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Neurological disease is a. prominent feature of human immunodeficiency virus type I (HIV-1) infection, 
usually occurring during the last stages of acquired immunodeficiency syndrome (AIDS). The neurologic 
cognitive impairment, termed HIV-1-associated cognitive/motor complex (AIDS dementia complex). 
Astrocytes and microglia are key participants in mediating the neurologic dysfunction associated with HIV 
infection of the central, nervous systems. The neuropathogenesis of IIIV-1 infection is related to secretory 
neurotoxins from activated HIV-J-infected macrophages The toxins produced by the macrophages include 
glut a mate-like neurotoxic molecules, free radicals, cysteine, platelet-activating factor, cytokines, and 
eicosanoids such as arachidonic acid, and as yet unidentified factors emanating from stimulated 
macrophages and/or reactive astrocytes. 

The rate of progression to disease varies considerably 
among individuals infected with H I V - 1 . Most in
dividuals infected with HIV-1 remains disease free for 
many years and during this time, maintain relatively 
stable numbers of CD^T T cells, strong cytotoxic T 
ceil responses, and low numbers of HIV-1-infected 
cells in the blood, all indicators that the virus is under 
immune control. At some point the immune system 
falters, and most infected individuals progress to 
develop the symptoms of AIDS |1 ]. 

HIV-1 predominant ly infects cells that express 
the CD4 receptor, which serves as the major receptor 
for HIV-1 , utilizing the CD4 molecule for entry into 
T cells and macrophages [2, 3 |. CD4 by itself was not 
sufficient for HIV-1 infectivity; some «cofactor», only 
found in human cells, was also required [4 ]. Berg at 
al. [5 I report the discovery of a membrane protein 
they call «fusin», which has the expected charac
teristics of the elusive HIV-1 cofactor. This protein is 
a putative G protein-coupled receptor with seven 
t ransmembrane segments . The researchers found, 
that together with CD4, it permits cells to fuse with 
HIV-1 surface — a key step in the infection process. 
Recent evidence suggests that chemokines and their 
receptors may play an important regulatory role in 
HIV-1 infection [6—8 |. Chemokines a re chemotactic 
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cytokines that aevtivate and direct the migration of 
leukocytes. 

Monocytes /macrophages functione as a cellular 
reservoir for HIV-1 since macrophages can be infected 
with the virus but are resistant to its cytopathic effects 
[9, 10]. The ability of HIV-1 to establish a latent 
infection in macrophages may contr ibute to the spread 
and persistence of the virus [11 ]. HIV-1-infected 
monocytes express higher levels of cell surface ad
hesion molecules, such as the j32 integrins, and secrete 
larger amounts of proteolytic enzymes, such as me-
talloproteinase-9 [12] . These changes in monocyte 
function could participate in the pathogenesis of AIDS 
by promoting tissue invasion and by enhancing local 
t issue proteolysis [13] . Lafrenie et al. [14] shown 
that many of the effects of HIV-1 infection of 
monocytes can be mimicked by t reatment of the 
monocytes with a regulatory gene product of the HIV 
genome HIV-1-Та/ . Monocytes treated with soluble 
HIV-1 -Tat protein express elevated levels of j32 in
tegrins, which mediates monocyte aggregation and 
monocyte adhesion to endothelial monolayers, and 
increases monocyte production of matrix metallo-
proteinase-9. The changes in monocyte function are 
similar to those seen either in response to cytokine 
t reatment or during an inflammatory response when 
monocytes are induced to extravasate. Lafrenie et al. 
[14] presented evidence that HIV-1-Тя / protein can 
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enhance the chemotactic and invasive behaviors of 
monocytes and could play an active role in the 
recruitment of monocytes into extravascular tissues in 
addition to activating circulating monocytes. A num
ber of cellular factors can modulate replication of 
latent virus. In particular, proinflammatory cytokines 
have been shown to up-regulate expression of HIV-1 
[15, 16]. Macrophages are the major source of virus 
in tissues such as brain, and spinal cord. Neurological 
disease is a prominent feature of HIV-1 infection, 
usually occurring during the last stages of AIDS [17] . 
Neurologic problems occur even in the absence of 
opportunistic infection or secondary cancer [18—20] . 
Approximately one third of adults and half of children 
with the AIDS eventually have neurologic compli
cations. The most common disorder in HIV-1-infected 
individuals is encephalopathy, a fatal illness causing 
severe dementia. Events leading to encephalopathy 
are unclear but infiltration by monocytes and mac
rophages is a consistent finding in the central nervous 
system (CNS) of AIDS patients [11] . 

The neurologic signs consist of motor, sensory, 
and cognitive impairment, termed HIV-1-associated 
cognitive/motor complex (AIDS dementia complex) 
[21, 22 ] . A severe form of this impairment, occurs in 
20—30 % of immunosuppressed patients with neu
rological deficits. Virus-induced brain pathology is 
characterized by productive infection of cells of mono
cyt ic/macrophage lineage [23, 24 ] in the CNS accom
panied by diffuse and nodular microgliosis, multi
nucleated giant cell formation, astrocytosis, and mye
lin pallor [19, 20, 25, 26 ]. Despite HIV-1 not directly 
infecting neurons , there is progressive loss of specific 
neuronal population in the neocortex | 2 7 — 3 0 ] , limbic 
system, and basal ganglia in association with synaptic 
and dendritic damage, neuronal loss in retina [30— 
33] . 

Macrophages as mediators of HIV-1-associated 
neurotoxicity. HIV-1 penetration of the brain is a 
pivotal event in the neuropathogenesis of AIDS-
associated dementia. The recruitment of mononuclear 
phagocytes into brain during disease likely governs 
the tempo and progression of CNS disease. Nottet et 
al. [34] suggest that HIV-l- infected monocytes have 
an advantage in binding to microvascular endothelial 
cells and that this binding facilitates entry of virus 
into brain tissue. HIV-1-infected monocytes would 
induce the expression of adhesion molecules on brain 
microvascular endothelial cells that allow binding and 
then penetration of virus-infected monocytes into 
brain. Since immune-activated HIV-l- infected mac
rophages overexprcss proinf lammatory cytokines, 
such as TNF-t t , activated cells might have a selective 
advantage in transendothelial migration [34] . There 
is good evidence that there are two stages in the 
infection of brain macrophages by HIV-1 . Initially, 
the viral coat glycoprotein gpJ20 binds to a receptor 
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CD4 on the surface of the macrophage, but other 
binding sites may exist. Internalization of the virus 
may stimulate the macrophage to release low levels of 
neurotoxins. HIV-1 proteins such as gpl20 and pos
sibly Tat and Nef can st imulate uninfected cells to 
release similar neurotoxins [35] . In the second stage 
of HIV-1 infection, the viral genome is integrated into 
the genome of the macrophage, and active virus 
replication ensues . During this stage macrophages 
release large amounts of neurotoxic substances. The 
toxins produced by the macrophages include glu-
tamate-l ike neurotoxic molecules, free radicals, cys
teine, platelet-activating factor (PAF) , cytokines, and 
eicosanoids, and as yet unidentified factors emanat ing 
from stimulated macrophages a n d / o r reactive astro
cytes [35—39 |. Interactions among several different 
types of cell, including mononuclear phagocytes, ast
rocytes, and neurons, probably regulate the secretion 
of neurotoxins by HIV-l - infec ted macrophages [35] . 

Takahashi el al. [40 ] demonst ra ted that latent or 
low-level infection of astrocytes occurs in AIDS, a 
finding that may be of importance in unders tanding 
neuropathogenesis . T h e infection of astrocytes is 
highly unusual and may occur in children [35, 41 , 
4 2 ] . 

The role that microglia play in HIV-1 infection is 
important in the unders tand ing of the pathogenesis of 
HIV-1 infection and of the result ing brain damage. 
Most of the current evidence strongly suggest that 
microglia arise from mesodermal t issues, ultimately 
develop from bone marrow cells, in particular the 
monocyte [43] , and populate the CNS after it has 
been vascularized. Microglia a re generally considered 
to be bone marrow-derived resident macrophages in 
the brain and thus form the interface between CNS 
and immune system. Microglia consti tute — 10 % of 
the total glial cell population. They can be considered 
as a specialized subtype of tissue macrophage found 
in the CNS 144, 45] , The major known function of 
microglia is as a scavenger cell. Also, microglia may 
be involved with inflammation and repair in the CNS 
because of their phagocytic ability, release of neutral 
proteinases, and production of oxidative radicals. 
Microglia have been demonst ra ted to express major 
histocompatibility complex ant igens (MHC class I and 
II) upon activation, act as ant igen-present ing cells, 
secrete a number of immunoregulatory cytokines, and 
respond to cytokine st imulation, suggesting an invol
vement with inflammatory and immune responses 
within the CNS [45] . Microglia may play an im
portant role in a variety of neurological disorders such 
as AIDS, Alzheimer 's disease, and amyotrophic late
ral scl erosis [46 ]. Although microglia resemble tissue 
macrophage in immunological phenotype and func
tion, there are some differences between microglia 
and other monocyte / macrophage lineage that still 
remain to be clarified [47 |. Microglial cells, the target 
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involvement in synaptic plasticity, long-term poten
tiation, learning and memory, and neurodegenerat ion 
| 5 1 , 60, 61 ]. Activation of NMDA receptors leads to 
increased intracellular Ca 2~ followed by activation of 
protein kinases, phospholipases, proteases, nitric oxi
de synthase (NOS), impaired mitochondrial function, 
and the generation of free radicals [59, 62—64] . 
Neurotoxicity in primary neuronal cultures induced 
by stimulation of NMDA receptors is mediated in part 
by nitric oxide (NO) [59, 6 5 ] . NO is a powerful 
endogenous mediator for numerous physiological res
ponses, as well as in manifestations of brain injury 
[66, 67 ] . Bukrinsky et al. [68] demonstrated that 
HIV-1 infection of human monocytes results in the 
appearance of inducible isoform of NOS. Human 
monocytes have been used as model of brain macro
phage function. The appearance of the inducible 
isoform of NOS is accompanied by significant pro
duction of NO. This NOS induction is subject to both 
positive and negative regulation by the immune sys
tem cytokine network. NO-media ted neurotoxicity is 
engendered by reaction with 0 2 ~ , apparently leading 
to formation of peroxynitr i te ( O N O O ) , a highly 
destructive radical. T h e formation of a ONOO leads 
to lipid peroxidation and indiscriminate oxidation of 
sulphhydryls and kills neurons in a dose-dependent 
fashion [65 ]. In other oxidation states NO can 
interact with thiol groups of NMDA receptors and 
ameliorate deleterious effect of glutamate [65, 6 9 ] . 
Recently, human macrophages and astrocytes have 
been shown to produce NO via inducible NO syn
thase (iNOS) in response to cytokines and gpl2() [59, 
70, 71 ]. Although gpl20 can bind to CD4 on human 
macrophages it has been argued that this is not true 
for rodents . Thus , the effects of gpJ20 in the rodent 
nervous system might imply the existence of another , 
as yet unknown, receptor for the coat protein. Other 
HIV proteins, such as Tat and Nef, were shown to be 
toxic in the rodent C N S , raising questions about the 
specificity of the findings with gpl2() [54 ]. 

Evidence has been accumulating that brain da
mage in HIV infection is not the result of a direct 
effect of the virus. The neuronal damage is, rather, 
due to toxic factors that alter the neuronal function. 
The discrepancy between widespread neuronal da
mage and the absence of productive viral infection in 
neurons led to the hypothesis that HIV-1 induces 
neurotoxicity through an indirect mechanism [35 ]. 
Recently, a new human neuronal culture system, 
called N T neurons , has become available [72] . A new 
in vitro system comprising a pure population of 
neurons , human N T cells, was used to characterize 
the direct neurotoxic effect of HIV-1 envelope protein 
gpl2(). Trea tment of mature N T neurons with various 
doses of gpl2() for 24 h caused a decrease of up to 
27 % in the number of viable cells. These data 
indicate the possibility that gp!2() exerts a direct 
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ceils for HIV-1 in the brain, are responsible for the 
replication and spread of the virus. They fuse toge
ther to form the multinuclear giant cells, which are 
considered to be the hallmark of HIV-1 infection. The 
combination of immunohistochemistry and morpho
metry to investigate the activation pat tern of microglia 
gave conclusive data . The number of activated micro
glia was significantly increased in HIV-1 infected 
brains. The activation of microglia was not correlated 
with the presence of HIV-1 antigen in brain tissue 
И8 |. 

One factor that may contr ibute, at least in part, 
to AIDS dementia complex is neuronal injury caused 
by the viral envelope protein, gpJ20, or a fragment 
thereof, which can be shed from HIV-1 harboured by 
macrophages or microglia in the CNS [49—53] . It 
was found that picomolar concentrat ions of gp!20 
were toxic in vitro to rodent neurons [49 ]. T h e HIV-1 
coat protein gpl20 produces lesions in cultured neu
rones and glial cells. T h e HIV-1 envelope protein 
gpl20 produces neuronal cell damage in primary 
cultures of variety of cell types including hippocampal 
neurons and retinal ganglion cell 149 ]. The im
portance of macrophages as mediators of gpJ20-
associated neurotoxicity is shown by the failure of 
gpl20 to cause neuronal damage when macrophages 
were eliminated from retinal ganglion cell cultures 
[54 ]. 

The properties of primary cell cultures a re , 
however, often markedly different from those of cells 
living in their normal environment. T h e use of an in 
vitro organized structure will enable the molecular 
and cellular mechanism of action of gpl20 to be 
examined in conditions which are particularly suitable 
and relevant to the in vivo situation [55 ]. Gpl20 
induces widespread chromatin condensation and le
sions in pyramidal granular neurone and in inter-
neurones of rat hippocampal organotypic slice cultu
res. This damage is clearly of an apoptotic (program
med cell death) type [55] . In an study involving 
transgenic mice Toggas et al. |56 ) demonst ra te that 
damage in the CNS can be caused by the HIV-1 coat 
protein gpl2(). This mouse model has its shortcoming. 
Transgene for gpl20 is expressed in astrocytes ra ther 
than in the macrophage/microglial lineage, the cell 
type predominantly infected in the CNS [57 |. 

Neuronal cell death elicited by gpl20 is abso
lutely dependent upon the presence of glutamate 
acting through N-methy l -D-aspar la te (NMDA) re
ceptors [51, 58, 5 9 ] and to be mediated by exci-
totoxic mechanisms. These works were extended by 
evidence that gpI2() could indirectly trigger a d ra 
matic and potentially lethal rise in neuronal ( C a 2 + | , 
by releasing toxic factors from activated macro
phages/microglia and possibly astrocytes [54, 5 0 ] . 
The NMDA receptors has received substantial a t ten
tion because of its high C a 2 + permeability and its 



neurotoxic effect by acting through NMDA receptors 
and C a 2 + channels [73 ]. 

Macrophages and microglial cells produce pros
taglandin E 2 , cytokines such as tumor necrosis factor 
( T N F - a ) , transforming growth factor-/? (TGF-0), 
interleukin-1 (IL-1), interleukin-6 (IL-6), colony sti
mulating factors (CSFs) . Many cytokines cause death 
of oligodendrocytes a n d / o r destruction of myelin in 
vitro [74, 75 ]. These potent, cell-derived effector 
molecules are cytotoxic when added to primary neu
ronal cultures and are also detected in the ce
rebrospinal fluid of HIV-infected subjects with neu
rological deficits [76, 77 ]. Increased levels of T N F -
a , IL-1-/? are present in the brains of patients with 
various pathological conditions such as AIDS [78] , 
multiple sclerosis [79] , Alzheimer 's disease, and 
Down's syndrome [80] . Numerous studies have de
monstrated that inflammatory cytokines are present 
in CNS during neurological diseases. These cytokines 
include IL-1 , IL-6, INF-y, TNF-cr and TNF-/?. In
terferon-}/ ( INF-y) , which are neurotoxic, is involved 
in the pathogenesis of neuronal injury in patients with 
HIV-1 infection [76, 77 ] , INF-y is the product of 
activated T cells and has a wide range of im-
munoregulatory functions. INF-y would be present in 
the CNS only during disease states where the blood-
brain barrier has been breached [77 ]. It was demon
strated that interactions between HIV-infected mono
cytes and astroglial cells produce high levels of 
proinflammatory cytokines ( T N F - a , IL—1/?), PAF 
[81] , and eicosanoids [82] . Several cytokines can 
regulate their own synthesis , as well as the production 
of other cytokines (for example, IL-1 , T N F - a ) . T h e 
most abundant source of cytokines appears to be 
activated microglia, although neurones, astroglia, pe
rivascular and endothelial cells can also express 
cytokines.These molecules are involved in neuronal 
degeneration and repair in the CNS, and have been 
proposed as mediators of various neuropathologies 
[83—85 ]. Therefore, many of the clinical and his
tological effects of HIV-1 infection in the CNS may 
be an indirect effect of cytokines and other soluble 
mediators secreted by resident macrophages and 
microglial cells. The re is evidence of increased syn
thesis of neopterin, a marker of both macrophage 
activation and tetrahydrobiopterin biosvnthesis [86 ]. 
T N F - a , IL-1 , IL-6.. INF-y, 2 microglobulin, and 
neopterin are potential candidates serving as neu
rotoxic factors [48 ]. 

Regulatory role for astrocytes in IV-1-mediated 
encephalopathy. HIV-1-infected brain macrophages 
participate in neurologic dysfunction through their 
continual secretion of neurotoxins. The control of 
macrophage secretory activities was found linked to 
the astrocytes, a cells that suppressed neurotoxins 
production and regulate the extent of disease [87 ]. 
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Benveniste et al. [88 ] investigated the ability of the 
major envelope glycoprotein of HIV, gp!20, to re 
gulate intercellular adhesion molecule-1 (ICAM-1) 
expression in glial cells. The i r results indicate that 
gpl20 enhances ICAM-1 gene expression in primary 
rat astrocytes, pr imary h u m a n astrocytes, a human 
astroglioma cell line C R T , and primary ra t microglia. 
ICAM-1 is important in mediat ing immune res
ponsiveness in the CNS, facilitating entry of HIV-
infected cells into the C N S , and promoting syncytia 
formation. 

Astrocytes a re the most numerous of the glial 
cells, and in the mammal ian brain they outnumber 
neurons 10 to 1. Astrocytes have been implicated in a 
wide range of supportive functions for their par tner 
neurons in the CNS, such as neuronal guidance 
during development and nutri t ional and metabolic 
support throughout life [89] . Astrocytes have also 
been suggested to provide neurotrophic factors essen
tial for neuronal maintenance and survival [90, 91 ]. 
T h e ionic composition of the extracellular space 
around the neurons is critical for their proper func
tioning, and the astrocyte is important in maintaining 
this microenvironment. Numerous studies have de
monstrated the active involvement the astrocytes in 
neurot ransmit ter metabolism. In vitro s tudies suggest 
that amino acid t ransmit ters may be removed from 
the extracellular space by astrocytic uptake mecha
nisms. In the presence of high glutamate levels, 
removal of astrocytes from mixed cultures quickly 
leads to neuronal death [92, 9 3 ] . It has been shown 
that glutamate, a good subs t ra te for the uptake 
system, is 1/40—1/100-fold weaker as a neurotoxin 
in astrocyte-rich cultures than in astrocyte-poor cul
tures [94 ]. T h e astrocyte can contribute to the 
structural integrity of the blood-brain barr ier . In the 
adult nervous system, astrocytes retain the ability to 
divide and multiply. When the CNS is injured, 
astrocytes respond by becoming reactive. This r e 
action, known as astrocytosis is the result of astrocyte 
proliferation, hyper t rophy, and enhanced expression 
of glial fibrillary acidic protein (GFAP) , whose exp
ression is restricted to astrocytes. One of the major 
functions proposed for reactive astrocytes is the 
initiation of immune responses within the CNS [37, 
44, ]. Prominent reactive astrocytosis is seen in AIDS-
dementia complex [95] . 
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Роль макрофагів і астроцитів у механізмах нейродегенерації, 
викликаної інфікуванням ВІЛ-1 

Резюме 

При захворюванні на СНІД у значної кількості хворих від
бувається порушення діяльності центральної нервової систе
ми (ЦНС)} обумовлене проникненням, вірусу імунодефіциту 
людини J (ВІЛ-J) через гематоещефалімний бар'єр. Це від-
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бувається завдяки здатності ВІЛ-J-інфікованих моноцитів 
зв'язуватися мікроваскулярким ендотелієм, що визначає на
ступне проникнення вірусу у тканину мозку. Індукована ВІЛ-І 
патологія ЦНС супроводжується вибірковою загибеллю ней
ронів кори та сітківки, астроцитозом, порушенням міє-
лінізації нервових волокон. ВІЛ-1 безпосередньо не інфікує 
нервові клітини. Головну роль у розвитку патології ЦНС 
відіграє секреція нейротоксинів ВІЛ-1-інфікованими макрофа
гами. До цих нейротоксинів належать глутамат-подібні ней-
ротоксичні молекули, вільні радикали, цистеїн, фактор акти
вації тромбоцитів, цитокіни, ейкозаноїди, зокрема арахідо
нова кислота, а також неідентифіковані фактори, що виді
ляють активовані макрофаги, а також реактивні астроцити 
Білки ВІЛ-І, зокрема поверхневий глікопротеїн gpI20, також 
можуть пошкоджувати нейрони і змінювати функцію астро
цитів. Загибель нейронів у хворих на СНІД у значній мірі може 
залежити від здатності gpI20 обумовлювати надмірну сти
муляцію НМДА рецепторів і викликати екситотоксичн пору
шення, а також безпосередньо впливати на астроцити, викли
каючи зменшення продукування факторів росту і пригнічуючи 
транспортування глутамату з міжклитинного середовища. 
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Роль макрофагов и астроцитов в механизмах нейродегенерации, 
вызванной инфицированием ВИЧ-1 

Резюме 

Значительное количество больных СПИДом страдает невро
логическими нарушениями, обусловленными проникновением 
вируса иммунодефицита человека (ВИЧ-1) через гематоэнце-
фалический барьер. ВИЧ-1 -инфицированные моноциты способ
ны связываться микроваскулярным эндотелием., что опреде
ляет последующее проникновение вируса в ткань мозга. Инду
цированная ВИЧ-1 патология, центральной нервной системы 
(ЦНС) сопровождается избирательной гибелью нейронов ней-
рокортекса и сетчатки, астроцитозом., нарушением миелини-
зации нервных волокон. ВИЧ-1 непосредственно не инфицирует 
нервные клетки. Основная роль в развитии патологии ЦНС 
принадлежит секреции нейротоксинов ВИЧ-1-инфицированны
ми макрофагами. К этим нейропюксинам относятся глута-
мат-подобные нейротоксические молекулы, свободные радика
лы, цистеин, фактор активации тромбоцитов, цитокины, 
эйкозаноиды, а. также не идентифицированные факторы, выде
ляющие активированные макрофаги и реактивные астроциты. 
Белки ВИЧ-1, в частности поверхностный гликопротеин 
gp!20, также могуть повреждать нейроны и изменяють фун
кцию астроцитов. Гибель нейронов у больных СПИДом в 
значительной степени может зависеть от способности gp!20 
обусловливать избыточную стимуляцию НМДА рецепторов и 
вызывать экситотоксические нарушения, а также непосредст
венно влиять на астроциты, вызывая уменьшение продукции 
факторов роста и угнетая транспорт глутамата из межкле
точной среды. 
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