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The spectrum of structural damage in the brain associated with HIV is now
more fully understood. Such changes include in¯ammatory disorders (such as
HIV encephalitis, leukoencephalopathy, and diffuse poliodystrophy), dendri-
tic and synaptic damage, and neuronal loss. However, the relationship between
neuronal damage and loss and clinical variables is still not clear. In my
laboratory my research group has been addressing three separate areas, which
will be the subject of this presentation. (1) The relationship of neuronal damage
and loss to various clinical features such as cognitive symptoms, and risk
group. (2) The cellular site of production of neurotoxic factors in the HIV-
infected brain. (3) Assessing potential neuroprotective strategies using
appropriate in-vitro models. Journal of NeuroVirology (2000) 6, S103 ± S105.
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Clinicopathological correlations of neuronal
damage and loss

With regard to the clinical relevance of neuronal
damage and loss, ours and others work, has
highlighted the possible temporal evolution of this
pathology with the development of cognitive
impairments. Neuronal pathology appears to
commence with synaptic and dendritic damage
followed by neuronal loss. Recently it was
observed that cortical dendritic damage (Masliah
et al, 1997) and synaptic loss (Everall et al, 1999)
occurs in individuals with early cognitive impair-
ment, and at this stage there is equivocal
observable neuronal loss. Furthermore, the severity
of this damage is greater in those brains with
higher viral loads. Interestingly, Wiley et al (1998)
have shown that viral load can vary amongst
various brain regions. Thus, the relevance of brain
region to the development of cognitive impairment
needs to be clari®ed. In contrast, the development
of dementia is accompanied by frank cortical
neuronal loss. Asare et al (1996) reported that
the development of mild dementia is associated
with an alteration in pyramidal neurons, while
progression to severe dementia also involved
small interneurons. The characteristics of these

affected neuronal populations is still under in-
vestigation. Currently, Eleanor Roberts and Six-
olelwe Magena are investigating the relationship
between density of calbindin and parvalbumin
containing neurons with severity of dementia.
These neuronal populations have been demon-
strated to be affected in the HIV-infected brain
(Masliah et al, 1992). Thus, we are assessing these
neuronal populations in the frontal cortex and
basal ganglia regions.

Recently, Eleanor Roberts has found that neuro-
nal loss cannot be observed in intravenous drug
users (IVDU), who either died of other causes while
asymptomatically infected, or died of a HIV-related
illness (Roberts et al, 1997). The reliability of this
®nding is supported by the fact that this observation
has been noted in two separate brain tissue series of
IVDUs, one from Edinburgh, donated by Jeanne
Bell, and the other from Francoise Gray in Paris.
This ®nding is important as it raises a number of
questions. It suggests that neuronal loss is not
necessarily a universal event, and that its occur-
rence may be linked to other factors, such as stage of
HIV disease when dying. It is unclear as to whether
IVDUs have a higher risk of dying earlier in the
course of their HIV infection than other risk groups
(Chaisson et al, 1995; Selwyn et al, 1992), but if this
was the case this would indicate that neuronal loss*Correspondence: IP Everall
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may be a later event. Finally, a later occurrence of
irreversible neuronal loss has therapeutic implica-
tions in that there may be a window of opportunity
to prevent or delay the onset of neuronal loss and
thus arrest the clinical development of HIV-
associated dementia. At present such treatment is
con®ned to antiretroviral therapy, which can
penetrate the blood-brain barrier, and will be able
to minimise the brain viral burden and protect
against pathological events that would accompany
the development of dementia. Clinically, the
relationship between the lack of observable neuro-
nal loss in IVDUs and the development of cognitive
impairments needs to be addressed. While some
studies have suggested that there are higher rates of
cognitive impairment in IVDUs with HIV (Grassi et
al, 1995; Starace et al, 1998) the rate of development
of these de®cits may not be higher than in HIV-
infected gay men (Concha et al, 1997; Selnes et al,
1997). It may be that in the IVDUs the cognitive
de®cits are more closely related to viral burden than
neuronal loss as Bell et al (1998) recently reported a
correlation between neocortical viral productivity
and cognitive impairments in IVDUs and also noted
viral immunopositive staining was higher in the
IVDUs compared to the gay men.

Cellular site of HIV neurotoxic factors in
HIV-infected brain

The second aim that we are investigating is to
identify which cell in vivo is responsible for
producing toxic proteins that result in neuronal
death. To date many putative toxic agents have
been proposed, which may be produced from either
astroyctes or microglia and macrophages, and in
vitro tissue culture experiments have shown that
these cells are capable of producing neurotoxic
products (Giulian et al, 1996; Lipton et al, 1997).
However, in order to demonstrate the relevance of
these ®ndings to the in vivo situation we have
examined the spatial pattern of arrangement of
neurons across the cortical ribbon in cases donated
by Justin McArthur's group, in which the severity of
the dementia was rated during life. This neuronal
pattern is then compared to the spatial pattern of
arrangement of astrocytes in the same cortical
region. To date we have not found any relationship
between these two cellular patterns. If astrocytes
were the site of neurotoxin production, then a
`neuron-free halo' would be expected around the
astrocytes. No such halo was detected (Roberts et al,

1999). While this ®nding indicates that astrocytes
overall are not toxin reservoirs, it may be that the
1 ± 3% of astrocytes which are infected with HIV
are toxin-producing. We are proposing to investi-
gate this infected subpopulation, and we are
comparing the pattern of microglia/macrophages
with neurons to assess their role in vivo with toxin
production.

Potential neuroprotective strategies

Finally, Gusta Trillo-Pazos, in my group, has
established a stationary human aggregate model to
assess neuroprotective strategies against HIV. This
is an important area for two reasons. Firstly, there is
very little information on the neuro effectiveness of
currently available antiretroviral agents, although
clinical improvements in cognitive performance
have been observed following combination antire-
troviral therapy. Secondly, therapeutic strategies,
which are independent of antiretroviral agents need
to be developed which do not suffer from the
problem of developing viral resistance. We have
established a stationary human brain aggregates
system similar to the rotating method devised by
Pulliam et al (1988). This model provides a human
in vitro brain tissue system which may be the
closest approximation to the in vivo human brain,
and thus relevant to investigating methods of
neuroprotection. The aggregates have been charac-
terised and the proportion of neurons, astrocytes,
oligodendrocytes, microglia/macrophages have been
determined (Trillo-Pazos and Everall, 1999). Cur-
rently, Gusta Trillo-Pazos and Apsara Kandanear-
atchi are exposing aggregates to HIV and we will
test the ability of several anti-retroviral agents to
prevent viral replication and neuronal damage.
Other recent work in our laboratory has shown that
nef, tat and gp120 are directly toxic to human
primary neuronal cultures (Trillo-Pazos et al, 1999).
In collaboration with Eliezer Masliah we have also
shown that in human primary neuronal cultures,
®broblast growth factor (FGF) 1 and 2 protect
against gp120-mediated damage. This work is being
furthered by Chris Bell using both primary neuronal
cultures and an aggregate system in my group.

Through the use of these different approaches, we
aim to understand the consequence of neuronal
damage, the in vivo mechanisms that are respon-
sible for this damage, and the means to prevent or
ameliorate this process by appropriate neuropro-
tective strategies.

HIV related neuronal damage and clinical correlates
IP Everall

S104

Journal of NeuroVirology



References

Asare E, Dunn G, Glass J, McArthur J, Luthert P, Lantos
P, Everall I (1996). Neuronal pattern correlates with
the severity of human immunode®ciency virus-asso-
ciated dementia complex. Usefulness of spatial
pattern analysis in clinicopathological studies. Am J
Pathol 148: 31 ± 38.

Bell JE, Brettle RP, Chiswick A, Simmonds P (1998). HIV
encephalitis, proviral load and dementia in drug users
and homosexuals with AIDS. Effect of neocortical
involvement. Brain 121: 2043 ± 2052.

Chaisson RE, Keruly JC, Moore RD (1995). Race, sex,
drug use, and progression of human immunode®-
ciency virus disease. New Engl J Med 333: 751 ± 756.

Concha M, Selnes OA, Vlahov D, Nance-Sproson T,
Updike M, Royal W, Palenicek J, McArthur JC (1997).
Comparison of neuropsychological performance be-
tween AIDS-free injecting drug users and homosexual
men. Neuroepidemiology 16: 78 ± 85.

Everall IP, Heaton RK, Marcotte TD, Ellis RJ, McCutchan
JA, Atkinson JH, Grant I, Mallory M, Masliah E (1999).
Cortical synaptic density is reduced in mild to
moderate human immunode®ciency virus neurocog-
nitive disorder. HNRC Group. HIV Neurobehavioral
Research Center. Brain Pathol 9: 209 ± 217.

Giulian D, Yu J, Li X, Tom D, Li J, Wendt E, Lin SN,
Schwarcz R, Noonan C (1996). Study of receptor-
mediated neurotoxins released by HIV-1-infected
mononuclear phagocytes found in human brain. J
Neurosci 16: 3139 ± 3153.

Grassi MP, Clerici F, Perin C, Zocchetti C, Borella M,
Cargnel A, Mangoni A (1995). HIV infection and drug
use: in¯uence on cognitive function. AIDS 9: 165 ±
170.

Lipton SA (1997). Neuropathogenesis of acquired im-
munode®ciency syndrome dementia. Curr Opin Neu-
rol 10: 247 ± 253.

Masliah E, Heaton RK, Marcotte TD, Ellis RJ, Wiley CA,
Mallory M, Achim CL, McCutchan JA, Nelson JA
(1997). Dendritic injury is a pathological substrate for
human immunode®ciency virus-related cognitive dis-
orders. HNRC Group. The HIV Neurobehavioral
Research Center. Ann Neurol 42: 963 ± 972.

Masliah E, Ge N, Achim CL, Hansen LA, Wiley CA
(1992). Selective neuronal vulnerability in HIV en-
cephalitis. J Neuropathol Exp Neurol 51: 585 ± 593.

Pulliam L, Berens ME, Rosenblum ML (1988). A normal
human brain cell aggregate model for neurobiological
studies. J Neurosci Res 21: 521 ± 530.

Roberts ES, Bell JE, Gray F, Hudson LD, Everall IP
(1997). Neuronal loss in Human Immunode®ciency
Virus infections. Is it related to risk group? Neuro-
pathol Appl Neurobiol 23: 435.

Roberts ES, Landau SS, Rabe-Hesketh S, McArthur JC,
Everall IP (1999). HIV dementia and pyramidal
neuron patterning. British Neuroscience Association:
15th National Meeting, 11 ± 14 April, Harrogate
International Centre, Harrogate, UK.

Selnes OA, Galai N, McArthur JC, Cohn S, Royal III W,
Esposito D, Vlahov D (1997). HIV infection and
cognition in intravenous drug users: long-term fol-
low-up. Neurology 48: 223 ± 230.

Selwyn PA, Alcabes P, Hartel D, Buono D, Schoenbaum
EE, Klein RS, Davenny K, Friedland GH (1992).
Clinical manifestations and predictors of disease
progression in drug users with human immunode®-
ciency virus infection. New Engl J Med 327: 1697 ±
1703.

Starace F, Baldassarre C, Biancolilli V, Fea M, Serpelloni
G, Bartoli L, Maj M (1998). Early neuropsychological
impairment in HIV-seropositive intravenous drug
users: evidence from the Italian Multicentre Neurop-
sychological HIV Study. Acta Psychiatr Scan 97:
132 ± 138.

Trillo-Pazos G, Everall I (1999). Human brain balls: a
visible stationary 3-D fetal brain culture model to
investigate HIV neuropathogenesis. HIV and the
Nervous System Emerging Issues. Washington, April
14 ± 16: 48.

Trillo-Pazos G, Pilkington GJ, Everall IP (1999). The
toxicity of HIV proteins (nef, tat, gp120) and tumour
necrosis factor alpha on human brain cells in culture.
BNA 15th Meeting, April 11 ± 14, Harrogate, UK.
p. 100.

Wiley CA, Soontornniyomkij V, Radhakrishnan L,
Masliah E, Mellors J, Hermann SA, Dailey P, Achim
CL (1998). Distribution of brain HIV load in AIDS.
Brain Pathol 8: 277 ± 284.

HIV related neuronal damage and clinical correlates
IP Everall

S105

Journal of NeuroVirology


