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ABSTRACT

The human immunodeficiency virus (HIV-1) is believed to cause neurological
dysfunctions, including dementia.

Subcortical lesions were originally thought to

underlie these problems; however, the recent application of immunohistochemical and
morphometric methods has revealed that cortical changes, consisting of a glial cell
reaction and a loss of nerve cells, are also present in AIDS.
suggested that these cortical changes

It has even been

are a more likely correlate of dementia,

especially since the association between subcortical lesions and dementia

not

entirely convincing. As yet, the existence of HIV-1 within these cortical lesions has
not been demonstrated; indeed, viral antigen and nucleic acid are found more often
in the white matter than in the cortex.

This study attempts to correlate the presence of HIV-1 in the cerebral cortex, with
changes in astrocyte and microglial cell density and morphology. The frontal cortex
of AIDS patients with and without immunohistochemical evidence of HIV-1 cerebral
infection and HIV-1-seropositive non-AIDS brains were compared with normal
controls. However, immunohistochemical localisation of HIV-1 may not be optimal.
A more sensitive detection technique, the polymerase chain reaction (PCR), was
therefore also employed, to detect HIV-1 proviral DNA from the cortex of AIDS and
HIV-1-seropositive non-AIDS cases.

HIV-1 antigens were found in the cortex of a small proportion of AIDS brains,
despite being present the white matter of many cases. In fact, when antigen was
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detected in the cortex and white matter of the same section, antigen was invariably
more abundant in the white matter. In contrast, HIV-1 proviral DNA can be detected
in both cortex and white matter of the majority of AIDS patients using PCR. The
amount of proviral DNA seems to be equal in both regions, while there is a clear
difference in antigen detection. These findings suggest that although both regions
are infected, replication of HIV is more restricted in the cortex, than in the white
matter. HIV-1 antigen was not detected in any of the HIV-1-seropositive non-AIDS
brains; however proviral DNA was detected in 2 out of 8 cases, confirming that HIV1 can enter the brain at a relatively early stage of disease.

An astroglial reaction was observed in the anterior frontal cortex of the majority of
AIDS patients, but not in most of the HIV-1-seropositive non-AIDS. A more subtle
microglial cell reaction was also present in many AIDS cases whilst the density of
microglial cells was significantly higher in the HIV-1-seropositive non-AIDS cases
than the AIDS. However, it was not determined whether this was due to the different
risk factors or the stage of disease.

The presence of HIV-1 proviral DNA in the cortex of AIDS brains was associated
with an increased density of GFAP positive astrocytes and the presence of reactive
microglial cells. However these changes also existed, although less severely, in cases
from which HIV-1 proviral DNA was not detected. These results suggest that HIV-1
contributes to the glial reaction observed in the cerebral cortex, but is not
the only factor involved.
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Glossary of Abbreviations

AIDS

acquired immunodeficiency syndrome

ADC

AIDS dementia complex

CMV

cytomegalovirus

CMVE

CMV encephalitis

CNS

central nervous system

CSF

cerebrospinal fluid

DIG

digoxigenin

DPD

diffuse poliodystrophy

GFAP

glial fibrillary acidic protein

HIV

Human immunodeficiency virus

HIV-lep

HIV leucoencephalopathy

HIVC+

HIV antigen or proviral DNA detected in the cortex

HIVC ± /-

Indeterminate or negative result for PCR detection in the cortex

HIVE/lep

HIV encephalitis and/or HIV leucoencephalopathy

HIVE

HIV encephalitis

HSE

Herpes simplex encephalitis

IFN

interferon

IL

interleukin

JBE

Japanese B encephalitis

MFMT

most frequent morphological cell type (microglia)

MFNS

most frequent nuclear score (astrocyte)

MGC

multinucleated giant cell
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MGN

microglial nodule

MHC

major histocompatibility complex

NMDA

N-methyl-D-aspartate

PCR

polymerase chain reaction

PML

progressive multifocal leucoencephalopathy

PBMC

peripheral blood mononuclear cell

QUIN

quinolinic acid

RCA-120

Ricinus communis agglutinin

ssDNA

salmon sperm DNA

SSPE

subacute sclerosing panencephalitis

TFG

transforming growth factor

TNT

tumour necrosis factor

VIP

vasoactive intestinal peptide

HIV-1 genes and proteins

gag
pol
env
LTR

long terminal repeat sequences

gpl20
gp41
p24
P17
tat
nef

envelope protein
envelope protein
core protein
core protein
regulatory protein
regulatory protein

}major structural genes
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CHAPTER ONE:
REVIEW OF THE LITERATURE

13
1.1 Historical overview
The Acquired Immune Deficiency Syndrome (AIDS) was first recognised in 1981,
following reports of opportunistic infectious disease and unusual neoplasms in
previously healthy homosexual men (CDC, 1981a,b; Gottlieb et al., 1981). During
the past eleven years the incidence of AIDS has continued to increase at an alarming
rate, both in developed and third world countries. By July of this year 501,272 cases
of AIDS had been reported world wide to the WHO, 5,451 from the UK (AIDS
information, 1992). At present time there is no evidence to suggest that the incidence
of this disease will decline in the near future.

It is now almost universally accepted

that infection with the human immunodeficiency viruses (HIV-1 and HIV-2) initiates
a slow progressive dysfunction of the immune system leading to AIDS in the majority
of infected individuals (Matthijs and Miedema, 1990). A severe depletion of CD4
lymphocytes is now known to underlie this immune disfunction. Thus patients are
extremely susceptible to a wide range of opportunistic infectious agents, unusual
neoplasms and neurological disease.

Neurological symptoms were recognised early in the AIDS epidemic as important
causes of morbidity and mortality (Snider et al., 1983). Around 25-30% of AIDS
patients develop neurological abnormalities during the course of their illness, and
10% of cases present with neurological symptoms (Bredesen and Messing, 1983;
Levy et al., 1985a). At post-mortem the incidence of neuropathological lesions may
be higher, and are identified in up to 90% of patients (Petito et al., 1986).
Neurological complications of HIV-1 infection, commonly seen in AIDS patients,
include myelopathy, myopathy* peripheral neuropathy, meningitis and a number of
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opportunistic infections and lymphoma of the CNS (Harrison, 1992). However the
most commonly occurring CNS dysfunction of AIDS patients is a syndrome involving
cognitive and motor deficits, originally called "subacute encephalitis" by Snider et al.
(1983).

Although symptoms such as mental dulling, intellectual impairment and

memory loss were attributed at first to depression, delirium or "adjustment disorders"
(McArthur, 1987), it was soon recognised that a unique constellation of cognitive and
motor deficits was occurring in AIDS patients, and was renamed the AIDS Dementia
complex by Navia et al. (1986a&b).

The neuropathology of AIDS probably encompasses the most diverse group of lesions
hitherto encountered by the neuropathologist in association with a single disease. A
number of opportunistic infections as well as lymphoma and cerebrovascular disease
are found, in addition to changes that are now considered to be caused directly by
HIV-1 itself, with the presence of more than one type of lesion in the brain being
common. This multiplicity of pathological lesions has made it difficult to invoke
correlations between neurological symptoms and specific neuropathological lesions.
Indeed Snider et al. (1983) originally proposed that cytomegalovirus (CMV) invasion
of the brain was responsible for the neurological changes he described as "subacute
encephalitis", since viral inclusion bodies, characteristic of CMV, and microglial
nodules were found within some of these brains.

However, a number of

observations suggest that CMV may not be involved in the pathogenesis of "subacute
encephalitis". Firstly, a similar disorder was observed in HIV-1 positive children who
are less prone to opportunistic infection (Belman et al., 1985). Secondly, the clinical
symptoms of AIDS patients with "subacute encephalitis" were distinct from those
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produced by pre-AIDS cases of adult CMV encephalitis (Dorfman, 1973).

This

problem was addressed by Navia et al., (1985) who carried out a clinico-pathological
analysis of AIDS patients suffering from dementia.

No association between the

presence o f microglial nodules and dementia was found.

As CMV did not seem to

be responsible for this disorder, the search for another pathogen in the brain began.

Shortly after the discovery of HIV-1 (Barre-Sinoussi et al., 1983; Gallo et al., 1984),
this virus was detected in autopsy brain samples from patients who had died from
AIDS (Shaw et al., 1985).

It was already known that animal lentiviruses closely

related to HIV-1, such as the visna-maedi agent in sheep (Nathanson et al., 1985) and
caprine arthritis-encephalitis virus (Narayan et al., 1980) could infect the CNS. The
first suggestion that HIV-1 may also be neurotropic, came from the successful
transmission of this virus to chimpanzees following inoculation with brain tissues of
AIDS patients (Gajdusek et al., 1985). In the same year Shaw et al., (1985) isolated
’v / \

HIV-1 from- the brains o f AIDS patients by Southern blot analysis, and in-situ
hybridisation. They found that the brain contained higher levels of viral nucleic acids
than had previously been found in blood or lymph nodes (Shaw et al., 1984). Shaw
et al. (1985) therefore proposed that HIV-1 was neurotropic, and that the brain may
act as a reservoir for HIV-1.

Further studies closely followed, and confirmed that

HIV-1 was present in the brain and CSF of AIDS patients (Ho et al., 1985; Levy et
al., 1985b).

Neuropathological examination of the same brains from which Shaw et al. (1985) had
detected HIV-1 nucleic acids followed, and revealed the presence o f multinucleated
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giant cells (MGCs) scattered haphazardly throughout the brain (Sharer et al., 1985).
These cells were often associated with microglial nodules, gliosis or neuronal loss.
Although MGCs had been described previously in the brains of AIDS patients (Snider
et al., 1983; Moskowitz et al., 1984), little importance had been attributed to them.
Moskowitz suggested they may be a result of opportunistic measles infection of the
brain, as they had previously been observed in this condition. However, Sharer et
al. (1985) noted a striking resemblance between these cells and the multinucleated
giant cells that form in permissive T cell cultures infected with HIV-1 (Popovic et al.,
1984); they therefore suggested that MGCs in the brains may be a marker for HIV-1
infection. In subsequent studies MGCs were found in brains of children dying from
AIDS (Sharer et al., 1986), and were also described in European studies (Kleihues
et al., 1985; Budka, 1986). Sharer’s suggestion that MGCs may harbour HIV-1 was
confirmed by the localisation the virus within these cells (Epstein et al., 1984; Wiley
et al., 1986; Koenig et al., 1986). It is now well established that MGCs are infected
by HIV-1, and these cells are recognised as the hallmark of HIV-1 infection of the
brain (Budka, 1986).

Following the demonstration that HIV-1 can infect the CNS, the possibility that HIV1 underlies the clinical symptoms of the AIDS dementia complex was investigated by
Navia et al., (1986a&b), in a clinico-pathological study of a large series of brains
from patients who had died of AIDS. Diffuse pallor of the white matter, infiltration
by lymphocytes, macrophages and MGCs were all found in patients with dementia.
This study confirmed that there was some association between MGCs and dementia.
Since then, the AIDS dementia complex has been attributed to direct HIV-1 infection
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of the brain, and is believed to result from the predominantly sub-cortical pathology
that was frequently associated with MGCs (Michaels et al., 1988; Price et al., 1988).
However, the lack of cerebral cortical pathology has led some authors to question
whether these pathological changes alone could account for the occurrence of
dementia (Sharer, 1992).

Furthermore, the correlations between the clinical

symptoms and pathological findings have never been overwhelmingly convincing.
Indeed in the original study by Navia et al., (1986b) one third of the dementia cases
had relatively minor histopathological findings, whilst mild changes occurred in some
of the non-demented patients. In addition, MGCs were observed in only 18 out of
the 46 patients with dementia, while CMV inclusions were found in 12 of these cases.

The AIDS dementia complex remains clinically over-diagnosed;

patients with

symptoms of AIDS dementia frequently show none of the expected pathological
changes, or indeed any evidence of HIV-1 infection at post-mortem (Rosenblum,
1990; Budka, 1991). This may be due to the fact that clinically, HIV-1 involvement
is often a diagnosis of exclusion rather than the result of direct evidence for the
presence of HIV-1 in the CNS (Shaunak et al., 1990). In addition, a number of HIV1 encephalitis cases are undiscovered until post-mortem.

Although early reports suggested that cortical damage is seen only in patients with
severe white matter disease (Navia et al., 1986b; de la Monte et al., 1987), it has
recently been recognised that cortical changes do frequently occur in the brains of
AIDS patients, even in the absence of severe encephalitis (Budka et al., 1987; Ketzler
et al., 1990; Ciardi et al., 1990; Everall et al., 1991; Wiley et al., 1991).

These
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studies offer an alternative explanation for the development of dementia in AIDS;
although detailed clinico-pathological correlations have not yet been performed,
cortical damage may be a more likely explanation for dementia than the subcortical
changes of HIV-1 encephalitis. The aetiology of cortical changes in AIDS has not
yet been established. However, in vitro and animal studies have demonstrated that
HIV-1 is toxic to some neuronal cell lines, and have also demonstrated that it can
affect astrocytes and microglial cells (Lipton, 1991, 1992; Brenneman et al., 1988;
Giulian et al., 1990; Pulliam et al., 1991).

Nine years on from the initial discovery that HIV-1 infects the central nervous
system, the pathological effect of viral infection remains unclear, whilst our
understanding of the clinical manifestations of HIV-1 infection of the brain is far from
complete.

In this study, the astrocyte and microglial cell changes occurring in the cortex of
AIDS patients were investigated by immunohistochemical and morphometric methods,
in an attempt to establish whether a specific pattern of cellular changes occurs in the
cortex of brains with cerebral HIV-1 infection.

Immunohistochemistry and the

polymerase chain reaction (PCR) were both employed to detect HIV-1, and the
presence of viral antigen and nucleic acid in the cortex was correlated with the
astrocyte and microglial cell changes. The rationale and aims of the present study are
detailed in section 1.10, following the literature review.

Various aspects of the

virology of HIV-1 will be considered, followed by a discussion on the means by
which HIV-1 gains access to nervous system and the cells that subsequently become
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infected within the CNS.

This will be followed by a description of the

neuropathological changes believed to occur in response to HIV-1 infection in the
brain and the proposed clinical counterparts of these lesions. Finally the role of
astrocytes and microglial cells is considered in the normal brain, in pathological
reactions and in response to HIV-1 infection, before discussing possible mechanisms
for the cortical damage shown by HIV-1 infected patients.

1.2 Aspects of HIV-1 virology
The Human Immunodeficiency Viruses, types 1 and 2 (HIV-1 and HIV-2) belong to
the lentivirus subfamily of the RetroViridae family (Weiss, 1987). The genome of all
retroviruses is encoded in RNA and replicated via a DNA intermediate, thus reversing
the normal flow of genetic information.

They share a common virion structure,

genomic organisation and have a similar replication cycle. Moreover, they produce
a wide spectrum of disease in their hosts (Shaunak and Weber, 1992). As well as the
Lentivirinae, two other subfamilies of Retroviridae exist: the Oncoviranae, which
include HTLV I and HTLV II, and the Spumavirinae or foamy viruses.

The Lentivirinae typically cause disease with a prolonged symptom-free incubation
period followed by a protracted symptomatic phase (Fenjo et al, 1989). They are
responsible for a variety of neurological and immunological disorders but have not
been found to be directly transforming (oncogenic), a characteristic of the
Oncoviranae.

HIV-1 and -2 are the only pathogenic lentiviruses that have been

identified in humans. Other viruses in this group include simian immunodeficiency
virus (SIV), feline immunodeficiency virus (FIV) and the "slow viruses" visna/maedi,
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equine infectious anaemia virus and caprine arthritis/encephalitis virus (Shaunak and
Weber, 1992).

1.2.1

Genome

The HIV-1 genome is 9-10 kb long and encodes three main structural genes, gag,
pol, and env, flanked at both the 5 and 3 prime ends by the Long Terminal Repeat
sequences (LTRs) (O’Brien et al., 1990a, Shaunak and Weber, 1992; Weber, 1992).
The gag gene encodes the internal structural proteins p24 and pl8(pl7) and two RNA
binding proteins, p7 and p8.

The pol gene encodes the enzymes; reverse

transcriptase, an integrase and the gag, proteases.

The env gene encodes the

membrane associated glycoproteins gp41 and gpl20. The LTR is a non-coding region
involved in the initiation of transcription and replication, and contains promoter and
regulatory gene product, acceptor region sequences which respond to viral and
cellular factors. By shifting the reading frame, additional genes are encoded, at least
six of these "open reading frames" have been identified, some of which encode
regulatory genes.

Individually, or through interaction with one another and host

factors, these additional genes have been found to specify the conditions of
quiescence, steady and moderate growth or explosive replication.

Considerable variation, as much as 25% (Wain-Hobson, 1989), has been found
between the genomes of different HIV-1 strains, particularly in the env gene.
Although the pol and gag sequences are more conserved, the variation in these
regions is greater among HIV-1 strains than in any other sequenced retrovirus.
Genomic variation is found not only between isolates from different patients, but also
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between isolates from the same individual obtained over a period of time (Hahn et al.,
1986; Cheng-Mayer and Levy, 1988). Furthermore, genetic variation is reflected in
the biological characteristics of different HIV-1 isolates (Fenyo et al., 1989). Those
from individuals with advanced HIV-1 related disease, "rapid/high" viruses, replicate
quickly to a high titre, in both T cells and macrophages, and are highly cytopathic in
vitro. "Slow/low" isolates from HIV-seropositive, non-AIDS individuals replicate in
macrophages, but not in T cells and have different cytopathic characteristics.

1.2.2

Overview o f the life cycle o f HIV-1

1.2.2.1 Infection
CD4 lymphocytes are depleted in HIV-1-infected patients, and following observations
of HIV-1 infection of lymphocytes in vitro (Klatzmann et al., 1984), it was proposed
that these cells were infected via the CD4 receptor (

Dalgleish

et al., 1984). It is now well established that HIV-1 infects cells that express the CD4
molecule; this receptor binds the envelope glycoprotein gpl20 with a high affinity
(So4t»/\tcLv.;

.' ).

Cross-linking studies have shown that a physical

interaction occurs between gpl20 and CD4 (McDougal et al., 1986) and that HIV-1
can be prevented from infecting CD4 expressing cells by various factors that
competitively inhibit gpl20-CD4 binding. These include: soluble CD4 (Fisher et al.,
1988; Hussey et al., 1988; Deen et al., 1988; Traunecker et al., 1988), soluble
surface env protein (Lasky et al., 1986) and monoclonal antibodies (Dalgleish et al.,
1984; Klatzmann et al., 1984). Furthermore, some CD4 negative cells become
capable of sustaining HIV-1 after transfection with a CD4 gene (Maddon et al., 1986;
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Mitrani et al., 1987).

Following attachment of gpl20 to the CD4 molecule, events are initiated that
probably result in fusion of the viral and host cell membranes (Steffy and WongStaal, 1991), and allow the viral core to enter the host cell. Fusion of viral and cell
membranes follows, by a process that is as yet not fully understood (Sattentau, 1988)#

both competitive inhibition studies and site directed mutagenesis aimed at
regions outside the CD4 binding domain of gpl20, can block viral infection (Ho et
al., 1988; Rusche et al., 1988; Wiley et al., 1988). O’Brien (1990b) proposed that
regions of gpl20 outside this region are important in facilitating HIV-1 entry into
mononuclear phagocytes, which can also be infected by HIV-1, but express lower
levels of CD4 than T4 lymphocytes. In addition, infection of some CD4 negative cell
lines by HIV-1 has been reported (glial, fibroblasts, liver and neuroblastoma cell
lines; Cheng-Mayer, 1990). HIV-1 may be able to infect cells by several alternative
routes, dependent on the type of host cell (Kowalski et al., 1987). Indeed, HIV-1
infection can occur independently of CD4 in cells that express FC receptors, provided
that virions are opsonized by non-neutralising antibodies (Takeda et al., 1988).

Macrophages and microglial cells are the principal type of infected cell within the
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brain. Although these cells are believed to express CD4, some studies show the level
of CD4 expression on microglial cells to be very low, leading to suggestions that
HIV-1 may infect these cells by an alternative route. However, Jordan et al. (1991)
have demonstrated that infection by HIV-1 of human brain derived microglial cells
by can be blocked by anti-CD4 antibodies or soluble CD4. Nevertheless, different
strains of HIV-1 differ in their ability to infect T lymphocytes and mononuclear
phagocytes. Meltzer (1990) has shown that whilst monocyte cell lines can become
infected and support HIV-1 taken from patients at any stage of infection, infection of
T cells becomes more successful with virus isolated from patients in the later stages
of disease. These findings suggest that macrophages may be important as host cells
early in the course of infection, supporting "slow/low" type variants that have a
relatively poor ability to infect T4 lymphocytes.

1.2.2.2 Integration and latency
Once inside the host cell, the viral

co«*

is uncoated; transcription of the

genome into a double stranded DNA copy, the provirus, and degradation of the
original RNA molecule, are catalysed by reverse transcriptase (Goff, 1990; Gilboa
et al., 1979; Davies et al., 1991). The provirus is transported to the nucleus where
it is inserted into the host cell genome, by a viral integrase, at apparently random
sites (Battula and Temin, 1987; Shimotohno and Temin, 1980), and becomes a stable
genetic component for the lifetime of the host cell. The process of integration seems
to occur independently of host cell mechanisms; reverse transcription and integration
of the provirus are carried out by viral enzymes. However, once integrated, viral
replication is heavily dependent on host cell mechanisms.
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Retroviral DNA is not always integrated into the host cell genome; the visna/maedi
provirus remains in the host cell cytoplasm (Haase, 1986).

In addition, large

quantities of proviral DNA, can accumulate in the cytoplasm of host cells in some
avian and feline retrovirus infections. This process, known as "superinfection", is
due to repeated infection by subsequent generations of virions.

High levels of

unintegrated HIV-1 proviral DNA have been found in both lymphoid (Shaw et al.,
1984) and brain tissue (Pang et al., 1990). However, it has not been established how
the unintegrated DNA in lymph nodes and in the brain is distributed within cells, i.e.
whether a few cells are superinfected with high levels of proviral DNA, or if many
cells contain a single unintegrated provirus as occurs in visna infection.

The ability of HIV-1 to establish latent infection within immune cells of the host is
the hallmark of all the human T-lymphocyte retroviruses (Steffy and Wong-Staal,
1991).

Although HIV-1 can only infect activated T4 lymphocytes, which are

permissive for viral replication, some of these cells have a transient phase of
activation and will revert back to the G° phase of the cell cycle, to form memory cells
(Cullen and Greene, 1989). HIV-1 cannot replicate in cells in this phase of the cell
cycle, and thus will remain latent until the host cell becomes reactivated. However,
although individual cells may remain inactive for prolonged periods, it now seems
that even during the symptom free period following infection, there is continued
production of HIV-1, which at first is kept under control by the immune system
(Tersmette and Miedema, 1990).

1.2.2.3 Transcription
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The control of HIV-1 transcription is unusually complex and is influenced by cellular
as well as viral regulatory factors.

The production of new viral proteins can be

increased enormously, kept to a low level, or completely inhibited by the interaction
of these regulatory factors (O’Brien et al., 1990a).

For example, activation by

interleukin of CD4 positive lymphocytes, causes release of the host cell nuclear factor
NF-kB, an enhancer of transcription (Sen and Baltimore, 1986). This protein also
recognises initiation sequences present in HIV-1 LTRs and initiates production of
HIV-1 transcripts in addition to those of the host cell. Furthermore, HIV-1 has a
duplicated NF-kB acceptor region in the LTR (Cullen and Greene, 1989), and may
be especially sensitive to this cellular activation factor, responding at levels not
sufficient to activate host cell transcription. HIV-1 replication seems to be dependent
upon host cell regulatory factors, in addition to NF-kB. Hence the host cell factors,
Spl, TFID and NFAT-1 may also be involved in the expression of HIV-1 sequences
(Cullen and Greene, 1989).

1.2.2.4 Assembly and release
Following the production of HIV-1 structural proteins, they are transported to the host
cell membrane, where new virion particles are assembled. The core proteins and
enzymes are packaged together with two full length HIV-1 RNA transcripts, the
genome of the new virus, to form the viral core.

Completed viral cores enclose

themselves in patches of the host cell membrane that have already been embedded
with viral glycoproteins, as they bud from the cell.

Meyenhofer et al., (1987) compared the ultrastructural morphology of HIV-1 virions
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produced by H9 lymphocyte cultures and those found in the brain of a child with
AIDS. While the appearance of viral particles was similar, there were differences in
their localisation. In T-cells viral particles were found within intracellular vacuoles
or were extracellular, whereas in macrophages, within the infected brain, viral
particles were found free in the cytoplasm, not within vacuoles. In addition,
intracellular budding from unidentified membranes was seen. These observations
suggested that the release of HIV-1 from lymphocytes and macrophages is different.
Virion release from macrophages may be suppressed, sequestering virions from the
immune system; virions that do not bud through the plasma membrane, but instead
bud into the cytoplasm from an intracellular membrane may have different host cell
and viral proteins embedded in their membranes. However, HIV-1 particles have
been observed budding from the surface of a multinucleated giant cell (Koenig et al.,
1986), which demonstrates that HIV-1 can be released by these cells. The importance
of different mechanisms of viral release remains to be determined.

1.3 HIV-1 infection of the nervous system

The most likely route of entry, by HIV-1, into the CNS is via the circulatory system.
Free viral particles, from the blood, may infect cerebral endothelial cells, which may
then allow entry into the brain; indeed HIV has been demonstrated within endothelial
cells by in situ hybridisation (Wiley et al., 1986). Alternatively, HIV-1 may be
carried into the brain by latently infected monocytes or lymphocytes. Entry into the
brain via infected monocytes has previously been proposed by Peluso et al. (1985) for
another "neurotropic" lentivirus, visna virus. Currently this idea, the "Trojan horse"
theory, is the most favoured for HIV-1 infection of the brain, as macrophages are
frequently found in infected brains.
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found in infected brains. In addition, monocytes readily cross the blood-brain barrier
in response to an inflammatory stimulus (Wisniewski and Lossinsky, 1991).
Recruitment of monocytes into the brain in AIDS may be encouraged by the
expression of FC receptors on endothelial cells, induced by opportunistic infective
agents within the brain (Nelson et al., 1988; McKeating et al., 1990). On
encountering

opportunistic

infections,

monocytes become

transformed

macrophages, thus facilitating HIV-1 replication in infected cells.

into

The expression

of FC receptors by endothelial cells may also allow infection of these cells by free
viral particles (McKeating et al., 1990).

The alternative route of viral entry into the CNS, via nerve axons, as employed by
Herpes viruses and rabies virus to infect the CNS (Mims and White, 1984), seems
unlikely. There is no firm evidence to suggest that HIV-1 infects either nerve cells,
or their peripheral processes.

HIV-1 replication, within the brain parenchyma, may also be encouraged by
regulatory elements of other viruses that are present in the CNS.

For example,

HTLV-I expresses a regulatory protein, rex, which has been shown to functionally
mimic the HIV-1 rev protein (Nelson et al., 1990). In addition, a number of viruses
found in AIDS patients, including CMV, Epstein-Barr virus, human herpes virus-6
and papovavirus encode transactivator proteins which are capable of increasing
expression of the HIV-1 LTR (Nelson et al., 1990). However, for transactivation of
one virus by another to occur, it is likely that both would have to infect the same cell.
There is only limited evidence to suggest that HIV-1 and CMV can infect a single cell
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in vivo (Nelson et al., 1988) and the importance of these events has not been
established. Furthermore, HIV-1 infection of, and replication within the CNS, is
frequently found in the absence of any other detectable pathogen. In such instances,
morphological evidence of blood brain barrier breakdown, such as mural thickening
of the microvasculature and presence of haemosiderin-laden macrophages, associated
with perivascular and intramural macrophages infected with HIV-1, may be found
(Smith et al., 1990). However, whether this is a primary event, or occurs secondary
to HIV-1 infection of the CNS, is not known.

HIV-1 may also gain access to the CNS within infected CD4 lymphocytes, as both
activated and non-activated lymphocytes can cross an intact blood brain barrier, in
response to CNS infection or in the course of immune surveillance of the CNS,
(Juhler and Neuwelt, 1989). Lymphocytes have been given less consideration than
monocytes as potential vehicles of HIV-1 spread into the CNS as these cells are rare
in brains of patients with AIDS. However, in the brains of patients that die prior to
developing AIDS, perivascular cuffs of lymphocytes are frequently seen (Gray et al.,
1992) and HIV-1 proviral DNA has been detected, by PCR, in frontal, temporal,
occipital lobe and basal ganglion tissue samples from one HIV-1-seropositive nonAIDS patient (Sinclair et al., 1992).

HIV-1 has also been isolated from the CSF of

infected non-AIDS patients (Resnick et al., 1988; Goudsmit et al., 1986; Shaunak et
al., 1990; Goswami et al., 1991) and Ho et al. (1985) has isolated the virus from the
CSF of a patient with acute aseptic meningitis, which is associated with
seroconversion. The stage at which HIV-1 enters the CNS is of importance in the
treatment of HIV-1 related CNS dysfunction, if virus infects the CNS during the
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asymptomatic stage, early therapeutic intervention may be appropriate.

1.4 Localisation of HIV-1 within the brain

HIV-1 antigens, nucleic acids and retroviral particles have been consistently identified
within microglia, macrophages and multinucleated giant cells in the CNS of AIDS
patients (Epstein et al., 1984; Shaw et al., 1985; Sharer et al., 1986; Wiley et al.,
1986; Stoler et al., 1986; Koenig et al., 1986; Gabuzda et al., 1986; Gartner et al.,
1986; Pumarola-Sune et al., 1987; Vazeux et al., 1987; Budka et al., 1987;
Meyenhofer et al., 1987; Mirra and del Rio, 1989; Porwit et al., 1989; Budka, 1990;
Kure et al., 1990; Eilbott et al., 1989; Weiser et al., 1990). Reports of endothelial
cell (Pumarola-Sune et al., 1987; Wiley et al., 1986) astrocyte (Pumarola-Sune et al.,
1987; Stoler et al., 1986; Gyorkey et al., 1987; Mirra and del Rio, 1989)
oligodendrocyte (Pumarola-Sune, 1987; Stoler et al., 1986; Gyorkey et al., 1987;
Esiri et al., 1991) and neuronal (Pumarola-Sune et al., 1987; Stoler et al., 1986)
infection by HIV-1 remain controversial. For example the ultrastructural identification
of infected cells as astrocytes and oligodendrocytes (Gyorkey et al., 1987) was
questioned by Budka (1988), who interpreted these infected cells as being compatible
with macrophages. In addition it is impossible to distinguish, at the light microscope
level, endothelial cells from pericytes, a population of vascular macrophages. In most
studies where HIV-1 was localised to cells other than microglia, macrophages or
MGCs, the HIV-1 containing cells were identified on the basis of their morphological
appearance alone.

When double labelling has been employed to identify HIV-1

infected cells, only cells expressing macrophage markers are labelled by HIV-1
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antibodies or nucleic acid probes (Koenig et al., 1986; Budka, 1990; Kure et al.,
1990). However, Pumarola-Sune et al. (1987) identified HIV-1 antigen in large cells
that contained Nissl substance, some of which were also labelled by neurofilament
antibodies. They therefore suggested that HIV-1 can infect neurons, although the
double labelled cells were not illustrated in their report. In addition, this group also
discovered HIV-1 antigen in cells identified as endothelial cells, on the basis of
alkaline phosphatase staining. However, in most reports claiming HIV-1 localisation
to neuroectodermal cells, staining of these cells was rare, and occurred in only a few
cases, while the majority of positive cells were identified as microglia or
macrophages. It therefore seems likely that microglia and macrophages are the major
host cells of HIV-1 within the CNS, although other cells may be occasionally
infected. The inconsistency of such findings makes it unlikely that the infection of
neuroectodermal cells is an important factor in the production of HIV-related
pathology.

The quantity of HIV-1 antigen found in infected brain is often low in comparison with
other viral infections of the CNS, such as Herpes simplex encephalitis (HSE) and sub
acute sclerosing panencephalitis (SSPE), where large amounts of viral antigen are
readily detectable within infected cells (personal observation).

This may be

attributable to poor preservation of HIV-1 antigens in fixed tissues, low affinity of
available antibodies to HIV-1 proteins, or to the fact that HIV-1 may replicate at a
low rate. Another possibility, is that production of new HIV-1 virions may be blocked
before the production of the viral proteins that are detected by immunohistochemistry.
However in .nYw-hybridisation, which detects HIV-1 messenger RNA and proviral
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DNA, has proved to be no more sensitive than immunohistochemistry, suggesting that
the low levels of HIV-1 antigen seen in many brains reflects the low level of
replicating HIV-1 (Wiley, 1992).

However, abundant HIV-1 antigen has been

reported in some cases (Budka, 1991), and in frozen material, in which antigens are
well preserved (Esiri, 1992). Large amounts of antigen have also been observed in
this laboratory, but only in cases with lesions of both HIVE and PML, where HIV-1
and JC virus infected cells exist in the same region.

1.5 Neuropathology of HIV-1

As outlined above, HIV-1 has been firmly associated with the predominantly
subcortical pathological lesions thought to underlie the dementia and motor deficits
that occur in AIDS.

However, HIV-1 may also be involved in some other

pathological changes for which no cause has been established. In particular, HIV-1
has been proposed as the aetiological agent for:

changes in the cerebral cortex,

subacute meningitis, vacuolar myelopathy and mineralization of blood vessels. The
pathological findings of all these conditions have recently been reviewed (Scaravilli
et al, 1992): HIV-1 related subcortical pathology and the changes in the cerebral
cortex, which may be related to HIV-1, are discussed below.

HIV-1 encephalitis, HIV-1 encephalopathy and MGC encephalitis are among the
many names ascribed to the same pathological appearance, which led to confusion
amongst both clinicians and pathologists. However, a recent consensus report by
over 50 neuropathologists from Europe and the USA (Budka et al., 1991) has
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established a new terminology in an attempt to improve the current situation. Various
HIV-1-related lesions and those possibly related to HIV-1 were described, assigned
a working name and their clinical counterpart briefly discussed. These terms have
been adopted for the discussion below and will be used throughout.

1.5.1

Subcortical pathology (HIV-1 encephalitis and HIV-1 leukoencephalopathy)

1.5.1.1 Pathology
Although originally regarded as variants of a single pathological process, the
nomenclature has been revised to take into account the different features present in
these two lesions which may reflect differences in pathogenesis (Budka, 1991).
Common to both are MGCs, the hallmark of HIV-1 infection of the brain (Budka
1986). The presence of these cells has for some time been considered a necessary
feature for the diagnosis of HIV-related pathology. However, it is now considered
that a diagnosis of HIV-1 encephalitis (HIVE) or HIV-1 leukoencephalopathy (HIVlep) can be made in the absence of MGCs, providing that considerable amounts of
HIV-1 antigen or nucleic acids are found associated with the other typical pathological
features of these conditions (Budka et al., 1991), as described below. The main
difference between the two pathological patterns is their distribution, one being focal,
the other diffuse. In HIV-1 encephalitis (HIVE), multiple scattered foci of
macrophages, MGC, microglia, reactive astrocytes and occasional lymphocytes occur
throughout the white matter, deep grey nuclei and more rarely, the cortex. These
nodules contain many macrophages and some MGCs but are notable for their lack of
lymphocytes. Within these foci, circumscribed myelin loss is revealed by myelin
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stains. In severe cases, necrosis may develop within these inflammatory foci and
occasionally necrotising lesions containing HIV-1 infected macrophages and MGCs
may be widespread. The diffuse pattern, HIV-lep, is characterised by a widespread
myelin pallor and increased cellularity of the white matter throughout both the
cerebral and cerebellar hemispheres, without usually extending into the white matter
of the gyri, corpus callosum, internal capsule, optic pathways or cerebellar peduncles.
Myelin loss of variable severity is associated with proliferation of glial cells and/or
perivascular infiltration by macrophages, and MGCs (Budka et al., 1987; Gray et al.,
1988a&b; Lang et al., 1989). The quantitative involvement of CNS myelinated fibres
in HIV-1 infection has been reported in a morphometric study (Kauss et al., 1991).
The breakdown products of myelin can be seen within macrophages and numerous
HIV-1 infected macrophages and multinucleated cells are found in these regions.
Vacuolation of myelin with intra-vacuolar macrophages can occasionally be seen
(Budka, 1987, 1991). Mural thickening of small blood vessels is another common
feature, and these may be surrounded by foci of haemosiderin-laden macrophages,
indicating breakdown of the blood-brain barrier (Smith et al., 1990). A diffuse myelin
pallor, and gliotic reaction in the absence of macrophages and multinucleated cells has
been described frequently in AIDS brains; although it is tempting to speculate that
this appearance represents the early changes of HIV-lep, when MGCs or other
evidence of HIV-1 infection of the brain cannot be found, it must be regarded as non
specific.

1.5.1.2 Incidence
The incidence of HIVE and/or HIV-lep (HIVE/lep) is highly variable from one
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reported series to another, ranging from 3 to 65% (Levy et al., 1985a; McArthur,
1987; Navia et al., 1986a & b; Snider et al., 1983; Petito et al. 1986; H6nin et al,
1987; Budka et al., 1987; Lang et al., 1989; Gray et al., 1988a&b). A number of
reasons have been suggested for these discrepancies and include geographical
variations (Lang et al., 1989), differences in patient and brain sampling and the lack
of strict diagnostic criteria (American Academy of Neurology AIDS Task Force,
1989). In the series of Navia et al., (1986b), in which 65% of cases were reported
to have HIV-1 related pathology, all the patients involved had been referred for
neurological examination. Another series of brains collected over a three year period
suggested that these differences may also be due to an increased incidence of
HIVE/lep (Petito et al., 1986).

This changing yearly incidence may reflect the

lengthening survival times resulting from improved diagnosis and treatment of some
previously lethal pathogens (Pneumocystis carinii, toxoplasmosis, CMV). Indeed, in
central African areas, where patients tend to die at an earlier stage of disease (Lucas,
personal communication), the incidence of neurological involvement seems to be
much lower (3.2%, Belec et al., 1989) with the exception of Tanzania, where clinical
features of dementia were found in 54% of cases (Howlett et al., 1989).

More

recently, there has been some evidence to suggest that the incidence of HIV-1
encephalopathy has declined, since the introduction of zidovudine treatment (Portegies
et al., 1989). Other factors, such as differences in numbers of females and children
included in different series and differences in the major risk groups patients belong
to, may be of importance.

However, differences in terminology and diagnostic

criteria also account for discrepancies between some reports. In some early published
series, the presence of MGCs was not considered a necessary feature for a diagnosis
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of HIV-1 related pathology. In these reports the number of cases that contain MGCs,
rather than the number quoted by the author to represent HIV-1 induced damage,
gives a more representative estimate of the incidence of HIVE/lep. For example, de
la Monte (1987) claimed that 90% of patients in their series had "subacute
encephalitis", and in some reviews (Kliehues et al., 1991) this figure has been quoted
as representative of HIVE/lep. However a careful examination of de la Monte’s data
reveals that MGCs were present in only 30% of cases.

Although as mentioned

above, it is now recognised that HIVE/lep may occur in the absence of MGCs, the
presence of antigen or nucleic acid is still considered a prerequisite for diagnosis. In
the absence of techniques to detect these molecules, the presence of MGCs, in
association with other appropriate pathological changes, still provides the most
satisfactory criterion for a diagnosis of HIVE/lep.

1.5.2

Cortical pathology

1.5.2.1 Pathology
In contrast to subcortical lesions it is comparatively recently that the more subtle
changes of the cortical grey matter in AIDS have been evaluated.

Use of

morphometric methods and immunohistochemical staining techniques has revealed
changes in the numbers of nerve cells, astrocytes and microglial cells in this area
(Budka et al., 1987; Ketzler et al., 1990; Ciardi et al., 1990; Everall et al., 1991;
Wiley et al., 1991), the extent of which could not easily be determined in routinely
stained histological sections. De la Monte et al. (1987) were the first to report a
gliotic reaction in the cerebral cortex, which was associated with severe HIV-1 related
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white matter lesions. Budka et al. (1987) also described a diffuse glial reaction which
was frequently associated with gyral atrophy; he called this appearance "diffuse
poliodystrophy" (DPD). In a previous semi-quantitative morphometric study carried
out in this laboratory (Ciardi et al., 1990), we assessed the striking cortical gliosis
found in a number of

AIDS brains with HIVE or HIV-lep. In addition

immunohistochemical staining with GFAP for astrocytes, and lectin histochemistry
with RCA-120 for microglial cells, revealed a degree of cortical abnormality in some
cases, that was unexpected on the basis of clinical data and routine histological
features. In order to determine whether this reaction was related to HIV-1, three
groups of AIDS brains were examined: patients with severe HIVE/lep lesions who
had a history of dementia, patients with no history of neurological symptoms and
milder HIVE/lep lesions and patients with neither neurological symptoms nor obvious
pathological abnormalities.

The astrocyte and microglial cell reactions in AIDS

brains were compared with cellular changes in age-matched HIV-1-seronegative
brains with no abnormalities, and also with a number of brains with other types of
pathological lesion. It was found that in patientswith HIVE/lep, both the volume and
density of GFAP-positiveastrocytes were increased in the sub-pia, mid and deep
cortical regions as well as in the white matter, including the U-fibres (as compared
to HIV-1 negative controls with no pathological abnormalities). Unexpectedly, there
was also increased numbers of GFAP-positive astrocytes in the cortex of AIDS
patients with otherwise normal brains.

In addition, the microglial cell reaction was

also increased in AIDS brains, although this reaction was not as notable as the
astrogliosis. When the severity of the gliotic reaction in the cortex was related to the
degree of HIV-1 associated white matter pathology, mild cortical changes were found
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in brains with no obvious pathological abnormalities, moderate cortical changes in the
HIVE/lep group with no neurological symptoms, whilst the most severe cortical
lesions were seen in the HIVE/lep group of patients with dementia. We suggested
that HIV-1 may be the cause of these pathological changes in the cortical grey matter.
This cortical reaction has recently been defined as diffuse poliodystrophy in AIDS
by the international consensus report on HIV-1 neuropathological terminology (Budka
et al., 1991). Although gliosis of both grey and white matter is commonly found in
AIDS brains it was suggested in this consensus report that DPD may be distinct from
the HIV-1 related white matter pathology.

Nerve cell loss has also been reported in a number of studies. It was first noted by
Navia et al., (1986b) in cases where the white matter was severely affected. More
recently, morphometric studies have revealed that neuronal loss may be common in
AIDS. Ketzler et al. (1990) showed a 18% reduction in the neuronal density and a
decrease of the perikaryal volume fraction by 31% in an unselected group of AIDS
patients. Everall et al. (1991) found a 38% reduction in neuronal density in a group
of AIDS patients with either HIV-1 related pathological changes, or cases with
minimal changes.

Wiley et al., (1991) reported cortical thinning and a reduction in

nerve cell density in patients with "HIV-1 encephalitis". In addition, the latter found
a reduction in synaptophysin levels in the same patients. At present it is not known
whether neuronal loss and microglial or astrocyte reactions occur in the same brains.
In one study, of a single case with severe cortical atrophy and loss of nerve cells, a
moderate astrocyte and microglial cell reaction was also found in the cortex (Gray et
al., 1991). Interestingly, HIV-1 antigen was also located in the cortex of this case
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by immunohistochemistry.

In addition to DPD neuronal loss, spongiform changes of the type seen in priondisease have been occasionally reported (Schwenk et al., 1987; Gosztonyi et al.,
1988; Artigas et al., 1989); HIV-1 DNA and RNA and MGCs were found in some
of these cases; however the rarity of these reports makes their significance uncertain.
Diffuse necrotising cortical encephalopathy with HIV-1 antigens and HIV-like
particles has also been described in one case (Clague et al., 1988).

1.5.2.2 Incidence
Two initial reports found DPD-like changes in 50% of the cases they examined (de
la Monte et al., 1987; Budka et al., 1987). However, the incidence may be higher
if cases are examined with immunohistochemistry for astrocytes (Ciardi et al., 1990).
Neuronal counting has not been performed routinely on any large series of brains,
making its incidence difficult to evaluate.

It may, however, be present in the

majority of cases as Everall et al. (1991) found no difference in the severity of
neuronal loss between cases with and without HIVE.

1.6 Clinical manifestations of HIV-1 infection and correlations with pathological
changes due to HIV-1

Cognitive impairment, personality or behaviourial changes and motor dysfunctions are
frequent developments in patients infected with HIV-1. These complications may
result from opportunistic infections or neoplasia, although in some cases with these
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neurological complications, HIV-1 is the only identifiable pathogen in the brain
(Navia et al., 1986a&b; McArthur, 1987). Therefore it has been assumed that HIV-1
contributes to neurological dysfunction.

The constellation of neurological symptoms, attributed to HIV-1 were defined as the
AIDS dementia complex (Navia, 1986a&b) and have been described as a subcortical
dementia. The earliest changes, consist of a subtle slowing of verbal and emotional
responses, progression to mental slowing and forgetfulness with loss of libido and
personality may occur, in addition to headaches, motor problems and seizures.
Deterioration may progress to global dysfunction with dysphasia and dyspraxia.
Cognitive changes become more prominent late on in the course of disease.
Eventually patients may become severely disabled, and ultimately paraplegia and
decorticate posturing may be seen (Harrison, 1992).

The first large clinico-pathological study, investigating the relationship between
clinical symptoms of the AIDS dementia complex and brain pathology, was carried
out by Navia et al.(1986b), as already mentioned, on a large series of brains from
patients who had died of AIDS. When cases with macroscopic lesions or sustained
metabolic disorders were excluded, 46 of the remaining 70 cases displayed clinical
signs of ADC and the remaining 24 were without any neurological symptoms. While
the majority of patients (29) with dementia already had AIDS, in 17 cases
neurological symptoms developed during the AIDS related complex, or were the
presenting symptoms. The main neuropathological abnormalities in the demented
patients were located in the hemispheric white and subcortical grey matter, with
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relative sparing of the cortex; obvious neuronal loss was noted only in brains with
severe white matter disease.

The most common finding in patients with overt

dementia was a diffuse pallor of the white matter accompanied by infiltration by
lymphocytes, macrophages and, in cases with the most severe white matter lesions,
MGCs.

This study confirmed for the first time that there was some association

between multinucleated giant cells and dementia and the authors suggested that
dementia may result from the presence of HIV-1 in the CNS. These findings were
confirmed in latter studies (Petito et al., 1986; McArthur, 1987).

An ADC staging system was subsequently devised by Price and Brew (1988) to
classify patients according to the severity of cognitive, behaviourial or motor deficit.
Recently, however, the use of this system has attracted some criticism as patients may
be classified as having severe ADC, due to motor deficits without any cognitive
impairment (Burgess and Riccio, 1992).

As a result the American Academy of

Neurology AIDS Task Force (1991) has recently proposed an operational system of
categorisation. The term AIDS dementia complex is replaced by "HIV-1-associated
cognitive/motor complex" which includes patients with a prominence of either
cognitive or motor symptoms. The term "HIV-1-associated dementia complex" is used
where cognitive impairment predominates and "HIV-1-associated myelopathy" for
patients with mainly motor dysfunction. Further subdivisions, to take into account
patients with cognitive and motor function but no behaviourial changes, and those
with cognitive and behaviourial changes but no motor dysfunction, have also been
outlined. In addition, "HIV-1 minor cognitive/motor disorder" is applied to patients
with mild neurological changes.
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The advantage of this system is that the descriptive definitions may allow more
accurate clinico-pathological correlations to made. For example, it is as yet unknown
whether variations in cognitive and motor symptoms are related to the various types
or distributions of HIV-1 induced lesions changes. One problem with this system of
definition is that terms such as HIV-1-associated cognitive motor complex, suggests
that HIV-1 has been definitely established as the aetiological agent. However, it has
not yet been demonstrated that all cases with these symptoms, have cerebral HIV-1
infection.

Indeed, in the original study by Navia et al. (1986b), MGCs were only

found in only 18 out of the 46 patients with dementia and one third of the demented
cases had relatively minor histopathological findings.

As already discussed, the occurrence of pathological changes in the cerebral cortex
of AIDS patients is now well established. As yet, there has been no systematic study
of the relationship between these changes and the occurrence of neurological
symptoms, though it has been repeatedly suggested that cortical changes may underlie
dementia in AIDS. If cortical pathology does manifest itself clinically, then it is
important for treatment, that the cause of these changes be established. HIV-1 is the
most favoured candidate for this role at present, but an association between this virus
and cortical pathology remains to be proved.

1.7 Reaction of astrocytes and mononuclear phagocytes to HIV-1 infection of the
brain

Astrogliotic reaction, microglial proliferation and mononuclear cell infiltration are
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common responses to pathological stimuli in the CNS (Duchen, 1992). However, the
timing and localisation of the response of these cells is variable, and may provide
pathogenic clues. For example, a florid reactive astrogliosis may occur in prolonged
cerebral oedema with only a mild microglial cell reaction, while the microglial cell
reaction tends to be prominent in infectious conditions (Esiri, 1992).

1.7.1

The role o f astrocytes in the CNS

Traditionally, two morphologically distinct types of astrocytes are recognised,
protoplasmic and fibrous (Duchen, 1992). Both have round to oval nuclei with fine
evenly dispersed chromatin.

Protoplasmic cells have an irregular outline and

abundant branching process giving a bush-like appearance. Fibrous astrocytes have
a smoother outline and long processes with fewer branches than protoplasmic cells.
Both cell types are commonly seen around vessels; in addition, protoplasmic cells are
often in close proximity to neuronal cell bodies.

Traditional methods for

demonstrating these cells, capricious metal impregnation and hazardous histochemical
methods, have largely been replaced by immunohistochemistry to detect glial acidic
fibrillary protein (GFAP). This intermediate filament protein was first isolated by
Eng et al. (1971), and is biochemically and immunologically distinct from other
intermediate filament proteins. Antibodies to GFAP are considered to be a specific
marker for astrocytes, although a number of other cell types may be labelled. In
particular, developing and neoplastic oligodendrocytes and ependymal cells, as well
as some peripheral nervous and non-neural types of cells (Perentes and Rubinstein,
1987).

However, in the mature nervous system, GFAP antibodies are a reliable
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marker for astrocytes in non-neoplastic tissues.

In the normal brain, fibrous

astrocytes are distributed in the subpial region, the white matter, some parts of the
basal ganglia including pallidum and around vessels, and are strongly positive for
both GFAP and S100.

Most cortical and putamen astrocytes have protoplasmic

morphology and show sparse or absent immunoreactivity for GFAP in contrast to
strong immunoreactivity for S100 (Kimura and Budka, 1986).

Following initial

descriptions of astrocytes, it was believed that they merely provided a support system
for neural cells. It is now, however, clear that they perform many functions in the
CNS. Astrocyte processes are often seen surrounding synaptic surfaces of neurons
(Peters et al., 1976) where they may have an insulating function and be involved in
the mopping up and recycling of the neurotransmitters glutamate and GAB A. They
are the only cells in the CNS to contain the enzyme glutamine synthetase (MartinezHemandez et al., 1977) which suggests they may recycle glutamate taken up from
synaptic clefts and return it to neurons.

Astrocytes may also have a role in the

maintenance of neuronal ionic balance, essential for neurotransmission;

neuronal

activity results in an increase in extracellular K+, and astrocytes, which are permeable
for this ion, and actively take it up (Hertz, 1978), may regulate its extracellular
concentration. Evidence from some tissue culture studies suggests that astrocytes may
also perform immune functions (Fontana et al., 1987; Frei et al., 1987)

For

example, they have been shown in vitro to express HLA-DR and present antigen, as
well as release cytokines such as interleukin-6 (IL-6, Vitkovic et al., 1991).
Occasional reports of HLA-DR expression in vivo exist (Hickey et al., 1985; Frank
et al., 1986), however, most studies have failed to find evidence of MHC II
expression by astrocytes in vivo (Sobel and Ames, 1988; McGeer et al, 1988; Sasaki
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and Nakazato, 1992; Graeber et al., 1992).

Astrocyte gliosis consisting of hyperplasia and hypertrophy or degeneration may occur
in response to injury (Duchen, 1992). Degenerate astrocytes are commonly seen in
areas of infarction: the cell nucleus becomes pyknotic, undergoes karyorrhexis and
eventually disappears, while the cytoplasm swells, processes disintegrate and lipid
droplets may also appear. Collewijn and Schade (1965) found that following 10
minutes o f experimentally induced cardiac a rre s t,
1/4 of their original size.

astrocyte bodies shrink to about

Nuclear degenerative changes have also been observed,

following experimentally induced hypoglycaemia (Anderson et al., 1967). A second
type o f degenerative astrocyte , Alzheimer type II cells, may be seen in metabolic
encephalopathies such as W ilson’s disease (Sobel et al., 1981; Kimura and Budka,
1986). These cells occur in the cortex and basal ganglia, have an indented vesicular
nucleus, and are unstained with conventional stains and GFA P .

However in

experimentally induced metabolic encephalopathy two types o f Alzheimer type II cells
were identified, showing either well developed or shrunken nuclei (Ma et al., 1991).
The authors interpreted the well developed nuclei as an attempt to cope with the
metabolic insult, whilst the latter were characteristic of a dying cell.

Hypertrophy and hyperplasia of astrocytes is a common reaction to injury and is often
identifiable by an increased number of GFAP-positive cells.

However, due to the

rarity with which mitotic figures are seen in astrocyte nuclei in human post mortem
material, it cannot be certain whether the increased number o f GFAP-positive cells
represents an actual increase in cell number, or an increase in the number o f cells
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expressing GFAP. Mitotic figures can be seen in human biopsy material (Duchen,
1992) and have also been observed in some animal studies (Bignami and Railston,
1969). Hypertrophy of astrocytes can be observed in both acute and chronic lesions.
In acute lesions such as oedema, reactive or gemistocytic astrocytes can be seen
(Duchen, 1992). These cells become enlarged and appear rounded, their cytoplasm
is homogeneous and stains strongly with eosin and with GFAP; granules and vacuoles
are sometimes present. The cell nucleus is enlarged and is usually eccentrically placed
to one side of the cell. In older resolved lesions astrocytes form a scar tissue, filling
gaps left by previous damage; these cells have less cytoplasm than reactive astrocytes
and extensive glial fibres.

1.7.2

The role o f microglia and macrophages in the CNS

Cells in the brain of the mononuclear phagocyte series derive from two sources:
endogenous microglial cells and circulating blood monocytes (Jordan and Thomas,
1988). The former are a resident CNS cell population, the latter enter the CNS either
in response to injury, or in the course of immune surveillance. Microglial cells were
originally described by del Rio Hortega (cited by Perry and Gordon, 1988) who
visualised them with a silver carbonate impregnation method. He distinguished three
types of morphologically distinct microglia, "amoeboid", "ramified" and "reactive".
His proposal, that these cells were derived from mesodermal elements that entered
the brain from the blood early in development, was accepted for some time. More
recently, there has been some controversy over whether these cells originate from the
mesoderm or neuroectoderm, and whether they in fact exist as a separate class of
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cell; these issues have been discussed in recent reviews on microglial cells (Jordan
and Thomas, 1988; Perry and Gordon, 1988; Esiri, 1992). Most evidence suggests
that microglia are a distinct group of cells and it seems likely that they are derived
from monocytes that enter the brain before birth (Hickey and Kimura, 1988; Choi,
1981).

The "amoeboid" cells of Rio de Hortega are involved in histogenesis and angiogenesis
within the CNS, and may be attracted into the brain by chemotactic signals released
by dying cells which amoeboid cells phagocytose (Perry and Gordon, 1988).
Amoeboid cells have the morphological appearance of small macrophages and are
believed to develop into ramified microglial cells, present in the adult human brain
(Perry and Gordon, 1988).

Ramified microglia form a network throughout the cortical and subcortical grey and
white matter of the CNS (Esiri, 1992; Graeber and Streit, 1990). These cells have
small dense nuclei and very fine processes with short spine-like extensions that branch
at right angles and extend in all directions. Although ramified microglial cells have
also been called "resting" microglia it now seems that they are far from quiescent;
they may be involved in the metabolism of some neurotransmitters (Murabe and Sano,
1982; Perry and Gordon, 1988) and in synaptic remodelling and repair (Esiri, 1992).
Although they lack some of the enzymes present in other tissue macrophages, the
main function of microglial cells is probably the initiation of an immune response
within the CNS, and the^ore, they may be analogous to fixed tissue macrophages
such as Kupfer cells of the liver and Langerhans cells of the skin (Esiri, 1992).
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Microglial have been shown to express low levels of MHC II in normal human brain
(Graeber et al., 1992; Hayes et al., 1987) which is greatly increased in a number of
pathological conditions (Sasaki and Nakazato, 1992; McGeer et al., 1988). These
cells may therefore present antigen to T helper cells, stimulating an immune response,
which may be further enhanced by the secretion of interleukin-6 (IL-6) by microglia
(Dickson et al., 1991).

Two other populations of mononuclear cell are resident in the normal adult CNS;
perivascular macrophages and pericytes. The former occupy perivascular spaces,
have more abundant cytoplasm and are less ramified than parenchymal microglia
(Hickey and Kimura, 1988). These cells are more similar to monocytes, in terms of
the surface antigens they express, than to brain macrophages (Peudenier et al., 1991)
and in the normal human brain express much higher levels of MHC II, than microglia
(Graeber et al., 1992; Sasaki and Nakazato, 1992)

Pericytes are a separate

population of mononuclear phagocytes enclosed within the basal lamina of vessels.

Almost any pathological disturbance in the CNS induces a response from microglial
cells, which seems to consist of increases in both the number of cells and cell volume
(Duchen, 1992; Dolman, 1985). Both the size and length, as well as the number of
microglial cell processes are increased (Esiri, 1992). These cells, known as reactive
microglia, vary in their morphological appearance from elongated rod shaped cells
with long oval nuclei and uni- or bipolar cytoplasmic processes, to small rounded
cells with few or no cytoplasmic processes. From their morphological appearance the
rod shaped cells seem likely to derive from microglial cells. The small macrophage
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like cells often have a few processes suggesting that they are also derived from
ramified microglial cells. This is, however, difficult to prove, since it is not possible
to differentiate between microglial cells and macrophages derived from circulating
monocytes that have entered the CNS in response to injury. Resident microglial cells
may differentiate into macrophage-like cells in response to injury, while monocytes
entering from the blood may develop processes similar to microglial cells (Esiri,
1992). Indeed, various intermediate morphological stages between ramified cells and
macrophages can be seen in many pathological reactions. Unlike ramified microglial
cells, reactive microglial cells possess lysozyme, acid phosphatase and non specific
esterase activity (Esiri, 1992), and have complement Type 3 and Fc receptors (Perry
and Gordon, 1988; Graeber and Streit, 1990), as do other tissue macrophages.

Microglial cells can be demonstrated by enzyme histochemistry or metal
impregnation, and are identifiable by electron microscopy, although more recently
immunohistochemical markers have superseded these older methods (Streit et al.,
1988). Although many tissue macrophage markers fail to demonstrate microglia and
macrophages within the CNS well, or at all (Esiri, 1992), antibodies (HAM 56, LN1)
and lectins (RCA-120) are now available that visualise these cells in both normal and
diseased CNS tissue.

The microglia/macrophage response to injury varies in different pathological
conditions. In response to tumours and infarcts, macrophage like cells are seen which
may phagocytose cellular debris, while aggregations of more elongated cells form
microglial nodules around many infective agents.

In some infective conditions the
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microglia reaction tends to be more prominent than the astrocytic, particularly in the
early stages. (Esiri, 1992) In inflammatory conditions such as viral and immunemediated encephalitides, reactive microglia are a prominent feature.

The most

striking reactions of microglial cells in human pathology are seen in subacute and
chronic infective conditions such as subacute sclerosing pan encephalitis and general
paralysis of the insane due to syphilis (Dolman, 1985).

1.7.3

Astrocyte and Microglial cell reaction to HIV-1

Reactions of astrocytes and microglial cells to HIV-1 can be studied in cases where
this virus is the only detectable pathogen within the CNS. Extensive astrogliosis
occurs throughout the cortex and white matter of cases with HIVE and HIV-lep, but
in addition, a diffuse increase in the number of GFAP-positive cells can be seen at
early stages of disease before the appearance of pathogens in the brain (Ciardi et al.,
1990). The increased numbers of GFAP-positive cells and the increase in cell size
may be a specific response to HIV-1 or a generalised response to injury, since
astrogliosis is also seen in AIDS brains with opportunistic infective agents and other
lesions.

In the white matter, these changes are often associated with pathological

reactions attributable to HIV-1 or HIV-1 antigens. It has been suggested that the glial
reaction in the cortex may be an independent process, as it often appears in the
absence of evidence of HIV-1 infection (Budka, 1991). This, however, remains to
be established.

Microglial cell reaction is most noticeable in AIDS cases with opportunistic infection
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or HIVE/lep. A slight microglial cell reaction can also be seen in cases that have no
specific neuropathological abnormalities (Ciardi et al., 1990) and in HIV-1seropositive cases dying from their haemophilia before developing AIDS (Esiri,
1992). In these instances, an uneven but diffuse, mild reaction is present, microglial
cell numbers are increased as are the thickness and number of processes.

In cases where HIV-1 can be identified, the number of activated microglia may be
increased and microglial nodules may be present. These nodules are similar to those
produced by CMV infection of the brain, though a number of differences can be seen.
CMV induced foci are small and dense, contain lymphocytes in addition to microglial
cells, and frequently contain a central astrocyte in which a cytomegalic inclusion may
be present. They are scattered throughout the cortex, white and subcortical grey
matter. In contrast, foci of HIV-1 encephalitis are seen much more frequently in
subcortical regions; they contain mainly loosely arranged microglia, multinucleated
giant cells, very few lymphocytes and can be quite extensive.

HIV-1 antigens are often visualised within microglial cells and it has been suggested
that infection of these cells is dependent on the CD4 receptor (Jordan et al., 1991).
However, CD4 antigen is not expressed on microglial cells isolated from normal adult
human brain (Peudenier et al., 1991; Williams et al., 1992), although this antigen is
expressed by cells isolated from human embryonic CNS tissues and may be expressed
by reactive microglial cells (Perry and Gordon, 1988). .
vAvtcJ* V%as
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Expression o f C D ^ m a y be necessary before these cells can be
infected by HIV-1. Alternatively, HIV-1 may infect microglial cells by a different
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mechanism; Peudenier et al. (1991), found that CD4 negative microglial cells could
not support either lymphocytic or monocytic adapted HIV-1 strains. In contrast,
Watkins et al. (1990) found that two macrophage-adapted strains of HIV-1 (AD87 and
Bal) could productively infect microglial cells in mixed glial cultures from adult
temporal lobe tissue, whilst two lymphocytic adapted strains (LAV and HTLV.IIIB)
could not. Although the expression of CD4 on microglia, was not investigated in the
latter study, Jordan et al. (1991) have demonstrated that HIV-1 infection of microglia
can be blocked by CD4 antibodies and soluble gpl20.

The most characteristic morphological feature of HIV-1 infection of the brain, as
mentioned above, is the presence of MGCs. Various morphological forms can be
seen: ’macrophage-like’ MGCs, have eosinophilic cytoplasm, often more densely
stained at the centre and vacuolated at the periphery with numerous, up to about 20,
round or elongated basophilic nuclei which may be arranged in a horseshoe pattern;
whilst smaller ’microglia-like’ MGCs have less cytoplasm and elongated nuclei often
bunched together in a grape-like fashion. In SIV infected monkeys, similar cells have
been observed in the liver and gastro-intestinal tract, lymph nodes, spleen and brain,
although they have only rarely been observed outside the CNS in humans (Gray et
al., 1990). Immunohistochemical staining of these cells has confirmed that they
belong to the monocyte/macrophage group of cells, but it is still not clear if they
originate from macrophages, microglial cells or both. MGCs are seen in other brain
infections such as immunosuppressive measles encephalitis (Esiri et al., 1982). The
microglial hyperplasia and infiltration of the brain by monocytes increases the
mononuclear phagocyte population in the brain during AIDS. The initial stimulation
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for their increase remains obscure, but early infection of the brain with HIV-1 may
be responsible. The expansion of this cell population within the CNS has important
implications for the progression of disease. This expansion is in contrast to the drastic
reduction in T4 lymphocytes produced by HIV-1.

1.8 Immune response within the CNS, in HIV-1 infection

The frequent occurrence of opportunistic infective agents in the CNS of AIDS patients
suggests that the immune reaction within the CNS is deficient, and the response to
HIV-1 infection of the CNS may also be lacking.

Expression of major

histocompatibility complex (MHC) molecules within the brain parenchyma may be
necessary to recruit immune cells from the peripheral circulation into the brain
(Achim 1991a&b) and there is evidence that these molecules are expressed in the
CNS, during AIDS. Levels of 11-2-microglobulin (major histocompatibility class I
fragment) in CSF, have been found to correlate with the stage of dementia (Brew et
al., 1992). A study by Achim et al (Achim et al., 1991a) found increased expression
of MHC I on all endothelial cells and some microglia, macrophages and MGCs in
patients with HIVE in areas of myelin pallor while no expression was detected on
astrocytes. In addition, Kennedy and Gairns (1992) found increased expression of
both MHC I and II on monocytes and macrophages in some cases of HIVE. These
findings suggest that the cellular reaction within the CNS is appropriate for initiation
of a specific immune response (Achim et al., 1991b).

In addition, complement

activation, which has been proposed as a marker for macrophage activation within the
brain, has been reported in AIDS (Schiiller, 1990) and in some HIV-1-seropositive
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asymptomatic patients, levels of intrathecal antibody to HIV-1 seem to be raised in
the CSF (Zimatore et al., 1989). However, there is a notable absence of lymphocytic
\* \

cells within the CNS of AIDS patients, except for occasional T celfc^microglial
nodules formed in response to opportunistic infection (Achim 1991a). In contrast, in
the brains of HIV-1-seropositive patients who die without developing AIDS,
meningitis and perivascular cuffing are seen (Gray et al., 1992), which are typical
responses to viral infection of the CNS (Esiri and Kennedy, 1992). This suggests that
the progressive peripheral depletion of lymphocytes accounts for the absence of an
inflammatory reaction to the presence of HIV-1 in the brain tissue of patients with
AIDS.

1.9 Possible mechanisms of damage to the cortex

Although a definite association has been established between the morphological
features of HIVE and HIV-lep and the presence of viral molecules (Budka, 1991), it
is far from clear how these specific features arise, although a number of mechanisms
have been suggested. Even more speculative are the numerous theories now being
put forward, following in vitro experiments, as to how HIV-1 may induce neuronal
damage, since it has not been firmly established that HIV-1 is a consistent presence
in the cortex of these patients. Neuropathological features that have been proposed
as correlates of HIV-1 infection include myelin damage, neuronal loss and
astrogliosis; however the evidence for infection of astrocytes, oligodendrocytes and
neurons is tentative (as described in section 1.4).

Other viral infections of the

nervous system can cause damage in two ways. Direct damage to cells can result
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from cytolytic infection or from the toxicity of viral products, whilst indirect toxicity
resulting from the immune response of the host can destroy either infected cells or
surrounding tissues, arising from the "bystander effect" of inflammatory agents (Dal
canto, 1989). Progressive multifocal leukoencephalopathy (PML) is an example of
direct viral cytotoxicity; oligodendrocytes are infected by JC virus and productive
infection of these cells leads to cytolysis with consequent disruption of myelin.
Astrocytes are also infected, although not permissively and show morphological
transformation. An example of damage caused by the bystander effect is provided by
Theiler’s murine encephalomyelitis virus, which causes a chronic demyelinating
disease, not due to a primary viral attack on myelinating cells. Large amounts of
viral antigen are found within macrophages, and demyelination is thought to be a
secondary effect dependent upon the host immune response (Dal canto & Rabinowitz,
1982).

1.9.1

HIV-1 cytotoxicity

In vitro studies have provided some evidence to suggest that HIV-1 or components
of the virus (gag and tat proteins, proviral DNA) may be directly toxic to nerve cells,
or may exert a toxic effect on nerve cells, mediated by astrocytes or microglia
(Lipton 1991, 1992; Brenneman et al., 1988; Sabatier et al, 1991; Giulian et al.,
1990; Pulliam et al.,1991).

1.9.1.2 Direct infection of nerve cells
Although HIV-1 has not been consistently detected in nerve cells of brain tissues in
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vitro, the possibility remains that the virus may be present below the limits of current
in situ detection techniques. Mizrachi et al. (1991) demonstrated that HIV-1 can
enter neuronal cells via the viral envelope glycoprotein gpl20 in a manner similar to
infection of T4 cells, despite the fact that nerve cells lack the CD4 receptor. The
authors suggest that fusion of viral and neural cell membranes may disrupt cell
function by interfering with conductivity. However, no evidence for cell death was
presented in this study, and it remains to be determined whether HIV-1 can infect
neurons in vivo.

Pang et al. (1990) found high levels of unintegrated proviral DNA in the brains of
patients with HIV-1 encephalopathy. This type of DNA has been associated with
cytotoxicity in other retroviral infections (Hoover et al., 1987). Weller et al. (1980)
proposed the following mechanism to explain the cytopathic effect of avian leukosis
virus. Following infection of a cell, progeny virions are rapidly produced and
released. These new virions infect surrounding cells, but also reinfect the original
host cell and previously infected cells. This so-called "superinfection" leads to the
accumulation of large amounts of unintegrated proviral DNA. Accumulation of these
or i / e
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molecule^may be toxic to the host cell.
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However,

although Pang et al. (1990) found high levels of unintegrated proviral DNA, little or
no HIV-1 antigen was detected in some cases. The superinfection mechanism
proposed by Weller et al. (1980) requires the production of new HIV-1 virions,
therefore HIV-1 proteins should be detectable in high quantities if superinfection is
occurring as proposed. Pang et al. (1990) proposed that unintegrated HIV-1 proviral
DNA may be able to replicate itself without an RNA intermediate, and that DNA may
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accumulate in this way without new HIV-1 virions being produced. There is to date,
however, no evidence for the replication of HIV-1 proviral DNA in the absence of
intermediate HIV-1 virions. In addition, it was not established in Pang’s study which
cell type was infected. If nerve cells do contain large amounts of proviral DNA, it
is likely that they would be easily detectable by in situ hybridisation; however, where
nucleic acid containing cells have been identified, HIV-1 nucleic acids have only been
found in monocyte/macrophage type cells.

1.9.1.3 HIV-1 proteins
Most interest has focused on the HIV-1 envelope glycoprotein gpl20, which is
reported to be neurotoxic to fetal rodent hippocampal neurons (Brenneman et al.,
1988) and postnatal retinal ganglion cells (Upton 1991, 1992).

In rat pups,

intraventricular injections result in dystrophic hippocampal pyramidal cells and
behavioral deficits (Pert et al., 1989). In addition, application of gpl20 to human
fetal brain aggregates has been reported to produce neuronal vacuolation and loss of
astrocyte cytoplasmic fibrils (Pulliam et al., 1991). One problem with these studies
is that they employ fetal or immature nervous tissue which cannot be expected to
represent an accurate model of the adult human brain. Nevertheless, some interesting
possible mechanisms by which gpl20 may exert a neurotoxic effect have been
proposed, and these are discussed below.

Gpl20-mediated nerve cell damage is preceded by a rise in intracellular calcium,
which is thought to represent a final common pathway for a diverse group of
neurological abnormalities that involve nerve cell death, including some infectious
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agents, ischemia hypoglycaemia and some dementias (Beal, 1992). This kind of
neuronal cell death was first described by Olney (1986), and is believed to be the
direct consequence of excessive excitatory depolarisation via the N-methyl-D-aspartate
(NMDA) receptor, activation of which allows an influx of calcium into the cell. The
NMDA receptor is voltage dependent, and will not fire unless the normal resting
potential across the cell membrane is reduced. A reduction in the membrane resting
potential or, an increase in the amount of glutamate may increase the likelihood of
the NMDA receptor allowing calcium entry into the cell (Beal, 1992). The
maintenance of the normal resting potential across the nerve cell membrane and the
removal of glutamate from the synaptic cleft, are both energy dependent processes
and any insult that is likely to cause a depletion of energy may increase the likelihood
of excitotoxic damage (Beal, 1992).

The neurotoxic effect of gpl20 can be blocked by antagonists of the NMDA receptor,
suggesting that gpl20 may act as a NMDA agonist.

However, in patch clamp

studies, gpl20 does not appear to increase NMDA-elicited electrical responses in
retinal ganglion cells, suggesting this hypothesis is too simplistic (Lipton, 1992). In
addition to NMDA antagonists, toxicity can also be blocked by antagonists to voltage
dependent L-type calcium channels (Dreyer et al., 1990). Neurotoxicity therefore
seems to require the activation of more than one calcium channel, since antagonists
to either L-type voltage dependent calcium channels, or to the NMDA receptor
protect against gpl20 induced toxicity. In addition, the degradation of endogenous
glutamate also prevents neurotoxicity, although addition of excessive amounts of
glutamate and the addition of antagonists to non-NMDA receptors have no effect
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(Lipton, 1991,1992). Lipton has therefore suggested that both gpl20 and glutamate
are necessary for neuronal damage, and may act as synergists. Gpl20 may directly
or indirectly sensitise nerve cells to the lethal effects of glutamate. There are several
pathways through which this type of sensitisation may occur. Gpl20 may bind to
another receptor on nerve cells, thus possibly reducing the resting potential of the cell
and increasing its vulnerability to neurotoxic damage. Alternatively gpl20 may bind
to a receptor on astrocytes or microglial cells interfering with the neurotrophic
functions of these cells.

Excitotoxic damage in AIDS patients may also occur as a result of raised levels of
quinolinic acid (QUIN). This weak NMDA agonist has been found in raised levels
in the CSF.

Furthermore, the levels of QUIN correlate with the progression of

dementia (Heyes et al., 1989, 1991). Therefore in AIDS the effects of increased
levels of the excitotoxin QUIN may be enhanced by the action of gpl20 in patients.

Gpl20 neurotoxicity can also be blocked by the neuropeptide vasoactive intestinal
peptide (VIP), and peptide T (an analogue of VIP). Both of these peptides share
some sequence homology with gpl20 and competitively inhibit the neurotoxic effect
of gpl20 in hippocampal cell cultures (Brenneman et al., 1988). It is presumed that
VIP prevents the binding of gpl20 to VIP receptors which are found on astrocytes,
as well as on some nerve cells. VIP has been shown to increase calcium oscillations
in astrocytes and may influence the release of neurotrophic factors such as protease
nexin 1 (Festoff et al., 1990). Hence gpl20 may be the indirect cause of nerve cell
damage by competing for VIP receptors on astrocytes and preventing release of

59
neurotrophic factors essential for neuronal survival.

Evidence for astrocyte damage, by HIV-1, has been provided by Pulliam (1992) by
the application of recombinant gpl20 to astrocyte cultures. These cells showed a loss
of GFAP immunoreactivity and a dose dependent loss of a 66KDa protein. Puillam
concluded that gpl20 directly damages astrocytes which may then indirectly affect
neurons.
A toxic role has also been proposed for one of the HIV-1 regulatory proteins, tat.
Studies by Sabatier et al. (1991) have shown that this regulatory protein specifically
binds to rat synaptic membranes, and modifies the cell permeability of some
invertebrate nerve cells. Furthermore, culture of murine neuroblastoma and rat glioma
cells in the presence of 0.7 to 70 pg of synthetic peptide, from the tat sequence,
resulted in cell damage, inhibition of cell proliferation, and cell death. Intracerebroventricular injection of various synthetic tat peptides into mice produced neurological
effects similar to symptoms induced by some snake neurotoxins and had an LD50 of
18 to 180/xg depending on the peptide sequence. This work by Sabatier et al (1991)
remains to be confirmed, and demonstration of cytotoxicity to human cell lines would
provide firmer evidence.

Like gpl20 neurotoxicity, tat toxicity appears to be

mediated through a glutamate dependent calcium channel. In addition, it has recently
been shown that nef shares sequence similarities with scorpion peptides and increases
the K+ in chick dorsal root ganglion cells (Werner et al., 1991).
1.9.1.3 Indirect HIV-1 toxicity
Macrophages and microglial cells, the main reservoir of HIV-1 in the CNS, produce
a range of cytokines and other potentially toxic substances (Dickson et al., 1991),
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which in excessive quantities may interfere with various nerve cell functions. Several
studies have shown that HIV-1-infected macrophages/microglia can produce soluble
factors toxic to neural cells (Giulian et al., 1990) and brain explants (Pulliam et al.,
1991). As with gpl20 neurotoxicity, the neurotoxic effect in Giulian’s study was
averted by NMDA antagonists. Although, to date, the molecules involved have not
been identified, filtration studies have shown that gpl20 is too large to be this toxin,
although a small part of the molecule is a possibility (Giulian et al, 1990). However,
the NMDA receptor is involved in many neurotoxic interactions, and macrophages
are known to secrete a wide range of toxic factors. The possibility that macrophages
may release QUIN in response to gpl20 or another HIV-1 protein is particular
interesting (Lipton, 1992), though in Giulian’s study QUIN was not detected in the
macrophage supernatant.

In addition, biochemical analysis showed that the

macrophage toxin is not one of the known NMDA toxins or free radicals. More
recently, Giulian (1992) found that the toxic factors released from HIV-1 infected
macrophages were not released from HIV-1 infected lymphocytes, which suggests that
a macrophage toxin, rather than a product of HIV-1, may be responsible.

1.9.2 Alternative mechanisms o f cortical damage

Other macrophage products, that may cause damage in the CNS are the cytokines.
Tumour necrosis factor (TNF) damages both myelin and oligodendrocytes, producing
a non-delayed-onset oligodendrocyte necrosis and non-reversible myelin damage
(Selmaj & Raine, 1988). This cytokine has been found to be raised in the serum of
AIDS patients, and the levels detected correlate with the stage of disease (Lahdevirta
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et al., 1988).

Other cytokines that may be involved are interleukin-1 which

stimulates astrocyte growth, and transforming growth factor-J3 (TGF-13) which is
expressed abnormally in the brains of HIV-1 positive patients (Whal et al., 1991).
TGF-13 expression by HIV-1 infected macrophages induces non-infected cultured
astrocytes to release TGF-13. It has been suggested that release of TGF-13 in the CNS
may initiate a positive feedback cycle; recruitment of HIV-1 infected cells into the
CNS, in response to this factor may induce further release of TGF-13 from astrocytes,
facilitating viral spread and encouraging the release of other neurotoxic cytokines
from astrocytes (Matsuyama et al., 1991).

Chronic macrophage stimulation may also interfere with the biochemical pathway
responsible for the production of S-adenosylmethionine (SAM) the major methyl
group donor, necessary in the CNS for a number of functions, but in particular, the
maintenance of myelin (Surtees et al., 1990). Reduction in SAM can be caused by
vitamin B12 deficiency which produces subacute combined degeneration of the cord,
the pathological appearance of which is very similar to vacuolar myelopathy seen in
adults with AIDS and the myelopathy that is seen in HIV-1 positive children.
Although HIV-1 positive patients have not been found to have significantly reduced
vitamin B12 levels (Keating et al., 1991), levels of other components involved in
methyl metabolism are reduced in HIV-1 seropositive children (Smith et al., 1987;
Surtees et al., 1990) and adults (Keating et al., 1991). It has been suggested that
SAM may be involved in the detoxification of some macrophage products leading to
its depletion, or may be diverted into an inappropriate cycle, as occurs following
chronic alcohol consumption (Keating et al., 1991).
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1.10

Rationale and aims of the present study

The lack of correlation between clinical symptoms of the AIDS dementia complex and
the presence of HIV-1-associated white matter pathology has led to the proposal of
alternative explanations for the occurrence of dementia in AIDS. Recent studies have
shown that the cerebral cortex as well as subcortical regions can be abnormal in
AIDS; changes include loss of nerve cells and of synaptic complexes, and increased
numbers of astrocytes and microglial cells (Budka et al., 1987; Ketzler et al., 1990;
Ciardi et al., 1990; Everall et al., 1991; Wiley et al., 1991). In addition, a number
of in vitro and animal studies have suggested that HIV-1 is neurotoxic (Lipton, 1991,
1992). Together, these findings have led to proposals that dementia in AIDS may
result from HIV-1 related damage of the cerebral cortex. There is to date, however,
little pathological evidence to support the suggestion that HIV-1 is related to the
cortical damage now recognised to occur in AIDS. This study is therefore an attempt
to correlate the presence of HIV-1 in the cortex with the astrocytic and microglial cell
reactions previously described in this region.

The Department of Neuropathology at the Institute of Neurology has been collecting
autopsy brain material from patients dying of AIDS since 1987; the majority of cases
are from the London homosexual population who have suffered greatly from this
epidemic.

This material was provided by Dr Harcourt-Webster of Westminster

Hospital (formerly of St Stephen's)and Dr Sebastian Lucas of University College
Hospital.

The study of AIDS autopsy brains has contributed a great deal to our understanding
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of neurological disease in AIDS, to the biology of HIV-1 and pathogenesis of AIDS.
Identification of various opportunistic agents has led to improvements in diagnosis of
neurological deficits due to cytomegalovirus, toxoplasmosis, lymphoma and PML.
Studies aimed at localising HIV-1 in the brain have helped to formulate theories about
how HIV-1 enters the central nervous system, the cell types it infects and how it
induces damage in the CNS. The examination of autopsy AIDS brains has been
instrumental in establishing the now widely accepted view, that HIV-1 acts as a
pathogen in the central nervous system (Budka, 1991).

This study is an attempt to apply morphological and molecular biology techniques to
brain tissues of AIDS patients in order to investigate the relationship between, the
presence of HIV-1 antigens and nucleic acids, and the astrocytic and microglial cell
changes that occur in the frontal cerebral cortex. The frontal lobe was chosen for
study as frozen material from this region was available from a relatively large group
of post-mortems. Initial studies related immunohistochemical staining of HIV-1 with
responses of microglial, macrophages and astrocytes within the brain (Ciardi et al.,
1990). It was demonstrated that these cells were increased in number in the cerebral
cortex and basal ganglia of AIDS patients with HIV-1 encephalitis. Morphometric
study revealed increases not only in brains with HIV-1 encephalitis but in other cases
where no morphological or immunohistochemical evidence of HIV-1 infection of the
brain could be found. The pattern of staining was compared to that found in other
neuropathological lesions, but the reaction of glial cells in AIDS seemed distinct from
reactions observed in hypoxia, multiple sclerosis, PML and Japanese C cell
encephalitis. In the cortex of AIDS brains a diffuse astrocyte reaction was observed
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throughout the cerebral cortex, which appeared distinct from the cellular arrangements
in the non-AIDS lesions.

Since changes in astrocyte and microglial cells are non-specific, the morphology,
distribution and density of these cells, in different groups of AIDS brains was
examined, in the first part of this study (chapter 2), to determine whether a particular
pattern of cellular reaction might be associated with cerebral HIV-1 infection. The
presence of other co-existing cerebral disease commonly seen in AIDS cases, such as
opportunistic pathogens, lymphoma or cerebrovascular disease, also produce a
microglial and astrocyte reaction. Therefore, the AIDS cases selected for study had
either HIV-related changes only or, in cases without HIV-related changes, a single
identifiable pathology, as described below. AIDS brains with immunohistochemical
evidence of HIV-1 were compared with brains from AIDS patients with no apparent
neuropathological abnormality and no immunohistochemical evidence of HIV-1, in
order to determine which cellular changes occurred more frequently or whether they
were more severe in cases with cerebral HIV-1 infection. HIV-1-seronegative cases
lacking any identifiable neuropathological changes (normals) provided a base line
control.

The specificity of cellular changes to

HIV-1 cerebral infection was

examined by comparing changes in these cases with cellular changes in AIDS brains
with neuropathology not associated with HIV-1, in which no HIV-1 antigens were
detected (CMVE and cerebrovascular lesions).

In addition, brains of HIV-1-seropositive cases who had died without developing
AIDS were examined to determine whether glial changes can occur early in the
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course of disease. Brains in this group were compared with both HIV-negative and
AIDS cases.

Due to the comparative rarity of HIV-1 antigen in the cortex of AIDS brains, a more
sensitive detection method, the polymerase chain reaction (PCR, Saki et al., 1985)
was used, in the second part of the study (chapter 3), to detect HIV-1.

PCR

amplifies specific nucleic acid sequences using two oligonucleotide primers that
hybridise to opposite strands, flanking the target region within the template DNA
sequence (the region of DNA being tested) (Erlich, 1989). Repeated cycles of heating
and cooling are applied to denature the template DNA and allow annealing of the
oligonucleotide primers. New DNA strands are produced by a thermal stable form
of DNA polymerase which extends the annealed primers on each strand. The primer
extension products of each cycle can serve as templates for the next, thus at the end
of each cycle the amount of target DNA should in principle be doubled. During the
first heat cycle the annealed primers will be extended far beyond the target region;
in subsequent cycles the termini of the extended fragments are defined by the 5’ ends
of ’short templates’ produced in the previous cycle.

Due to powerful amplification of target DNA sequences, PCR can be used to detect
small quantities of virus below the resolution of either immunohistochemistry or insitu hybridisation. In addition, since HIV-1 may remain latent within its host cell,
PCR can detect HIV-1 sequences that are not being replicated.

Following

observations of microglial and astrocytic changes in the cerebral cortex and the
immunolocalisation of HIV-1 to relatively few cells in the cortex, PCR was used to
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amplify HIV-1 proviral DNA from the frontal cortex and white matter of AIDS
patients to address two questions:

1) since the number of cases with cortical

abnormalities exceeds those in which HIV-1 can be detected in the cortex, with
immunohistochemistry, this more sensitive technique was employed to look for an
association between the presence of HIV-1 in the cortex and glial changes; 2) to
determine whether, HIV-1 infects subcortical regions of the brain more readily than
cortical regions, or if there is a difference in the rates of viral replication in these two
regions.

If the former were true, using PCR, HIV-1 should be detected more

frequently in the cortex than in the white matter, as found by immunohistochemical
localisation. On the other hand if HIV-1 infects both regions of the brain, proviral
DNA should be present in both the cortex and white matter of cases in which HIV-1
was immunolocalised, regardless of whether antigens were found in the white matter
only or in both regions.

A non-isotopic PCR method was employed to amplify HIV-1 proviral DNA sequences
from DNA extracted from both cortical and white matter samples. Three regions of
the HIV-1 genome were detected using primers designed to amplify conserved regions
of the gag, pol and env genes (Simmonds et al., 1990 ).
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CHAPTER TWO:

IMMUNOHISTOCHEMICAL AND MORPHOMETRIC ANALYSIS OF
THE RELATIONSHIP BETWEEN
ASTROGLIOSIS, MICROGLIAL CELL ACTIVATION AND
THE LOCALIZATION OF HIV-1.
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2.1

Preliminary observations on astrocyte and microglial cell changes in the

cerebral cortex of AIDS cases and comparison with cellular reaction in other
pathological lesions.

In a previous study we found that astrocyte and, to a lesser extent, microglial cell
densities were increased in AIDS brains (Ciardi et al., 1990). However, in addition
to changes in cell density reported by Ciardi et al., (1990), alterations in the
morphological appearance of astrocytes and microglial cells were commonly seen.
In the present study, the method designed to examine these changes is based on initial
observations of GFAP-positive astrocytes and RCA-120-positive mononuclear cells
in the frontal cortex of AIDS cases, as presented below. These observations were
also compared with cellular changes in the cortex of cases in a number of well
defined pathological lesions in non-AIDS brains, and in AIDS brains with lesions
other than those directly attributable to HIV-1.

The observations described below were carried out on paraffin sections stained for
GFAP and RCA-120, as described in section 2.2.2. GFAP-positive astrocytes and
RCA-120-positive mononuclear cells were examined in the cerebral cortex of the
following cases.

2.1.1. Cases selected

2.1.1.1 Normal
Three brains from cases that were not in any of the risk groups for HIV infection,
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and that lacked any pathological abnormalities were selected. The age of these cases
ranged from 32 to 53, two were male and the other female.

2.1.1.2. AIDS
Fourteen brains from AIDS cases with

HIVE, HIV-lep, diffuse gliosis, and no

detectable abnormalities were selected. The age of these cases ranged from 30 to 49
and all were male.

2.1.1.3. Pathological lesions
One case of each of the following pathological lesions: subacute sclerosing
panencephalitis (SSPE), Japanese B encephalitis (JBE), herpes simplex encephalitis
(HSE),

progressive

multifocal

leucoencephalopathy

(PML),

cryptococcosis,

toxoplasmosis and hypoxia were examined. The cryptococcosis, toxoplasmosis and
PML lesions were all from AIDS cases.

2.1.2 Observations on GFAP-positive astrocytes and RCA-120-positive mononuclear
cells in the anterior frontal cortex.

2.1.2.1 Comparison of AIDS brains with normal controls
2.1.2.1.1 GFAP-positive astrocytes
In the cortex of all normal brains examined a discrete, but distinct perivascular
accumulation of astrocytes was present (fig. 2.1a). This perivascular distribution
was not obvious in many of the AIDS cases, indeed, in some, there appeared to be
a loss of GFAP immunoreactivity, especially around vessels (fig. 2.1b). In other
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AIDS cases, there was a diffuse increase in GFAP expression

throughout the

parenchyma (fig 2.1c). In the normal brains, perivascular astrocytes had small dense
nuclei and abundant, fine, branching, GFAP-positive processes (fig 2.2a). Vessels,
but especially arterioles were surrounded by a network of GFAP-positive staining,
consisting of numerous astrocyte processes. In AIDS cases where perivascular GFAP
immunoreactivity was reduced, this was due to a reduction in immunoreactive
processes, rather than to a reduction in the number of GFAP-positive astrocytes (fig.
2.2b). GFAP-positive astrocyte processes could be seen in contact with vessels (fig
2.2c), in cases with an increased density of GFAP-positive astrocytes.

The

perivascular distribution of astrocytes was therefore examined in this study as
described in section 2.24.

In normal brains, occasional positive cells were seen in the parenchyma; these cells
had a small dense nucleus, some with abundant branching processes, but most had a
small amount of ill-defined cytoplasm.

In the AIDS cases the morphological

appearance of astrocytes varied considerably. In some cases their nuclei were
enlarged with a watery appearance and marginalised chromatin, while GFAP
expression was minimal (fig. 2.3a). In other cases reactive astrocytes were seen (fig.
2.3b), or more rarely the nuclear changes were minimal while the cytoplasmic
volume was increased and numerous GFAP-positive branching cell processes were
present (fig. 2.3c). These variations made reactive cells difficult to define. For the
present study, it was therfore considered more appropriate to examine the density of
GFAP-positive processes and the nuclear morphology independently, as described in
section 2.24.

Figure 2.1 Photom icrographs showing the distribution of astrocytes in the
anterior frontal cortex of a norm al brain (a), an AIDS brain with no obvious
neuropathological abnorm alities (b) and an AIDS brain with H IV-lep (c). The
astrocyte distribution is predom inantly perivascular in (a), whereas in (b) the
perivascular staining is reduced, especially around sm all vessels. In (c) there is
an increased density of GFAP positive cells and the perivascular distribution is
less evident, in com parison with (a). GFAP and haem atoxylin (x 48).
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Figure 2.2 Photomicrographs showing small blood vessels from the same cases
illustrated in figure 2.1 In (a) perivascular astrocytes have small dense nuclei
(arrow) and abundant branching processes. In (b) a GFAP positive astrocyte can
be seen adjacent to the vessel, but the amount of GFAP immunoreactivity is
reduced as compared with (a). In (c), astrocytes with enlarged nuclei and
increased cytoplasmic volume are present; one cell (arrow) appears to be in
contact with the vessel. GFAP and haematoxylin (x310).

F igure 2.3
P hotom icrographs show ing the m orphological appearances of
astrocytes in the anterior frontal cortex of AIDS cases with no obvious
n eu rop ath ological abnorm alities (a) and H IV -lep (b and c). In (a), G FA P
p ositive cells have enlarged nuclei but few cell processes. In (b), num erous
reactive astrocytes have both enlarged nuclear and cytoplasm ic volum es; th e
n u clei are pale w hile the cytoplasm is strongly G FAP positive and cells have a
few sh ort thick processes. Sim ilarly in (c), G FAP positive cells have strongly
stain ed G FA P positive cytoplasm , with num erous thick processes w hilst the nuclei
are sm aller with densely stained ch rom atin . G FA P and h aem atoxylin (x310).
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2.1.2.1.2 RCA-120-positive cells
In normal brains the lectin RCA-120 labelled only microglial cells with a ramified
type morphology. These cells had a small dense nucleus and very fine branching
processes (fig 2.4a). In some instances, processes were so fine that stained cells
could only be identified at high power. Microglia are reported to form a continuous,
non-overlapping diffuse network throughout the cerebral cortex of normal brains
(Esiri, 1992); however in paraffin sections examined in this study, the distribution
was not continuous although cells did appear to be spread evenly throughout the
cerebral cortex. In AIDS cases, large numbers of microglia and macrophages were
frequently observed in the white matter, and their density was emphasised by staining
with the lectin RCA-120.

In the cortex, the density of these cells was not so

remarkable; however they were considerably more obvious than in normal brains, due
to an increase in the number, length and thickness of RCA-120-positive processes (fig
2.4b).

In addition to these enlarged ramified RCA-120-positive cells, other

morphological types were seen in AIDS cases. Rod cells with elongated nuclei and
long thick uni- or bipolar, non-branching processes were often seen (fig 2.4c). Small
macrophage like cells with rounded densely staining cytoplasm and occasional small
processes were seen in a few cases (fig 2.4d), as were small and large multinucleated
cells (fig 2.4c). To examine changes in microglial morphology, cells were classified
according to the morphological features they displayed as described in section 2.24.

2.1.2.1.3 Focal lesions
Nodular aggregates of RCA-120-positive cells were found in some cases and consisted
of densely packed microglial cells and macrophages (fig 2.5a). GFAP-positive
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a

b

£

c

d

£

Figure 2 .4
Photom icrographs show ing the m orphological appearances of
m icroglia in the anterior frontal cortex of a norm al brain (a) and AIDS brains
with H IV E or H IV-lep (b,c and d). In (a), m icroglia have very fine processes; in
(b) processes are increased in thickness and num ber. In (c) sm all m acrophage
like cells (arrow) are present; in (d) a m ultinucleated cell and a rod cell (arrow)
have been stained. R CA -120 and haem atoxylin (x 400).

Figure 2 .5 Focal lesion with m icroglial cells, m acrophages and astrocytes in the
anterior frontal cortex of an AIDS case with HIVE. M icroglial cells and
m acrophages surround a small vessel (arrow) (a). Astrocytes are also present
around this vessel (arrow) (b). RCA-120 and haem atoxylin (a);G FA P and
haem atoxylin (b), (x 120).
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astrocytes were not associated with these nodules to any significant extent but were
occasionally seen surrounding them (fig 2.5b). In addition, loose foci of microglial
cells and macrophages were also seen, and in some of these foci astrocytes were also
seen.

2.1.2.2 Astrocyte and microglial cell reactions in other pathological lesions
2.1.2.2.1 Viral infections
In SSPE, there was a diffuse astrogliosis throughout the cortex (fig 2.6), which was
similar to that seen in the most severely affected AIDS cases (fig 2.1c); many of the
astrocytes were reactive and were distributed throughout the parenchyma (fig 2.7a).
A remarkable mononuclear cell reaction was also seen in the SSPE case, in which
enlarged ramified cells, rod cells and macrophages were present in large numbers
throughout the cortex (fig 2.7b); this reaction was considerably more intense than that
observed in any of the AIDS cases.

In the HSV case few GFAP-positive astrocytes were seen, and a loss of GFAP
immunoreactive processes were evident, especially around vessels (fig 2.8).
Perivascular accumulations of macrophages were seen surrounding vessels with
perivascular cuffs of lymphocytes, in some areas macrophages spread into the
surrounding parenchyma.

MGNs were seen in the cortex of the JBE case; these focal accumulations contained
enlarged ramified cells and rod cells stained with RCA-120 (fig 2.9a). Reactive
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Figure 2.6 Photomicrograph showing astrocytes in the anterior frontal cortex of
a SSPE case. There is a diffuse increase in the density of GFAP positive
astrocytes throughout the cortex; this appearance is similar to that observed in
figure 2.1c. GFAP and haematoxylin (x48).

Figure 2.7 Photomicrographs showing the morphological appearances of
astrocytes (a) and microglia (b) in the anterior frontal cortex of a SSPE case. A
high density of both GFAP positive astrocytes (a) and RCA-120-positive cells (b)
is evident. In (a) astrocytes have enlarged cytoplasmic and nuclear volumes; in
b, most of the positive cells are macrophage-like but microglial cells are also
present (arrow). GFAP and haematoxylin (a); RCA-120 and haematoxylin (b)
(x300).
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Figure 2.8 Photomicrograph showing a small blood vessel in the temporal cortex
of a HSE case. A few astrocytes with a small amount of cytoplasm are present,
but none are obviously in contact with the vessel. GFAP and haematoxylin
(x400).

Figure 2.9 Photomicrographs showing a microglial nodule in the temporal cortex
of a JBE case. Macrophages and microglial cells are closely aggregated in (a),
whilst in (b), astrocytes are present around the nodule. RCA-120 and
haematoxylin (a), GFAP and haematoxylin (b)(x 120).

Figure 2 .10 Photom icrographs showing astrocytes and m icroglia in the frontal
cortex of a PM L case. The density of both astrocytes (a) and m icroglial cells (b)
is increased. The distribution of both types of cell is uneven throughout the
cortex, in contrast to the diffuse increase in GFAP positive astrocytes in severely
affected AIDS (figure 2.1c) and in SSPE (figure 2.6a). G FAP and haem atoxylin
(a) and RCA -120 and haem atoxylin (b), (x l2 ).
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astrocytes and gliofibrillary astrocytes, with long thick processes, were present around
the microglial nodules. (Fig 2.9b).

In PML, loose foci of reactive astrocytes were seen in the cortex, usually adjacent to
white matter lesions. In severely affected areas, sheets of reactive astrocytes were
seen throughout the cortex in a patchy distribution (fig 2.10a), GFAP-positive cells
being more abundant in the lower layers of the cortex. Numerous reactive microglial
cells and macrophages were also present in this region and had a similar distribution
to the GFAP-positive astrocytes (fig 2.10b).

2.1.2.2.2 Fungal infection
Lesions in the cortex of an AIDS case infected by Cryptococcus neoforms were
variable in the appearance of astrocytes and microglial cells. RCA-120 revealed
numerous microglial cells and macrophages within areas containing numerous
organisms, and microglial cells were also evident around these foci (Fig 2.11a).
Reactive astrocytes visualised with GFAP, are also present around these lesions, but
not within them (Fig 2.11b). In older lesions, in which fungi were reduced or absent,
few macrophages or microglia were seen (fig 2.11c), although a few rod cells were
sometimes seen in these lesions. In addition there were fewer astrocytes, although
the density of GFAP immunoreactive processes was increased, and they formed a
gliofibrillary network (fig 2.1 Id).

2.1.2.2.3 Hypoxia
In the hypoxic brain, reactive astrocytes were observed predominantly in the cortex,
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in the depth of the sulci (Fig. 2.12) and in the watershed areas.
macrophages, labelled with RCA-120 were seen in the same areas.

Microglial/^and
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Figure 2.11 Photomicrographs showing lesions in the frontal cortex of an AIDS
case, in response to Cryptococcus neoforms. Numerous fungi can be seen
surrounding a vessel (a and b). In (a), RCA-120-positive cells are intermingled
with these fungi, while microglial cells surround the lesion. In addition GFAP
positive reactive astrocytes (b) are seen around the lesion. In contrast the RCA120 reaction is non-existent within a lesion that contains only a few fungi
(arrow)(c), while there is a gliofibrillary reaction around this lesion (d). RCA-120
and haematoxylin (a and c); GFAP and haematoxylin (b and d), (xl20).
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Figure 2.12 Photomicrograph of the frontal cortex of a hypoxia case. A large
aggregate of reactive astrocytes is situated at the base of a sulcus. GFAP and
haematoxylin (x 12).
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2.2 Materials and Methods

2.2.1 Selection o f Cases

Cases were selected from the Institute of Neurology series of AIDS brains provided
from post mortems carried out at the Westminster (formerly at St Stephens) and
Middlesex-University College Hospitals; a full neuropathological examination had
previously been carried out on all cases by Professor Scaravilli. These brains, were
fixed in 10% buffered formalin for periods ranging from 1 to 12 months.

In all

cases, following macroscopic examination of the brain, 15 blocks were taken from
various regions, according to the MRC AIDS protocol, and processed to paraffin.

All AIDS and control cases, selected for morphological examination, were subject to
the same processing schedule on the same tissue processor.

Routine histological

examination of these blocks included staining with haematoxylin and eosin and van
Gieson methods in all cases. Luxol fast blue/cresyl violet, Glees and Marsland’s
silver stain, histological and immunohistochemical methods for opportunistic
infections were carried out on selected blocks from each case, to examine for signs
of other diseases that might not have been morphologically obvious.

Cases with no

neuropathological abnormalities, with a neuropathological diagnosis of HIVE, HIVlep, CMV encephalitis, or with cerebrovascular lesions in which no other pathological
reaction was seen were selected for study.

Tissue from HIV-1-seropositive cases that had died prior to the development of
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AIDS were obtained from the Edinburgh satellite of the MRC AIDS Brain Bank
(Edinburgh Western Infirmary, courtesy of Dr Bell) and from Professor Gray’s
French AIDS series (Hopital Henri Mondor, Creteil, France). Some of these cases
were symptomatic, but none had developed full-blown AIDS.

Non-AIDS cases, that were not from any of the risk groups for HIV-1 infection, with
no neuropathological abnormalities were selected as normal controls. These were,
of a similar age to the AIDS cases and brains had been fixed for times comparable
with those of the AIDS cases. However, normal brains which could be matched for
age, sex and fixation time with AIDS cases were not readily available. The three
most suitable cases consisted of one case of muscular dystrophy, one unexpected
cardiac arrest and one from a patient who died suddenly while recovering from an
unconfirmed measles infection.

In addition, samples from two HIV-seronegative

cases that had died of drug overdose were provided by Dr Bell.

On routine

neuropathological examination, all five cases appeared normal, apart from very
occasional inflammatory cells in the brains of the two drug users (table 2.1). These
five cases made up a "normal control" group for the comparison of astrocyte and
microglial cell changes.

The neuropathological diagnosis and the cause of death for each case are shown in
table 2.1; cases were divided into three clinical groups: 1) Normal controls, 2) HIV1-seropositive, non-AIDS and 3) AIDS cases. The AIDS group was further divided
into cases with no obvious neuropathological abnormalities (3a); cases with
neuropathology related to HIV-1, and positive with p24 antibody (3b); cases with
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CMV encephalitis (3c) and cases with cerebrovascular pathology (3d).

The age, sex, cause of death or PM diagnosis and relevant neurological details of all
cases selected for this study are shown in tables 2.2-2.7.

2.2.2 Immunohistochemistry
The modified avidin-biotin method (Sobel et al., 1984) was used initially with all
antibodies, but was further modified for use with HIV-1 antibodies (Scaravilli it al.,
1992), as described below. For detection of the lectin RCA-120, an avidin-biotin
method was also used. A five-layer avidin-biotin method, recommended by Esiri et
al. (1991), to increase the sensitivity of HIV-1 p24 antigen detection, was also
assessed; however we found no difference between the sensitivity of this method and
the three-stage avidin-biotin method. The antibodies and the lectin used in this study
are listed in table 2.8, together with optimal dilutions and other technical details. For
GFAP and RCA-120 detection, the optimal section thickness included a large
proportion of the cell bodies and their processes, was 10 microns.

Anterior frontal lobe blocks were selected from each case; all section were cut at 10
microns, on the same microtome, mounted on poly-L-lysine coated slides and air
dried for 1 hour at 37°C, coded, then stored at 37°C until stained. All sections were
examined blind. Each GFAP stained section was examined three times to assess: 1)
cell density and morphology, 2) the size and number of GFAP-positive cell processes
and 3) the distribution of cells. RCA-120 stained sections were examined twice to
assess 1) and 3) (above).
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Table 2.1

Neuropathological diagnosis and c a u se of death in c a s e s selected

Case

Group and
(HIV-1 status)

Neuropathology

C1-C3

1

No abnormalities

C4

1

Oedem a
Very occasional perivascular m acrop hag e and lym phocyte

C5

1

(-)

1

2

(+ )

No abnormalities

2

2

(+ )

Moderate meningitis
Perivascular infiltrate

3

2

(+ )

Occasional perivascular infiltrate
Occasional perivascular m acro p h ag es

4

2

(+ )

White m atter gliosis
Perivascular m acrop hag e infiltration
Slight pallidal sclerosis

5

2

(+ )

Discrete meningeal infiltrate
Perivascular m acrop hag e infiltrate
Cortical foci of hypoxia

6

2

(+ )

Slight intraventricular haem orrhage
White m atter gliosis
Occasional perivascular m acro p h ag es and micro
mineralisation

7

2

(+ )

White m atter oedem a
Slight sub-arachnoid haem orrhage
Discrete perivascular and leptomeningeal infiltrate

8

2

(+ )

White m atter oedem a
perivascular and leptomeningeal infiltrate
foci of perivascular m acrop hag es

9 -1 4

3a

AIDS

No abnormalities

15 -16

3b

AIDS

Diffuse non-specific gliosis

17-22

3b

AIDS

HIVE/lep

2 3 -2 7

3d

AIDS

CMVE

28-31

3e

AIDS

Cerebrovascular lesions

Oedem a
Very occasional perivascular m acroph age and lym phocyte
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Table 2 .2

Age, sex, post-m ortem diagnosis and salient neurological details in group 1:
HIV-1-seronegative ca ses.

Age

Sex

PM diagnosis

Salient Neurological details

c1

45

9

Muscular Dystrophy

none recorded

c2

32

8

S udden death during
recovery from m easles like
infection

none recorded

c3

53

8

Cardiac arrest

none recorded

c4

27

8

Butane inhalation

none recorded

c5

19

8

Drug overdose

none recorded

C ase

Table 2 .3

Age, sex, post-m ortem diagnosis and salient neurological details in group 2:
HIV-1-seropositive c a s e s th a t died prior to developing AIDS.

C ase

Age

Sex

PM diagnosis

Salient Neurological details

1

31

9

Heroin overdose

none recorded

2

30

8

Heroin overdose

none recorded

3

31

8

Heroin overdose

none recorded

4

29

8

Died after fit
Pneumonitis

Recent o n s e t of fits

5

28

9

Drug overdose
C hest infection

none recorded

6

31

8

Died 3 days after accidental
intra-arterial drug injection

none recorded

7

36

8

S udden death from drug
o verdose

none recorded

8

35

8

Pneumonia and chronic
obstructive airway disease

none recorded
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Table 2 .4

Age, sex, post-m ortem diagnosis and salient neurological details in group 3a:
HIV-1-seropositive c a s e s with AIDS th a t lacked any obvious neuropathological
c h a ng es.

C ase

Age

Sex

PM diagnosis

Salient Neurological details

9

32

6

PCP
Myocarditis
Liver failure

left sided epileptiform
seizure
meningism

10

49

6

K aposi's sarcom a
Possible PCP

Dizziness
Postural Hypotension

11

N/A

6

N/A

N/A

12

44

6

PCP
Kaposi' sarcom a

None recorded

13

30

6

K aposi's sarcom a
Pulmonary oedem a

Grand mai seizure

14

29

6

A cute respiratory distress
syndrom e
Bronchopneumonia
Septicaemia

None recorded

N/A = not available

Table 2 .5

Age, sex, post-m o rtem diagnosis and salient neurological details in group 3b:
HIV-1-seropositive c a s e s with AIDS, HIV-related neuropathology and HIV-1
antigens in th e brain.

C ase

Age

Sex

PM diagnosis

Salient Neurological details

15

38

6

Kaposi's sarcom a
Pneumonitis

H eadache
CT - frontal atrophy

16

40

6

Bronchopneumonia

Hypomania

17

31

6

PCP

Hypermania and delusions
CT - generalised atrophy

18

33

6

PCP

None recorded

19

49

6

bronchopneum onia

Confusion
Dementia

20

40

6

PCP
Myocarditis

Overall intellectual
deterioration

21

30

6

Bronchopneumonia

None recorded

22

N/A

6

Bronchopneumonia

None recorded

N/A = not available
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Table 2 .6

Age, sex, post-m ortem diagnosis and salient neurological details in group 3c:
AIDS c a s e s with CMV neuropathology and no HIV-1 antigen in th e brain.

C ase

Age

Sex

PM diagnosis

Salient Neurological details

23

33

6

Kaposi's sarcom a
Pneumonia
Bronchopneumonia

No neurological sy m p to m s

24

40

cS

Cardio-respiratory arrest

Intermittent ep isodes of
Hypomania

25

39

6

Septicaemia
Multiple a b b e s s e s
Haemorrhagic infection of
small intestine

Progressive intellectual
impairment leading to
dem entia

26

32

6

N/A

N/A

27

51

6

Bronchopneumonia

Memory loss
Unsteady gait
Dementia

N/A = Not available

Table 2 .7 . Age, sex, po st-m ortem diagnosis and salient neurological details in group 3d:
AIDS c a s e s with cerebrovascular neuropathology and no HIV-1 antigen in th e brain.

Case

Age

Sex

PM diagnosis

Salient Neurological details

28

26

6

A cute renal failure
Disseminated necrotic lesions

None recorded

29

27

6

Pneumonia

Stroke - left sided sp ee ch
and personality disorder
epileptic fit

30

47

6

Bronchopneumonia

Not specified

31

28

6

Lobular pneumonia
Raised intracranial pressure
Brain haem orrhage

Grand mal fits
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2.2.2.1 HIV-1 antibodies
Four antibodies were assessed for their ability to label HIV-1 infected cells in
formalin fixed paraffin embedded tissue sections.

Titration of each antibody to give

optimal staining was performed using 3 cases with HIV-lep that contained numerous
multinucleated giant cells. Antibody dilutions that gave maximum signal and minimal
background staining are shown in table 2.8. All antibodies stained more strongly
when no trypsin pretreatment was used. The specificity of these antibodies was then
assessed by staining pathological lesions in brains that contained high numbers of
macrophages, from cases which were not from any of the risk groups for HIV-1
infection. These included two cases of multiple sclerosis (one acute and one chronic)
and three cases of cerebral infarcts. The sensitivity of three of these antibodies was
compared by staining brains from AIDS patients. The effect of formalin fixation on
the immunoreactivity of p24 was tested by staining 22 cases of HIVE and HIV-lep
that had been fixed for variable periods of time ranging from 1 to 15 months. The
delay between death and post-mortem was known in 16 of these.

2.2.2.2 Cellular markers
Three antibodies for the detection of microglial cells and macrophages in the brain
were assessed before the lectin RCA-120 was selected for this study. KP1 stained
only rare cells in these brains, and LN1 stained a large number of cells, but also
neuroectodermal cells. HAM 56 (Enzo Biochem) had a very similar staining pattern
to RCA-120; it stained large numbers of both macrophages and microglia, however
RCA-120 labelled small ramified cells more consistently than HAM 56. Both HAM
56 and RCA-120 labelled endothelial cells, in addition to microglial cells and
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macrophages; however, endothelial cells are easily recognised and excluded from the
count of RCA-120-positive cells.

Table 2 .8

HIV-1 antibodies and cellular markers.

Antibody/
lectin

Reactivity

Source

Clonality

Optimal
dilution

LAV g p 4 1 .1

HIV-1 envelope
protein

Genetic
S y ste m s

Monoclonal

1 :2 5 0

NEA p 1 7

HIV-1 core protein

Dupont

Monoclonal

1:50

NEA p 2 4

HIV-1 core protein

Dupont

Monoclonal

1:8 0

KAL p 2 4

HIV-1 core protein

Dako

Monoclonal

1:20

GFAP

A strocyte
intermediate
filament

Dako

Polyclonal

1 :4 0 0

RCA-120

Mononuclear
phagocyte
Endothelial cells

Vector labs

Lectin

1 :1 5 0 0

Fixation - An initial study to examine the effects of fixation on the density of GFAPpositive astrocytes and RCA-120-positive microglia was performed, as some cases in
the AIDS brain series were fixed for long periods of time. This study used multiple
blocks from three cases, two with AIDS and one HIV-1-seronegative, which were
fixed in 10% formalin for periods between 1 week to 10 months; sections were
prepared as described above and stained with GFAP and RCA-120 antibodies.
Sections were coded and examined blind, counts of immunostained cells with an
identifiable nucleus were made within cortical layers 4 and 5, as described in section
2.2.3.
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2.2.3 Quantitative assessment o f astrocyte and microglial cell density

Quantitative measurements of cell density can be obtained by simply counting cells
in a defined area on a tissue section. A graticule is inserted into a light microscope
eye piece to define an area over the section, within which cells are counted. The area
of the field defined by the graticule can be calculated, or measured using a graduated
microscope slide. Cells are usually counted in multiple fields (between 4 and 25) and
the mean of these counts expressed as the number of cells per mm2. It is usual to
count the number of recognisable cells with a well defined nucleus, rather than the
stained cells; this may increase the accuracy of the count as nuclei are usually of a
more uniform size and shape than the cells themselves. Fields can be selected at
random, or according to well defined criteria. When the tissue is homogenous, and
the cells to be counted are distributed evenly throughout the tissue, fields can be
selected randomly.

However, in tissues with a complex structure, such as the

cerebral cortex, well defined criteria should be established in advance, and applied
consistently to each section, as the count can be biased if fields are not selected
consistently in each section examined. This basic method has been applied to a large
number of studies for counting changes in astrocyte number, examples of this being:
following stab wounds to the cerebral cortex of mice (Miyake et al., 1988), in hepatic
encephalopathy (Kimura and Budka, 1986), in aging (Mandybur et al., 1989) and in
close head injuries (Crooks et al., 1991).

Counts of GFAP and RCA-120-positive cells were made in cortical layers 4 and 5.
Ten areas were marked for counting; three were located at the top of the gyrus, three
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at the base of the sulcus and the remaining four counts were positioned midway
between the top of one gyrus and the sulcus the next. Only regions where the cortex
had been cut perpendicular to the meninges were used for counting, since the width
of different cortical layers can be distorted in tangential section. Sections were
examined under a Zeiss light microscope, with a x25 objective and a square grid eye
piece graticule. The field defined by the graticule was measured using a graduated
microscope slide. Immunoreactive cells with a clearly recognisable nucleus that fell
within the area of the grid were counted in ten fields. The scores were adjusted to
mm2 and the mean score from ten counts was calculated for each case.

A more sophisticated method of assessing cell density using a Context Vision AB
image analyzing computer was also investigated. The major disadvantage of this
system, was the amount of time required to study each slide. This method was
therefore considered too time-consuming to justify the marginal increase in accuracy
it may have provided.

2.2.4 Assessment o f cellular morphology and distribution

The system described below is based on the initial observations of GFAP and RCA120 stained sections, as described in section 2.1.

Ten observations at high

magnification (x400) were made within cortical layers 4 and 5.

2.2.4.1 Astrocyte morphological classification
Astrocyte nuclear and cytoplasmic appearances did not appear to change in a
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consistent manner in preliminary observations (section 2.1). Therefore, for assessment
of morphological changes to be made, these two elements were graded separately.
In addition, the presence of reactive astrocytes was also recorded.

2.2.4.1.2 Nuclear score
The nuclear appearance of GFAP-positive astrocytes was graded according to the size
and staining pattern.

Small nuclei with darkly stained homogenous chromatin were

scored as 0, while higher scores indicated increasing nuclear size and reduced
chromatin density, as described in table 2.9 and illustrated in Figure 2.13 (a-d). As
cell counts were being made, as described above (section 2.2.3), the number of nuclei
falling into each score, in each field, was also recorded. The mean of each nuclear
type was calculated after ten counts, and the highest mean score was designated as
the astrocyte "most frequently observed nuclear score", (MFNS).

2.2.4.1.3 GFAP density
An estimation of the number and size of GFAP-positive processes per cell (GFAP
immunoreactivity) was estimated, and each section assigned a score of + , + + , or
+ + + as described in table 2.10, and illustrated in fig 2.14. Scores indicated the
appearance of the majority of the GFAP-positive astrocytes in a section. A few cases
in which astrocytes had very little GFAP-positive staining were assigned the score of
± . In addition, the presence of reactive astrocytes was recorded as these cells did
not fit into the criteria described above.

Reactive astrocytes were defined as

hypertrophic astrocytes with densely GFAP-positive cytoplasm with or without a few
cell processes and enlarged pale nuclei.
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2.2.4.2. Microglia/macrophage morphological classification
RCA-120-positive cells were classified according to their cellular morphology
described in table 2.11 and illustrated in figure 2.15, and defined as; small ramified
cells (ram), enlarged ramified cells (ram+), rod cells (rod), macrophages (mac) or
multinucleated cells. All cells with a macrophage like morphology were classified
as macrophages irrespective of the fact that they may have been derived either from
reactive microglia or from blood monocytes. As microglial cells were being counted,
as described above (section 2.2.3), the number of cells with each morphological
appearance, in each field was also

recorded.

The mean number of each

morphological type of microglial cell was calculated after ten counts, and the highest
mean score was designated as the "most frequently observed morphological type",
(MFMT).

2.2.4.3 Assessment of astrocyte distribution
GFAP-stained sections was examined at low power to assess the distribution of
immunoreactive cells. The distribution of GFAP-positive astrocytes was designated
as "perivascular", "diffuse", "patchy" or "focal".

A perivascular distribution

indicated that most of the GFAP-positive cells were situated around vessels, as
observed in normal control brains. Diffuse indicated that cells were evenly distributed
throughout the cortex, and patchy indicated that astrocyte density was variable in
different areas of the cortex. Focal lesions consisted of small local concentrations of
between approximately 5-50 astrocytes.

2.2.4.4 Assessment of microglial cell s/macrophage distribution
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The distribution of RCA-120-positive cells was defined as "diffuse", "patchy", "rare"
or "focal". Diffuse indicated a fairly even distribution of microglial cells throughout
the cortex, patchy indicated a widespread but uneven distribution and rare indicated
that RCA-120-positive cells were difficult to locate.

Focal groups of RCA-120-

positive cells were described as "microglial nodules" when tight aggregations of cells
occurred or "loose" when cells were less closely associated.
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Table 2 .9

Scoring s y s te m for astrocyte nuclear m orphology

Astrocyte Nuclear Morphology

Score
0

Small with d en se h o m o g en o u s chromatin

1

Slightly enlarged with pale chromatin

2

Enlarged with unevenly dispersed chromatin

3

Enlarged with w ate ry app eara n ce and irregular outline

Table 2 . 1 0 Scoring s y ste m for GFAP immunoreactivity:
positive a stro c y te s

ap pe ara n ce of th e majority of GFAP-

Score

GFAP immunoreactivity

±

GFAP-positive cells rare.

+

A small am o u n t of ill-defined cytoplasm
or a fe w short p ro c esses.

+ +
+ + +

M oderate a m o u n t of cytoplasm or
p ro c e s se s of m oderate length.
M oderate densely stained cytoplasm and
thick p ro c esses.

Table 2.11 Scoring s y s te m for microglial cell morphology

Classification

Microglial cell morphology

ram

Ramified microglia with slender p ro c e s s e s

ram +

Ramified microglia with enlarged nucleus and thickened
p ro c e s s e s

rod

Elongated nuclei and thickened bipolar p ro c e s s e s

mac

Rounded am oeboid ty pe m icroglia/m acrophages or
multinucleated cells

Figure 2.13
Photom icrographs show ing G FAP-positive astrocytes with the
various nuclear scores: 0 - sm all and dense with evenly stained chrom atin (a); 1 slightly enlarged and paler than in a (b); 2 - enlarged with uneven very pale
chrom atin (c) and 3 - enlarged with a watery appearance and an irregular outline
(d). GFAP and haem atoxylin (\6 4 0 ).

Figure 2.14 Photomicrographs of GFAP-positive astrocytes with the various
GFAP immunoreactive scores: + - a few thin GFAP positive processes surround
the nucleus (a); + + - a moderate amount of GFAP positive cytoplasm and a few
short processes surround the nucleus (b); + + + - densely stained GFAP positive
cytoplasm with thick processes. GFAP and haematoxylin (\640).

Figure 2.15 Photom icrographs show ing the various types of m icroglia classified
according to their m orphology: ram - small ram ified m icroglial cell with slender
processes (a); ram + - ram ified m icroglial cell with an enlarged nuclei and
thickened processes (b); rod - elongated nucleus (arrow) and bipolar processes
and mac - small rounded m acrophage like cell. RCA -120 and haematoxylin,
(x640).
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2.3 Results

2.3.1 HIV-1 antibody assessment

2.3.1.1 False positive staining
As shown in table 2.12 all the antibodies except NEA p24 gave false positive staining
in HIV-seronegative pathological lesions. In the infarcts and the chronic MS lesions,
macrophages were often stained, although the reaction product was distinct from the
typical granular appearance of the immunoreaction seen in AIDS cases (fig 2.16a),
and consisted of wisps of non-granular material (fig 2.16b). In the acute MS lesion
the gp41.1 antibody also stained astrocytes. Modification of the method to reduce
false positive staining had variable results. Blocking with bovine serum albumin
(Boehringer Mannheim), or normal rabbit serum (Dako) had little effect; however
fetal calf serum (FCS, Sigma) eliminated background staining produced by NEA pl7
and KAL p24, and reduced considerably that produced by LAV gp41.1.

2.3.1.2 Comparative sensitivities of HIV-1 antibodies
LAV gp41.1, even with preincubation in FCS remained capricious, while the other
three antibodies gave consistent results and were therefore compared for sensitivity.
The two p24 antibodies from different sources had similar sensitivities, but the
DAKO antibody (KAL p24) was used at a higher concentration.

NEA pl7 was

sometimes negative when the p24 antibodies were positive, although the reverse was
never the case. NEA p24 was therefore considered to be the best choice of antibody,
and was used to detect HIV-1 in all cases included in this study.
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Table 2 . 1 2 Specificity of HIV-1 antibodies: Immunoreactivity for HIV-1 in HIV-1-seronegative
brains

Pathological lesion

Antibody
LAV g p 4 1 .1

NEA p 1 7

NEA p 2 4

KAL p 2 4

Infarct

+

+

-

+ /-

Infarct

+

+

-

+ /-

Chronic Multiple Sclerosis

+

+

-

+

Chronic Multiple Sclerosis

+ /-

+ /-

-

-

A cute multiple sclerosis

+

+ /-

-

-

+ false positive staining of m acro p h ag es
+ /- w eak false positive staining of m acro p h ag es
- no false positive staining

2.3.1.3 Fixation time and post-mortem delay
Of the twenty-two HIVE and HIV-lep cases examined, immunoreactivity for p24 was
present in seventeen. There was no correlation between length of fixation time and
absence of immunoreactivity (Table 2.13), since two of the seven cases with
numerous positive cells had been fixed for longer than eleven months. Furthermore,
one case in which no antigen was detected had been fixed for less than one month.
Information on the delay between death and post mortem was available in sixteen of
these twenty-two cases. In three cases, in which no p24 antigen was detected, the
post-mortem delay was between 3 to 6 days. On the other hand, positive results were
obtained in cases in which it had been delayed for 5 and 7 days. In conclusion, since
this antibody could label p24 antigens following post-mortem delays of 7 days and
fixation times of 15 months, the factors responsible for lack of reaction in 5 cases
with MGCs could not be identified.

1 0 6

%
b

i

Figure 2.16
Photom icrographs showing positive (a) and false positive (b)
staining, with HIV-1 antibodies. In (a), a granular reaction product is seen
within a m ultinucleated giant cell, whilst in (b), wisps of im m unoreactive product
are seen within m acrophages. NEA p24 and haem atoxylin (a), (x400);
Kal p24 and haem atoxylin (b), (x640).
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Table 2 .1 3 Detection of HIV-1 core proteins with NEA p 2 4 following formalin fixation

Fixation time
(months)

Number of p 2 4 positive cells (+ + , + ,
and po st-m ortem delay (PMD)
+ +

+

+ /-

1 or less

-

PMD ?

1-2

PMD ?
PMD ?
PMD 2 days

2-3

PMD 3 days

PMD 4 days

3-4
4-5

)

PMD ?

PMD 7 days

PMD 1 day
PMD ?

PMD 2 days

PMD 4 d ays

5-6

PMD 3 d ays
PMD ?

6-7
7-8
8-9

PMD 4 days

PMD 6 days

9 -1 0
10-11
11-1 2

PMD 4 days

12-13

PMD 5 days

PMD 7 days

1 3-1 4

PMD 5 d ays

14-15

PMD 5 days
PMD 2 days
+ +
+
+

> 2 0 positive cells per section
5-20 positive cells per section
< 5 positive cells per section
- no positive cells
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2.3.2 Immunohistochemical detection o f HIV-1 p24 in cortex and white matter o f
anterior frontal lobe

NEA p24 antigen was detected only in cases assigned to the HIV-1 antigen positive
group. In the 2 cases with diffuse gliosis, HIV-1 antigen was found within microglial
cells that showed a ramified morphology and were scattered throughout the white
matter. In the six cases with HIVE/lep, antigen was located within microglial cells,
macrophages and MGCs. Positively stained cells were scattered throughout the white
matter in cases of HIV-lep, and were frequently seen in loose foci in cases of HIVE.
In three of these cases, p24 antigen was also detected in the cortex, within ramified
microglial cells and MGCs (figure 2.17). In cases 18 and 21, these cells were rare,
though they were more frequent in case 19; however, in all these cases, the number
of positive cells was higher in the white than in the grey matter.

Occasionally,

antigen was detected within the walls of a vessel, most often in case 21; however it
was not possible to decide whether infected cells were endothelial cells or pericytes.
No NEA p24 positive cells with morphology suggestive of neurons, astrocytes or
oligodendrocytes were observed.

2.3.3 Effects o f fixation on GFAP immunoreactivity and RCA-120 lectin reactivity

Ten counts of GFAP-positive and RCA-120-positive cells were made in sections from
blocks that were fixed in formalin for various lengths of time.

These data are

illustrated in scatter graph form in figures 2.18 and 2.19. It can be seen from these

Figure 2 .1 7 Photom icrographs of anterior cerebral cortex of cases 18 (a) and 19
(b), show ing a m icroglial cell in the m olecular layer infected with H IV (a) and
a m ultinucleated cell (arrow) in the deep cortex which appears to have HIV
antigens associated with the cell m em brane (b). In (b) there also appears to be
staining of cell processes or m em branes which are not obviously associated with
a cell nucleus. This appearance was regarded as specific for H IV as it was not
observed in any of the HIV negative controls. Im m unostaining with NEA
p 24.(x400)
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graphs that the number of cells in each of the ten counts varied in some cases. The
scores for both astrocyte and microglial cell density at some time points were not
normally distributed.

Linear regression was calculated, in order to test for a change in cell density with
increasing fixation time. Since the data, illustrated in figures 2.18 and 2.19, were
not normally distributed they were converted to log scores and a scatter graph of cell
density over fixation time plotted for each case in order to calculate the correlation
coefficient. GFAP-positive astrocyte cell densities in the three cases tested showed
a variable change with fixation time. In case A, which had no neuropathological
abnormalities and was not from any of the HIV risk groups, a small number of
astrocytes were detected at each stage and there was no significant relationship
between cell density and fixation time (p = 0 .141). In case B, which had severe DPD,
there was a significant reduction in cell density as fixation time increased (p< 0.001).
Finally in C, a case of HIVE, there was no relationship between cell density and
fixation time (p=0.504). The numbers of RCA-120-positive cells detected at each
fixation time in these cases was much lower than the number of astrocytes, and in
case A, very few cells were seen at any fixation time. The number of cells in each
count was variable in cases B and C. However, there was no relationship in any of
CcA\

these cases between fixation time and loss of microglial^immunoreactivity (case A,
p=0.455; case B, p=0.289; case C, p=0.494), suggesting that although variable,
RCA-120 lectin histochemistry is resistant to prolonged fixation.

The mean cell density of GFAP-positive astrocytes and RCA-120-positive microglial
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Figure 2.18 Scatter graphs illustrating the number of GFAP positive astrocytes
counted in ten fields, then converted to cells per mm2, in the three fixation
controls, for each fixation time. Each asterix indicates a single data point,
numbers indicate the number of data points plotted at the same position.
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Figure 2.19
Scatter graphs illustrating the number of RCA-120-positive
microglial cells counted in ten fields, then converted to cells per mm2, in the
three fixation controls, for each fixation time. Each asterix indicates a single data
point, numbers indicate the number of data points plotted at the same position.
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Figure 2.20 Mean cell density per mm2 of GFAP positive astrocytes and RCA120-positive microglial cells, in fixation controls, plotted against fixation time.
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cells at each fixation time is plotted over fixation time for cases A, B and C in figure
2 .20 .

However, following 4 months fixation (approximately 120 days), the mean cell
density of ten counts is sufficiently different to allow distinction between these two
pathological cases and the normal control. All immunohistochemical staining in this
study was therefore carried out on blocks that had been fixed for less than four
months. The mean number of RCA-120-positive microglial cells in case A is clearly
different from case B at all fixation times. In addition, the differences between mean
RCA-120-positive microglial cell density in cases B and C, is very small at all
fixation times.

2.3.4 Astrocyte density morphology and distribution

Tables 2.14 - 2.16 summarises the results of GFAP immunohistochemistry. For
each case; the following data are presented: 1) the mean GFAP-positive astrocyte
cell density of ten counts, expressed as cells per mm2; 2) the astrocyte nuclear score
that was most frequently observed. The mean density of each astrocyte nuclear score
over ten counts was calculated, and the score that had the highest mean value was
designated as, the most frequently observed nuclear score (MFNS). Where there was
little difference between two scores, both scores are given;
immunoreactivity score;

4) the presence of reactive astrocytes;

predominant distribution of GFAP-positive cells.

3) the GFAP
5) the most
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2.3.4.1 Group 1 - Normal controls
Four of the five control cases

had a

similar appearance

after

GFAP

immunohistochemistry, although the density of GFAP-positive astrocytes showed
some variability (mean 14.96, range 7.51-23.07). Most GFAP-positive cells were
situated perivascularly, their nuclei were small and dense and they had abundant
GFAP-positive branching processes. In case c2, some slightly enlarged nuclei were
present, both perivascularly and throughout the parenchyma, in addition to smaller
nuclei. The GFAP-positive processes of perivascular astrocytes were less prominent
in this case than in the other four; the distribution of GFAP-positive cells was
therefore designated as diffuse/PV. Occasional parenchymal astrocytes, with a small
amount of ill-defined GFAP-positive staining, were present in all cases; GFAP
immunoreactivity, in these cases, was therefore designated as + .

2.3.4.2 Group 2 - HIV-1-seropositive. non-AIDS
In three cases (2,3,7) the nuclear appearance was similar to that seen in the controls,
and astrocyte density was within the control range. In the remaining five the MFNS
was higher; in these cases, GFAP-positive astrocyte density was similar to the normal
controls in cases 1 and 4, lower in cases 5 and 6 and higher in case 8. The astrocyte
density was therefore very variable within this group (range 3.06-42.23), while the
mean density for the group was similar to the normal controls (14.34). Perivascular
astrocytes with a normal appearance were evident in all except case 4, in which
astrocyte nuclei were the most enlarged. The distribution of cells was perivascular
in cases 1 and 2, while in cases 3, 7 and 8, where the distribution was designated
as diffuse/PV, there was a reduction in the GFAP positivity around vessels. Cases 5
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and 6 had very low numbers of GFAP-positive cells both in the parenchyma and
around vessels, and the distribution was described as rare (diffuse/PV). GFAP
immunoreactivity was also very sparse in these cases and designated ± .

In the

remaining cases, GFAP immunoreactivity of parenchymal astrocytes was similar to
that seen in the normal controls.

2.3.4.3 Group 3a - AIDS: no neuropathological abnormalities
The mean astrocytic density (28.91, range 15.29-39.75) was higher than in both the
above groups. In addition, most nuclei were enlarged and pale in all cases in this
group, although mildly so in case 13. In all six cases, the distribution of GFAPpositive cells was predominantly diffuse, although in cases 12 and 14 a distinct
perivascular accumulation of astrocytes was also evident. In the other four cases,
there was a distinct loss of perivascular GFAP immunoreactivity as compared with
the normal controls. The density of GFAP immunoreactive processes in this group
was similar to the normal controls, except in case 13 where the GFAP density was
designated as + + ; reactive astrocytes were also observed in this case.

2.3.4.4 Group 3b - AIDS: antigen positive (TIIVE/lep & diffuse gliosis)
The mean astrocyte density in this group of 35.63 (range 22.24-50.60) was higher
than all the above groups. The MFNS was high in 6 cases (15-20) while in cases 21
and 22 nuclear changes were not so pronounced.

GFAP immunoreactivity was

increased in cases 15, 18, 19, 20 and 21, most noticeably so in cases 19 and 21. The
distribution of cells was predominantly diffuse in cases 17, 18, 19, 21 and 22. In the
two cases with non-specific gliosis (15,16) and in case 20 perivascular astrocytes with
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extensive branching processes were prominent although these cells had enlarged pale
nuclei. Focal accumulations of astrocytes were seen in cases 17, 20 and 21. In case
17 and 20, they consisted of reactive astrocytes; however in case 21 foci consisted
of astrocytes similar to the diffusely distributed cells. Typical reactive astrocytes
were present in 4 of the 6 HIVE/lep cases (17-20) while none were seen in the non
specific gliosis cases.

2.3.4.5 Group 3c - AIDS: CMVE
Astrocyte density in this group was similar to that seen in the HIVE/lep group
(mean=39.23, range 25.30-49.49), whilst the MFNS and GFAP immunoreactivity
were variable.

One case with small dense nuclei (case 24) and one with mildly

enlarged nuclei (case 23) had extensive GFAP immunoreactive branching processes,
which were designated as + 4- - f . The other three cases had more reactive nuclei and
fewer GFAP-positive processes. The distribution was predominantly diffuse although
a distinct perivascular population of cells with reactive nuclei was observed in case
24.

No foci of GFAP-positive astrocytes were seen; in cases with MGNs,

astrocytes were present around these lesions, but not within them. Typical astrocytes
were present only in case 26.

2.3.4.6 Group 3d - AIDS: cerebrovascular lesions
Mean GFAP-positive astrocyte density was lower in this group (16.64; range-8.9027.19) than in the other AIDS groups, and came within the range of the normal
controls, whilst in all four cases the astrocyte MFNS was high. GFAP
immunoreactivity was low in case 28 (+), but the other three cases scored + + + .
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Table 2 . 1 4 Group 1 - A strocyte density, nuclear reactivity, GFAP immunoreactivity and distribution
of GFAP-positive a stro c y te s in the frontal cortex of normal control c a s e s.

Case

Astrocyte
Density
Ceiis/mm2
(Mean of
10 counts)

Most
frequent
astro cy te
nuclear
score

GFAP
im m uno
reactivity

c1

1 1 .4 6

0

+

-

perivascular

-

c2

1 1 .4 2

0-1

+

-

diffuse/PV

-

c3

21.41

0

+

-

perivascular

-

c4

2 3 .0 7

0

+

-

perivascular

-

c5

7.51

0

+

-

perivascular

-

Diffuse
Reactive
a stro c y te s

Predom inant
distribution
of GFAPpositive
a s tro c y te s

Loose
foci of
GFAPpositive
cells

Table 2 .1 5 Group 2 - Density, nuclear reactivity, GFAP density and distribution of GFAP-positive
a s tro c y te s in the frontal cortex of HIV-1-seropositive non-AIDS ca s e s.

Case

A strocyte
Density
Cells/mm2
(Mean of 10
counts)

M ost
frequent
a strocyte
nuclear
score

GFAP
im m uno
reactivity

Diffuse
reactive
a stro c y te s

P redom inant
distribution
of GFAPpositive
a s tro c y te s

1

8 .3 7

1

±

-

perivascular

-

2

1 4 .1 2

0

++

-

perivascular

-

3

9 .4 5

0

++

-

diffuse/PV

-

4

1 5 .8 5

2

+

-

diffuse

-

5

3 .0 6

1

±

-

rare:
diffuse/PV

-

6

3 .0 6

1

±

-

rare:
diffuse/PV

-

7

1 8 .6 3

0

+++

-

diffuse/PV

-

8

4 2 .2 3

1

+

-

diffuse/PV

-

Loose
foci of
GFAPpositive
cells
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Table 2 .1 6 Group 3 - Density, nuclear reactivity, GFAP density and distribution of GFAP-positive
a s tro c y te s in the frontal cortex of AIDS ca ses.

C ase

Astrocyte
Density
Cells/mm2
(Mean of 10
counts)

M ost
frequent
astrocyte
nuclear
score

GFAP
im m uno
reactivity

Diffuse
Reactive
astro c y te s

Predom inant
distribution
of GFAPpositive
as tro c y te s

Loose
foci of
GFAPpositive
cells

No Neuropathological Abnormalities
9

3 8 .6 5

2-3

+

-

diffuse

-

10

2 0 .5 7

2

+

-

diffuse

-

11

3 9 .7 5

3

+

-

diffuse

-

12

2 3 .3 6

2

+

-

diffuse/PV

-

13

3 5 .8 6

1

++

+

diffuse

-

14

1 5 .2 9

2

+

-

diffuse/PV

-

HIV-1 p 2 4 positive (HIVE/lep and diffuse gliosis)
15

2 2 .2 4

2

++

-

diffuse/PV

-

16

2 7 .8 0

2

+

-

diffuse/PV

-

17

2 2 .7 2

2

+

+

diffuse

+

18

5 0 .6 0

2-3

++

+

diffuse

-

19

4 3 .9 3

2

+++

+

diffuse

-

20

40.31

2

++

+

diffuse/PV

+

21

4 8 .6 5

1-2

+++

-

diffuse

+

22

2 9 .1 9

1

+

-

diffuse

-

HIV-1 p 2 4 negative (CMVE and cerebrovascular lesions)
23

2 5 .3 0

1

+++

-

diffuse/PV

-

24

2 6 .6 9

0

+++

-

diffuse

-

25

4 9 .4 9

2

++

-

diffuse

-

26

3 0 .0 2

2

++

+

diffuse

-

27

3 2 .2 5

2

++

-

diffuse

-

28

2 7 .1 9

3

+

+

diffuse

+

39

18.91

3

++

+

diffuse

+

30

10 .8 7

2

++

-

diffuse

-

31

8 .9 0

2

++

-

diffuse

-
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The distribution of cells was diffuse in all four cases, and a reduction in perivascular
astrocytes was seen in all cases.

Cases 28 and 29 had focal accumulations of

reactive astrocytes.

2.3.5 Microglial cell density, reactivity and distribution

Tables 2.17 - 2.19 summarises the results of RCA-120 lectin histochemistry. For
each case, the following data are presented:

1) the mean RCA-120-positive

microglial cell density of ten counts, expressed as cells per mm2; 2) the microglial
morphological cell type (ram, ram + , rod and mac) that was most frequently observed
(MFMT).

The mean density of each microglial morphological cell type was

calculated and the morphological type that had the highest mean value designated as
the MFMT. Where there was little difference between two or more mean values, all
frequently present cell types are listed; 3) the predominant distribution of RCA-120positive microglial cells.

2.3.5.1 Group 1 - Normal controls
Small ramified cells were most numerous in 4 cases in this group (cl,c3-c5).
However in case c2 enlarged RCA-120-positive microglial cells were also frequently
observed and the density of cells was highest in this case. The mean density for the
whole group was variable (range 0.83-9.46; mean density = 5.06). Microglial cells
were diffusely distributed in cl, c4 and c5, while in c2 the distribution was patchy,
and only rare cells were seen in case c3.
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2.3.5.2 Group 2 - HIV-1-seropositive. non-AIDS
In four cases small ramified cells (ram) were the MFMT, whilst in the other 4,
enlarged ramified cells (ram+), and in one (case 8), rod cells more frequent. The
distribution of cells was predominantly diffuse in all cases except case 3, in which a
more patchy distribution of cells was observed. The mean density of positive cells
was twice that seen in the HIV-negative group (11.01; range 4.45-16.68).

2.3.5.3 Group 3a - AIDS: no neuropathological abnormalities
In 4 cases (9,11,12,14) in this group only small ramified cells were seen, while in the
other 2 (10 and 13) rod cells were the MFMT. A diffuse distribution of cells was
observed in cases 9 and 10; in case 10, loose foci of rod cells were also observed.
The distribution was patchy in case 11 and only rare cells were observed in the
remaining cases. Microglial cell density (3.75, range 1.11-9.17) was similar to group
1 and lower than that in the HIV-1-seropositive non-AIDS group.

2.3.5.4 Group 3b - AIDS: antigen positive (HIVE/lep & diffuse gliosis!
In the two cases with non-specific gliosis and two of the HIVE/lep cases,
(15,16,17,21) small non-reactive ramified cells were the MFMT. Of the remaining
cases, rod cells were the MFMT in cases 18 and 19; both enlarged ramified cells and
rod cells in case 22 and all three in case 20. The mean density (6.22, range 1.1115.29) was close to that found in the normal controls. The distribution of cells was
variable, being diffuse in 3 cases, patchy in 3, while only rare cells were seen in the
other two cases. In addition, foci, present in 3 cases (17, 20 and 21), consisted of
loosely associated

rod cells, macrophages and multinucleated cells.

Patches of
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macrophages and multinucleated cells were also present in case 18.

2.3.5.5 Group 3c: CMVE
In all cases, only small ramified microglia were seen throughout the parenchyma;
their density was low (mean 2.27, range 1.11-3.89) and the distribution of cells was
patchy or cells were rare.

However, in four out of five cases (23-26) MGNS

consisting of tightly packed aggregations of ramified and rod cells were seen. In one
case (27) loose foci similar to those seen in group 4 cases were present in addition
to MGNs.

2.3.5.6 Group 3d - AIDS: cerebrovascular lesions
In two cases (30 and 31), only small ramified cells were observed in the parenchyma,
while more enlarged ramified cells and rod cells were the MFMT in the other two
cases.

The mean density (6.60, range 3.34-8.33) was similar to the HIV-1 p24

positive group (group 4). Cells were diffusely distributed throughout the parenchyma
in 3 cases (28,30,31) and patchy in case 29. Loose foci of reactive ramified cells, rod
cells and macrophages similar to those seen in group 4 were seen in 2 cases (28 and
29) and MGNs similar to those present in CMVE cases (group 5) were seen in one
case (32).
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Table 2 .1 7 Group 1 * Density, reactivity, cellular p ro c e s s e s and distribution of RCA-120-positive
microglial cells in th e frontal cortex of normal controls.

Case

Density of
RCA-12 0 +
microglial
cells/m m 2
(Mean of 10
counts)

M ost frequent
morphological
ap pe ara nce of
RCA-12 0 +
cells

Predominant
distribution of
RCA-12 0 + cells

Foci of RCA-12 0 +
microglial cells

c1

5 .0 0

ramified

diffuse

-

c2

9 .4 6

ramified +

patchy

-

c3

0 .8 3

ramified

rare

-

c4

4 .7 3

ramified

diffuse

-

c5

5.01

ramified

diffuse

-

Table 2 . 1 8 Group 2 - Density, reactivity, cellular p ro c e s s e s and distribution of RCA-120-positive
microglial cells in th e frontal cortex of HIV-1-seropositive non-AIDS ca s e s .

Case

Density of
RCA-1 2 0 +
microglial
cells/m m 2
(Mean of 10
counts)

M ost frequent
morphological
ap pearance of
RCA-12 0 +
cells

Predominant
distribution of
RCA-12 0 + cells

Foci of RCA-12 0 +
microglial cells

1

9 .4 5

ramified

diffuse

-

2

4 .4 5

ramified

diffuse

-

3

1 2 .7 9

ramified

patchy

-

4

1 6 .6 8

ramified +

diffuse

-

5

1 1 .9 6

ramified +

diffuse

-

6

1 2 .7 8

ramified +

diffuse

-

7

8.61

ramified

diffuse

-

8

1 1 .4 0

ramified + /rod

diffuse

-
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Table 2 .1 9 Group 3 - Density, reactivity, cellular p ro c e s s e s and distribution of RCA-120-positive
microglial cells in th e frontal cortex of AIDS ca ses.

C ase

Density of
RCA-12 0 +
microglial
cells/m m 2
(Mean of 10
counts)

M ost frequent
morphological
a p p earance of
RCA-12 0 +
cells

Predominant
distribution of
RCA-12 0 + cells

Foci of RCA-12 0 +
microglial cells

No Neuropathological Abnormalities
9

4 .4 5

ramified

diffuse

-

10

9 .1 7

rod

diffuse

loose foci (rod)

11

5 .2 9

ramified

patchy

-

12

1.11

ramified

rare

-

13

1.4 0

ramified/rod

rare

-

14

1.67

ramified

rare

-

HIV-1 p 2 4 positive (HIVE/lep and diffuse gliosis)
15

5.01

ramified

diffuse

-

16

1.11

ramified

rare

-

17

3.61

ramified

diffuse

loose foci (m acs, MGCs)

18

1 5 .2 9

rod

patchy

-

19

9 .1 8

rod

patchy

-

20

8 .3 4

ram/ram + /rod

diffuse

small perivascular foci
(mac, MGC)

21

1 .39

ramified

rare

large loose foci (rod,mac)

22

5 .8 4

ram/ram +

patchy

-

HIV-1 p 2 4 negative (CMVE and cerebrovascular lesions)
23

1.39

ramified

rare

MGNs (Ram + )

24

3 .0 5

ramified

patchy

MGNs (Ram +)

25

3 .8 9

ramified

patchy

MGNs (Rod, Macs)

26

1 .94

ramified

rare

MGNs (Ram + ) & loose
foci (ram + )

27

1.11

ramified

rare

-

28

8 .3 3

ramified +

diffuse

loose foci (ram + ,rod)

29

6 .9 5

rod

patchy

loose foci ( r a m + ,rod)

30

7 .7 9

ramified

diffuse

-

31

3 .3 4

ramified

diffuse

MGN ( r a m + , rod,mac)

125
2.3.6 Variation in astrocyte and microglial cell density

The densities of GFAP-positive astrocytes and RCA-120 microglial cells in each
clinical group and within each AIDS group are summarised in tables 2.20 and 2.21.
The mean density of ten counts was calculated for each case, and these scores were
used to calculate the mean, standard deviation (SD) and range for each group.
However, since scores were not normally distributed about the mean in some groups,
the median value was also calculated to allow statistical comparisons, the median cell
density in each group is illustrated in figure 2.21 . The Mann-Whitney test with a
95% confidence level was used to test for differences between groups table 2.22.

2.3.6.1 Comparison of clinical groups
The median density of GFAP astrocytes in all AIDS cases (group 3) was significantly
higher than the median of the normal controls (group l)(ar=0.014); however the
median microglial cell density was not significantly different between these two
groups ( a =0.834). In contrast, although there was no significant increase in median
astrocyte density of the HIV-l-seropositive non-AIDS cases (group 2) as compared
with the normal controls (group l)(a = 0.608), the density of RCA-120-positive
microglia was significantly higher in the non-AIDS than in normal controls
(a=0.048). The median astrocyte density was significantly higher (a=0.004) in the
AIDS cases (groups 3-6) as compared with non-AIDS cases (group 2); while the
density of RCA-120 microglia was significantly lower (a=0.001) in the AIDS cases
(groups 3-6) than in the non-AIDS group (group 2).
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Table 2 . 2 0
grou ps.

Sum m ary of GFAP-positive astro c y te density in clinical and pathological

GFAP-positive astro c y te d ensity/m m 2
Clinical groups:

N

Mean

SD

Range

Median

1. Normal control

5

1 4 .9 6

6 .8 6

7 .5 1 - 2 3 .0 7

1 1 .4 6

2. HIV +

8

1 4 .3 4

1 2 .6 0

3 . 0 6 - 4 2 .2 3

1 1 .7 8

23

2 9 .9 4

1 1 .8 8

8 .9 - 5 0 .6 0

2 7 .8 0

3a. No neuropathology

6

28.91

1 0 .4 5

1 5 .2 9 - 3 9 .7 5

29 .6 1

3b. HIV-1 p 2 4 antigen +

8

3 5 .6 3

1 1 .5 5

2 2 . 2 4 - 5 0 .6 0

3 4 .7 5

3b i. HIVE/lep

6

3 9 .2 3

1 1 .0 9

2 2 . 7 2 - 5 0 .6 0

4 2 .1 2

3c. CMVE

5

3 2 .7 5

9 .7 5

2 5 .3 0 - 4 9 .4 9

3 0 .0 2

3d. C erebrovascular

4

1 6 .4 7

8 .3 6

8 .9 0 - 2 7 .1 9

1 4 .8 9

Non-AIDS

3. AIDS
AIDS groups:

Table 2.21 Sum m ary of RCA-120-positive microglial density in clinical and pathological
g roups.

RCA-120-positive microglia d e n sity /m m 2
SD

Range

Median

Clinical groups:

N

Mean

1. Normal control

5

5 .0 6

3 .0 5

0 .8 3 - 9 .4 6

5 .0 0

2. HIV + Non-AIDS

8

11.01

3 .6 0

4 . 4 5 - 1 6 .6 8

1 1 .6 8

3. AIDS

23

4.81

3 .6 3

1 .1 1 -1 5 .2 9

3 .8 9

3a. No neuropathology

6

3 .7 5

3 .2 2

1.07- 9 .1 7

3.0 6

3b. HIV-1 p 2 4 antigen +

8

6 .2 2

4 .6 8

1 .1 1 -1 5 .2 9

5 .4 2

3b i. HIVE/lep

6

7 .2 7

4 .8 8

1 .3 9 -1 5 .2 9

7 .0 9

3c. CMVE

5

2.2 7

1.17

1.11- 3 .8 9

1.9 4

3d. Cerebrovascular

4

6 .6 0

2 .2 5

3 .3 4 - 8 .3 3

7 .3 7

AIDS groups:
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Cell density /m m2
3 0 -----------------------

20

10

—

Normal

HIV-1 +
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A s t r o c y t e d e n s ity
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C erebro vascu lar

microglial cell de nsity

Figure 2.21 Median GFAP positive astrocyte and RCA-120-positive microglial
cell densities per mm2 for each clinical group (a) and each AIDS group (b)
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Table 2 . 2 2 Mann-Whitney U te s t

Comparison, by Mann Whitney U te s t
(9 5% confidence level)

GFAP-positive
a stro c y te s

R CA -120-positive
microglia

a=

a=

Control

vs

Non-AIDS

0 .6 0 8

0 .0 4 8

Control

vs

AIDS

0 .0 1 4

0 .8 3 4

Non-AIDS

vs

AIDS

0.0 0 4

0 .0 0 1

No abnormalities

vs HIV-1 p 2 4 positive

0 .2 2 0

0 .230

No abnormalities

vs

HIVE/lep

0 .0 9 3

0 .2 2 9

No abnormalities

vs

CMVE

0 .6 4 8

0 .4 6 5

No abnormalities

vs

Cerebrovascular

0 .1 1 0

0.2 4 1

HIVE/lep

vs

CMVE

0 .5 2 3

0 .0 6 8

HIVE/lep

vs

Cerebrovascular

0 .0 2 5

0 .7 4 9

2.3.6.2 Comparison of AIDS groups
The median density of GFAP astrocytes was highest in the HIV-1 p24 antigenpositive cases (group 3b), although the difference was not significant between this
group and that with no neuropathological abnormalities (group 3a) ( a =0.220). Even
when cases with only non-specific gliosis were discounted from group 3b, to form an
HIVE/lep group (group 3b i), the median density was not significantly higher
(ce=0.093) than that of group 3a. Similarly, no significant differences in RCA-120positive microglial cell density were found between groups 3b or 3b i and group 3a
(a=0.230, a=0.229). In addition, there was no significant difference in median
astrocyte densities of CMVE cases (group 3c), and HIVE/lep cases (group 3b)
( a =0.523), and although the median density of microglia was much lower in group
3d than in group 3b, this difference did not reach significance (a =0.068).

In

contrast, there was a significantly lower median astrocyte density in cerebrovascular
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cases (group 3d) than in HIVE/lep (group 3b)(ce = 0.025), whilst the density of
microglia was not significantly different between these two groups ( a =0.749). The
cerebrovascular group had the lowest density of GFAP-positive astrocytes but the
highest density of RCA-120-positive cells.

3.3.7 Variation in astrocyte nuclear scores and microglia cell morphology.

The astrocyte MFNS and microglial cell MFMT were compared between clinical and
between AIDS pathology groups. The number of cases in each group was too small
to allow for statistical comparisons to be made; therefore the data were converted to
percentages and plotted to allow visual comparisons between the groups.

A

comparison of the MFNS between clinical and AIDS pathology groups is illustrated
in figure 2.22, cases with split scores (i.e 0-1, 1-2, 2-3) assigned to the higher
category.

Microglial MFMT, is compared between clinical and AIDS pathology

groups in fig 2.23;

cases with split scores (e.g ram/rod; ram/ram+ /rod) were

assigned as fractions, (0.5 or 0.33) to each morphological category.

2.3.7.1 Comparison of clinical groups
The proportion of cases with a high astrocyte MFNS increases with the severity of
disease (fig 2.22). A MFNS of 0, was observed most often in the normal controls
(group 1) and least often in the AIDS cases (group 3). In one of the normal controls,
half of the HIV-1-seropositive non-AIDS cases and in a few of the AIDS cases the
MFNS was 1. Scores of 2 and 3 were not observed in the normal control group; and
only one of the non-AIDS cases had a MFNS of 2.

In contrast, for nineteen out of
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Figure 2.22 Comparison of the percentage of cases in each category of astrocyte
"most frequent nuclear score" (MFNS) between clinical and AIDS pathology
groups.
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Figure 2.23 Comparison of percentage of cases in each category of microglial cell
"most frequent morphological type" (MFMT) between clinical and AIDS
pathology groups.
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twenty-three AIDS cases the MFNS was 2 or 3.

Small ramified cells were the MFMT in most of the normal controls (fig 2.23); half
of the HIV-1-seropositive non-AIDS cases and most of the AIDS cases. Enlarged
ramified cells were the MFMT in a greater proportion of the HIV-1-seropositive nonAIDS than either of the other two groups. However, rod cells were the MFMT in
a greater proportion of the AIDS cases than in the HIV-1-seropositive non-AIDS.

2.3.7.2 Comparison of AIDS pathology groups
An astrocyte MFNS of 2 was seen in the majority of cases in all of the AIDS
pathology groups (fig 2.22), except for the cerebrovascular group where in two cases
the MFNS was 2, and in the other two cases was 3.

Type 3 astrocyte nuclei were

also the MFNS in a small number of cases in the HIV-1 p24 antigen group, and in
the no neuropathology group.

The microglial cell MFMT, was the small ramified cell type in the majority of cases
in all AIDS pathology groups (fig 2.23). The enlarged ramified cell type was the
MFMT in only a few cases whilst rod cells were more frequently observed in a
slightly higher proportion of the HIV-1 p24 antigen positive cases, than in any of the
other groups.

2.3.8 Variation in GFAP immunoreactivity and reactive astrocytes

The number of cases falling into each GFAP immunoreactivity category were
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compared between clinical groups and between AIDS pathology groups. Since the
number of cases in each group was small the data were treated as above and are
illustrated in figure 2.24 The number of cases in each group in which reactive
astrocytes were observed are compared in figure 2.25.

2.3.8.1 Comparison of clinical groups
All normal controls (group 1) had a GFAP immunoreactive score of + for diffusely
distributed astrocytes (fig 2.24). In the HIV-1-seropositive cases (group 2) the scores
ranged from ± to + -1- + ; in 3 cases there was a reduction in GFAP immunoreactivity
as compared with the normal controls, and in 3 there was an increase. Scores ranged
from 4- to +4-4- in the AIDS cases (groups 3-6), and GFAP immunoreactivity was
increased in 60% of cases. Reactive astrocytes were not observed in any of the HIVseronegative or non-AIDS cases, but were present in eight of the twenty-three AIDS
cases (35%).

2.3.8.2 Comparison of AIDS pathology groups
Density of GFAP immunoreactivity was increased (+ + or + + + ) in the majority of
cases in all AIDS pathology groups (fig 2.24), with the exception of the no
neuropathology cases, where density of GFAP immunoreactivity was increased in
only one case. Reactive astrocytes were present in 50% of the HIV-1 antigen positive
group and the cerebrovascular group (fig 2.25). These cells were observed in fewer
cases from the other two AIDS groups.
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Figure 2.24 Comparison of percentage of cases in each category of "GFAP
immunoreactivity" between clinical and AIDS pathology groups.
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Figure 2.25 Comparison of the number of cases in which reactive astrocytes
were observed between clinical and pathological groups.
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2.3.9 Variation in astrocyte and microglial cell distribution

Three types of distribution of GFAP-positive astrocytes were observed: perivascular
in which the majority of GFAP-positive cells surrounded vessels; diffuse, where
there was an even distribution of astrocytes throughout the parenchyma, and
diffuse/PV, in which a diffuse distribution of astrocytes was present but an obvious
perivascular distribution of these cells was also evident. Lack of perivascular staining
was either due to a reduction in GFAP expression by perivascular astrocytes or
masking of the perivascular distribution in cases where there was a large increase in
the density of cells in the parenchyma. The proportion of cases in each clinical and
AIDS pathology groups showing each pattern of distribution is illustrated in figure
2.26.

Three types of distribution of RCA-120-positive microglial cells were observed;
diffuse, patchy and rare.

The term diffuse was applied to cases with an even

distribution of positive cells throughout the cortex; ’patchy’ to sections with a diffuse
but uneven distribution of cells; and ’rare’, when positive cells were difficult to
locate. The proportion of cases in clinical and AIDS pathology groups that show
each pattern of distribution is shown in figure 2.27.

Two types of foci were distinguished: The term ’MGN’ was used to define tight
clusters of RCA-120 cells and ’loose foci’ was used to describe loose clusters of
RCA-120-positive cells.

Foci were only observed in the AIDS groups;

the

percentage of cases in each AIDS group with focal lesions is shown in figure 2.28.
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2.3.9.1 Comparison of clinical groups
GFAP-positive astrocytes
The most frequently observed distribution of GFAP-positive astrocytes (fig 2.26) was
perivascular in the normal controls (group 1), diffuse/PV in the HIV-1-seropositive
non-AIDS cases (group 2) and diffuse in the AIDS cases (group 3).

Foci of

astrocytes were not observed in any of the normal control or non-AIDS cases, while
they were observed in five (22%) of the AIDS cases.

RCA-120-positive microglial cells
The most frequently observed distribution of microglial cells (fig 2.27) was diffuse
in both the normal controls and HIV-1-seropositive non-AIDS cases. However, there
was an equal number of AIDS cases in which each of the three distributions were
observed. Foci of microglial cells were observed in 11/23 of the AIDS cases; MGNs
were observed in 5 cases and loose foci of microglial cell in 7 cases.

2.3.9.2 Comparison of AIDS pathology groups
GFAP-positive astrocytes
In all cases, the observed distribution of GFAP astrocytes (fig 2.26) was either
diffuse/PV or diffuse. The distribution in the majority of cases in all groups was
diffuse. Loose foci of astrocytes were present in 3 cases of the HIV p24 antigen
positive group and 2 cases of the cerebrovascular group (fig 2.28).

RCA-120 positive microglial cells
There were no remarkable differences between the numbers of cases with each
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Figure 2.26 Comparison of percentage of cases in each category of "GFAP
positive astrocytes distribution" between clinical and AIDS pathology groups.
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Figure 2.27 Comparison of the percentage of cases in each category of "RCA120-positive microglial cell distribution" between clinical and AIDS pathology
groups.
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Figure 2.28 Percentage of cases in each AIDS pathology group with foci of
astrocytes and microglial cells.
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observed microglial cell distribution between the different groups (fig 2.27).
However, a rare distribution was observed in most of the CMVE cases, whilst a
diffuse distributionwas observed in most of the cerebrovascular cases in each group.
A fairly even proportion of cases from both the no neuropathology and HIV p24
antigen-positive groups were present in each category. MGNs were found in four out
of five of the CMVE cases and in one of the cerebrovascular cases but not in any of
the other groups (fig 2.28), whilst loose foci of microglial cells were observed in
three cases from the HIV antigen positive group and two from the cerebrovascular
group that also contained loose foci of astrocytes. Loose foci of microglial cells were
also present in one case of CMVE, and one of cerebrovascular disease, however
astrocytes were not observed in association with these lesions.

2.3.10 Summary

A number of changes in the appearance of astrocytes and microglial cells were
observed in the frontal cortex of AIDS and HIV-1-seropositive non-AIDS cases, as
compared with the normal controls. The density of GFAP positive astrocytes was
increased in most AIDS cases, and there was an increased density of RCA-120positive microglial cells in some. The latter type of cells were increased in the HIV1-seropositive non-AIDS cases, while the density of astrocytes was variable in this
group. In some of the non-AIDS cases there was a reduced density of astrocytes, in
others it was increased, whilst the remainder showed no change. An increase in the
nuclear volume of astrocytes was observed in the majority of AIDS cases and in some
of the HIV-1-seropositive non-AIDS cases, in addition reactive astrocytes were
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present in many of the AIDS cases.

There was also an increase in GFAP

immunoreactivity in many of the AIDS cases and some of the HIV-1-seropositive
non-AIDS cases, although in some of the latter group a reduction in GFAP
immunoreactivity was observed. In addition there was a loss of perivascular GFAP
immunoreactivity in some of the AIDS and HIV-1-seropositive non-AIDS cases.
Reactive microglial cells were present in many of the HIV-1-seropositive and AIDS
cases and in some of the latter group the distribution of these cells was not diffuse,
as in the normal controls but patchy.

Foci of cells were observed only in the AIDS

cases, MGNs as well as loose foci of microglial cells and astrocytes were observed.

None of the observed changes, in astrocyte and microglial cells, in the cortex of
AIDS brains occurred exclusively in cases in which HIV-1 antigens were identified
by immunohistochemistry, though differences between groups were observed. In the
HIV antigen positive group the density of both astrocytes and microglial cells was
high, whilst in the CMVE group the former was high and the latter low. In the
cerebrovascular group astrocyte density was similar to the normal controls, whilst the
density and reactivity of microglial cells was similar to the HIV-1 antigen positive
cases. Perivascular GFAP immunoreactivity was reduced in the no pathology group,
and there was no increase in GFAP immunoreactivity of parenchymal astrocytes. In
the other three AIDS groups parenchymal GFAP immunoreactivity was increased in
most cases and an obvious perivascular accumulation of astrocytes was often absent.
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CHAPTER THREE:

DETECTION OF HIV-1 PROVIRAL DNA WITH THE
POLYMERASE CHAIN REACTION, AND
THE RELATIONSHIP WITH
PATHOLOGY OF THE FRONTAL CORTEX
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3.1

Materials and Methods

3.1.1 Subjects and Tissues

PCR was used to detect HIV-1 proviral DNA in a total of eighteen AIDS cases from
which fresh frozen brain tissue was available. All cases were from the MiddlesexUniversity College Hospital, AIDS series and included ten of the cases studied in
chapter 2. PCR was also carried out on eight additional cases that were not included
in chapter 2. Table 3.1 lists the post mortem diagnosis and neurological findings in
these additional cases. They consisted of: two cases each of lymphoma (33,34), PML
(35,36) and cryptococcosis (37,38), one of the latter also had a single HIVE lesion
in the basal ganglia (38); one case of HIVE (39) and one of non-specific gliosis (32).
In six of these (the lymphoma, PML and cryptococcosis cases) the cortex was
affected by these lesions. The cortical reaction was assessed in these cases, as in
chapter 2; cell counting, assessment of astrocyte nuclear changes and microglial
morphological changes being performed on regions of the cortex not involved by
these lesions.

However, it is likely that the cortical reaction, even in areas not

involved in these lesions was to some extent affected by them, and this was taken into
consideration when assessing the results.

Frozen tissue samples from the HIV-1-seropositive non-AIDS cases, provided by
Professor Gray and Dr Bell, were also analysed by PCR.

Due to difficulty in

extracting sufficient quantities of DNA from small samples of white matter, in some
of these cases, PCR was only performed on cortical samples.
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Table 3.1 A ge, sex, post-m ortem diagnosis and salient neurological details in additional
AIDS c a s e s selected for PCR.

C ase

Age

Sex

PM diagnosis

Salient Neurological details

32

30

8

Kaposi's sarcom a

None recorded

33

37

6

Pneumonia
Raised intracranial pressure

Right sided hemiplegia

34

42

6

Pulmonary lymphoma

Dementia
Limb rigidity

35

39

8

Pneumonia

Dementia

36

56

8

? PCP

Dysplasia
Ataxia
Right hemiplegia

37

48

8

C ryptococcosis

Recurrent cryptococcal
meningitis

38

25

8

Fungal pneumonia
Cryptococcal meningitis

Cerebral sy m p to m s

39

53

8

Pulmonary oedem a
Kaposi's sarcom a

Withdrawal
Mania

3.1.2 Statistical analysis

3.1.2.1 Detection of HIV-1 by PCR and immunohistochemistrv in the cortex and
white matter.
Multiple PCR assays were carried out on DNA samples from the cortex and white
matter of all cases analysed by PCR. To test whether virus is equally likely to be
detected in both regions, the agreement between the frequency of positive results in
these two regions was tested by calculating the confidence interval.

In order to compare the detection of HIV-1 by PCR and immunohistochemistry in
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cortical and white matter regions, the percentage of cases positive with each method
was compared, using M ^ a m a r’s test for paired samples.

3.1.2.2

Relationship between HIV-1 detection and the occurrence of cortical

pathology
Tables 3.2 and 3.3 show the morphometric results, obtained for GFAP-positive
astrocytes and RCA-120-positive microglial cells respectively, in the eight additional
cases on which PCR was performed (32-39).

These results, together with the

morphometric results already obtained for cases that were included in chapter 2, were
used to compare astrocytic and microglial cell changes between the following two
groups:

HIVC+ Cases in which HIV-1 proviral DNA was detected in the cortex by PCR,
plus two cases in which HIV-1 antigens were visualised in the cortex, in part two,
(but which were not tested by PCR) formed an HIV-1 cortex positive group.

H IV C ±/- Cases that were negative or indeterminate for HIV-1 by PCR formed an
HIV-1 cortex indeterminate/negative group.

A Mann-Whitney U test was used to test for differences in astrocyte and microglial
cell densities between these two groups.

The astrocyte MFNS, GFAP

immunoreactivity, microglial cell MFMT, GFAP-positive astrocyte and RCA-120positive microglial cell distributions were also compared. Since the data from
morphometric measurements, other than cell densities, were discrete rather than
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continuous measurements a test of frequency was used to examine differences between
the HIVC+ and HIVC±/- groups. The number of cases that fell into each of the
categories of: astrocyte MFNS, GFAP immunoreactivity, microglial cell MFMT,
GFAP-positive astrocyte and RCA-120-positive microglial cell distributions, were
compared using the chi-squared test for trends in proportions between the HIVC+
and HIVC+/- groups.

The astrocyte and microglial cell reactions of the two HIV-1-seropositive non-AIDS
cases in which HIV-1 proviral DNA was detected by PCR, were compared with cases
in this group that were negative or indeterminate. There was not sufficient data for
any statistical analysis to be carried out in this group.

In five of the additional eight cases that were not included in chapter 2 (32,33,34,38
and 39), the formalin fixation time was prolonged (longer than four months) and this
may have reduced immunoreactivity or lectin reactivity. Therefore comparisons were
made between cases fixed for longer than or less than four months, prior to testing
for differences between the HIVC+ and HIVC-/ + groups. A Mann-Whitney U test
was used to test for differences in cell astrocyte and microglial cell density between
these two groups. Data from the other measurements were insufficient for statistical
analysis; however, in order for visual comparisons to be made it was illustrated in
graph form.
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Table 3 . 2 Density, reactivity, and distribution of GFAP-positive as tro c y te s in th e frontal
cortex of c a s e s 3 3 -4 0 .

A strocyte
MFNS

GFAP
im muno
reactivity

Diffuse
RA

Predom inant
distribution
of GFAPpositive
a stro c y te s

7 .2 3

2

+ +

-

diffuse

33

4 .4 5

1

+

-

rare

34

1 8 .6 3

2

+ +

-

diffuse/PV

35

9 .7 3

2

+

36

1 8 .9 0

1

+

37

2 8 .6 3

1

+ + +

38

1 6 .6 8

2

+

5039

1 0 .2 9

2

+

C ase

A strocyte
Density
Cells/mm2
(Mean of
10 counts)

32

+

Loose foci
of GFAPpositive
astro c y te s
loose foci
reactive
astro c y te s

diffuse

large foci
reactive
a stro c y te s

diffuse/PV

small foci
reactive
a stro c y te s
(PML)

-

patchy/PV

large foci,
fibrous
a stro c y te s

-

patchy/PV

large foci,
fibrous
astro c y te s

diffuse/PV

small
loose foci
reactive
a stro c y te s

MFNS- m o st frequently observed nuclear score
RA - reactive astro c y te s
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Table 3 .7 A strocyte nuclear reactivity, and distribution of RCA-120-positive microglia in the
frontal cortex of c a s e s 3 3 -4 0 .

Case

Microglial
Density
Cells/mm2
(Mean of
10
counts)

Microglial
morphology
MFMT

Predominant
distribution
of RCA-120positive cells

Foci of
RCA-120positive
cells

32

2.5

ramified +

rare

num erous
small foci
of ram and
rod cells

33

2 .7 8

ramified

diffuse

34

3 .3 4

ramified +

rare

35

2 .7 8

ram-ram +

rare

large loose
foci (PML)

36

0 .5 6

ramified

rare

loose foci
(PML)

37

3 .0 6

ramified +

patchy

large foci
(crypto)

38

3.61

ram-ram +

patchy

large foci
(crypto)

39

8 .0 6

ramified +

diffuse

small foci
ram and
rod

MFMT - m o st frequently observed morphological type
crypto - cryptococcosis
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3.1.3 Preparation ofDNA

The frontal poles of brains removed within 48 hours of death were frozen at -20°C
prior to separation of cortex and white matter samples. After stripping the
leptomeninges from the semi-frozen specimens, thin slices of grey matter were taken
from the surface of the cortex, and checked to be free of white matter. Using separate
disposable scalpels, cubes of deep white matter were removed, and diced into small
pieces to ensure they did not contain grey matter. Multiple samples of around 0.5g
of both tissues from each brain were snap frozen by immersion in liquid nitrogen, and
stored below -70°C. Tissues were digested, and DNA was purified by standard
methods, described in appendix A. The concentration of DNA extracted from each
sample was estimated using a Beckman spectrophotometer.

3.1.4 PCR Methodology

The methodology used to amplify HIV-1 sequences in this study

was adopted

following participation in a Medical Research Council (MRC), PCR collaborative
study organised by the PCR reference laboratory, the National Institute for Biological
Standards and controls (NIBSC) (Bootman and Kitchin, 1992). A set of reagents
already tested for their efficiency was sent to each participant together with 10 coded
samples that contained different amounts of HIV-1 plasmid DNA, HIV-1 negative
carrier DNA, or water; the contents of each tube were unknown to participants. The
purpose of this collaborative study was to test the accuracy with which different
laboratories could assay samples using PCR, and to determine how frequently false
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positive and false negative results occurred.

3.1.4.1

HIV-1 reference reagents (National Institute of Biological Standard and

control!
HIV-1 positive samples contained the molecular clone pBHIO which has an insert
from lambda BH10, sub-cloned into the Sac 1 site of the SP64 vector. This plasmid
has deletions in the LTRs, which renders it non-infectious. Ten-fold serial dilutions
of the plasmid from 10,000 molecules down to 0.1 molecules per 2.5 pi were used
to spike lOOng of carrier DNA; in addition samples containing carrier DNA only, and
no DNA water controls were included.

Three sets of primer pairs, that had been

designed by Simmonds et al. (1990) to amplify conserved regions of the gag, pol and
env genes, were provided; sequences are given in table 3.4. In addition,
oligonucleotide probes, internal to the amplified sequences, were provided for
Southern blotting; their sequences are given in table 3.5.

Table 3 . 4 Oligonucleotide primer se q u e n ces

Name (NIBSC)

Sequence

HG 1 2 1 4 N

5' - GGT ACA TCA GGC CAT ATC ACC

HG 1 6 8 6 C

5' - ACC GGT CTA CAT AGT CTC

HP 4 1 4 9 N

5' - CAT GGG TAC CAG CAC ACA AAG G

HP 4 3 9 2 C

5' - TCT ACT TGT CCA TGC AGT GCT TC

HE 6 5 3 9 N

5' - GAG GAT ATA ATC AGT TTA TGG

HE 6 9 7 6 C

5' - AAT TCC ATG TGT ACA TTG TCA TG

Target size (bp)
within gene
473

gag
244

pol
438

env
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Table 3 .5 Oligonucleotide probe seq u e n c e s

Name

length

s eque nce

HG 1 4 0 0 N

3 0 m er

5 '- CAT CAA TGA GGA AGC TGC AGA ATG GGA TAG

HG 1 4 2 6 C

10m er

5'-TCC CAT TCT G

HP 4 3 1 6 N

3 0 m er

5'-CCT GTA GTA GCA AAA GAA ATA GTA GCC AGC

HP 4 3 4 2 C

10m er

5'-GGC TAC TAT T

HE 6 8 3 0 N

3 0 m er

HE 6 8 5 6 C

10m er

5'-CAG GCC TGT CCA AAG GTA TCC TTT GAG CCA
5'-CTC AAA GGA T

Key to tables 3 .2 and 3.3: H - HIV-1; G - gag-, P - pot ; E - env, N - normal strand; C com plimentary strand; num bers indicate position of 5' termini of primer in HIV-1 g eno m e
(HXB2)

3.1.4.2 Amplification
The reaction was carried out in a buffer containing 50mM KCL, lOmM Tris-HCL pH
8.3, 200juM each of dATP, dCTP, dGTP and dTTP, 1.25 units of Taq Polymerase,
0.2/jlM of each primer.

The MgCl2 concentration was titrated by the NIBSC to

determine the optimal concentration for each set of primers (gag 1.2mM; pol l.OmM;
env 1.4mM). Forty rounds of thermal cycling were carried out on a Perkin Elmer
Cetus thermal cycler; the profile used is described in appendix B.

3.1.4.3 Post-PCR analysis
Reaction products were analysed on a 1.75% agarose gel, and visualised by ethidium
bromide staining. Forty g\ of each reaction product were mixed with 12/xl of gel
loading buffer, and 13jul of this mixture loaded onto the gel alongside a 123 base pair
molecular weight marker (Gibco).

PCR products were transferred onto a nylon

membrane by Southern blot (appendix C) and hybridized with non-isotopically
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labelled probes to confirm the specificity of the reaction products.

Probes were

labelled with a modification of the Saluz and Jost (1986) "filling in" method for short
oligonucleotides, which was modified for labelling with digoxigenin-ll-dUTP (DIG,
Boehringer, Mannheim).

The probe labelling procedure is described in full in

appendix D. Hybridisation and detection of labelled probe was carried out according
to Boehringer, Mannheim’s protocols for DIG labelled probes, (detailed in appendix
E).

3.1.3.4 Sensitivity of PCR for HIV-1 with NIBSC reference reagents
Following PCR and Southern blot hybridisation this PCR method was sufficiently
sensitive to detect a single molecule of HIV-1 DNA in lOOng of carrier DNA (table
3.6, fig 3.1). There were no false negative results, indicating that the methodology
used was reliable and results reproducible. Most importantly, there were no false
positive results indicating that cross over contamination between samples had been
prevented and that positive results were genuine.

When amplifying human DNA, I fig is normally used as a template for PCR; this
fairly large amount of DNA may reduce the efficiency of the reaction, due to the
increased proportion of non-appropriate DNA sequences to appropriate ones.
Therefore 1/xg of DNA extracted from samples of either cortex or sub-cortical white
matter was added to the above samples, and the method was repeated.

In the

presence of 1 fig of human genomic DNA, the sensitivity of the reaction was reduced,
1 molecule was rarely detected, 10 molecules were detected in 80% of tests and 100
molecules were always detected.
between 10 and 100 copies.

The sensitivity of the PCR test was therefore

A

B

C

D

E

F

G

H

I

J

Figure 3.1 PCR amplification and Southern blot, of HIV-1 plasmid dilutions and
negative control samples, provided by the NIBSC. 0.1 (lane C); 1 (lane D); 10
(lane E); 100 (lane F); 1000 (lanes B and H); 10,000 (lane 1) molecules of HIV-1
plasmid DNA. Carrier DNA (Lane A); H20 controls (lanes G and J). All samples
containing 1 molecule or more of HIV-1 DNA are positive in both the gel and
following Southern blotting; whilst the ILO controls, and the 0.1 molecule
dilution of HIV-1 DNA are negative. The carrier DNA sample (lane A) appears
positive in the gel, but following Southern blotting is negative, demonstrating that
this band is non-specific.
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Table 3 . 6 PCR results obtained with reagen ts provided by NIBSC collaborative stu dy
following S outh ern blotting

Sam ple

Tem plate: Num ber of
HIV-1 DNA molecules per
sample.

env

pol

QdQ
Gel

SB

Gel

SB

Gel

SB

A

Carrier DNA, No HIV

-

-

-

-

-

-

B

1000

+

+

+

+

+

+

C

0.1

-

-

-

-

-

-

D

1.0

+

+

-

+

+

+

E

10

+

+

+

+

+

+

F

10 0

+

+

+

+

+

+

G

H20 control

-

-

-

-

-

-

H

1000

+

+

+

+

+

+

1

1 0 ,0 0 0

+

+

+

+

+

+

J

H20 control

-

-

-

-

-

-

.

3.1.5 Measures adopted to prevent contamination

Because of the efficiency with which the polymerase chain reaction amplifies DNA,
false positive results are a common problem, usually due to contamination of the
reaction mixture with the specific sequence that is being amplified. Both purified
template DNA and reaction products from previous PCR assays can potentially
contaminate PCR mixes, by a number of routes. Aerosols of DNA molecules may
enter the barrels of pipettes while templates or products are being handled and
subsequently be transferred to reagents used for setting up PCR (Kwok and Higuchi,
1989). Spillage of solutions containing these molecules can persistently contaminate
a laboratory area and may enter the PCR mixture. Small DNA molecules may adhere
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to the skin of PCR operators and shed epidermal cells may contaminate subsequent
reactions (NIBSC, personal communication). In addition, traces of DNA molecules
can accidentally be transferred to the outside of tubes while pipetting. However, it
is not difficult to set up this

technique in a manner which greatly reduces the

likelihood of contamination, and providing sufficient negative controls are included
to monitor the effectiveness of these measures, the results of this method can be relied
upon. The measures adopted in this study to prevent contamination are described
below.

3.1.5.1 Preparation of PCR reagents
Three separate laboratory areas were used for PCR. In laboratory 1, an area where
no DNA work takes place, the reaction was set up within a laminar flow cabinet
which further reduces the chances of contamination. All PCR reagents were stored
in a freezer located in this laboratory and a set of "clean pipettes" dedicated to setting
up PCR were used. A clean coat was kept in laboratory 1 and coats worn in other
laboratories kept out of this laboratory; in addition a face mask was worn when PCR
reagents were being prepared.

3.1.5.2 Addition of template DNA
After preparing and aliquoting a master mix of PCR reaction buffer, reaction tubes
were taken to a second laboratory. Here DNA templates were added to the reaction
buffer within a microbiological safety cabinet.

All DNA templates were mixed then

briefly spun down to ensure that liquid was collected at the bottom of the tube, before
opening. All samples containing DNA were handled with solid displacement pipettes
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(Finpipettes), which prevented cross over contamination between samples.

DNA

templates were stored separately from PCR reagents.

3.1.5.3 Post-PCR analysis
Following addition of the template DNA, reaction tubes were transferred to laboratory
3, where the thermal cycler was situated and all post-PCR analysis took place. A
third set of pipettes dedicated to handling PCR reaction products only and PCR
products were stored in laboratory 3. Protective clothing (a disposable lab coat, face
mask, cap and gloves) was worn in laboratory 3 while PCR products were being
handled to prevent attachment of aerosols of products to skin or clothes.

3.1.5.4 Additional precautions to prevent contamination
Separate ice buckets were used in each area or designated for use in transporting
samples from one area to another.

Gloves were worn at all stages and changed

frequently. Care was taken in the disposal of waste produced in laboratories 2 and 3;
all waste was bagged and sealed separately from general laboratory waste to prevent
accidental spread of DNA to other areas.

3.1.6 PCR controls

3.1.6.1 Sample control
All samples were initially amplified with human B-globin primers (Perkins, Cetus,
Elmer) to ensure the suitability of the template for PCR. Only samples that were
clearly positive with these primers were used for HIV-1 PCR (figure 3.2).
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S 1 2 3 4 5 6

7 8 9 10 N

13-glob i n

Figure 3.2 PCR amplification of 1 p.g of DNA from the cerebral cortex of AIDS
and HIV-negative patients to amplify a 268 base pair fragment of human Bglobin sequence. Cortical samples from IIIV-1-infected (lanes 1-7) and HIVnegative (lanes 8-10) patients are positive, whereas ssDNA (S) and no-DNA (N)
samples are negative.
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3.1.6.2 Positive control
1 /ug of DNA from HIV-1 seronegative cortical and white matter samples were spiked
with 10 molecules of non-infectious plasmid containing complete re-arranged HIV-1
sequence (provided by MRC ADP repository, NIBSC) and used as positive control.

3.1.6.3 Negative control s
DNA from brains of patients not in any of the HIV-1 risk groups, salmon sperm
DNA (ssDNA) and no DNA controls were taken through each experiment to ensure
that there was no carry over from positive samples. HIV-negative controls consisted
of 3 cases used in part 1 (c2,c4 and c5), one case of epilepsy and one of right
temporal lobe intracerebral haemorrhage.

3.1.7 PCR Pilot Study

The inherent sensitivity of the PCR reaction can be problematic when tissues are used
as a source of nucleic acids, as all tissue samples will be contaminated by blood cells,
which may contain the target sequences being investigated. In addition, post mortem
brain samples may also be contaminated by cells from the cerebrospinal fluid.
Positive results may therefore occur due to contamination of tissues with infected cells
from blood or CSF. In most PCR assays around 1/xg of human DNA is used as a
template; since a single diploid cell in the G1 phase of cell division contains 6.6pg
of DNA, 1/zg of DNA corresponds to approximately 150,000 cells (Simmonds et al.,
1990).

Simmonds et al. (1990) found that when amplifying DNA from purified

peripheral blood mononuclear cells, between 700 and 3,300 cells were required to
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detect one HIV-1 provirus molecule; depending on the stage of infection (in purified
CD4 positive cells, there may be one molecule of HIV-1 DNA per 100 CD4 cells;
Schnittman et al., 1989). Therefore, in order to detect contaminating infected blood
cells from a brain sample, at least 700 out of the 150,000 cells present in l^tg of
DNA would have to be peripheral blood mononuclear cells. However, since the
assay used in this study has a detection limit of around 10 molecules of HIV-1 DNA
per ljLzg DNA, 7000 peripheral blood cells (or 1000 CD4 positive cells) would have
to be present in the sample in order to produce a positive result. It seems unlikely that
every 21st cell (150,000/7000) in a brain sample will be a peripheral blood
mononuclear cell, or every 150th cell a CD4 positive mononuclear cell.
Nevertheless, if only a single PCR assay were to be carried out, it is theoretically
possible that the presence of infected PBMCs in that sample could yield a positive
result. However, if multiple tests are performed this possibility should easily be ruled
out.

In order to determine the number of tests necessary to achieve a reproducible result,
and to compare the sensitivity of different primers, we carried out a pilot study in
which all samples were amplified three times with each primer pair, i.e. a total of 9
PCR assays were carried out on each sample in order to assess the usefulness of the
NIBSC PCR method for amplifying DNA from brain samples. All seven cases in this
preliminary

study were

AIDS patients with

and

without HIV-1

related

neuropathology, cases 16, 17 and 28 were described in chapter 2 while 33, 34 35 and
37 are described in section 3.1.1. DNA extraction, PCR and Southern blotting were
all carried out as described above.

161
3.2 Results

3.2.1 Results o f PCR pilot study

The results of nine PCR assays on each sample, confirmed by Southern blotting, are
shown in table 3.7 and an example of these results is illustrated in figure 3.3. In each
case, cortical and white matter samples were tested three times with each set of
primers, so that nine PCR tests were performed on each cortical and each white
matter sample. The results fell into three categories. 1) Ten samples were positive in
at least four (but usually more) out of nine tests and were therefore considered
positive.

2) Two samples, positive in only one or two out of nine tests, were

designated indeterminate. 3) The remaining two samples were consistently negative.
Consistently negative results, obtained in both cortex and white matter samples of
case 28, indicated that even in full-blown AIDS, this method was not sensitive enough
to pick up blood or CSF cells that may have contaminated this case. Cortical and
white matter samples of case 33 were positive once or twice; therefore the possibility
that this is a false positive result due to contamination of the brain parenchyma by
infected cells from the blood or CSF, cannot be ruled out. These samples were
therefore designated as indeterminate. Alternatively, indeterminate samples may have
contained less than 10 molecules of HIV-1 DNA per f i g of genomic DNA, and
therefore only give occasional positive results. The variability of results in some of
these cases emphasises the need to perform multiple PCR tests on each sample.
However, from these results it does not seem necessary to carry out nine PCR test
on each sample. Before deciding how many assays were necessary to obtain a
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Table 3 . 7 PCR pilot study: frequency of HIV-1 proviral DNA detection in cortical and white
m atter sam ples after PCR and Southern blotting.

Cortex

White M atter

gag

pol

env

T

gag

pol

env

T

16

+ + +

+ + +

++ +

9

+++

- ++

+ + +

8

17

+ + +

+ + +

+ + +

9

+ + +

+ + +

+-

+

8

28

- - -

- - -

- - -

0

- - -

- - -

- - -

0

33

- - +

-----

- - +

2

-----

- - +

-----

1

34

+ + +

+ + +

- -

+

7

+- -

+ + +

-

+-

5

35

+ + +

+ + +

+ + +

9

+ + +

+ + +

+ - +

8

37

-

+ +-

+- -

4

-

+ + +

+- -

5

primers
case
no

+-

+-

Each symbol re p resents th e score, either positive, + or negative, - of one test.
A total of nine te s ts , three with each s e t of primers, w a s perform ed on each sam ple.
T - total num ber of positive results after 9 PCR a ssa y s.
Sam ples with 4 or more positive t e s ts out of 9 were considered positive, sam ples th a t were
positive in only 1 or 2 te s t s w ere considered indeterminate.
Primers: Sim m onds et al. (1990) - gag (8 8 1 ,8 8 2 ), pol (0 0 1 ,0 0 4 ) and env (4 0 1 ,4 0 4 )
NIBSC -0 3 0 (HG1 2 1 4N, HG1 686C), p o/(H P 4 1 4 9 N , HP4392C ), env (HE6539N, HE6976C).

reliable result, the performance of each set of primer pairs was compared.

The three different sets of primers gave very similar results; the gag primers gave a
positive result in 25 out of 42 assays, the pol in 29 and the env in 21. A one way
analysis of variance did not detect a significant difference between the number of
positive results obtained using these three sets of primer pairs (p=0.374). The gag

#

.

m

Figure 3.3. Detection of HIV-1 pol sequence in cortical (a) and white m atter (b)
samples of seven AIDS cases and one HIV-1-seronegative control, following DNA
extraction, amplification by PCR and Southern blotting. Lanes 1 to 8: cases 17,
c3,33,35,34,28,37 and 16. Lane N:No DNA control. Both cortical and white
m atter samples were positive in cases 16,17,34 and 35; the cortical sample of
case 37 was positive while the white matter sample was negative. Both samples
of cases 28,33 and c3 were negative.
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primers, which were the most readily available set, were therfore selected to carry
out initial amplifications of all samples. Following three PCR assays with this set of
primers those that were positive in all three tests were considered positive. Samples
negative in one or more of these assays were amplified twice with the pol, and once
with the env sets of primers. Thus either 3 or 6 PCR assays were carried out on the
remaining AIDS cases. Sufficient DNA was extracted from cortical samples of the
HIV-1-seropositive non-AIDS cases to perform five PCR assays, three with the gag
primers, and one each with the env and pol primers.

3.2.2 PCR results: controls
At least six PCR assays were performed on all control cases and these were
consistently negative. Each PCR run included ssDNA and water controls, as well as
a positive control consisting of 10 molecules of HIV-1 DNA in 1 jug of human
genomic DNA. The negative controls were negative on all PCR runs, while the
positive control was positive in 24 out of 30 PCR assays.

3.2.3 PCR results: HIV-1 seropositive non-AIDS.
The results of all PCR assays performed on DNA from cortical samples from the
eight HIV-1-seropositive non-AIDS cases are shown in table 3.8 and an example of
these results is illustrated in figure 3.4. Two cases (2 and 5) were positive in four
out of five assays and therefore considered positive, in four cases (1,3,6 and 7) only
one or two assays were positive, these cases were designated as indeterminate and the
remaining two cases (4 and 8) were negative in all five PCR tests.
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Table 3 . 8 Frequency of positive, negative and indeterminate results following PCR for HIV1, with primers to gag, pol and env primers and Southern blotting; on DNA ex tra cted from
cortex of frontal lobe tissue from HIV-1-seropositive non-AIDS ca s e s .

N um ber of
+ PCR
assays
case

N eu ro p ath o lo g y

1

D iscrete m eningeal reaction
M yelin pallor

1 /5

±

2

C ortical and W M - gliosis

4 /5

+

3

M en in g itis
PV - in filtrate

1 /5

±

4

o edem a
W M - giiosis
PV - m ac

0 /5

-

5

D iscrete LM - in filtrate
PV - m ac
co rte x - foci o f ischem ia

4 /5

+

6

PV - m ac
m ineralisation

1 /5

±

S core

slight IV h aem orrhage

7

oedem a
discrete PV and LM - in filtrate
slight subarachnoid h aem o rrh ag e

2 /5

±

8

oedem a
LM and PV - in filtrate
PV - m ac

0 /5

-

WM - w hite matter, LM - leptomeningeal, PV - perivascular, m ac - m acro phage

1 6 6

1

2

3

4

5

8

7

8

9

10 11 12 13

ss

P

473]

gag

Figure 3.4 Detection of HIV gag sequences in cortical samples of three AIDS
cases, eight HIV-l-seropositive non-AIDS controls and two HIV-l-seronegative
drug users; following DNA extraction, amplification by PCR and Southern
blotting. Lanes l-13:Cases 30,27,22,6,3,2,5,1,7,4,8,c3,c4; lane SS:salmon sperm
DNA; lane P:positive control. Of the AIDS cases both 27 and 22 are positive
(lanes 2 and 3) while case 31 is negative (lane 1). A positive result was obtained
in four of the HIV-l-seropositive cases (2,5,1 and 7; lanes 6,7,8 and 9), whilst
cases 6,3,4 and 8 (lanes 4,5,10 and 11), the two HIV-l-seronegative drug users
(cases c4 and c5; lanes 12 and 13), and the ssDNA control are negative.
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3.2 .4 PCR results: AIDS.

The results of all PCR assays performed on the AIDS cases are shown in table 3.9.
In addition to the seven cases described in the pilot study, PCR was carried out on
a further eleven cases (eleven cortical samples and eleven white matter samples). An
example of these results is illustrated in fig 3.4 and 3.5 . Of these additional twentytwo samples, ten were positive in all three tests with the gag primers. Three more
PCR assays were performed on the remaining twelve samples; in two of these
samples four out of six PCR assays were positive and these samples were therefore
considered positive. Five samples were consistently negative in all PCR assays and
of the remaining five samples only one or two out of six assays were positive; these
samples were therefore considered indeterminate.

HIV-1 proviral DNA was detected in a total of twelve out of eighteen cases (66%).
Eleven cortical samples (61 %) and eleven white matter samples (61 %) gave a positive
result. An indeterminate result was obtained in three cortical samples (17%) and four
white matter samples (22%). Four cortical samples (22%) and three white matter
samples (17%) were consistently negative. The correlation between the number of
positive assays in the cortex and white matter samples from each case was very close.
However in case 24 the white matter was positive and the cortex indeterminate, while
in case 27 the opposite result was obtained.

To test for agreement between the

frequency of positive results in these two regions the confidence interval was
calculated. The mean difference between the frequency of positive results in the
cortex and white matter was 0.83 with a 95% confidence interval of 0.32 to 1.34
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Table 3 .9 Frequency of positive, negative and indeterminate results following PCR for HIV1, with primers to gag, pol and env primers and S outhern blotting; on DNA extra cted from
cortex and white m atter of frontal lobe tissu e from AIDS c a s e s .

co rte x
case

N e u ro p a th o lo g y

N o. o f

w h ite m a tte r
Score

N o. o f

+

+

assays

assays

Score

14

No abnorm alities

0 /6

16

D iffu s e gliosis

9 /9

+

7 /9

+

17

H IV E

9 /9

+

8 /9

+

19

H IV E

3 /3

+

3 /3

+

22

H IV E

3 /3

+

3 /3

+

24

CMVE

1 /6

±

4 /6

+

27

CMVE

4 /6

+

1 /6

±

28

Ischaem ia

0 /9

-

0 /9

-

30

Ischaem ia

0 /6

-

0 /6

-

31

H aem o rrh ag e

0 /6

-

1 /6

±

32

D iffu s e gliosis

6 /6

+

6 /6

+

33

Lym p ho m a

2 /9

±

1 /9

±

34

lym ph o m a

7 /9

+

5 /9

+

35

PML

9 /9

+

9 /9

+

36

PML

1 /6

±

2 /6

±

37

C ryp to cocco sis

4 /9

+

5 /9

+

38

H IV E /C ry p to c o c c o s is

3/3

+

3 /3

+

39

H IV E

3/3

+

3 /3

+

0 /6

-

-
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Figure 3 .5 D etection of HIV-1 p o l (a) and gag (b) sequences in cortical (C) and
w hite m atter (W)
samples of Fifteen AIDS cases, follow ing D NA extraction,
am plification by
PCR and Southern blotting.
Lanes 1 to 15: cases
1 7 ,1 6 ,3 3 ,3 5 ,3 4 ,2 8 ,3 7 ,1 4 ,3 9 ,3 8 ,2 4 ,3 6 ,3 1 ,32an d 19. Lane N :no D NA control; lane
P:10 m olecules o f HIV-1 plasmid DNA and 1 /*g of H IV -l-seron egative genom ic
DNA.
Sam ples from both cortex and white m atter are positive follow ing
detection of a
region of the p o l (a) or gag (b) gene in cases
1 7 ,1 6 ,3 5 ,3 4 ,3 7 ,3 9 ,3 8 ,3 4 and 19 and negative in cases 2 8 ,1 4 ,2 4 ,3 6 ,3 1 whilst in
case 33 the cortical sam ple is negative and the white m atter sam ple positive. The
no DNA controls (N) are negative while the plasm id control (P) was positive with
the p o l prim ers, and faintly positive and negative in the cortical and white m atter
sam ples am plified with the gag prim ers.

Aos-fc c^Tf.asrS. Ao w

vo Ao voo

VUy

fcu/a,
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The t value (3.46) was significant at the 5% level.

3 .2 .5 Comparison o f immunohistochemical and PCR detection o f HIV

HIV-1 antigens were detected in eight of the eighteen cases (44%) tested by PCR for
HIV-1 proviral DNA; in the white matter of eight cases (44%) and the cortex of three
(17%). Cases 16, 17, 19 and 22 were described in chapter 2; the remaining four
cases consisted of one each of HIVE (case 39), diffuse gliosis (case 32), lymphoma
(case 34) and PML (case 35). In two of these cases (lymphoma and PML), HIV-1
antigens were detected in both the cortex and white matter, although, as described in
other cases in which p24 antigens were detected in the cortex, the amount of
immunoreactive product was considerably less abundant in the cortex of both cases.

HIV-1 proviral DNA was detected by PCR from frozen tissue of all eight cases, in
which HIV-1 antigens were detected in paraffin sections.

In four cases, proviral

DNA was detected by PCR while immunohistochemistry was negative. In one of
these four with both cryptococcosis and HIVE, while no antigen was detected in the
frontal lobe, HIV-1 antigen was detected in the basal ganglia, the only region where
lesions of HIVE were found. The remaining three cases, consisted of cryptococcosis
(1 case) and CMVE (2 cases). Of the two CMVE cases, HIV-1 proviral DNA was
detected in the white matter but not in the cortex of one case, and in the cortex but
not the white matter of the other. Cases in which both cortical and white matter
samples were negative, or indeterminate by both techniques, consisted of one case
with no abnormalities, three with cerebrovascular disorders, one with PML and one

171
with lymphoma.

HIV-1 antigen was visualized in the white matter of eight of the eleven cases in which
HIV-1 proviral DNA was detected. In contrast HIV-1 antigens were observed in the
cortex of only three of the eleven cases in which HIV-1 proviral DNA was detected.
Using Mcnamar’s test for paired samples the difference between the proportion of
positive cases in the white matter detected by immunohistochemistry versus PCR, was
17% (p=0.25) which is not significant with a 95% confidence interval. However the
difference in the proportion of cases positive with each method in the cortex was 41%
which is significant at the same level (p=0.016).

3 .2 .6

Detection o f HIV-1 proviral DNA and antigens in the cortex o f different

pathological cases.

The results of both immunohistochemical and PCR detection of HIV-1 in the cortex
are shown in table 3.9, according to the type of associated neuropathology. HIV-1
proviral DNA was detected in the cortex of all five cases with HIVE/lep and both
cases of diffuse gliosis; however HIV-1 antigen was observed in the cortex of only
one of these cases (case 19; cases 18 and 21 were not included in this part of the
study).

HIV-1 proviral DNA was also detected in both cases with cryptococcosis

and in one case each of PML, lymphoma and CMVE. HIV-1 antigens were also
visualized in the cortex of these PML and lymphoma cases. PCR was negative or
indeterminate for HIV-1 proviral DNA and HIV-1 antigen was not detected in the
other cases of PML, lymphoma and CMVE or in any of the three cases of
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cerebrovascular disease or the case with no abnormalities.

Table 3 .9 Number of c a s e s with each neuropathological lesion in which HIV-1 antigens and
proviral DNA w ere d etec ted HIV-1 in the frontal cortex.

IHC

PCR

Neuropathological
lesions

+

-

+

± /-

HIVE/HIV-lep *

1

4

5

0

Non-specific gliosis

0

2

2

0

CMVE

0

2

1

1

PML

1

1

1

1

Cryptococcosis *

0

2

2

0

Cerebrovascular

0

3

0

3

Lymphoma

1

1

1

1

No abnormalities

0

1

0

1

* ca se 3 8 is included in both categories

3 .2 .7

Cortical reaction and the detection o f HIV-1 in the cortex.

3.2.7.1 Effect of fixation

The medians and range of GFAP-positive astrocyte and RCA-120-positive cell
densities of cases fixed for longer than or less than four months are shown in table
3.10.

While there was no significant difference in microglial cells density between these
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two groups (o!= 0.554); a significant difference was detected in astrocyte density
( a =0.0384). These results are in agreement with those in chapter 2, where it was
found that, while GFAP immunoreactivity may or may not be affected by formalin
fixation, RCA-120 lectin reactivity is resistant to prolonged fixation.

Comparisons of astrocyte density were therefore carried out on this smaller group of
cases, while all cases on which PCR was carried out were used to compare RCA-120
cell density which seems resistant to prolonged fixation. In addition, comparisons of
GFAP density, numbers of reactive astrocytes and distribution of astrocytes, which
may also have been affected by reduced GFAP immunoreactivity were carried out on
the smaller group of cases.

Table 3 .10 Median astrocyte and microglial cell density of cases fixed for less than and
longer than four months.
MEASURE

C ases fixed < 4
m onths (n = 13)

C ases fixed > 4
m onths (n = 5)

Mann-Whitney

A strocyte density

2 6 .6 0
(8 .9 0 -4 3 .9 3 )

10 .2 9
(4 .4 5 -1 8 .6 3 )

0 .0 3 8 4

Microglial density

3 .0 6
(0 .56-9.18 )

3 .3 4
(2.78 -8 .0 6)

0 .5542

a=

The number of cases with each astrocyte MFNS, microglial cell MFMT and
microglial cell distribution, in cases fixed for longer than four months and cases fixed
for less than four months are illustrated as percentages in figure 3.6.
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Figure 3.6 Comparison of percentage of cases in each category of: "astrocyte
MFNS (a); microglia MFMT (b) microglia distribution (c), between cases fixed
for longer than and less than 4 months.
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The percentage of cases in each category, of astrocyte MFNS score, did not appear
to differ significantly between cases fixed for less than or longer than 4 months (fig
3.6a).

Although there was more variability in cases fixed for less than four months,

this is may be due to the fact that there were more cases in this group. In the group
fixed for longer than four months, a higher percentage of cases have enlarged
ramified cells, as the MFMT of microglial cell, than in the group fixed for less than
four months (fig 3.6b). This indicates that fixation does not reduce the staining
intensity of RCA-120-positive cells. The number of cases with each distribution of
microglia seemed very similar in cases fixed for longer than, and less than four
months (fig 3.6c). Thus, comparisons between HIVC+ and HIVC+/- groups, of
astrocyte MFNS, microglial cell MFMT, and distribution of microglial cells, were
carried out using all cases on which PCR was performed.

3.2.7.2 GFAP-positive astrocvte and RCA-120-positive cell density

AIDS
Median astrocyte and microglial cell densities and reactivities were calculated for both
the HIVC+ and HIVC+/- groups (table 3.13) and the Mann-Whitney test was used
to calculate the significance of differences in cell densities between these groups.
Median astrocyte density was higher in the HIVC+ group than in the HIVC+/group, and a Mann-Whitney U test detected a difference in astrocyte density between
these two groups, which marginally missed significance ( a =0.054).
density was not significantly different (a =0.428).

Microglial
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HIV-1-seropositive non-AIDS
The astrocyte density of the two cases that were positive for HIV-1 proviral DNA by
PCR was low in case 2, and within the range of the normal controls in case 5. The
density was highest in case 8, however a negative result was obtained in all PCR
assays on cortical DNA from this case. The density of microglial cells was increased
in most cases in the HIV-1-seropositive non-AIDS group including case 5. However,
in case 2 there was the lowest density of microglial cells in the group.

Table 3 . 1 3 Cortical astrocy te and microglial cell density in HIVC + and H IV C ± /- c a ses;
M edians and Mann-Whitney.

MEASURE

HIVC +

A strocyte density

2 7 .7 5

Microglial density

3 .3 4

(n = 9)*
(n = 13)

HIVC ± /-

a =

1 7 .8 5

0 .054

3 .0 5

(n = 6)*
(n = 7)

0 .4 2 8

* c a s e s fixated for longer th an 4 m o n th s excluded (i.e. c a s e s 3 2 3 3 3 4 , 3 8 and 39)

3.2.7.3 Astrocyte MFNS
AIDS
The percentage of cases with each astrocyte MFNS, in the HIVC+ and HIVC+/groups are compared in figure 3.7a. In the HIVC+ group the percentage of cases
with a MFNS of 2 was twice that of the HIVC+/- group, while a higher percentage
of cases in the HIVC+/- group had a MFNS of 0 or 1. However one of the cases
in the HIVC+/- group had a most frequent score of 3. The chi-squared test for trend
in proportions was not significant (p=0.22), suggesting a higher nuclear score is not
related to the presence of HIV-1 proviral DNA in the cortex.
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HIV-1-seropositive non-AIDS
In the HIV-1-seropositive non-AIDS cases, the two PCR positive cases had a MFNS
of 0 and 1. Case 4 had the highest nuclear score of 2, but was negative in all PCR
tests.

3.2.7.4 GFAP immunoreactivitv
The percentage of cases with each GFAP immunoreactive density in the HIVC+ and
the HIVC+/- groups appeared very similar (fig 3.7b), and the chi-squared test for
trends in proportions between these two groups was not significant (p=0.72).

Of the two HIV-1-seropositive non-AIDS cases that were positive, case 5 had very
few GFAP-positive cells (± ) while an increase in GFAP immunoreactivity was found
in case 2. Of the other cases, negative or indeterminate for HIV-1 by PCR, the
GFAP immunoreactivity scores ranged from + to + + +.

3.2.7.5 Reactive astrocytes
Reactive astrocytes were found in a greater percentage of HIVC+ cases (38%), as
compared with the HIVC+/- cases (14%). However these cells were not observed
in the majority of cases in both groups.

3.2.7.6 Microglial cell MFMT
AIDS
The percentage of cases in which enlarged ramified cells were most numerous, was
much higher in the HIVC+ than the HIVC+/- group (fig 3.7c). The latter group
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Figure 3.7 Comparison of percentage of cases in each category of: GFAPpositive astrocyte MFNS (a); GFAP immunoreactivity (b); RCA-120-positive
microglia MFMT (c), between HIVC+ and H IV C ± /- groups.
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had a higher percentage of cases in which small ramified cells were most frequent.
Using the chi-squared test for trends in proportions a significant difference was found
between the two groups (p=0.025). These results suggest that HIV-1 is more likely
to be detected (either by PCR or immunohistochemistry) in cases with enlarged
ramified cells or rod cells.

HIV-1-seropositive non-AIDS
The most reactive microglial cells were seen in case 8 which was negative by all PCR
assays, the appearance of the two positive cases was not different from other negative
or indeterminate cases.

3.2.7.7 GFAP-positive astrocyte distribution
AIDS
Both groups had an identical percentage of cases with a diffuse distribution of
astrocytes (fig 3.8a). The remaining cases had either a diffuse/PV or patchy/PV; the
latter was not seen in the HIVC+ group.

The chi-squared test for trends in

proportions was not significant (p=0.66).

HIV-l-seropositive non-AIDS
A perivascular distribution of astrocytes was evident in both cases positive for PCR.
A predominantly diffuse distribution of astrocytes was seen only in case 4, which was
indeterminate by PCR.
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Figure 3.8 Comparison of percentage of cases in each category of: "GFAP
positive astrocytes distribution" (a) and "RCA-120-positive microglia distribution
(b), between H IV C + and H IV C ± /- groups.

181
3.2.7.8 RCA-120-positive microglial cell distribution
AIDS
The majority of cases in the HIVC+ group had a rare or patchy distribution of
microglial cells, while in the HIVC+/- group most cases had a diffuse distribution
(fig 3.8b). However the difference in the number of cases in each category, between
these two groups was not significant when compared with the chi-squared test for
trends in proportions (p=0.88).

HIV-1-seropositive non-AIDS
In the HIV-1-seropositive non-AIDS cases all had a diffuse distribution except case
3, where there was a patchy distribution, this case was indeterminate by PCR.

3.2.7.9 Foci of astrocytes and microglial cells
Few MGNs were observed in the cases analysed by PCR, but were present in one
case of CMVE and one with cerebrovascular pathology from the HIVC+/- group.
Loose foci which contained both astrocytes and microglial cells were present in more
of the HIVC+ cases (54%) than the HIV±/- cases (29%).

3.2.8 Effect o f including cases with pathogens, other than HIV-1, in the cortex, on
the analysis o f differences between cases in which HIV-1 was detected or not detected
in the cortex.

Eleven of the eighteen cases on which PCR was performed had lesions in the cortex
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which are likely to have contributed to the pathological reaction of astrocytes and
microglial cells in this region. PML, lymphoma, and CVME lesions were seen in
two cases each; however HIV-1 proviral DNA was detected by PCR in one case only
of these three pathologies. The effect these lesions may have produced on cellular
changes is thus unlikely to have biased the results when comparisons of cases with
and without HIV-1 in the cortex were made.

However, both cases of cryptococcosis were included in the HIVC + group and may
have affected the findings of increased GFAP-positive astrocyte density and reactive
microglial cells associated with this group.

In practice, only one case of

cryptococcosis was included in the comparison of astrocyte density as the other was
fixed for longer than four months. When this case was excluded from the HIVC+
group the median value of astrocyte density was higher (30.72) than the median value
when this case was included (26.60); therefore, inclusion of this case did not produce
an artificially higher astrocyte cell density in this group.

Enlarged ramified cells

were the MFMT of microglial cells in both cryptococcosis cases, however since there
was only three out of thirteen cases in the HIVC+ group in which enlarged ramified
cells or rod cells were not frequently seen, it is unlikely that these two cases unduly
affected this comparison.

The cerebrovascular lesions were all in the HIVC+/- group. It was determined in
chapter 2 that the astrocyte density of cerebrovascular lesions was lower than any of
the other groups. The lower density of astrocytes may be due to the fact that HIV-1
is not present in the cortex of any of these cases or it may be related to
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cerebrovascular pathology. If the latter is true, then the lower density of astrocytes
in the HIVC+/- group may have been partly due to the presence of three cases with
cerebrovascular lesions in this group.

The median value of the three cases with

cerebrovascular lesions (10.87) is lower than that of the median value of the other
three cases (18.90). In addition, the presence of diffusely distributed small ramified
cells in all three cases with cerebrovascular lesions may have biased the results of the
HIVC±/- group.

3.2.9 Summary o f cortical changes related to the presence o f HIV-1 in the cortex.

Comparison of AIDS cases in which HIV-1 was detected in the cortex, either by PCR
or by immunohistochemistry, suggests that detection of HIV-1 in the cortex is
associated with an increased density of GFAP-positive astrocytes. However, as
explained above, it is not clear if the low density of GFAP-positive astrocytes in the
cerebrovascular cases (included in the HIVC+/- group) was due to the lack of HIV-1
in the cortex, or related to cerebrovascular pathology. The presence of HIV-1 in the
cortex may also be associated with enlarged nuclear volume, although this trend was
not statistically significant and increases in nuclear size clearly also occur in the
absence of detectable HIV-1.

HIV-1 is also more likely to be detected from the

cortex of AIDS cases with enlarged ramified microglial cells or rod cells, rather than
small ramified cells, although there was no relationship between microglial cell
density and the detection of HIV-1. These results are contradicted to some extent by
the HIV-1-seropositive cases, though since HIV-1 was detected in only two of these
cases, it is difficult to assess the significance of these results.
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Reactive astrocytes and foci of reactive astrocytes and microglial cells were more
frequently observed in cases from which HIV-1 was detected, although some of these
foci were in response to other pathogens such as PML.

The amount of GFAP immunoreactivity, the distribution of GFAP-positive cells, and
the distribution of microglial cells were not related to the detection of HIV-1 in the
cortex.
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CHAPTER FOUR:

DISCUSSION AND CONCLUSIONS
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4.1 Overview

Astrogliosis, microglial cell activation and neuronal loss may contribute to the
development of dementia, which has been associated with HIV-1 infection. Indeed,
their identification may help to establish whether a correlation exists between clinical
signs of dementia and pathological findings in the cortex and may even help to
explain the lack of correlation

between dementia and HIV-related white matter

pathology. However the pathogenesis of cerebral cortical changes are still poorly
understood. It has been suggested that infection of the brain with HIV-1 may be
involved in the development of these changes (Ciardi et al., 1990, Budka 1991,
Lipton 1991). This suggestion is based on studies that have correlated neurological
symptoms with the presence of HIV-1 in the CSF of patients at different stages of
disease (Ho et al., 1985; Resnick et al., 1988; Shaunak et al., 1990; Goswami et al.,
1991) and in vitro studies that have shown HIV-1 to be toxic to some neuronal cell
lines (Lipton 1991,1992; Brenneman et al., 1988). However the distribution of HIV1 antigens and nucleic acids in post-mortem AIDS brains is predominantly
subcortical. While HIV-1 is often visualised within the cortex, a number of studies
have commented on the rarity of HIV-1 in this region as compared with that seen in
subcortical areas (Budka, 1990, Kure et al., 1990, Sinclair and Scaravilli 1991). In
contrast reports on cortical abnormalities suggest that they may be widespread in
AIDS brains (Ciardi et al., 1990; Everall et al., 1991).

Therefore it seemed pertinent to correlate the presence of HIV-1 in the cortex with
some of these cortical changes, as detection of the virus in the cortex of affected
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brains would increase the likelihood that HIV-1 and diffuse poliodystrophy are linked.
To this end, immunohistochemical detection o f HIV-1 was carried out on the frontal
lobes o f a series of AIDS brains, in which changes in astrocyte and microglial cell
populations

were

also

examined

in

the

cerebral

cortex.

In

addition

to

immunohistochemistry, PCR was carried out on frozen tissues from the frontal lobes
of^thes.c. „ cases to detect HIV-1 proviral DNA. The rationale for employing this
additional method was twofold.
immunohistochemistry

on

Firstly, it is well known that the sensitivity of

paraffin

sections

is limited,

antigen

may

lose its

immunoreactivity during fixation and processing, or be present in small amounts
below the resolution of this technique.

In contrast, PCR is renowned for its

sensitivity and it is therefore more suitable for determining the presence or absence
o f small quantities of virus. It has been suggested that small amounts o f HIV-1 may
exert toxic effects (Giulian et al., 1990), therefore, the application of PCR to AIDS
brains seemed appropriate.

The second reason for the use of PCR in the present

study is, that HIV-1 proviral DNA can be detected with this method, whether or not
viral replication was taking place. Thus, PCR is capable of detecting cells infected
with HIV-1, regardless of whether they remain latently infected or whether viral
replication is taking place; on the other hand immunohistochemistry can detect only
the end product of viral replication, HIV-1 antigens.

The combined use of immunohistochemistry and PCR allowed another problem to be
addressed; the observed predominance of viral antigen in subcortical regions o f AIDS
brains, as already described, has never been explained. This distribution implies that
HIV-1 preferentially infects the white matter or, if both regions o f the brain are
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infected, viral replication is more restricted in the white matter.

The polymerase chain reaction is very subject to false positive results; in a recent
NIBSC study in which this laboratory took part (Bootman and Kitchin, 1992), 50%
of participating laboratories reported positive results in samples that did not contain
the target DNA. This report recommended precautions, to prevent contamination and
controls, to monitor their effectiveness. Strict safe-guards in this laboratory seemed
effective in preventing contamination, as HIV-1 DNA was not detected in any of the
negative controls that were included in each PCR run.

A previous study from this department (Ciardi et al., 1990) found that astrogliosis and
microglial cell activation occur in AIDS; both in cases with and without obvious
white matter pathology. In a further investigation (Sinclair and Scaravilli, 1992) the
presence of HIV-1 proviral DNA, detected by PCR, was related to changes in the
cerebral cortex, previously described as DPD in AIDS (Budka et al., 1991). However
the results of both studies were complicated by the presence of pathological changes
in a number of cases that were not related to HIV-1. Although it was clear from the
latter study that factors other than HIV-1 may also produce cortical pathology, the
results suggested that HIV-1 may also be involved in the development of such
changes.

In the first part of this study, described in part two, various aspects of the astrogliosis
and microglial cell reaction in the cerebral cortex of the frontal lobe, were examined
in AIDS brains with different pathological lesions, in HIV-1-seropositive non-AIDS
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brains and brains from HIV-seronegative controls. Astrogliosis and microglial cell
activation are non-specific reactions to injury. However, since the reaction of these
cells varies in response to different pathological stimuli, an attempt was made to
determine whether there were any patterns of astrocyte or microglial cell reaction that
were specific to brains infected with HIV; or if diffuse poliodystrophic changes are
a general disorder in AIDS, independent of the presence of HIV-1.

The distribution, morphology, and density of GFAP-positive astrocytes and RCA-120positive microglial cells were examined in cases with identifiable HIV-1 antigen in
the brain and compared with cases in which no antigen could be detected.

The

antigen-negative brains consisted of cases with: no neuropathological abnormalities
(on routine examination); CMV encephalitis and cerebrovascular disorders.

CMV encephalitis and cerebrovascular pathologies comprise two different types of
lesion that are commonly seen in AIDS brains. CMV encephalitis is a common viral
infection of AIDS patients and in most cases it produces MGNs in the cortex and
white matter (Morgello et al., 1987). More severe lesions are produced by this virus,
commonly around the ventricles; however in this study, the only cortical pathology
present in selected cases was the appearance of microglial nodules, some of which
contained astrocytes with intranuclear inclusions, typical of CMV. Cerebrovascular
cases consisted of one case of haemorrhage, two of ischemia and one of hypoxia.
The haemorrhage was limited to one area of the brain, which was not used for this
study, in the other three ischaemic lesions were found throughout the cortex.
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Three cases that were not in any of the risk groups for HIV-1 infection, and two
HIV-1-seronegative drug users, provided a base line for comparison of astrocyte and
microglial cell changes. It was difficult to find normal brains which matched the
AIDS cases for age, sex and fixation time and therefore only five cases were selected.
In one of the normal controls (c2) immunohistochemical stains revealed a mild
microglial cell and astrocytic reaction. This slight reaction may have been a result
of the measles like illness that lead to the patients death.

HIV-1-seropositive non-AIDS cases were also examined to determine whether diffuse
poliodystrophic changes occur at an early stage of infection, as HIV-1 is believed to
enter the brain at an early stage (Ho et al., 1985; Resnick et al., 1988; Shaunak et
al., 1990; Goswami et al., 1991; Sinclair et al., 1992).

Immunohistochemistry was used to identify cases with cerebral HIV-1 infection and
those in which antigens were present in the cortex. Although HIV-1 antigens were
detected in the cortex of only three cases in chapter 2, all of these cases comprised
an HIV-1 p24 antigen positive group for the purpose of comparison with cases lacking
detectable HIV-1 cerebral infection.

A diffuse astrogliosis was present in the anterior frontal cortex of most AIDS cases
that we examined, and a patchy microglial cell reaction was present in the cortex of
many of these, in agreement with previous studies (Budka et al., 1987; Ciardi et al.,
1990). The astrocyte reaction consisted of one or more of the following changes: 1)
an increase in the density of GFAP-positive astrocytes; 2) an increase in astrocyte
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nuclear size and reduction in chromatin density; 3) an increase in GFAP staining
intensity and 4) changes in the distribution of GFAP-positive cells. The microglial
cell reaction consisted of one or more of: 1) an increase in the size and thickness of
cell processes, the appearance of rod cells, macrophages and multinucleated giant
cells; 2) an increase in cell density; 3) loss of the normal diffuse distribution of these
cells.
Astrocyte and microglial cell changes were also identified in a number of the HIVseropositive non-AIDS cases; however the pattern of changes was different from the
AIDS groups. In some HIV-1-seropositive non-AIDS cases there was a reduction in
GFAP immunoreactivity while in others it was increased. In addition, there was a
much more marked increase in microglial cell density in this group as compared with
the AIDS cases.

Changes in the different groups described above are compared below and the
implications of these results for the pathogenesis of cortical pathology in AIDS are
considered.

In the second part of this study (chapter 3), PCR was used to detect HIV-1 proviral
DNA in the cortex and white matter of AIDS brains and in the cortex of HIV-1seropositive non-AIDS cases. Although some of the changes in the cerebral cortex,
mentioned above were more severe in the HIV-1 antigen positive group, they were
not specific to these cases. Therefore the first part of the study (chapter 2) did not
provide any firm evidence to support HIV-1 as the aetiological agent in diffuse
poliodystrophy, especially since HIV-1 could only be located in the cortex of three
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cases. The lack of sensitivity of immunohistochemistry has already been mentioned;
although HIV-1 was not detected in the brains of the CMVE, cerebrovascular or no
neuropathological changes groups with immunohistochemistry, small amounts of virus
below the resolution of this technique may have been present. Indeed, in one of the
CMVE cases, negative for HIV-1 antigen, HIV-1 proviral DNA was detected by PCR
in the cortex. Furthermore, HIV-1 proviral DNA was detected in the cortex of all
cases with HIVE/lep, tested by PCR, regardless of whether or not antigen had been
detected in this region of the brain. These findings suggest that immunohistochemical
detection of an infectious agent may not always be sufficient for correlations with
pathological changes to be made.

Fresh frozen tissue was used as a source of DNA for this technique; unfortunately
this type of material was not available from all the cases that were studied in chapter
2.

Although PCR can be used to identify viral sequences in paraffin embedded

tissues (Nicoll et al., 1991), in this study, since cortical and white matter tissues were
examined separately, paraffin embedded material was not considered suitable for this
procedure. Ten of the cases described in chapter 2 were included in chapter 3 and
an additional twelve cases were also examined. The cortex of these additional cases
was examined in the same way as the cases in chapter 2, however pathological lesions
which impinged on or affected the cerebral cortex, were present in some and these
lesions had to be taken into consideration in the discussion of the results.

The density of GFAP-positive astrocytes was higher in cases in which HIV-1 proviral
DNA was detected, as compared to cases in which it was not detected, and this
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difference was close to significance. Furthermore, in cases with enlarged ramified
microglial cells or rod cells, HIV-1 proviral DNA was significantly more likely to be
detected. These results are discussed in detail below together with the results from
chapter 2 and the implications of these pathological findings for the pathogenesis of
cortical pathology in AIDS is considered. Firstly the use of immunohistochemistry
and PCR for the detection of HIV-1 in the brain are compared.

4.2

Detection of HIV-1 in the brain

In previous comparative studies of the various HIV-1 antibodies, LAV gp41.1 was
found to be the most sensitive (Budka, 1990; Kure et al., 1990). However in the
present study false positive staining with this antibody could not be eliminated. Kure
noted that the antibody did give false positive results in HIV-negative tissues
containing macrophages, although this could be eliminated at higher antibody
dilutions. In the above mentioned studies tissues were fixed in formalin for one or
two weeks, while in the present study most cases were fixed for considerably longer
periods. This may explain why LAV gp 41.1 was negative when higher dilutions
were used. However Yamada et al. (1991) raised an antibody to gp41 that cross
reacted with astrocytes in both human and rodent CNS tissues which suggests that this
HIV-1 molecule may share a common epitope with astrocytes. Thus antibodies
directed against this molecule may be liable to give false positive staining.

Budka (1990) found that all HIV-1-associated lesions were labelled with LAV gp41.1,
in addition to a number of cases without these specific changes. While in Kure’s
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study this antibody labelled 26 out of 33 cases (79%) with HIV-1 related changes. In
both studies NEA p24 was positive in fewer cases suggesting that detection of HIV-1
with this antibody, as in the present study, may not be optimal. However, in initial
experiments (Section 2.3.1), p24 antigen was detected in 17 out of 22 (78%) cases
with HIV-specific changes in which fixation ranged from 2 weeks to 15 months.
Therefore, in the present study immunohistochemistry using NEA p24 appeared to
be as sensitive for the detection of HIV-1, as LAV gp41.1 was in Kure’s study.

HIV-1 antigen was confined to cells of the macrophage/monocyte cell type in all
HIV-1 p24 antigen positive cases, selected for study of cortical cellular changes. This
finding is in agreement with previous studies, as well as experiments carried out in
this laboratory, that have employed double staining, to identify the type of HIV-1infected cell. All thirty-one HIV-seropositive and AIDS cases included in chapters
2 and 3 were tested for the presence of HIV-1 p24 antigen. Antigen was not detected
in any of the eight HIV-seropositive non-AIDS cases but was found in a total of
twelve out of twenty-three AIDS cases (52%).

In five of these cases (22%) HIV-1

antigen was detected in the cortex as well as the white matter. All cases in which
HIV-1 was visualised in the cortex, by immunohistochemistry, had fewer positive
cells in this region than in the white matter.

PCR results were classified as positive, indeterminate or negative following multiple
PCR assays. When only one or two out of either six or nine PCR tests were positive,
these results may have been due to the presence of contaminating blood or CSF cells
that are infected by HIV-1, and were therfore considered indeterminate. However
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since the sensitivity level of the test was relatively high (10 molecules of HIV-1 DNA
per microgram of genomic DNA), it seems unlikely that sufficient infected peripheral
blood cells or CSF cells would be present in each sample since only 1 out of 700
peripheral blood mononuclear cells or 1 out of 100 CD4 lymphocytes are infected,
even at late stages of infection. Considering the low frequency of HIV-1 infected
peripheral blood mononuclear cell* even late in the course of AIDS, it seems unlikely
that the sufficient peripheral blood cell DNA would be present in any assay to
produce a positive result. Alternatively, indeterminate results may be produced by
samples which are infected by HIV-1, but have a level of infection that is lower than
the detection limit of the test, and are therefore usually negative. The positive control
sample, which contained 10 molecules of HIV-1 proviral DNA per microgram of
human genomic DNA, was positive in 80% of PCR assays. The sensitivity of the
PCR assay was therefore limited to between 10 and 100 molecules of the target
sequence per microgram of genomic DNA. A negative result may have been obtained
in some brains that contained a lower level of infection and the HIVC+ and
HIVC+/- groups may therefore have consisted of cases with high and low levels of
HIV-1 proviral DNA. Nevertheless, there was a distinct difference in the frequency
of positive results between the positive and indeterminate cases, and comparisons
between these two groups were considered to be valid ones to make.
Direct quantification of the amount of HIV-1 proviral DNA in brain tissues m aybe,
useful for assessing the relationship between infection and pathological changes.
Several studies have used PCR in a quantitative way, to this end (Pang et al., 1990;
Simmonds et al., 1990). However, the non-radioactive detection system used in this
study is not as well suited to quantification as isotopic detection systems. The amount
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of radioactivity released from an isotopic probe can be directly measured or
visualised; whilst non-radioactive probes are detected indirectly, by binding of an
antibody followed by an enzymatic reaction to produce a coloured substrate. More
stages are involved and the enzymatic production of the coloured substrate can be
variable; thus detection by non-isotopic probes is a less direct measurement of the
amount of DNA present.

Previous investigations utilizing PCR to detect HIV-1 proviral DNA in brain tissues
from AIDS patients, suggested that there was also a close correlation between the
detection of proviral DNA and HIVE/lep (Pang et al., 1990, Kleihues et al., 1991).
However, in the present study, HIV-1 proviral DNA was detected in cases with no
morphological evidence of HIVE/lep and in a few cases in which HIV-1 antigens
could not be visualised using immunohistochemistry.

Both immunohistochemistry and PCR were carried out on eighteen AIDS cases: in
the cortex and white matter of paraffin sections and fresh frozen samples respectively,
both from anterior frontal lobe. The number of cases in which both techniques were
positive were comparable in samples of white matter. In the cortex more than three
times as many samples were positive with PCR as with immunohistochemistry, a
difference which was statistically significant.

This finding confirms that HIV-1

infects both cortical and subcortical regions of the brain (Sinclair and Scaravilli,
1992). There are two possible explanations for the difference in virus detection by
these two methods.

1) PCR is simply a more sensitive technique; 2) PCR detects

latent viral infection that cannot be identified by immunohistochemistry.

The large
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difference between the results of PCR and immunohistochemical detection of HIV-1
in the cortex, in contrast to the small difference in the white matter, suggest that
latently infected cells may be present in the cortex, which are not be detected by
immunohistochemistry. In addition, the level of replication of HIV-1 may be lower
in the cortex than the white matter and be below the resolution of the
immunohistochemical technique.

4.3 Morphometric assessment of astrocytes and microglial cells

4.3.1 Methodological considerations

The density of both types of cells was assessed by standard quantitative methods. The
result of this type of cell count on fixed post-mortem tissues must be interpreted with
caution as several variables may have affected these results.

During fixation,

processing and sectioning both swelling and shrinkage of tissue components occur.
Subjecting all tissues to an identical regime, as described in the methods section, can
reduce variations between samples; however factors affecting alteration in tissue
volume and mass are not well understood, and may change in an unpredictable way.
For example, following fixation of a brain in 10% formalin its weight may either
increase or decrease compared with the fresh brain weight. Most shrinkage occurs
during tissue processing, and this variable can be quantified by measuring blocks
before, and after processing. However this study used material that had already been
processed to paraffin wax, as remaining unprocessed tissues from many of the cases,
selected for investigation, had already been fixed for more than 12 months.
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Formalin fixation is also presumed to affect antigen integrity and, if prolonged,
immunoreactivity may be reduced.

The effect of formalin fixation on

immunoreactivity of GFAP and HIV-1 p24 and reactivity of the lectin RCA-120 was
tested.

The density of GFAP-positive astrocytes declined with increasing fixation

time in one of the three cases that was tested, suggesting that in this case formalin
fixation may have reduced GFAP immunoreactivity.

However, no relationship

between fixation time and GFAP-positive astrocyte cell density was found in the other
two cases; therefore fixation may affect some tissue antigens in an unpredictable
manner.

In order to reduce the variability produced by prolonged fixation, cases

selected for study in part one had all been fixed for periods of less than four months.
This period of time was chosen as all three fixation controls appeared to have a
relatively stable GFAP-positive cell count up till this time. In contrast to GFAP,
HIV-1 p24 immunoreactivity and RCA-120 lectin reactivity seemed to be resistant to
prolonged fixation.

Previous studies examining particular neuropathological lesions that occur in AIDS
have often depended on comparing cases that have more than one type of lesion. The
aim of this study was to eliminate such confounding variables as far as possible in
order to compare cellular changes of cases with a pathological entity produced by a
single aetiological factor. This reduced the number of suitable cases, especially in
the CMVE and cerebrovascular groups which contained only 5 and 4 cases each.
Unfortunately, in the study of AIDS, obtaining cases with a single type of
neuropathology

is extremely difficult due to

the frequency

with

neuropathological lesions due to more than one agent occur in these patients.

which
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In addition to methodological problems there are other problems that must be
considered when comparing pathological and non-pathological samples. The increased
density of GFAP-positive cells may be the result of loss of another cell type rather
than, or in addition to, an increase in GFAP-positive cells. Neuronal cell loss for
example may produce cortical shrinkage (Wiley et al., 1991) which in turn, may have
the effect of increasing astrocyte density.

Morphometric studies in Huntington’s

chorea have shown that increases in astrocyte density are due to neuronal loss (Vacca
et al., 1984, cited by Bjorklund et al., 1986). However, cortical atrophy was not
commonly seen in the majority of cases in this study during macroscopic brain
examinations and the brain weights were within normal limits.

The criteria used to assess morphological changes and changes in astrocyte and
microglial cell distributions, were based on preliminary observations described in
section 2.1, on a number of AIDS cases and normal controls. Changes in astrocyte
nuclear size as well as perivascular distribution were noticed. RCA-120-positive
microglial cells were much more obvious, due to increased size and staining intensity
of their processes; rod cells were also present and in a few cases macrophages and
MGCs were seen. These changes in the appearance of GFAP-positive astrocytes and
RCA-120-positive microglial cells may occur independently of changes in cell density.
Thus, measurements of cell density alone may not reveal the true extent of cortical
injury. In an attempt to measure these changes, a scoring system was devised as
described in section 2.24.

Astrocyte nuclei were graded according to increased size and staining of chromatin
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and the density of GFAP-positive processes surrounding astrocyte nuclei was also
assessed.

Microglial cells were classified as small ramified cells (ram) enlarged

ramified cells (ram+), rod cells (rod) and macrophages (mac). This scoring system
may have represented a continuum from least to most reactive; however in some
cases abundant small ramified cells together with rod cells were seen, while enlarged
ramified cells were not present. The difference in the thickness of microglial cell
processes is not likely to be due to fixation, as comparison of short and long fixation
time cases in Part 3, revealed no significant difference between the two. In addition.'
enlargement of cell processes is usually accompanied by nuclear enlargement.
Development of ramified cells into larger cells or into rod cells may represent two
different pathways of activation.

4.3.2 Astrocyte and microglial cell reaction in HIV-negative pathological brains

The distribution of microglial cells, macrophages and astrocytes varies in different
pathological processes as observed in section 2.1. Whilst in SSPE there is a diffuse
increase in astrocytes and macrophage/microglial cells throughout the cortex, the
cortical reaction in PML when widespread, is uneven. In the latter, large areas of
cortex contained aggregates of densely stained astrocytes and macrophage/microglial
cells, while other areas appear unaffected. This may be due to the fact that when the
cortex is involved in PML, it involves spread of JC virus from the white matter to
this region. In JBE, focal lesions were present in the cortex, and consisted mainly
of microglial cells. Although a few astrocytes surrounded these lesions, there was
no notable increase in GFAP staining throughout the cortex.

The appearance of
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MGNs, such as those seen in JBE, may reflect an appropriate immune response
within the CNS, where the invading organism is contained within a focal aggregate
of microglial cells. In the Hypoxia case, large patches of reactive astrocytes were
confined to regions of the cortex that are most vulnerable to reduced oxygen. In
AIDS, the diffuse distribution of astrocytes throughout all layers of the cortex was
similar to that observed in the SSPE case, and unlike that seen in the PML, and
hypoxia cases.

Esiri and Morris (1991), suggested that the astrocyte response in

SSPE may be maintained by IL-1 secreted from macrophages; however, the response
of macrophages and microglial cells in AIDS is very limited in comparison to SSPE.

4.3.3

GFAP-positive astrocyte density

Astrocyte density was significantly increased in AIDS cases as compared with normal
controls, while there was no difference between the density of cells observed in the
HIV-1-seropositive non-AIDS and controls. Among the AIDS groups, GFAP-positive
astrocyte density was highest in cases with HIVE or HIV-lep, although the difference
between this group and cases with no pathological changes, or with CMVE did not
reach significance. However, there was a significant difference between the astrocyte
density of the cerebrovascular and HIV antigen positive groups; the density of cells
in the former being within the range of the normal controls.

All cerebrovascular

cases were negative for HIV-1 by immunohistochemistry, and the three that were
tested were negative or indeterminate with PCR. The absence of HIV-1 in these
cases with a low astrocytes density, suggests that the increased astrocyte density in
the other groups may be related to the presence of HIV-1. Comparison of astrocyte
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density between all cases in which HIV-1 was detected by immunohistochemistry or
PCR (HIVC+) and those that were negative or indeterminate by PCR (HIVC±/-),
revealed that astrocyte density was higher in the former group.

However, the

lower density of astrocytes in the cerebrovascular cases as compared to other AIDS
cases, is not necessarily due to the absence of cerebral HIV-1 infection.

For

example, astrocyte density may appear reduced as a consequence of swelling within
the cortical ribbon, as a result of oedema; which may be more likely to occur in cases
with cerebrovascular insults. However, the GFAP-positive density was relatively low
in the three other cases in the HIVC+/- group, which supports the suggestion that the
presence of HIV-1 in the cerebral cortex is related to an increase in GFAP astrocyte
density.

This interpretation also implies that the increased astrocyte density in the groups with
no neuropathological abnormalities and CMVE may also result from HIV-1 infection
of the cerebral cortex.

These cases were all negative for HIV-1 using

immunohistochemistry, though proviral DNA, may have been detected using PCR.
Unfortunately, frozen tissue was available from only three of these cases. In one with
no neuropathological abnormalities, PCR was negative, and this case had the lowest
GFAP-positive astrocyte density of the group.

One of the two CMVE cases had

detectable HIV-1 provirus in the cortex, while the result in the other case was
i

indeterminate, and astrocyte density was similar in these two cases. The examination
of more cases, by PCR, would help to clarify this issue.

The HIV-1-seropositive non-AIDS cases were considered separately from those with
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AIDS in the analysis of the relationship between morphometric features and the
presence of HIV-1 in the cortex. Since non-AIDS cases were at a different clinical
stage of disease, the changes induced by HIV-1 in the brain may appear different.
HIV-1 proviral DNA was detected in the cortex of only two of the eight cases tested,
and there was no relationship between astrocyte density and HIV-1 proviral DNA in
the cortex in this group.

Overall, these results suggest that HIV-1 may be related to an increased density of
GFAP-positive astrocytes in the cortex of patients with AIDS; though it is clear that
HIV-1 is not the only factor responsible for this gliotic reaction, as the density of
these cells may also be increased in cases from which HIV-1 cannot be detected by
either immunohistochemistry or PCR.

The increased density of GFAP-positive astrocytes in the cortex may result from
either an increase in the number of astrocytes in the cortex, or from an increase in
the number of astrocytes that are expressing GFAP, or of both.

Protoplasmic

astrocytes express little, or no GFAP in the normal cortex but may switch on GFAP
expression under certain pathological conditions. Budka (1992) found that while the
number of cells expressing GFAP is increased in AIDS brains, the number of cells
expressing S-100, a neuroectodermal marker that stains both protoplasmic and fibrous
cells, remains the same. He interpreted these findings as suggesting that whilst the
overall number of astrocytes in the brain is consistent, there is an increase in the
number of cells expressing GFAP, during AIDS. In addition, Miyake et al., (1988)
using tritiated thymidine to label dividing cells, found that although some GFAP-
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positive astrocytes were labelled with tritiated thymidine in the cerebral cortex of
mice following a stab wound, the percentage of labelled cells is very low. Although
astrocytes may have a limited ability to proliferate, it seems likely that the increased
numbers of GFAP-positive cells in injured CNS is mainly due to hypertrophy of
astrocytes, with increased expression of GFAP, rather than to hyperplasia.

4.3.4 Changes in morphology and distribution o f GFAP-positive astrocytes

In normal cortex, GFAP labelled cells showed two distinct appearances: In one,
nuclei appeared to be surrounded by abundant GFAP immunoreactive processes and
corresponded to fibrous astrocytes; in the other, nuclei were surrounded by a small
amount of ill-defined GFAP immunoreactivity and corresponded to protoplasmic
astrocytes. The fibrous appearance was seen mainly in the subpial region or was
closely associated with blood vessels, although some parenchymal cells with this
appearance were also seen. The protoplasmic type was seen in occasional cells
throughout the parenchyma. Increased expression of GFAP is a common reaction of
astrocytes to injury; reactive astrocytes are generally recognised to have intensely
GFAP-positive hypertrophied cytoplasm (Duchen, 1992). The nuclear volume of
these cells also increases and the nucleus may appear eccentrically placed in the cell.
In the cortex of AIDS cases, reactive astrocytes were seen in four cases with HIVE
or HIV-lep, one case with no obvious changes, one case with CMVE and two cases
with cerebrovascular changes. The appearance of these cells in the brains of cases
with cerebral HIV-1 infection may be in response to the presence of the virus; indeed
reactive astrocytes were observed in a higher percentage of cases from the HIVC+
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group, as compared with the HIVC+/- cases.

However, these cells are also

commonly seen in response to other pathological conditions in AIDS.

Alterations in the nuclear appearance of GFAP-positive astrocytes was the most
noticeable feature in many of the AIDS cases.

Nuclei were enlarged and pale or

watery with marginalised chromatin (nuclear score 2 or 3) in the majority of AIDS
cases (19/23) and normal appearing nuclei were observed in only one of the AIDS
cases, with CMVE. In contrast, enlarged pale nuclei were seen in only one of the
HIV-1-seropositive non-AIDS cases, although mild nuclear enlargement was present
in another four.

Although these nuclear changes were not specific to cases with detectable HIV-1
proviral DNA in the cortex, and there was no statistically significant difference
between the nuclear scores of the HIVC+ and HIVC+/- groups; HIV-1 proviral
DNA was detected in most of the cases with a high nuclear score. Since nuclear
scores are also increased in cases where HIV-1 proviral DNA cannot be detected,
HIV-1 cannot be the only factor responsible for this change; although these results
suggest that the virus may be involved.

Nuclear enlargement was not confined to cells with increased GFAP-positive
cytoplasm. In five cases from the group, with no neuropathological changes, in one
case with diffuse gliosis, in one case with HIVE, and one of those with
cerebrovascular changes, large pale or watery nuclei were seen in the absence of
typically reactive cytoplasmic changes.

In addition, this lack of GFAP
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immunoreactivity was also observed in the single HIV-1-seropositive non-AIDS case
with enlarged pale nuclei. These nuclei were surrounded by a few GFAP-positive
branching processes, whilst in some cases the nuclei were surrounded only by a thin
rim of GFAP-positive staining.

Although GFAP expression may be reduced by

prolonged fixation, it is unlikely that the lack of GFAP positivity of these cells was
due to fixation as, following prolonged fixation cells with plentiful GFAP-positive
cytoplasm were still obvious. Furthermore astrocytes with enlarged pale nuclei and
little GFAP staining were found in cases that had been fixed for some of the shortest
periods of time.

These large watery nuclei were reminiscent of Alzheimer type II astrocytes that occur
in the cortex, in conditions such as Wilson’s disease and hepatic encephalopathies
(Kimura and Budka, 1986). In addition, biochemical and immunohistochemical
analysis of GFAP have revealed that this protein is reduced in the cortex in these
conditions.

Alzheimer type II astrocytes are described as having little or no GFAP-

positive cytoplasm, a swollen, vesicular nucleus with margination of chromatin and
may also have an intranuclear inclusion (Kimura and Budka, 1986; Dolman, 1985;
Duchen, 1992). Although nuclei observed in some of the AIDS cases in the present
study have a similar appearance, most had at least some GFAP-positive processes;
moreover no nuclear inclusions were seen. However, with AIDS, it is possible that
patients die from systemic infectious disorders, before the effects of a metabolic
disturbance on the brain become full-blown. Metabolic encephalopathies may result
from a longer period of severe metabolic insult prior to the patients death than in
AIDS. It is therefore possible that the enlarged, watery, nuclei with little GFAP-
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positive processes seen in AIDS brains, are a response to hepatic dysfunction, that has
not become severe enough to produce the typical appearance of metabolic
encephalopathy before death. Indeed, hepatic dysfunction occurs frequently in both
AIDS patients and HIV-1-seropositive patients that have not developed AIDS
(reviewed by Harcourt-Webster, 1992).

Pathological examination of livers from

AIDS patients reveals a variety of changes including granulomatous hepatitis
(associated with mycobacterial and fungal infections); inflammatory reactions
associated with CMV and herpes simplex infection; involvement by Kaposi’s sarcoma
or malignant lymphoma and in most patients who are HIV-1-seropositive there is
serological evidence of Hepatitis B, which in many cases may be associated with a
history of hepatitis or jaundice. The possibility of a relationship between hepatic and
brain pathology in AIDS has however, not been investigated.

It is unlikely that a

metabolic insult alone is responsible for the cortical reaction in AIDS, since increased
GFAP expression, which occurs commonly in these cases, is the opposite of what is
observed in cases with metabolic encephalopathy.

In addition to the predominantly nuclear changes, in a few cases (one case of HIVE
and one with CMVE) nuclear changes were mild, and extensive GFAP-positive
branching processes were seen throughout the cortex. This appearance was similar
to the gliofibrillary reaction seen as response to invading organisms such as
Cryptococcus neoforms and often occurs in AIDS patients. However these organisms
were not detected in any of the cases in chapter 2, in which this reaction was
observed. Rather there was a diffuse gliofibrillary reaction throughout the cortex.
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In the AIDS brains with no obvious pathological changes, and in some of the HIV-1seropositive non-AIDS cases, a dramatic reduction in perivascular GFAP staining was
observed. In cases with no neuropathological abnormalities, there was an increase
in GFAP expression by parenchymal cells and a decrease by perivascular astrocytes.
However in some of the non-AIDS cases, there appeared to be a reduction in GFAP
staining of both. The loss of perivascular staining seemed to be a result of reduced
GFAP expression rather than loss of GFAP-positive perivascular astrocytes, as
GFAP-positive cells with a small amount of GFAP-positive cytoplasm or a few
GFAP-positive processes were still present in this location.

Pulliam (1992)

observed a loss of GFAP cytoplasmic fibrils in human fetal brain aggregates, to
which HIV-1 gpl20 had been applied. In addition, astrocyte cultures treated with
gpl20, showed a loss of GFAP immunoreactivity. Pulliam concluded that gpl20
directly damages astrocytes which, in turn may damage neurons. This loss of GFAP
in cultured astrocytes treated with GFAP, may correlate with the reduction in GFAP
immunoreactive processes that was observed in some cases, notably those with no
obvious neuropathological abnormalities, in this study. However, HIV-1 was not
detected by immunocytochemistry in the cortex of cases with reduced GFAP
immunoreactivity, and only one case from the group with no neuropathological
abnormalities was tested by PCR. Since this case did not contain detectable amounts
of HIV-1 proviral DNA it cannot be concluded that the gpl20 induced loss of
astrocyte processes in cell culture, also occurs in the cerebral cortex of AIDS cases.
A loss of GFAP immunoreactivity was also observed in the cortex of three of the
HIV-1-seropositive non-AIDS cases, HIV-1 proviral DNA was detected in the cortex
of one of these cases but not in the other two.
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A more severe reduction in GFAP immunoreactivity than was observed in any of the
AIDS cases in this study, was seen in the HSVE case observed in the initial
observations (section 2.1).

Here very few perivascular GFAP-positive cells were

observed whilst infiltration of lymphocytes and macrophages was observed around
many vessels. In addition, large quantities of HSV antigen were detectable in the
cortex of this case. In contrast, antigens were not detected in any of the cases in the
no neuropathology group, or among the HIV-1-seropositive non-AIDS cases, whilst
perivascular infiltrates of macrophages and lymphocytes were sometimes present in
the latter but not in the former. The loss of GFAP immunoreactive processes may
result from the secretory products of infiltrating inflammatory cells. In AIDS, the
microglial cell/macrophage reaction in the cortex was unremarkable in most of the
cases with reduced perivascular GFAP immunoreactivity, whilst in the HIV-1seropositive non-AIDS cases there was no relationship between the presence of an
inflammatory infiltrate and a reduction GFAP immunoreactivity.

These findings are difficult to interpret; loss of normal appearing perivascular fibrous
astrocytes could result from a metabolic insult to these cells, as discussed above or
from an immunological insult, derived form the circulatory system. Astrocytes are
essential for maintenance of the blood-brain barrier (Abbott et al., 1992) and loss of
these cells may contribute to its breakdown, morphological evidence of which has
been reported in AIDS (Smith et al., 1990). The absence of perivascular insulation
by astrocytes seemed to occur predominantly in cases that lacked any obvious
neuropathological abnormalities. In the HIV-1-seropositive non-AIDS cases, although
a few perivascular macrophages containing haemosiderin were present in the latter
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group, no morphological evidence of blood-brain barrier breakdown was evident in
the former. However damage to the blood-brain barrier may facilitate the entry of
HIV-1 infected monocytes or blood-borne viral particles into the CNS.

GFAP immunoreactive staining around vessels was more abundant in HIV antigen
positive, CMVE and cerebrovascular cases; astrocytes with enlarged cytoplasmic
volume and thickened processes were present throughout the parenchyma, and
although no obvious perivascular distribution was observed in many cases, astrocytes
did appear to be in contact with vessels. The increase in GFAP immunoreactivity seen
in these cases may reflect a secondary response to an initial insult that induced a
reduction in GFAP expression; or may represent a reaction of astrocytes to another
pathological insult, such as HIV-1 induced toxicity.

A temporary loss of GFAP immunoreactivity was demonstrated in rats by Bjorklund
et al. (1986) in response to intracerebral injection of QUIN, a known excitotoxin. A
reduction in GFAP staining around the site of QUIN injection, was not observed in
animals injected with non-toxic amino acids. GFAP staining around the injection site
recovered within three days, and within six a gliotic reaction was seen. Furthermore,
within six hours of administration of QUIN, an increased density of GFAP-positive
astrocytes was observed some distance from the site of injection.

Bjorklund’s study

demonstrates that astrocytes have the ability to recover from some types of insult that
result in GFAP loss. Furthermore, it has been demonstrated that QUIN is present in
increased levels in the brain and CSF of AIDS patients and that the level of QUIN
seems to correlate with the presence of neurological abnormalities (Heyes et al.,
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1989, 1991). QUIN has been demonstrated to produce neuronal damage (Schwartz
et al., 1983) as well as astrocytic damage. This kind of excitotoxic damage induced
by QUIN, has also been demonstrated to occur in response to HIV-1 gpl20
(Brenneman, 1988; Lipton, 1991,1992). Although, unlike QUIN, gpl20 is not an
antagonist of the NMD A receptor (Lipton 1992), it may indirectly facilitate
neurotoxic damage by interfering with the neurotrophic functions of astrocytes, or by
inducing the release of neurotoxins from microglial cells (Brenneman, 1988; Lipton
1992). Excitotoxic damage may therefore occur in the brains of AIDS patients in
response to increased levels of QUIN, and in cases where HIV-1 is also present,
release of gpl20 by infected cells may accentuate the neurotoxic processes (Lipton
1992).

The observations in the present study of increased astrocyte density and

nuclear enlargement in cases with cortical HIV-1 infection, and in some without, may
be relevant to the toxic effects of gpl20 and QUIN. Thus, the astrocyte reaction in
the cortex may be due to increased levels of QUIN, or the presence of HIV-1; whilst
the combined effects of QUIN and gpl20 may result in more severe damage. The
synergistic interaction between these two neurotoxins could be responsible for some
of the highly reactive changes, observed in cases with detectable HIV-1 in the brain.
The detection of QUIN and HIV-1 gpl20 from the cortex of AIDS cases with and
without cortical abnormalities would help to resolve this issue.

4.3.5 Changes in RCA-120 microglial cell density

The density of microglial cells was variable in AIDS cases and was not significantly
different from normal controls.

Surprisingly, there was a significant increase in
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microglial density in the HIV-1-seropositive non-AIDS cases; however since the nonAIDS cases were all drug users and the AIDS cases all homosexuals the difference
in microglial cell density between these two groups may have been related to
difference in their risk factors.

The significant increase in microglial density in the HIV-1-seropositive non-AIDS
cases, as compared with normal controls, demonstrates that a microglial cell reaction
occurs at an early stage of the disease, at least in HIV-1 infected drug users. The
significantly higher density of microglial cells in the non-AIDS cases compared with
the AIDS cases suggests that this increase may be transient. Interestingly, Esiri et
al. (1991) identified an increase in the density of oligodendrocytes at an early stage
of HIV-1 infection, which was not present in cases with AIDS. Examination of the
cortex of drug-users with AIDS is necessary to establish whether the increased density
in microglial cells is a transient process occurring early in AIDS, or if there is a
difference between the microglial cell reaction in HIV-1 infected drug users and
homosexuals.

Perivascular cuffing of lymphocytes, a common reaction to viral infection of the brain
(Esiri and Kennedy 1992), and subacute meningitis are commonly observed in the
brains of HIV-1-seropositive non-AIDS cases (Gray et al., 1992) and were observed
in some of the cases in this study.

Infiltration of the brain and meninges by

inflammatory cells and the increase in microglial cell density, may both be part of the
same pathological response. However, the results of this study do not support HIV-1
as being responsible for inducing these changes as HIV-1 proviral DNA was detected
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in only two out of the eight non-AIDS cases tested, and not in cases with the highest
density of microglial cells.

Nevertheless, this early microglial cell reaction may

facilitate the entry of HIV-1 into the brain by acting as receptive host cells.

Although the density of microglial cells did not appear to be increased in the cortex
of the AIDS cases in the present study, many of these cases had abundant microglial
cells and macrophages in the white matter, as described in section 2.1. Although the
reason for this difference is not clear, the low density of microglial cells in the
cortex, as compared to the white matter is interesting in terms of HIV-1 antigen
distribution in the brain. Since microglia and macrophages are the main reservoir of
HIV-1 in the CNS, the lower amount of antigen found in the cortex may be related
to the lower density of appropriate host cells in this region. In addition, studies on
rat brain have demonstrated that CD4 antigen expression is lower in the cortex than
the white matter (Perry and Gordon, 1987). Although the expression of CD4 by
human microglial cells seems to be very low (Peudenier et al., 1991; Jordan et al.,
1991) or in some studies undetectable (Williams et al., 1992), CD4 expression by
microglial cells, isolated from adult human brain, has been demonstrated and infection
of these cells, by macrophage adapted strains of HIV-1, can be blocked by anti-CD4
antibodies or soluble CD4 (Jordan et al., 1991). There was no difference in detection
of HIV-1 proviral DNA from cortical and white matter samples in this study, while
there was considerably less viral antigen in the cortex; these findings may reflect the
reduced availability of active host cells in the cortex, as compared with the white
matter, in which virus replication is facilitated.
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There seemed to be no correlation between the density of microglia and the density
of astrocytes. Amongst the AIDS cases, both were highest in the HIVE/lep group.
However, in the CMVE group, although the astrocyte density was similar to the
HIVE/lep group the microglial density was significantly lower.

In contrast the

microglial reaction in cases with cerebrovascular disease was similar to the HIVE/lep
group while the density of astrocytes was significantly lower.

4.2.6 Changes in microglial cell morphology and distribution

Although microglial cell density was not significantly different from normal controls,
reactive cells, of either morphological type, were a frequent finding in twelve of the
twenty one AIDS cases. Although the density of microglial cells was higher in HIV1-seropositive non-AIDS cases than the AIDS cases, rod cells were more frequently
observed in the cortex of more of the latter cases. Macrophages and MGCs

. were

observed in small numbers in a few of the HIVE/lep cases, and were present in all
three of the cases in this group in which HIV-1 antigen was detected in the cortex.
These findings indicate that although a microglial reaction is present in the cortex, it
would not be revealed by cell counting alone. However, the extent of the microglial
cell reaction in the frontal cortex of AIDS cases is undoubtedly mild in comparison
to that seen in some other viral infections of the brain, such as the SSPE, PML and
HSV cases observed in the preliminary observations (section 2.1).

Reactive microglial cells (enlarged ramified, rod and macrophage cell types) were
more likely to be found in the cortex of AIDS cases from which HIV-1 provirus was
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detected by PCR, than in cases that were negative or indeterminate. In addition, rod
cells were the most frequent cell type in more cases with HIV-1 antigen in the cortex,
compared to cases in which only proviral DNA was found. This suggests that HIV-1
is more likely to be present in cases with reactive microglial cells in the cortex than
in cases where these cells are not found, when other pathological lesions are not
obvious.

Foci of cells observed in some cases were of two distinct appearances: MGNs which
consisted of tightly packed aggregates of microglial cells, lacking GFAP-positive
astrocytes or, ’loose foci’ of microglial cells, less densely packed than in MGNs.
GFAP-positive astrocytes were frequently associated with these loose foci of
microglial cells. CMV inclusions were sometimes observed in the former type of
foci, but never in the latter. The latter type of focal lesion was observed in cases with
HIVE/lep and in those with cerebrovascular disease. MGNs may represent an
appropriate reaction to the presence of CMV in the brain; these foci often contain
lymphocytes, which are usually absent from the loose foci.

The loose foci of

microglial cells and astrocytes are presumed to form in response to
HIV-1 infection (Budka et al., 1987; Budka 1991), and HIV-1 antigens can be
detected within them. The reason why these foci should differ from those produced
in response to CMV is not clear, although the lack of lymphocytes in loose foci may
be involved.

Microglial cells and infiltrating macrophages are the major cell types in the nervous
system identified as being infected with HIV-1. Gpl20 and other potentially toxic
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HIV-1 proteins are presumed to be released from these cells.

The low levels of

detectable antigen in the cortex, suggests that HIV-1 may not be present in sufficient
quantities in this region of the brain to induce toxic reaction. However the amount of
antigen

present

may

be

considerably

more

than

can

be

detected

by

immunohistochemistry on paraffin sections; in addition, it has been suggested that
relatively low levels of viral products may be sufficient to induce neuronal damage
(Giulian et al., 1990).

Furthermore, the present study detected the HIV-1 p24

antigen, which does not necessarily reflect the amount of gpl20 present in this region.

Microglial cells and macrophages release a range of potentially toxic substances
including QUIN and cytokines (Dickson, 1991).

Elevated levels of a variety of

cytokines have been detected in the CSF and serum of AIDS patients (Grimaldi et al.,
1991; Matsuyama et al., 1991) and it has been demonstrated that some of these
substances, for example tumour necrosis factor (TNF), can cause CNS damage
(Selmaj and Raine, 1988) The possibility that astrocytes may also release cytokines
must also be considered. Some astrocyte cell lines can be induced to secrete IL-1,
IL-3 and prostaglandins (Frei et al, 1987), although evidence for secretion of these
substances by astrocytes in vivo is lacking.

Although the reason for over-production of cytokines in the CNS is not clear, it
suggests that the immune function within the brain occurring in response to HIV-1
or opportunistic infections is disturbed.

Achim et al. (1991a) have demonstrated

increased expression of B-2Microglobulin (a fragment of the MHC I receptor) by
endothelial cells, oligodendrocytes and macrophages in the CNS of AIDS cases with
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a viral encephalitis. In addition, increased expression of MHC II by macrophages
and microglial cells was observed, by Achim et al.(1991a), but only in cases with
HIVE. Similar findings were reported by Kennedy and Gaims (1992). Expression of
the MHC I receptor, in conjunction with antigen, is necessary for recognition of
infected cells by cytotoxic T lymphocytes whilst expression of MHC II is essential
for antigen presentation to T-helper (CD4) lymphocytes (Rook, 1989). However,
as already mentioned there is a distinct lack of lymphocytes, in AIDS brains as
compared with other viral infections of the CNS. Achim et al (1991a&b) proposed
that this may be due to the peripheral depletion of CD4 cells and indeed at an early
stage of disease, prior to the peripheral depletion of CD4 cells, perivascular cuffing
of lymphocytes is observed in the CNS (Gray et al., 1992).

In order to induce

proliferation of T cells, antigen presenting cells secrete cytokines, including IL-1 and
IFN-Y, as they present antigen (Rook, 1989). In AIDS, the presentation of antigen
may fail to induce an immune reaction, and in the absence of appropriate feedback,
inappropriate release of cytokines by macrophage/microglial cells may result.

Since some astrocyte cell lines have been shown to present antigen and release a
range of cytokines, astrogliosis in AIDS may represent inappropriately stimulated
astrocytes, which also may release toxic cytokines. However although occasional
reports of MHC II expression by astrocytes in vivo can be found (Hickey et al.,
1985; Frank et al., 1986) numerous recent studies employing immunoelectron
microscopy (Sasaki and Nakazato, 1992; Graeber et al., 1992) and double labelling
immunohistochemistry (McGeer, 1988) have identified MHC II only on microglial
cells and perivascular cells in normal brains and in various pathological conditions
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including AIDS encephalopathy. However astrocytes may express MHC I in vivo
(Sobel and Ames, 1988) and release IL-1 and IFN in response to injury or infection
(Frei et al., 1987). Although the increased density of astrocytes in the AIDS cases
would suggest that these cells may be responsible for the elevated levels of cytokines
that are associated with HIV-1 infection, it seems more likely that microglial cells and
macrophages are the source of these factors within the brain, although astrocyte
release of some cytokines such as TGF-J1 (Whal et al., 1991), which may accentuate
neurological damage (Matsuyama et al., 1991).

In some pathological conditions, such as EAE in rats, a microglial cell reaction is
seen as an initial response, before an astroglial reaction occurs (Matsumoto et al.,
1992). The astrocyte response occurs later in EAE and serves to isolate microglial
cells from infiltrating inflammatory cell aggregates. This temporal difference in the
reaction of microglia and astrocytes was also observed in section 2.1, where the
reaction of these cells to the invasion of the brain by Cryptococcus neoforms was
described.

Matsumoto et al. (1992) suggested that while microglia augment the

response of infiltrating T cells, astrocytes may suppress the proliferation of these cells
and thus limit the inflammatory response and consequent damage to the brain
parenchyma. In the present study, the microglial cell reaction was most notable in
the cortex of HIV-1-seropositive non-AIDS cases, in which the astrocytic response
was not marked. In AIDS cases where a huge increase in the density of astrocytes
was observed in some cases, the microglial cell response was not remarkable. If the
microglial cell reaction is transient, the reduced density of these cells in cases with
full-blown AIDS may be a result of down-regulation of these cells by astrocytes. The
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presence of fewer microglial cells but with a more reactive morphology in the cortex
of AIDS brains, may be an end result of this process. Although HIV-1 proviral DNA
and antigens were not detected in the cortex of most of the non-AIDS cases, the
microglial cell reaction in these cases may facilitate the infection of the brain by HIV1, rather than occurring in response to the virus, as already suggested. The down
regulation of an immune response by astrocytes may therefore limit to some extent
the proliferation of HIV-1 in this region.
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4.2.7 Conclusions on the relationship between HIV-1 detection and the presence
of cortical abnormalities.

The detection of HIV-1 was associated with an increased density of GFAP-positive
astrocytes, and the presence of reactive microglial cells in the cortex of AIDS cases.
In addition, HIV-1 may affect the changes observed in astrocyte nuclear appearance.
However, none of these changes were found exclusively in cases with cerebral HIV-1
infection or in cases from which HIV-1 proviral DNA was detected. It is therefore
likely that pathological appearances previously described as DPD in AIDS, have a
multifactorial aetiology.

It has recently been suggested (Sharer, 1992) that the

presence of HIV-1 in the brain is merely a "red herring"; thus, infected monocytes
that enter the CNS in response to a stimuli, other than the presence of HIV-1, allow
the replication of the virus upon becoming activated. HIV-1 expression in the brain
according to this scenario, is merely a side affect of

other inflammatory stimuli.

However, our results suggest that activation of astrocytes and microglial cells is more
severe in the cortex of cases where HIV-1 can be detected. Therefore, while the
cortical reaction may at first be a response to other opportunistic infections, metabolic
dysfunction, or immune factors, the reaction seems exacerbated by the presence of
HIV-1, in the cortex.

It is important for the treatment of neurological conditions in AIDS, that the
underlying cause of the pathological observations described in this study is
determined.

Initial observations on the affect of Zidovudine suggest that treatment

with this drug may reduce the incidence of AIDS dementia (Portegies et al., 1989)
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whilst the identification of HIV-1 p24 antigen in the brains of patients that had been
treated with Zidovudine was reduced (Achim et al., 1991a). Together, these findings
suggest that HIV-1 is involved in the development of dementia; however clinicopathological correlations of cortical pathology and neurological symptoms are now
urgently required.

This study has also confirmed that HIV-1 can infect the brain parenchyma at an early
stage of disease.

Previous reports have detected HIV-1 in the CSF of HIV-1

seropositive non-AIDS patients (Ho et al., 1985; Resnick et al., 1988; Shaunak et al.,
1990; Goswami et al., 1991; Sinclair et al., 1992).but apart from a report on a single
case, from this department (Sinclair et al., 1992) it has not been established if HIV-1
is also present within the brain itself. The results suggest however, that a relatively
small proportion of HIV-l-seropositive non-AIDS patients have cerebral HIV-1
infection, although the presence of an indeterminate result in a number of these cases,
raises the possibility that a low level of HIV-1 infection is frequently present.
Further study of HIV-l-seropositive cases, to determine if HIV-1 is present in the
white matter as well as the cortex, is now required.

It has not yet been established if the astrocyte and microglial cell changes in AIDS
brains are related to the neuronal loss that occurs in AIDS.

However Everall et al.

(1991) found that neuronal loss was present in both cases with HIVE and those they
described as having minimal changes, while there was no neuronal loss in HIVseropositive non-AIDS cases. These results bear similarities to those obtained in this
study for astrocyte density; increased in both HIVE/lep and no pathology cases, while
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there was no increase in the HIV-l-seropositive non-AIDS cases. At present, it has
not been established if there is a correlation between the presence of HIV-1 in the
cortex and neuronal loss. Further study of astrocyte, microglial cell and neuronal
changes are necessary to establish associations with: expression of HIV-1 proteins;
expression of QUIN; cytokine expression and hepatic dysfunction.

In addition,

clinico-pathological correlations of neurological dysfunction and cortical damage are
urgently required.
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APPENDIX A

Extraction of DNA from HTV-positive frozen brain specimens

Reagents
HIRT Buffer
0.5% SDS
lOmM TRIS-HCL pH7.4
ImM EDTA
Proteinase K Stock solution 25 mg/ml distilled water

Preparation of Phenol (500g Molecular biology grade, Sigma.)
1. Remove from freezer and warm to room temperature
2. Melt at 68 °C in water bath
3. Weigh out 0.05g of 8-Hydroxyquinoline in to 10, 100 ml plastic beakers with
lid.
4. Add 50 mis of melted phenol, mix briefly store at -20°C in PCR reagent
freezer.

Equibliration
1. Melt an aliquot of phenol at 68°C in water bath.
2. Add 50 mis 0.5 M TRIS-HCL pH 8, stir 15 mins then aspirate the upper phase.
3. Add 50 mis 0.1 M TRIS-HCL pH 8 and repeat above 3 times.
4. Add 10 mis 0.1 M TRIS-HCL pH 8 with 2 y l of B-metacarptoethanol
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Preparation of chloroform:isoamyl alcohol (C:I)
Add 10 mis isoamyl alcohol per 250 mis isoamyl alcohol

Working Solution Phenol:Chloroform:Isoamyl alcohol (P:C:I)
1. Mix equal volumes of phenol and C:I in large glass Bijou (autoclaved).
2. Spin down to remove contaminating buffer.

Method
1. Defrost tissue.
2. Add HIRT buffer with 0.5% proteinase k - 10 /xl of stock solution in 1 ml of
HIRT buffer to give a final volume of 250 ug/ml. (use about 1 ml/ 0.3g of tissue).
3.

Add a few glass bends, incubate at 56°C, vortex every 5 mins until tissue
begins to break down.

4. Digest overnight at 56°C in waterbath, then vortex.
5. Prepare P:C:I and add 0.5 mis to a screw top tube, for each sample, cap and
label tubes.
6. Add 0.5 mis of sample to P:C:I using disposablepastures and

taking care not to

create any aerosols (do not leave more than one tubeopen at a time to prevent
possible cross contamination of samples).
7. Spin down, 3000 rpm, 30 min.
8. Transfer upper aqueous phase to fresh eppendorf.
9. Transfer lower phase to organic waste.
10.

Add 0.5mls P:C:I and repeat 7-9 until there is no visible protein at interface
(2 or 3 times).
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11.

Add equal volume of C:1 and repeat 7-10.

12.

Repeat 12, transfer aqueous phase to fresh eppendorf.

13.

Add 5M NaCL to aqueous phase to give a final concentration of 1M NaCL.

14.

Add twice the volume of ice cold ethanol, mix well.

Leave -70°C from 30 mins to overnight.
15.

Spin 15 min at 3000 rpm, discard supernatant.

Stand tubes upright to drain.
16.

Wash in ice cold 70% ethanol, spin down 15 mins, 3 times.

17.

Allow most ethanol to evaporate, add between 500 and 1000 f d of sterile

distilled water. Dissolve overnight at 37oC and 1 hr 56oC.
18.

Estimate the concentration of DNA on spectrophotometer.
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APPENDIX B

Thermal cycling protocol

Cycle 1
94°C for 1.5 mins
55°C for 2.0 mins
72°C for 3.0 mins

Cycles 2-39
94°C for 1.0 mins
55°C for 2.0 mins
72°C for 3.0 mins

Cycle 40
94°C for 1.0 mins
55°C for 2.0 mins
72°C for 10.0 mins
4°C hold
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APPENDIX C

Transfer of DNA from agarose gels to nylon membrane

1.

Photograph the gel, and cut out molecular weight marker of interest to mark
position, trim away excess gel and transfer to prepared staining dish.

2.

Wrap a piece of Whatman 3MM paper around a stack of glass plates. Place
the wrapped support inside a large staining dish.

Fill the dish with 1.5 M

NaCl with 0.5 M NaOH almost to the top of the support and smooth out all air
bubbles in the 3MM Whatman paper with a glass rod.
3.

Invert the gel so that its underside is uppermost. Place the gel on the damp
3MM Whatman paper. Make sure there are no air bubbles between the 3MM
paper and the gel.

4.

Using a fresh scalpel cut a piece of nylon membrane about 1-2 mm larger than
the gel in both dimensions. Use gloves and forceps to handle the membrane.

5.

Float the membrane on the surface of a solution of 2 x SSC until it completely
wets from beneath.

6.

Then immerse the filter in 2 x SSC FOR 2-3 min

Place the membrane on top of the gel so that one edge extends just over the
line of slots at the top of the gel. Be careful to remove all air bubbles trapped
between the gel and the filter.

7.

Wet two pieces of Whatman 3MM paper, cut to exactly the same size as the
gel, in 2 x SSC and place them on top of the membrane. Again remove all air
bubbles.

8.

Cut a stack of paper towels (5-8 cm high) just smaller than the 3 MM paper.
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Put a glass plate on top of the stack and weigh it down with a 500g weight,
and leave overnight.
9.

Remove the towels and the 3MM filters above the gel. Turn over gel and
filter and lay them, gel side up on a dry sheet of 3MM paper. Mark the
positions of the gel slots on the filter with a very soft pencil or a ball point
pen.

14.

Peel of and discard the gel. Soak the filter in 6 x SSC at RT for 5 min.

15.

Allow excess fluid to drain from the filter and set the filter to dry at RT on a
sheet of 3MM paper

16.

Place the dried filter between two pieces of 3MM paper. Bake at 120°C if
filter is not to be used immediately store at RT between two sheets of 3MM
paper.
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APPENDIX D

Labelling oligonucleotides with DIG-UTP for Southern blotting (modified from
Saluz and Jost, 1986)
N strand primer = 30mer —0.05 ix g /ix l
C strand primer = lOmer —0.04 jig//xl
Oligonucleotide buffer
500 mM sodium chloride
100 mM Tris-HCL pH 7.5
100 mM Magnesium chloride
lOmM dithiothreitol

1. Annealing mix
10 /x l 30mer
4 f d lOmer
2.5 p i oligo buffer
1. Incubate at 75 °C, 2 min
2. Incubate at RT, 20 min
3. Incubate on ice, 10 min
4. Add 1 ix 1 each of 10 mM dGTP, dATP, dCTP
Store at -20 °C

2.Reaction Mix
2 fxl Annealing mix
0.5 . ix 1 11-DIG-dUTP
1 (x 1 Klenow

3.Removing Unincorporated nucleotides
1. Add 1 ix 1 glycogen and 200 /x\ 2M ammonium acetate in 70% ethanol
2. Mix well
3. Incubate overnight at -70 °C
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4. Spin down, discard supernatant and repeat
5. Wash twice in ice cold 70% ethanol
6. Dissolve in 50 jd of buffer lOmM TRIS-HCL pH8.0, ImM EDTA
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APPENDIX E

Hybridization with and detection of DIG labelled probes
Boehringer Mannheim)

(modified from

1. Hybridization
Solutions
Hybridization solution
5 x SSC
20% formamide
0.1% N-lauroylarcosine,
Na salt (Sigma)
0.02% SDS

100 ml
25 ml 20 x SSC
20 ml deionised
0.1 g
200 p i 10 x SDS

Add 1% blocking reagent (Boehringer Mannheim) to freshly prepared solution.
Prepare 1 hr in advance by dissolving at 50-70°C (will not become clear)

Wash solution
0.2 x SCC
0 . 1 . SDS

1L
10 ml 20 x SSC
10 ml 10 x SSC

Method
1.

Prehybridize in a sealed box with at least 20mls hybridization solution per 100
cm2 of membrane at 42 °C for at least 1 hr.

Redistribute the solution from

time to time
2.

Denature 10 f il of DIG labelled probe in 100 p i of hybridisation buffer at
95°C for 10 min, then quench on ice for 10 min.

3.

Make plastic bags for overnight hybridisation, seal on two sides only. Insert
the membrane into plastic bags, seal third side and add 5mls of hybridisation
buffer and removing bubbles, seal fourth side.

4.

Add diluted probes to bags and reseal, incubate overnight at 42°C.
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5.

Rinse filters in wash solution then wash 4 x 15 min at RT in 250 mis.

6.

Membranes can then be used directly for detection of hybridized DNA or airdried and stored for later detection.

2. Detection
Solutions
Buffer 1

(1L)

100 mM Tris-HCL pH 7.5
150 mM Nacl

Buffer 2

(300 ml)

0.5% blocking reagent (Boehringer
Mannheim) in buffer 1
Dissolve 1 hr in advance at 50-70°C.

Buffer 3

(1L)

lOOmM Tris-HCL pH 9.5
100 mM Nacl
50 mM MgCl2

Buffer 4

(1L)

10 mM Tris-HCL pH 8.0
1 mMEDTA

Colour Solution
(prepare fresh)

45 f il NBT solution (Boehringer Mannheim)
35 f i\ X-phosphate-solution (Boehringer Mannheim)
10 ml buffer 3

Method
All stages except the colour reaction require shaking or mixing.
1.

Wash filters in buffer 1 for 1 min

2.

Incubate for 30 min with lOOmls of buffer 2

3.

Wash again briefly with buffer 1

4.

Dilute antibody conjugate (Boehringer Mannheim) to 1:5000 in buffer 1 (stable
for 12 hrs at 4oC)

5.

Incubate membranes for 30 mins with 20 mis of diluted antibody conjugate
solution
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6.

Remove unbound antibody by washing 2 x 15 min with 100 ml of buffer 1

7.

Equilibrate membrane with 20 ml of buffer 3 for 2 mins

8.

Incubate membrane in dark with 10 mis freshly prepared colour solution sealed
in a plastic bag. The colour precipitate starts to form within a few minutes
and the reaction is usually complete after 1 day. Do not shake or mix while
colour is developing

9.

When desired spots are detected, stop the reaction by washing the membrane
for 5 mins with 50 mis of buffer 4
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Figure 1. Necrotizing
granulomas of rheumatoid type
containing diathermy pigment.
H&E. x 120.

Case history
A 48-year-old wom an (gravida 1, para 1) with a history
of endometriosis was admitted for treatment of abdomi
nal pain. A hysterectomy, bilateral oophorectomy, pel
vic neurectomy and excision of a hard right ovarian
nodule were performed. A bilateral salpingectomy had
been performed for bilateral hydrosalpinx three years
previously and diathermy ablation of extensive pelvic
endometriosis was undertaken 18 months later.

PATHOLOGICAL FINDINGS

The uterus ( 8 x 4 x 3 cm) showed adenomyosis, left
cornual endometriosis, endometrial atrophy and a nor
mal cervix. Each ovary showed marked capsular fibrosis
containing occasional fragments of sequestered om en
tum and multiple cortical epithelial inclusion cysts. The
right ovarian nodule ( 3 x 2 x 1 cm) w as composed of
multiple granulomas of rheumatoid type (Figure 1) and
an occasional extant focus of endometriosis. Each granu
loma consisted of a central core of amorphous, eosino
philic, necrotic material containing flecks of brown, nonferric (Peris’ negative), diathermy pigment which was
surrounded by a rim of pallisaded histiocytes and an
occasional multinucleate foreign body type giant cell. A
thick band of hyalinized collagen encircled each granu
loma. Haemosiderin-laden, lipofuscin-laden and xan
thomatous histiocytes were not present. Ziehl-Neelsen

and Grocott’s silver m ethenam ine stains were performed
and did not show either mycobacteria or fungi respect
ively. Also, parasites, ova or birefringent foreign material
were not found.

Discussion
The necrotizing granulomas found at repeat prostatec
tomy are considered to be due to tissue necrosis caused
by diathermy during the initial transurethral resection
(Haboubi, Khan & Ali 19 8 4 ). Rheumatoid-type, necro
tizing granulomas have been described following tubal
diathermy for sterilization (Roberts et al. 1 9 7 7 ) and after
wedge biopsy of kidney where thermocautery was used
to control bleeding (Balogh 1986). Unlike the necrotic
pseudoxanthom atous nodules of ovary and peritoneum
associated with endometriosis (Clement, Young & Scully
1988), the ovarian nodule in this case did not contain
foamy histiocytes, lipofuscin-rich histiocytes or siderophages. The formation of necrotizing granulomas fol
lowing diathermy necrosis is a phenom enon which may
become increasingly recognized in sites other than the
prostate.
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A case of acquired im m une deficiency syndrome (AIDS),
in w hich m ultinucleated giant cells, characteristic of
the h u m an immunodeficiency virus (HlV)-encephalitis,
were found in a m ediastinal nodal deposit of lymphoma,
is reported. Im m unocytochemical studies confirmed the
m acrophage/histiocytic origin of these cells and the
presence of HTV antigen in their cytoplasm. The occur
rence of such m ultinucleated giant cells, representing
the hallm ark of HIV infection, has not been previously
reported outside the central nervous system.
Keywords: acquired im m une deficiency syndrome
(AIDS), h u m an immunodeficiency virus (HTV), encepha
litis, m ultinucleated giant cell, non-Hodgkins’ lym
phom a

Introduction
M ultinucleated giant cells were described by Sharer, Cho
& Epstein (1985) in the brains of AIDS patients where
the h u m an immunodeficiency virus (HIV) had been
dem onstrated by hybridization. Im m unohistochem istry
has confirmed their histiocytic origin and ultrastructural
studies have show n HIV particles in their cytoplasm
Address for correspondence: Dr F.Gray, Departmement de Pathologie
(Neuropathologie), Hopital Henri Mondor, 94010 Creteil, France.

(Gray, Gherardi & Scaravilli 1988). Koenig et al. (1986)
have dem onstrated th a t m acrophages and macrophagederived m ultinucleated giant cells represent the main
cells capable of synthesizing viral RNA in the central
nervous system. Therefore, they m ay be both the m ain
reservoir and the vehicle of spread for the virus. The
majority of authors agree th a t these multinucleated
giant cells represent the hallm ark of HTV encephalitis
(Gray et al. 1988). In sharp contrast, to our knowledge,
such m ultinucleated giant cells have not been docu
m ented outside the central nervous system.

Case report
A 40-year-old m an w ith AIDS developed a primary
anorectal m alignant large cell lymphoma, extensive
herpes zoster skin eruption and term inal confusional
state. At post m ortem exam ination, one mediastinal
node involved by a m alignant large cell lymphoma with
a stronger plasmacytic differentiation th an in the ano
rectal and cerebral localizations, showed num erous
typical m uitinucleated giant cells. These were similar to
those described in HTV-encephalitis. Their histological
appearance was characteristic: the cytoplasm was eosi
nophilic, granular w ith peripheral vacuoles and was
m ore densely stained in the centre of the cell th an at the
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and CD 15 (using leu M l m onoclonal antibody) (Figure
2d); these reactions are consistent w ith a m acroph age/
histiocytic origin. M icroorganism s w ere not detected in
sections stained for bacteria, acid-fast bacilli, fungi or
parasites. Viral inclusions w ere not observed.
Post m ortem exam in ation of the brain revealed three
types of lesions: (1) diffuse w hite m atter lesions w ith
m ultinucleated giant cells characteristic of HIV en cep h a
litis, (2) n um erous cortico-subcortical necrotic lesions of
varicella-zoster encephalitis w ith prom inent Cowdrytype intranuclear inclusion bodies and (3) a deposit of
m align ant large cell lym phom a w ith plasm acytic differ
entiation in the w hite m atter of the left cerebral
hem isphere. In both the latter lesions, n um erous m ulti
nucleated giant cells w ere also present (Figure 3). These
m ultinucleated giant cells had the sam e im m unohistochem ical properties as those found in the nodal lym 
phom a.

Discussion
M ultinucleated giant cells, sim ilar to those seen in the
CNS in AIDS patients, have not previously been reported
in extra-cranial sites. These cells are m orphologically
different from other types of m ultinucleated cells w hich

Figure 1. Mediastinal lymph node: a Multinucleated giant cell with
eosinophilic, granular cytoplasm more densely stained in the centre
of the cell, peripheral vacuoles and multiple basophilic nuclei
arrayed about the periphery: b some nuclei showed nuclear bridges
or filaments (arrow) radiating toward the centre of the cell.
H & E. x 600.

periphery; m ultiple basophilic nuclei w ere u sually
arrayed about the periphery and som e of them show ed
nuclear bridges or filam ents radiating toward the centre
of the cell (Figure 1). HIV antigen w as dem onstrated in
the cytoplasm of these cells u sing im m unoperoxidase
staining w ith a modified a vidin-biotin m ethod and gp 41
antiserum (Figure 2a & b). These cells w ere negative for
CD 4 5 (using m onoclonal antibody to leucocyte com 
m on antigen) but stained strongly positive for CD 68
(using KP1 or Y I/82A m onoclonal antibody) (Figure 2c)

m ay be observed in lym ph nodes in AIDS. In particular,
the m ultinucleated cells observed in lym ph nodes of m ale
AIDS patients w ith lym phadenopathy and in lym ph
nodes and lungs of children w ith AIDS as first quoted by
Sharer et al. (1 9 8 5 ), are W arthin Finkeldey giant cells
w hich are not specific and m ay occasionally be found in
lym phoid structures in AIDS (Diebold et al. 1 9 8 5 ).
In contrast, m ultinucleated syncitial cells sim ilar to
m ultinucleated giant cells have been observed in liver,
gastrointestinal tract, lym ph nodes, spleen and brain of
m onkeys infected by the sim ian im m unodeficiency virus
(Sharer et al. 1 9 8 7 ).
M ultinucleated giant cells are th ou gh t to be the result
of ch a n g es induced by HIV in infected m acrophages
(Lifson et al. 1 9 8 6 ). Since HIV has been dem onstrated in
the cytoplasm of histiocytes in lym ph nodes, the excep
tional occurrence of m ultinucleated giant cells in lym 
phoid organs is puzzling. In the present case, the
occurrence of m ultinucleated giant cells w ithin lym phom atous tissue both w ithin the brain and the lym ph node
is n otew orthy.
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Figure 2. Mediastinal lymph node: a & b positive staining of the cytoplasm of the giant cells for HIV antigen using gp 41 antiserum.
Peroxidase and modified avidin-biotin. c & d Cytoplasmic staining of a multinucleated giant cell c with KP1 (CD 68) and d with Leu MI
(CD15) antibodies using an indirect immunoalkaline phosphatase method, x 600.
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Pre-menopausal cytomegalovirus oophoritis
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Introduction

Case report

Cytom egalovirus oophoritis is easily m isdiagnosed as
m alignant disease (Subietas, Deppisch & Astarloa 19 77).
These authors and others (Livolsi & Merino 1 9 7 9 ) have
pointed out that cytom egalovirus oophoritis occurs only
in post-m enopausal w om en. We report the first case of
pre-m enopausal cytom egalovirus oophoritis: m orpho
logical differences from the post-m enopausal form are
described.

A 40-year-old fem ale died six w eeks after liver transplan
tation for cholangiocarcinom a. Post m ortem exam in 
ation established that death w as due to extensive
infarction of the transplant liver caused by dissection of
the hepatic artery. C holangiocarcinom a w as found
w ithin the w all of the portal vein.
The ovaries w ere virtually spherical, 32 m m greatest
dim ension. Blunt, w hite, papillary, cortical projections,
ranging in size from 2 to 4 m m diameter, w ere noted on
the haem orrhagic surface of each ovary and section
revealed a norm al m edulla but a blotchy, haem orrhagic
expanded cortex (Figure la ).

Address for correspondence: Dr D.J.Williams, Department of
Pathology, University of Leeds, Leeds LS2 9JT, UK.
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The involvement of the cerebral cortex
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a morphological and immunohistochemical study*
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Summary. The encephalopathy resulting from direct in
fection of the brain by human immunodeficiency virus
(HIV), which correlates clinically with the AIDS de
mentia complex, has been reported as being localized to
the white m atter where it induces myelin loss, gliosis and
perivascular infiltration by mononuclear macrophages
and multinucleated giant cells. Damage to the cortical
grey m atter in HIV encephalopathy was investigated in
nine randomly selected HIV-positive cases with or with
out clinical or morphological evidence of encephalopathy
and in five age-matched controls, using routine histology
and immunohistochemical methods [glial fibrillary acidic
protein (GFAP), microglia and HIV antibodies]. In
creased numbers of GFAP-expressing astrocytes and
Ricinus communis agglutinin 1 —120-expressing micro
glial cells were found in all the HIV-positive cases (includ
ing asymptomatic) and their severity could be correlated
with the severity o f the encephalopathy in the white m at
ter; the increase in number of cells expressing G F AP was
diffuse and the intensity of the staining higher than that of
microglial cells. The subpial region was the most severely
involved. It is suggested that involvement of the cortical
grey m atter is more common in HIV infection than pre
viously suspected and that clinical evidence of a de
menting process in AIDS is not necessarily due only to
white m atter lesions.
Key words: AIDS — HIV encephalopathy — Immunohistochemistry — Cortex

turbances, impairment of memory and concentration and
psychomotor retardation [28] and may progress to de
mentia. This syndrome, called the AIDS-dementia com
plex (ADC) by Navia et al. [33], has been classified as
subcortical in type because o f the low incidence of
dyspraxia and dysphasia which are prom inent signs of
cortical involvement.
The main pathological abnormalities associated with
the ADC were found in the white m atter and subcortical
grey nuclei and include myelin pallor, diffuse gliosis, scat
tered microglial nodules and multinucleated giant cells
(MGC) [34]. The latter (MGC) are composed of fused
macrophages [11], which are the cells predominantly in
volved in this illness [25, 37, 40, 45] and have been con
sidered the hallmark of the infection [2].
In most large neuropathological series [26, 35, 42]
changes in the cortical grey m atter received relatively
little attention compared with the severe lesions present
in the subcortical white matter. Budka et al. [5] and de la
M onte et al. [32], however, described cortical changes in
adults and, in addition, Sharer et al. [39] observed nerve
cell loss in brains o f children with AIDS.
However, although these reports correlate the changes
in the cortex with those in the subjacent white matter,
they do not make any reference to the severity of the
dementia. In this report we describe the changes in the
grey and white m atter in the frontal lobe of nine
unselected brains o f HIV-positive patients and correlate
the findings with the clinical presentation.

Patients and methods
A high proportion of patients with AIDS develop neuro
logical symptoms. These include sensory and m otor dis
* Supported by the Medical Research Council o f Great Britain. Dr.
Ciardi is the recipient o f an Erasmus grant
** Present address: Dipartimento di Biopatologia Umana, Viale
Regina Elena 324, Universita di Roma, Italy
Offprint requests to: F. Scaravilli (address see above)

The brains used in this study were: HIV-negative controls, consisting
of three females and two males and HIV-positive cases (six homosex
uals, two drug abusers and one, male, partner o f a female drug
abuser). The mean age of the former was 41.2 years, that o f the
latter was 36.5. The brains o f HIV-positive patients were classified
according to the pathological findings; those with HIV encepha
lopathy were further subdivided according to the severity o f the
pathological process: (1) normal brains (cases 1 and 2); (2) non-
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Table 1. Summary o f cases studied
Cases

Age (years)/ Risk factor for Clinical findings
Sex
HIV

H IV negative:
1
45/F

Neurological symptoms

Brain pathology

i

None

Congenital myopathy

None

N o abnormalities

2

38/M

None

Thoracic melanoma

None

N o abnormalities

3

62/F

None

PML,
follicular lymphoma

Right hemianopia, dysphasia, impairment
o f memory, cortical blindness, sensory
and motor disturbances

Severe loss o f white matter

4

17/M

None

MS (biopsy)

Raised intracranial pressure

Acute MS plaque

5

35/F

None

Japanese B encephalitis

Brain stem signs, peripheral neuropathy,
intermittent headache, photophobia

Polioencephalitis, diffuse
microglial nodules

H IV positive:
32/M
6

Homo

Diarrhoea, cyanosis,
P. carinii pneumonia

Terminal confusion

N o abnormalities

7

41/M

Homo

Kaposi’s sarcoma,
anaemia, cardiomyopathy

Peripheral neuropathy

N o abnormalities

8

47/M

Homo

Generalised
lymphadenopathy,
hepatosplenomegaly,
anaemia, hypercalcaemia

None

N o abnormalities

9

45/M

Homo

P. carinii pneumonia

None

Mild HIV encephalopathy,
toxoplasmosis

10

40/M

Homo

Generalised MAI
infection

None

Microglial nodules, myelin
pallor and MGC

11

34/M

Partner drug
abuse (F)

Fever, headache, pharyn
gitis, malaise and loss o f
weight

Loss o f vision and memory

HIV encephalopathy with
MGC, cytomegalovirus

12

24/M

Drug abuse

Kaposi’s sarcoma, weight Confusion
loss, fever, oral candidiasis

13

29/M

Homo

Fever

14

28/M

Drug abuse

Diffuse microglial nodules,
MGC, myelin pallor

Intellectual deterioration,
peripheral neuropathy

Myelin pallor, MGC in
white matter and cortical
ribbon

Dysarthria, right hemiparesis, altered
conciousness, became comatosed

Diffuse
leucoencephalopathy with
oedema and MGC,
astrocytic hyperplasia,
cytomegalovirus,
toxoplasmosis

HIV: Human immunodeficiency virus; homo: homosexual; PML: progressive multifocal leukoencephalopathy; MS: multiple sclerosis;
MAI: mycobacterium avium-intracellulare; MGC: multinucleated giant cells

HIV related pathological changes (cases 3 —5); (3) HIV-positive
patients (cases 6 —8) without any clinical or morphological involve
ment o f the brain; (4) HIV-positive patients (cases 9 —11) with mild
or moderate HIV encephalopathy, only one o f whom (11) presented
neurological symptoms; (5) HIV-positive patients (cases 12 —14)
with obvious neurological symptoms and severe pathological
changes o f HIV encephalopathy. Details o f the salient clinical and
pathological findings are summarised in Table 1. Although care was
taken to select brains with and without pathological changes and,
among the former, with and without clinical signs o f dementia,
within each group cases were chosen at random. The three patho
logical HIV-negative cases represent examples o f primary changes
o f the grey (case 5) or white matter (case 4) or o f white matter
changes producing secondary damage o f the grey (case 3).
Clinical signs suggestive of dementia were present only in cases
11 —14 and referred to as memory loss, confusion, intellectual de
terioration and altered consciousness. Neurological signs were not

present in cases 6 —10, with the exception o f peripheral neuropathy
in case 7 and terminal confusion in case 6, the latter probably in
relation with central cyanosis and Pneumocystis carinii pneumonia.
Since the pathological changes in the white matter o f the HIVpositive patients were those of HIV encephalopathy with MGC [15,
16, 35], a more detailed description o f their pathological features
was considered beyond the scope o f the present study.
The brains were fixed in 10% buffered formalin for 3 weeks
to 4 months. Two blocks of frontal lobe were selected for this
investigation. The biopsy specimen was immersed in the same fixa
tive for 72 h. Paraffin sections were stained with haematoxylin and
eosin, Luxol fast blue/cresyl violet and with Glees and Marsland’s
silver impregnation for axons. Immunohistochemical methods were
applied using antibodies to glial fibrillary acidic protein (GFAP,
polyclonal; DAKO Ltd, U K ) and to a core HIV protein (p24,
monoclonal, Dupont, UK). Histochemistry to visualise microglia
was also done using the lectin Ricinus communis agglutinin (RCA)
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Fig. 1 . Photomicrographs of cerebral cortex of normal (a)
and multiple sclerosis ( b) patients and of FUV-positive sub
jects with no neuropathological abnormalities (c), mild (d)
and severe (e) HIV encephalopathy. In a the glial fibrillary
acidic protein (GFAP) immunostaining is localised to the
perivascular spaces (arrow'); in b only a few cells and numer
ous fibres are visualised by the reaction; in c —e the number
of both cells and processes visualised by the antibody corre
late with the severity of the encephalopathy, a —e x 300

1 —120 (Vector Labs., UK). The antibodies and the lectin were
visualised using an avidin-biotin peroxidase technique.

M orphom etric studies
The density of GFAP- and RCA 1 —120-positive cells with a recog
nisable nucleus was counted in ten high-power fields ( x 400) and
the mean value was calculated in the subcortical white matter, the
region of the U-fibres and the deep, intermediate and subpial cortical
layers. A semiquantitative method was also applied to evaluate the

size of the astrocytes and the amount of immunoreactive material
present in astrocytes and microglial cells. The following grading was
used for astrocytes: + / — indicates that the scanty cytoplasm had
only a thin rim of positive reaction situated beneath the cell mem
brane; 1+ corresponds to cells whose amount of cytoplasm was as
large as the area of the nucleus and was homogeneously positive;
2 + and 3 + indicate cells whose cytoplasm had twice and three
times the size of the nucleus, respectively, and was homogeneously
positive. For the evaluation of microglial cells, P + , P-I-+ and
P + + + indicate the presence of less than 10, between 10 and 20
and more than 20 cell processes, respectively, per high-power field.
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Fig. 2. In the subpial cortical region o f a normal brain (a) a
few faintly GFAP-positive cells and a number of positive cell
processes are seen. Both cells and processes are increased in
the multiple sclerosis (MS) brain (b). In HIV-positive brains
(c —e) the increase is proportional to the severity of the
neuropathological process and is greater than in the deeper
cortex, a —e x300

Results
G lial fibrillary acidic protein
N orm al controls. In the grey matter, G F A P antibodies
identified only a small num ber o f cells and cells processes;
in the former, the reaction w as seen beneath the cell
m em brane and w as stronger around b lood vessels
(Fig. 1 a). On the other hand, in the subpial region

(Fig. 2 a ) and in the w hite m atter (Fig. 3 a) the
im m unostaining was localised predom inantly in numer
ous cell processes.
P ath ological H IV -n egative controls. A considerable in
crease in num ber and size o f cells expressing G F A P was
observed in all cortical layers o f case 3. In case 4, the
increase w as m oderate in all layers (Fig. 1 b), except the
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Fig. 3. Photomicrographs showing the density and appear
ance of GFAP-positivc cells in the white matter in a normal
brain (a), in the white matter surrounding an acute plaque
of MS (b) and in the white matter of HIV-positive brains
with no (c) and various degrees (d and e) of neuropathological
4
A i changes, a - e x 300

subpial. where it was severe (Fig. 2b). In addition, the
area o f normal myelin between the cortex and the plaque
showed a considerable number o f cells expressing G F A P
(Fig. 3b). In the cortex o f case 5, G F A P -positive cells
were seen in large numbers only throughout the subpial
and deep layers and in circumscribed areas in the layers
II —V. On the other hand, the density o f G FA P -positive
cells was high at all levels o f the white matter.

H IV -positive patients. In group 3, cells expressing G F A P
(Fig. lc ) were increased in the subpial areas (Fig. 2c)
and in the white matter (Fig. 3c). The intensity o f the
im m unostaining increased in group 4, both in deep
(Fig. 1 d) and in the subpial region (Fig. 2d) and to lesser
extent in the white matter (Fig. 3d). G roup 5 showed the
largest number o f G F A P -positive cells with equal density
in the grey (Figs. 1 e, 2e) and white matter (Fig. 3e).
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Fig. 4a —e. Photomicrographs showing cortical microglial cells and
processes visualised with Ricinus com m unis agglutinin 1 —120. In
the normal brain (a) only a few processes are faintly stained (arrows);
in the brain with PML (b) cell bodies and processes are seen (arrows);
in HIV-positive brains (c —e) more cells are seen and processes are

RCA 1 - 1 2 0
N o rm a l controls. P ositive reaction to R C A 1 — 120 w as
faint and localised p redom inantly in thin cell processes
(Fig. 4 a ).

.

,

more strongly stained and more branched with increasing severity
o f the illness, x 300
Fig. 5. Photomicrograph o f the white matter of case 13. Several
microglial cells react with the HIV antibody p24. x 300

P ath ological H IV -n cgative controls. In case 3 the number
o f positive cell processes w as slightly increased in the
cortex (Fig. 4 b), w hereas in case 5 they were localised
on ly in the nodules.

Table 2. Density and size o f glial fibrillary acidic protein-positive
cells

Table 3. Density o f microglial cells and their processes
Cortex

Cortex

Deep

0.2

(P+)a

0.2
(P ± )

0.2
(P ± )

0.2
(P ± )

2

0.1
(P ± )

0.2
(P ± )

0.1
(P ± )

0.3
(P + )

3

4
(P + )

>7
(P + )

NV

NV

4

ND

ND

ND

ND

Interm.

Deep

U-fibres

Deep

1

2 —3a
(1 + )

0 .5 - 1
(± )

< 0 .5
(± )

2
(± )

2.5
(± )

2

1 -2
(1 + )

<1
(1 + )

1
(± )

2
(1 + )

3

20
(3 + )

30
(3 + )

15
(2 + )

NV

6
(1 + )

1
(1 + )

1.5
(1 + )

20
(2 + )

14
(2 + )

5

10
d+)

<2
(± )

7
(+ )

20
(2 + )

20
(2 + )

6

5
(1 + )
15
(1 + )

1
(1 + )
5
(± )

1
(1 + )
2
(+ )

7
(1 + )
15
(2 + )

5.5
(1 + )
11
(1 + )

10
(2 + )

0.5
0+)

3
(1 + )

9
(2 + )

2.5
d+)

9

25
(3 + )

6
(2 + )

8
(1 + )

7
(2 + )

8
(2 + )

10

25
(2 + )

13
(2 + )

13
(2 + )

15
(2 + )

6
(1 + )

11

15

(3+)

6.5
(2 + )

7.5
(2 + )

13
(2 + )

10
(2 + )

12

20
(2 + )

16
(2 + )

14
(2 + )

20

(3+)

14
(2 + )

13

20

10
(2 + )

12
(2 + )

17

14

(3+)

(3+)

1

5
6
7
8
9
10
11
12
13

(3+)
14

Deep white
matter

Interm.
Subpial

4

U-fibres

White matter

2
(± )
NV

-

28

12

10

18

14

(3+)

(2+)

(2+)

(3+)

(3+)

3.5

5

(P+)

(+)

(P + + )

<0.5

<0.5

(P+)

(P+)

<1
(P + )
<2
(P + )

0.8

0.9

(P + + )

(P + + )

7
8

1

(P + + )

10

<1

<2

(P+)

(P+)

<2

<2

(P + + )

(P + + )

5

(P+)
< 0.5
-

1.6

\

2.5

(P + + )

(P+)
1.5

2

(P + + )

0.2

—

0.4

0.4

(P+)

-

(P+)

(P+)

0.5

(P + + )
6

2

(P + + )
8

(P + + )

(P+)

3
(P + + + )

(P+ + +)

14

2

(P + +)

3
4

(P + + )

10

8

(P + + )
11

(P -|—h)
2

(P + + )
15

(P + + )

(P + + )
10

(P+)
5

(P + )
10

(P + + )

a In each column the numbers indicate the density o f microglial cells,
the signs in brackets the density o f cell processes

a In each column the numbers indicate the density o f glial cells, the
signs in brackets the intensity o f the immunostaining

HIV-positive patients. In group 3 positive staining was
diffusely present in a small num ber o f cell processes in
both grey (Fig. 4 c) and white m atter. In group 4 the
appearances o f two cases with slight encephalopathy dif
fered only moderately from those in group 3 (Fig. 4d),
while in cases with m oderate involvement the num ber of
RCA 1 —120-positive cells in the deep cortical layers was
higher. In group 5 the numbers o f RCA 1 —120-positive
cells was increased, particularly in the grey m atter
(Fig. 4e).
The density o f G FA P- and RCA 1 —120-positive cells,
their size and the num ber o f processes are shown in Ta
bles 2 and 3.
Im m unostaining with the antibody p24 was seen only
in HIV-positive cases with neuropathological changes
and predominantly in the white m atter and around blood
vessels. Positive cells included microglia (Fig. 5),
macrophages and M GC and there was correlation be
tween num ber o f these cells and severity o f the encepha
lopathy as previously described by Budka [3].

Discussion
Abnormalities in the cortical grey m atter in HIV-positive
patients have been reported in children [39] and in adults.
In the latter group, changes appear as cortical gliosis
[32] and have been referred to as ‘poliodystrophy’ [5].
Moreover, m arked cortical neuronal loss, previously de
scribed by N avia et al. [34] in brains with ‘the most
advanced white m atter disease’, has recently been con
firmed in a m orphom etric study [3]. In group 5, the
changes in the white m atter were so diffuse and severe
that they may possibly have extended to, or determined
those of, the grey matter. However, the latter did not
show any histological evidence of nerve cell loss. On the
other hand, the findings in group 4 and, although milder,
group 3, were unsuspected until examined quantitatively.
They consisted o f a diffuse increase in num ber o f G FA Ppositive cells in areas in which the subjacent white m atter
showed only subtle or m oderate changes. These changes
were the main pathological abnorm ality since the increase
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in RCA 1 —120-positive cells was m uch less apparent
than the astrocytic reaction. Although the increase in
cellular expression o f G FA P and R CA was seen also
in HIV-negative cases, changes were patchy and mainly
localised to areas o f obvious histological abnormality.
Discussing the pathogenesis o f the diffuse polio
dystrophy, Budka [4] suggested that the mechanisms pro
ducing the lesion in the white m atter m ight also operate
in the cortical grey. According to the theory o f the ‘Trojan
horse’ [20,36], lymphocytes and m acrophages bind to the
endothelium [44] and can enter both into the white and
the grey matter. A nother mechanism suggested, that o f a
direct infection o f endothelial cells [43, 45], also implies
entry o f HIV in both grey and white m atter. The leptomeninges too may provide a route o f entry for the virus:
HIV has been recovered from the CSF o f patients [6],
sometimes in the absence o f detectable virus in the periph
eral blood [27] and CSF abnormalities are common
finding in these patients [30]. An acute or subacute m enin
gitis has been described at various times after exposure
to HIV [21, 22, 24], although it has rarely been seen in
patients suffering from full-blown AID S [23]. Although
at the time of death the severity of the glial changes in
our material was proportional to the degree o f cerebral
involvement, its existence at abnorm al levels in nonneurological cases suggests that in some circumstances it
may represent m orphological sequela o f an early process
and, in particular, th at the subpial gliosis be secondary
to an episode o f meningitis.
Although the type and rate o f progress of the lesions
support the localisation o f HIV in the cortical grey m at
ter, the nature and extent o f the possible damage pro
duced is not clearly understood. Among the various
mechanisms proposed for the production of lesions in the
white m atter, the m ost probable is a ‘bystander effect’ [8].
According to this theory [9] myelin is destroyed by soluble
immune factors liberated by activated monocytes and
lymphocytes with a mechanism similar to the demyelination in Theiler’s virus infection [7]. Although no com par
able damage takes place in the cortex o f HIV-positive
patients, at least until the term inal stages o f the illness,
release o f soluble immune factors could be responsible
for the proliferation o f astrocytes and microglia seen in
the present study and shown to have an immune function
in the brain [10, 38]. The possibility of a direct cytopathic
effect by HIV on nerve cells was supported by the dem on
stration th at the viral envelope glycoprotein gpl20 exerts
toxic effect on embryonic hippocam pal nerve cells o f the
mouse in vitro [1]; however, since rodents cannot be
infected by this virus, it seems unlikely that such effect
could take place in vivo. A nother possibility is based on
the dem onstration th at a segment o f the gpl20 molecule
shows sequence hom ology with several neurotrophic
factors, including neuroleukin [17, 18] and VIP [1]. The
form er has been found to support continuous survival of
spinal cord and sensory neurons in vitro [17, 18]. The
latter was found to be neurotrophic for embryonic hippo
campal cell cultures [1]. Dam age could derive from com
petition o f gpl20 with these factors for their specific cell
surface receptors.

O ur results showed that HIV antigens in the cortex
were localised only in cells of the microglia-macrophage
lineage as found in the white m atter by previous workers
[5,12,13, 25, 31, 41] and ourselves. N o immunostaining
was seen1in neuroepithelial cells, thus confirming that, in
spite o f sporadic evidence of virus expression by astro
cytes [14,19, 45], virus has not been unequivocally dem
onstrated in these cells.
The presence of lesions in the grey matter, quite inde
pendent from those in the subjacent white, is im portant
for the interpretation o f the cause o f dementia in HIVpositive patients. Although the severity of dementia ap
pears to correspond to the degree o f immunosuppression
[29], there seems to be poor correlation between the clini
cal signs and pathological changes in the white matter.
The findings o f the present study do not allow us to make
any reliable conclusion about the frequency o f the cortical
involvement in HIV-positive patients; however, they
suggest th at these abnormalities are commoner than pre
viously suspected and may be responsible for unusual or
otherwise unexplained clinical findings in patients suffer
ing from ADC.
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H IV encephalopathy presenting as hypomania
I McGowan, M Potter, R J D George, L Michaels, E Sinclair, F Scaravilli, R F Miller
C a se r e p o r t (D r I M cG ow an)
T h e patient was a 40 year old male Caucasian
homosexual who had worked as a nurse. In 1987 he
had right thoracic single derm atomal H erpes zoster
infection. In February 1988 he was seen at another
hospital with a history o f chronic diarrhoea, w eight
loss and oral candidiasis, and was found to have
Entamoeba histolytica in his stool. Follow ing
counselling, he had an H IV test w hich was positive.
H e then remained w ell until June 1988 w hen he
represented with cough and dyspnoea. A chest
radiograph was suggestive o f Pneumocystis carinii
pneum onia. H e underw ent bronchoscopy which
confirmed the diagnosis. H e was treated w ith tw entyone days o f nebulised pentam idine and m ade a rapid
recovery. H e then began secondary prophylaxis with
daily oral co-trim oxazole, and zidovudine was
com m enced. F ollow ing this, he was again well until
June 1989 when he presented w ith a short history o f
retrosternal discom fort. A t the tim e he had marked
oral candidiasis, and a presum ptive diagnosis o f
pharyngeal candidiasis was made. H e w as treated
empirically with fluconazole, and his sym ptom s
rapidly resolved.
In N ovem ber 1989 he reported m ild nocturia but
had no other urinary sym ptom s. H e had a recurrence
o f his retrosternal discom fort, and also com plained o f
a m ucoid rectal discharge and parasthesae in his toes.
An upper gastrointestinal endoscopy show ed m ild
oesophagitis and also several small lesions o f
K aposi’s sarcoma in the pylorus. A t sigm oidoscopy
the rectum appeared normal but H erpes simplex was
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cultured from a perineal swab. T reatm ent with
acyclovir im proved his rectal sym ptom s. Shortly
after this, he becam e anaemic and leucopenic. His
zidovudine was temporarily discontinued and then
restarted at a lower dose.
In January 1990 he developed cytomegalovirus
retinitis and began treatment with ganciclovir given
via a H ickm an line. In February he self-referred. On
exam ination he had quite marked left-sided scrotal
cellulitis. Culture from the skin revealed a heavy
growth o f Staphylococcus aureus and an ultrasound o f
the scrotum revealed co-existent epididym o-orchitis.
H e was treated w ith oral antibiotics, and his sym p
tom s steadily resolved. In M ay that year he became
non-specifically unw ell w ith a low-grade fever and
m inim al dysuria. Exam ination at that tim e showed
som e tenderness around the Hickm an insertion site.
Pending the results o f blood and urine cultures,
broad spectrum antibiotics were begun. Sub
sequently a heavy growth o f Escherichia colt was
cultured from the urine. A t this tim e the secondary
prophylaxis against pneum ocystis pneum onia was
changed to m onthly inhaled pentam idine. Later on in
the sum m er the patient noted that the num bness and
parasthesae had now extended up to his calves.
Carbamazepine was begun with good effect. In late
July he re-presented acutely with a history o f night
sweats, fevers and rigors. Escherichia coli was
cultured from blood and urine and also from a skin
swab taken from the Hickman entry site. Other
investigations, including a prostatic ultrasound, an
abdom inal ultrasound and a chest radiograph were
all normal. N erve conduction studies were also
performed and were consistent w ith an H IV peri
pheral neuropathy. H e was treated with parenteral
antibiotics for his septicaemia, and made a rapid
recovery.
In Septem ber 1990 it becam e apparent that the
patient was behaving a little oddly. H e was normally
an outgoing and som ewhat extrovert character. H is
behaviour had becom e a little inappropriate. H e had
taken to visiting his neighbours dressed in only his
underwear. T h e patient was adm itted for assessm ent,
and was clearly hypom anic. H e was euphoric, disinhibited, had marked flight o f ideas, insom nia and
verbalised several grandiose schem es. Investigations
at this stage failed to reveal a m etabolic cause for his
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Figure I C T head scan taken at level of (a ) the lateral ventricles (b) the hemispheres showing cortical atrophy; the sulci are
widened (arrow ).
; . .•
. . .1

problem s, and a septic screen was negative. A formal
psychiatric opinion was sought and the diagnosis
of hypom ania was confirm ed. H aloperidol was com 
m enced; this therapy wras com plicated by extrapyram idal side-effects which were successfully
treated w ith procyclidine. O ver the next week or so
his hypom ania settled. It was then planned to
send him hom e w ith com m unity psychiatric nurse
sup p o rt, and in p u t from the C om m unity C are Tearn.
Once at hom e the patient discontinued his
haloperidol ab ru p tly , and rapidly became hypom anic
once m ore. H e began to spend money recklessly. He
was readm itted and treated w ith chlorprom azine in
place of haloperidol. Again there was rapid lysis of his
problem s. Investigations at this stage revealed that
he was anaem ic and he was transfused w ith four units
o f blood. C T o f his head (fig 1) showed evidence of
cortical atrophy w ith w idened sulci; no focal
abnorm alities were evident. T h e p atient’s condition,
w hilst on the w ard, gave continued cause for concern.
H e began to refuse his o th er m edication, as he felt
th at to discontinue it would help him gain weight. It
was felt th at he was causing him self harm by his
inappropriate behaviour, and after careful discussion
it was decided to section him . T h e patient was
inform ed o f this decision, but before the section

could be activated, he left the w ard and retu rn ed
home. H e was subsequently adm itted as a voluntary
patient to a psychiatric unit in another hospital, and
then was discharged hom e once m ore. H e was then
m anaged in the com m unity by the Bloom sbury
C om m unity C are T eam and a com m unity
psychiatric nurse, together w ith a group of
supportive friends and neighbours. O ver this eightweek period p rio r to death, the patient continued to
live at home. T h e re was a steady deterioration w ith
further weight loss and increasing weakness.
T erm inally he developed a bronchopneum onia and
died.
D is c u s s io n (D r M Potter)
T his man was clearly hypom anic. H e was restless,
overactive, he had a labile m ood and was disinhibited. In addition he exhibited bizarre behaviour,
for example, on one occasion draw ing around all his
joints w ith a felt tip pen. W e also heard that he was
spending recklessly, and also had grandiose plans. He
had no personal or family history of previous
psychiatric problem s, but he had a som ewhat
extrovert, prem orbid personality. T h e patient did
not drink alcohol excessively, nor did he use opiates
or cocaine.
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Psychosis in H IV + ve p atien ts, unassociated w ith
delirium or d em en tia, is fairly u n c o m m o n .12 In this
case the possibilities are th a t his hypom anic episode
was u n related to his H IV disease— the tw o occurring
togeth er m erely as a coincidence. A lternatively this
could have rep resen ted a reactive event, b u t against
this is the long tim e interval betw een know ing he was
H IV 4- ve and the d ev elo p m ent o f the hypom ania. A
fu rth e r possibility is th at this illness was secondary to
a d eliriu m or a dem en tia, b u t th ere was no evidence
for eith er o f these on m ental state exam ination. O f
course, it is know n th at H I V + ve p atien ts can present
w ith psychotic features first, b u t it is usual for these
to be follow ed by rap id cognitive decline or a
confusional sta te .13 In such a situ atio n it is usually
obvious in retro sp ect th at the psychotic episode was
the first indication o f a d em en tin g process.4 T h is was
clearly n o t the situ atio n in this m a n ’s case. Very
occasionally psychotic illness can occur w ith o u t any
evidence o f an u n d erly in g organic p ro c ess.1T h is has
been attrib u te d to som e d irect n e u ro tro p ic effect o f
the H IV itself. T h is m ay well have been the case in
this m a n ’s illness. A lth o u g h o f course it has to be said
that try in g to assess cognitive fu n ctio n in som ebody
who is h y p o m an ic is difficult. In term s of the tre a t
m ent he was given, we know th at H IV + v e
individuals are very sensitive to the anticholinergic
and ex trap y ram id al side-effects o f n eu ro le p tic d ru g s .1
T h is
p atien t clearly
show ed
extrapyram idal
problem s w ith h aloperidol. In re tro sp ect perh ap s,
thiorid azin e, w hich has few er extrap y ram id al sideeffects than halo p erid o l, m ig h t have been a b etter
choice o f d ru g .1
G ro u n d s for d eten tio n u n d e r the M en tal H ealth
Act are q u ite clear. T h e p atien t m u st be show ing
evidence o f causing h arm to h im self o r to others. T h e
p atien t was behaving in a reckless way and refusing
his m edication. H o w ev er, it was still a difficult
decision to m ake. Y ou w ere faced w ith the options o f
placing this p atien t on a section for assessm ent for a
m onth , or for trea tm e n t over 6 m o n th s know ing th at
the p a tie n t’s overall pro g nosis was severely lim ited
anyway. A n o th er practical p ro b lem , having sec
tioned som ebody, is a ttem p tin g to contain them and
this may pose significant p ro b lem s particu larly on an
acute m edical w ard. It was p ro b a b ly a tactical erro r to
inform the p atien t th a t he was going to be sectioned
some tim e before the assessm ent was due to be
carried o u t, since he th en ab sco n d ed from the w ard.
It m ight have been b e tte r for him to have been
m anaged on a p sy chiatric w ard, b u t one is faced w ith
the ethical dilem m a o f re strain in g som ebody in
hospital tow ards the end o f his life a considerable
distance from his friends and n eig h b o u rs and away
from his ow n en v iro n m en t.

su b u rb o f L o n d o n for several weeks before he died.
T h e care was p ro v id ed by his friends an d n eig h b o u rs
on a d ay -to -d ay 24 h o u rs a day basis, g uided by the
com m unity psy ch iatric n u rse , his general p ra c ti
tioner, an occupational th e ra p ist and ourselves. T h e
voluntary o rganisation A C H T (A ids C are E d u catio n
and T ra in in g — N a tio n al In fo rm atio n : 081 -840 7879)
visited regularly an d c o -o rd in ated and su p p lem en ted
the 24 h o u r care netw ork. D e sp ite his p rio r
p sy ch iatric p ro b lem s the p a tie n t’s expressed w ishes
w ere to rem ain at hom e for as long as possible and to
die there. H e was fully aw are o f his w orsening h ealth ;
w eight loss, progressive n eu ro p a th y affecting his
m obility an d d eterio ratin g visual acuity. A m o n th
before death he decided to stop all his trea tm e n t;
th ere was no re cu rre n ce o f his psy ch iatric problem s.
In the last weeks o f his life he was im m obile in bed
and had a u rin ary cath e ter; th ere was a clear b u t
slowly progressive decline in m ental fu n ctio n .
C linical diagnoses:
1. H y p o m an ia
2. E n ce p h alo p ath y — H IV ? , or C M V ?
3. C ytom egalovirus re tin itis
4. T e rm in a l b ro n ch o p n eu m o n ia.

Dr R J D George
W e looked after this m an in his ow n hom e in an o th er

Figure 2 P ara-aortic lymph node showing plasm a cell and
macrophage infiltration with necrosis. ( x 400. H aematoxylin
and Eosin.)

Pathology (Professor L Michaels)
T h e necropsy findings in this m an w ere su rp risin g .
T h e re was generalised ly m p h ad en o p a th y . T h e nodes
them selves w ere very pale. T h e spleen was th ree
tim es its n orm al size, an d w ith in it th ere w ere large
yellow areas. W ith all these changes in the re tic u lo 
endothelial system , I th o u g h t this was going to tu rn
o u t to be a lym phom a. H istologically, the lym ph
nodes and spleen show ed m assive necrosis w ith
inflam m atory cell changes (fig 2). U n d e r high pow er
inflam m atory cells w ere seen to be plasm a cells and
som e histiocytes am ong them . S tain in g o f the lym ph

H I V encephalopathy presenting as hypomania
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Figure 3 Para-aortic lymph node showing infiltration with
vast numbers of acid fast rod shaped organisms— atypical
mycobacteria. ( x 1000, Zeihl-Neelsen.)

nodes and spleen w ith Z eihl-N eelsen revealed vast
num bers of acid-fast bacilli (fig 3). T h is is quite
different from Mycobacterium tuberculosis in the
pattern of inflam m atory reaction. W ith the absence of
granulom a form ation this is likely to be an atypical
m ycobacterium , such as M ycobacterium-avium
intracellulare.
In the lungs the lower lobes were consolidated.
M icroscopically there was evidence of broncho
pneum onia. T h ere were num erous G ram -positive
cocci. Pneumocystis carinii were not seen, and there
was no evidence o f m ycobacteria. In the apices,
in a subpleural distrib ution, there was m arked
em physem atous change. Elsew here in the upper

Figure 4 Left upper lobe of lung showing giant cell and
macrophage reaction to numerous birefringent crystals ( of
pentamidine) (arrows). ( x 400, Haematoxylin and Eosin)
photographed through partially crossed polaroids.

Figure 5 Ganglion cell layer of retina showing swelling and
necrosis of cells, many of which show large basophilic
intranuclear inclusions (arrows). The granular cell layer is
not affected.

lobes, there was a granulom atous chronic inflam 
m atory change. W ithin this were giant cells w hich
had form ed in reaction to foreign body m aterial. At
high pow er this was seen to be crystalline m aterial
(fig 4). T h is m an had received nebulised pentam idine,
and I w onder if it was pentam idine crystals th at were
seen deposited in the up p er lobes. W hen nebulised
pentam idine therapy is given it is at the lim it o f its
saturation in w ater. It w ould not be surprising if
some of the pentam idine were to crystallise out
during inhalation and m ay then deposit w ithin the
lungs. A granulom atous response to pneum ocystis
infection has previously been reported in patients
who have received inhaled pentam idine th erap y .5
T h e re was no evidence of K aposi’s sarcom a in the
tracheobronchial tree, w ithin the lung parenchym a
or on the pleura.
In the kidneys, lying w ithin the tubules, there were
large num bers o f G ram -negative rods. A lthough the
kidneys were not cultured this was probably an E coli
infection. In the liver there was som e inflam m atory
change, particularly aro u n d the sinusoids, and w ithin
these were m ycobacteria.
Histological exam ination o f the left eye showed
w idespread retinal necrosis, foci of cells show ing the
inclusions of cytom egalovirus in the ganglion cell
layer (fig 5).
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D r F S ca ra villi
M acroscopically in the brain there was som e patchy
areas o f discolouration but otherw ise there were no
gross abnorm alities. A t this p oin t several possible
diagnoses can be ruled ou t, including progressive
m ultifocal lcucoencephalopathy. Very rarely does
toxoplasma encephalitis occur w ithout m acroscopic
abnormalities. But m acroscopically this still could be
cytom egalovirus encephalitis or H IV encephalitis.
On histological exam ination the m yelin stain show ed
diffuse m yelin pallor particularly in the hem ispheres.
T here were no other identifying abnorm alities, so
this is a rather non-specific finding. T h e w h ite matter
did not show any abnorm ality other than diffuse
oedem a and a little perivascular cuffing w ith lym 
phocytes. In conclusion, on the basis o f the h istology,
we were not able to make a specific diagnosis and we
had to use histochem ical m ethods.
M iss E Sinclair
S ections o f the brain were stained w ith an an ti-H IV
antibody (p24, D u p o n t), and w e detected H IV
antigen, both in m acrophages and m icroglial cells.
Positive cells were detected scattered throughout the
w hite m atter, but no such cells were seen in the
cortical grey matter. U sin g the polym erase chain
reaction (P C R ), proviral H IV D N A w as sought.
W hen using this technique to detect H IV , it is
necessary to am plify D N A from m ore than one
region o f the genom e to preclude false negative
results w hich may occur d ue to sequence alterations.
W e routinely am plify sequences from three genes,
the gag (w hich codes for H IV core protein), p ol
(which codes for reverse transcriptase) and env
(which codes for virus cell m em brane). PC R was
applied separately to both cortical grey and w hite
matter from the brain. In this case H IV sequences
were detected in both grey and w hite matter.
D r F S caravilli
T h e presence o f n on-specific w h ite matter abnor
malities and the scattered inflam m atory changes,

together w ith the evidence o f H IV infection, m eans
that this man had H IV encephalopathy. By glial
fibrillary acidic protein (G F A P ) staining we w ere able
to show the extent o f glial cell involvem ent in this
process. T hrough ou t the brain there was evidence o f
increased num bers o f glial cells expressing G F A P ,
indicating that there was indeed diffuse cerebral
pathology w hich was not detected by standard
histological m ethods. U n d oub ted ly this w ould have
accounted for the changes in higher cerebral function
in this patient.
In the spinal cord at the thoracic level there was
evidence o f marked dem yelination and vacuole
formation. T h e patient had a vacuolar m yelopathy
which m ight explain his peripheral neurological
problem s.
Pathological diagnosis:
1. D issem inated m ycobacterial infection
2. T erm inal bronchopneum onia
3. Apical
foreign
body
granulom atous
response in the lungs
4. H IV encephalopathy
5. Vacuolar m yelopathy
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D e te c tio n o f HIV p r o v ir a l D N A in c o r te x a n d w h ite m a tter
o f AIDS b ra in s b y n o n -is o to p ic p o ly m e r a s e c h a in rea c tio n :
c o r r e la tio n w ith d iffu se p o lio d y s tr o p h y
Elizabeth Sinclair an d F rancesco Scaravilli
Objectives: (1) To d e te rm in e w h e th e r d e te c tio n of HIV proviral DNA se q u e n c e s in th e
cerebral co rtex c o rrelates w ith th e p re se n c e of p athological ch a n g es in th is region,
believed to c o n trib u te to th e H IV-associated c o g n itiv e/m o to r com plex. (2) To co m p a re
th e freq u en cy w ith w hich HIV infects cortical a n d subcortical regions of th e brain. \
Design: In vitro studies on HIV neurotoxicity suggest th a t HIV m ay be involved in th e
path o g en esis of co rtical d am ag e, recen tly defined as diffuse p o liodystrophy (DPD)
in AIDS. Previous d e te c tio n of HIV an tig en has localized HIV m o re freq u en tly to
subcortical th a n to cortical regions. It is n o t know n w h e th e r HIV preferentially infects
subcortical tissues or if viral expression varies in th e s e tw o regions.
Methods: HIV an tig en a n d proviral DNA se q u e n c e s w ere d e te c te d in an terio r frontal
lobe tissues using im m u n o h isto ch em istry (IHC) a n d th e p o ly m erase ch ain reactio n
(PCR), respectively. DPD w as assessed by staining w ith an tib o d ies ag ain st astro cy te s
(GFAP) an d m icro g lia/m acro p h ag es (HAM 56).
Results: HIV proviral DNA w as d e te c te d in nine o u t of 15 cortical sam ples a n d in 10
o u t of 15 w hite m a tte r sam ples, w hilst HIV p24 an tig en w as localized to th e co rtex in
th re e o u t of 15 an d to th e w h ite m a tte r in sev en o u t of 15 cases. DPD w as fo u n d in
10 cases, alth o u g h in five a different aetiology m ay h av e b e e n involved. H ow ever, DPD
w as p resen t in eig h t o u t of th e n ine cases in w hich HIV proviral DNA w as d e te c te d in
th e cortex.
Conclusions: Using a n o n -iso to p ic PCR m eth o d , HIV w as d e te c te d in th e brains of
m ore cases th a n w ould b e e x p e c te d o n th e basis of IHC d e te c tio n , a n d w as p re s e n t in
th e cortex as freq u en tly as in th e w hite m atter. HIV, to g e th e r w ith o th e r factors, m ay
c o n trib u te to th e p a th o g en e sis of DPD.
AIDS 1992, 6:925-932
Keywords: HIV proviral DNA, non-isotopic polym erase chain reaction,
diffuse poliodystrophy, HIV-associated cognitive/m otor com plex.

Introduction
Pathological changes associated with HIV infection of
the brain include infiltration of the white matter and
subcortical grey by macrophages, presence o f mult
inucleated giant cells (MGC) and pallor and gliosis
of the white matter [1-5]. This pathological appear
ance is called HIV encephalitis (HIVE) if lesions are
perivascular and focal, or HIV leukoencephalopathy
(HIVL) if widespread throughout the deep white mat
ter [6]. These appearances have been correlated with
the HIV-associated cognitive/motor complex (previ

ously known as the AIDS dementia complex [1,6]),
although, in a num ber of cases, dementia is reported
in patients who, at post mortem, do not have m or
phological evidence of encephalitis. Moreover, it has
been suggested that pathological changes in the cere
bral cortex of some of these patients may contribute
to the dementia. This pathology, recently defined as
diffuse poliodystrophy (DPD) in AIDS [6], has been
described by several authors in HIV-positive patients
with and without obvious HIVE or HIVL. Changes in
clude astrogliosis with microglial activation [4,7,8] and
neuronal loss [9-12]. MGC may also be found oc-
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casionally in the cortical grey matter of both HIVE
or HIVL, but are much rarer than in the subcortical
region. Similarly, HIV antigens and nucleic acids, al
though also found in the cortex, are predominantly lo
cated in subcortical regions [13,14] and are most often
associated with changes o f HIVE and HIVL [13-19].
It has been suggested that the cortical pathology seen
in AIDS patients may be induced by HIV; however,
since the num ber o f cases with cortical abnormal
ities exceeds those in which HIV can be detected
in the cortex either by immunohistochemistry (IHC)
or in situ hybridization (ISH), it remains to be deter
mined whether HIV exists within the cortex below the
detection limit of these methods.
The recently developed polymerase chain reaction
(PCR) [20] has proved to be a sensitive m ethod for
detection of HIV proviral DNA in brain tissue [21 ]. We
used a non-isotopic PCR m ethod to amplify HIV provi
ral DNA sequences from separate samples of grey
and white matter. Three regions of the HIV genome
were detected using primers designed to amplify con
served regions of the g a g p o land env genes [22]. The
PCR results were related to IHC for HIV, performed on
tissues from adjacent areas and to the HIV-associated
neuropathological changes.

Materials and methods
Subjects and tissues

Fifteen cases were studied from a series of brains, o b 
tained at post mortem from AIDS patients, treated at
the University College and Middlesex Hospital, Lon
don. All subjects were homosexual men, whose age
ranged from 26 to 53 years (mean, 37 years). Fixed
brains weighed between 1290 and 1740 g (mean,
1463 g). At post mortem the frontal poles were re
moved and frozen and the rest o f the brain was fixed
in 10% formalin for 1-3 months; 15 blocks were taken
from each case and routinely processed for histology.
M orp hological m eth od s

Paraffin sections of all blocks from each case were
stained according to routine neuropathological meth
ods; selected sections were also stained with special
stains (PAS, Giemsa, Gram and Grocott) and immuno
histochemistry for the detection of infective agents.
Im m unohistochem istry

The reliability of three antibodies for the detection
of HIV antigen had previously been tested on paraf
fin sections of blocks fixed in formalin for periods
from 1 to 9 months. Cases of HIVE and HIV-neg
ative cases (three of multiple sclerosis and one of
vasculitis) were stained with the following antibodies:
NEA HIV p24 (DuPont Diagnostics UK Ltd, Stevenage,

England, UK ), NEA HIV p l7 (DuPont), which de
tect the HIV core proteins p24 and p l7 and LAV
g p 4 l.l (Genetic Systems, Seattle, Washington, USA),
which detects the envelope protein gp4l. The two
DuPont antibodies stained only HIV-positive cases,
while LAV g p 4 l.l, although reliable in other reports
[13,14], stained occasional macrophages in all three
multiple sclerosis lesions. Of the other two antibod
ies, NEA p24 was occasionally positive when NEA p l7
was negative, while the reverse was never true. There
fore, NEA p24, which detected HIV in blocks fixed for
up to 9 months, was used to screen paraffin sections
of anterior frontal lobes from all cases in this study.
Adjacent sections were stained with antibodies to de
tect glial fibrillary acidic proteins (GFAP; Dako Ltd,
High Wycombe, England, UK) and a macrophages/
microglia marker [HAM 56; Enzo Biochem (Cam
bridge Bioscience, Cambridge, England, UK)]. All anti
bodies were visualized using the modified avidin-biotin
peroxidase m ethod [23]. GFAP and HAM 56 reactions
were observed blind and independently by both inves
tigators to assess the severity and distribution of the
cellular reaction. Astrocytosis was described as mild if
an increase in GFAP positive astrocyte num ber was the
only change; m oderate if enlarged, reactive nuclei were
also seen; or severe when an increase in cytoplasmic
volume was also present. Similarly, the microglial re
action was classified as mild when an increase in cell
processes was present; moderate when numerous rod
cells were present and severe only when macrophages
were seen. DPD was thought to be present when astrogliosis was either m oderate or severe with or with
out a microglial cell reaction.
P olym erase ch ain reaction

PCR was used to detect HIV sequences in separate
specimens of grey and white matter with primer pairs
from multiple regions o f the HIV genom e (gag pol
and env) provided by the UK Medical Research Coun
cil (MRC) AIDS Directed Programme (ADP) repos
itory, National Institute of Biological Standards and
Control (NIBSC). These primers were designed for
use in a two-stage nested PCR procedure [22]; how
ever, we used only the outer sets of primers. A pre
liminary study was performed on the first seven cases
received, in which DNA was amplified from all 14 sam
ples, three times with each primer pair in order to
assess the reliability of the prim ers and the repro
ducibility of our method. DNA from a further eight
cases was tested three times with the gag primers,
which had proved reliable in our initial study. Only
those samples with one or m ore negative results af
ter amplification with gag primers were subjected to
further amplifications with p o l and env primers. The
results of all 15 cases studied are presented here.
Preparation of DN A

The frontal poles of brains removed within 48 h of
death were frozen at —20°C prior to separation of
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cortex and white matter samples. After stripping the
leptomeninges from the semi-frozen specimens, thin
slices of grey matter w ere taken from the surface
of the cortex and confirmed to be free of white
matter. Using separate disposable scalpels, cubes of
deep white matter were removed and diced into small
pieces to ensure that they did not contain grey mat
ter. Multiple samples o f around 0.5 g o f both tissues
from each brain were snap frozen by immersion in
liquid nitrogen and stored below -70°C . Tissue was
digested as described previously [21 ], DNA purified by
standard methods and its concentration estimated on
a Beckman spectrophotometer.
PCR controls

All samples were initially amplified with hum an (Jglobin primers [Perkin Cetus Elmer (ILS Ltd, London,
England, UK)] and only samples that w ere clearly
positive with these primers were used for HIV PCR.
DNA ( l pg) from HIV-seronegative cortical and white
matter samples were spiked with 10 mol of non-infectious plasmid containing a completely rearranged HIV
sequence (provided by MRC ADP repository, NIBSC)
and used as positive control. DNA from brains of pa
tients not in any of the HIV risk groups, single-stranded
DNA and no DNA controls were taken through each
experiment to ensure that there was no carry over
from positive samples. These controls w ere negative
by Southern blot in all cases. The different stages of
PCR were physically separated as far as possible to
prevent cross-contamination.
D N A amplification

Amplification was perform ed in 50 pi o f reaction buffer
(Perkin Cetus Elmer), overlaid with 50 pi o f min
eral oil. The reaction buffer was produced accord
ing to the manufacturer’s instructions and contained
0.2 pmol/1 of each prim er and 1 pg o f template DNA.
The MgCl2 concentration was titrated for each prim er
pair. Forty cycles o f a standard thermal cycling proto
col were used to amplify templates o n a Perkin Cetus
Elmer thermal cycler. Amplified products were visual
ized by gel electrophoresis and their specificity was
established by Southern blot hybridization using the
appropriate probes.
Southern b lot with n o n -iso to p ic probes
Probe labelling

The Saluz and Jost ‘filling in’ m ethod [24] for la
belling short oligonucleotides was used but further
modified for labelling with digoxigenin-11-dUTP (DIG;
Boehringer Mannheim UK Ltd, Lewes, England, UK).
Probes for Southern blot hybridization were provided
by the MRC PCR reference centre, NIBSC: gag (30 mer:
5'-CAT CAA TGA GGA AGC TGC AGA ATG GGA TAG;
10 mer: 5'-TCC CAT TCT G) p o l (30 mer: 5'-CCT GTA
GTA GCA AAA GAA ATA GTA GCC AGC; 10 mer: 5'-

GGC TAC TAT T) and en v (30 mer: 5'- CAG GCC TGT
CCA AAG GTA TCC TTT GAG CCA; 10 m er 5'- CTC
AAA GGA T). Briefly, an annealing mix containing 10 pi
of the 30 mer, 10 pi o f the 10 m er and 2.5 pi o f oligonu
cleotide labelling buffer was prepared and incubated
at 75°C for 2 min, at room tem perature for 20 min and
on ice for 10 min. This was followed by addition of
l p l each o f 10 mmol/1 dGTP, dATP and dCTP. An
nealing mix (2 pi) was added to 0.5 pi DIG-11-dUTP,
0.5 pi 1 mmol/1 dTTP and 1 pi Klenow (Boehringer
Mannheim) and incubated for l h at room tem per
ature. Unincorporated nucleotides were removed by
drying down the probe with 2 mol/1 ammonium ac
etate in 70% ethanol and washing in 70% ethanol.
Probes were drained then dissolved overnight at 37°C
in TE buffer [10 mmol/1 Tris (pH .8.0) and lm m o l
EDTA].
H ybridization

Membranes were prehybridized for 1 h at 42°C in hy
bridization buffer [5 x saline-sodium citrate buffer
(SSC; 20 x 0.3 mol/1 sodium citrate (pH 7.0) and
3 mol/1 NaCl), 20% formamide, 0.1% lauroylarcosine,
0.02% sodium dodecyl sulphate (SDS)] and then
hybridized overnight at 42°C with 10 pi o f probe
in hybridization buffer. They were than washed in
0.2 x SSC, 0.1% SDS at room temperature.
DIG-11-dUTP detection

Detection was perform ed with a Boehringer Mann
heim detection kit according to the m anufacturer’s in
structions. Membranes were incubated with anti-DIG11-dUTP antibody, labelled with alkaline phosphatase,
and bound antibody was subsequently visualized with
4-Nitro blue tetrazolium chloride and X-phosphate.
Sensitivity o f PCR assay

The m ethod used in this study detected 1 mol o f HIV
DNA in six out of 10 PCR assays perform ed on a
range o f standardized dilutions of HIV DNA molecules
(prepared by NIBSC). However, addition of 1 pg hu
man genomic cortical o r white matter DNA (from
HIV-seronegative brains) reduced the sensitivity ap
proximately 10-fold, thus 10 mol o f HIV DNA were
detected in five out of 10 PCR assays. The sensitiv
ity of our m ethod was approximately 10 mol of HIV
DNA p er pg o f genomic DNA w hen multiple PCR
tests were used. Although further modification (for
example, nested PCR) may have resulted in a m ore
sensitive assay, it would also have increased the likeli
hood o f detecting HIV from infected peripheral blood
m ononuclear cells present in the brain sample. The
low num bers of infected cell present in the circula
tion, even at later stages o f disease [22], makes them
an unlikely source o f false-positive results w hen the
detection limit of the test is relatively high.
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Results
P a th o lo g ic a l a n d i m m u n o h i s t o c h e m i c a l f in d in g s

The neuropathological diagnosis and HIV p24 IHC re
sults o f all 15 cases are sh o w n in Table 1. HIVE was
diagnosed in cases 1 and 10, and HIVL in cases 9 and
15. HIV p24 antigen w as found in MGC, m acrophages
and microglial cells in the w hite matter in three o f
these cases; however, in case 10, w h ere discrete HIVE
lesion s w ere confined to the midbrain, n o p24 antigen
w as detected in the anterior frontal lobe. HIV antigens
w ere detected in four other cases: in case 4, p24-positive m icroglia and m acrophages w ere present in as
sociation with lesion s o f PML and located at the ed ge
o f foci o f lym phom a in case 5, w hile in cases 2 and
14 positive m icroglial cells w ere scattered throughout
the w hite matter. In cases 1, 4 and 5 HIV-infected cells
w ere seen in both cortex and w hite matter although
they w ere m ore num erous in the latter.

o'* *'.?

Table 1. Neuropathological diagnosis and im m unohistochem ical d etec
tion of HIV p24 antigen.

(b)
HIV p24

*

Cortex

WM

HIV encephalitis

+

+

2

Non-specific reactive gliosis

-

+

3

Lymphoma

-

-

4

Progressive multifocal leukoencephalopathy

+

+

Case

Neuropathological diagnosis

1

* *

5

Lymphoma

+

+

6

Ischaemia

-

-

7

Cryptococcosis

-

-

8

No abnormalities

-

-

9

HIV leukoencephalopathy

-

+

10

HIV encephalitis, cryptococcosis

-

-

11

Cytomegalovirus encephalitis

-

-

12

Progressive multifocal leukoencephalopathy

-

-

13

Haemorrhage

-

14

Non-specific reactive gliosis

-

+

15

HIV leukoencephalopathy

—

+

i
*

%

%
•

*

4

%K

%

s'
©p
*
>•
*
-•

WM, white matter.

©
An astrocytic reaction (highlighted by GFAP IHC) w as
present in the cortex o f all cases and m icroglial cell
activation (highlighted by HAM 56 IHC) in 12. H ow
ever, the severity and distribution o f the reaction w as
variable, as d escrib ed in Table 2, and a d iagnosis o f
DPD w as m ade in 10 cases (1, 2, 5, 6, 7, 9, 10, 13,
14 and 15). T he severe astrogliosis and m oderate mi
croglial cell reaction o f case 1 show n in Figs la and
b, respectively, illustrates an exam p le o f DPD. In five
o f these cases (5, 6, 7, 10 and 13) co-existing lesion s
o f opportunistic infection or neoplasia may have ac
cou n ted for or contributed to the cortical pathology
(T able 2). In the five rem aining cases with DPD. 3 ( 1 ,
9 and 15) had HIV related lesions; in the rem ainder
(2 and 14) the diffuse gliotic reaction, w hich w as also
present in the w hite matter, w as the on ly pathological
finding.

'\ k

Fig. 1. P h o to m ic r o g r a p h s o f an terior cereb ral c o r te x o f c a s e 1 imm u n o sta in e d w ith (a) GFAP an d (b) HAM 56. (a) H yp ertrop h y and
h yp erp lasia o f a s tr o c y te s , (b) M icroglial cells s h o w th ic k e n e d pro
c e s s e s (arrow), HAM 56 a lso sta in s s o m e e n d o th e lia l c ells (arrow 
h ead ) ( x 300).

PCR r e s u lts

T he results o f all PCR tests are sh ow n in Table 3.
T h o se for the first seven cases, w here cortical and
w hite matter sam ples w ere tested three tim es with
each set o f primers, fell into three categories. Ten sam 
ples w ere repeatedly positive after Southern blot (in at
least four out o f nine tests); tw o sam ples w ere co n sis
tently negative and the remaining sam ples (positive in
only o n e or tw o out o f nine tests) w ere designated in
determinate. T he Southern blot from o n e o f these tests
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in the six tests and the remaining sample was positive
four times in the six tests.

Table 2. Pathological changes present in th e cortex im m unostained by
GFAP and HAM 56.
Cortical reaction

In 14 cases there was no significant difference between
the num ber o f times the white matter and cortical
samples were positive; however, in case 11, the cor
tical sample was indeterminate and the white matter
positive.

Microglial cell
Case

Astrogliosis

activation

1

D

Sev

D

Mod

_

2

D

Mod

U

Mod

-

-

Co-existing pathology

3

D

Mild

4

D

Mild

F

Sev

F

5

D

Mod

6

D

Mod

F

Sev

Many cortical nodules o f ischaem ia

7

D

Mod

F

Sev

F

Mild

8

D

Mild

-

C ryptococcoal meningitis
-

9

D

Mod

F

Mod

10

D

Mod

D

Mild

F

Sev

F

Sev

C ryptococcosis involving cortex

11

D

Mild

F

Sev

CMV microglial nodules in cortex

12

U

Mild

F

Sev

PML lesions encroaching on cortex

13

D

Mod

D

V. mild

F

Sev

F

Mod

Extensive haemorragic lesions

14

D

Mod

D

Mild

-

15

D

Sev

D

Mod

-

Compression effect of lymphoma
Sev

C orrelation b e tw ee n DPD an d proviral DNA

The results o f IHC, PCR and cortical pathology are
summarized in Table 4. HIV proviral DNA was de
tected in the cortical samples of eight out o f 10 cases
with diffuse poliodystrophy. Both cases 6 and 13, in
which proviral DNA was not detected, had cerebrovas
cular abnormalities that probably account for cortical
changes. In addition, o f die nine cases in which provi
ral DNA was detected in the cortex, DPD was seen in
eight. HIV p24 antigens were localized to the cortex
in only three cases, in two of which DPD was present.
Case 4, which lacked diffuse poliodystrophic changes,
was positive with both PCR and IHC for HIV in the
cortex.

Foci of PML in cortex
Compression by lym phom a

-

D, diffuse distribution of cells; F, focal distribution of cells; U, diffuse but
uneven distribution of cells. Sev, severe; Mod, moderate; PML, progressive
multifocal leukoencephalopathy; CMV, cytomegalovirus.

Discussion

is shown in Fig. 2a. The remaining eight cases (16 sam
ples), were all initially amplified three times with the
gag primers (Fig. 2b) and eight samples w ere posi
tive in all tests. The remainder w ere amplified twice
with the p o l and once with the en v primers. Four of
these samples were negative in all tests, three, desig
nated indeterminate, w ere positive only once o r twice

An association betw een HIV and the subcortical
changes seen in HIVE and HIVL is well established
[13]. In addition, HIV antigens can also b e found
in cases with no morphological evidence o f HIV en 
cephalitis (cases 4 and 5) and indeed in the absence
of any specific neuropathological changes (cases 2 and

Table 3. Frequency of HIV proviral DNA detection in cortical and w hite matter sam ples after polym erase chain reaction and Southern blot.
W hite matter

Cortex

Primers

gag

pol

env

881
882

001
004

401
404

gag

pol

env

T

881
882

001
004

401
404

1
2

+ + +

4- + +

4- 4- +

4-

4 -4 -4 -

-

+ + +

+ + +

4-

+ 4- +

3

- -

+

----- 4-

±

------

4 -4 -4 -

------

4 -4 - 4 -

------+

4

+ + +

+ + +

4 -4 - 4 -

4-

4 -4 -4 -

5

+ + +

+ + +

- -

4-

4 -+

4- - -

4-

7

-

+ -

-

4-

4-4-

T

+ + +

+

+ -

+

+ 4-4-

+

-

+

+

4 - ------

+ + +

-

+

-

+

-

+ + +

+

------

+

4- -

------

+

±

8
9

+ + +

4-

4 -4 -4 -

+

10
11
12

+ + +

4-

4 -4 -4 -

+

-

±

+

- -

+ +

+

+

-

±

4-4- -

------

-

±

------

+

-

-

4-

-----

13

14

+ + +

4-

4 -4 - 4 -

+

15

+ + +

4-

4 -4 -4 -

+

Primers numbered according to Simmonds et al. [22]. T, designated score; + , positive; ± , indeterminate; —, negative.

929

930

AIDS 1992, Vol 6 No 9

(a)

(b )

mm
1

< 2 4 4 bp

2 3 4 5 6 7

W

NP

< 4 7 3 bp
8 9 10 11 12 1314 15 N P

< 2 4 4 bp

m

< 4 7 3 bp

ga g

pol

Fig. 2. D e te c t io n o f HIV proviral D N A s e q u e n c e s in co rtica l (C) an d w h ite m a tte r (W) sa m p le s fo llo w in g D N A e x tra ctio n , am p lification
by p o ly m e r a se ch a in r ea c tio n a n d S o u th e r n b lo t o f c a s e s 1 - 7 (a) a n d 8 - 1 5 (b). S a m p le s from b o th c o r te x an d w h ite m a tter are p ositiv e
fo llo w in g d e te c tio n o f a reg io n o f th e p o l (a) or g a g (b) g e n e in c a s e s 1, 2, 4, 5, 7, 9, 10, 14 an d 15, an d n e g a tiv e in c a s e s 6, 8, 11, 12
an d 13, w h ile in c a s e 3 th e co rtic a l s a m p le is n e g a tiv e a n d th e w h ite m a tter sa m p le p o sitiv e . C ortical an d w h ite m a tter sa m p le s of
a H IV -negative c a s e (N) are n e g a tiv e , w h ile 10 m o l HIV plasm id D N A a d d e d to 1 p g H IV -n egative D N A (P) w a s p o sitiv e w ith th e p o l
prim ers, a n d fain tly p o s itiv e a n d n e g a tiv e in th e co rtica l a n d w h ite m a tte r s a m p le s am p lified w ith th e g a g prim ers.
Table 4. Summary of HIV detection and pathological reaction in the cere
bral cortex.

Case

HIV p24

Proviral

antigen

DNA

DPD

1

+

+

+

2

-

+

+

4

+

+

5

+

+

6

-

7
8

-

9
10
11
12
13
14
15

—

-

(+ )

-

(+ )

+

(+ )

+
+
+
+

+
(+ )
(+ )
+
+

Parentheses indicate co-existing pathology may have produced diffuse
poliodystrophy (DPD).

14); this suggests that immunohistochemical detec
tion of HIV with p 24 is reasonably sensitive. We d e
tected HIV proviral DNA in 10 out of 15 cases, seven
of which were consistently positive in almost all the
tests; however, m ore variability occurred in cases 5,
7 and 11, which gave similar results to the control
sample containing 10 mol of HIV DNA per pg ge
nomic DNA. Three cases that had only one or two
positive results may have contained less than 10 mol
of HIV DNA per pg genomic DNA; however, since
the presence of infected peripheral blood m ononu
clear cells in the sample cannot be ruled out when
infrequent positive results are obtained, these sam
ples were designated indeterminate. The variability of
results in some of our cases emphasizes the need to
perform multiple PCR tests on each sample. Two pre
vious PCR studies on AIDS brains [21,25] reported an
association between detection of HIV DNA and the oc
currence of HIVE. These results may seem at variance
with ours, as only four o f the 10 cases in which HIV

provirus was detected showed morphological features
of HIVE or HIVL. However, morphological and/or anti
genic evidence of HIV infection was present in the
white matter of the majority (eight out of 10) of
PCR-positive cases. HIV p24 antigen and multinucle
ated giant cells were never detected in cases that were
negative or indeterminate by PCR. In previous PCR in
vestigations of this kind [21,25-27], samples included
both cortex and white matter. This study, using sep
arate specimens of the two regions, has shown, for
the first time, not only that HIV proviral DNA can be
detected repeatedly in the frontal cortex, but also that
there is a close correlation between the frequency of
HIV provirus detection in the cortex and in the white
matter of the same patient. In contrast, it is well known
that viral antigens are more abundant in subcortical
than cortical regions [13,14], which is in agreement
with our localization of HIV p24 in the white matter
of seven cases and in the cortex of only three; this
difference in distribution remains to be explained [5].
The amount of replicating virus in cortical and sub
cortical tissues may be dependent on the tissue micro
environment, or host cell availability, which may be dif
ferent in these two regions. Indeed, in rat brain, CD4
(the HIV binding molecule) is consistently expressed
by microglial cells of the white, but only infrequently
by those of the grey matter [28]. A lack of correlation
between HIV antigens and proviral DNA in brain was
also reported in some patients studied by Pang et al.
[2 1 ].

Diffuse gliosis in AIDS may result from a num ber of
causes, including co-existing opportunistic infections,
neoplasia or cerebrovascular disease. However, in half
of the cases with DPD in this study, none of these pos
sible causes was present. Detection of HIV by PCR in
the cortex of these cases suggests that HIV may be in
volved in the pathogenesis of DPD. Indeed, viral com 
ponents have been found to act as toxins to neuronal
cells [29]: these include the viral proteins gpl20 [30]
and tat [31] as well as unidentified factors released
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from HIV-infected macrophages [32,33]. In addition,
high levels of unintegrated proviral DNA, as detected
in AIDS brains by Pang et a l [21], in avian [34-36]
and feline [37,38] retroviral infections, are associated
with cytotoxicity. The above observations have led to
suggestions that HIV may be neurotoxic in vivo, the
astrocytic and microglial cell reaction, as observed in
this study, may b e a secondary consequence of neuro
toxicity or an independent reaction to the presence
of HIV. However, in case 4 in this study, both HIV
provirus and antigen were detected in the cortex in
the absence of DPD: this suggests that, if HIV is in
volved, additional factors are likely to b e required for
the development of cortical pathology. Direct and/or
indirect HIV-induced toxicity may com bine with local
or systemically released cytokines, som e o f which are
increased in AIDS patients [39].
The release of proposed neurotoxins from HIVinfected cells is compatible with low levels o f vi
ral replication, o r production o f regulatory proteins
only [32,40], suggesting that HIV may b e able to in
duce pathology in the cerebral cortex while existing
at a level below the limits o f IHC detection. Alter
natively, the presence of proviral DNA itself may be
toxic [21]. Therefore the small am ount o f detectable
antigen in the cortex o f cases with DPD does not rule
out HIV as an im portant factor in the development of
this disorder. However, localization of proviral DNA to
infected cells would help to determ ine the role o f lowlevel HIV infection.
Using PCR, we have shown that infection o f the brain
is more widespread than was thought previously, thus
demonstrating that the use of such sensitive detection
techniques may be necessary to elucidate the patho
genesis of lesions underlying the HIV-associated cog
nitive/motor complex.
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PCR detection of HIV proviral DNA
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Sirs: Whilst it is well known that H IV is responsible for
the A ID S-dem entia com plex (A D C ), both the stage of
disease at which the nervous system is infected and the
pathogenetic m echanism o f this disorder remain poorly
understood. Exam ination by one of us (F .G .) o f brains
from H IV -positive patients w ho died prior to the d e
velopm ent of A ID S often shows lym phocytic m eningitis,
diffuse mild to moderate myelin pallor, reactive astrogliosis, and m icroglial proliferation. To date, these changes
have been considered “non-specific” in view o f the ab
sence of m ultinucleated giant cells and H IV antigens. In
contrast, H IV has been frequently detected in the CSF
o f H IV -positive asym ptom atic patients [4]; indeed. H o
et al. [5] retrieved the virus from one o f their patients at
the time o f seroconversion, during an episode o f sub
acute m eningitis. H ow ever, there have been no reports
so far of H IV detection in brains o f these patients.
The polym erase chain reaction (P C R ), which detects
low copy numbers of nucleic acids [14], has been used to
detect H IV D N A [13] and R N A [3] in the CSF o f A ID S
patients. In both studies the presence o f H IV in the CSF
correlated with the presence o f neurological sym ptom s,
although H IV was also detected in a small num ber of
asym ptom atic H IV -positive patients. PCR has also been
applied to human post-mortem brain tissues, and although
false-positive results might be expected, due to the pres
ence of H IV -infected blood or CSF cells contam inating
the brain sam ple, in practice there have been good cor
relations between PCR detection of H IV and H IV -re
lated pathology [6, 9]. In addition, in our own experi
ence post-m ortem brain tissues from patients with fullC orrespondence to: F. Scaravilli

blown A ID S that lack specific neuropathological changes
are consistently negative (Fig. 1, lane 2) in many cases
when tested by PCR. This lack o f false-positive results
may be due to the low numbers o f circulating peripheral
blood m ononuclear cells that are infected by H IV [14].
This m ethod appears to be reliable for the detection o f
low levels o f infection and we therefore applied PCR to
post-m ortem brain sam ples o f an H IV -positive asym p
tom atic patient. The patient, a 31-year-old fem ale drug
user, had previously been found to be H IV -positive. By
the tim e she died from a heroin overdose, she had not
d eveloped any sym ptom s of A ID S (according to C D C
criteria). N europathology show ed discrete lym phocytic
m eningitis and diffuse myelin pallor of the cerebral hem i
spheres (features which are not seen in H IV -negative
drug users), but no features suggestive o f H IV en ceph a
litis were present; im m unostaining with p24 antibody
(D u pon t, U K ) for H IV was consistently negative. D N A
for PCR was extracted from snap-frozen post-m ortem
tissue from the frontal, tem poral and occipital lobes and
from the deep grey nuclei. Control tissue from HIVnegative subjects and A ID S patients was also processed.
Follow ing am plification o f a region o f the gag gen e, PCR
products were visualized by gel electrophoresis and their
specificity established using Southern blot hybridization.
H IV D N A was detected in all four sam ples o f the HIVpositive patient (Fig. 1, lanes 3 - 6 ) and in the patient
with A D C (Fig. 1, lane 1) but not in H IV -negative sam 
ples (Fig. 1, lane 7) or in an A ID S patient with no neu
ropathological abnorm alities (Fig. 1, lane 2).
The dem onstration of H IV in the CSF of H IV -posi
tive asym ptom atic cases has previously been used as ev i
dence to suggest that H IV infects the CNS at an early
stage. H ow ever, it does not necessarily follow that the

1

2 3

4 5 6 7

I l f '/ .19 |iN f 0 ■ ~473 bP
Fig. 1. Southern blot following am plification of a region of the
H IV gag gene by polym erase chain reaction (prim ers 881 and 882
[14]). Sam ples of D N A from : the frontal lobes o f A ID S patients
with A ID S dem entia com plex (lane 1) and no neuropathological
abnorm alities (lane 2); the frontal (lane 3), tem poral (lane 4) and
occipital lobes (lane 5) and deep grey nuclei (lane 6) of the asym p
tom atic H IV -positive p atient and frontal lobe (lane 7) of an HIV negative patient
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brain parenchym a is also infected. We have confirmed
for the first time that H IV can be detected in the brain
parenchym a of HIV-positive asymptomatic patients. R e
cent in vitro studies (see [8]) have shown that H IV is di
rectly neurotoxic [1,10]; in addition this virus may stim
ulate the production of neurotoxic substances such as tu
m our necrosis factor [7,12], transforming growth factor(3 [15] or quinolinic acid [2,11]. We suggest that such neu
rotoxic mechanisms may have contributed to the patho
logical changes seen in this case. F urther studies of simi
lar patients may help to elucidate the role of these mech
anisms in the pathogenesis of A D C .

eral mononuclear cells and at low copy numbers. J Virol 64:
864-872
15. Wahl SM, Allen JB, McCartney-Francis N, Morganti-Kossmann MC, Kossmann T, Ellingsworth L, Mai U E , Mergenhagen SE, Orenstein JM (1991) Macrophage- and astrocyte-de
rived transforming growth factor-(3 as a mediator of central
nervous system dysfunction in acquired immunodeficiency syn
drome. J Exp Med 173:981-991
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Sirs: Leukotrienes (LT), 5-lipoxygenase products of arachidonic acid, are im portant m ediators of inflammation,
and may also be involved in the pathogenesis of experi
m ental autoim m une encephalomyelitis (E A E ), an ani
mal m odel of multiple sclerosis (MS). LTB4 acts chemotactically while LTC4 increases vascular permeability [5].
In both MS and E A E there is an increase in the permea
bility of the post-capillary venules in the brain [1,2]. An
inhibitory effect on E A E is already provided by the dual
cyclo-oxygenase and 5-lipoxygenase inhibitors BW 755C
[3] and sulphasalazine [4].
In the present study the effect of a new specific
leukotriene biosynthesis inhibitor, the compound L-663,
536 (3- [ 1- (4-chlorobenzyl) -3-?-butyl-thio-5-isoprophylindol-2-yl]-2,2 dimetylpropanoic acid) on E A E has been
investigated. Two experiments were perform ed on 76
young guinea pigs using low and high doses of the encephalitogenic mixture (EM ). The low dose consisted of
0.2 ml 10% bovine brain emulsion mixed 1:1 with a com
plete F reund’s adjuvant. The high-dose regimen com
prised 0.3 ml 50% bovine brain emulsion. In addition,
lm g heat-killed Mycobacterium tuberculosis (H37-Rv) was
added to the adjuvant. The mixture was injected into the
dorsum of both hind pads and into the backs of the ani
mals, which were divided into low-dose and high-dose
experim ental groups of 36 and 40 animals respectively.
Correspondence to: I. S.N eu
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Half of the animals from each experimental group were
treated with 5 mg/kg of the compound L-663, 536. The
treatment in the first and second experimental groups
began on the 3rd and 1st day respectively, following sen
sitization with EM. Daily intraperitoneal application was
performed until day 21. The controls (18 and 20 animals
from each group) were inoculated in the same way and
treated intraperitoneally with the solvent alone. The ani
mals were killed on day 22. Histological and immunohistological examinations were carried out on all the ani
mals and the release of LTB4 and LTC4 by polymorpho
nuclear cells was measured. In the low dose experiment
5 treated animals and one control showed no signs of
EA E, and complete suppression of histological lesions
was observed in 5 out of 18 animals. In the high-dose ex
periment the sum of the lesions in the treated animals
was signifcantly lower than in the control group. Twentyfive percent of the treated animals failed to develop clin
ical signs, whereas all the control animals exhibited the
typical picture of EA E. Correspondingly, the release of
LT was significantly reduced in the treated groups in
both experiments (P = 0.05). In conclusion, LT inhibitors

appear to modulate or even block the inflammatory re
sponse. LT biosynthesis inhibitors such as L-663, 536
may contribute to the future treatm ent of EA E.
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E. SINCLAIR*, A. CIARDI*, J. N. HARCOURT-WEBSTER*, S. LUCAS*,
F. SCARAVILLI. Morphological and immunohistochemical study of the
cortical changes in HIV encephalopathy.
The encephalopathy resulting from direct infection of the brain by HIV, which
correlates clinically with the AIDS dementia complex, has been reported as
localized to the white matter. Damage to the cortex has been occasionally
reported in severely affected patrients. We have examined the brains of 12
randomly selected HIV-positive patients with routine histology and
immunohistochemical methods. Increased numbers of cells, expressing GFAP
and the macrophage marker HAM 56, were found in the hemispheres of all the
HIV-positive cases (including asymptomatic) and the severity of the changes
correlated with that of the encephalopathy in the white matter. The changes were
particularly severe in the sub-pial areas and the density of the glial staining was
higher than those of npcroglial cells. It is suggested that involvement of the grey
matter in HIV infection is more common than previously suspected and that
clinical evidence of a dementing process in AIDS may not be due only to lesion
of the white matter.
(Institute of Neurology, London)
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Human immunodeficiency virus (HIV) proviral sequences in the
cortex and white matter of AIDS patients with and without HIV
encephalopathy.
Elizabeth Sinclair and Francesco Scaravilli
(Institute of Neurology,
The National Hospital for
Neurology and
Neurosurgery, Queen Square, London,UK).
*
The aim of this study was to detect HIV proviral sequences in the cortex
and subjacent white matter of AIDS brains and to correlate these findings
with clinical and pathological changes.
Methods Eight randomly selected cases from a series
of AIDS brains with
various neurological disorders were examined.
There were three cases of
HIV encephalopathy, one of them with concurrent progressive multifocal
leucoencephalopathy (PML); three cases of primary B cell lymphoma; one case
of cryptococcosis infection and one with non-specific reactive gliosis. The
polymerase chain reaction (PCR) was used to detect HIV sequences in the
frontal lobes, grey and white matter being tested separately with primer
pairs from multiple regions of the HIV genome (g a g , pol and
env) .
Histological and immunohistochemical investigations were also carried outl
Results HIV proviral sequences were detected in 5 out of 8 brains in both
the grey and white matter.
Two of the three lymphomas and the reactive
gliosis were consistently negative as were 4 control brains from HIV
negative
patients.
The HIV
p24
antigen
was
detected, by
immunohistochemistry,
in thethree cases of HIV encephalopathy but a
positive reaction was seen only in the white matter.
Conclusions 1) HIV infection of the brain as detected by PCR is present
in more cases and is more widespread than previously suspected on the basis
of morphological, immunohistochemical and in situ hybridization studies.
2) While HIV antigens are usually restricted to the white matter and deep
grey nuclei, we detected HIV proviral sequences in samples of cortex. 3)
Although there is no
proven relationship between the HIV provirus and
neurological dysfunction, its presence in the cortex as well as in the
white matter, indicates that both are infected and this result may be of
significance in the pathogenesis of the AIDS dementia complex.
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E. SINCLAIR*, F. SCARAVILLI. HIV proviral DNA is present in the cortex
and white matter of AIDS brains with and without HIV encephalitis.
The polymerase chain reaction (PCR) was applied to detect HIV in separate
specimens of hemispheric grey and white matter from unselected AIDS patients
using primer pairs from multiple regions of the HIV genome. The findings were
correlated with morphological and immunohistochemical changes using
antibodies to detect microglia (Ham 56) astrocytes (GFAP) and HIV (p24). HIV
proviral DNA as detected by PCR was found in cases that showed no
morphological or immunohistochemical evidence of HIV encephalitis. In addition
while HIV antigens were found more frequently in the white matter than the
cortex, proviral DNA was in both regions at the same frequency. HIV infection of
the brain as detected by PCR is present in more cases and is more widespread than
previously suspected. (Institute of Neurology, London).

DETECTION OF HIV PROVIRAL DNA IN HIV-POSITIVE NON-AIDS
DRUG USERS AND ITS RELATIONSHIP TO PATHOLOGY OF THE
CEREBRAL CORTEX. Elizabeth Sinclair* . Jeanne E Bell, Franqoise Gray
and Francesco Scaravilli*, * Department of Neuropathology, Institute
of Neurology, National Hospital for Neurology and Neurosurgery,
Queen Square, London WC1N 3BG.
Diffuse poliodystrophy in AIDS may be related to clinical signs of
dementia that occur in AIDS patients, however as yet the pathogenesis
of these changes remains obscure. We have previously correlated the
occurrence of diffuse poliodystrophy with the detection of HIV proviral
DNA in the cortex of fully blown AIDS cases and found HIV DNA to be
present in the cortex of the majority of cases with these cortical
changes. However it is not yet known at which stage in the
development of AIDS HIV enters the brain. We therefore investigated
the brains of HIV positive drug users who died suddenly without
developing clinical signs of AIDS. Fresh frozen postmortem frontal
lobe samples from these cases were investigated for HIV proviral DNA.
Samples of cortex and white matter were separated prior to the
extraction of DNA and regions of the HIV gag and p o l genes were
amplified using the polymerase chain reaction "and non-isotopic
Southern blotting. Paraffin sections from frontal lobe tissues were
investigated by immunohistochemistry and lectin histochemistry with
markers to detect: HIV antigen (Dupont NEA p24) and to assess
astrocytic (Dako GFAP) and microglial cell (Vector RCA-120) reaction
in the cortex. Proviral DNA was detected in cortical and white matter
samples of a small number of HIV positive drug users while p24
antigen was never present. These results confirm that HIV can infect
the brain early in the course of disease. PCR results were correlated
with the presence of cortical pathology and compared with fully blown
AIDS cases.
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