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HIV-1 Nef co-localizes with the astrocyte-speci�c
cytoskeleton protein GFAP in persistently
nef-expressing human astrocytes
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In T-cells HIV-1 Nef exerts various functions and interacts with actin. In
astrocytes interaction of Nef with cellular proteins is poorly understood.
Therefore, human astrocytic cell clones stably transfected with nef-genes
derived from HIV-1 Bru and its myristoylation-defective TH-variant were
investigated by confocal laser scanning microscopy for expression of Nef and
cytoskeleton proteins actin and GFAP, a marker for activated astrocytes.
Myristoylated Nef was detected in cytoplasm, Golgi and plasmamembrane,
while non-myristoylated Nef was exclusively cytoplasmic. Nef co-localised
with GFAP in the perinuclear region of astrocytes. In contrast, Nef did not
interact with actin �laments in human astrocytes. Nef/GFAP interaction could
contribute to changes in morphology and activation state of astrocytes shown
previously which are both critical for development of astrogliosis in HIV-1
infected brain. Jo urna l o f NeuroViro logy (2001) 7, 52 ± 55.
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During recent years, evidence arose that the
accessory Nef-protein of HIV-1 plays an essential
role in the pathogenesis of AIDS and seems to be
essential for high viral loads in humans (Deacon et
al, 1995) and rhesus macaques (Kestler e t a l, 1991).
Early after systemic infection, HIV-1 is detectable in
the central nervous system (Ho e t a l, 1985).
Infection of astrocytes was described by detection
of HIV-speci®c nucleic acids and viral Nef-protein
expression (Saito et a l, 1994) while low production
of structural viral proteins was observed (Tornatore
et al, 1994). Multiply-spliced mRNA transcripts
encoding for HIV-1 Tat, Rev and especially Nef
were predominantly expressed in astrocytes (Brack-
Werner e t a l, 1992; Tornatore et a l, 1994). In this
respect, astrocytes are important target cells for
HIV-1, representing a persistent viral reservoir in
the brain.

Functional activities of Nef in different cell types
are not yet elucidated and are mostly described in T
cells. Cellular localisation of Nef seems to be critical
for its function in T cells (Baur e t a l, 1994) and
myristoylation is required for its CD4 downmodu-
lating capacity (Harris and Neil, 1994). Co-localisa-
tion of Nef with the AP-2 adaptor protein complex
suggests a function of Nef in cellular sorting
pathways (Greenberg e t a l, 1997). These results
elucidate the complexity of functional activities of
Nef depending on cell type and intracellular
localisation. For this reason we investigated the
distribution pattern of Nef in cellular compartments
of human astrocytic cells and its interaction with
components of the cytoskeleton.

Ne f-expressing human astrocytoma cell clones
were established by stable transfection of the
human astrocytoma cell line U251MG with ne f-
genes derived from the HIV-1 Bru isolate and its
myristoylation-defective TH-variant (Kohleisen e t
a l, 1999), which was isolated from the permanently
HIV-1 infec ted human astrocytic cell line TH4-7-5
(Brack-Werner e t a l, 1992). Parental U251MG cells
and cells containing the ne f-gene in reverse orienta-
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tion (pSGK) were used as controls. Confocal laser
scanning microscopy (CLSM, Ziess LSM410, Ober-
kochen, Germany) was performed on ne f-expressing
and control U251MG clones ®xed with 3.5%
paraformaldehyde and permeabilised with 0.2%
NP40. Nef was detected with monoclonal antibo-
dies (2H12, 2A3, epitope speci®city amino acids
171 ± 190). GFAP-spec i®c antibodies were pur-
chased from Sigma (Deisenhofen, Germany) and
Cy3- or Cy2-labelled secondary antibodies from
Dianova (Hamburg, Germany). Fluorescence chan-
nels were acquired sequentially with optimised
pinhole at 40 and 60 ´ magni®cation. Optical
section series were acquired in 1-lm steps using
identical parameters for ne f-expressing and control
cells. Nuclei were counter-stained with H33258
(Hoechst, Frankfurt, Germany). Actin was detected
with FITC-phalloidin (S igma) using Slow Fade
S7461 (Molecular Probes, Eugene, Oregon, USA)
to minimise fading. Actin expression was analysed
by conventional epi¯uorescence using a cooled
monochrome CCD camera.

For co-immunoprecipitation cell lysates of Bru-
and TH-Nef expressing astrocytes and control cells
(8 ´106 cells/ml) were incubated with Nef-speci®c
rabbit antiserum (27/89 8¢) or pre-immuneserum or

a GFAP-spec i®c antibody, respectively and preci-
pitated with Pansorbin (Calbiochem, Frankfurt,
Germany). Nef- or GFAP-precipitates were incu-
bated at 95 8C in SDS-loading buffer and analysed on
a 12% SDS-polyacrylamidegel by Western blot with
GFAP- or Nef-spec i®c antibodies, respectively
(Kohleisen e t a l, 1992) using ECL system (Amer-
sham-Buchler, Braunschweig, Germany).

High levels of HIV-1 Bru and non-myristoylated
TH-Nef were expressed in human U251MG
astrocytic cell clones inducing alterations in
morphology and growth behaviour of the cells
(Kohleisen e t a l, 1999). S ingle optical sections
obtained by CLSM revealed a strong cytoplasmic
staining of Bru-Nef concentrated around the
nucleus and in the Golgi (Figure 1A,a) of
astrocytic cells. Also a distinct Nef-spec i®c
staining of the plasmamembrane was detected.
In contrast, non-myristoylated TH-Nef was re-
stricted to the perinuclear cytoplasm and was not
localised in the plasmamembrane or Golgi (Figure
1A,b). This observation corresponds to the Nef-
speci®c staining pattern observed in permanently
HIV-1 infected TH4-7-5 astrocytoma cells, also
expressing high-levels of non-myristoylated Nef
(Kohleisen e t a l, 1992).

Figure 1 Cellular distribution of Nef (A) and GFAP (B) in nef-expressing U251MG astrocytic cells in CLSM shown as single optical
sections (magni®cation 40 ´) (A) (a) Myristoylated Bru-Nef: localised in cytoplasm (C), Golgi (G), plasmamembrane (P); (b) Non-
myristoylated TH-Nef: localised in cytoplasm; (c) Control cells (pSGK). Nuclei are not counterstained. (B) GFAP: localised (a)
perinuclear (arrow) and (b) in cellular processes (arrow). (c) Control cells (pSGK). Nuclei are counterstained with H33258 (blue).
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We could demonstrate the Nef modulates the
activation state of astrocytic cells by upregulating
the expression of the cytoskeleton protein GFAP
which is a marker for activated astrocytes (Kohlei-
sen e t a l, 1999). In CLSM, GFAP was shown to be
concentrated around the nucleus and in cellular
processes (Figure 1B). Cytoplasmic localisation of
GFAP was very similar to the perinuclear Nef-
speci®c staining pattern in stably ne f-expressing
astrocytes. For this reason double labelling experi-
ments were performed in CLSM with Nef- and
GFAP-spec i®c antibodies (Figure 2A). Co-localisa-
tion of Nef and GFAP was observed in the peri-
nuclear region of astrocytes (yellow stained areas,
Figure 2A,c). Similar results were obtained with
astrocytes expressing the non-myristoylated TH-
Nef (data not shown). Co-immunoprecipitation
studies with Nef- and GFAP-speci®c antibodies
revealed weak bands which might be due to an
association of both molecules (data not shown).

Actin in ne f-expressing and control U251MG
astrocytic clones appeared as stress ®bres and
polygonal arrays and also in a non-®brillary form
around the nucleus (Figure 2B,a) as shown by
conventional epi¯uorescence. In contrast to GFAP,

Nef is not co-localised with actin (Figure 2B,c), as
shown by double labelling experiments.

In ®broblasts and T cells HIV-1 Nef was described
to be localised in different cellular compartments
like plasmamembrane, cytoplasm or nucleus
(Greenberg e t a l, 1997; Kaminchik e t a l, 1994; Yu
and Felsted, 1992). In stably ne f-expressing human
astrocytic cells described here myristoylated Nef-
protein was detected in the cytoplasm, Golgi and
plasmamembrane. In contrast, non-myristoylated
TH-Nef was exclusively cytoplasmic, a pattern
which was comparable to permanently HIV-1
infected human astrocytoma cells (TH-4-7-5).

Interaction of Nef with cellular proteins like
kinases was mainly described in T-cells indicating
a role of Nef in modulation of cellular signal
transduction pathways (Saksela e t a l, 1995; Sawai
e t a l, 1994). In human astrocytic cells we could
show a Nef-mediated downregulation of expression
level and enzymatic activity of PKC isoforms e and
bII (Ambrosini e t a l, 1999). Complex formation of
HIV-1 Nef with actin was observed as myristoyla-
tion-dependant process in human B- and T-lym-
phocytes (Fackler e t a l, 1997; Kaminchik e t a l,
1994), but nothing was described about interaction

Figure 2 Co-localisation of Nef and GFAP in Bru-ne f expressing astrocytic cells (magni®cation 63 ´). (A) Double staining with (a)
Nef-speci®c (Cy3, red) and (b) GFAP-speci®c (Cy2, green) antibodies in CLSM (single optical sections). Perinuclear distribution of Nef
and GFAP. (c) Overlay of red and green colour channels: Nef and GFAP are co-localised around the nucleus (area of yellow
¯uorescence). Nuclei are counterstained with H33258 (blue). (B) Actin expression in Bru-nef expressing astrocytic cells analysed by
conventional epi¯uorescence generating a view through the whole cell. Double staining of (a) actin ®laments and non-®brillary actin
(FITC, green) and (b) Nef (Cy3, red). (c) Overlay of red and green colour channels: no interaction of Nef and actin. Nuclei are
counterstained with H33258 (blue). (a) and (b) are shown in black and white for better demonstration due to higher contrast of the
staining pattern.
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of Nef with other cytoskeleton proteins like the
astrocyte-speci®c GFAP. Here we could show co-
localisation of myristoylated and non-myristoylated
HIV-1 Nef with GFAP in the perinuclear region of
human astrocytic cells. In contrast, Nef did not co-
localise with actin. Cytoskeleton components can
in¯uence cell-to-cell adhesion, directional secre-
tion and changes in cell shape (Pearce-Pratt e t a l,
1994). Nef-induced alterations in morphology and
growth of stably ne f-expressing astrocytic cells
(Kohleisen e t a l, 1999) suggest that association of
Nef and GFAP might in¯uence these effec ts. Nef-

induced upregulation of GFAP expression and
interaction of both molecules might contribute to
the development of astrogliosis, which is a hallmark
of HIV-1 infec tion in the brain.
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