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Regulation of HIV-1 infection in astrocytes: expression
of Nef, TNF-o and IL-6 is enhanced in coculture of
astrocytes with macrophages
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‘Restricted’ human immunodeficiency virus type (HIV-1) infection of astrocytes
is recognized in vivo in some pediatric and adult AIDS brains and i vitro in a
small proportion of transfected primary fetal astrocytes. We investigated the
extent of HIV-1yg ¢, expression in fetal astrocytes and macrophages cultivated
alone or together. Peak HIV-1 p24 antigen titres in supernatant fluids of
macrophage cultures were increased with monocyte/macrophages from certain
donors and were higher when macrophages were cocultivated with astrocytes.
Structural HIV-1 gene (gp 41 and pol) products (protein and mRNA) were
observed only in macrophages. Ten days after HIV-1g ;, infection, astrocytes in
a monoculture were stained negative or only weakly positive (1-2+) for Nef,
whereas in a coculture up to 100% of astrocytes displayed Nefstaining (up to 4+)
in the cytoplasm. The streptavidine-biotine-peroxidase technique with certain
monoclonal antibodies to Nef (Ovod et al, 1992) was specific for infected
astrocytes. The intensity of Nef staining was higher in astrocytes cultivated with
monocyte/macrophages from certain donors. In the coculture, tumor necrosis
factor-o (TNF-x) was expressed in the astrocyte cytoplasm earlier after
coinfection with HIV-1 and cytomegalovirus (CMV) compared to infection
with HIV-1 alone. Interleukin-6 (IL-6) was secreted spontaneously and
transiently in uninfected cocultures, but in a prolonged fashion following
HIV-1 and HIV-1/CMV infections. The interactions between HIV-1- and CMV-
infected macrophages and astrocytes lead to upregulation of TNF-« and IL-6
and enhancement of productive HIV-1 infection of macrophages and of
‘restricted’ HIV-1 infection of astrocytes with implications for the pathogenesis
of AIDS dementia.
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Introduction

In vitro HIV-1 infection of immature glial cells,
primary fetal astrocytes (Tornatore et al, 1991) and
glioma cell lines (reviewed by Volsky et al, 1992)
has been achieved in a number of laboratories. In
primary fetal astrocytes, after the initial productive
phase HIV-1 infection assumes a persistent but
reactivable form with viral RNA transcription
‘restricted’ to multiply spliced mRNA’s, in parti-
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cular nef transcripts, and with weak expression in
rare (1/200-1/400) cells of Nef protein (Tornatore
et al, 1994a) [except in up to 100% of cloned glial
cells (Bracke-Werner et al, 1992)]. Viral mRNA
expression in persistently HIV-1-infected astrocytes
is similar to that in nonproductively infected
mononuclear blood cells which is limited to the
multiply spliced 2 kb mRNAs (Pomerantz et al,
1990). Nef is one of six HIV-1 accessory proteins
and, despite an earlier impression of being a
negative regulatory factor, it has a positive effect
on virus replication in transformed and primary




mononuclear cells (Subbramanian and Cohen,
1994). Different antigenic forms of Nef are distin-
guished by their subcellular localization in astro-
cytoma cells (Kohleisen et al, 1992). In lymphoid
cells, Nef is initially found in the cytoplasm, but
later translocates to the nucleus (Ranki et al, 1994).
The ‘restricted’ nature of the astrocyte infection
could be related to a cell-determined block in Rev
function (Neumann et al, 1995) or due to global
defects in the viral replicative cycle (Conant et al,
1994).

Monocyte/macrophages migrating into the cen-
tral nervous system (CNS) in HIV-1-positive pa-
tients are central to AIDS neuropathogenesis
because of the production of neurotoxins (Genis et
al, 1992; Gendelmen et al, 1994; Nottet ef al, 1995)
and viral peptides, in particular gp120, which is
toxic to glial cells (Benos et al, 1994), and their
presumed ability to infect fetal astrocytes, which is
surmised from the location of infected astrocytes in
the brain areas infiltrated with monocyte/macro-
phages (Tornatore et al, 1994b). In vitro HIV-1
infection of fetal astrocytes has been accomplished
by techniques, such as transfection and coculture
with A3.01 T cells (Tornatore et al, 1991), which are
not physiological in the CNS. We used macrophage/
astrocyte cocultures in an attempt to develop a
system suitable for investigation of mechanisms
and regulation of astrocyte infection in vivo. We
hypothesized that astrocyte infection would be
upregulated either due to paracrine stimulation by
tumor necrosis factor-a (TNF-x) and other cyto-
kines, as shown previously with HIV-1 infection of
monocyte/macrophages (Koyanagi et al, 1988; Poli
and Fauci, 1992), or by cell-to-cell contact, as
demonstrated with cocultures of macrophages and
endothelial cells (Gilles et al, 1995). Cytomegalo-
virus (CMV) is a complicating factor in patients with
AIDS (Rhodes, 1993) and, specifically, with AIDS
dementia complex (ADC) (Fiala et al, 1993). CMV
stimulates TNF-o, IL-1f (Haskill ef al, 1993) and IL-
6 production in macrophages (Pulliam et al, 1995).
In the coculture system infected with HIV-1jp,
TNF-o and IL-6 were upregulated, and Nef expres-
sion in astrocytes and HIV-1 production in marco-
phages were enhanced.

Results

Expression of Nef in astrocyles in HIV-1 and CMV-
infected macrophage/astrocyte cocullures

Initial immunocytochemical experiments in
(co-)cultures of astrocytes and macrophages estab-
lished that structural HIV-1 antigens (p24, gp41 and
gp120) could be detected only in macrophages but
not in astrocytes. HIV-1 p24 antigen was detected in
the supernatant of infected cultures beginning at 5
days P.L., rising to peak titre on days 12—-15 P.I. The
peak titre achieved with pure macrophage cultures
(2 x 10° macrophages) was 1 ng/ml, whereas it was
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Figure 1 (a) HIV-1-infected coculture of primary human
macrophages with human fetal astrocytes stained immunocyto-
chemically with CD68+ monoclonal antibody and haematoxylin
counterstain. Note 4+ staining of macrophages (small dark cells,
e.g. at arrow-head) ( x 200). (b) Uninfected culture of human fetal
astrocytes stained immunocytochemically with monoclonal
antibody to GFAP (x200). Note variable (1 to 4+) staining of
astrocytes.

20 ng/ml with astrocyte/macrophage cocultures
(2 x 10° macrophages from an identical donor and
5x10° astrocytes). Macrophages from different
donors produced variable peak p24 antigen titres
(from 0.040 to 1 ng/ml).

Since previous in vitro studies showed expres-
sion of Nef in astrocytes (Brack-Werner et al, 1992;
Kohleisen et al, 1992; Tornatore et al, 1994a), we
examined infected cultures for the presence of Nef.
HIV-1 infected monocultures of astrocytes were
usually negative for Nef although with some
astrocytes weak staining was noted. HIV-1-infected
cocultures were positive for Nef by both immuno-
cytochemical techniques employed. Nef staining
was 4+ (on a scale 0 to 4+) in macrophages and 0 to
3+ in astrocytes with perikaryal or total cytoplasmic
distribution. In some cocultures infected with HIV-
1, 10 days P.I, up to 100% of astrocytes were
positive for Nef using the Vectastain reagents and






