterial only; and case three (lanes E 
and F) is an example of the four cases with 
negative results on analysis of both frozen and 
paraffin wax em bedded material.

Discussion
In this study we have shown that HIV proviral 
D NA  can be detected by PC R  in brain tissue
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of patients with AIDS using formalin fixed, 
paraffin wax embedded tissue. The HIV 
primers used were chosen so as to amplify a 
specific sequence of the HIV gag region. As in 
a previous study/ gag primers produced more 
reliable results than pol or env primers, and 
highly conserved areas have been identified in 
the HIV-1 genome in long terminal repeat 
sequences and in the gag gene.® Moreover, as 
the region spanning the gag sequence is 
thought to be the last to be synthesised during 
reverse transcription, positive results using the 
gag region reflect completely or almost com
pletely synthesised viral DNA.®

In a previous investigation using PCR^ 
specimens were classified as positive, nega
tive, or indeterminate depending on whether 
most of the tests were positive; all tests were 
negative; or one or two only were positive, 
respectively. In the present study each inde
terminate case underwent five additional tests 
and samples were defined as positive when at 
least three of the latter gave positive results.

Of the 20 cases in this study, 16 were posi
tive on analysis of frozen samples; of the lat
ter, 15 were also positive when paraffin wax 
embedded material was studied. On the other 
hand, none of those which were negative on 
analysis of frozen samples gave positive results 
on analysis of paraffin wax embedded sec
tions. Positive cases on analysis of both frozen 
and paraffin wax embedded material included 
the seven with morphological and immuno
histochemical evidence of HIV encephalitis. A 
possible explanation for the single negative 
result (fig 2) could be the presence of an 
inhibitor of Taq polymerase.'^ Although the 
human ^-globin gene was successfully ampli
fied in this case, the degree of inhibition may 
not have been uniform for the different sets of 
primers.'”*

Several investigators have drawn attention 
to the effects of various fixatives and fixation 
times on PCR results.'® ''' In this study the 
specimens had been kept in 10% buffered for
malin (the most widely used fixative in neu
ropathology) for one to eight months, and the 
results show that even relatively long fixation 
times are compatible with successful amplifi
cation of HIV. However, DNA extracted from 
paraffin wax blocks will probably need to be 
concentrated using a microconcentrator 
instead of ethanol precipitation (data not 
shown).

The PCR technique has been used to 
amplify specific D N A  from paraffin wax 
embedded human tissue in a variety of disor
ders. Human papillomavirus was identified by 
Brandwein et a/,'® Nawa et alf^ Ohta and 
Ikeda,“ Saltzstein et Van-Bommel et al,^  ̂
and Kellokoski et oZ"; an adenovirus, 
cytomegalovirus, and herpes simplex virus 
(HSV) 1 and 2 were detected by Vesy et uZ,̂ ”* 
whilst Epstein-Barr virus (EBV) was detected 
by Niedermeyer et aP^ and Morshed et aZ,̂ ® 
and hepatitis C virus by Bresters et a l f  
Central nervous system (CNS) tissue speci
mens were used by Woodall et aP^ for the 
identification of enterovirus RNA; Nicoll et 
aP'* detected H SVl DNA in the brains of

patients with herpes encephalitis and Lager et 
aP° detected EBV in the brains of patients 
with primary biliary cirrhosis. Morgello®' 
examined EBV and HIV in 12 AIDS related 
primary CNS lymphomas and detected EBV 
in six of the 12 tumours but could not detect 
HIV; Lai-Goldman et aP detected EBV in var
ious organs of patients with AIDS but not in 
the brain. In this study we have shown not 
only that HIV proviral D N A  can be detected 
by PCR in paraffin wax embedded tissue from 
the CNS but also that the results have the 
same degree of reliability as those obtained 
using fresh frozen material.
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Clinical s tag in g  sy stem  for AIDS p a tien ts

Sir—Mocroft et al' have shown that information on past 
diagnoses of AIDS can be correlated with CD4* T-cell 
counts to assess the risk of mortality for people with AIDS. 
However it is not clear how this system could be used to 
measure reductions in the risk of mortality during 
antiretroviral treatment. For example, a patient with a 
history of two severe disease episodes in the course of AIDS 
and a minimum CD4* count of 100 cells/pL would have a 
score of 100, according to the proposed scoring system. 
However if this patient were then treated with an 
antiretroviral agent and the CD4^ count rose above 200  
cells/pL for more than one year, and no further AIDS 
exacerbations were diagnosed, the score would remain at 
100: the score does not improve if CD4* counts rise and no 
further AIDS defining events are diagnosed. In this example, 
the inference to be drawn from the proposed staging system 
is that HIV-1 infection is progressive and irreversible, and 
that treatments which reduce viral burden, allowing recovery 
in the CD4’ count and a lowering of the incidence of AIDS, 
will not then reduce the risk of mortality below the pre
treatment level.

Analysis of the A CTG 019 trial- has shown that recency of 
C D 4' counts is more predictive of the risk of progression to 
AIDS, and that treatment-related rises in CD4* count may 
lead to reductions in the risk of progression and, possibly, of 
mortality. Reanalyses of the cohort studies from Mocroft et 
al could help to address this question. If CD4* counts and/or 
AIDS diagnoses were to become less important factors in 
determining mortality risk, if they occurred before a certain 
time (eg, 2 or 3 years previously), this would suggest, from a 
statistical viewpoint, that the course of HIV-1 infection is 
not irreversible, and that sustained improvements in CD4* 
counts, and an absence of new AIDS diagnosis, may predict 
a lower risk of mortality.

Andrew M H ill
D epartm en t of M edical S ta tis t ic s . G laxo R esea rch  and  D evelopm ent, Greenford. 
M iddlesex UB6 OHE. UK
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A u th o r 's  re p ly

Sir—H ill raises two points about our recent study which 
derived a staging system for AIDS patients.' The first 
concerns treatment and the use of minimum CD4* count in 
the staging system. While we accept that treatment often 
raises CD4" counts, the degree to which such improvement 
translates into better survival prospects is debatable.-"* In our 
original derivation of the score, we tried modelling the CD4* 
count in different ways, such as latest CD4* count, mean of 
last two counts etc, but these different CD4* models were 
found to have little effect on the final model. If new 
therapies for patients with AIDS can induce substantial rises 
in the CD4* count, which improvement translates into clear 
survival benefit, then the score and staging system we have 
suggested could be remodelled to take account of the most 
recent CD4* determination.

Concerning the second issue raised by Hill, we have 
studied mortality risk while ignoring AIDS-defining diseases 
and CD4* counts (the ‘memory’ period). If a model 
incorporating such a limited memory fits no worse than the 
original one used to derive the score and staging system, 
which assumed unlimited memory, it would imply that the

risk of death is not affected by events which happened before 
the beginning of the memory period. The fit of the models is 
measured by changes in the value of the log likelihood 
(-2LogL), where the lower the value of this statistic, the 
worse the fit of the model. A model fitted with a memory 
period of 3 years fits no worse than the model we originally 
used (-2LogL= 127-2 and 126-9 respectively), while a model 
fitted with a memory period of two years has an appreciable 
poorer fit (-2LogL=121-7). As the memory period is 
reduced further to one year, the fit of the model continues to 
deteriorate (-2LogL=94-2). This suggests that events 
occurring as much as two or three years ago remain relevant 
for assessing the risk of death in patients with AIDS.

* A manda J M ocroft, Margaret A Johnson, Caroline A Sabin, 
M ichael Youle, Andrew N Phillips
University D epartm en t of Public H ealth , Royal F ree H ospital School of M edicine, 
London NW3 2PF, UK
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Program m ed cell dea th  in brains of 
HIV-l-positive pre-AIDS p atien ts

S ir—N europathological studies have revealed that a number 
of brains of AIDS padents show characteristic HIV 
encephalitis and, in addition, neuronal loss. More recently, 
neuronal cell loss has been interpreted as taking place via a 
process of programmed cell death (apoptosis) and has been 
visualised by the in-situ end-labelling (ISEL) technique.' 
Whilst it is well accepted that the brains of AIDS patients 
harbour HIV, there is no consensus about the time of entry 
of the virus into the brain parenchyma, despite early reports' 
demonstrating it in the cerebrospinal fluid. As for the 
mechanism of brain damage, and of the neuronal loss in 
particular, a widely accepted opinon attributes the damage 
to an indirect effect of HIV, probably mediated by cytokines.

In a previous investigation, we found that the brains of a 
number of HIV-positive pre-AIDS individuals, who had died 
of causes unrelated to the disease, showed morphological 
abnormalities such as lymphocytic meningitis, myelin pallor 
and gliosis. Moreover, when their brains were examined by 
PCR it was found that a number of them contained HIV-1 
proviral DNA." Subsequently, we were able to confirm the 
presence of HIV-1 DNA in 17 out of 36 brains of HIV-1 
positive asymptomatic patients and to demonstrate elevated 
expression of major histocompatibility complex (M HC) class 
II antigen and cytokines such as TN F-a, IL -la , IL-4, IL-6 
(unpublished). These results confirm a hypothesis that the 
condition of immune activation, previously described in 
AIDS brains,* was already present at this early stage* and 
suggested that nerve-cell damage might also be taking place. 
Therefore we undertook an investigation of the same 36 pre- 
AIDS brains by ISEL. As positive controls, 18 AIDS (10 
HIV encephalitis and 8 neuropathologically normal) brains 
were used; 5 HIV-negative brains from people without 
neurological disease served as negative controls.

Apoptotic cells were detected in 6/10 HIV encephalitis, 
1/8 AIDS without central nervous system (CNS) disease and
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in 4/36 symptomless individuals. All but 1 of the latter were 
also HIV-1-proviral DNA positive by PCR. In all of these, 
apoptotic cells were seen in the white matter whereas in 2 of 
them cortical neurons were also affected. By showing 
presence of apoptotic cells in a small number of HIV- 
positive, pre-AIDS brains, our results emphasise the risk 
brain tissue, and nerve cells in particular, is exposed to and 
indicate the need for therapeutic strategies aimed at 
protecting the CNS from the beginning of HIV infection.

S F An, F Gray, *F  Scaravilli
Department of ’ Neuropathology, Institute of Neurology, University of London,
Queen Square, London WCIN 3BG. UK; and Neuropathology, Hôpital Henri Mondor, 
Créteil. France
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New chlamydial antigen a s  a serological 
m arker in HIV infection

Sir—pgp3' is a procein encoded by the pCT plasmid of 
Chlamydia trachomatis, it is immunogenic in chlamydial 
infections and antibodies to it can be detected by ELISA 
(pgp3-ELISA). 80% of patients with sexually-transmitted 
diseases (STDs) who were seropositive for C trachomatis 
surface antigens by reference micro-immunofluorescence 
test with whole purified bacteria (Cti\UF+) also had 
antibodies to pgp3 in their serum; 50 CuVUF-negative sera 
(CtMIF-) from healthy donors were all pgp3-ELISA 
negative.- Furthermore, sera from patients with respiratory 
symptoms and MIF-b for C pneumoniae, but MIF- for 
C trachomatis, gave a negative pgp3-ELISA response, 
consistently with the fact that pCT is absent in 
C pneumoniae.' In the same study, pgp3 binding antibodies 
were found also in 26% of 42 symptomatic, but CtMIF- 
patients.

We report that 92 sera from HIV-seropositive patients, 
with a C trachomatis seroprevalence of 30% according 
CtM IF (confirmed by a commercially available ELISA), 
showed an unexpectedly high prevalence (83%) of pgp3- 
ELISA positive responses in CtMIF negative patients. 
Results of CtMIF and pgp3-ELISA tests were performed 
and scored as previously described- (table). In a sub-group 
of 22 HIV-positive male patients with no reported STD 
symptoms the prevalence of pgp3-positive responses in 
CtiVUF- cases was 87%. This figure is surprisingly high if 
compared to the 11 % found in HIV-negative male patients 
with non-gonococcal urethritis.

There could be several explanations for these findings.

•  The high prevalence of pgp3-ELISA positive responses is 
not due to chlamydiae but to HIV antibodies cross-reacting 
with pgp3 by epitope mimicry. However, sera of rabbits 
which were hyper-immunised with purified pgp3, or sera 
from STD-patients with high anti-pgp3 titres, failed to 
identify HIV-specific bands on whole-lysate western blots.
•  pgp3 ELISA detects antibodies to some undetected 
pathogen. This would imply high incidence of the same 
pathogen in a heterogeneous group of patients. Otherwise,

Patients (no)

!

CtMIF+ pgp3+ Prevalence 
ofpgp3+ln 
In CtMIF+ 
patients

Prevalence
ofpgp3+
In CtMIF- 
patients

Healthy (50) 
NGU (40) 
PID(46) 
HIV+(92)

0%
32% (13/40) 
67% (31/46) 
30% (28/92)

0%
32% (13/40) 
72% (33/46) 
85% (78/92)

77% (10/13) 
81% (25/31) 
89% (25/28)

11% (3/27) 
53% (8/15) 
83% (53/64)

HIV+male(22) 32% (7/22) 86% (19/22) 86% (6/7) 87% (13/15)

HIV sera are stored at the Biobanque de Picardie, Amiens and were obtained from 
Hospital Clinics in Amiens and from Prof P Oelamonica (CHU, Nice). 
CtMIF=microimmunofIuorescence test with C  tracftomat/s elementary bodies; 
NGU=non-gonococcal urethritis; PID=pelvic inflammatory disease, salpingitis/sterility. 

Table: Percentage of pgp3ELISA positivlty In different groups of 
patients

cross-reactions could be attributed to possible autoimmune 
responses, which should be, in this case, common to HIV 
and chlamydial infections.
•  There is a true anti-chlamydia humoral response with an 
atypical profile: ie, the response to the normally
immunodominant surface antigens of C trachomatis would be 
absent or undetectable while antibodies to pgp3 would be 
detected.

Our data suggest that pgp3 ELISA could provide a 
particularly effective way to screen HIV and STD patients 
for studies on Chlamydia-HIV interaction in clinical cases. 
Detection of asymptomatic chlamydial infections is 
particularly important in the case of HIV patients, not only 
because immimo-stimulation by any new antigen is thought 
to increase the probability of progress towards AIDS, but 
also because C trachomatis has been recently shown to 
interact specifically with polymorphonuclear leucocytes and 
increase HIV replication.’

*Giulio Ratti, Maurizio Coinanducci, J Orfila, J-M Sueur.
A Gommeaux
Laboratories of the HCM Chlamydia Network of the European Community, Biobanque 
de Picardie. Amiens, France, and IRIS Research Centre, Chiron-Bioclne Siena, Italy

1 C om anducci M , Ce\’cnini R, M oroni A, et al. Expression o f a plasmid 
gene o f Chlamydia trachomatis encoding a novel 28 kD a antigen. ]  Gen 
Microbiol 1993; 139; 1083-92.

2 Com anducci M , M anetd R, Blni L, et al. H um oral immime response 
to plasm id protein pgp3 in patients with Chlamydia trachomatis 
infection./n/ecr/w m irn 1994; 62: 5491-97.

3 H o JL , H e S, H u A, e t al. N eutrophils from hum an immunodeGciency 
virus (HIV)-seronegative donors induce HIV Replication from HIV- 
infected patients’ cells and cell lines: an in vitro model of HIV 
transm ission facilitated by Chlamydia trachomatis. J  Exp Med  1995; 
181: 1493-505.

Genetic diversity and HIV detection  by 
polym erase chain reaction

Sir—Numerous HIV-1 and HIV-2 strains have been 
isolated from various geographic sites and nucleic acid 
sequence analyses have identified at least eight distinct HIV- 
1 subtypes." Recently, fully sequenced HIV strains isolated 
fi:om Cameroonian patients (isolates ANT70 and 
MVP5180) have been classified as HIV-1 (subtype 0) 
despite their high degree of nucleotide divergence."" 
Chameau et al suggested categorising HIV-1 into two 
groups, M (major) and 0  (outlier) comprising the ten viral 
isolates so far characterised in Belgium, Germany, and 
France.* The polymerase chain reaction (PCR) is useful in 
detecting neonatal HIV-l infection, and in quantifying HIV 
load. Amplicor (Roche Diagnostics Systems, Branchburg, 
NJ, USA) is a qualitative DNA probe that uses nucleic acid
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Abstract Neuropathological studies have revealed that 
the brains of HIV-1-infected AIDS patients show the typ
ical encephalitis and, in addition, neuronal loss. More re
cently, this neuronal cell loss has been thought to take 
place via programmed cell death (apoptosis) which has 
been demonstrated by an in situ end labelling (ISEL) tech
nique. In this study 54 brains of HIV-1-positive patients 
were investigated by the ISEL technique to investigate 
whether apoptosis is also present in the brains of patients 
at the asymptomatic stage. Of these, 10 patients suffered 
from HIV encephalitis (HIVE), 8 had AIDS without neu
ropathological disorders and 36 were HIV-l-positive pre- 
AIDS patients. Apoptotic cells were detected in 6 of the 
10 HIVE, I of the 8 AIDS without central nervous system 
(CNS) disease and 4 of the 36 asymptomatic individuals. 
A difference seen between the AIDS and pre-AIDS cases 
was that, in the latter, apoptotic cells were found in the 
white matter in all 4 cases, while only 2 of these 4 showed 
apoptotic neurons. The presence of apoptotic cells in a 
number, albeit small, of brains of HIV-l-positive pre- 
AIDS individuals, combined with abnormalities described 
previously in the same group of patients gives further sup
port to the opinion that brain damage already occurs dur
ing the early stages of HIV infection.
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(ISEL) • Neuronal cell loss • Programmed cell death 
(apoptosis)
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Introduction

Programmed cell death (apoptosis) is characterised by the 
disappearance of individual cells and represents the end
point of a genetically determined programme which re
quires de novo gene expression and protein synthesis. It 
differs from necrosis which is an accidental event trig
gered by factors external to the dying cells. Morphologi
cally, whereas in cell necrosis there is loss of membrane 
integrity, swelling and degeneration of cell organelles and 
eventually lysis, in apoptosis organelles are normal and 
nuclei show dense chromatin clumped against the nuclear 
membrane. Apoptosis is thought to be implicated not only 
during developmental but also in the post-maturation 
stages of peripheral and central nervous system (PNS and 
CNS) neurons, as recent studies have suggested that apop
totic neuronal death occurs in the mature nervous system 
and that it may be even involved in a number of human 
diseases including neuro-degenerative disorders such as 
Alzheimer’s and Parkinson’s disease or in ageing [7].

Neuropathological studies in AIDS have revealed that 
the brains of patients suffering from the AIDS dementia 
complex with the typical encephalitis show, in addition to 
the well-known features, variable amounts of neuronal 
loss in cortical and subcortical regions [8, 19, 44]. How
ever, as no firm morphological evidence of cell death had 
been reported, it was initially postulated that a discrete 
and morphologically undetectable process of apoptosis 
could exist leading to cell loss. Indeed, apoptosis had been 
already considered as the possible mechanism of T cell 
(especially CD4+ T cells) elimination [5, 6 ,13 ,17, 24, 26, 
29, 35, 38], and depletion of CD8+ T cells [22]; moreover, 
recently, neuronal cell loss by apoptosis has been unques
tionably demonstrated in the CNS of adult [11, 34] as well 
as young AIDS patients [10].

In a previous investigation [40], it was found that the 
brains of a number of HIV-l-positive pre-AIDS individuals, 
who had died of causes unrelated to the disease, showed 
morphological abnormalities including lymphocytic menin
gitis, myelin pallor and gliosis. When these brains were
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examined by polymerase chain reaction (PCR) it was 
found that a number of them contained HIV-1 proviral 
DNA [39,40]. Subsequently, we were able to confirm the 
presence of HIV-1 DNA in large proportion of brains of 
HIV-positive patients at the asymptomatic stage and, in 
addition, to demonstrate elevated expression of major his
tocompatibility complex (MHC) class II antigens and cy
tokines such as tumor necrosis factor (TNF)-a, inter
leukin (IL)-la, lL-4 and IL-6 (in press).

As the status of immune activation, revealed by the up- 
regulation of MHC class II and the presence of cytokines, 
is comparable to that seen in AIDS in which it is impli
cated in the mechanism of neuronal cell death, we under
took the present study with the aim of investigating 
whether neuronal cell death is also evident at the early 
stages of infection. A positive answer to this question 
would confirm that cell damage is indeed taking place 
well before patients enter the AIDS stage of the disease.

Materials and methods

Subjects

Brain samples of 54 HIV-l-positive individuals were examined: 
they included 18 full-blown AIDS patients and 36 HlV-l-seropos- 
itive asymptomatic patients (of these 23 formed part of a previ
ously studied series of one of the authors, F. G.); 13 brains were 
obtained from the Edinburgh MRC AIDS Brain Bank, courtesy of 
Dr. Jeanne Bell. In addition 14 HIV-negative control brains were 
examined. Specimens were taken from the frontal lobe in 45 cases, 
whereas in 9 the temporal lobe was examined. The delay between 
death and post mortem was between 20 and 36 h. All the speci
mens used for in situ end labelling (ISEL) were formalin-fixed and 
paraffin -embed ded. Fixation times for the AIDS and control cases 
ranged from 3 weeks to 5.5 months; those of HIV-l-positive pre- 
AIDS cases did not exceed 3 weeks. Surgical sections from three 
medulloblastomas (a tumor with a high percentage of apoptotic 
cells) were used as a quality control.

Detection of DNA fragmentation using DNA polymerase 1 
and terminal deoxynucleotidyl transferase (TDT)

All 54 HIV-l-positive patients, 14 negative and 3 surgical control 
specimens were investigated by ISEL with DNA polymerase 1. To 
test the validity of the ISEL with DNA polymerase, 2 HIVE, 2 
HIV-l-positive non-AIDS, 2 negative control and 1 tumor cases 
were also studied by ISEL with TDT.

Neuropathological changes were examined using routine tech
niques. In addition, p24 and glial fibrillary acidic protein (GFAP) 
antibodies and the lectin Ricinus communis agglutinin (RCA)-120 
were applied to reveal HIV, glial cells and cells of the mi
croglia/macrophage lineage, respectively.

ISEL of fragmented DNA using DNA polymerase 1 
(nick translation)

Paraffin-embedded sections were deparaffinised, rehydrated and 
treated with 0.3% Triton X-100 in PBS for 15 min at room tem
perature (RT) for detergent permeabilisation, followed by pro
teinase K (Boehringer Mannheim, UK; 1 Jtg/ml) digestion in 100 
mM TRIS-HCl pH 8.0, 50 mM EDTA at 37° C for 10 min; diges
tion was stopped by washing with PBS. Sections were incubated at 
37° C with the end labelling buffer (50 mM TRIS-HCl pH 7.5, 
5 mM MgCb, 10 mM 2-mercaptoethanol, 0.005% BSA) containing
0.03 mM dATP, dCTP and dGTP and 0.02 mM dTTP (Promega,

UK), 0.01 mM digoxygenin-11 -dUTP (Boehringer Mannheim) and 
50 U/ml Klenow DNA polymerase 1 (Boehringer Mannheim). Af
ter blocking with buffer 1 (0.1 M maleic acid, 0.15 M Na(31 pH 
7.5) containing 2% normal goat serum (NGS) and 0.3% Triton X- 
100 for 30 min at RT, sections were incubated with anti-digoxi- 
genin conjugated with alkaline phosphatase (AP; Boehringer 
Mannheim) diluted 1 :500 in buffer 1 containing 1% NGS at 4°C 
overnight. After washing with buffer 1, staining was developed in 
NBT/BCIP in buffer 2 (100 mM TRIS-HCl pH 9.5, 50 mM MgClj, 
100 mM NaCl). Sections were then counterstained with nuclear 
fast red.

TDT-mediated dUTP-fluorescein nick end labelling (TUNEL)

Nuclear DNA fragmentation was also detected by ISEL using TDT 
[11]. In situ cell death detection kit (Boehringer Mannheim) was 
used to visualise apoptotic neurons in 2 HIV-l-positive cases with 
AIDS, 2 HIV-l-positive pre-AIDS individuals who showed posi
tive end labelling with DNA polymerase 1, and 2 positive and 2 
negative controls. Cell permeabilisation and proteinase K diges
tion were carried out as described above. End labelling procedures 
were carried out according to the protocol recommended by the 
manufacturer. Briefly, sections were incubated with the TUNEL 
reaction mixture containing TDT and fluorescein-dUTP. During 
the incubation period, TDT catalyses the addition of fluorescein- 
dUTP to free 3 -OH groups in single-and double-stranded DNA. 
After washing, the label incorporated at the damaged site of the 
DNA is marked by an anti-fluorescein antibody conjugated with 
AP. Substrate reaction was as above.

Results

Neuropathological examination of the 18 AIDS cases re
vealed HIV encephalitis (HIVE and/or HIV lep) in 10 of 
them. In all these cases both grey and white matters showed 
variable amounts of astrocytic gliosis and increased num
bers of activated microglia, in addition to macrophages 
and multinucleated giant cells (MGC). Myelin stain showed 
patchy or diffuse pallor and immunostaining with p24 re
vealed positive cells in 7 cases. In the 8 cases without en
cephalitis, pathological changes were limited to discrete 
glial hyperplasia and none of them was p24 positive. In 
the cortex of some AIDS patients (both with and without 
encephalitis), shrunken and eosinophitic neurons (features 
characteristic of anoxia) could be found among normal- 
looking cells.

In the brains of HIV-l-positive pre-AIDS patients, a 
discrete increase in astrocytic cells was seen in a number 
of cases, with only few cells containing obvious GFAP- 
positive material. On the other hand, a variable degree of 
microglia infiltration was seen in 31 cases and exept for 
occasional macrophages, no MGCs were seen; immunos
taining with p24 was negative.

No apoptotic cells or bodies were seen in any brain 
slide stained by routine methods. The ISEL method re
vealed only rare cells in the white matter of the negative 
controls and these could be identified as glial. Apoptotic 
cells were found in 11 specimens; these derived from 6 of 
the 10 HIVE, 1 of the 8 AIDS without neuropathological 
changes and 4 of the 36 HIV-positive pre-AIDS cases. All 
three medulloblastoma specimens showed numerous iso
lated apoptotic cells.
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Fig. 1 Photomicrographs showing apoptotic cells as revealed by 
the in situ end labelling method in the grey (A, C) and white mat
ter (B, D) of HIV encephalitis (A, B) and HlV-1-positive pre- 
AIDS brains (C, I)). A-I) x 246

^  In the HIV-positive pre-AIDS group, all but one ISEL-
positive cases were also HlV-1 DNA positive using PCR. 

0  ̂  ̂ ^  Except for a positive nucleus, apoptotic cells did not dif-
" fer tnorphologically from ISEL-negative cells; in particu-

; • lar the outlines of their cell body were identifiable and cy 
toplasm  did not appear dissim ilar to that o f negative cells.

With regard to the distribution o f apoptotic cells, in the 
HIVE cases they were found in both the grey matter, 
where the cells involved were alm ost exclusively nerve 
cells (Fig. 1 A), and in the white m atter (Fig. IB ). In the 
cortex their density varied from area to area, did not seem 
to correlate with the areas of vascular vulnerability and 
appeared to be distributed throughout all the layers.

In the H IV -1-positive pre-AID S cases, apoptotic cells 
were found in the white m atter in all four cases (Fig. 1 D) 
whereas, in two, neurons were also stained with the 
method (Fig. 1C). In the cortex, ISFL-positive cells ap
peared scattered throughout all the layers, in places form 
ing clusters o f three to four cells.

Using double labelling with R C A -120, a num ber of 
cells in the white m atter in HIVE cases showed double 
staining, w hereas in the H IV -1-positive pre-AIDS brains 
only scattered apoptotic cells appeared R C A -120 positive, 
suggesting that in the latter group dying cells were pre
dominantly glial in nature. Their consistent negative stain
ing with GFAP and their m orphology suggested an oligo- 
dendroglial nature. A num ber o f endothelial cells were 
also seen to be stained by these m ethods. W hen the slides 
stained by the ISEL m ethod were com pared with consec
utive H & F-stained sections, we could confirm  that eo- 

^  sinophilie neurons with small nuclei and dam aged chro
m atin, representing acutely anoxic neurons (a relatively 

A  com m on finding in term inally ill AIDS patients) were
constantly ISEL negative. M oreover, num erous apoptotic 

^ bodies could be seen in tumor specimens which were ISEL
positive, w hereas areas o f m assive necrosis in the tum or 
(control) samples did not show the typical positive features.

In our study, detection of cells by ISEL using DNA 
polym erase 1 and TD T confirm ed that both enzym es were 
suitable for this technique and that the latter did not ap
pear more sensitive than the former.

Discussion

The results o f the present investigation confirm  that the 
ISEL technique can be successfully applied to paraffin 
sections [43] for the detection of DNA fragm entation [3, 
9, 111. Furtherm ore, they show that the two m ethods ap
plied, DNA polym erase 1 and TDT, have the same degree 
o f sensitivity and can be used interchangeably. However, 
form alin fixation, especially over long periods, is known 
to produce false-negative results (unpublished observa
tion). As the specim ens used in this investigation were
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formalin-fixed, proper digestion by proteinase to perme
ate the section became an essential step for the success of 
this technique. Concentrations of proteinase K ranging 
from 1 to 100 pg/ml were used to obtain an optimal con
centration for the enzyme. Digestion using 1 pg/ml pro
teinase K at 37° C for 10 min resulted in good sensitivity 
and decreased the intensity of the background. Increasing 
the concentration of proteinase K did not improve the sen
sitivity. Using this protocol, we were able initially to visu
alize apoptotic cells in surgical material (tumor) and sub
sequently in brain tissue samples fixed in buffered forma
lin for periods ranging from 2 weeks to 5.5 months.

Many other factors can affect the sensitivity of detect
ing apoptosis. The 1:3 ratio of digoxigenin (dig)-dUTP : 
dTTP recommended by Boehringer Mannheim [4] for 
random primer-directed synthesis and used by An et al.
[2] in PCR amplification has also been confirmed to im
prove sensitivity when compared with the use of dig- 
dUTP alone. On the other hand, incubation with anti-dig 
antibody at 4° C overnight provided the best results when 
compared with incubation either at RT for 2-3 h or at 37° C 
for 30 min.

Apoptosis has been recognized as a possible mecha
nism by which immune cells [5, 14, 37] are eliminated in 
AIDS, and more recently it has been detected among CD4 
and CD8 lymphocytes in HIV-positive individuals at the 
asymptomatic stage of the infection [13, 15, 16, 18, 28, 
29]. A similar mechanism, whereby infected cytotoxic T 
lymphocytes are eliminated, has been reported in HTLV-1 
infection [42].

The presence of apoptotic nerve cells in AIDS has 
been reported recently in adult [1, 34] and young brains
[10]. Our results demonstrate, for the first time, that apop
totic cells also occur in brain tissue during the asympto
matic stage of the HIV infection. However, unlike Petito 
and Roberts [34] we, as well as Adle-Biassette et al. [1] 
and Gelbard et al. [10], could not find evidence of apop
totic bodies in routinely stained sections. In four cases 
positive cells were detected in the white matter, while in 
two of these cases the brain also showed apoptotic corti
cal neurons. As far as the cortex is concerned, although no 
cell count was done, the density of ISEL-positive neurons 
was smaller in pre-AIDS than in AIDS (both with and in 
the single case without encephalitis) brains. The absence 
of such a study in the reports mentioned above [1, 10, 34] 
makes any comparison of the severity of cell loss between 
their and our cases of AIDS impossible, except for con
firming that AIDS cases without encephalitis show lower 
numbers of positive cells [10]. Among the cells in the 
white matter taking part in apoptosis, a number of glial, 
and some microglial, cells were identified. Although a 
further characterization (double staining) of the glial cells 
was not attempted for technical reasons, some of them 
could be identified as oligodendrocytes on morphological 
grounds. The finding of neuroectodermal cells other than 
neurons taking part in apoptosis is in keeping with the ob
servations of Petito and Roberts [34], who reported cell 
death in both neurons and astrocytes in AIDS. Further
more, Louis et al. [23] demonstrated that mature oligo

dendrocytes can die by apoptosis in response to toxic sig
nals. No apoptotic cells other than neurons were described 
by Gelbard et al. [10] and Adle-Biassette et al. [1].

Various pathogenetic theories have been put forward to 
explain nerve cell loss in AIDS patients. A mechanism 
triggered by the HIV envelope glycoprotein has been de
scribed for CD4 cells [21] and cortical cell cultures [31]. 
In addition, induction of apoptosis of lymphocytes has 
been correlated with some cellular toxins, such as 
prostaglandin E2, produced by HIV-infected macrophages 
[27], sulfated glycoprotein-2 [30] and lipid hydroperox
ides [36]. Cytokines have also been considered in apopto
sis [20, 25, 33]. Indeed, TNF can cause DNA fragmenta
tion [32] and can activate latent HIV. On the other hand, 
apoptosis of T cells from HIV-1-infected patients is partly 
or entirely suppressed by IL-2 [12, 22].

In our study, three of the four cases showing apoptotic 
cells were found to be positive for HIV-1-DNA by PCR 
(in press), thus emphasising the links between the virus 
and cell damage. In view of the close relationship be
tween the presence of HIV-1 and toxic factors [41] and 
between the latter and cell loss in AIDS brains (see dis
cussion above), we suggest that the same mechanisms de
scribed in full-blown AIDS may operate in the HIV-l- 
positive pre-AIDS brains in which an elevated expression 
of MHC II antigens and various cytokines have been de
tected in our laboratory (in press).

The demonstration that a number, albeit small, of indi
viduals at the pre-AIDS stage show apoptotic cells includ
ing cortical neurons gives further support to the opinion 
that brain damage is taking place during the early stages 
of HIV infection and suggests that therapeutic strategies 
in HIV-l-positive individuals might have to be applied be
fore they enter the AIDS stage.
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Abstract In four patients with an antemortem diagnosis 
of probable Alzheimer’s disease (AD) regional cerebral 
glucose metabolism (rCMRGl) was studied prospectively 
by positron emission tomography (PET) and compared 
with postmortem semiquantitative neuropathology. The 
interval between the last PET study and autopsy was 
1.3±0.8 years. In comparison with age-matched controls, 
the AD patients showed predominant temporoparietal hy- 
pometabolism spreading to other cortical and subcortical 
regions during serial PET scans. All patients had neu
ropathological findings typical for AD. There was a sig
nificant relationship between rCMRGI and density of se
nile plaques (SP) in one patient (ly = -0.86, P  < 0.05). SP 
were distributed quite homogeneously in all regions ex
amined. Neurofibrillary tangles (NET) were concentrated 
focally in the hippocampus-amygdala-entorhinal com
plex. In the context of widespread developing cortical hy- 
pometabolism, the predilection of NET for involvement in 
limbic areas suggests a disruption of projection neurons as 
the pathogenetic process of cortical dysfunction.

Key words Alzheimer’s disease • Regional cerebral 
glucose metabolism • Semiquantitative neuropathology • 
Neurofibrillary tangles • Senile plaques

Introduction

Numerous studies of dementia of the Alzheimer type 
(DAT) with positron emission tomography (PET) using
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C*E)fluoro-2-deoxy-D-glucose (18-EDG) have demon
strated a characteristic metabolic pattern with hypometab- 
olism most pronounced in temporoparietal and frontal as
sociation areas [3, 7, 13, 16, 17, 20, 27, 30] and relative 
preservation of primary sensorimotor and visual cortex, 
basal ganglia, thalamus, brain stem and cerebellum. Data 
obtained from cortical biopsy [10, 24] and autopsy [4, 11, 
34,40, 43] specimens suggest a relationship between cog
nitive impairment and certain neuropathological changes, 
i.e., neocortical plaques [4, 11, 24, 43], loss of large neo
cortical pyramidal cells [34], and loss of synapses [10, 
40]. To date only a few studies comparing cross-sectional 
assessment of regional cerebral glucose metabolism 
(rCMRGI) and postmortem regional neuronal pathology 
[9, 12, 14, 25, 27, 28] have been published and these re
sults are controversial. Some of them are based on pre
liminary or single-case data. Additionally, in the end- 
stage of Alzheimer’s disease (AD) whole brain CMRGl is 
often low, equalizing regional differences of rCMRGL. 
We, therefore, thought it important to study additional pa
tients with proven AD and to investigate antemortem lon
gitudinal changes of rCMRGl in relation to regional neu
ropathological measures. We examined four cases with a 
clinical diagnosis of probable AD according to NINCDS- 
ADRDA criteria [29]. In all patients we compared rCM
RGl to regional neuropathological changes at autopsy. In 
three patients antemortem brain glucose metabolism was 
also investigated longitudinally.

Materials and methods

Patients

During the last 3 years, four patients (two men with presenile on
set and two women with senile onset of disease) from our probable 
AD sample died and underwent postmortem examination. Ante
mortem diagnosis of probable AD was based on commonly used 
diagnostic criteria [29]. The degree of mental deterioration was 
quantified based on the Mini-Mental-State Examination (MMSE) 
of Folstein et al. [15] and on the Global Deterioration Scale (GDS) 
of Reisberg et al. [36]. Patients’ brain glucose metabolism was in
vestigated by PET using 18-FDG. One to six PET studies were
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Abstract Among the various mechanisms proposed to 
explain the pathogenesis of cerebral lesions in human im
munodeficiency virus (HlV)-induced encephalitis, a cy
tokine-mediated action has found most favour. Indeed, el
evated expression of cytokines such as interleukin (IL)-l 
and tumour necrosis factor-a (TNF-a), thought to be neu
rotoxic, has been found in AIDS patients. As a previous 
study had demonstrated the presence of HIV proviral DNA 
in brain tissue of a number of HIV-positive non-AIDS pa
tients, we undertook this present investigation using mor
phological, immunohistochemistry (IHC) and polymerase 
chain reaction (PCR) methods to detect the expression of 
major histocompatibility complex (MHC) class II mole
cules, the presence of HIV-1 proviral DNA and of the cy
tokines TNF-a, IL-la, IL-4 and IL-6 in brains of the same 
group of individuals. The study included brains of 36 
asymptomatic HIV-1 positive patients and the results were 
compared with those of AIDS patients either affected by 
HIV encephalitis {n = 8) or exempt from any neuropatho
logical changes (n = 10) as well as of normal controls {n = 
5). Results show that: HIV proviral DNA,could be de
tected by PCR in 17 out of the 36 brains from HIV-posi
tive pre-AIDS cases; most (15 of 17) of PCR-positive 
brains showed minimal to severe expression of MHC 
class II antigen; and cytokines could be detected predom
inantly within white matter even at this early stage. The 
data demonstrated that the state of immune activation de
scribed in AIDS is already present at the pre-AIDS stage 
and suggest that the presence of cytokines may already 
trigger the cascade of events leading to brain damage.
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Introduction

Several cerebral disorders have been described in patients 
suffering from AIDS. Among these, the subacute en
cephalitis, which represents the pathological counterpart 
of the AIDS dementia complex, is characterised by myelin 
pallor, astrogliosis and hyperplasia of microglial cells [52]. 
Up to now, microglial cells, as well as macrophages and 
multinucleated giant cells (MGCs), were the only cells 
within the central nervous system (CNS) in which human 
immunodeficiency virus (HIV) antigens could be visu
alised, as revealed by the use of specific antibodies [34, 
47, 57]. More recently, however, Saito et al. [51] have 
a]so demonstrated infection in astrocytes. Elucidating the 
pathogenesis of HIV-1-induced lesions in the CNS must 
take into account that the virus cannot be found within 
nerve cells and is further complicated by the fact that rel
atively small amounts of the organism can be visualised 
both by immunohistochemistry (IHC) and in situ hybridi
sation methods. These findings, and the lack of an obvi
ous cytopathic effect of HIV on neuroectodermal cells in 
vivo, have led to a number of pathogenetic mechanisms 
being proposed. One widely regarded hypothesis takes 
into consideration the state of immune activation of the 
brain [60], as indicated by the expression by macrophages 
of major histocompatibility complex (MHC) class II anti
gens [1]. Enhanced expression of these antigens has been 
demonstrated in a number of HIV-infected cells (astro
cytes, microglia, monocytes) [18, 43] as well as in sen
sory and sympathetic ganglia of HIV-1-infected subjects 
[19]. Expression of MHC class II antigens has been corre
lated with the AIDS dementia complex [41] as well as 
with HIV encephalitis [1, 2, 33]. Once activated, MHC 
class Il-positive cells can produce toxic proteins such as 
cytokines [38, 39]. Indeed, cytokines have been detected 
in the CNS during HIV infection [25, 26, 35, 60].
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Table 1 Antibodies employed 
in the study (GFAP glial fibril
lary acidic protein, TNF tumor 
necrosis factor, IL  interleukin, 
MHC II major histocompatibil
ity complex class II)

Primary Source Dilution Supplier Effect of cytokine on
antibodies employed HIV replication [45]

Anti-p24 Rabbit 1:400 DuPont
Diagnostics, UK

Anti-GFAP Rabbit 1:400 Dako, UK
Anti-HLA-DR Mouse 1:5 BioGenex

(MHC II) UK
Anti-TNF-a Rabbit 1:25 Genzyme, UK Inductive
Anti-IL-1 Rabbit 1:15 Cistron

Technology, USA
Inductive

Anti-IL-4 Rabbit 1:25 Genzyme, UK Inductive/suppressive
Anti-IL-6 Rabbit 1:20 Genzmye, UK Inductive

It has been recognised that, in most individuals, the ini
tial HIV-1 infection results in the establishment of a latent 
or chronic infection, which, before and during eventual 
progression towards AIDS [37, 46, 48], is accompanied 
by a progressive and ultimately profound immunosuppres
sion. Initially, however, as infection is associated with vig
orous virus-specific immune responses, including both neu
tralising antibodies and cytotoxic T lymphocytes (CTLs) 
[64], patients remain clinically asymptomatic.

Regarding the time and mode of entry and spread of 
HIV in the CNS, the presence of the virus in the cere
brospinal fluid (CSF) at an early stage of infection has been 
reported [29, 49, 56]; furthermore, examination of brains 
of HIV-positive patients, who had died prior to develop
ing AIDS, showed mild changes [24] interpreted as being 
nonspecific as there were no MGCs and no virus could be 
detected. Subsequently, however, HIV-1 proviral DNA was 
also demonstrated in the brain tissue, which also showed 
excess of microglia, of these individuals [58, 59]. This 
suggested that the status of immune activation previously 
reported in AIDS [60] may predate the AIDS stage [59].

The aim of this paper was to ascertain whether the 
presence of HIV provirus DNA and microglial hyperpla
sia in the brain during the pre-AIDS stages of the infec
tion was accompanied by enhanced expression of MHC 
class II antigens and by presence of cytokines which may 
suggest that brain damage could take place even at this 
early stage of the infection.

Materials and methods

Subjects

Brain samples of 59 individuals were examined. They included 18 
full-blown AIDS patients and 5 normal controls chosen from the 
series of the Department of Neuropathology, Institute of Neurol
ogy, University of London. Of the 18 AIDS brains, 10 showed ev
idence of HIV encephalitis (HIVE), which is accompanied by ex
pression of cytokines [60]. Of the 36 HIV-1-seropositive asympto
matic patients, 23 were part of the series of one of the authors (F.
G.); 13 brains were obtained from the Edinburgh MRC AIDS 
Brain Bank, courtesy of Dr. Jeanne Bell. The cause of death of the 
36 pre-AIDS individuals was recorded as accidental and included 
drug overdose {n = 30) and suicide {n = 5). One person was found 
dead at the site of a road traffic accident. The delay between death 
and postmortem was recorded as between 20 and 36 h for all the 
cases. Fixation time for the AIDS and control brains ranged from

3 weeks to 5.5 months; for the HIV-l-positive pre-AIDS brains it 
did not exceed 3 weeks. All the specimens used for morphology, 
histochemistry and polymerase chain reaction (PCR) were forma
lin-fixed and paraffin-embedded.

Immunohistochemistry

The details of antibodies applied in the study are listed in Table 1. 
To identify HIV antigen, polyclonal anti-p24, which recognises the 
gag-associated protein p24 was used. Monoclonal anti-glial fibril
lary acidic protein (GFAP) and the biotinylated lectin Ricinus com
munis agglutinin (RCA)-120 (Vector Labs., UK) were used as as
trocyte and macrophage/microglia markers, respectively. The den
sity of GFAP- and RCA-120-positive cells was assessed as previ
ously described [11]. Briefly, the density in both grey and white 
matter of GFAP- and RCA-120-positive cells with a recognisable 
nucleus was assessed by recording all positive cells (except en
dothelial cells which are RCA-120 positive) in seven high-power 
consecutive fields (x 400) and the mean value/mm^ of each case 
calculated. In Table 2 these values were also expressed semiquan- 
titatively using labels (-) to (4-++).

A monoclonal anti-human MHC class II (HLA-DR) antibody 
(BioGenex, UK) was used to identify MHC class II expression and 
polyclonal anti-human interleukin (IL )-la, IL-4 and IL-6 as well 
as tumour necrosis factor-a (TNF-a) (Genzyme, UK) were used 
for detection of cytokines.

IHC was performed as described previously [5, 59]. Procedures 
for p24 and cytokines detection were applied with a slight modifi
cation from the published protocol. Briefly, the sections were de
paraffinised by washing three times with xylene, treated with 1% 
H2O2 in methanol (to block endogenous peroxidase), washed in tap 
water and phosphate-buffered saline (PBS). Sections were heated 
for 5 min twice in a microwave oven at high power in 0.1 M 
sodium citrate buffer pH 6.0. After blocking of non-specific im
munoglobulin binding with 5% normal swine serum for 10 min at 
room temperature (RT) in TRIS-buffered saline (TBS), the sec
tions were incubated with primary antibody at 4° C overnight. Af
ter further rinsing in TBS and incubation with biotinylated sec
ondary antibodies for 30 min at RT and a 30-min reaction with an 
avidin-peroxidase complex at RT, the reaction was finally devel
oped with 3,3"-diaminobenzidine (DAB) and sections were coun
terstained with Meyer’s haematoxylin. A semiquantitative system 
for evaluation of expression of MHC class II antigens and cy
tokines was devised which took into account the density, size and 
number of processes of positive cells and scored the result as a 
single figure applying a scale ranging from 0 to 6 . Accordingly, 
absent or minimal expression either of MHC class II or cytokines 
were labelled 0 to 1, moderate 2 to 3 and high 4 to 6 . The speci
ficity of the immunostaining for cytokines was verified using a 
phorbol myristate acetate (PMA)-activated human cell (U937; 
monocyte) line and lymph nodes obtained from patients with 
AIDS, as it is known that both the macrophages derived from stim
ulated monocytes [27] and HIV-infected lymph nodes [4] express 
TNF-a, IL -la , IL-4 and IL-6 .
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Table 2 Neuropathological 
changes in 36 HIV-l positive 
pre-AIDS individuals (W white 
matter, G grey matter, L  lym
phocyte, M  macrophage)

Case no. Meningitis Microglia
infiltrate

Gliosis Hypoxic
changes

1 ± +/++
2 + (W) +
3 + (W) ±(W )
4 4-/4-+ + (W)
5 + +
6 + (L) + (W), ± (G)
7 +/++ (M) +/++
8 Normal
9 + ++ (W) +

10 + + (W) +
11 + (L) + (W) + (W)
12 4- + + (W)
13 + + +
14 ++ (W), +/++ (G) +
15 + (W) ++ (W) +
16 + (W) ++ (W), ± (G) +
17 + (W), ± (G) + (W)
18 ± (W ) + +
19 + (M) + + (W), ± (G) +
20 ± +/++ (W), ± (G)
21 -1- ± (W ) +
22 + (W), ± (G) +/++ (W)
23 ± ± (W), +(G)
24 ± +/++ (W), + (G) +/++
25 -h + (W) +/++ (W), ± (G)
26 +/++ + (W)
27 ± (W ) +/++ (W), ± (G)
28 4- (focal) + + (W) +
29 ± +/++ (W), + (G) +
30 + (W), ± (G) +/++ (W)
31 +/++ (W), + (G) + (W), ± (G)
32 4- +/++ (W), + (G) +
33 + (W) ++ (W), + (G) +
34 ±(W ) + (W)
35 4- + (W) ++ (W), + (G) +
36 + +/++ (W), ± (G) +

Polymerase chain reaction analysis

Nested PCR was used to detect HIV sequences in paraffin-embed
ded brain tissues of all 59 cases studied. As leptomeninges in pre- 
AIDS cases may include discrete amounts of lymphocytes, some 
of which may contain HIV, the area of the paraffin section includ
ing meninges was removed from the specimen to be used for PCR 
with a scalpel whose blade was replaced for each case examined. 
For each test one paraffin section per case was used. The technique 
for DNA preparation from formalin-fixed, paraffin-embedded tis
sue has been described in a previous report [5]. The primers used 
in this study were designed to amplify a sequence of HIV pol gene. 
Of the reaction mixture, 50 pi contained 0.3 pM of each primer,
0.2 mM of dATP, dCTP, dGTP and dTTP, and 2.5 U Biotaq DNA 
polymerase in PCR buffer [16 mM (NH4)2S0 2 , 67 mM TRIS-HCl 
(pH 8 .8), 3 mM MgCl2, 0.01% Tween-20]. Thirty-two cycles of the 
first round of PCR were performed with 1 pg extracted DNA, each 
cycle consisting of thermal dénaturation at 94° C for 1 min, anneal
ing and extension at 63° C for 2 min. A 144-bp fragment was ampli
fied at the first round of PCR by pol 1 (3181-3203,5"-CAG GAA 
AAT ATG CAA GAA TGA GG) and pol 2 (3324-3302, 5 -CGC 
ATG TTT CCT TTT GTA TGG GT). The second round of PCR 
was amplified by pol 3 (3228-3247, 5 -CAA TTA ACA GAG

GCA GTG CA) with 5 ' digoxigenin (Dig)-l 1-dUTP end-labelled 
and pol 2. In this round of PCR 28-30 cycles were performed with 
2.5 pi of PCR product obtained from first round amplification in 
the 50 pi of reaction. Thus, a 97-bp Dig-labelled PCR product was 
obtained after the second-round amplification. The PCR product was 
analysed by electrophoresis and Southern transfer followed by 
chemiluminescence (CSPD, Boehringer Mannheim, UK) detection.

Human P-globin gene was amplified in all HIV-1 PCR-nega- 
tive and some -positive individuals to confirm that the quality and 
quantity of extracted human DNA were suitable for the amplifica
tion. Amplified P-globin products were visualised by ethidium 
bromide staining of agarose gel electrophoresis.

Results

Neuropathological changes

Among the 18 AIDS patients, 10 showed changes charac
teristic of HIV encephalitis/leukoencephalopathy (both la
belled HIVE in this report), while the remaining 8 showed
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Table 3 Results of PCR, IHC 
and Lectin in HIV-1 positive 
pre-AIDS patients compared 
with other groups. Results rep
resent mean values for each 
group {PCR polymerase chain 
reaction, IHC  immunohisto
chemistry, HIVE HIV en
cephalitis, RCA ricinus com
munis agglutinin, MAC 
macrophages, MIC microglial 
cells)

Group PCR MHC
II

RCA-120/mm2 

Mac Mic

TNF-a IL -la IL-4 IL-6

Normal control 0/5 0.8 0.8 37.2 0.2 0 0.2 0
HIVE 10/10 4 15.4 204 0.5 3.9 1 1.3
AIDS 5/8 1 2.75 77 0.8 1.5 1 0.7
Pre-AIDS 17/36 2.2 3.5 172 1.8 2.6 1.7 1.4

Case no. 
(pre-AIDS)

PCR MHC
II

RCA-120/mm2 

Mac Mic

TNF-a IL -la IL-4 IL-6

1 + 3 2 62 4 3 3 4
2 + 4 4 38 4 4 2 4
3 + 6 14 226 5 6 6 4
4 + 3 1 119 0 1 2 3
5 + 2 2 174 6 4 2 2
6 + 1 9 399 2 1 3 1
7 + 2 0 105 6 4 3 3
8 + 0 0 275 0 4 0 0
9 +• 4 0 246 0 2 1 2

10 + 3 0 79 2 3 0 2
11 + 1 0 283 1 I 0 3
12 + 4 0 133 2 3 2 4
13 + 2 0 231 3 3 0 3
14 + 3 8 158 1 3 2 1
15 0 3 242 0 3 2 0
16 + 5 8 314 2 2 1 1
17 + 2 14 129 1 0 4 2
IS - 3 0 2 0 1 0 0
19 - 1 1 73 2 3 0 1
20 - 0 2 129 0 1 0 0
21 - 0 5 159 0 5 0 0
22 - 1 2 70 1 0 4 0
23 - 4 0 74 4 2 0 4
24 - 1 7 184 1 6 3 2
25 - 1 5 129 0 6 0 2
26 - 3 2 168 1 3 0 0
27 - 2 3 228 2 1 2 0
28 - 1 7 271 2 4 0 0
29 - 2 6 126 2 0 6 0
30 - 3 0 142 2 3 1 2
31 - 6 0 241 0 2 0 0
32 - 1 0 266 2 2 1 2
33 - 0 10 355 1 2 1 1
34 - 2 3 88 1 1 4 0
35 - 1 0 139 1 1 4 0
36 - 3 9 132 3 2 5 0

no obvious neuropathological lesions. The main HIV-re
lated pathological abnormalities were predominantly in 
the hemispheric white matter and included myelin pallor, 
diffuse astrogliosis, microglial nodules and MGCs. Ab
normalities in the HIV-positive pre-AIDS group in this 
study included discrete meningitis in 11 cases, presence 
of microglia (31 cases) and an occasional macrophage (1 
case) and astrogliosis in 34 cases; 1 case showed a com
pletely normal brain. The neuropathology of the 36 pre- 
AIDS individuals is summarized in Table 2.

IHC and lectin staining 

p24

IHC was positive in 7 of 10 cases showing HIVE. No 
staining was seen in the other 8 AIDS patients or in any of 
the pre-AIDS or control brains.
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Fig.l Photomicrographs 
showing the expression of ma
jor histocompatibility complex 
class II antigen in the brains of 
HIV-1 positive pre-AIDS (A) 
and AIDS (B) individuals by 
immunohistochemistry. In A 
the majority of positive cells 
are microglia, while in B also 
macrophages and multinucle
ated giant cells (inset) were 
positive. X  360

n

Lectin

RCA 120-positive cells were increased in size and showed 
many branched processes in all AIDS brains with HIVE 
as well as in 18 of the 36 pre-AIDS brains. The two groups 
differed, however, by the presence, in the former, of nu
merous macrophages and some MGCs. On the other hand, 
in AIDS brains without neuropathological changes, there 
was a slight increase in number of microglial cells (whose 
size was only moderately increased) in addition to a few 
scattered macrophages. The results of IHC and the densi
ties of both microglia and macrophages in the various 
groups are shown in Table 3.

Cytokines and M HC class II antigen

The mean scores of MHC class II, TNF-a, IL-la, IL-4 and 
IL-6 for each group and the individual scores of 36 pre-

AIDS subjects are shown in Table 3. They refer to obser
vations made in the white matter. The expression of MHC 
class II and cytokines, as represented by the mean scores, 
was high in HIV-l-positive patients (taken as a single 
group) compared with HIV-1-negative individuals; inter
estingly, pre-AIDS patients showed higher scores for TNF- 
a  and IL-4 than AIDS brains with HIVE (whereas counts 
of RCA-120-positive cells were elevated in all three HIV- 
l-positive groups). Regarding the cell types that immuno- 
stained with the various antibodies, TNF-a appeared to 
be expressed in microglia/macrophages, pericytes and a 
number of astrocytes; IL-1 in microglia/macrophages, as
trocytes and some endothelial cells; IL-4 in microglial 
and astrocytes, and IL-6 in microglia, astrocytes and pos
sibly some endothelial cells. Examples of cells immunos- 
tained for MHC class II antigen in pre-AIDS and AIDS 
brains are shown in Fig. 1 ; examples of the various cell 
types immunostained with the range of the different cy-
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Fig. 2 A-H Photomicrographs of brain sections immunostained 
with antibodies against cytokines. A, C, E, G represent pre-AIDS, B, 
D, F, H AIDS cases. A, B illustrate TNF-a; C, D IL-la; E, F IL-4; 
as showed in Table 3, the expression of IL-4 is higher in pre-AIDS 
(E) than in AIDS (F) cases; G, H IL-6. Cells represented in the pho
tographs include microglia (B, C), glial cells (A, D, G) and an en
dothelial cell (F). (TNF tumor necrosis factor, IL interleukin) x 600

tokine antibodies in the same groups are illustrated in 
Fig. 2.

The grey matter was examined separately using the 
same scoring system described above. Data for MHC 
class II molecules were comparable to those found in the 
white matter in both in AIDS and pre-AIDS brains. For
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Fig. 3 Results of polymerase chain reaction shown by elec
trophoresis (small arrow) and chemiluminescence (large arrow). 
Lanes A-H  represent pre-AIDS cases; lanes l-L  AIDS cases; lanes 
M, N positive controls; lane 0  negative control; lane P DNA mo
lecular weight marker

the cytokines, the scores obtained for the AIDS and pre- 
AIDS groups were considerably lower than those found in 
the white matter and for the pre-AIDS could be regarded 
as minimal.

Polymerase chain reaction

All the control cases were negative. HIV-1 DNA was de
tected in all {n=  10) HIVE cases, in 5 out of 8 AIDS pa
tients without CNS disease and in 17 out of 36 HlV-posi- 
tive pre-AIDS patients. Results of PCR of pre-AIDS indi
viduals are shown in detail in Table 3. Figure 3 illustrates 
the results of PCR by both electrophoresis and chemilu
minescence. Lanes A-H represent 8 randomly chosen pre- 
AIDS cases, while lanes I-L are the results of similarly 
chosen AIDS cases.

Discussion

PCR findings in this study revealed the presence of HIV- 
1 DNA in the brains of a large proportion of HIV-l-posi
tive patients at the asymptomatic stage. This is keeping 
with previous results [59] and confirms that entry of HIV- 
I into CNS takes place at an early stage of the infection. 
The improved results obtained using chemiluminescence 
emphasise the superiority of this method over the tradi
tional technique. These results are at variance with those 
published by Donaldson et al. [16] who cou]d find no ev
idence of HIV-1 positive proviral DNA in pre-AIDS 
brains. The possibility that positive PCR findings could 
result from HIV harboured in lymphocytes contained in 
the intraparenchymal or meningeal blood vessels must be 
considered. As mentioned in Materials and methods, the 
meninges were removed from the paraffin-embedded sec

tion used for PCR; as for the virus being present in cells 
trapped in intraparenchymal vessels, data from the litera
ture show that only between I in 1,000 and 1 in 500,000 
peripheral blood mononuclear cells [36] and between 1 in 
2,500 and 1 in 26,000 CD4 cells [8] carry the virus in 
seropositive pre-AIDS individuals. As only one paraffin 
section per case was used for PCR studies, this amount of 
tissue could not conceivably contain a number of cells 
high enough to give a positive result, taking into account 
the threshold of sensitivity of our PCR technique.

Neuropathological examination in patients with HIVE 
revealed changes (infiltration by macrophages, increase 
numbers of microglial cells, gliosis, myelin pallor and 
MGCs) identical to those previously reported [9], while 
MGCs were absent in HIV-l-positive pre-AIDS patients; 
on the other hand meningitis, usually not a feature of 
HIVE, was present in 11 cases of the latter group. Most 
HIV-1-positive pre-AIDS patients in this study were drug 
addicts and all had died from causes unrelated to the HIV 
infection. We can assume that these individuals were at an 
early latent stage of disease, a phase at which HIV, har
boured within the CNS, could be the non syncytium-in
ducing (SI) variant [53], thus possibly explaining the ab
sence of MGCs.

Our results using the lectin RCA-120 revealed large 
numbers of macrophages and microglia in AIDS brains 
but also confirmed previous findings [59] of high values 
of microglia in all but 2 pre-AIDS patients. Increased 
numbers of cells of microglia/macrophage lineage are a 
prominent feature of HIV-associated disorders of the CNS 
[21]; it is known that these cells are susceptible of infec
tion by HIV and may serve as its reservoir [30]. Latent in
fection of monocytes/macrophages is an important mech
anism by which HIV escapes immune surveillance and 
enters the CNS [2].

Increased density of microglia was associated, in the 
pre-AIDS brains in our study, with enhanced expression 
of MHC class II molecules; the mean score (2.2) was 
lower than in cases associated with HIVE (4.0), but was 
more than twice that found in AIDS brains without asso
ciated pathology (1.0). These results regarding microglial 
cells in pre-AIDS and AIDS with and without encephali
tis are in keeping with those by Sinclair et al. [59]. More
over, in the pre-AIDS group a more elevated expression 
was found in most (15/17) HIV-1 DNA-positive than in 
-negative brains. Among the pre-AIDS individuals the 
mean score of expression of MHC class II antigens of the 
HIV-1 DNA-positive cases was 2.65, a value considerably 
higher, although statistically not significantly so, than 
PCR-negative cases (1.8)

Other investigators have previously confirmed in
creased expression of MHC II in AIDS [2, 33, 60]. By 
showing increased expression during the pre-AIDS stages, 
our data lend support to our previous hypothesis [59] that 
a status of immune activation, demonstrated in AIDS by 
Tyor et al. [60], already exists during the asymptomatic 
stages preceding AIDS. At this stage, viral-specific im
mune responses (shown by the presence of MHC class II 
molecules), including both neutralising antibodies and cy
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totoxic T cells, help inhibit virus replication [64]. How
ever, after a latency period, in which the balance seems to 
be in favour of the host, new viral variants, due to the high 
rate of HIV mutagenesis, arise; they in turn stimulate the 
immune system, induce new cycles of viral replication and 
new virulent mutants which eventually lead to the final 
collapse of the immune system [10].

It has been suggested that the pathogenesis of the 
changes within the CNS in AIDS, including nerve cell 
loss, could be produced directly by the virus [17, 32, 50, 
66] or induced indirectly via products secreted by HIV-in
fected macrophages/microglia [23, 25, 28] or other ghal 
cells [61, 62]. However, as neurons are not directly in
fected by HIV-1, the latter mechanism seems the more 
likely and it has been hypothesised that the damage can be 
induced via production of cytokines. These proteins are 
by no means specific for HIV infection and can be found 
in normal brain [7, 13] as well as in a variety of abnormal 
conditions [31]. In HIV infection, both in vivo and in vitro 
data point to their role at three important stages of the dis
order [63]: entry of the virus into the brain tissue, up- and 
down-regulation of HIV expression in the brain and in
duction of astrogliosis and myelin pallor.

In a recent investigation of brain tissue in AIDS, Tyor 
et al. [60] reported the presence of various cytokines in 
the white matter. Within the CNS, activated astrocytes and 
microglia are the main source of cytokines, although IL-1 
and transforming growth factor-^ (TGF-P) can also be se
creted by oligodendrocytes. Their functions have been ex
tensively described and the literature on the subject has 
been recently reviewed by Vitkovic et al. [63] and Ben- 
veniste [6].

Regarding the time of the infection at which cytokines 
become detectable in the brain, as shown by their pres
ence in the CSF, very little is known, as most investiga
tions have only compared levels in AIDS patients with 
and without dementia. Moreover, data reflecting levels in 
the CSF may not correlate with the actual levels of cy
tokines within the parenchyma. Indeed, although CSF and 
brain tissue represent two interconnected compartments, 
they are not in equilibrium regarding solutes [40]. Results 
at the AIDS stage are conflicting as Perrella et al. [41] did, 
whereas Weller et al. [65] did not find evidence of TNF-
a. On the other hand, Vitkovic et al. [63] detected slightly 
elevated levels of TNF-a in the CSF in HIV infection, 
compared with HIV-negative individuals, but no differ
ence between demented and non-demented subgroups, 
confirming previous data by Tyor et al. [60]. The latter re
sults are at variance with those by Perrella et al. [41] and 
Grimaldi et al. [26], who reported higher TNF-a levels in 
demented than in non-demented AIDS patients.

The present study has revealed, for the first time, that 
expression of IL-la, IL-4, IL-6 and TNF-a in formalin- 
fixed, paraffin-embedded brain tissue is elevated in HIV- 
positive pre-AIDS compared with HIV-1-negative indi
viduals and HIV-l-positive brains with no neuropathol
ogy. Positive cells included microglia and astrocytes (for 
all the cytokines), pericytes (TNF-a) as well as endothe
lial cells (IL-la, IL-6). Although both grey and white

matter were involved, most positive cells were found in 
the latter. The pattern and level of expression showed that 
TNF-a and IL-4 were surprisingly higher than in the two 
AIDS subgroups (in which their presence within pericytes 
compensated for the lower numbers of microglia). On the 
other hand, the highest levels of IL -la  were found in pa
tients with HIVE, wherease pre-AIDS individuals showed 
only moderate levels, and little was present in AIDS 
brains without neuropathology. Levels of IL-6 were simi
lar in the HIVE and pre-AIDS groups, compared with that 
without neuropathology in which they were low.

In the light of the results described above, some of the 
neuropathological changes previously reported in pre- 
AIDS individuals [24] may now find an easier explana
tion. Among these, myelin pallor can be correlated with 
the presence of TNF-a, which is known to have a direct 
effect on oligodendrocytes and which, in vitro [54], mediates 
myelin and oligodendrocyte damage. Moreover, TNF-a is 
known to act through a mechanism of apoptosis [55].

A more worrying possibility is that cytokines could, at 
this early stage, trigger the cascade of events by which IL- 
1 can stimulate the production of itself as well as of other 
cytokines such as TGF-(5l [12], IL-6 and TNF-a [15]. 
Production of IL-1, TGF-|3l and TNF-a by various cell 
types within the CNS activates, in turn, HIV replication 
[44, 62], thus creating a vicious circle that perpetuates the 
damage. Furthermore, cytokines are low molecular 
weight proteins that can act both locally or at sites remote 
from their site of origin [22] and may have long-lasting 
effects [14]. As cytokines have been implicated in the 
process of neuronal apoptosis in AIDS [3, 20, 42], it was 
not surprising to find nerve cell loss already in the pre- 
AIDS stage (An et al., in press). Admittedly, the amounts 
of these proteins found in the cortex in our cases were not 
large. However, by showing the presence of HIV provirus 
DNA in a large proportion of pre-AIDS brains, together 
with the identification of a condition of immune reaction, 
the existence of detectable amounts of cytokines and evi
dence of apoptosis, our results emphasise the potential 
risk that brain tissue, and nerve cells in particular, are ex
posed to and indicate the need for therapeutic interven
tions from the very early stages of the infection.
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Abstract Proliferative potentials of meningiomas from 
127 patients were examined immunohistochemically us
ing the anti-Ki-67 monoclonal antibody, MIB-1, on paraf
fin sections, and the correlation among MIB-1 staining in
dex (SI), histopathological finding, and clinial course of 
the disease was analyzed retrospectively. The mean MIB- 
1 SI of 50 male patients with meningioma was 5.5%, 
whereas that of 77 female patients was 2.7%. Higher 
MIB-1 SI were observed for younger patients. These age- 
and sex-related differences in MIB-1 SI were statistically 
significant. The patients were assigned to one of three 
groups: those with non-recurrent meningioma (n = 73); 
those with recurrent meningioma in whom the speci
mens obtained during the initial surgery were used to cal
culate the MIB-1 SI {n = 21); and those with recurrent 
meningioma for whom the specimens obtained during the 
surgery for recurrent tumors were used to calculate the 
MIB-1 SI {n = 33). The mean MIB-1 SI in these patients 
were 1.6%, 3.6%, and 8.8%, respectively, and there were 
statistically significant differences among these three 
groups. Statistical analyses reveal that meningiomas with 
a MIB-1 SI of 3% or more have a significantly high ten
dency for recurrence during the clinical courses, espe
cially within the first 10-year follow-up periods. More
over, there is statistically significant correlation between 
MIB-1 SI and recurrence in each Simpson’s grade. The 
time interval to the next recurrence for recurrent menin
giomas is associated with the proliferative potential repre-
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sented by the MIB-I SI, and a correlation equation has 
been proposed to predict the date of the next recurrence. 
Analyses on cellularity of meningiomas revealed no sta
tistically significant difference in cellularity between non
recurrent and recurrent meningiomas. There was no statis
tically significant relationship between cellularity and 
MIB-1 SI of meningiomas. In conclusion, examination on 
proliferative potentials of meningiomas using MIB-1 SI is 
very important for biological and histopathologicl analy
ses and the prediction of future recurrence.

Key words Meningioma • MIB-1 
potential • Recurrence

Ki-67 • Proliferative

Introduction

Meningiomas are common, usually benign tumors of the 
meninges arising from the arachnoid cells. They are con
sidered to be a heterogeneous group of tumors which is 
categorized into 14 subtypes with three grades of malig
nancy [15]. Clinical and biological features of recurrent 
and non-recurrent meningiomas have been studied by sev
eral investigators [1,4, 6, 7, 9,11,12, 16-18, 25]. Recent 
studies have shown that the recurrence of meningiomas 
appears to be also modulated by their proliferative poten
tials [2, 5, 10, 20], which have been studied using bro- 
modeoxyuridine (BrdU) labeling index (LI) [10], prolifer
ative cell nuclear antigen (PCNA) [13], argyrophilic nu
cleolar organizer region (AgNOR) count [2, 5, 20], and 
Ki-67 staining index (SI) [8, 21]. The BrdU LI study, 
which detects S phase cells alone [10, 22], is inappropri
ate for retrospective studies, since it requires intravenous 
injection of BrdU prior to surgery or incubation of cul
tured tumor cells with BrdU. Immunohistochemical stain
ing of the Ki-67 antigen is capable of detecting all prolif
erative cells [8], and has been applied for evaluating pro
liferative potentials of various tumors using the frozen 
sections; however, this is also inappropriate for retrospec
tive studies. Recently, an anti-Ki-67 monoclonal antibody, 
MIB-1, has become available for the analysis of prolifer-
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Patients with normal anti-GMl antibody titres 
also respond to immune modulating therapy.

There are three possible reasons for the 
normal anti-GMl antibody titres observed in 
our patients: firstly, the polyneuropathies of 
unknown origin investigated might not be im
mune mediated"j secondly, ± ese  polyneuro
pathies might be immime mediated but 
induced by antibodies directed against epitopes 
other than those of gangliosides; and thirdly, 
the assay applied was of low sensitivity and 
specificity and may not have recognised disease 
specific anti-GMl antibodies. Other authors, 
however, have detected raised anti-GMl anti
body titres using the EL-GMl assay and, hope
fully, the specificity of anti-GMl antibody 
testing will be increased by analysing GMl 
target epitopes other than Gal(Pl-3)GalNAc.’ 

In conclusion, our results suggest that quan
tification of anti-GMl antibody titres is of little 
help in the diagnosis of polyneuropathies of 
unknown origin.
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Abstract
HIV-1 DNA extracted from frozen and 
formalin fixed brain tissue can be detected 
using PCR. This work has been extended 
by amplifying, using semiquantitative 
PCR, HIV DNA extracted from frontal 
lobe tissue o f 16 patients with AIDS (eight 
positive and eight negative for p24 an
tigen). DNA was amplified using HIV-1 
p o l gene digoxigenin labelled primers 
and detected by chemiluminescence and 
densitometry. Cloned standards were 
amplified in parallel for quantification. 
HIV DNA levels detected in frozen tissue 
showed a correlation with p24 positivity 
and the severity of the histological diag
nosis. This correlation was less clear in 
the formalin fixed material.
(J  Clin Pathol 1996;49:425-427)

Keywords: HIV, PCR , frozen tissue, formalin fixed 
tissue.

About 30% of adult patients and 50% of pae
diatric patients with AIDS are likely to develop 
symptoms encompassed by the term HIV as

sociated dementia complex (HIV-ADC) and it 
is probable that these percentages would be 
greater if patients did not succumb to earlier 
complications. The HIV-ADC includes a wide 
range of neurological problems in which the 
pathogenetic processes involved are not fully 
understood. There are two likely pathogenetic 
mechanisms, both of which may be con
tributing to disease. Firstly, the direct cyto- 
pathic effects of viral infection may be 
responsible for the cell destruction and loss of 
neurons which are normally observed in HIV- 
ADC. This type of pathogenesis may be im
portant during the terminal stages of AIDS.' 
However, neurons in vivo show no evidence of 
HIV infection while microglia and macro
phages are typically infected and the formation 
of multinucleated giant cells (MGC) is a diag
nostic feature of HIV encephalitis (HIVE) and 
HIV leucoencephalopathy (HIV lep).' Sec
ondly, damage is the indirect consequence of 
HIV infection and is probably macrophage me
diated. Neuropathological changes are the 
result of secretion of neurotoxic factors in
cluding arachidonic acid, cytokines and toxic 
oxygen metabolites.^ Several reports have im-
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Table ] Pathology, H IV  p24 antigen status and copies of H IV  DNA per pg total DNA  
extracted from frozen and formalin fixed tissue

Patient
number

p 2 4  antigen 
status PathologyFrozen Formalin fixed

1 1020 340 Positive HIVE
2 700 200 Positive HIVE
3 150 <10 Positive HIVE
4 90 110 Positive HIVE
5 130 <10 Positive HIVE, PM L
6 100 <10 Positive HIVE
7 30 130 Negative HIVE, CMV ventridlitis
8 <10 <10 Negative HIVE
9 25 20 Positive HIV leucoencephalopathy

10 180 180 Negative Diffuse gliosis, vasculitis
11 125 30 Negative Diffuse non-specific changes
12 100 <10 Negative Non-specific changes
13 30 160 Negative Moderate gliosis
14 <10 50 Positive HIV, necrosis, encephalitis
15 <10 40 Positive PM L
16 <10 <10 Negative Cryptococcosis

PM L=progressive multifocal leucoencephalopathy; CM V =  cytomegalovirus; HSV =  herpes sim
plex virus.

plicated viral proteins in the pathogenetic pro
cess—for example, the viral tat protein and gp 
120, the latter being expressed in transgenic 
mice which showed some HIV-ADC-like symp
tom s/ Recently, it was suggested that neuronal 
loss was due to apoptosis occurring after the 
local release of neurotoxic factors during HIV 
infection.A ll of these possibilities may well be 
involved in the pathogenesis. An important 
consideration in attempting to understand the 
pathogenesis of HIV-ADC in the light of these 
possibilities is whether or not there is a link 
between viral load and the extent of neuro
pathology. This has been noted in previous 
reports where there was correlation between 
increasing pathology and the amount of virus 
present in the tissue.^ It was these observations 
which were of interest for the present study, 
particularly the link between viral load and the 
more severe diseases, such as HIVE and HIV 
lep. We have chosen to estimate the amount 
of HIV in the brain in patients with AIDS by 
measuring levels of HIV DNA. This DNA  
represents a total of integrated provirus and 
extrachromosomal viral DNA, which is often 
present in relatively high amounts in the brain.^ 
Viral particles (containing RNA only) are nor
mally found in the brain tissues at low levels 
so the HIV DNA represents the consequence 
of latent rather than active infection.

We also wished to assess the effects of form
alin fixation on the tissue being examined by 
PCR quantification. Postmortem brain ma
terial is typically fixed in 4% formaldehyde 
solution (formalin) for long periods of time 
(that is, weeks or months). This procedure has 
the advantage of rendering the tissue non- 
infectious, preventing deterioration and pre
serving the morphology. However, formalin 
crosslinks proteins and nucleic acids, which 
can make their analysis more difficult. D e
termination of the molecular weight for DNA  
extracted from frozen tissue shows that it is 
normally intact, whereas the molecular weight 
of DNA fi-om formalin fixed material is typically 
less than 500 base pairs (bp)® (our unpublished 
observations). This may cause problems for 
some DNA studies. However, in a previous 
study comparing amplification in frozen and

formalin fixed brain material, we showed that 
the fixation process only slightly compromised 
the ability to detect HIV DNA by PCR. ‘

Methods
Frozen and formalin fixed frontal lobe tissue 
from postmortem brain material of 16 patients 
with AIDS was studied. The samples selected 
for quantification had previously been shown 
to be HIV DNA positive by PCR^ and the 
quantification studies were done without prior 
knowledge of the histological details of each 
sample. Negative controls, consisting of PCR 
reagents only, were included with all batches 
of samples being tested to ensure no con
tamination was present. Histological ex
amination of the brain tissue from each patient 
was done on a routine basis to determine the 
type of HIV encephalopathy.

IM M UNOHISTOCHEM ISTRY

p24 HIV antigen screening was done routinely
on all sections as described previously.^

EXTRACTION OF DNA

Formalin fixed tissue samples were dewaxed 
with three 15 minute xylene washes followed 
by five minutes in ethanol. Small blocks of 
brain tissue fiom each source were finely diced 
before being placed in DNA extraction buffer. 
DNA was prepared by two methods. (1) 
Standard DNA extraction procedures using 
proteinase Kdigestion (0 25 mg/ml 56°C, over
night) followed by chloroform/phenol puri
fication and ethanol precipitation.^ For the 
formalin fixed tissue it was necessary to increase 
the proteinase K concentration to 5 mg/ml to 
extract sufficient DNA. (2) A technique using 
guanidium isothiocyanate to dissolve tissue was 
found to produce slightly better quality DNA, 
especially from formalin fixed brain so this 
latter technique was eventually used on a rou
tine basis.® The purified DNA was finally quan
tified by spectrophotometry.

PCR AND DNA QUANTIFICATION  

A semiquantitative PCR technique was used 
to estimate the number of HIV DNA copies in 
each sample.’ The primers used amplified a 
143 bp fragment from the HIV pol gene; the 
upstream primer was 5' labelled with di
goxigenin. The amplified DNA incorporated 
the digoxigenin, which enhanced detection and 
enabled the amount of reaction product to be 
quantified. The amplification reaction included 
identical amounts of brain DNA (normally 
1 pg) and reagents as specified by the manu
facturer (Bioline, UK) imder the following con
ditions: dénaturation, five minutes at 94°C; 
annealing/extension, two minutes at 62°C; for 
30-32 cycles followed by five minutes extension 
at 72°C. This protocol maintained the reaction 
in the exponential phase which is essential for 
quantification, as during this phase there is a 
direct correlation between the quantity of target 
DNA and the amount of amplified product
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containing digoxigenin. Serial dilutions of 
cloned HIV DNA were run in parallel with 
brain DNA samples to permit quantification 
within a range of 20-2000 copies. After am
plification, aliquots of reaction sample were 
separated by electrophoresis in 2% agarose and 
transferred to nylon membranes (Boehringer). 
The membrane bound digoxigenin was then 
reacted with a chemiluminescent substrate 
(Boehringer), detected by autoradiography and 
quantified by densitometry (Molecular Dy
namics). The amplified standards were used to 
plot the HIV copy number against densitometry 
values to produce a standard curve. From this 
curve the number of HIV copies in each brain 
sample was extrapolated. The number of HIV 
copies was then expressed relative to the 
amount of total brain DNA in each reaction.

Results
The patients’ diagnoses and the results are 
given in table 1. Patients 1-9 were ranked 
together because their diagnoses reflected a 
uniform type of pathology. These were HIVE 
and HIV lep which are associated with the 
presence of MGC and p24 antigen positivity. 
Immunostaining of the tissues for p24 antigen 
was usually observed with HIVE, but two non- 
HIVE cases (patients 14 and 15) were also 
positive. There was a perifocal pattern of stain
ing in these two patients. This was due to local 
boosting of HIV levels around the region of 
pathology which is often seen when there is 
coinfection with another virus, such as DNA  
viruses, and did not represent typical dis
tributions of p24 antigen seen in HIVE. It was 
possible to detect HIV DNA in all patient 
samples from both frozen and formalin fixed 
tissues. However, in many cases the levels of 
HIV DNA were barely detectable and therefore 
were not quantified and were designated as 
<10 copies. Increasing the number of PCR 
cycles confirmed that these cases were positive 
(data not shown). The 1 pg of total DNA used 
in each case represents an analysis of ap
proximately 150 000 cells. Plots of cloned 
standards of HIV DNA against densitometer 
values produced straight line graphs in the 
range of 10-2000 copies from which test 
samples values were extrapolated (data not 
shown).

Discussion
The results from frozen tissue suggested that 
there was a slight, direct correlation between 
viral load and a more severe pathology—that 
is, HIVE and HIV lep. In particular, patients 
with considerably higher HIV DNA levels—for 
example, patients 1 and 2, would be expected 
to have HIVE. However, a converse conclusion 
that patients with HIVE will always have a 
greater HIV DNA load was not indicated by 
our data. The precise significance of brain HIV 
DNA load in relation to pathogenesis is not

clear, although it may represent a latent in
fection with intermittent expression of viral 
antigens at low levels with consequent immune 
mediated cytopathology.^'° It is not known 
whether or not these antigens and HIV nucleic 
acid are being assembled into intact virions 
which may reinfect local cells. The cellular 
localisation of HIV is restricted mainly to 
macrophages and MGC, both of which are 
thought to be reservoirs of infection in the 
brain. In situ DNA studies will help to define 
more precisely this localisation and determine 
whether or not other cell types are involved.

The quantification of HIV DNA in formalin 
fixed material resulted in lower values than in 
frozen material in most cases, with limited 
agreement between the two, especially in 
patients 1 and 2 where HIV DNA levels were 
high. In those samples where there was more 
HIV DNA in the formalin fixed tissue this was 
possibly due to local fluctuations within the 
brain tissue under analysis. The ability to detect 
and quantify DNA from formalin fixed tissue 
will be largely determined by the size of the 
fragment to be amplified. In this study the 
amplified po/ gene fragment was 143 bp, which 
was significantly smaller than the average size 
of DNA fragments extracted from formalin 
fixed tissue of approximately 500 bp.  ̂However, 
as the reduction in molecular weight of ex
tracted chromosomal DNA is likely to be a 
random process it is inevitable that some of the 
target sequences will no longer be present. The 
discrepancy between the results of frozen and 
formalin tissue may also be due to differences 
in the fixation times of the samples and to 
vagaries in the fixation process. Although quan
tification of HIV DNA in formalin fixed tissue 
using PCR was feasible, the results must be 
interpreted with caution and are likely to be 
lower than those from fresh material.

This work is supported by the Medical Research Council, the 
Brain Research Trust and Concerted Action Europe.
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Abstract
A 61 year old man presented with ab
dominal pain typical o f chronic chole
cystitis o f one m onth’s duration. Pallor 
was noted on examination and in
vestigation uncovered myelofibrosis and a 
small gallstone. Cholecystectomy relieved 
the pain and pathological examination of 
the gall bladder showed widespread m y
eloid m etaplasia. This is the first reported 
case of myelofibrosis presenting as chronic 
cholecystitis.
( 7  C lu i P a th o l 1 9 9 6 ;4 9 :4 2 8 -4 2 9 )

Keywords: M yelofibrosis, m yelo id  m etaplasia, gall b lad
der, chronic ch olecystitis, pain.

Myelofibrosis is normally a chronic haem ato- 
logical disorder of the elderly characterised 
by anaemia, weight loss, anorexia, and fever. 
Fibrosis, abnorm al haemopoiesis and increased 
megakaryocytes are seen in the bone marrow. 
Extramedullary haemopoiesis causing hepato- 
splenomegaly is comm on and tum ours com 
posed of abnorm al myeloid tissue may arise. 
T he latter are frequently located in the retro- 
peritoneum , pelvis, mesentery, and pleura 
and rarely in lymph nodes and skin.' We report 
a rare case of myelofibrosis producing myeloid 
metaplasia of the gall bladder and presenting 
with features of chronic cholecystitis.

Case report
A 61 year old man presented with a one m onth 
history of upper abdominal pain. T he pain 
occurred approximately three times a week and 
lasted from 30 minutes to two hours. It was 
associated with nausea and flatulence, and pre
cipitated by fatty foods. O n examination, he 
was pale and had mild epigastric tenderness. 
T here were no abdominal masses and neither 
the liver nor spleen was palpable. U ltrasound 
examination revealed a small gallstone in the 
gall bladder. Endoscopy of the upper gas
trointestinal tract, liver and bone biochemistry 
and serum amylase were normal. Full blood 
count showed a haemoglobin concentration of 
9-4g/dl, platelet count of 9 5 x lO ‘'/l, and a 
white cell count of 1 7  x lO’/l. T he blood film 
was norm al. A bone marrow aspirate was 
scanty, but contained increased mega
karyocytes and myelofibrosis was diagnosed on 
examination of a bone marrow trephine biopsy 
specimen. T he bone marrow was hypocellular 
and fibrotic with im m ature erythroid and my
eloid precursors, clusters of dysplastic me
gakaryocytes, and increased reticulin fibres.

T he patien t’s abdominal pain persisted and, 
five m onths later, he underw ent laparoscopic

cholecystectomy. At surgery, the gall bladder 
was thickened and adherent, and contained a 
single mixed gallstone measuring 0 5 cm. T he 
spleen was greatly enlarged. One m onth after 
surgery, the patient had no abdominal pain but 
required regular blood transfusions. After two 
m onths, he developed acute myeloid leuk
aemia, severe ascites and thrombosis of the left 
internal jugular vein. T he ascitic fluid con
tained neutrophils, im mature myeloid and ery
throid cells, blast-like cells, megakaryocytes, 
lymphocytes, and mésothélial cells. T he patient 
deteriorated rapidly and died four m onths after 
surgery. There was no necropsy.

Pathology
An opened gall bladder, m easuring 7 x 2-5 x 
1-5 cm, was subm itted for pathological ex
amination and fixed in 10% buftered formalin. 
A few adhesions were present and the mucosal 
surface was unremarkable. T he gall bladder 
wall was diflfusely thickened and grey, meas
uring 0-4 to 0 6 cm in depth. Histological 
examination of the neck, body and fundus 
revealed extensive myeloid metaplasia. This 
completely replaced the normal lamina propria 
and adventia, and extended between smooth 
muscle bundles in the muscularis. Epithelium 
and sm ooth muscle were spared. T he infiltrate 
was composed mainly of im m ature myeloid and 
erythroid cells, with dysplastic megakaryocytes, 
often forming small clusters (fig 1). T he fibrous 
strom a was rich in reticulin fibres. T he ap
pearances were similar to those in the bone 
m arrow trephine biopsy specimen. Im m uno
staining for C D 68 (Dako, High W ycombe, UK; 
1:50) and factor VIII (Dako; 1:50) confirmed 
the presence of im m ature myeloid cells and 
megakaryocytes, respectively. Im m unostaining 
for CAM  5.2 (Becton Dickenson, San Jose, 
California, USA; 1:1), vimentin (Dako; 1:100),

r

F igure I M eg a k a ry o c y te s  in the a d v e n ti t ia  
im m u n o sta in e d  b y  fa c to r  VIII. (In in iu n operox idase , 
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Early HIV-1 invasion of the central nervous sy s
tem  has been demonstrated by many cerebrospinal 
fluid studies; however, m ost HIV-1 carriers remain 
neurologically unimpaired during the so  called  
"asymptomatic" period lasting from seroconversion  
to sym ptom atic AIDS. Therefore, neuropathological 
studies in the early pre-AIDS stages are very few, 
and the natural history of central nervous system  
changes in HIV-1 infection remains poorly under
stood. Examination of brains of asymptomatic HIV- 
1 positive individuals w ho died accidentally and of 
rare cases with acute fatal encephalopathy reveal
ing HIV infection, and comparison with experimen
tal sim ian im m unodeficiency virus and feline 
im m unodeficiency virus infections su g g est that, 
invasion of the CNS by HIV-1 occurs at the time of 
primary infection and induces an im m unological 
process in the central nervous system . This includes 
an inflammatory T-cell reaction with vasculitis and 
leptom eningitis, and immune activation of brain 
parenchyma with increased number of microglial
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cells, upregulation of major histocompatibility com 
plex class II antigens and local production of 
cytokines. Myelin pallor and gliosis of the w hite  
matter are usually found and are likely to be the 
consequence of opening of the blood brain barrier 
due to  vasculitis; direct dam age to oligodendro
cytes by cytokines may also interfere. These white 
m atter changes may explain, at least partly, the 
early cerebral atrophy observed, by magnetic reso
nance imaging, in asym ptom atic HIV-1 carriers. In 
contrast, cortical damage seem s to be a late event 
in the course of HIV-1 infection. There is no signifi
cant neuronal loss at the early stages of the disease, 
no accompanying increase in glial fibrillary acid pro
tein staining in the cortex, and only exceptional 
neuronal apoptosis. Although HIV-1 proviral DNA 
may be dem onstrated in a number of brains, viral 
replication rem ains very low  during the asym p
tomatic stage of HIV-1 infection. This makes it likely 
that, although opening of the blood brain barrier 
may facilitate viral entry into the brain, specific 
immune responses including both neutralising anti
bodies and cytotoxic T-lymphocytes, continuously  
inhibits viral replication at that stage.

Introduction
Involvement of the central nervous system (CNS) 

is common in the acquired immune deficiency syn
drome (AIDS). It has been shown that 30-60% of the 
patients have neurological sym ptom s (71) which  
may be the first manifestation of the disease in 10% 
of the cases, and represent the main cause of disabili
ty and death in that population. In addition, neu
ropathological studies have demonstrated that 80- 
100% of AIDS patients have pathological abnormali
ties in the CNS (46, 47, 57). These include lesions 
due to direct infection of the nervous tissue by the 
hum an im m unodeficiency virus (HIV): HIV
encephalitis/Ieukoencephalopathy both referred to as 
HIVE in this paper, opportunistic infections and lym
phomas related to the immunodeficiency syndrome, 
and changes secondary to systemic complications of 
the disease (48). Most of these complications occur 
late in the course of HIV-l infection, usually at the 
terminal stage of AIDS. The neuropathology of full 
blown, symptomatic AIDS, established in many large 
autopsy series (6, 14, 46, 66, 79, 93), has been  
described in great detail (43) and is now universally 
accepted (15). In contrast, the natural history of the 
changes occurring in the CNS during the earlier 
stages of HIV-l infection remains poorly understood.
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Seroconversion may be clinically silent, however 
50 to 70% of patients experience a transient "acute 
HIV syndrome" which may include neurological 
symptoms, approximatively 3 to 6 weeks following 
primary infection. It is followed by a phase of clinical 
latency which com m only lasts 8-10 years until the 
onset of the sym ptom atic AIDS, the so called 
"asymptomatic" period. This is, however, a som e
what confusing term as these patients may develop a 
variety of conditions and, on the other hand, 
patients with low CD4 count may remain asymp
tomatic, thus "asymptomatic " individuals may have 
very different levels of im munodeficiency (55). For 
obvious reasons, neuropathological studies are 
uncom m on at the early stages of HlV-1 infection. 
They include either exceptionnal observations of 
fatal acute encephalopathy during which HlV-1 
seropositivity is discovered, or autopsy studies of 
asymptomatic HIV-l seropositive individuals who 
died accidentally or from an other pathological con
dition. Studies of CNS changes in AIDS patients who 
died without neurological signs and definite neu
ropathology, also give information on the further 
stages of the disease, preceding the onset of HIVE. In 
addition, experimental simian im m unodeficiency  
virus (SIV) and feline immunodeficiency virus (FIV) 
infections, have provided interesting insight into the 
understanding of the natural history of HIV infection 
of the CNS (61, 62).

CNS changes at the time of seroconversion.
Early invasion of the CNS by HIV-l, suggested by 

occasional clinical observations of transient symp
tomatic meningitis (59), encephalopathy (13, 17, 75) 
or myelopathy (26) coinciding with seroconversion 
for the virus, has been supported by many cere
brospinal fluid (CSF) studies. Intrathecal synthesis of 
HIV-l specific antibodies (40, 87) and direct virus iso
lation from the CSF (59), found in asymptomatic 
individuals at the time of, or subsequent to, serocon
version, indicate that the virus enters the CNS during 
the initial stage of systemic infection. This was con
firmed in a case of iatrogenic HIV-l infection in 
whom the virus was isolated from brain 15 days after 
accidental HIV-l inoculation, 1 day after the virus 
was recovered from blood (25).

Three clinicopathological cases of fulm inating  
encephalopathy revealing HIV-l infection have been 
reported, one in a seronegative patient in whom HIV 
was cultured from CSF (63) and the others in two 
non-im m unocom prom ised patients in  whom  the 
neurological signs led to the discovery of HIV- 
seropositivity (45). In all these cases, acute perive
nous inflammatory changes were present in the cere
bral white matter. In the case of Jones et al. (63), the 
neuropathological features resembled acute haemor- 
rhagic leukoencephalopathy including variably well 
defined areas of demyelination in the hemispheric 
white matter with a possible perivascular distribution

and good preservation of axons, and petechial haem
orrhages. A comparable case was reported in a 31- 
year old Carribean male (31); however, although the 
possibility of an acute encephalopathy coinciding  
with HIV-l primary infection was discussed, sérodi
agnostic evidence was not available. In the 2 other 
cases (45), the lesions resembled recent plaques of 
multiple sclerosis (MS) forming well circumscribed 
foci in the white matter of the cerebral hemispheres, 
brainstem and cerebellum. Pathological changes 
included extensive myelin loss with numerous lipid 
laden macrophages expressing major histocompati
bility complex (MHC) class II antigens, preservation 
of axons and nerve cell bodies, reactive astrocytosis 
and mononucleated perivascular inflammatory infil
trates. In one patient, these abnormalities were asso
ciated with changes resembling acute demyelinating 
perivenous encephalitis. In none of the 3 cases were 
multinucleated giant cells found and immunostain
ing for HIV was negative.

These cases show some similarities with 3 of the 7 
cases with MS-like illness occurring with HIV infec
tion reported by Berger et al. (11) in whom HIV 
seropositivity was demonstrated at the time of the 
neurological disease or within 3 months of its onset, 
thus implicating the virus in the aetiology of the dis
order. None had abnormal CD4 count, all of them  
presented with remitting relapsing episodes and, in 
one case, cerebral biopsy revealed features character
istic of recent plaques of MS.

These observations suggest that, in exceptional 
instances, primary HIV-l infection may induce an 
immunopathological process in the CNS similar to 
that proposed for Guillain-Barré-type polyradicu
loneuropathies associated with HIV seroconversion 
(77). This process could induce a CNS demyelinating 
disease of variable severity to present as acute haem- 
orrhagic leukoencephalopathy (63), acute dem yeli
nating perivenous encephalom yelitis or acute MS- 
like leukoencephalopathy (45). More chronic lesions 
might also appear with remitting relapsing episodes
(11). Finally an acute transient aseptic m eningitis 
(59), encephalopathy (13, 17, 75) or myelopathy (26) 
m ight also occur. These observations support the 
view that in genetically susceptible patients, who  
acquired MS as a systemic "trait", a number of non 
specific pathogens, including viral infection, produc
ing an alteration of the blood brain barrier (BBB), 
may act as a trigger or a facilitator in the develop
ment or enlargement of MS lesions in the CNS (80).

Neuropathological studies in HIV-1 asym ptom atic 
carriers.

Despite persistent CSF abnormalities (7, 16, 20, 
21, 28, 29, 73, 74, 84, 87), most HlV-1 carriers remain 
neurologically unimpaired in the so called "asymp
tomatic" preAIDS stage. However, a number of psy
chom etric, radiological and electrophysiological 
studies suggest that neurological abnormalities are 
present in these patients (65, 81, 82, 86, 99-101),
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although they are not constantly found (36, 55, 70) 
and their significance is questionable (81, 82).

Only few pathological reports of asymptomatic 
HIV-l positive individuals are available. Lenhardt et 
al. (68) described neuropathological changes in an 
asym ptom atic 30-year old male, known to be HIV 
positive for 3 months, who denied homosexuality or 
drug addiction and died from a motor vehicle acci
dent. Two of us (FG., MD) and others examined the 
brains of HIV-positive asymptomatic individuals who 
died from unnatural causes. In an early study, we 
exam ined 11 HIV seropositive individuals, m ainly  
drug addicts, w ho died from herOin overdose and 
compared them with seronegative individuals with 
similar causes of death (51). Subsequently (56), we 
compared the results of post mortem brain MRI and 
neuropathological studies in 7 additional asymp
tomatic HIV seropositive individuals, 8 seronegative 
controls with similar cause of death and 6 patients 
who died from AIDS in the absence of focal cerebral 
opportunistic infection or tumour. We have now col
lected 32 cases Including 30 intravenous drug addicts 
and 2 hom osexual men. Twenty nine drug addicts 
died from heroin overdose, 1 committed suicide by 
hanging herself, 1 homosexual committed suicide by 
ingestion of benzodiazepine and the second hom o
sexual died from gunshot injury. Serology was per
formed post mortem by ELISA. For each case infor
mation was obtained from the family; none had had 
medical problem or neurological deficit, only 3 
patients were known to be HIV-positive. A complete 
post mortem was carried out in each case and none 
had any lesions suggestive of AIDS or AIDS related 
complex (ARC). This supports the view that most of 
the cases were at a preAIDS stage although CD4 
counts were not available. Twenty five seronegative 
cases with similar causes of death, collected in the 
same institution have been examined according to 
the same protocol to serve as controls. A comparable 
study of drug addicts (8 seropositive and 16 seroneg
ative) who died from heroin overdose collected in 
Forensic Medicine was performed by Gosztonyi et al. 
(41). In Edinburgh, one of us ()B) and others exam
ined 23 drug addicts who died suddenly from over
dose, traumatisms, liver failure, septicemia, pneumo
nia or meningitis (10). Most of them were known to 
be HIV positive, approximate seroconversion dates 
had been ascertained for m ost of them and death 
occurred between 5 and 8 years following serocon
version; four had taken zidovudine sporadically. This 
suggest that these cases, although still in the preAIDS 
stages were, in general, at a later stage of HIV infec
tion than those of the 2 other series.

Comparable changes were described in the differ
ent studies including low grade lymphocytic menin
gitis, focal perivascular m ononuclear cuffs in the 
white matter and basal ganglia, and myelin pallor 
with reactive astrocytosis and microglial proliferation 
in the white matter. These changes could not be con
sidered only the consequence of terminal anoxia or

drug-addiction since they were significantly more 
frequent and severe in the brains of HIV-l séroposi
tives than in controls, or were only observed in the 
former ones.

Semiquantitative evaluation of vascular inflam
mation (51) showed that it was constant in seroposi
tive cases and significantly more severe than in 
seronegatives. It consisted of perivascular cuffs of 
m ononuclear cells around small vessels, predomi
nantly veins, and was more frequently observed in 
the leptomeninges, subependymal regions near the 
choroid plexus, deep white matter, and basal ganglia 
(Fig. lA , B, C, D). Associated leptom eningitis was 
observed in half of the cases. Inflammation of the 
choroid plexus was also frequently found. In half of 
the cases, vascular inflammation formed true vasculi
tis, with transmural infiltration of inflammatory cells 
but there was no necrosis of the vessel wall, no gran
ulomas and no leucocytoclasis. In the seronegative 
cases, vascular inflammation was absent or mild; nei
ther transmural vascular inflammation nor meningi
tis was detected in this group. Perivascular cuffs were 
m ainly com posed of • lym phocytes and 
m onocytes/m acrophages. These latter usually 
expressed MHC class II antigens in their cytoplasm  
(Fig. IE). Lymphocytic infiltrates were predominant
ly T-cells with relatively few B cell present (Fig. IF, 
G). T-lymphocytes were mostly UCHLl-positive and 
many were CD3-positive (10). Further investigation 
ÜB) of these lym phocytic infiltrates using cryostat 
sections has recently demonstrated that they are 
composed almost exclusively of CD8 lym phocytes 
and that very few CD4 cells are present.

Myelin pallor was also more frequent and more 
marked in the seropositive cases than in the controls 
and severe changes were only observed in these 
cases. It was diffuse, ill defined, and involved the 
deep white matter, tending to spare the gyral white 
matter and compact myelin pathways such as corpus 
callosum, internal capsule, optic radiations, descend
ing tracts in the brainstem, hilus of dentate nuclei, 
and intracerebral parts of cranial nerves (Fig. 2). 
Myelin loss with lipid laden macrophages was occa
sionally more obvious around blood vessels. Axons 
were usually spared. Axonal damage was found only 
in the most severely affected areas. The significance 
of m yelin pallor, in this material, may have been  
questionable. However, in the seropositive brains, it 
is unlikely to be due only to autopsy delay or termi
nal cerebral edema, as it was associated with glial 
reactions. Semiquantitative evaluation of white mat
ter astrocytosis, according to the density of astro
cytes, size of the cytoplasm and intensity of glial fib
rillary acid protein (GFAP) positivity, showed that it 
was significantly more severe in HIV-positive cases. 
Reactive protoplasmic astrocytosis with marked 
enlargement of the perivascular processes predomi
nated in perivascular areas. Morphometric study per
formed on this material (IE, PL) confirmed a signifi
cant increase in the number of white matter astro
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Figure 1: Vascular inflammation in HIV-seropositive asym ptom atic individuals w ho died accidentally. (A) Lymphocytic m eningitis 
(H&E, X 100). (B) (C) (D) Intraparenchymal m ononuclear cuffs around small v e sse ls  predominantly veins (H&E) with transmurai infil
tration (B, X 100), in the subependym al region (C, x 40), and basal ganglia ID, x 40). (E) (F) (G) Immunocytochem istry demonstrating  
that the perivascular cuffs are mainly com posed  of lym phocytes and m onocytes/m acrophages. M acrophages express MHC class II 
antigens in their cytoplasm: (E) (HLA-DR, M 775 Dako revealed by an alkaline phosphatase-anti alkaline phosphatase (APAAP) tech
nique, X 160). Lymphocytic infiltrates are predominantly T-cells: (F) (UCHL1, M 755 Dako, APAAP x 160), with relatively few  B cells 
present: (G) (CD20, M 755 Dako, APAAP x 160).

Figure 2: White matter changes in a HIV-seropositive asym ptom atic drug addict w ho died from heroin overdose (Loyez stain for 
myelin). (A) Coronal section  of the left cerebral hem isphere, just behind the siplenium of corpus callosum. Diffuse, ill defined  
myelin pallor involving the deep  white matter tending to spare the gyral white matter and optic radiations. (B) Horizontal section  of 
brainstem/cerebellum at the level of mid pons. Diffuse myelin pallor relatively sparing the w hite matter of the folia, corticospinal 
tracts and hilus of dentate nuclei.

cytes. Associated microglial proliferation w ith occa
sional microglial nodules was better dem onstrated  by 
im m unocytochem istry  (ICC) (3, 96). U pregulation of 
MHC class 11 an tigens and  expression  of cytokine 
such as TNF-a, IL-la, IL4 and lL-6 was subsequently 
dem onstrated  (3), indicating im m une activation.

These w hite m atter changes m ay be involved in 
the  cerebral a tro p h y  w hich  occurs early  in HIV-l 
infection as suggested by radiological studies (53, 86) 
and confirm ed in a recent com bined radiological and

patho log ica l s tudy  (56). In a m o rp h o m etric  s tudy  
(FG, FC) on the cases of this later study using a po in t 
grid (Table 1), the ratio of the num ber of po in ts in 
the cerebral parenchym a to tha t of points in the ven
tricles and sulci, in selected coronal sections of the 
left cerebral hem isphere, was higher in seronegative 
con tro ls th a n  in seropositive a sym ptom atic  cases, 
and  in the latter it was higher than  in AIDS patients. 
This confirm ed th a t seropositive asym ptom atic cases 
were m ore a troph ic  th a n  the  seronegative con tro ls
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and less atrophic than AIDS patients. In contrast, the 
ratio of the number of points in the cerebral cortex 
to that of points in the white matter was similar or 
even higher in seropositive asymptomatic cases than 
in  seronegative controls, whereas it was lower in  
AIDS patients in whom neuronal loss in the cerebral 
cortex has been demonstrated by many morphomet
ric studies (34, 36, 49, 64, 104, 105). This suggest that 
cortical atrophy, if present, is not obvious at that 
stage and cannot be the only factor of early cerebral 
atrophy.

Table 1
From Hassine et al. (ref. 56) with additional information

N° age month of n” RP apoptotic GAV (G+W)/V
death neurons

I I1 7 - 3 e T 0 p D ô l l l 7 î

1. M 30 01/92 4201 0 0.89 33.33
2. M 31 01/92 4210 0 1.14 25.00
3. M 35 06/92 4379 0 1.08 20.80
4. M 30 06/92 4396 0 1.02 33.00
5. F 28 08/92 4453 0 1.07 21.25
6. M 32 09/92 4460 + 1.28 26.25
7. M 26 10/92 4486 + 1.07 21.25

A verage 1.08 25.84

u i y - 5 6 I - D B t £ l l d 7 S

8. M 21 03/92 4309 0 0.99 52.25
9. M 32 03/92 4316 0 1.28 42.40
10. M 25 08/92 4430 0 1.13 52.40
II. M 25 09/92 4459 0 0.89 83.00
12. M 24 09/92 4470 0 1.14 46.00
13. M 24 09/92 4482 0 1.10 27.33
14. F 25 09/92 4483 0 0.95 41.00
15. M 31 10/92 4493 0 1.02 30.33

A verage 1.10 46.84

Mon ü m g c d i l l E l  IH Y  su-oiitg iiU 7e C 0 H l7 t) ]

16. M 20 01/92 4215 0 1.10 103.00

A ID S tficb:  v jU io u t locn l E s r t i r n ] c l io ig u
17. F 32 03/92 4278 + 1.02 33.67
18. M 45 W/92 4335 + 0.74 29.50
19. M 50 04/92 4338 4- 0.86 13.00
20. M 44 06/92 436» + 1.17 14.83
21. M 38 07/92 4401 + 1.02 29.67
22. M 34 08/92 4439 1.35 16.00

A verage 1.03 22.78

n°RP: autopsy case number at Raymond Poincare hospital, Garches 

G A V : ratio o f the number of points in the cerebral cortex to that of points in 
the white matter

( G + W ) /V :  ratio o f the number of points in the cerebral parenchyma to that 
o f points in the ventricles and sulci, in 2 selected coronal sections of the left 
cerebral hemisphere, through the rostrum of corpus callosum, and through 
the splenium o f corpus callosum.

Changes in the cerebral cortex have been subse
quently described. Using the same stereological 
m ethod used to demonstrate neuronal loss in the 
frontal cortex of AIDS patients (36), Everall et al. 
evaluated neuronal density in the superior frontal 
gyrus of 14 HIV-positive cases of our series and com
pared it w ith that of 15 HIV-negative controls. 
Although the values appeared slightly lower in the 
séropositives, there was no significant difference in 
the neuronal density of the frontal cortex between 
the two groups (35). Moreover there was no differ
ence between our cases and non-drug-addict con
trols. This suggests that neuronal loss occurs later in

the course of HIV infection and is only a characteris
tic of symptomatic AIDS.

This is in agreement with ICC studies of astrocy
tosis performed in the asymptomatic HIV-l seroposi
tive cases of our series as well as in cases at later 
stages of the disease (96) which did not show any 
obvious astroglial reaction in the cerebral cortex of 
non-AIDS either HIV-positive or HIV-negative 
patients. In contrast, there was marked astrocytosis 
in AIDS patients, w ith or without HIVE. Astroglial 
reaction was particularly severe in cases with HIVE 
confirming previous ICC and morphometric studies 
(23, 103).

The absence of significant neuronal loss in 
asymptomatic HIV-positive individuals is also consis
tent with recent studies of neuronal apoptosis in the 
brains of HIV infected patients using in situ end 
labelling (ISEL) and electrophoresis of DNA extracted 
from cerebral cortex (2, 5, 69) which show that apop- 
totic neurons are constantly (2, 69) or at least fre
quently (5) observed in AIDS cases and are absent or 
rare in HIV-positive asymptomatic individuals.

Contrasting with the absence or rarity of neu
ronal damage and accompanying astrocytic prolifera
tion in the early stages of HIV infection, there is 
already obvious microglial activation at that stage, in 
the cerebral cortex, as in the white matter. Using 
lectin Ricinus communis agglutinin (RCA)-120, a sig
nificant increase in density of microglial cells was 
observed in the cerebral cortex of HIV-positive non- 
AIDS cases (96); this was associated with upregula
tion of MHC class II antigens comparable to that in 
the white matter; in contrast, cytokines expression 
was considerably lower in the cerebral cortex than in 
the white matter and could be considered minimal
(3).

Productive in fection  o f th e  CNS is very lo w  a t 
th e  asym ptom atic  s ta g e  o f HIV-1 infection. This con
trasts with lymphoid organs in which high viral load 
has been found during the latent phase of HlV-1 
infection (28), as in experimental studies of SIV (60) 
and FIV (8) infections.

Im m unostaining for HIV-l proteins has been  
repeatedly negative in all the studies. HIV-l proviral 
DNA was detected by polymerase chain reaction 
(PCR) in about half of asymptomatic virus carriers in 
one study (96, 97) with comparable results on frozen 
and paraffin embedded material (4). Low positive 
results were also found in 7 of 13 cases of the 
Edinburgh series using quantitative PCR; however 
these findings were considered consistent with con
tamination by residual infected blood in the brain 
tissue (10, 28). In the study of the Institute of 
Neurology of London (3, 96, 97), the low sensitivity 
of the method (10 mol of HIV-l DNA per mg genom
ic DNA) which was purposedly reduced tenfold by 
addition of 1 mg genom ic DNA brain tissue DNA, 
made it very unlikely that the low number of circu
lating infected cells could be the only source of false-
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positive results (97). This was confirmed in a recent 
virological study reporting the positive PCR amplifi
cation of HIV-l genome from 2 asymptomatic HIV-l 
carriers (27). The discrepancies between the 2 studies 
are more likely to be due to recruitment bias as the 
cases studied in Edinburgh (10, 28) were in general at 
a later stage than those studied at the Institute of 
Neurology of London (3, 96, 97). Nevertheless, both 
studies agreed that the virus might be present in the 
brain at the pre-AIDS stages of HlV-1 infection but 
that replication could be continuously suppressed by 
destruction of infected cells by cytotoxic T lympho
cytes (28).

Neuropathological studies at later stages of HIV-1 
infection, preceding HIV encephalitis

Changes comparable to those in asymptomatic 
patients, although less inflammatory, have been  
described at later stages of HIV-l infection. 
Comparative neuropathological study of haemophili
acs and non haemophiliacs with HIV-l infection pro
vided useful information on the natural history of 
brain changes in AIDS (32, 33). As the course of HIV- 
1 infection in haem ophiliacs may be cut short by 
death from haem ophilia-associated diseases, these 
patients often die earlier than non-haem ophiliacs 
with HIV-l infection. Indeed they have fewer CNS 
opportunistic infections and lower prevalence, at 
death, of HIVE. In contrast, they show a higher 
prevalence of non-specific features, comparable to 
those observed in asymptomatic cases, suggestive of 
low-grade meningo-encephalitis. These include mild 
perivascular lymphocyte cuffing, scattered microglial 
nodules not associated with demonstrable CMV anti
gens, and mild, diffuse myelin pallor with mild astro
cytosis, and microglial reaction. Subpial astrocytosis 
in cerebral cortex is also common. HIV proteins are 
seldom detected by ICC in occasional perivascular 
macrophages or microglia (33).

Astrocytosis of white matter and mild pallor of 
m yelin staining in the absence of inflam m ation, 
multinucleated giant cells and brain atrophy were 
observed in a homosexual man with early ARC and 
HIV-l related dementia (72).

In AIDS patients without clinical or radiological 
evidence of CNS involvem ent (46, 47), vascular 
inflam m ation and leptom eningitis are usually 
absent; however, we have observed with a frequency 
unusual for young people "non-diagnostic changes" 
including fibrous thickening of venous walls in the 
subependymal regions and leptomeninges, mineral
ization of vessel walls in white matter and basal gan
glia, and fibrous thickening of the leptom eninges 
which can be interpreted as sequelae of transient 
cerebral vasculitis or leptom eningitis (50, 51). 
Variable white matter pallor with reactive astrocyto
sis and microglial proliferation are also present in 
these cases. Comparable "central gliosis and white 
matter pallor in the absence of HIVE" were usually 
found in the brains of AIDS patients with mild

dementia (85). ICC study confirmed astrocytosis in 
the white matter and increased number of microglial 
cells w ith a few scattered macrophages. However, 
microglial proliferation and activation was weaker in 
these cases than in those with HIVE and also than in 
asym ptom atic preAIDS cases (3). In the cortex of 
these cases, microglial proliferation and activation  
were also weaker than in asymptomatic HIV-l posi
tive cases (3, 96). In contrast there was obvious astro
cytic proliferation which was not observed in asymp
tomatic individuals either seropositive or negative 
(96). The latter finding is in keeping with morpho
metric studies of neuronal density in AIDS patients 
which demonstrated that neuronal loss occurs in 
AIDS patients whether they had HIVE or not (36, 64).

Whereas high loads of virus are constantly found 
in the CNS of AIDS patients with HIVE, in that of 
AIDS patients without neuropathology (3, 96), or 
even with opportunistic infection or lymphoma (28), 
the virus load may remain low (27). Thus the onset 
of immunodeficiency does not seem to be sufficient 
to convert a latent infection into a productive one. 
Moreover, analysis of env V3 sequences from HIV-l 
infected patients at different stages of the disease 
revealed the presence of a homogeneous virus popu
lation in the brain, at every clinical stage of the dis
ease (27); this suggests that, although there is an 
increase in the late stage of the disease, HIV-l replica
tion in the brain is restrained until the terminal 
phase of HIVE. Additional factors are likely to inter
fere with productive HIV infection of the CNS. The 
emergence of virus variants with increased replicative 
capacity in brain cells has been hypothesized but has 
not been demonstrated (20). A bidirectional potentia
tion of HIV and other opportunists, particularly her
pes viruses, has been proposed and seems likely in a 
few cases (9, 44).

Early experimental SIV or FIV encephalopathy.
Comparison of early HIV changes with those in 

early SIV and FIV infection is of interest for the 
understanding of the natural history of HIV infection 
of the CNS.

SIV is a retrovirus closely related to HIV both in 
its pathogenicity and genetic structures. In Rhesus 
monkeys, it induces an immunodeficiency syndrome 
and an encephalitis very similar to HIV in human  
(88). Early brain changes were studied in Rhesus 
macaques after intravenous (18, 60, 94) and intrac
erebral inoculation (12). Monkeys inoculated intra
venously and sacrified within 3 m onths follow ing  
inoculation, had mild but detectable changes includ
ing astrogliosis, microglial nodules, perivascular infil
trates and more rarely, m eningitis. Productive SIV 
encephalitis with multinucleated giant cells could  
not be seen in animals in the first months following 
inoculation except in animals presenting no anti
body response against SIV or only a very weak 
response. Similar changes were found in animals
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infected intracerebrally; this route of inoculation did 
not lead to preferential infection of the brain around 
the inoculation point providing evidence that resi
dent microglia have a low susceptibility to SIV infec
tion (12).

In intravenously SIV infected m onkeys, viral 
genom e was detected by in situ hybridization (ISH) 
initially in the leptomeninges, and subsequently in 
the perivascular brain parenchyma (94). Combined 
ISH and ICC showed that infected cells were mainly 
perivascular and expressed macrophages markers sug
gesting that infected monocytes/macrophages cross
ing the BBB are the main source of entry of virus into 
the CNS (18). During the so-called "latent phase" of 
infection only a few infected cells with a low level of 
viral replication were observed in  the brain 
parenchyma. This contrasted with im m unosup- 
pressed animals at the terminal stage of the disease 
and, to a lesser extent, with animals at the initial 
viraemic phase; those have not yet developed an 
antiviral response, suggesting that there is an active 
im m unological control of viral replication in the 
CNS during the latent period (18). A recent correla
tive study of neuropathological changes, cytokine 
mRNA production, and virus load at different stages 
of SIV infection performed by some of us (DB, FG, 
BH), concluded that brain infection occurs early, 
remains constant and low during primary infection  
and asymptomatic period, and increases in some but 
not all the animal in the symptomatic period. The 
finding by Sasseville et al. (89) of elevated vascular 
cell adhesion m olecule-1 in m onkeys with SIV 
encephalitis suggests that expression of this molecule 
may influence m onocyte and lym phocyte recruite- 
m ent to the CNS and the developm ent of SIV 
encephalitis. In our study (DB, FG, BH) we found a 
correlation between viral loads, lesions, and local 
production of ILl and IL6 mRNA in the brain. Local 
production of TGFbl mRNA was associated with  
severe encephalopathies. Local production of TNFa 
in the brain correlated better with the viral load in 
lymph nodes than the viral load in brain.

FIV is a lentivirus belonging to the same subfami
ly as HIV and SIV to which it resembles in both its 
molecular and pathogenetic properties. FIV infection 
progresses in 3 phases: a primary infection lasting 
several weeks with viraemia, generalized lym- 
phadenopathy, fever neutropenia and m ild lym 
phopenia, a long asymptomatic phase lasting several 
years and a terminal stage with immunosuppression 
during w hich encephalopathy may occur (76). 
Hurtrel et al. (62) examined FIV infected cats, either 
naturally infected, or inoculated. Lesions were simi
lar in naturally infected cats and experim entally  
infected cats with short survival (below 12 months). 
They included low grade leptomeningitis, perivascu
lar mononuclear cuffs, mild cortical and white mat
ter gliosis and white matter pallor with frequent 
perivascular pattern. Interestingly, these changes

were more frequent and severe in cats co-infected  
with feline leukaemia virus and feline infectious peri
tonitis virus.

Tentative interpretation of the significance of early 
brain changes and their relationship to HIV-1 infec
tion.

The perivascular inflam m ation  is different from 
the necrotizing angiitis sometimes observed in drug 
addicts. This latter involves larger visceral arteries 
and seems to be related to methamphetamine injec
tion (24). The perivascular inflammation also differs 
from granulomatous (90, 107) or necrotizing (102) 
cerebral vascular lesions which have been described, 
in rare instances, in patients with AIDS or ARC and 
some of which were subsequently related to varicella 
zoster virus infection (22, 44). The distribution and 
microscopical features are rather comparable to the 
vasculitis observed in peripheral nerve and muscle of 
HIV-infected patients, mainly at the early stages of 
the disease (19, 39).

The perivascular inflammation does not seem to 
be due to productive HIV-l infection as it is never 
associated with m ultinucleated giant cell and the 
viral load remains very low. It seems more likely to 
be an expression of an immunological process with 
T-cell reaction induced in the CNS, peripheral ner
vous system and skeletal muscles, as in other organs, 
following primary infection with HIV-l. It is remark
able that perivascular inflammation predominates in 
areas through which the virus may enter the brain by 
haem atogenous route. In particular, the frequent 
observation of perivascular cuffs in the choroid  
plexus and subependymal regions, support the 
hypothesis that these might be important sites of 
entry into the brain for viruses (37, 54, 91).

It seems likely that the vasculitis may be responsi
ble for opening of the BBB. Although it has been  
shown that activated lymphoblasts and monocytes 
easily gain access to the CNS without any disruption 
of the BBB (58, 67), this latter may facilitate entry of 
the virus into brain parenchyma. On the other hand, 
T-cell reaction may participate in the immunological 
control of viral replication.

The significance and pa thogenesis o f the w hite  
m atter changes  are also unclear and they may not be 
due to a single cause. The topography and perivascu
lar predominance of myelin pallor, in the HIV posi
tive cases, resembles that of HIV leukoencephalopa
thy at the origin of which an abnormality of the 
microvasculature has been proposed (92, 98). It has 
also been suggested that myelin pallor observed by 
MRI in AIDS patients was not due to myelin destruc
tion, as m yelin basic protein was not identified in 
these areas, but rather to oedema with a BBB defect 
(83). Recently Petito et al. (78) demonstrated that a 
diffuse BBB leak is present at time of autopsy, in  
about 50% of patients with AIDS. They suggested 
that it could not only facilitate viral entry into the
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brain , but contribute also to the diffuse myelin pal
lor and gliosis common to all patients with AIDS. It 
is also possible that, in early HlV-1 infection, the 
white matter changes result from opening of the BBB 
due to vasculitis, and that consequent fibrous thick
ening of the vessel walls participate in persistent BBB 
leak at later stages of the disease (98). However, other 
factors may be involved in persistent BBB defect, par
ticularly cytokines such as TNFa w hich has been  
shown to mediate BBB damage in HIV infection of 
the CNS (95) and was demonstrated by ICC in 
microglia, macrophages and pericytes in the white 
matter of asymptomatic HlV-1 positive individuals, 
at higher level than in AIDS patients (3). TNF-a could 
also induce direct damage to oligodendrocytes as it 
has been recently demonstrated that it may induce 
programmed cell death in oligodendrocytes in vitro 
(106). This would be in keeping with recent observa
tion of apoptotic glial cells in brain tissue of asymp
tomatic HIV-l positive individuals, some of which  
could be identified as oligodendrocytes on morpho
logical grounds (5).

Neuronal loss  does not seem to be a predominant 
feature in asym ptom atic HlV-1 positive cases. 
However, rare apoptotic neurons were demonstrated 
by ISEL in 1 of 4 cases in a first study (2) and 2 of 36 
case in a second one (5). As none of the cases had 
CD4 counts, it is possible that these few patients, 
although asymptom atic, were already at an early 
stage of AIDS, when apoptosis of neurons is frequent
ly or even constantly found (2). It is also understand
able that the course of HlV-1 infection is more pro
gressive and programmed cell death already starts in 
the asymptomatic pre-AIDS stage. As a matter of fact, 
the status of im m une activation in  the brain, 
revealed by upregulation of MHC class II and the 
presence of cytokines, is comparable at that stage to 
that seen in AIDS (1, 3) in which it is implicated in 
the mechanism of neuronal cell death (52). Moreover 
the presence of HIV-l proviral DNA was also demon
strated in the brains of the asymptomatic cases in 
which apoptotic neurons were identified (5).

Pathogenetic hypothesis
A number of clinical, biological and experimental 

observations indicate that, in addition to the sys
temic infection, invasion of the CNS by HIV-l occurs 
at the time of primary infection (20). It it followed 
by an inflammatory T-cell reaction in the CNS with 
vasculitis and leptomeningitis. This reaction is usual
ly asymptomatic, only characterized by an aseptic 
meningitis at CSF examination. In rare cases, it may 
be excessive causing a demyelinating disease of vari
able severity and neurological symptoms which are 
usually transient. There is also immune activation of 
brain parenchyma with increased number of 
microglial cells, upregulation of MHC class II anti
gens and local production of cytokines.

The inflammatory T-cell reaction is transient; at 
later stages of the disease, in im m unodeficient 
patients, vasculitis and aseptic leptomeningitis are no 
longer observed. In contrast, fibrous thickening and 
mineralisation of the vessel wall are frequent, likely 
to correspond to the healing phase following vascu
lar injury. Microglial activation usually persists, how
ever its intensity may decrease in AIDS patients with
out neuropathology to increase again in those with 
HIVE.

Myelin pallor and gliosis of the white matter are 
frequent in early HIV-l infection and persist at the 
later stages of the disease. They may explain, at least 
partly, the early cerebral atrophy observed by MRI in 
asym ptom atic HIV-l carriers. The white matter 
changes are likely to be the consequence of opening 
of the BBB due to vasculitis and subsequent persis
tent BBB leak due to sequelar abnormalities of the 
microvasculature. Direct damage to m yelin and 
oligodendrocytes by cytokines may also interfere.

In contrast, cortical damage seems to be a late 
event in the course of HlV-1 infection. There is no 
significant neuronal loss at the early stages of the dis
ease, no accom panying increase in GFAP staining  
and only exceptional neuronal apoptosis.

Although HIV-l proviral DNA may be dem on
strated in a number of brains, viral replication  
remains very low during the asymptomatic stage of 
HIV infection. This makes it likely that, although  
opening of the blood brain barrier may facilitate viral 
entry into the brain, viral specific immune responses 
including both neutralizing antibodies and cytotoxic 
T-lymphocytes, continuously inhibit viral replica
tion. Viral replication may remain low at later stages, 
in AIDS patients without HIVE, suggesting that the 
onset of immunodeficiency is not sufficient by itself 
to convert a latent infection into a productive one, 
and that additional factors are likely to play a role at 
the onset of HIVE.
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EDITORIAL
Neuroinvasion and the Neuropathogenesis of HIV 
infection.

In addition to causing immunologic dysfunction, 
infection with hum an im m unodeficiency virus 1 
(HIV-l) often causes neurologic disease. At autopsy, 
approximately 30% of AIDS patients have HIV 
encephalitis (HIVE) characterized by parenchymal 
and perivascular infiltrates of microglia, 
macrophages and multinucleated giant cells (17, 22). 
Lymphocytes are also present in these lesions but are 
predominantly CD8-t- with few if any CD4-h cells 
(20). HIV antigens and nucleic acid have been consis
tently localized to microglia/monocyte/macrophages 
in these lesions with less convincing evidence of 
infrequent infection of astrocytes, oligodendrocytes, 
endothelial cells and possibly neurons (29, 3 3 ) . 
While the relationship between HIV infection and 
HIVE is quite clear, the relationship between HIVE 
and the clinical syndrome (AIDS dementia complex) 
is controversial (31). Furthermore, while cells of the 
monocyte/macrophage lineage contain most of the 
detectable virus in the CNS and productive infection  
of neurons is not evident, neuronal damage in HIVE 
is extensive (5, 15, 32). This has focused attention 
on indirect mediators of neuronal injury including a 
variety of viral products (e.g., gpl20) and cellular fac
tors (e.g. platelet activating factor, quinolinic acid, 
nitric oxide) produced in response to infection (4). 
Whether one or all of these factors are involved in 
neuronal damage is unclear. This work and the 
attendant controversies are derived primarily from 
studies of AIDS patients in the late stages of disease.

The neuropathology and pathogenesis of early infec
tion of the CNS by HFV have been relatively neglect
ed. In this issue of Brain Pathology, Gray and col
leagues provide a detailed review of what is known of 
early HlV-1 infection and associated neuropathology. 
Using these data in conjunction with results of stud
ies of acute infection in the nonhum an primate 
(simian im m unodeficiency virus, SIV) and feline 
(feline immunodeficiency virus, FIV) models of AIDS, 
the authors then propose a pathogenetic hypothesis 
of early infection.

Their hypothesis is based on the important obser
vation that HIV rapidly enters the CNS. While sever
al studies have shown that HIV is frequently present 
in the cerebrospinal fluid (CSF) early in infection (2, 
8 ) , there is little data on neuropathology or viral 
localization at early time points. The best data come 
from an iatrogenic case of HlV-1 infection in which 
virus was isolated from the brain and localized to 
perivascular mononuclear cells 15 days after acciden
tal infection, one day after virus was isolated from 
the blood (3). Similar data have been obtained by 
several groups using the SIV macaque model. In 
these studies virus has been consistently isolated  
from the CSF and localized to perivascular 
macrophages/microglia by 14 days postinoculation  
(1, 12, 27). These studies indicate that SIV and HIV 
are very neuroinvasive early in infection, and raise 
two important questions: 1) What is the mecha- 
nism(s) of HIV/SIV neuroinvasion? and 2) If HIV 
and SIV routinely invade the CNS within days of 
infection why do only a portion of HIV-infected 
humans and SIV-infected monkeys progress to HIVE 
(or SIVE)?

One commonly proposed mechanism of HlV/SlV 
neuroinvasion is the Trojan horse theory (18 ). 
According to this theory, latently infected monocytes 
carry virus across an intact blood-brain barrier 
(BBB) where they mature into perivascular 
macrophages/microglia and actively produce virus 
within the intrathecal compartment. Before address
ing the mechanistic aspects of this theory it is impor
tant to first consider the biology of microglial 
turnover and leukocyte recruitment to the CNS. 
Microglia and macrophages are thought to be 
derived from a com m on bone marrow progenitor 
cell, and both are capable of antigen presentation 
(7). Studies in rodents indicate that most parenchy
mal microglia arrive in the CNS during gestation, 
express few of the antigens associated with m ono
cyte/macrophages and persist with very low turnover 
and lim ited capacity for cell division (14). 
In contrast, m eningeal and perivascular 
macrophages/microglia have a more activated phe
notype and are virtually indistinguishable from 
macrophages elsewhere in the body. In addition, it 
has been demonstrated that replacement of perivas
cular microglia occurs continuously via recruitment 
from the circulating m onocyte pool through an
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intact BBB (7, 14 ). Thus, HIV-infected
monocyte/macrophages may gain access to the CNS 
parenchyma in the absence of concurrent inflamma
tion. Indeed, in the SIV/macaque model, SIV neu
roinvasion occurs by 14 days postinoculation in the 
absence of any significant breaks in the BBB (27). 
Furthermore, studies in the Lewis rat have demon
strated that recruitment of perivascular 
m acrophages/m icroglia can be accelerated during 
CNS iiiflammation, while resident microglia are only 
rarely replaced by hematogenous cells (13). While 
the original Trojan horse theory applied specifically 
to m onocyte/m acrophages, T cells m ay also be 
involved. In the rat it has been demonstrated, that T 
lymphoblasts, but not mature T cells, randomly enter 
the CNS. However, in the absence of specific antigen 
recognition they exit within 1 to 2 days (6). Thus, 
both HIV-infected T lymphoblasts and m onocytes 
may be potential sources of initial HIV-l infection of 
the CNS. What role, if any, these normal or aug
mented processes of cell trafficking to the CNS have 
in HIV neuroinvasion and subsequent development 
of HIV-induced CNS disease is unknown and needs 
to be examined.

Mechanisms governing recruitment of leukocytes 
to the cerebral perivascular space from the systemic 
circulation are not fully characterized but presum
ably include leukocyte and endothelial adhesion  
m olecules and chem oattractant (e.g., chem okine) 
stimuli (for reviews see 16, 28). Three families of 
adhesion molecules have been characterized: 1) the 
im m unoglobulin superfamily (e.g., ICAM-1 and 
VCAM-1), 2) integrins (e.g., VLA-4 and LFA-1), and 
3) selectins (E-selectin, P-selectin, and L-selectin). 
Combinatorial use of leukocyte and endothelial 
adhesion molecules in conjunction with chem oat
tractant stimuli generates distinct "area codes" for 
specific leukocyte subpopulations to migrate to spe
cific tissues. Of particular importance in the activa
tion and directed migration of leukocytes is a group 
of structurally-related, low molecular weight, chemo- 
tactic, and proinflammatory proteins, termed 
chemokines. These proteins are induced in various 
cell types (including endothelial cells and leukocytes) 
and are distinct from classical chemoattractants in 
that these molecules affect the migration of specific 
subsets of leukocytes (16). Together these data sug
gest that primary HIV neuroinvasion occurs as a 
result of selective recruitment and retention of 
mononuclear cells in the CNS via the action of spe
cific chemoattractants and adhesion m olecules. 
Evidence to support this has been obtained in the 
SIV macaque m odel where VCAM-1 expression is 
increased early in infection and uniformly present in 
the CNS of macaques w ith SIVE (23, 2 4 ). 
Furthermore, neuroinvasion by SIV has been associ
ated with intrathecal im m une activation which  
could upregulate VCAM-1 expression (23, 27).

While inflammation and breaks in the BBB ulti

mately occur and contribute to the pathogenesis of 
HIVE, these breaks are unlikely to play a major role 
in primary neuroinvasion. This assertion is based 
n ot on ly  on  results of Smith et al (27) w hich  
demonstrated neuroinvasion of SIV without a break 
in the BBB, but also from direct intracerebral (IC) 
injection of SIV in macaques (9, 26). It was assumed 
that IC inoculation would increase the rapidity and 
incidence of SIVE by bypassing the BBB; however, it 
did not. Thus, while it is generally agreed that neu
roinvasion by H IV  and SIV is necessary for the devel
opment of H IVE/SrVE, neuroinvasion alone is insuffi
cient.

This raises the second major question: Why do 
only a portion of HIV-infected hum ans and SIV- 
infected m onkeys progress to HIVE (or SIVE)? 
Convincing explanations are lacking but those that 
exist fall into the broad categories of either host or 
viral determinants. Several groups have evidence to 
suggest that specific changes in the envelope gene of 
HIV are associated with tissue specific tropism (11, 
19). These studies, however, have all involved termi
nal AIDS patients and have been unable to associate 
the appearance of specific viral variants with neuro
logic disease. Similarly, certain strains of SIV have 
been reported to cause an increased incidence of 
SIVE (25, 26). Moreover, high levels of virus replica
tion in the CNS and SIVE have been associated with 
specific sequence changes in env (10). While these 
findings are prom ising and deserve further study 
there is also evidence that the host immune system 
plays a major role in controlling viral infection in the 
CNS. In macaques infected with SIV there is a very 
early burst in viral replication in both the periphery 
and CNS that decreases as the host immune system 
responds (12, 21). In the CNS as in the periphery 
both SIV-specific cytotoxic lym phocytes and anti
body are involved (27, 30). As the disease progresses 
and the immune system fails, however, only a por
tion of the animals develop SIVE. Thus the answer 
to why only a portion of HIV-infected humans and 
SIV-infected monkeys progress to HIVE (or SIVE)? is 
likely to  be com plex involving viral determinants, 
the host im m une response and the appropriate 
expression of adhesion molecules and chemokines to 
cause recruitment and retention of m ononuclear 
cells in the CNS. Clearly there is much to be done to 
elucidate the pathogenesis of this complicated dis
ease.
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EDITORIAL

HIV and brain pathology; w here do w e  go from 
here?

In this issue, Gray et al present an extensive 
review of most neuropathological and other aspects 
of early HIV infection. The question of early HIV 
seeding to the brain and its effects is crucial in our 
knowledge of this infection but poorly understood.
Thus such a review is most welcome. Gray and her 
co-authors cover changes at seroconversion, during 
the asymptomatic period, and at later stages before 
HIV encephalitis develops. Their study shows an 
impressive number of asymptomatic cases gathered 
from geographically distinct areas.

Despite the usefulness of this review, one cannot 
overlook that we are in an area where many data are 
still fragmentary. They are necessarily fragmentary 
because longitudinal studies of brain pathology in 
HIV-infected individuals are not available. We like to 
think that changes observed in autopsies of persons 
dying at early stages of the infection are harbingers 
of subsequent more prominent pathology; however, 
we cannot be sure that this is true. Experimental 
SIV infection, as considered in Françoise Gray's 
review. Is expected to give more insight in such a sit
uation. We have to assume that this animal model 
reflects what Is going on in the human. Given these 
uncertainties which equally pertain to brain changes 
in the later phase of the infection, a critical mind 
might become depressed how little progress we have 
made on HIV and the brain.

Ten years ago several seminal papers described 
the presence of HIV in the brain and its association 
with a new type of pathology. According to my bias, 
little has moved since. It became clear that, in con
trast to most other virus-mediated conditions, clini
copathological correlation of important morbidity 
such as AIDS dementia, myelopathy or neuromyopa
thy is not clear-cut but rather a complicated scenario 
w hich is co-orchestrated by several players (viral, 
immune, neurotoxic, metabolic and vascular mecha
nisms) in direct or indirect ways. We hear the vari
ous tunes but do not perceive any harmony yet.

Being a clinical neuropathologist, it is sad for me 
to realize that even the m ost sophisticated assess
ment of tissue changes in persons dying with HIV is 
unlikely to resolve the puzzle of functional, struc
tural, and pathogenetic correlation. What we need 
first is some sort of balancing on HIV and the brain; 
papers like that by Gray et al are a good starting 
point. However, what is much more urgently needed 
is an im aginative strategy by which this type of 
research can go on. HopeMly, this might become a 
major incentive for neuropathology in the last four 
years of the Decade of the Brain.

Herbert Budka, M.D.
Institute of Neurology 
University of Vienna, Austria
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HIV-l DNA in Brains in AIDS and Pre
AIDS; Corrélation with the St^e of Disease

Shu F. An, MD, Bruno Giometto, MD, and Francesco Scaravilli, MD, PhD

Seventeen asymptomatic individuals positive for human immunodeficiency vims type 1 (HIV-l) and 16 patients with 
acquired immunodeficiency syndrome (AIDS), all with polymerase chain reaction evidence of HIV-l DNA, were selected 
for quantitative analysis to correlate the levels of HIV-l DNA in brain tissue with the stage of infection. The AIDS 

J patients/^hhet^er^clinically asymptomatic or presented various abnormalities. Neuropathological lesions were assessed 
by morphological and immunohistochemical methods. To determine the level of HIV-l DNA, semiquantitative nested 
polymerase chain reaction was applied using a digoxigenin-labeled primer and chemiluminescence. Serial dilutions of 
standardjA HIV DNA were run in parallel with brain DNA samples. Among the 16 AIDS brains studied, 9 showed 
changes characteristic of HIV encephalitis/Ieukoencephalopathy while 1 showed focal pontine leukoencephalopathy and 
6 showed no obvious neuropathological lesions. Abnormalities in pre-AIDS individuals included meningitis, microgliosis, 
and astrogliosis. Copy numbers of HIV-l DNA in the brains of AIDS patients were higher than those in asymptomatic 
individuals (median, 135 vs 45 copies/150,000 cells [p < 0.012]). However, there was some degree of overlapping 
between the two groups, with some AIDS patients showing low figures while 3 asymptomatic Ipatient ^ a d  high copy
numbers. This suggests that the use of HIV-l DNA load in the central nervous system as an indicator of progression
of the disease should be restricted to large series and not single patients.

An SF, Giometto B, Scaravilli F. HIV-l DNA in brains in AIDS and pre-AIDS: corrclarion
with the stage of disease. Ann Neurol 1996:40:00^^00

causes aHuman immunodeficiency virus (HFV) 
chronic disease in humans. During the early period 
after primary infection there is widespread dissemina
tion of virus and a decrease in the number of CD4 T  
cells in peripheral blood [1]. An immune response to 
HIV ensues, with a decrease in detectable viremia fol
lowed by a prolonged period of clinical latency [1] that 
could last up to 7 years or even longer [2]. On the 
other hand, at least during the terminal stages of the 
infection, viral loads increase and are accompanied by 
the development of HIV-specific lesions, including 
those in the nervous system, based on a dose-effect 
relation [3]. It has therefore been suggested that the 
evaluation of proviral copy numbers could be an early 
indicator of AIDS progression [4-7].

Polymerase chain reaction (PCR) technique has been 
applied in DNA and RNA research since 1985 and 
developed for quantitative evaluation, cloning, and se
quencing purposes. The goal of quantitative PCR is to 
deduce, from the actual amount of PCR product, the 
initial number Ipf^elative level of target molecules ex
isting in the sample. In HIV-1 research this technique 

(m sdy/has been applied'jto peripheral blood moripnu- 
dearccUs (PBMCs) [8-13] and also to tissues such as

V .

lymph nodes, spleen, lung, and liver [14, 15]. Only a 
few data regarding brain tissues in patients with AIDS 
are available to date [16, 17]; in particular, little Is 
known regarding the early stages of infection. Sinclair 
and colleagues [18] and An and coworkers [19] de
tected HFV-l DNA by PCR in the brains of a propor
tion (2/8 and 17/36, respectively) of HFV-1-positive 
asymptomatic individuals. These results are at variance 
with those of Bell and associates [20] who arc of the 
opinion that HFV-I DNA detected in the brain of 
these individuals corresponds to provirus within the 
blood included in the specimen. However, more re
cently, Schmid and colleagues [21] demonstrated that 
HIV-l proviral load in seropositive patients, at all 
stages, was significantly greater in cerebrospinal fluid 
(CSF) than in blood. In addition, data from our labo
ratory, using a chemiluminescence technique show that 
some of the signals obtained from HFV-l-positive pre
AIDS ^>atiefW5(J^e as strong as those from AIDS pa- Lr
tients. Although this requires confirmation by quantita
tive analysis, the levels of HFV-l DNA in the brain in 
the early stages may indeed be high.

Previous PCR work on the brain used either ^^P-
primers (probe) or fresh-frozen tissue [16, 17]. i / J ^
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Recently, we successfully amplified [22] and evaluated 
scmiquantatively [23] HTV-l DNA from formalin- 
fixed, paraffin-embedded brain tissue. The purpose of 
this study was to investigate the amount o f H IV -l 
DNA in the brains of AIDS and H IV -l-positive pre
AIDS individuals by amplifying H IV -l DNA using di
goxigenin (DIG)-labeled primers and detection by 
chemiluminescence and densitometry.

M aterials and M ethods
Subjects
Brain tissues from 33 HIV-1-positive individuals with PCR 
evidence of HIV-l DNA were examined. They included I6 
AIDS parienrs chosen from the series of the Department of 
Neuropathology, Institute of Neurology. Six of them had 
clinical evidence of dementia and the remaining 10 were 

■ ilL  f^rnptomatic. A report of the morphological, immunohisto- 
f  J  chemical, and PCR fmdings from the 17 HIV-l-positive 

asymptomatic 11 obtained from Professor F. Gray,
Department of Neuropathology, Hôpital Henri Mondor, 
France; 6 obtained from the Edinburgh MRC AIDS Brain 
Bank, courtesy of Dr Jeanne Bell), included in the present 
study,/b -m pnW [19]. The tissue that was taken from the 
frontal lobe of all brains and included conical gray marrer 
and subcortical white matter was fixed in formalin and em
bedded in paraffin. Histological examination was done 
applying routine morphological and immunohistochemical 
toniques.

I Polymerase Chain Reaction
/  * D N A  E X T R A C T IO N . DNA was extracted as previously de-

! scribed [22]. Briefly, 10 paraffin-embedded sections (10 pm 
thick) were cut. The area of the paraffin scction^i^AtWm^ 
the meninges was removed using a disposable scalpeijrwhkhl^ A 

was (Jbr each brain examined. The sections were
\ deparaffinized by washing with xylene and then 100% etha- 
\  nol, followed by drying at 95°C. Tissue was digested with 

proteinase K at a final concentration of 5 mg/ml in 10 mM 
Tris-hydrochloric acid, pH 7.4, 1 mM ethylenediaminetet- 
raacedc acid (EDTA), and 0.5% sodium dodecyl sulfate 
(SDS). Digestion took place at 55°C for 48 hours. The su
pernatant was extracted three times with a 1/1 mixture of
phenol and chloroform, and finally once with chloroform.
Subsequendy, supernatant was centrifuged through a Micro-
con-30 filter (Amicon, Gloucs, UK) using a Eppendorf cen-
trifiige at 13,000^ for 10 minutes. Purified DNA was quanti
fied using a spectrophotometer and 1 pg of extracted DNA 
was then amplfied.

PRIMERS. HIV primers included pol 1 (3181-3203): 5' 
GAG GAA AAT ATG CAA GAA TGA GG; p o ll  (3324- 
3302): 5' CGC ATG IT T  GGT TTT GTA TGG GT; and 
pol 3 (3228-3247): 5' GAA TTA AGA GAG GGA GTG 
GA with 5' DIG-11-deoxyuridine triphosphate (dUTP) end 
labeled. [3-Globin primers included ADP894./^(l4-33): 5' 
AGA GAAljdTG TGT TGA GTA GG; and ADP894.2 
(123-104): 5' GAA GTT GAT GGA GGT TGA GG. '

11
ic  M

REACTION. Nested PGR was used. To obtain the exponen
tial phase in both the first and second rounds of amplifica
tions, a series of dilutions of standard DNA (with 1 pg of 
normal human DNA) were amplified for different cycles. In 
the first round of PGR, 28, 30, 32, 34, and 36 cycles were 
applied while 12, 14, 16, 18, and 20 cycles were applied in 
the second round of amplification. From the results of the 
amplification, 28 cycles were chosen for the first round and 
18 for the second. Each cycle consisted of thermal dénatur
ation at 94°G for 1 minute and annealing and extension at 
63°G for 2 minutes. A 144-bp fragment was amplified in 
the first round of PGR by pol 1 and pol 2. A 97-bp fragment 
was obtained from the second round of PGR applying pol 
3 (vdth 5' DIG-11-dUTP end labeled) and pol 2. A series 
of dilutions of known copy number of HIV DNA were am
plified parallel as external standard in each amplification. 
After 28 cycles of amplification with outer primers pol 1 and 
pol 2, 2.5 pi of PGR product was amplified for 18 cycles 
using primers po ll and DIG-dUTP-Iabeled pol5. Following 
electrophoresis and Southern transfer, amplified DNA was 
detected by chemiluminescence (GSPD, Boehringer Mann
heim) and densitometry.

Human ^-globln DNA was amplified from each sample 
as control.

Results
O f the 16 AIDS brains studied 9 showed changes char- 
aaerlstic of HIV cnccphalitis/lcukocnccphalopathy, 
both labeled in[bfni paper as HIVE (1 had in addition 
cytomegalovirus encephalitis); of the remaining 7 
brains, 1 showed focal pontine leukoencephalopathy 
while the other 6 had no obvious neuropathological 
lesions. The main HIV-related pathological abnormali
ties in individuals with AIDS were predominantly in 
the hemispheric white matter and included myelin pal
lor, diffuse astrogliosis, microglial nodules, and multi
nucleated giant cell (MGC). Abnormalities in the 
HTV-l-positivc pre-AIDS group in this study included 
discrete meningitis in 8, presence of microgliosis in l4 , 
and astrogliosis in 15 (Table I).

The levels of viral DNA in the brains o f AIDS (me
dian; 135; range: 5-540; interquartile range: 90-180) 
and H IV-l-positive pre-AIDS (median: 45; range: 5 -  
215; interquartile range: 15-70) individuals are listed 
in Table 1 and represented in Figure L Results indi
cated as 5 to 10 were considered positive (see Discus
sion). The difference between the AIDS and pre-AIDS 
group was significant {p <  0.012, Mann-W hitncy U  
test).

The effect of the numbers o f cycle on the amplifica
tion by nested PCR is shown in .Figure 2. Following 
28 cycles in the first round, a linear relationship be
tween the logarithm (log) of the amount o f PCR prod
uct and the log of the initial amount o f sample DNA 
(ranging from 1-10 to 1,000 copies) could be obtained 
when 18 to 20 cycles of amplification (was(j|perfbrmed 
in the second round. The results of PCR for 4 HIV-

/
/
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Table 1. Results o f Neuropatholo^ and Load o f HIV-l DNA

Case No. Neuropadiology Demencia
Copies/ 
150,000 Cells

AIDS
1 HIVE
2 HIVE
3 HIVE
4 HIVE, CMVE
5 HIVE
6 HIVE
7 HIVE
8 HIVE
9 HIV leukoencephalopachy

10 Focal pontine leukoencephalopathy
11 No abnormalities
12 No abnormalities
13 No abnormalities
14 No abnormalities
15 No abnormalities
16 No abnormalities 

Pre-AIDS
17 Meningitis (Lym), microglia (+W), gliosis (+W)
18 Microtia (+W, ±G), gliosis (+ /++W )
19 Meningitis, microglia (+W), gliosis (+ /+ + W , ±G)
20 Microglia+/+-f-, gliosis (+W)
21 Microtia (±W), gliosis (4-/++W , ±G)
22 Microglia ± , gliosis (+ /+ + W , +G), hypoxic changes
23 Microglia (+W), gliosis (++W , +G), hypoxic changes
24 Meningitis, microtia gliosis (++W , +G), h^oxic changes
25 Meningitis (focal), microglia ± , gliosis (+W), hypoxic changes
26 Meningitis (Mac), gliosis (+W, ±G), hypoxic changes
27 Microglia (+W, ±G), gliosis (+ /++W )
28 Microtia (+W), gliosis (++W ), hypoxic changes
29 Microglia inhltrate+/++ (Mac)
30 Meningitis, gliosis (+)
31 Meningitis (Lym), gliosis (+W, ±G)
32 Meningitis, microglia + , ^osls ( + ^
33 Microglia (++W , + /+ + G ), hypoxic changes

H-l

(W

M

l-=H

ye5 
rvo 
v)es 

k M
yes
KO 

V rut) 
V|C5

kvo
yes
yes

H  X
K vvo

vH

I—1 k kvO

100
150
540
65

5-10
540
150
210
120

5-10
5-10

180
162
105
280

90

120
10
15

215
30

5 -10
5 -10

60
70
50
75

160
5-10
5-10

50
45
27

1.5 HIVE ^HIV encephalms; CMVE = ycyiomegaJoviru  ̂Lym = lymphocyte; Mac = macrophage; W = white matter, G =M lV h  = ÿ l i lV  en cep h a liu s; L M V b  =  cyti

K sl'^T _ cxhseKT

1-positive prc-AlDS and 5 AIDS individuals arc 
shown in Figure 3.

m atte r ,

h

Discussion
PCR has a critical role in assessing the load of H IV-l 
DNA [24-28]. In our investigation a nested PCR was 
applied jfmoj'^its obvious advantages over thç single
round PCR method. It eliminates nonspecific products 
that could interfere with quantitation and has an in
creased sensitivity, and therefore allows a lower thresh
old of detection The sensitivity of this tech
nique was further improved by chemiluminescence, 
which has been applied to the Southern blot [^4, 3^  
and PCR [ ^ .

The sensitivity of detection of H IV-l DNA by this 
technique is in the range of 1 to 10 copies. As shown 
in Figure 3, the results obtained with this technique 
are superior to those produced by traditional ethidium

bromide stoning. A comparative study by Ou and as
sociates confirmed that hybridization protection t-H 
assay by chemiluminescent-labeled oligonucleotide was 
as sensitive as the method that uses ^T-labeled DNA 
probes.

Quantitative PCR analysis of HFV-l DNA in 
asymptomatic carriers has been performed on̂  periph
eral blood mononuclear cells (PBMCs) [^ 8 -4 ^ , CD4^
T  lymphocyte lymphoid organ semen,
and saliva [j44n. Comparison between data in th e e  in
dividuals and in AIDS patients showed that the titer 
of HIV was significantly higher among the latter 
and that viral load had art inverse correlation with the 
number of CD4^ cells [W]. O n the other hand, when 
individuals (both asymptomatic and symptomatic) 
with a low )GD4-f]j^cell count (<  SO/pJ) were taken W  k c  
into consideration, no significant difference in viral 
load was found between the two groups [jW]. As a

40 Annals of Neurology Vol 40 No 2 August 1996



tLB: Aimais of Neurology, JOB; neurop, UNIT; 0244, fA U f: 4 i, uu-i/->o uyoo:z-i

I
I
•

_ J
f)f*̂ OS

Fi^ 1. Distribution o f Uvels o f HP/-J DNA in AIDS arui 
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Fig 2. Effect o f  cycle numbers o f amplification by nested poly
merase chain reaction (PCR). A to E, F  to J, and K  to 0  
illustrate the chemiluminacence results when 14, 16, and 20 
cycles were amplified, following 28 cycles o f amplification in 
the first round o f PCR, respectively. A, F, and K  represent 
negative controls with normal human DNA only; B, G, and 
L represent 1 copy o f HIV-I DNA; C, H, and M  represent 
10 copies; D, I, and N  represent 100 copies; and E  J, ttnd 
0  represent 1,000 copies.

good corrcladon between the proviral DNA in PBMCs 
and the viral RNA levels in plasma was observed in a 
group of asymptomatic patients with a CD4^ T-cell 
count above 200 X lOVliter [l4^ and HIV RNA has 
been considered to be expressed during all stages of 
infection [ ^ ,  measuring pro virus copy numbers by 
PCR at early stages o f H IV -l infection has been con
sidered Isiĵ useful means to predict progression to AIDS 
[6].

Regarding the central nervous system (CNS), quan
titative study by Schmid and associates [21] demon-

A B C D ' E F G H I K ‘ L

Fig 3. A semiquantitative detection p f  H IV -l DNA in speci
mens from pre-AIDS (A-D ) and AIDS (E-1) patientJj to L /  J  
illustrate a standard H IV-l DNA; J, 200 copies; K, wO cop
ies; and L, 10 copies. The top figure represents an agarose 
gel electrophoresis stained by ethidium bromide and the bot
tom one represents a chemiluminescence result.

strated that H IV-l proviral load in seropositive pa
tients, at all stages, was significantly higher in the CSF 
than in the blood (median; 25 copies vs 0.6 copy/1,000 
CD4^ cells [p — 0.0001]); in addition, proviral load 
was greater in the blood and CSF o f subjects with more 
advanced systemic disease and HFV-l neurological dis
ease. However, viral levels in the CSF may not closely 
correlate with those in the brain tissue. Indeed, al
though the brain and CSF represent two intercon
nected compartments, the concentration of various sol
utes was shown to be not necessarily the same [i45q; 
by analogy, we could assume that the viral levels too 
may differ in the two media.

Our results using brain tissue confirmed that levels 
of H IV-l DNA in the brains of the AIDS group were 
higher than those found in asymptomatic individuals 
(median: 135 vs 45 copics/150,000 cells [p <  0.012]).
The possibility that the low copy numbers (5-10) in 
pre-AIDS brains could be the result of contamination 
from circulating blood [2Ç] at the time of death can 
be ruled out on the basis of the following calculation:

urces of possible contamination could be three com- (sc
ponents of blood: PBMCs, C D 4‘*' cells, and plasma 
[ ^ .  Regarding the third possibility, the chance that W 
unintegrated DNA molecules could be released into 
the circulation has not yet been confirmed. W ith re
gard to PBMCs and CD4^ T  cells, assuming the blood 
distribution to be even throughout the whole body at 
the time of death, that blood flow has a normal rate 
of 50 to 55 ml/100 gm of brain/min (50 X l4  [1,400 
gm weight of the organ/100 gm] =  700 ml =  700,000
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Table'2:  List o f  Load o f H IV -l DNA in Peripheral Blood MononucUar Cells (PBMC), C O f T  Cells, and RNA in 
Plasma by Published Data ' " ' -

Source AIDS - - Prc-AIDS ■ _ ..... T v" Reference

PBMC 1/4,606 1/10,714 4
PBMC 450-10,516/10^ PBMC (mean: 

2,403)
50-2,570/1 O' PBMC (mean: 779) 12

PBMC 1/700-3,300 1/6,000-80,000 13
PBMC 200-4,000/10^ PBMC (mean: 1,245) 2-1,000/10' PBMC (mean: 213) [38(1
CD4+ 1/10 cells 1/10,000 cells 10
CD4+ 1/100-10,000 27

Hd 1 4 0CD4+ 18-2,857/10^ CD4 pHik
CF4+ 1/2,500-26,000 (median: 1/12,000) A k m  k 4 i
CD4+ 10.7/1,000 cells 0.09/ 1,000 cells 21

The proviral load in patients, all stages, was significantly greater in cerebrospinal fluid than blood
(median: 25 vs 0.6 copies/1,000 CD4^ cells ip =  0.0001])

[48fkPlasma 100-22,000,000 copies/ml
Plasma 10^-8 X lOVml

jll) 1^^, and diat the white blood ccU (WBC) count 
fo is at a normal level (7.4 X lOVjll) [ ^ ,  we calculated 

the following:

■ 1. As PBMCs represent 4% of circulating WBCs, the 
number of PBMCs infected by H IV -l in 10 m g^ 
o f brain =

I
' 7.400 (WBG/^il) X 4% X 700,000 1̂ =  q 025 ceU

l.o o o t  /  1,400 gm/X 60 (seconds)

2. Assuming a CD4* count of 400 cclls/|ll in the pre-AIDS 
padcncs, thus the number of HIV-l-infeacd[€D44kT 
cells in 10 mg of brain =

400 (CD4 cells/|il) X 700.000 pi ^  q 33 cell 
100^^  1,400 gm X 60 (seconds)

3 . Assuming HIV-l RNA/DNA copies arc 10̂  copies/ml in 
the pre-AIDS patients, the copies of HIV-l DNA from

1 plasma in 10 mg p/brain =

10̂  copies/ml§/X 700 ml .
— — : — ------------- =  0.83 copy
1,400 gm X 60 (seconds)

Infected cells contain an average 1 to 2 pfovirus cop
ies therefore, the possibility o f brain contamina
tion from blood would be about 1.185 (0.025 +  0.33 
1+  0.83) copies/10 mg of brain tissue if we assume 1

‘ Usually, 1 to 2 Pg of DNA is obtained from 10 mg of brain 
tissue.
tThis figure refers to the.number of PBMCs infected in an asymp
tomatic individual in [B^.
$This figure refers to the number of CD4* T cells infected in an

r
AlDS patient in [27]. ;
§This figure refers to the copy number of HIV-l RNA in plasma 
in an AIDS patient in "

copy of H IV -l DNA per infected cell, or no more 
than 1.54 (0.5 +  0.66 +  0.83) copies while we assume 
2 copies per infected cell. In the above formula 1/1,000 

/PBMCs, 1/100 CD4^ T  cells, and 10  ̂copies/ml reflea 
values higher than average levels, as shown in Table 2.

In a previous study in which we compared copy 
numbers o f H IV -l DNA obtained from frozen and 
fixed brain tissues of AIDS patients determined by 
semiquantitative PCR, we noted that levels from the 
latter were on the whole less reliable than those from 
the former [23]. W ith single-round semiquantitative 
PCR, the exponential phase was obtained when 20 to 
2,000 copies were amplified. By using double rounds 
of PCR (the phase is now between 1 to 1,000 copies} 
the technique has become more reliable for the quzndf 
ration o f samples with low copy o f H IV -l DNA.

By using nested semiquantitative PCR we showe 
that copy numbers were higher in the group of patients 
with more advanced disease than in asymptomatic in
dividuals. O ur results received indirca confirmation by 
observations in PBMCs [4, 12, 13, W ] and CD4^ T  
cells [10] showing that H IV -l DNA levels were higher 
in patients with AIDS than in those with pre-AIDS. 
However, when the results o f single individuals 
were considered, some degree of overlapping could be 
noted: ^arge numbers o f copies were present in some 
asymptomatic whereas some AIDS patients
showed low copy nuiribers. Regarding the relatively 
high level o f H IV -l DNA found in the brains ( 3 / ^  
asymptomatic |pe««fM4((Cases 17, 20, and 28), we can
not rule out the possibility that as all members o f this 
group were “normal” and died of causes unrelated to 
AIDS (suicide, road traffic accident, etc) without CD4 
count available, they could have reached a stage of the 
infection just preceding AIDS. O n the other hand, no

( / l i !
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plausible reason could be produced for the.low copy,;  ̂
number found in some AIDS brains. O n the basis of^ 
these results we conclude that whereas the usc~of HIV- 
I DNA load in CNS is a valuable indicator of progrès- ' 
sion of the disease, its application should be restricted' 
to investigation of large series and not to single pa-

'cC4.'

5.

nents.
W ithin the AIDS group, we wer<^^tb^ to find any 

correlation between levels of viral DNA and presence 
or absence of neuropathological changes; this would 
suggest that the relationship between HIV and enceph
alitis is much more complex than previously thought, 
as shown reccndy by Brew and coauthors who 
could find only limited correlation between dementia 
and the amount of HIV detectable by immunohisto^ 
chemistry. Further studies to examine whether there 
are specific sequence differences in brain-derived HIV- 
1 clones between patients with and those without HIV 
encephalopathy, as reccndy demonstrated by Power 
and colleagues in padents with and those without 
HIV-associated demenda ( ^ ,  are necessary to better 
understand the pathogenesis o f this disease.

It is sdll unclear whether HIV-1 exisdng in the CNS 
during the early pre-AIDS stage is only latent as provi- 
ral DNA, or whether the infccdon of HIV-1 is re
stricted ^luring this stage. Indeed Seshamma and assod- 

obscrved that during the period of viralates
latency, regulatory transcripts rather than fiill-length 
HIV-1 RNA arc predominant in PBMCs. If this did 
apply also to the brain, it would explain why p24 and 
p4 l (which represent viral structural proteins) could 
not be detected immunohistochcmically in pre-AIDS 
brains. Therefore, a study of the expression and/or rep- 
licadon of HIV-1 and its localizadon would be of great 
interest for the understanding o f HIV-1 in the CNS 
in the early pre-AIDS stage following infection.
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Stiegcr M, Dcmolliere G, Ahlborn-Laake L, Mous J. Competi
tive polymerase chain reaction assay foij^^uaftesfafa of HIV- 
1 DNA and RNA. J Virol Methods 1991-34:149-160 
Piatak M, Luk KG, Williams B, lifson JD. (Quantitative com
petitive polymerase chain reaction for accurate ^ &ntwauo*(of 
HIV DNA and RNA species. Biotechniques 1993;14:70-81 
Boni J, Schupbach J. Primer extension analysis provides a sensi
tive tool for the identification of PGR-amplificd DNA from 
HIV-1. J Virol Methods 1993;42:309-322 
Poznansky-MC Walker B, Haseltine WA, et al. A rapid 
method for quantitating the frequency of peripheral blood cells 
containing HIV-1 DNA. J Acquit Immune Defic Syndr 1991; 
4:368-373
Davis GR, Blumeyer K, DiMichele LJ, ct al. Detection of hu
man immunodeficiency virus type 1 in AIDS patients using 
amplification-mediated hybridization analysis: reproducibility 
and quantitative limitations. J Infect Dis 1990;162:13-20 
Haff LA. Improved quantitative PGR using nested primers. 
PGR Methods Appl 1994316:332-337 
Zimmermann K, Schôgl D, Mannhalter JW. Hcmi-nested 
quantitative competitive PGR of HIV-1. Biotechniques 1994; 
17:440-442
Youmo j, Conroy J. A novel polymerase chain reaction method 
for detection of human immunodeficiency virus in dried blood 
spots pdkilter paper. J Qin Microbiol 1992;30:2887-2892
Simmonds P, Balfc-p. t 1. 1 Icuiiaii node
Sciency virus infected iitdivniuals contain piovnm' in small-

.numbers of peripheml cUs-and at low copy num

Mst’Wen

ii\i (M- 

' vv N-

J  y i r n i

Ferre F. Polymerase chain reaction and HIV. Glin Lab Med 
1994;14:313-333
Walsh PS, Varlaro J, Reynolds R A rapid chemilurainescent 
method foi^uancitatfal of human DNA. Nucleic Adds Res 
1992;20:5061-5065
Vlieger AM, Medenblik AM, van-Gijlswijk RP, et al. f̂ uarwisar 

jlodlof polymerase chain reaction products by hybridization- 
based assay with fluorescent, colorimetric, or chemifuminescent 
detection. Anal Biochem 1992;205:1-7 
Bettens F, Pichlcr WJ, dc Week AL Incorporation of biotinyl- 
ated nucleotides for the quantification of PGR-amplified HIV- 
1 DNA by chemiluminesccnce. Eur J Glin Ghem Biochcm 
1991;29:685-688
Ou GY, McDonough SH, Cabanas D, ct al. Rapid and quanti
tative detection of enzymatically amplified HIV-1 DNA using 
chemiluminesccnt oligonucleotide probes. AIDS Res Hum 
Retroviruses 1990;6:1323-1329
Lee TH, Sunzeri FJ, Tobler LH, et al. (Quantitative assessment 
of HIV-1 DNA load by coamplification of HIV-1 gag and 
HIA-D(Q-alpha genes. AIDS 1991;5:683-691 
Bush GE, Donovan RM, Smereck SM, et al. KQuanti«tioi{(pf 
unintegrated HFV-1 DNA in asymptomatic patients in the

Lm

prcMnce b^bscncc of ajicirctroviral dicrapy. AIDS Res Hum m  /. or 
Retroviruses 1993;9:183-187
Ferre F, Marchese A, Duffy PC, et al. (Qunntijatiodkif HIV^3? ,
viral burden by PGR in HIV seropositive Navy personnel rep
resenting Waiter Reed stages I to 6. AIDS Res Hiim Retrovi
ruses 1992;8:269-275 

kM - Oka S, Urayama K, Hirabayashi Y, et al. (Quantitative analysis 
of human immunodeficiency virus type-1 DNA in asympato- 
matic carriers using the polymerase chain reaction. Biochem 
Biophys Res (Commun 1990;167:1-8
Brincl^ann JE, Albert J, Vandal F. Few infected GD4+ cells 1  ̂Hd
but a high proportion of replication-competent provirus copies 
in asymptomatic human immunodefidency virus type 1 infec
tion. J Virol 1991;65:2019-2023
Donaldson YK, Bell JE, Ironside JW, ct aL Redistribution of ^
HIV outside the lymphoid system with onset of AIDS. Lancet 
1994343382-385

kl44 Luzzi G, Bagnarelli P, Ghirianni A, ct ah fQuamisario4^of A .43 f 
HIV-1 genome copy number in semen and saliva. AIDS 1995;
9:651-653 /
O'Shea S, Rostron T, Hamblin AS, et al tlQuantuatiofl(of HIV: k'H" ^  1̂  
correlation with clinical, virological, and immunological status.
J Med Virol 199135:65-69 hV
Jacques I, Massip P, Lhéririer D, er al. HIV-1 viral load in A 4  !T 
patients with low GD4 cell counts with or without dinical 
symptoms of AIDS. Abstract presented at the Tenth Intcma- 
Donai (Conference of AIDS, Yokohama, Japan, August 7-12,
1994 ^

147. Vmhofnede C, Renias Plum J-. ETaluacien
nf prnvini rnpy number and plaw(a BJ4A level as carlydadka- 
jnrr nf-prngrrffinn in HP/-1 
logiraLaad- immiinnlngini n^rlffw nf divaie.

f4k Piatak M, Saag MS, Yang LG, et al. High levels of HIV-1 in 4  ̂
plasma during all stages of infection determined by competitive 
PGR Sdcnce 1993;259:1749-1754 

A h H  Pardridgc WM. Intravcntricular drug delivery. In: Pardridgc 
WM, ed. Peptide drug delivery to the brain. New Yorlc Raven,

. 1991:108-114
kl96t Nandi J, Banerjec K. Alternative mode of replication of human ^

immunodcfidency virus: a hypothesis. Med Hypothesis 1993;

{fi. Adams RD, Victor M, Prindplcs of neurology. 3d ed. New A-4-Î 
Yorlc McGraw-Hill, 1985:278 

/ .  Dittraer DS. Biological handbooks. BIcxjd and other body flu-
ids. Analysis and compilation by Altman PL Washington, DG:
Federation of American Sodetics for Experimental Biology,
1961 ;

/,l53t Scadden DT, Wang Z, Groopman JL [Quanasarionfof plasma Hri
human immunodcfidency virus 1 RNA by competitive poly
merase chain reaction. J Inject Dis 1992;165:1119-1123 
DitmJuiiaim JE, jMbtn-J, y&rrdaL F, Few Infected GD4-  T

p rr i|i n r r ; r i,Z ^ F  r p p l iM n m n . . f n m p f r f n r  p r n i .Unl

rnptrs in at)fmprtimnrir-Miman immiinndrfinmr)' driMt-typr

/ j ^ .  Brew BJ, Rosenblum M, Gronin K, Price RW. AIDS dementia 1^5^  
complex and HIV-1 brain infection: dinical-virological correla
tions. Ann Neurol 1995;38:563-570
Power (C, McArthur J(C, Johnson RT, ct al. Demented and X 
non-demented patients with AIDS differ in brain-derived hu
man immunodefidency virus type 1 envelop sequences. J Virol
1994;68:4643-4649
Seshamma T, Bagasra O, Oakes JW, Pomerantz RJ. A quanti
tative reverse transcriptase-polymerase chain reaction for HIV- 
1-specific RNA spcdes. Virol Methods 1992;40:331-345

Lh

/ m-

44 Annals o f  Neuroiorv' Vol 40 No 2 Aucust 19<i6



Proceedings 295

manifest by nuclear and cytoplasmic viral inclusion 
bodies and positive immunohistochemistry. The remain
ing cases with systemic disease showed a patchy uveal 
inflammation and occasional cytoid bodies which may 
indicate that uveitic involvement predates and is a 
necessary step in the evolution of retinal disease and 
that retinitis is a secondary, rather than primary 
phenomenon.

An S.’ , Ciardi A.* & Scaravilli F. Institute of Neurology, 
London WCIN 3BG
PCR detection of HIV proviral DNA in the brain of AIDS 
patients: comparison between results using firesh-frozen • 
and parafiEin-embedded specimens

The polymerase chain reaction (PCR). which detects low 
copy numbers of nuclei acid, has been used to detect HIV 
DNA in brain tissue of AIDS patients and HIV-positive 
individuals. Previous work (Sinclair & Scaravilli. AIDS. 6: 
925. 1992; Sinclair et ai.. /  NeuroL 239: 469, 1992) has 
used fresh frozen samples of brain tissue from post
mortem specimens. The technique has now been modi
fied for the study of formalin-fixed, paraffin embedded 
material and here we present the findings of a pilot study 
of 20 AIDS cases for which both frozen and fixed, paraffin 
material was available. Results showed that of the 16 
cases that resulted positive on frozen samples. 15 were 
also positive when paraffin-embedded material was used  
None of the paraffin samples which were positive gave 
negative results when exam ined on frozen material. 
These dates show that as far as the identification of HIV 
proviral DNA. reliable results can be obtained using 
formalin fixed, para (fin-embedded material.

BeU J.. Keeling J.*, Lowrie S.. Donaldson Y.. Simmonds P. 
& Peutherer J.’ University Department of Pathology. 
Edinburgh
Human immunodeficiency virus infection and the devel
oping nervous system

Between 10% and 15% of infants bom to HIV-positive 
mothers in Europe are infected vertically and the ner
vous system may be severely damaged in paediatric 
AIDS. The timing of vertical transmission is still 
uncertain—possibly in utero, or at birth, or during breast 
feeding. Examination of pregnancies terminated for 
maternal seropositivity provides an opportunity to inves
tigate this problem. Full autopsies have been performed 
in_30 such fetuses. Apart from one case of spina bifida

and one of facial dysmorphism. all were normal. No 
significant neuropathological abnormalities were discov
ered and quantitative polymerase chain reaction (PCR) 
for HIV gave negative results in all the tissues examined, 
including placenta, brain, spleen and liver. Negative 
controls included fetuses bora to HIV-negative drug 
abusing mothers, these findings contrast with adult AIDS 
cases in which we have frequently found significant viral 
load in brain tissue, but may relate to adult pre-AIDS 
cases, many of which we have shown to be PCR negative 
for HIV in the central nervous system.

McQuaid S.", Allen I. V.. McMahon J.* & Kirk J. 
Neuropathology, Belfast BT12 6BL 
Association of measles virus with neurofibrillary tangles 
in subacute sclerosing panencephalitis

Neurofibrillary tangle formation, a characteristic of 
Alzheimer’s disease, is also a feature of other neuro
degenera tive disorders, including subacute sclerosing 
panencephalitis. In this study the association of measles 
virus (MV) genome with neurofibrillary tangle formation 
has been studied in 5 cases of SSPE. using in situ 
hybridization (measles genome) and immunocytochem- 
istry (tau. ubiquitin and B/A4 amyloid). In two cases 
with duration of disease less than one year, neurofibril
lary tangle formation was not observed. However, in 
cases where the disease was of several years duration, 
numerous tau- and ubiquitln-positive neurofibrillary 
tangles were demonstrated. In the t̂ vo cases of longest 
duration, double-labelling demonstrated the frequent 
association of neurofibrillary tangle formation with 
neuronal MV genome positivity. Immunocytochemistry 
for B/A4 amyloid failed to demonstrate amyloid in any of 
the cases. These findings support the hypothesis that 
neurofibrillary tangle formation can occur independently 
of amyloid formation in neurodegenerahve disorders.

Hilton D. A.*. Love S.. Pringle J. H.‘ & Fletcher A.* 
Department of Neuropathology. Frenchay Hospital. 
Bristol BS16 ILE
Absence of Epstein-Barr virus RNA in multiple sclerosis 
as assessed by in situ  hybridization

Several recent epidemiological and serological studies 
have suggested a role for Epstein-Barr virus (EBV) infec
tion in the aetiology of multiple sclerosis (MS). We have 
used oligonucleotide probes to EBV RNAs that are highly 
expressed in both productive and latent infection, to look



Quantitative PCR for detecting HIV-l proviral D N A  
from formalin-fixed, paraffin-embedded brain tissue  
AN S-F, D A V I S O N  F, CIARDI A, GR AY F*, 
SCARAVILLI F.

Dept, o f  Neuropathology, Institute o f  Neurology, Queen Square, 
L ondon W C IN  3BG.
*Dept. o f  Neuropathology, Henri Mondor Hospital, France.

Background: It is normal for post mortem brain material to be formalin 
fixed for very long periods before study. This may cause problems in 
DNA extraction and detection. However, we were able to detect 
successfully HIV-1 DNA by PCR from formalin-fixed, paraffin-embedded 
brain tissue. The ability to detect HIV DNA from this source o f material 
correlated well with HIV DNA detection in fresh frozen brain (15/20 cases 
in paraffin embedded tissue, compared with 16/20 in frozen tissue, J Clin 
Path, in press).

Objectives: To extend this work by amplifying HIV DNA using a semi- 
quantitative PCR in 6 proven HIV + cases (4 were p24 antigen positive, 
2 negative).

Methods: Total DNA was extracted from frontal lobe tissue of post 
mortem material. HIV DNA was amplified using pol gene digoxygenin- 
labelled primers and detected by chemiluminescence and densitometry. 
Cloned HIV DNA standards were amplified in parallel and used to 
construct a standard curve for quantification.

Results: The levels of HIV DNA from p24 antigen positive specimens 
were notably different from those in p24 negative cases. These results were 
compared with those obtained from frozen material of the same patients.

Conclusions: This study showed: 1. It was possible to estimate HIV-1 
DNA levels in formalin fixed, paraffin embedded brain tissue by semi- 
quantitative PCR. 2. Digoxygenin incorporation followed by 
chemiluminescence and densitometry gave reliable results when used for 
this purpose. 3. p24 antigen positive and negative patients formed two 
well separated groups with clear differences in HIV DNA level in cortex .
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Expression of TNF-a and its pathogenetic role in Vacuolar 
Myelopathy . . - - .— •
A. Ciardi*, S.V. Tan\ S.F. An', R.J. Guiloff and F. Scaravilli* 
Department of Neuropathology, Institute of Neurology, Queen . 
Square, & Department of Neurology, Charing Cross and Chelsea 
and Westminster Hospitals, London, UK

In the spinal cords of 18 AIDS patients we evaluated the presence 
of vacuolar myelopathy (VM) ' and the amount of 
microglia/macrophages, of cells' expressing MHC Class II antigen 
and tumour n ecro s is  fa c to r  ( T N F - a ) . .  HIV 
encephalitis/leucoencephalopalhy (as shown by the presence of 
MGCs and/or p24 antigen positive cells) was present in 56% of the 
cases. Other brain pathology were CMV encephalitis (16%), 
lymphoma (6%) and PML (6%); 16% of the patients had non 
specific lesions. HIV myelitis was seen in 1 out of 18 cords, which 
were devoid of opportunistic infections. Depending on the area 
involved and severity of vacuolar changes and inflammation VM 
was classified as mild in 7 cases, moderate in 2 and severe in 6. No 
VM was seen in 3 cases. p24 antigen was detected in the cord in 
1/18 cases. In all 18 cases the number of inflammatory cells the 
expression of MHC II and the amount of TNF-a was higher than 
in controls; moreover there was correlation between the severity of 
VM and the number of microglia/macrophages. On the other hand, 
whereas cords without VM showed low levels of TNF-a and 
microglial/macrophages, cases with VM showed amount of 
microglial/macrophages proportional to the severity of VM, whilst 
increased expression of TNF-a seemed to be correlate more with 
the presence of VM than with its severity.

Neuronal! me ANbsdStoeok^calStudy.' 
IEwiaS,F.Giay,J.Glas!,J.M::Aithi;P.Lartos Ç ■■r.C 
hBtituteofPs)dtùy; London ItpWHoriMcndoql̂ WnsItpkins . - 
MxEcalSdco^Bolirrcre ' ' "  ' '
To citify whdiff HIVicsuk inooctialncutcnalbE, a iDodoniiriiasxl and 

acxaiate aercc fc^  probe, the dïsacïor, was m ç t 5« l to estrateneurcral 
iimMcalclraty. haclitîoriifcrcSrialoaidcdcnswthHIVassocÊted 
denzntâ(HAD), î i m EdxiwasacquitedproqEctivefytydEMaTrtBlSban 
Kettaing sale. iithisaaisorrvestigatiDtB fcxraa&rfixcd tissue, ficmthe fiortal, 
tocpotal, petietal, and cxxt îal areas, was peia&i proœssd, sectioted at 2Ĉ iin 
arristaradwihoc^vÊfct or tolxfcebàjî, except thec&ixjpBthobg^saies 
hwhichthetÊBuewasenijBifcdhIfecxcsja EsticHtrrswaepcifexnrdaia 
7irw:TrrTngYpgwdiflIVi!rTiahelectioric length gar^  
hasm sofe^ œ rliok an d  11 AIDS cases; wthroneuropBthobgyexo^t 

HIV encephakis (HIVE) hsotiE cases; there was a 38% dsoease kl nanmal 
riitlir(xlCfrnn^ 499±177r dieoQrtrokarii3C)7±46kithe AIDS gioip, 
IhebæoocuncdtcgarSesBofthepicsaEeof HIVE Loss of 30% was also 
bund ki the vBualooetcx. Thcsiçeriorfiartalg)tuswascxaninihtwofiithcr 
cohorts Fkstfy,kil4synçtDtihfeHIVkifectedandl5rctHnfect£dckvgU9as 
mneuonelloE was (klcclcdwihsabcsbemgskiilBrbdz controlgpipabore. 
Seoondy,ki an AIDS aoks where 10 had revere HAD, 14irildHAD,artle3^ 
no doneitia, (he rm oB l drosty was ârihr to the AIDS gioup ki the &st AIDS 
snies h i  there was no ooacbrn widr the degree c f d a m tk  
The kTvestgptions reveal thBtHT/EassodatedwihrigiiDcart degrees of 

mionalloGS which EgreaTESCh the fiatal area. Rzthetmcre,u'êbG50oais 
legaidfcas cf the presence of HIVE suggesting an kxfcp3ïfat miDtoxt 
process, andkkkritcd to the symptonrnric stage ofthe c&ease. HcM«vei;thB 
redrtian cbes not ocncfate vvih the ptcscnoe of denrrtia kxfcacÎTg that 
ti'jaiari ii I E other dan neuonal bs^ eg. HIVE and cytokine ptodrricn. may
nV nt-r.c m ra l

P22_y HIV.Infection of Post-Mortem Human Choroid Plexus
M.F. Fabngola, B.G.Castro-Filho, C.K.Pclito. Departments of 
Pathology, University of Miami School of Medicine, Miami, FI and 
Centro Pesquisas Goncalo Moniz-Fiocruz, Bahia, Brazil.

The choroid plexus (CPx) may be an important site of entry of 
HIV into the nervous system, since fibroblast-like cells isolated ^ m  
this structure are capable of latent HTV infection (Harouse et al, Ann 
Neurol, 1989), since its capillaries lack a blood-brain barrier, and 

• since it has been implicated as a site of entry for other infectious 
agents. Consequently, we collected post-mortem choroid plexus from 
25 AIDS patients and 13 nonAIDS controls employing routine H&E 
examination as well as immunohistochemistry to identify HIV gp41,
T and B lymphocytes and monocytes. T lymphocytes infiltrated the 
CPx of all controls and 67% of AIDS cases whereas monocytes 
occurred in 22% of controls and 50% of AIDS cases. Eleven AIDS 
cases contained HlVrimmunorcactive cells which virere located mainly 
in the stroma but occasionally assumed an endothelial location. The 
distribution of the HIV-h cells and the inflammatory subtypes and 
double label immunohistochemistry suggest .that infected. cells, 
including those in capillary endothelium, were T lymphocytes as well 
as monocytes. Infection or lymphoma of the choroid plexus or brain - 
did not correlate with the mcidence of CPx HTV+ . cells, .-JThese 
results demonstrate migration of T lymphocytes and monocytes in 
normal choroid plexus and support recent studies implicating this 
structure as a component of the neuroimmune system. Additionally, : 
the study shows, for the first time direct HIV infection of the choroid 
plexus. • This implies a hematogenous dissemination of infected T ■ 
lymphocytes or monocytes into the choroid plexus from whenâ they - 
could enter the CSF and periventricular brain. - Thus, migration of 
HIV-infected cells through the choroid plexus may be anlmportant or 
alternative mechanism of HIV infection.of the CNS.' (supported by. 
grants from the CNPq (MFF),'and the NIH ROINS274I6, (CKP). , .

Z idovu d in e therapy and  HiV e n c e p h a lit is :  a 10-year  
neuropathological survey
F. Gray, L  Bélec, P. De Truch'is, B. Clair, A. So bel, M. Durigon. 
Hôpital Raymond Poincaré, F-92380 G arches, France.
Zidovudine has been shown to penetrate the CSF, to inhibit HIV 
replication In m onocytes/m acrop hages and to Improve 
neurological function In AIDS patients. In an attempt to a sse s s  the 
effect of zidovudine on productive HIV Infection of the brain, we 
compared the Incidence of HIV-sp>edfic pathology In the brains of 
patients treated or not treated with zidovudine and in patients 
whose treatment had been stopped.
We examined 192 AIDS ca ses  neuropathologically; 97 had never 

been treated with zidovudine, 72  had received zidovudine tor over 
3 months and until death, 23  had their zidovudine treatment 
stopped more than 1 month before deat h. . . . . . .  - :  .
The incidence of HIV encephalitis/HIV leucoencephalopathy  
(HIVE/HIVL) and of multinucleated giant cells (MGCs) was 
significantly lower in patients who had been  treated with 
zidovucfine than in those who had never had zidovudine.
The yearly incidence of HIVE/HIVL increased between 1982 and 
1987 probably due to improved survival. It decreased between 
1987 and 1990 while the percentage of patients treated with 
zidovudine Increased. Since .1991 the incidence of HIVE/HIVL 
and that of MGCs increased slightly; the percentage of patients 
treated with zidovucfine until death decreased and that of patients 
w hose treatment w as stopped Increased concomitantly. In 
patients whose treatment w as stopped, in 1989 and 1990 most 
had MGCs and HIVE/HIVL In 1991 and 1992 this incidence 
d ecreased  markedly, co-inciding with the introduction of 
dideoxyinosine therapy. - : -
We conclude that zidovudine treatment significantly reduces the 
occurence of productive HIV. infection of the brain in AIDS. 
Discontinuing zidovudine may favour the occurrence of HIV 
encephalitis. Substitution therapy with dideoxyinosine also  
appears to protect against H lV -sp^fic brain pathology.



PB0211 PR O G N O S TIC  VALUE OF CO N V E N T IO N A L  EEG-RECOR-
D IN G S  IN EVALUATING IIIV-ENC ErHALO PA TM Y. 
ARGNDT Gabriele.  BOHN J, SCHROBRSCH W ARZ T, CIESBN 
HJv, ROICK H., JABLONOWSKI H \
D e p a r tm e n t s  o f  N e u r o lo g y + M e d lc ln e T  U n iv .  D d s s c l d o r f ,  F R G . 

O BJECTIV E: H lV -I - re l.ile d  d e m e n tia  Is s a id  to  be  su b c o rtic a i a n d  co rtic a l. W h e re a s  ll'C 
su b co rticn i fo rm  p re s e n ts  ea rly  in  th e  co u rse  of th e  d isea se  w illi c o g n itiv e  an d  m o to r  s ig n s , tlie 
co rtic a l d e f ic its  a rc  n o t very  w ell s tu d ie d  to  d a le .
M E T H O D S : 109 n e u ro lo g lc a iiy  a s y m p to m a tic  (no  clin ical, n o  m a rk e d ly  subcllrvlcai m o to r  o r 
c o g n itiv e  d e fic its)  H lV -p o s ltlv e  h o m o se x u a ls  (C D C  11 n=29; C D C  ill n*»17; C D C  IV A  n=4; 
C D C  IV C l  n=16; C D C  IV C2 n=32; C D C  IV D n = l l )  u n d e rw e n t c o n v e n tio n a l E E G -rccord lngs 
ac c o rd in g  to  th e  1 0 /2 0  sy s te m  e v e ry  six  m o n th s  o v e r a n  18 m o n tlis  p e r io d . A lp h a , b e ta , ih c ta  
a n d  d e l ta  freq u e n c ie s  w e re  s p e c tra la n a iy z e d . R esu lts  w e re  c o rre la te d  to  llie  c lin ica l co u rse  
a n d  to  C T  a n d  M RI scans.
RESU LTS: T ire m o s t s ig n if ic a n t EEC f in d in g s  w e re  a s lo w in g  o f  the  a lp h a  r l iy th m  {<91 Iz) an d  
a p a th o lo g ic a l th e ta  ln d e x  (>10% ) p re s e n tin g  In  a  h ig h e r  p e rc e n ta g e  o f A ID S  ( 1 9 .1 ^ .0 % )  
th a n  n o n -A ID S  (15.2-45.7% ) p a t ie n ts . A ID S p a t ie n ts  w ith  a b n o rm a l EEC re c o rd in g s  re v ea led  
co rtic a l a tro p h y  In  n e u ro lm a g ln g  w h e re a s  non-A ID S  p a t ie n ts  h a d  n o rm a l scons. N o n-A ID S  
p a t ie n ts  re v e a le d  n o  s ig n if ic a n t d e te r io ra t io n  o v e r  tim e , b u t  A ID S -p a tlcn ts  s h o w e d  a 
c o n t in u o u s  s lo w in g  of the  a lp h a  rh y th m  d u r in g  th e  o b se rv a t io n  p e r io d . T Ireta Index  
a b n o rm a li t ie s  re m a in e d  u n c h a n g e d . In co n tra s t to  non -A ID S  In d iv id u a ls , 50  % of the  A IDS 
p a t ie n ts  w ith  In itia l E E C  a b n o rm a li t ie s  re v e a le d  s ig n s  of c o rtica l d e m e n tia  w ith in  th e  
o b s e rv a t io n  p e r io d , n e a rly  all of th o se  s h o w e d  also  su b co rtica i d e m e n tlv e  sig n s . 
C O N C L U S IO N : EE C  a b n o rm a li tie s  - e sp ec ia lly  s lo w in g  o f  th e  a lp h a - rh y lh m  - a re  o f so m e 
p ro g n o s tic  v a lu e  fo r lire d e v e lo p m e n t of co rtica l H IV -1 -re la tcd  e n c e p h a lo p a th y  In A ID S, b u t 
n o t In n o n -A ID S  p a t ie n ts

D r. C . A re n d t, D e p a r tm e n t o f N e u ro lo g y , U n iv e rs ity  of 
D ü sse ld o rf , P o slfach  101007, D -40001 D ü sse ld o rf, G e rm a n y .

‘ ' P h o n c :4 9 /2 1 1 /3 I l /8 9 7 l  F a x :4 9 /2 11 /311 /8 4 6 9

PB0212 l l i c  n i l r  n f  TN T-rr In p n ll io jç rn r i l j  o f  v » ciio !n r m j r lo p n l l i /  In A ID S  
A . C U rdi*. S .V . T in* , S .F .  A n ', R J .  C u ilo fF  in d  F . S ciriv illi*
D c p ir lm c n l o f  N c u ro p ilh o lo g y , Intlilu^e o f  N e u ro lo g y , Q ueen  S q u ir e .  &  D c p ir tm c n t 
o f  N eu ro lo g y , C h ir lo g  C r o j i  in d  C h c l ic i  end  W c ilm m itc r  H o ip î l i l i ,  L o n d o n , UK

The amounts of microglia/mncrophngcs, of cells expressing MHC class If antigen and 
tumour necrosis factor-alpha (TNP-cr) were evaluated in the spinal cord. HIV 
cnccphalilis/lciicocnccplialopatliy (as shown by llte presence of MGCs and/or p24 
antigen positive ceils) was present in 56% of the cases. Other brain pathology were 
CMV encephalitis (16%), lymphoma (6%) and PML (6%); 16% of the patients had 
non specific lesions. HIV myelitis was seen in 1 out of 18 cords, which were devoid 
of opportunistic infections. Depending on the area involved and severity of vacuolar 
changes and inflammation VM was classified as mild in 7 cases, moderate in 2 and 
severe in 6. No VM was seen in 3 cases. p24 antigen was detected in the cord in 1/18 
cases. In all 18 cases the number of inflammatory cells the expression of MHC II and 
the amount of TNF-a was lugher than in controls; moreover there was correlation 
between the severity of VM and llte number of microglia/macrophages. On the otiicr 
hand, whereas cords witliout VM showed low levels of TNF-a and 
microglial/macrophages, cases with VM showed amount of microglial/macrophages 
proportional to the severity of VM, whilst increased expression of TNF-a seemed to 
be correlate more with Ihe presence of VM than with its severity.

TroT F S c .ru v illi, D rp n rlin rn t o r  N e u m p .ll io lo g y , In tlilu le  o l  N e u ro lo g y . Q ueen  
S q u n re . Loniloii W C IN  3 0 0 .  T el: 071 837 361 1, ex t. 423< . F«x: 0 7 1 2 7 8  5 0 69 .
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PB0213 INTRATHECAL SYNTHESIS OF ANTI gpl20 V3 LOOP 
ANTIBODIES IN HIV-INFECTION, PB0214

Mata S'', Loi 1 i F^, P into F^, Colao MG', DeMajo E ', Mecoccl L, O rlzzl 
M, Blanc PL, P ad  P, Mazzotta F, .''Department of N eurological S c ien ces, 
U n iv ersity  o f F lorence, 'Sero logy  USL 10/D and In fec tio u s d isea ses  
un it USL 10/H, F loren ce, I ta ly .

O bjective: The d e te c tio n  o f CSF antibody a g a in st the V3 loop of HIVMN 
by peptide ELISA has been r ecen tly  reported in a high percentage of 
p a tie n ts  (LUCEY DR e t  a l . , J . AIDS 1993, 6 :994-1001). We re-eva lu ated  
the occurence of in tra th eca l sy n th esis  (ITS) of a n tib od ies to the V3 
loop o f HIVMN. Methods: We measured the a n tib o d ies to the HIV gpl20 
V3 loop ( s tr a in  MN) in the cerebrosp inal f lu id  and serum of 47 HIV in
fe c te d  p a tie n ts  by peptide-ELISA.
R esu lts : A ntibodies to V3 were detected  in the serum of 94V and in the 
CSF o f 78V of the p a t ie n ts .  ITS of the a n tib o d ies took p lace in only  
30V of the p a tie n ts  and in low le v e ls  (mean r a t io  of serum/CSF t i t e r s  
equal to 215) .  Al l  pa t ie n ts  presented i ntrathecal  synt hes i s  of  ant ibo
d i es  to gp 120 by Western b l o t .  Conclusion: Despite the ITS of a nt i 
bodies  to gpl20 in HIV i nf e c t i o n ,  the antibody response to the V3 loop 
i s  o f  much lower l eve l  and thus c o n s t i t i t u t e  a bas is  for the d e fe c t i ve

HIV AND T i l t :  DRAIN: P 3 0 0  C H A N C E S  DO NOT R E F L E C T
GENERAL SUDCORTIC/VU DAMAGE. K a t n c r  H a r o ld  P . M oore  
NC. T u c k e r  KA-.Smllli. MU, C o b u r n  KL; M e r c e r  U n iv e r s i t y  
School of Medicine, Macon.  CA 3 1 2 0 8  USA.

Ot^cclli>es:
E v id e n c e  of HIV c n c c p h o l o p a l h y  c a n  be  fo u n d  s t io r l ly  a f t e r  s e r o c o n v e r s i o n  a s  a 
de layed a n d  n l l e n u a t c d  P300  aud i to ry  event  re la ted  po ten t ia l  (ERP) c o m p o n e n t .  P 3 0 0  
c h a n g e s  o c c u r  before  dem en t ia ,  wtjilc Uic EEO Is norm al ,  a n d  Inc rease  w ith  succe ss ive  
Infection s ta g e s  (C o b u rn  et al. N e u ro R en o r t  3(61: 539 -5 4 1 .  1992). Ti lls  cou ld  reflect 
c i t h e r  n g e n e r a l  s u b c o r t i c a i  d e t e r io r a t i o n  o r  a m o r e  s p ec i f i c  In v o lv e m e n t  of t h e  
l i lp p o c am p a l  pot t iw oys  m ed ia t in g  the  F 3 0 0  a n d  o th e r  cognit ive  fu n c t io n s .  A g e n era l  
o u h c o r l l c a l  d e t e r i o r a t i o n  s h o u ld  Involve  ttic  wide ly  d i s t r i b u t e d  s u b c o r t i c a i  v i s u a l  
pnthwnv'S. p ro d u c in g  v isua l  ERP a b n o n u a l l l lc s .
M e th o d s :
P a t te rn  reversal ERP"s (N75. PlOO & a s y m p to m at ic  HfV+ (n«IO), ARC (n=9). a n d  AIDS 
(fi-9) subjec ts .
R esu l ts ;
Alt liough tl tcsc HIV p a t i e n t s  h a d  highly  s lgnlD canl P 3 0 0  c h an g e s ,  v isu a l  E R P’s  d id  no t  
d if fer b e tw ee n  a n y  p a t i e n t  g r o u p  a n d  l ie a l th y  c o n t ro l s ,  o r  b e tw e e n  p a t i e n t  g r o u p s  
re p re s en t in g  Inc reasing  Infection s tages .  /
D is c u s s io n s  Ol C onclus ions ;
T h e  finding  of n o rm a l  v isual  ERP's with progressive P 3 0 0  c h a n g e s  s u g g e s t s  Uia t Uic 
e a r l i e s t  s u b co r t l c o l  Invo lvem ent  Is of the  h ip p o c a m p a l  c i r c u i t ry  r a t h e r  Uion be ing  
d i f fu se.
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'Bell J. E., Ironside J. W.. Donaldson Y.* & Simmonds P.* 
Neuropathology. University of Edinburgh 
HIV and the brain: contrasting patterns and virus load in 
homosexuals and drug abusers

Autopsies have been conducted in a cohort of human 
immunodeficiency virus (HIV 1) positive individuals in 
Edinburgh who died with full-blown AIDS (Group A. 
drug misusers. n=39; Group B, homosexuals. n=27). 
Neuropathology findings were correlated with quanti
tative viral load, estimated by competitive polymerase 
chain reaction (PCR), in tissue retained from all areas of 
the central nervous system (CNS). and in blood. Drug 
misusers were found to have a high incidence of HIV 
encephalitis (60%), associated with high viral load, 
whereas homosexuals had a much lower incidence of 
HIV encephalitis (15%). and often with a smaller virus 
load. Both grey and white matter were PCR positive, 
correlating well with p24 immunocytochemical posi
tivity. Primary cerebral lymphoma was more common 
in homosexuals (26%) than in drug abusers (3%). 
Opportunistic infection and CNS lymphoma were fre
quently present in the brain without co-existing HTV 
infection. HIV encephalitis correlated well with demen
tia. Zidovudine was prescribed, and taken, by both 
groups.

Davison F.*. An S-P. Giardi A.’ & Scaravilli F. Depart
ment of Neuropathology. Institute of Neurology. London 
WCIN 3BG
Quantitative PCR for detecting HTV-l DNA In firozen and 
formalin fixed brain tissue

We were previously able to detect HIV-1 DNA by PCR 
from formalin-fixed and frozen brain tissue. We have 
extended this work by amplifying HIV DNA using 
semi-quantitative PCR in 13 AIDS cases (9 antigen 
p24+.4 — ). DNA extracted from frontal lobe tissue was 
amplified using HIV-1 pol gene digoxygenin-labelled 
primers and detected by chemiluminescence and densi
tometry. Cloned standards were amplified in parallel for 
quantification. HIV DNA levels detected in'frozen tissue 
showed a good correlation with p24 antigen positivity 
and severity of histological diagnosis. However, in the 
formalin fixed material this correlation was less clear. 
This study showed: (i) HTV-l DNA levels can be 
estimated in frozen and formalin fixed brain by semi- 
quantitative PCR: (ii) digoxTgenin incorporation, chemi

luminescence and densitometry gave reliable results 
when used for this purpose: (hi) p24+ve and -  ve 
patients formed two well separated groups regarding HTV 
DNA levels in cortex.

Everall I. P., Hudson I.’ . Lantos P. L . Kerwin R,* 
Institute of Psychiatry. London SES 8AF 
In situ  hybridization (ISH) study of changes in AMPA 
receptors in the cerebellum associated with HTV

There is in vitro evidence that glutamate is involved in 
HIV associated neuronal loss. We have investigated 
whether cerebellar glutamate AMPA receptor mRNA 
expression was altered in patients who died of ADDS. 
Fresh-frozen cerebellar sections from seven controls and 
13 AIDS patients were examined by ISH using ^̂ S 
labelled oligonucleotide antisense and sense probes to the 
mRNA flip and flop isoforms of the AMPA receptor 
GluR-A (Sommer ct of.. Science 1990. 249, 1580-5). 
There were no differences in the granular cell layer for 
flop (controls. 610 ±  377 nCi/g. and HIV. 560 i  
288 nCl/g): or flip isoforms (375 ±  273 nCl/g and 
238 ±  129 nCi/g respectively). Purkinje cell density was 
unchanged. 10.7 ±  1.1 cells/tnm. for controls, and
9.5 ±  1.6 for the HIV group. However, the density of flop 
mRNA expressing Purkinje cells was 7.6 ±  2.5 cells/mm 
for controls and 3.3 ±  1.6 in the HTV group. A reduction 
of over 60% (P=0.002. Student's t-test). Flip was not 
localized to Purkinje cells. This study demonstrates over 
a 60% decrease in the expression of mRNA AMPA flop 
isoform in cerebellar Purkinje cells, which is not accom
panied by neuronal loss. Alteration of these isoforms 
may disrupt neuronal function.

Herron B.*. Allan G.*. Hernandez P.*. Linne T.’ & Allen 
I. V. Department of Neuropathology. Royal Victoria 
Hospital. Belfast
The neuropathological consequences of systemic LPM 
virus infection in the pig — results of a pilot study

In 1980 an outbreak of encephalitis occurred in La 
Piedad in the Michoacan district of Mexico. This disease 
affected piglets aged 4-10  days with- a high morbidity 
and mortality. A novel porcine paramyxovirus was 
subsequently isolated and named LPM after the district 
of origin. The virus has a high sequence homology 
with mumps virus. The virus can cause corneal opacity 
and reproductive failure and there is evidence that it
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King A /,Jan ota  I., Rossor M.* & Lantos P. Institute of 
Psychiatry, London SE5 8AF
Neuropathological variations in familial prion disease

Introduction: The spongiform encephalopathies (prion 
diseases) may exhibit remarkable histological hetero
geneity. We report the atypical neuropathological find
ings in two brothers who were members of a large family 
with a previously characterized autosomal dominant 
prion disease involving a 144 base pair gene insertion. 
Methods: A range of immunohistochemical stains includ
ing GFAP and prion protein were applied to the brain 
sections in these two cases. This was in addition to 
routine stains. Results: The brains of other members of 
this family have shown typical histological features 
including spongiosis, neuronal loss, and astrocytosis. 
These features were, however, not all prominent in the 
brains of these brothers. Instead, the only significant 
histological findings were irregular deposits of prion 
protein in the molecular layer of the cerebellum. Con
clusions: This family illustrates the phenotypic hetero
geneity of prion diseases and draws attention to the fact 
that for definitive diagnosis it may be necessary to 
employ immunohistochemical stains for prion protein.

Luthert P., Montgomery M.*. Wood A.* & Lantos P. 
Institute of Ophthalmology. London EClV 9EL 
Differential neuropathology in cynomolgus macaques 
infected with HTV-2 and four SIVs

Introduction: The pathogenesis of neuronal damage in 
HIV infection remciins uncertain but certain subtypes of 
virus are associated with CNS disease. The aim of this 
study was to investigate infection with a variety of 
viruses in a macaque model of AIDS. Materials and 
methods: The following viruses were used: HIV-2 (which 
does not cause significant immunosuppression in 
monkeys: n=6). Srv^aczsi (a macrophage-tropic virus: 
n = 20). SIV^„c239  (a lymphocyte tropic virus: n=7), SIVj; 
(a virulent molecular clone: n=9) and SFVcg (a ‘non- 
virulent’ molecular clone: n = l l ) .  Sixteen controls were 
examined. Results: SlVjg and SlVcg. induced
neuronal atrophy and increased HLA-DR and GFAP 
expression. SIV^ ^ ^ 2 3 9  infection led to no neuronal atro
phy but gliosis was present. HIV-2 produced neuronal 
atrophy but little, if any. gliosis. Conclusions: These data 
demonstrate a dissociation between neuronal atrophy 
and immuno-suppression and that a lymphocytotropic

virus causes gliosis but not neuronal atrophy. These 
observations will facilitate separation of different 
components of neuropathogenesis in AIDS.

Gray F.. Adle-Biassette H.*. Bourhy H.* & Wingertsmann 
L* Hôpital R. Poincaré. Garches F-92380. France 
Rabies encephalitis in an African patient with the 
acquired immunodeficiency syndrome (AIDS)

Introduction: AlthouglKrabies and AIDS are endemic in 
many subsaharan Alncan countries, the association of 
both conditions has been seldom reported. Case report: A 
46-year-old man. bitten by a dog in Mali, received 
incomplete antirabies vaccination. Three months later 
he presented with fever and diarrhoea and was found to 
be HIV-seropositive: CD4 were 70. His status worsened 
rapidly with confusion, hydrophobia, and hypersialor- 
rhoea. Despite serotherapy and vaccination he died 
suddenly 12 days after admission. Immunofluorescence 
on cerebral tissue prints confirmed rabies encephalitis. 
Neuropathology showed mild encephalitis with oc
casional Babès nodules and rare perivascular mono
nuclear cuffs. Intraneuronal Negri inclusion bodies were 
remarkably diffuse and abundant. They were clearly 
demonstrated by immunocytochemistry and electron 
microscopy. There was neither associated HIV encepha
litis nor opportunistic infection. Conclusions: The occur
rence of rabies encephalitis in AIDS likely represents a 
random association but is probably not exceptional. In 
this case, although the incubation duration and clinical 
presentation were comparable to those in classical 
rabies, it seems that immunosuppression may account 
for the weak inflammatory reaction and unusually 
abundant viral multiplication.

An S. F.*. Ciardi A,*, Gray F. & Scara\’llli F. Institute of 
Neurology. London WCIN 3BG 
MHC-II. cytokines in the brains of asymptomatic HIV-1 
positive individuals

Introduction: Cytokines have found favour to explain the 
pathogenesis of HIV encephalitis. As in the brains of some 
HIV-positive pre-AIDS patients we found pathological 
abnormalities as well as presence of HR*-1 DNA. we 
undertook a study to show presence of a condition of 
immune reactivity with possible production of cytokines. 
Materials and methods: Thirty-six asymptomatic HIV- 
positive pre-AIDS individuals and controls were studied

©  1996 Blackwell Science Ltd. Niruropailwlogy and Applied Neurobiology, 22, 144-167
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by morphological, immunohistochemistry (for MHC H 
and cytokines) and PCR methods. Results: Results showed 
PCR evidence of HIV proviral DNA in 17/36 brains from 
HIV positive pre-AIDS cases: MHC class II and cytokines 
could be detected predominantly within white matter 
even at this early stage. Conclusion: The data demon
strated that the state of immune activation described in 
AIDS is already present at the pre-AIDS stage and suggest 
that the presence of cytokines may already trigger the 
cascade of events leading to brain damage.

Dean A. P.. Diss T. C.*, Wotherspoon A. C.* & Nevard C.* 
Institute of Psychiatry. London SES 8AF 
T-ceil-rich post-transplant lymphoproliferative disorder 
(PTLD). Radiological, histological and molecular 
characteristics

Introduction: Nearly one-quarter of PTLD involve the CNS. 
yet correlated clinical, pathological and radiological data 
remain sparse. The present case of a 12-year-old whose 
biopsy-proven PTLD has had 2 year remission on with
drawal of immunosuppression is therefore an informative 
exception. Methods: Conventional histology. Immuno
cytochemistry (a-CD20. -CD3. -CD68. -CD45RO). PCR 
amplification: Immunoglobulin heavy-chain pgH],
T-ceU antigen-receptor y chain [TCRy], EBV BamHl W 
fragment from paraffin section: androgen-receptor 
trinucleotide-repeat segment from sections, donor and 
recipient lymphocytes. Case report: The patient presented 
5 months post-transplant with diplopia. MRI showed 
multiple homogeneously contrast-enhancing lesions. 
Biopsy revealed numerous benign T-lymphocytes 
swarming around a small nidus of larger B-cells. PCR 
demonstrated clonal IgH bands and EBV genome, but 
no TCRy clonaiity or cells of donor origin. Conclusions: 
(i) T-cell-rich PTLD may be a new member of this 
histopathological family, (ii) PCR is a powerful tool for 
characterizing PTLD.

Hughes J. D.*, McCartney A. C. E., Graham E. M.* & 
Abbs I. C.* St Thomas’ Hospital. London SEI 7EH 
Occult bilateral optic nerve cryptococcal masses

Cryptococcal masses were found in the right optic nerve 
head, the intracranial portions of both optic nerves, in 
the chiasm, mid brain and right occipital lobe of a 
43-year-old man with bilateral papilloedema and rapidly 
progressive loss of vision. 6 months after his third renal

transplant. His left eye was enucleated following unsuc
cessful optic nerve sheath fenestration. Histology showed 
no evidence of the clinically suspected lymphoma and 
he remained otherwise asymptomatic. He died suddenly 
1 month later. The post-mortem confirmed cryptococcal 
pneumonia with masses in the heart, liver, spleen and 
both native and transplanted kidneys. Cryptococcomas 
in the optic nerves or visual pathways are very rare even 
in HTV-t-ve patients (Cohen and Glasgow. Ophthalmology 
100: 1689.-1993). In our series of 100 eyes of HTV+ve 
patients examined at PM. meningeal and choroidal 
involvement rather than discrete masses of organisms 
were seen in affected cases.

Shaw C„ Anderson V. E. R.. Al-Sarraj S.. Lantos P. L. & 
Leigh P. N. Department of Neurology. Institute of 
Psychiatry, London SE5 8AF
Molecular pathology of familial amyotrophic lateral 
sclerosis (ALS) with a mutation of SOD 1

Introduction: We studied the- molecular pathology of a 
patient with autosomal-dominant familial ALS (FALS) 
associated with a mutation of the SOD 1 gene at codon 
4 8 -» His. Methods: A 54-year-old woman with FALS died 
9 months after onset of progressive limb and venti
latory muscle weakness. Brain and spinal cord was 
processed for standard histopathology, immunocyto
chemistry and electron microscopy (EM). Results: There 
was extensive loss of lower motor neurons, but little 
evidence of corticospinal tract damage. Lower motor 
neurons showed hyaline inclusions and acromasia. 
and EM revealed bundles of intraneuronal filaments, 
but most of these were not labelled by antibodies 
against NFs at light microscope level. Rare and atypical 
ubiquitin-immunoreactive inclusions were present. SOD 
1 and SOD 2 distribution was not different to controls. 
Vacuolation was present in one lumbar neuron. Some 
large pyramidal cells of the motor cortex showed ac
cumulations of phosphorylated NFs. Conclusions: In 
comparison with sporadic .-H-S. the molecular pathol
ogy of this case with a SOD 1 gene mutation showed 
atypical features, with some similarity to changes seen 
in SOD 1 transgenic mice. Changes included promi
nent NF accumulations in upper and probably in 
lower motor neurons, and neuronal vacuolations. NF 
pathology may contribute to neuronal damage as a 
secondary phenomenon.

©  1996 Blackwell Science Ltd. Neuropdthoiogij ami Applied Seurobiology. 22. 144-167
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EXPRESSION OF M A JO R  HISTOCOMPATIBILITY COMPLEX 
(MHC) CLASS II AND CYTOKINES IN BRAINS OF 
ASYM PTO M A TIC AND SY M PTOM ATIC HIV-1 POSITIVE 
PATIENTS; CORRELATION WITH DETECTION OF HIV-1 DNA

S F An, A Ciardi, B Giometto,* T  Scaravilli,* F G ray ,' F  Scaravilli

Departm ent o f  Neuropathology, Institute o f  N eurology, University of 
London, Queen Square, London W C IN  3BG, UK 
* 2‘ Clinica Neurologica, Université di Padova, Italy 
■ Departm ent o f  Neuropathology, Hôpital Henri M ondor, Creteil, France

Among the mechanisms proposed to explain the pathogenesis of 
HIV encephalitis, a cytokine-mediated action has found most favour. 
Elevated expression o f various cytokines, thought to be neurotoxic, has 
been found in AIDS patients. As a previous study had demonstrated the 
presence o f HIV proviral DNA in brain o f  HIV positive non-AIDS 
patients, we undertook this investigation by morphological, 
immunohistochemical and PCR methods to detect in brains o f the same 
group o f individuals the expression o f M HC II, the presence of HIV-1 
proviral DNA and o f  the cytokines T N F -a , I L - la ,  interleukin-4, 
interleukin-6.

The study included 36 asymptomatic HIV-1 positive patients and 
results were compared with those o f AIDS patients either affected by 
HIV encephalitis (n = 8 )  or exempt from neuropathological changes 
(n =  10) and with normal controls (n = 5 ). Results show that: HIV proviral 
DNA could be detected by PCR in 17/36 brains from HIV positive pre- 
AIDS cases; most (15/17) o f  PCR positive brains showed minimal to 
severe expression o f  M HC II; cytokines could be detected predominantly 
within white matter at this early stage. Results demonstrated that the state 
o f immune activation is already present at the pre- AIDS stage and 
suggest that cytokines may already trigger the cascade o f  events leading 
to brain damage.

PROGRAM M ED CELL DEATH IN BRAINS OF HIV-1 POSITIVE 
AIDS AND PRE-AIDS INDIVIDUALS
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Neuropathological studies revealed that brains o f  HIV-1 infected 
AIDS patients show typical encephalitis and neuronal loss. M ore 
recently, this neuronal cell loss has been thought to take place via 
programmed cell death (apoptosis) which has been demonstrated by in 
situ end labelling (ISEL) technique.

In this study we investigated 54 brains of HIV-1 positive 
patients by ISEL technique. Our aim was to ascertain whether the 
process o f  apoptosis was also present in brains at the asymptomatic 
stage. O f these, 10 were HTV encephalitis (H IV E), 8 were AIDS 
without neuropathological disorders and 36 belonged to HIV-1 positive 
pre-AIDS patients.

Apoptotic cells were detected in 6/10 H IV E, 1/8 AIDS without 
central nervous system (CNS) disease and 4 /36  asymptomatic 
individuals. The difference between AIDS and pre-AIDS cases was 
that, in the latter, apoptotic cells were found in the white matter in all 
4 cases whilst only 2/4 showed apoptotic neurons. The presence of 
apoptotic cells in a number, albeit small, o f  brains o f  HIV-1 positive 
pre-AlDS individuals, combained with abnorm alities previously 
described in the same group o f  patients gives further support to the 
opinion that brain damage is already taking place during the early 
stages o f  HIV infection.

D E TE C T IO N  O F  E B V  DNA IN C S F  AND ITS C O R R EL A T IO N  W IT H  
N E U R O L O G IC A L  D ISEA SE IN  H IV -IN FECTED  INDIVIDUALS
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Cerebrospinal fiuid (CSF) was examined for the presence o f  EBV DNA m 89 
HIV-infected individuals undergoing diagnostic lumbar puncture (LP). A  nested 
polymerase chain reaction was used with primers located in the intertul repeats 
o f  the EBV genome. Results were correlated with cbnical, radiological and 
histological diagnoses. Seventeen patients bad a diagnosis o f  lymphoma (7CNS 
lymphoma, 2 CNS and systemic lymphoma, 8 systemic lynçhom a). EBV DNA 
was detected in the CSF supernatant from 18 padents, including all 7 patients with 
CNS lynophoma, both patients with CNS and systemic lymphoma and 9 patients 
with no lymphoma at the time o f  LP. A further patient with systemic lymphoma 
had detectable EBV DNA in the CSF cellular pellet Two patients with detectable 
EBV DNA in CSF but no lymphoma at the time o f LP subsequently developed 
systemic and CNS lymphomas 15 and 19 weeks later. In summary, a diagnosis 
o f CNS lymphoma was strongly associated with the presence o f  CSF EBV DNA. 
However, not all patients with detectable CSF EBV DNA bad evidence o f  
lymphoma emphasising the need for caution when interpreting a positive result. 
This latter group o f  patients, may however, be at risk o f  developing lymphoma.

M U S C L E  IN V O L V E M E N T  IN  H IV -IN F E C T E D  P A T IE N T S  IS  

A SSO C IA TED  W IT H  M A R K ED  SEL EN IU M  D E F IC IE N C Y  
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Oh)eci!ve. To evaluate the possible implication o f selenium and vitamin E 

deSdcncies in the occurrence o f muscle involvement during HTV infection. 

R aH tfro tin d  Oxidative stress is implicated in tissue damage duiing HTV 

infoction. M icionutricnt deficiencies have long been recognized in HTV infected 

patients and involve vitamins attd tnce-eletnents such as zinc, iron, and selenium. 

Selenium is a component o f  glutathione peroxidase, a m ajor antioxidant ag en t 

Selenium deficiency, alone or in association with a deficiency in vitam in E, 

another antioxidant, is known to induce a skeletal muscle d isorder m anifesting by 

pain and proximal weakness (J Parent Ent Nutr 1985; 9:58-60; Am J Q in  Nutr 

1986; 43:549-54).

M ethods. W e snidied serum levels o f selenium and vitam in E (alpha-tocopherol) 

in 20 patients with muscular symptoms and 20 patients m atched for CD4 count 

w ithout muscular symptoms. Myopathic patients had zidovudine myopathy (8 

patients), HTV polymyositis (6 patients), HTV-wasting syndrom e (I  patient), and 

m yopathies o f  unknown origin (5 patients).

Results. Selenium status (mean ±  SE: 0.51 pm ol/L  ±  0.04 vs. 0.69 ±  0.05, 

Student's paired t test: P = 0.005), but not vitamin E status (21.1 |im o l/L ± 2 .0  vs. 

21.6 ±  1.2, NS) was significantly impaired in patients with m uscular symptoms. 

There was no correlation between selenium levels and the type o f myopathy. 

C o n d u sio n . Since it is likely that selenium deficiency is not secondary to muscle 

damage, these results suggest that selenium deficiency m ight act as a cofactor of 

muscle involvement In HTV-infected patients, conceivably allowing oxidative 

iiress in muscle tissue.


