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Infection of Brain-Derived Cells with the Human
Immunodeficiency Virus
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A malignant glioma cell line was infected with the human T-lymphotropic virus type IIIB isolate of the
human immunodeficiency virus. Infection appeared to be latent rather than productive. Through contact with
monocytic or lymphoid cells, the virus present in the glioma cells could be transmitted and gave rise to a fully
productive infection.

The human immunodeficiency virus (HIV) (2) is morpho-
logically and genomically related to lentiviruses (6), a
subfamily of retroviruses. Like lentiviruses, it has a pro-
nounced cytopathic effect in vitro and generates persistent
infection in vivo. The prototype lentivirus visnavirus is
responsible for a chronic central nervous system disease in
sheep (7, 9), whereas the caprine arthritis encephalitis virus
induces chronic, progressive leukoencephalomyelitis in
young goats (3). In humans, HIV is etiologically linked to the
acquired immunodeficiency syndrome (AIDS). AIDS is fre-
quently accompanied by the AIDS dementia complex (10),
which is characterized by paraparesis, ataxia, and progres-
sive dementia in adults and loss of milestones in children (10,
11, 14, 17).
The deterioration of superior cognitive functions observed

in patients with AIDS strongly suggests that the virus has a
direct action on brain cells. To study the target cell of HIV
in the brain, we attempted to infect three human malignant
glioma (MG) lines that were originally derived from adult
males. Cell lines 373-MG and 489-MG (19) were derived
from temporal astrocytic gliomas that were histologically
classified as grade IV. The cell line 138-MG (16) was derived
from a frontal astrocytic glioma and contained a large
number of oligodendroglia cells. The tumor was classified
histologically as grade III. Figure 1 shows the morphology of
culture lines. Cell lines 373-MG (Fig. 1, lane a) and 138-MG
(Fig. 1, lane c) had the basic astrocytoid shape, showed
nuclear polymorphism, and were occasionally multinuclear
(16, 19). Cells in the 489-MG cultures had the basic bipolar
shape and varied in amount of cytoplasm (19). None of the
glioma lines expressed the T4 antigen when tested by indi-
rect membrane immunofluorescence with the Fab fragment
(13) of an anti-T4 monoclonal antibody (received from Ellis
Reinherz) and fluorescein isothiocyanate-labeled rabbit anti-
mouse immunoglobulin G (IgG; Dakopatts, Glostrup, Den-
mark).
Because differences in the biological properties of several

HIV isolates have been observed (1), the three glioma lines
were inoculated with two different virus strains (kindly
provided by R. C. Gallo, National Institutes of Health,
Bethesda, Md.): human T-lymphotropic virus type IIIB
(HTLV-IIIB), obtained from two patients, one with AIDS
and one with AIDS-related complex, and RF-I, derived
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from a patient with AIDS. Infection was carried out both
with free virus (Table 1) atnd by cocultivation of glioma cells
with virus-infected peripheral blood mononuclear cells
(PBMC; data not shown). In the cell-free transmission
experiment, 1 ml of HTLV-IIIB or RF-I (reverse transcrip-
tase activity, 96 x 103 and 140 x 103 cpm/ml, respectively)
was added directly to the monolayer of glioma cells and
incubated for 1 h at 37°C. Virus-infected cultures did not
show any cytopathic changes during the 6-month observa-
tion period, although the infected cells initially grew more
slowly than did the unlnfected cells. Table 1 shows that
during the course of the entire experiment, none of the
infected glioma cultures released a detectable amoUnt of
virus into the supernatant fluid.

In the cell-free transmission experiment, the HTLV-IIIB-
infected 138-MG line exhibited, transiently, bright eccentric
fluorescence in 20% of the cells when stained with mouse
monoclonal antibodies directed against the viral core pro-
teins p15 and p24 (gift of R. C. Gallo; Table 1). Uninfected
cells and cells from the PBMC cocultivation experiment
were negative. This suggests that the 138-MG line became
infected with HTLV-IIIB. The infection may have been
latent or productive in a few cells only and, thereby, escaped
detection.
The HTLV-IIIB-infected 138-MG line was therefore

cocultivated with cells susceptible for infection with HIV.
We used PBMC and a monocytic cell line U937 clone 16. The
U937 cell line was derived from a patient with generalized
histiocytic lymphoma (18). It grows as a suspension culture,
and its monocytoid properties have been documented (18).
One of the clonal lines, clone 16, used in these cocultivation
experiments was positive (95% of the cells) for the OKT4
antigen in indirect membrane immunofluorescence and was
particularly sensitive to HTLV-IIIB infection (B. Asjo, I.

Ivhed, M. Gidlund, S. Fuerstenberg, E. M. Fenyo, K.
Nilsson, and H. Wigzeu, Virology, in press). Cocultivation
was initiated 2, 3, and 4 months after HTLV-IIIB infection of
glioma cell lines. In three experiments (of four) virus could
be demonstrated in the HTLV-IIIB-infected 138-MG lines.
The results of one such experiment are shown in Fig. 2.

Among all the infected MG lines, only the cocultures of the
two HTLV-IIIB-infected 138-MG lines became virus posi-
tive, as determined by reverse transcriptase activity and
immunofluorescence. The results indicate that the HTLV-
IIIB-infected 138-MG lines transmit viral infection to sensi-
tive target cells. It is conceivable that reactivation of HTLV-
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FIG. 1. Photomicrographs of cell lines 138-MG (lane c), 373-MG (lane a), 489-MG (lane b). The MG lines (kindly provided by J. Pontdn,
Department of Pathology, University of Uppsala, Uppsala, Sweden) were grown in Eagle minimum essential medium with 10% fetal calf
serum. The cultures were trypsinized and split 1:3 or 1:5 twice a week.

IIIB in the glioma cells may occur spontaneously or through
the contact with monocytic or T-lymphoid cells. Alterna-
tively, the small amount of virus produced by a few glioma
cells spreads in cultures of sensitive target cells.
The virus obtained from the cocultivation experiment was

designated 138-MG/HTLV-III-B and was compared with the
original infecting HTLV-IIIB type virus in a radioim-
munoprecipitation assay. U937 clone 16 cells were infected
with the cell-free supernatant fluid obtained from cocultures
at day 20 (Fig. 2), and HTLV-IIIB was used as a control.
Cells were metabolically labeled with [35S]cysteine 7 days

later, and the antigen lysate was immunoprecipitated with
the serum of a patient with lymphadenopathy which was
known to react with several viral proteins. Figure 3 shows
that 138-MG/HTLV-IIIB and HTLV-IIIB give identical
bands (cf. lanes d and e), suggesting that passage through
glioma cells did not alter the protein pattern of the infec-
tious agent, as measured by the radioimmunoprecipitation
assay.
The T4 marker, mostly present on the T-helper cells or a

region closely associated with this surface structure, has
been described to act as a receptor for HIV (4, 8). The

TABLE 1. Virus expression in glioma lines infected with two strains of HIV
Virus expression on the following days after infection"

Cells Virus strain 8 (RT activity12 26

[cpmJ") RT activity Antigen-positive RT activity Antigen-positive
(cpm) cells (MY (cpm) cells (%)

138-MG HTLV-IIIB -d 2 - 20
RF-I - - - - -

489-MG HTLV-IIIB - - - - -
RF-I - - - - -

373-MG HTLV-IIIB - - - - -
RF-I - - - - -

Peripheral blood mononuclear cells HTLV-IIIB 26 x 103 72 x 103
RF-I 21 x 103 24 x 103

a On days 55 and 110 after infection there was no reverse transcriptase activity and there were no antigen-positive cells.
bRT, Reverse transcriptase. The enzyme activity was measured in 0.3% Triton X-100-disrupted, high-speed pellets of supernatant culture fluids, as described

previously (1).
c Indirect immunofluorescence on fixed cells (acetone-methanol; 1:1) with monoclonal antibodies against the viral core proteins p24 and p15 and fluorescein

isothiocyanate-labeled rabbit anti-mouse IgG (Dakopatts).
d -, None.
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FIG. 2. Reverse transcriptase activity in cocultures of HTLV-
IIIB-infected 138-MG (0) and 373-MG (O) lines. A total of 1 x 106
glioma cells that adhered to the bottom of tissue culture bottles were
cocultivated with 3 X 10' U937 clone 16 cells in RPMI 1640 medium
with 10% fetal calf serum and 2 jig of polybrene per ml. The U937
cells were subcultivated at a ratio of 1:8 twice a week in the medium
described above. IF, Immunofluorescence (see Table 1, footnote c).

remarkable observation is that the 138-MG line, which
apparently lacks the T4 marker, could be infected. Brain
cells of mice have been described to contain cell surface
structures that are similar to those of thymus cells. In fact,
antisera reacting with thymus cells could be produced by
immunization of mice with brain cells (12). Similarly, human
glioma cells may contain at least a partial structure of the T4
molecule that is present on T-helper lymphocytes (8). This
structure may not be detected by the particular monoclonal
antibody used in this study. Alternatively, the virus may use
different surface structures as its receptor.

In summary, it seems that HTLV-IIIB can latently infect
brain-derived cells. Similar to other latent virus infections of
the brain (9, 15), the presence of virus can be demonstrated
by cocultivation with sensitive target cells. This may also
explain the presence ofHIV particles in multinucleated giant
cells resembling macrophages in brain sections of patients
with AIDS encephalopathy (5). No detectable viral expres-

sion occurs in the brain cells themselves; but through
contact with monocytic or lymphoid cells, the virus may be
transmitted and give rise to productive infection.
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FIG. 3. Comparison of HTLV-IIIB and 138-MG/HTLV-IIIB an-

tigen radioimmunoprecipitation with serum from a patient with
persistent generalized lymphadenopathy. U937 clone 16 cells were
infected with virus and were labeled with [35S]cysteine 7 days later,
as described previously (F. Chiodi: U. Bredberg-Raden, G.
Biberfeld, B. Bottiger, J. Albert, B. Asjo, E. M. Fenyo, and E.
Norrby, submitted for publication). Fractions of 10 il of clarified
cell lysates were precipitated overnight with 5 p.l of serum, and the
immunocomplexes were bound to protein A-Sepharose beads and
analyzed by polyacrylamide gel electrophoresis on 9 to 16%
acrylamide gradient gels. Viral proteins gpl60, gpl20, gp4l, p24,
and p18 were immunoprecipitated from HTLV-IIIB and 138-
MG/HTLV-IIIB cells. Lane b, HTLV-IIIB antigen precipitated with
normal serum; lane c, 138-MG/HTLV-IIIB antigen precipitated with
normal serum; lane d, HTLV-IIIB antigen precipitated with the
serum of a patient with persistent generalized lymphadenopathy;
lane e, 138-MG/HTLV-IIIB antigen precipitated with the serum of a
patient with persistent generalized lymphadenopathy; lane a, 14C_
labeled molecular weight markers (phosphorylase b, 92,000; bovine
serum albumin, 69,000; ovalbumin, 46,000; carbonic anhydrase,
30,000; lactoglobulin A, 18,367).
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