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REGIONAL DIFFERENCES IN ASTROCYTE ACTIVATION IN HIV-ASSOCIATED DEMENTIA
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Abstract Since astrogliosis is a histological marker usually observed in  HIV-associated dementia (HIV-D),
we decided to investigate the potential relationship between the expression of glial fibrillary acidic

protein (GFAP) and the regional distribution of cells positive  (+) for this specific marker of astrocyte activation.
Histological sections of brain tissues obtained at necropsy from 5 HIV-D patients and 5 age-matched controls
without history of neuropsychiatric illness were immunostained with peroxidase. Mean numbers of GFAP(+)
astrocytes were significantly increased in entorhinal cortex, hippocampus and subcortical white matter of patients,
but values in frontal cortex and basal ganglia were similar to those of controls. In contrast, surface density of
immunoreactive GFAP was significantly increased in all tested brain areas from all patients, including unusually
affected regions such as entorhinal cortex and hippocampus. Therefore, such  consistent finding of hypertrophic
astrocytes, ranging from highest cell percentajes in subcortical white matter to lowest in basal ganglia indicates
that quantification of surface density in GFAP (+) cells appears to be a more reliable approach to score gliosis
than the counting of their cell nuclei. Because astrocyte activation involves both protective and detrimental effects
on adjacent neuronal subsets, the evidence of regional differences in this reactive potential highlights the
importance of accurately defining their contribution to the neuropathogenesis not only of HIV-D, but of a wide
range of neurodegenerative disorders.
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Resumen Diferencias regionales en la activación astrocitaria en demencia asociada a HIV. Siendo la
astrogliosis un signo histológico habitualmente  presente en  demencia asociada a HIV, se investigó

la eventual relación entre expresión de proteína gliofibrilar ácida (GFAP) y localización regional de células positivas
para ese marcador específico de la activación astrocitaria. Por inmunoperoxidasa, se procesaron cortes histológicos
de tejidos cerebrales obtenidos por necropsia de 5 pacientes y 5 controles de edades similares pero sin antecedentes
neuropsiquiátricos. Según los valores de las medias registrados por conteo de astrocitos GFAP(+) en pacientes,
el número fue significativamente mayor en corteza entorrinal, hipocampo y sustancia blanca subcortical, mientras
que en corteza frontal y ganglios basales no se encontraron diferencias con controles. En cambio, la densidad de
superficie del material GFAP inmunorreactivo en pacientes estuvo significativamente aumentada en todas las áreas
cerebrales analizadas, incluso en regiones inusualmente afectadas, como corteza entorrinal e hipocampo. Entre
esos astrocitos hipertróficos, el mayor porcentaje correspondió a sustancia blanca subcortical, y el menor a ganglios
basales. Cabe concluir que el constante hallazgo de agrandamiento astrocitario señala a la medida de la superficie
inmuno-reactiva como mejor índice de activación celular que el conteo de núcleos de las células marcadas. Dados
los reconocidos efectos de la astrogliosis sobre las subpoblaciones neuronales vecinas, la comprobada
regionalización de ese potencial reactivo destaca el interés de precisar su contribución en la neuropatogenia, tanto
de demencia asociada a HIV como de otras enfermedades neurodegenerativas.
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Infection of the nervous system by HIV commonly
causes a broad range of cognitive, behavioral and motor
abnormalities known, in its most severe form, as HIV-as-
sociated  dementia (HIV-D). Although the introduction of

highly active antiretroviral therapy (HAART) in the 1990s
has attenuated the incidence and severity of HIV-D, it  re-
mains as a common and disabling problem for those living
with AIDS1, 2. Since HAART is effective in reducing the vi-
ral burden in the brain compartment3, increased prevalence
rate of HIV-D4, 5 and concomitant neuropathological find-
ings6 suggests that irreversible damage may already have
occurred to parenchyma, or else that immune reconstitu-
tion has resulted in an upregulation of the inflammatory
infiltrate. Therefore, a complementary pharmacological
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approach is required7, 8 envisaging the use of neuro-pro-
tective agents or those with disease-modifying potential.
However, in order to achieve such a goal, a deeper under-
standing of HIV-D pathophysiology is necessary. Taking
into account that HIV-D appears as a metabolic encepha-
lopathy that must be sustained by inflammatory neurotoxic
responses9, neuronal injury  would be indirectly mediated
by a variety of postinflammatory cytokines released into
the parenchyma by HIV-infected macrophages and micro-
glia10, as well as by immune-activated macrophages and
astrocytes11. However, direct injury of neurons by viral pro-
teins cannot be ruled out. In this connection, detection of
HIV-1 RNA or proviral DNA in astrocytes indicates that
they are cell hosts of a restricted infection and thus able to
synthesize potentially neurotoxic regulatory viral proteins12.
Besides this deleterious potential, astrocyte activation per
se would participate in dementia pathogenesis through dual
effects, whether neurotoxic by releasing cytokines, free
radicals, nitric oxide, and arachidonic acid, among others,
as well as acting as neuroprotectors by reducing neuro-
toxic activities of macrophages, synthesizing anti-inflam-
matory cytokines, and taking up excitatory amino acids13.

Bearing in mind the secondary though relevant role
played by astrocyte activation in the development of HIV-
D14, it seemed of interest to characterize its topographical
presence in brain areas and evaluate its regional intensity
degree. In this connection, in vitro studies15 have disclosed
a dissimilar reactivity potential in cultured types/subtypes
of astrocytes according to their cell lineage. It was in order
to discriminate an eventual differential expression of in vivo
astrocyte activation, that we resorted to immunoperoxidase
labeling of glial fibrillary acidic protein (GFAP), the specific
marker of the reactive astrocyte, in tissue samples obtained
from necropsied HIV-D patients. Since GFAP immunore-
activity is known to increase throughout adult life span16, 17,
postmortem brain samples from age-matched subjects
were used as controls.

Materials and Methods

Samples. Formalin-fixed archival brain tissues corresponding
to 5 patients from the Hospital of Infectious Diseases “Fran-
cisco J Muñiz”, Buenos Aires, Argentina, were employed. All
subjects died presenting cognitive and motor disorders, follow-
ing a clinical and laboratory diagnosis of AIDS, and all autop-
sies were performed within 24 h of death. Median age of such
patients was 35.8 years (range 21 to 50), while controls were
represented by 5 deceased individuals lacking neurological
disease with an median age of 52.0 years (range 49 to 58).

Single immunohistochemistry. Following paraffin embed-
ding, 5-µm histological sections were obtained and pretreated
with 96% formic acid (Sigma,  USA) for 10 min, and incubated
first with 1/1.600 dilution of rabbit anti-cow GFAP (Dako A/S,
Denmark) in TRIS buffer, and then with 1/200 dilution of bio-
tinylated goat anti-rabbit immunoglobulins (Dako A/S). Peroxi-
dase-conjugated streptavidin (Dako A/S) at 1/200 dilution was
finally employed. Reaction development was achieved by 10-
min exposure to 0.03% DAB (Fluka AG, Switzerland) plus

0.02% H202. In  all immunolabeled sections, light counterstain-
ing with Mayer´s hematoxylin was performed.

Double immunohistochemistry. The peroxidase activity of
GFAP-labeled sections was blocked by 30 min-treatment with
methanol containing 3% of H2O2, and samples were subse-
quently incubated with 1/800 dilution of anti-proliferating cell
nuclear antigen (PCNA) antibody (BioGenex, USA), followed
by incubation with 1/200 dilution of biotinylated rabbit anti-
mouse antiserurm (Dako A/S). Peroxidase conjugated strep-
tavidin was finally added and the reaction developed with the
AEC Chromogen Kit (Immunotech, France).

Quantitative evaluation. Immunolabeled sections were ob-
served at 400x magnification through a Zeiss microscope.
With the aid of a test square grid delimiting 0.01 mm2 in the
section, the number of cell nuclei corresponding to GFAP(+)
astrocytes was counted in each selected brain area, includ-
ing entorhinal cortex, hippocampus, subcortical white matter,
frontal cortex and basal ganglia. For such cell counting, 8 mi-
croscopic fields were randomly chosen by progressive dis-
placement of the test square grid. Only process-bearing cells
showing their nucleus in the plane of the section were re-
corded.

Resorting to a computer-assisted approach already de-
scribed18, morphometric analysis of GFAP(+) cells was car-
ried out by means of a stereological grid and following the
point-counting method19 as applied to brain tissue20. To this
end, 8 microscopic fields in each histological section were
randomly analyzed for measurement of surface density of
GFAP immunoreactive material, by selecting isolated labeled
cells sharply demarcated from the negative background.

Counting and morphometric analysis of GFAP(+) astrocytes
were carried out by at least two independent observers.

All data were analyzed using Student's t-test for compari-
son of the means, taking p<0.05 and p<0.001 as significance
levels.

Results

Demographic, clinical and laboratory data of the HIV-D
cases are summarized in Table 1. Out of the 4 males,
one was homosexual, and the remainder heterosexual,
one of whom was intravenous drug user (IDU). Patient 4
(female) reported a regular HIV(+) and IDU male partner.
All cases were severely immunosuppressed with CD4 cell
counts <100 x 106 /l, out of whom 3/5 presented values
lower than 25 x 106 /l. As up to 10 years had elapsed
since their death, occurring before the HAART era, all
cases had been limited to AZT treatment, which became
highly irregular due to loss of patient compliance. Given
these shortcomings, detection of viral persistence in
plasma was not unexpected. All patients showed signs
of neuropsychiatric and neurological disorders, as evi-
denced by progressive motor abnormalities, cognitive
impairments and behavioral disorders, whose degree
ranged from mild (patient 1) and moderate (patient 2) to
severe (patients 3 to 5).

According to hematoxylin-eosin staining, perivascular
infiltration by mononuclear cells was noticeable in white
matter areas from all five patients samples, although vas-
cular dilation accompanied by inflammatory exudate was
more intense in cases 1 and 2.
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TABLE 1.–  Demographic, clinical and laboratory data from HIV-D patients (n=5)

Patient Age at Sex Risk factor Cognitive/ ELISA/ CD4 cell Plasma White matter

death motor Western count HIV RNA pathology

(years) disorder Blot (x106/l) (copies/ml) (hematoxylin-eosin)

1 50 M MSW Mild Both positive 20 750,000 Severe

2 32 M MSM Moderate Both positive 10 580,000 Severe

3 33 M MSW/IDU Severe Both positive 50 157,000 Moderate

4 21 F WSM Severe Both positive 39 220,000 Mild

5 43 M MSW Severe Both positive 8 450,000 Mild-moderate

MSW, men who have sex with women; MSM, men who have sex with men; WSM, women who have sex with men; IDU, intravenous drug user.

Fig 1.– Immunoperoxidase labeling of GFAP in subcortical white matter tissues from HIV-D
patient 1 (A) versus  age-matched control (B). Greater number of GFAP(+) astrocytes is
observed in A  when compared with B. Magnification: 400 X.  According to enlarged cell
body and increased number and length of cell processes, astrocyte hypertrophy is dis-
closed in basal ganglia tissues from the same patient (C), but not in age-matched con-
trol (D). Magnification: 1000 X.

As regards GFAP immunolabeling, preliminary cursory
inspection of  histological sections from patients disclosed
signs of astrocyte activation, as evidenced by the ready
detection of stained astrocytes (Fig. 1, A and B) and the
enlargement exhibited by many of such cells (Fig. 1, C and
D). Subsequent statistical analysis of cell count revealed
that mean values were significantly greater in entorhinal
cortex, hippocampus and subcortical white matter than those
recorded in controls, while differences in frontal cortex and
basal ganglia proved negligible (Table 2).

Concomitantly, SvGFAP was significantly enhanced
in all tested brain areas from all patients. By assuming
that astrocyte hypertrophy was present when SvGFAP
mean value was greater than the control mean + 1 SD in

each selected brain area, cell enlargement was found in
72% of astrocytes located in entorhinal cortex, 85% in
hippocampus, 97% in subcortical white matter, 75% in
frontal cortex, and 75% in basal ganglia.

When GFAP(+) cell number for each of the patients
was individually compared with the respective control mean
(Fig. 2, a), cases 1 and 5 displayed significantly greater
values in entorhinal cortex, hippocampus and subcortical
white matter, but not in frontal cortex and basal ganglia. In
all tested brain areas of remaining patients, GFAP(+) as-
trocyte number failed to differ from controls. In turn,
SvGFAP appeared significantly enhanced in all brain sam-
ples from all  patients, reaching highest values in subcorti-
cal white matter and lowest in basal ganglia (Fig. 2, b).
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In some strongly GFAP-immunoreactive samples from
patients, attempts to disclose astrocyte mitotic activity
were carried out according to an immunocytochemical
approach formerly employed for cultured astrocytes18.
Despite sequential staining with monoclonal anti-PCNA
antibody, no positive labeling (reddish nuclei) was
achieved.

Discussion

Although at cursory inspection the number of GFAP(+)
astrocytes seemed to be increased in all tested brain ar-
eas, significant differences versus controls were only
found in entorhinal cortex, hippocampus and subcortical
white matter, but not in frontal cortex or basal ganglia.
Therefore, statistical significance of mean values in
entorhinal cortex, hippocampus and subcortical white
matter was mainly provided by count data from cases 1
and 5 alone, since GFAP(+) astrocyte numbers in remain-
ing patients failed to differ from those recorded in con-
trols. In contrast, astrocyte hypertrophy as evaluated by
surface density of GFAP immunoreactive material was a
statistically significant finding in all patients and in all
tested brain areas. Since our attempts to disclose PCNA
staining in GFAP(+) astrocytes  proved negative, GFAP
reactivity was attributed to activation of former quiescent
cells rather than from proliferation, thus confirming the
absence of proliferation markers in AIDS brains21.

 In fact, astrocyte enlargement was the only constant
histological feature we found throughout, since perivas-
cular monocytic infiltration was mainly limited to subcorti-
cal white matter, and neither multinucleated giant cells
nor microglial nodules were observed. In this connection,
it is known that such neuropathological changes, though
specific of HIV-brain infection, may be lacking in over half
of HIV-D  cases22, 23.

Although astrogliosis has been classically defined as
hypertrophy, hyperplasia and gliofibril hyperproduction,
currently there is a trend to consider the presence of
hypertrophic/hyperimmunoreactive cells as the most im-
portant feature, despite the existence of hyperplasia24.
As highlighted by our results, quantification of surface
density in GFAP (+) cells appears to be a more reliable
approach to score astrocyte activation than the count of
their cell nuclei. In addition to the expected detection of
enlarged astrocytes in subcortical white matter and fron-
tal cortex,  we found they were also present in entorhinal
cortex, hippocampus and basal ganglia. Hypertrophy was

TABLE 2.– Number of GFAP-immunoreactive cells and surface density of GFAP-immunoreactive
material in selected brain areas from HIV-D patients (n=5) and controls (n=5)

Brain area Number of cells/field Surface density

Patients Controls Patients Controls

Entorhinal cortex 08.8 ± 1.1** 7.2 ± 0.4 0.0636 ± 0.0192*** 0.0225 ± 0.0110

Hippocampus 10.7 ± 1.4** 7.1 ± 0.2 0.0656 ± 0.0055*** 0.0283 ± 0.0135

Subcortical white matter 11.7 ± 1.4** 5.5 ± 1.0 0.1116 ± 0.0028*** 0.0276 ± 0.0147

Frontal cortex 15.3 ± 0.6** 2.9 ± 0.2 0.0632 ± 0.0311*** 0.0355 ± 0.0135

Basal ganglia 17.4 ± 0.8** 5.7 ± 0.5 0.0484 ± 0.0063*** 0.0255 ± 0.0102

Data are means ± SD. Each value corresponds to the ratio between total SvGFAP determined and number of evaluated
cells. As compared with controls, patient values increased significantly (* p<0.05; ** p<0.01; *** p<0.001).

Fig 2.– GFAP immunoreactivity as evaluated by number of
positive cells (a) and surface density (b) in all tested brain
areas (Ent: entorhinal cortex; Hip: hippocampus; SWM:
subcortical white matter; FC: frontal cortex; and BC: ba-
sal ganglia of HIV-D patients (P 1-5). Controls are repre-
sented by mean values of 5 subjects lacking a history of
neuropsychiatric disease. Asterisks indicate significant dif-
ferences (*p<0.05; **p<0.01)
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coincident with hyperplasia in entorhinal cortex, hippoc-
ampus and subcortical white matter, but not in frontal
cortex or basal ganglia, two brain areas that failed to ex-
hibit increased number of GFAP(+) cells. Such lack of
correlation between astrocyte size and density had been
already described in aging rats, which exhibited more
pronounced hyperplasia in hippocampus, while hypertro-
phy was more accentuated in the frontal cortex25. In turn,
aging rhesus monkeys showed an increase in GFAP(+)
cell size but not in density in all subcortical white matter
areas of the frontal, temporal and parietal cortices26.

It may be concluded that regional differences in the
astrocyte activation  deserve to be evaluated, because they
may affect dementia course depending on the relation of
such cell reaction,  whether local, proximal or remote,  with
pathways to neuronal injury. In this connection, a process
of macrophage/microglia and astrocyte activation leading
to neurotoxicity has been described as sharing similarities
between HIV-D and Alzheimer disease27 and even multi-
ple sclerosis28. Therefore, accurate assessment of hyper-
reactive astrocyte distribution, given its connections with
neuronal subpopulations, will likely provide a deeper in-
sight into the pathophysiology and treatment not only of
HIV-D, but of other neurodegenerative diseases.
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