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Short Communication

CD4/CXCR4-independent infection of human
astrocytes by a T-tropic strain of HIV-1

Becky Schweighardt,1 Joseph TC Shieh,2 and Walter J Atwood1

1Department of Molecular Microbiology and Immunology, Brown University, Providence, Rhode Island, USA and
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HIV-1 establishes a low-level persistent infection in astrocytes. In this study,
we studied the susceptibility of a human astrocyte cell line (SVG-A) to infec-
tion with luciferase expressing reporter viruses pseudotyped with envelopes
derived from �ve isolates of HIV-1. SVG-A cellswere susceptible to infection by
a T-cell tropic isolate and the infection was both CD4 and CXCR4 independent.
These data con�rm the susceptibility of astrocytes to infection with T-tropic
strains of HIV-1 and suggest a novel mechanism by which T-tropic strains of
HIV can infect cells. Journal of NeuroVirology (2001) 7, 155–162.

Introduction

Human immunode�ciency virus (HIV)-associated de-
mentia affects approximately 20% of HIV-infected
individuals (Lipton, 1994; McArthur et al, 1997). It
is characterized by progressive cognitive and motor
dysfunction (Atwood et al, 1993; Kolson et al, 1998).
The neuropathology of HIV dementia includes dif-
fuse damage to white matter, loss of synaptic density,
vacuolization of dendritic processes, the appearance
of multinucleated giant cells, and reactive astroglio-
sis (Epstein and Gendelman, 1993; Everall et al, 1991;
Kolson et al, 1998).

In the CNS, microglial cells and perivascular
macrophages are the predominant cell types pro-
ductively infected by HIV-1 (Gabuzda et al, 1986;
Wiley et al, 1986; Jordan et al, 1991). HIV provi-
ral DNA as well as early and late viral gene prod-
ucts are readily detected within these cell types in
vivo (Koenig et al, 1986; Wiley et al, 1986; An et al,
1999a). Infection of macrophages by HIV involves
the cellular receptors CD4 and CCR5 (Alkhatib et al,
1996; Deng et al, 1996; Doranz et al, 1996). Mi-
croglia are also CD4-positive and have been shown
to be highly susceptible to infection by macrophage
tropic strains of HIV (Watkins et al, 1990; Jordan
et al, 1991). Microglia express the ¯-chemokine
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receptors, CCR5 and CCR3. HIV infection of mi-
croglial cells can be inhibited by pretreatment with
the ligands of these two coreceptors, RANTES and
eotaxin respectively, implying that both CCR3 and
CCR5 play a role in HIV infection of microglia in
vivo (He et al, 1997; Shieh et al, 1998; Albright et al,
1999).

HIV infected astrocytes have also been detected in
the CNS of HIV positive individuals (Conant et al,
1994; Nuovo et al, 1994; Tornatore et al, 1994a;
Tornatore et al, 1994b; Ranki et al, 1995; Bagasra
et al, 1996; An et al, 1999a; An et al, 1999b). Several
groups have reported that primary astrocytes and as-
trocyte cell lines are susceptible to T-tropic strains
of HIV (Tornatore et al, 1993; Tornatore et al, 1994a;
Tornatore et al, 1994b; Nath et al, 1995; Keir et al,
1997; DiRienzo et al, 1998; Bencheikh et al, 1999;
Hao and Lyman, 1999; Sabri et al, 1999). The major-
ity of these studies documented infection based on
the detection of low levels (picomoles) of viral p24
antigen in infected cultures.

In this report, we evaluated the susceptibility of
a human fetal astrocyte cell line (SVG-A) to infec-
tion with luciferase expressing reporter viruses pseu-
dotyped with envelopes from T-tropic, macrophage
tropic, and primary brain derived isolates of HIV-1.
This is a highly sensitive and accurate assay to study
HIV infection that does not rely on detection of low
levels of the viral capsid antigen p24. SVG-A cells
were reproducibly infected with the NL4-3 T-tropic
pseudotype in a CD4- and CXCR4-independent man-
ner. These data suggest that T-tropic strains of HIV-1
infect astrocytes by a novel pathway. The elucidation



Susceptibility of astrocytes to infection by HIV

156 B Schweighardt et al

Figure 1 SVG-A cells are susceptible to infection by the T-tropic strain of HIV-1, NL4-3. SVG-A cells were cultured in a 96-well plate
(2.5 £ 104 cells per well) and incubated with 300 ng of each pseudotyped virus strain in the presence of 8 ¹g/ml polybrene. After a 16-h
incubation at 37±C, the virus inoculum was removed and fresh media added. After an additional incubation of 72 h, cells were lysed and
luciferase activity assayed in a luminometer. Luciferase activity is reported as relative light units per 10 s. Inset: HOSCD4.CCR5 cells
were infected with 300 ng of each pseudotyped virus strain as a positive control. Error bars represent the standard deviation of triplicate
samples.

of this pathway will broaden our understanding of the
mechanisms by which T-tropic strains of HIV-1 can
infect host cells.

SVG-A cells are susceptible to infection by NL4-
3, a T-tropic strain of HIV-1 The SVG-A cell line
was established by limited dilution cloning of the
original SV40 transformed human fetal glial cell line,
SVG. SVG-A cells maintain a glial cell phenotype as
they are highly susceptible to the glial tropic virus,
JCV (not shown). To investigate the susceptibility of
these cells to infection with HIV-1, we used luciferase
expressing reporter viruses pseudotyped with en-
velopes from T-tropic (NL4-3), macrophage tropic
(BaL), and primary brain-derived isolates (YU2,
DS-br, RC-br) of HIV-1. The pseudoptyped viruses
were constructed by cotransfection of 293T cells
with an HIV luciferase backbone plasmid (pNL4-3-
LucRCE¡) together with one of the following �ve
envelope-expressing plasmids: NL4-3, DS-br, RC-br,
YU2, or BaL. The virus-containing supernatants were
harvested and virion content quantitated by p24
ELISA. SVG-A cells were then infected, in triplicate,
with identical concentrations of each pseudotyped
virus strain (300 ng of p24 units). Infection was de-
tected by assaying for luciferase activity in cell lysates
at 72 h postinfection. The cells were susceptible to

infection by the NL4-3 T-tropic strain of HIV-1, yet
resistant to signi�cant levels of infection by all other
virus strains tested (Figure 1). All of the pseudotyped
viruses were capable of infecting HOSCD4.CCR5 pos-
itive control cells (Figure 1, inset). These cells were
derived by transfection of a human osteosarcoma
cell line with CD4 and CCR5. The cells also express
endogenous levels of CXCR4 and are therefore sus-
ceptible to both macrophage tropic and T-cell tropic
strains of HIV-1. Negative controls included cells in-
fected with a no-envelope control virus, constructed
by transfecting 293T cells with the backbone plasmid
alone. The susceptibility of SVG-A cells to infection
with the NL4-3 pseudotyped virus was both repro-
ducible and dose dependent (Figure 2).

Functional expression of CXCR4 on SVG-A cells
As SVG-A cells were susceptible to infection by a
T-tropic strain of HIV-1, we hypothesized that the
T-tropic coreceptor, CXCR4, may be involved in CD4-
independent mechanisms of viral entry into these
cells. To investigate this hypothesis, we �rst ana-
lyzed CXCR4 expression on the SVG-A cells by �ow
cytometry. The cells were incubated with 12G5, a
mouse monoclonal antibody directed against the hu-
man CXCR4 receptor. Antibody binding was then
detected using a FITC-conjugated goat anti-mouse
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Figure 2 Infection of SVG-A cells with increasing concentrations of NL4-3. SVG-A cells were cultured in a 96-well plate and incubated
with 100 ng, 300 ng, or 900 ng of NL4-3. At 72 h postinfection, cells were lysed and luciferase activity assayed. Luciferase activity is
reported as relative light units per 10 s. Error bars represent the standard deviation of triplicate samples.

secondary antibody. SVG-A cells were found to ex-
press a low level of CXCR4 (Figure 3A, thick solid
line). As a negative control, cells were incubated with
an equivalent concentration of an irrelevant isotype-
matched control antibody (Figure 3A, thin solid line).

We next examined CXCR4 mRNA expression in
SVG-A cells by RT-PCR. Total RNA from SVG-A and
Jurkat T cells was extracted and reverse transcribed.
The resulting cDNA was ampli�ed using oligonu-
cleotide primers speci�c for CXCR4. After a single
round of PCR, we detected a 619-bp CXCR4 speci�c
band in the positive control cell type, Jurkat, how-
ever, no band was detected in SVG-A cells (Figure
3B). We next ampli�ed the products from the �rst
round of PCR with a set of nested oligonucleotide
primers speci�c for CXCR4. Using nested PCR (N-
PCR), we detected a 395-bp CXCR4 speci�c band in
Jurkat and SVG-A cells (Figure 3B). As a negative con-
trol RT-PCR was performed in the absence of reverse
transcriptase. These results are consistent with the
low levels of CXCR4 expression detected on SVG-A
cells by �ow cytometry.

To determine whether the low level of CXCR4 on
SVG-A cells was functional, we measured the abil-
ity of the natural ligand of CXCR4, SDF-1, to mobi-
lize intracellular calcium. SVG-A cells were grown
on coverslips, and then incubated with the intracel-
lular calcium indicator, Fluo-3AM, which �uoresces
if hydrolyzed and bound by calcium within the cell.
The coverslips were adhered to the bottom of a perfu-
sion chamber, which was then mounted onto a con-

focal microscope. SDF-1® or buffer alone was loaded
onto the SVG-A cells, and a time series of �uorescent
images of individual cells was acquired by confocal
microscopy. A peak in �uorescence was observed in
the SVG-A cells following treatment with SDF-1®, but
not in response to buffer alone, signifying a signaling
event in response to the ligand of CXCR4 (Figure 3C).

Does CXCR4 mediate CD4 independent infection
of SVG-A cells by the NL4-3 pseudotyped reporter
virus?
We took two approaches to evaluate the role of
CXCR4 in mediating CD4 independent infection of
SVG-A cells by NL4-3. In the �rst approach, we over-
expressed CXCR4 in the SVG-A cell line (SVG-X4)
and asked whether this would increase their suscep-
tibility to infection by the NL4-3 pseudotyped virus.
We included CD4 negative HeLa cells as a negative
control. We also infected SVG cells expressing CD4
and basal levels of CXCR4 (SVG-CD4) and SVG-X4
cells expressing CD4 (SVGCD4-X4) (Figure 4A). SVG-
X4 and SVGCD4-X4 cells expressed signi�cantly
higher levels of CXCR4 than the parental cell lines
(Figure 4A). Note that HeLa cells also express higher
levels of CXCR4 than either the SVG-A cells or the
SVG-CD4 cells (Figure 4A). RT-PCR analysis con-
�rmed that SVG-X4 and SVGCD4-X4 cells expressed
increased amounts of CXCR4 (Figure 4B).

The susceptibility of each of these cell lines to in-
fection by the NL4-3 pseudotyped virus was then
investigated. Each cell type was infected with an



Susceptibility of astrocytes to infection by HIV

158 B Schweighardt et al

Figure 3 CXCR4 is a functional receptor on SVG-A cells. (A) SVG-A cells were incubated with 12G5, a monoclonal antibody directed
against CXCR4. Speci�c antibody binding was detected with a FITC-labeled secondary antibody followed by �ow cytometric analysis
(thick solid line). Negative control: cells incubated with isotyped matched control antibody (thin solid line). (B) CXCR4 transcripts
detected in SVG-A cells by nested RT-PCR. RT-PCR products were resolved on a 1% agarose gel and visualized by ethidium bromide
staining. Molecular weight marker D ÁX174 DNA-Hae III digest. Positive control: CXCR4 transcript detected in Jurkat T cells. Negative
control: reaction run in the absence of reverse transcriptase. (C) SVG-A cells were incubated with the intracellular calcium indicator,
Fluo-3AM, which �uoresces if hydrolyzed and bound by calcium within a cell. The graph shows a peak in �uorescence in individual
SVG-A cells over time following treatment with SDF-1. This result was not seen when buffer alone was applied to the samples or when
SDF-1 was added a second time immediately following the initial stimulation.

equivalent amount (300 ng/2.5 £ 104 cells) of the
NL4-3 pseudotyped virus. As expected, SVG-A cells
were susceptible to infection with the NL4-3 pseudo-
typed virus (Figure 5). By comparison, HeLa cells,
which express abundant levels of CXCR4 were re-
fractory to infection with NL4-3 (Figure 5). Surpris-
ingly, over-expression of CXCR4 in the SVG-A cells
did not lead to increasedsusceptibility to infection by
the NL4-3 pseudotyped virus (Figure 5). Also, SVG-
CD4 cells, which express basal levels of CXCR4, were
no more susceptible to infection with NL4-3 than
were the parental SVG-A cells (Figure 5). In contrast,
overexpression of the prototypical T-tropic receptors,
CXCR4 and CD4 in SVG cells (SVGCD4-X4), led to a
marked increase in the susceptibility of these cells to
infection by NL4-3 (Figure 5).

We next asked whether the natural ligand of
CXCR4, SDF-1, could inhibit infection of SVG-A cells
by NL4-3. Treatment of SVG-A cells with SDF-1 had
little to no effect on the ability of the NL4-3 pseudo-
type to infect these cells when compared to the con-
trol chemokine, eotaxin (Figure 6). SDF-1, however,
did block infection of the SVG-CD4-X4 cells, but only
to baseline levels (Figure 6). A control chemokine, eo-
taxin, had no effect on the ability of NL4-3 to infect
either the SVG-A or the SVGCD4-X4 cells (Figure 6).

Several groups have presented data indicating
that T-tropic strains of HIV-1 establish a low level,
noncytopathic infection in primary cultures of hu-
man fetal glial cells (Tornatore et al, 1991; Tornatore
et al, 1993; Tornatore et al, 1994b; Nath et al, 1995).
In addition, the human glial cell line, SVG, has been
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(A)

(B)

Figure 4 SVG-X4 and SVGCD4-X4 cells express signi�cantly higher levels of CXCR4 than the parental cell lines. (A) Flow cytometric
analysis of cell surface expression levels of CXCR4 and CD4. Cells were incubated with a monoclonal antibody directed against CXCR4
or CD4, followed by detection with a FITC-conjugated secondary antibody (thick line in each panel). Negative controls included cells
incubated with isotype matched control antibody (thin line in each panel). HeLa cells served as a positive control for CXCR4 expression.
(B) RT-PCR analysis of CXCR4 expression. CXCR4 transcripts were ampli�ed from total RNA using CXCR4 speci�c primers. Equivalent
amounts of GAPDH expression were detected in all cell types, serving as an internal gel loading control. Negative controls included a
reaction run in the absence of reverse transcriptase and a reaction run in the absence of DNA polymerase.

reported to be susceptible to infection by a T-tropic
strain of HIV-1 (Keir et al, 1997). The majority of
these data have been based on detection of very
low levels of the viral capsid protein, p24, in tissue
culture supernatants. It is possible that the low
levels of p24 detected in these experiments represent
release of p24 from degraded input viral particles or

from the death of cells that had phagocytosed virion
particles into a noninfectious pathway. Also, many
of these experiments have relied upon transfection
rather than infection to study HIV gene expression
in astrocytes. In this study, we evaluated the suscep-
tibility of a human fetal astrocyte cell line, SVG-A, to
infection with luciferase expressing reporter viruses



Susceptibility of astrocytes to infection by HIV

160 B Schweighardt et al

Figure 5 Increased CXCR4 expression on SVG-A cells did not result in increased susceptibility to NL4-3 infection in the absence of CD4.
HeLa cells, which express abundant levels of CXCR4, were not susceptible to infection by the NL4-3 pseudotyped virus. Each cell type
was incubated with 300 ng of NL4-3. At 72 h postinfection, cells were lysed and luciferase activity assayed. Luciferase activity is reported
as relative light units per 10 s. Each experiment was performed in triplicate. The mean and standard deviation of three independent
experiments are plotted.

Figure 6 SDF-1 does not block infection of SVG-A cells by NL4-3. SVGCD4-X4 cells and SVG-A cells were treated with 5 ¹g/ml SDF-1,
5 ¹g/ml eotaxin, or with media alone for 1 h at 37±C. The cells were then infected with the NL4-3 pseudotyped virus and luciferase
activity assayed at 72 h postinfection. Luciferase activity is reported as relative light units per 10 s. Error bars represent the standard
deviation of triplicate samples.

pseudotyped with envelopes from several strains
of HIV-1. The luciferase assay system is highly
sensitive and accurate as it depends upon viral entry
into a pathway that leads to proviral integration and
early HIV gene expression from multiply spliced
transcripts. The luciferase gene is expressed from the
nef open reading and is therefore independent of rev
function which has been shown to be compromised
in astrocytes (Brack-Werner, 1999; Ludwig et al,
1999).

Our results show that the SVG-A cell line was re-
producibly infected by the NL4-3 T-tropic isolate of
HIV-1 and were resistant to infection with Bal, YU2,
DS-br, and RC-br isolates. This con�rms earlier re-

ports that astrocytes are susceptible to low-level in-
fection by T-tropic isolates of HIV-1. We then asked
whether infection of the SVG-A cell line by NL4-3
was mediated by the T-tropic chemokine corecep-
tor, CXCR4. Our data clearly indicate that infection
of SVG-A cells occurs independently of CXCR4, as
overexpression of CXCR4 in these cells did not in-
crease susceptibility to infection. Also, blocking of
CXCR4 with SDF-1 did not inhibit infection of the
SVG-A cells. SVG-A cells expressing the prototypical
T-tropic receptors, CXCR4 and CD4, were highly sus-
ceptible to infection. The high level of activity in
SVG-CD4-X4 cells was blocked by SDF-1, but only
to the baseline levels of activity seen in SVG-A cells.
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This indicates that the low ef�ciency of astrocyte
infection is due to inef�cient viral entry in the ab-
sence of the prototypical receptors. Identi�cation of
the mechanism of infection in this cell line may lead
to the development of reagents useful in identify-
ing astrocytes in vivo that may harbor latent HIV
genomes.
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