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The observation that microglial cells in brain tissue are probably a major target for human immunodeficiency virus
(HIV) infection has raised interest in the pathogenic role of this cell population for the development of neuro-AlDS.
Since it is very difficult to obtain microglia from normal or diseased human brain we studied microglial cells isolated
from fresh brain tissue of uninfected and simian immunodeficiency virus (SIV) infected rhesus monkeys (Macacca
mulatta) in comparison to peripheral blood macrophages. Besides the characterization of the phenotypes of these two
cell populations, we examined the replication of SIV in the cells in addition to the effect of viral infection on the
expression of cell surface molecules. We found that microglia and macrophages support replication of the wild-type
SIV,..c251 Strain as well as the infectious clone (SIV,4). Infectious virus was produced and a CPE developed. Isolated
microglial cells from SIV-infected monkeys were latently infected independent of the presence of neuropathological
lesions and produced infectious virus after 20-25 days in culture. In situ hybridization revealed that only a small
percentage of isolated microglial cells are productively infected in vivo, yet the majority of these expressed MHC class
Il molecules. This indicated a state of activation that is acquired in vivo. These findings indicate that microglia are a

prime target cell for SIV infection in CNS tissue. © 1993 Academic Press, Inc.

INTRODUCTION

The development of neuro-AIDS is of great clinical
importance and has been linked to human immunodefi-
ciency virus (HIV) infection of brain tissue. Spread of
virus through brain tissue is associated with inflamma-
tory and degenerative neuropathological changes
which lead to a variety of neurological deficits. How-
ever, despite a large amount of evidence that HIV is
present in the nervous system, the underlying patho-
genic mechanism leading to CNS changes is still un-
known. Virus has been mainly found in multi- and
mononucleated cells expressing monocyte/macro-
phage lineage markers and to a lesser extent in astro-
cytes, oligodendrocytes and endothelial cells (Wiley et
al., 1986; Vazeux et al., 1987; Stoler et al., 1986; Gyor-
key et al., 1987). However, the size of lesions in relation
to the few cells expressing virus proteins suggests that
the brain lesions are not directly caused by cytopathic
effects as a result of virus replication in infected cells,
but rather indirectly by HIV-specific products or
aberrantly secreted cellular products interfering with
nervous system function (Tillman and Wigdahl, 1991).
In this context, microgliat cells which derive from bone
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marrow precursor cells and are closely related to pe-
ripheral macrophages are important target cells for
HIV. Therefore, the characterization of HIV interaction
with microglial cells in brain tissue and in tissue culture
may lead to a better understanding of the pathogene-
sis of neuro-AlDS.

Studies of HIV infection in microglial cells are ham-
pered by the fact that isolation of these cells from ei-
ther AIDS brain or normal brain tissue has been difficult
to achieve due to the problem of obtaining well pre-
served brain material soon after death. Moreover, iso-
lation of microglia from brain tissue, in particular from
adult brain, has been technically difficult since micro-
glial cells differentiate morphologically in relation to the
tissue environment in which they reside. Therefore, the
majority of in vitro studies have been performed with
microglial cells from fetal or neonatal brain tissue of
rodents (Dickson et a/., 1991). Although the problem of
isolating microglial cells from adult brain has recently
been overcome (Sedgwick et al., 1991), this procedure
requires a large portion of brain tissue which brain
biopsies alone cannot provide (Sedgwick et a/l., 1991).
Therefore, we decided to study the infection of simian
immunodeficiency virus (SIV) in the rhesus monkey
{Macacca mulatta) model since it has been shown that
SIV causes an immunodeficiency syndrome in this ani-
mal species with involvement of the CNS which is quite
similar to human AIDS (Letvin and King, 1980; Kestler
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et al,, 1990; Lackner et a/., 1991). Here we report on
the isolation and phenotypic characterization of mi-
croglial cells from both uninfected and SiV-infected
rhesus monkeys and compared the replication of SIV in
these cells to peripheral macrophages.

MATERIAL AND METHODS
Isolation of microglia from fresh brain

" Perfused CNS tissue were derived from non-infected
and in vivo SIV .25, -infected rhesus monkeys (M. mu-
latta). Microglia were isolated directly from fresh tissue
using a Percoll gradient technique (Sedgwick et a/.,
1991; Brinkmann et af., 1992). Briefly, following re-
moval of the meninges, 50 g of brain tissue was trans-
ferred into cold Hank'’s solution {4°) buffered with 2%
FCS (HBSS), minced, and forced through a 100-mesh
metal sieve with the plunger of a 20-ml plastic syringe.
The dissociated material was collected by centrifuga-
tion at 170 g, for 10 min at 4° in a 50-mi plastic centri-
fuge tube. The resulting pellet was resuspended in a
DNase/collagenase buffer containing 500U collage-
nase (Sigma, Deisenhofen, ermany) and 400U
DNase | {Boehringer-Mannheim, Germany)/g of tissue
in HBSS and digested enzymatically for 60 min at 37°
in arocking water bath. The digested homogenate was
pelleted and resuspended in HBSS. The suspension
{79 ml) was mixed with isotonic Percoll (21 ml) pH 7.4
at 1.124 g/ml (Biochrom, Berlin, Germany) resulting in
a density of 1.030 g/ml. This was layered onto 5 m! of
isotonic Percoll at 1.088 g/m! in a 50 ml centrifuge
tube. The tube was then centrifuged at 1250 g for 15
min at 20° (acceleration within 1 min and deceleration
without brake). Cells were collected from the 1.088
interface, washed with HBSS, and resuspended in 5 mi
HBSS. This cell suspension was layered onto of a sec-
ond Percoll density gradient, composed of four density
steps at 1.124, 1.088, 1.077, 1.050, and 1.030 g/m!
from the bottom of the tube (10 ml vol). The gradient
was centrifuged at 1250 g for 15 min at 20°. Cells were
collected from the 1.050 interface, washed in HBSS,
and resuspended in RPMI 1640 medium supple-
mented with 10% human AB* serum, Refobacin (50
U/ml) and granulocyte-macrophage colony stimulating
factor (GM-CSF) purchased from Boehringer at a con-
centration of 105 cells/ml. These cells were seeded
in 6-well-cluster plates and cultured at 37° with 5%
CO,. Cultures were used for experiments 10 days after
plating.

Macrophage culture

Macrophages were derived from the peripheral
blood of normat and SIV,,,.z6:-infected rhesus mon-
keys (M. mulatta). Leukocytes were purified from hepa-
rinized peripheral blood (PBL) by centrifugation through

Ficoll-Hypaque gradients and adherent cell cultures
were established in the same medium and density as
the microglia.

Source of antibodies and staining procedures

Monoclonal antibodies {mAbs) specific for human
CD4 (T helper cells), CD11b (CR3 complement recep-
tor), CD14 (monocytes, MQ), CD45 (leukocyte com-
mon antigen), and MHC class !l (HLA-DR L243) were
purchased from Becton-Dickinson (Heidelberg, Ger-
many). Anti-CD11a (lymphocyte function antigen),
CD16 (Fc-y-RIll), CD29 (8-1 integrin), CD54 (ICAM-1),
and CD58 (LFA-3) were ordered from Dianova (Ham-
burg, Germany). Anti-CD32 (Fc-y-Rll) and CD64 (Fc-v-
Rl) were obtained from Medarex Inc. (West Lebanon,
NH). Anti-MHC class | mAb was purchased from Sero-
tec (Oxford, UK). Monoclonal anti-S100 and polyclonal
anti-GFAP antibodies were purchased from DAKO
(Hamburg, Germany). Monoclonal anti-endothelial cell
antibody was purchased from Biochrom/Monosan
(Berlin, Germany). Anti-a-actin {ASM-1) antibody was
obtained from Progen (Heidelberg, Germany). Mcno-
clonal antibody directed against galactocerebroside, a
surface antigen on oligodendrocytes and Schwann
cells, was a generous gift from Dr. B. Ranscht, Max-
Planck-Gesellschaft, Tubingen. Monoclonal anti-SIV
p27 core protein antibody was provided by the AIDS
Research and Reference Reagent Program, DIL-ac-
LDL by Paesel and Lorei, Frankfurt, Germany.

CD4, CD11a, CD11b, CD14, CD16, CD29, CD32,
CD45, CD54, CD58, CD64, CD68, MHC class | (HLA
ABC), and MHC class Hl (HLA-DR) are all cell surface
antigens. Staining was performed on unfixed cells at 4°
in LAB TAK chamber slides {Miles Scientific, Naper-
ville, IL} in which microglia and macrophages had been
seeded. For control staining a mouse IgG {Dianova)
was used. Medium was removed and the first antibody
was added for 30 min, followed by three wash steps
with Ca/Mg free PBS containing 0.4% BSA. Staining
was visualized by a second FITC-goat F(ab) anti-
mouse IgG {H + L) antibody (Zymed Lab Inc., Conco
Lab Div., Wiesbaden, Germany). S100, GFAP, and p27
core protein were stained intracellularly. First, cells
were fixed with 3.5% formaldehyde for 30 min, incu-
bated with 0.25% Triton-X-100 for 15 min, and blocked
with Ca/Mg free PBS containing 0.4% BSA for further
15 min. The first antibody was added and incubated for
1 hr at room temperature. After three washes for 5 min
each, the second antibody was added (FITC-goat F(ab’)
anti-mouse IgG {H + L) for p24 and FITC-goat F(ab')
anti-rabbit IgG (H + L) for S100 and GFAP). Low density
lipoprotein staining with DIL-ac-LDL was carried out as
described elsewhere (Giulian and Baker, 1986). Re-
combined human interferon-vy for inducing MHC class
Il expression on microglial cells was a generous gift
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from Dr. G. R. Adolf, Ernst Boeringer Institut fur Arznei-
mittelforschung, Wien, Austria.

Virus and infectivity assays

For in vitro infection the virus strains SIV,,,..5; and
SV ac23e. kindly provided by Dr. R. Desrosiers, South-
borough, Massachusetts, were used. Stock virus was
prepared on human T-cell lines and cultures were inoc-
ulated at an m.o.i. of 1 which corresponded to 43 ng
p27 gag antigen for strain 251 and 26 ng p27 for strain
239, respectively. Monkeys were infected with the
virus-strain StV .21 32H (kindly provided by Dr. M.
Cranage, Salisbury, England).

Infectivity determination of supernatants from in-
fected microglia and macrophage cultures was per-
formed on human peripheral blood lymphocytes (PBL)
from healthy donors following depletion of CD8 cells
from the population. The remaining cells were seeded
in 24-well cluster plates using 1 X 10* cells (per well).
After 2 days stimulation of PBL's with 0.1% PHA-P
(Pharmacia, Uppsala, Sweden) aliquots of diluted su-
pernatants from infected cultures were added. The
PBL-medium comprised RPMI supplemented with
10% FCS, 2 mM glutamine {Seromed/Biochrom, Ber-
lin, Germany), 10 U/ml anti a-interferon (Boehringer),
and 1 ug/ml Polybrene (Sigma, Deisenhofen, Ger-
many). Wells were examined for a period of 10 days for
CPE. The virus titer was calculated as the dilution of
the virus required to infect 50% of the cultures
(TCID50).

For analyzing p27 core protein in culture superna-
tants the SIV core antigen assay (Coulter Corp., Luton,
England) was used.

In situ hybridization

In situ hybridization studies, for the detection of SIV
viral nucleic acid in microglia and macrophages, were
performed on tissue culture swaps fixed in acetone
and post fixed in 5% fresh paraformaldehyde, essen-
tially as previously described (Mori et al., 1990). Anti-
sense RNA to the SIV gag gene was transcribed in vitro
using the bacteriophage SP6 promotor of the plasmid
pGem-4 and incorporating 3°S-UTP. Slides were devel-
oped after exposure to the photographic emulsion {lI-
ford K2, UK) for 1 to 2 weeks. Sense RNA and irrelevant
anti-sense probes (measles, wild mouse virus} were
used as negative controls.

RESULTS

Phenotypic characterization of isolated microglial
cells

The isolation of microglia from 2- to 3-year-old rhe-
sus monkeys yielded cells which were morphologically
similar to amoeboid microglia with a plump cytoplasm

TABLE 1

CHARACTERIZATION OF CELL SURFACE AND INTRACELLULAR MOLECULES
OF RHESUS MONKEY PERIPHERAL MACROPHAGES AND MICROGUAL
CeLLs

CcD Recognized Recognized Microglial
classification cells protein Macrophages cells
CcD 4 T sub cb4 + +
CD 112° Leucocytes LFA-1 +++ +++
a-chain
CD11b* M, G, Pt CR3 +++ ++++
a-chain 100% 100%
CD 14 M, (G}, LHC  ¢p55 +++ +
100% 26%
CD 16° NK, G, MQ Fc-g-RIN + +
CD 18 Leucocytes cD11 +4++ +++
b-chain
CD 2¢* Most cells VLA ++4 +++
b-chain
integrin b1
CD 32° M.G. B Fc-g-Rl +++ +++
CD45 RA* Tsub, B, G, restricted ++ +
M T200
CD 54* act. cells ICAM-1 + +
CD 58* Leucocytes, LFA-3 + +
epithel
CD 64* Pltactive, M Fc-g-RI ++ +++
CD 68* MO gpt10 ++ ++
Most cslls MHC CLI° +++ +++
APC MHC CL i* +++ ES
M, MQ LDL +++ +++
A GFAP® - -
A S 100° - -
[0} GalC* - -
F a-Actin® -

¢ Surface staining; 2 intracellular staining.

Note. Abbreviations used: A, astrocytes; APC, antigen presenting
cell; B, B-cells; F, fibroblasts; G, granulocytes; GalC, galactocerebro-
side; GFAP, glial fibrillary acidic protein; ICAM, Intercellular adhesion
molecule; LDL, low density lipoprotein receptor; LFA, lymphocyte
function antigen; LHC, Langerhans cells; M, monocytes; MHC, main
histocompatibility complex; MQ, macrophages; NK, natural killer
cells; O, oligadendrocytes; Pit, platelets; T, T-cells; VLA, very late
sntigens. Fluorescent intensity: (—) neg; 1+, weak; 2+, medium; 3+,
strong. If not indicated otherwise, 1009 of the cells were positive.

and the occasional cell processes (Dickson et al.,
1991). In culture these cells did not divide and could be
kept alive for a period of up to 30-35 days. in compari-
son to peripheral macrophages, microglial cells are
larger, rounded, and contain more lipid material than
macrophages. Staining of surface antigens on 8- to
12-day-old cultures revealed a similar staining pattern
to that for peripheral macrophages (Table 1). Microglia
in culture expressed, to almost the same extent, all
macrophage markers and could not be distinguished
on this basis from peripheral macrophages. The only
exception seems to be the CD14 and MHC class Il
molecules. MHC class Il molecules were detectable
on very few microglial cells following isolation with
weak staining for CD14 on only 25% of these cells.
However, the CD14 negative cells were not contami-
nants with other brain cells since staining for GFAP,




564 BRINKMANN ET AL.

S1000or galactocerebroside were negative. Only occa-
sionally were fibroblasts seen which gave positive
staining for a-actin.

Infection of microglial cells and peripheral
macrophages with SIV

Six days after isolation of microglia, cells were in-
fected either with SIV,,,..s, Or with the virus derived
from the infectious molecular clone SIV,,..30 8t an
m.o.i. of 1. The cultures were monitored for both in-
fectious virus and p27 release into the supernatant in
addition to the determination of the percentage of in-
fected cells and development of CPE (Fig. 1). As con-
trols, peripheral macrophages were used. As shown in
Table 2A, p27 and infectious SIV 405, Virus was detect-
able in macrophages 7 days after infection, whereas
infected microglia started to shed p27 by day 3 (Table
2B). With the detection of p27, CPE began to develop
{Tables 2A and 2B). The maximum titer of infectious
virus released into the supernatant occurred at 9 to 11
days post-infection for microglia and macrophages, re-
spectively. With time, the degree of CPE increased
whereas the titer for p27 and infectious virus dropped
and became absent after 21 days. At that time the ma-
jority of infected cells had aggregated and formed giant
cells as shown in Fig. 1B. In addition, non-fused in-
fected microglial cells were seen with large vacuoles.
However, whereas all macrophages were infected by
day 15, only 20% of the microglial cells were infectable
with the remainder resisting infection and also cell fu-
sion (Table 2B). Compared to the wild-type virus, the
replication of molecularly cloned SIV,,,.,3 in macro-
phages and microglia was delayed by approximately
4-6 days (Tables 2C and 2D). This virus produced also
approximately 10 times less infectious virus and gave
rise to slightly reduced levels of gag antigen in micro-
gliai cells compared 1o SIV .5, infection although the
extent of CPE and the number of productively infected
cells were the same.

Since it has been shown that cytokines may alter the
production of HIV 1 in primary mononuclear phago-
cytes (Koyanagi et a/., 1988), microglial cells were kept
beside GM-CSF also in the presence of I-1, and II-3.
However, none of these cytokines changed signifi-
cantly either the virus replication kinetics or virus yield.

The effect of SIV-infection on the expression of
surface molecules on microglial cells

It was of interest to discover whether SIV,,q.25, infec-
tion of microglial cells leads to cell surface changes as
a consequence of viral replication. Therefore, microglia
and macrophage cultures infected for 16 days were
stained with the library of antibodies listed in Table 1. In
none of these cultures were significant changes ob-
served in comparison to uninfected control cells, ex-

s - 1

_Fi6. 1. Light microscopic characteristics of microglia isolated from
rhesus monkeys. (A} uninfected cells with typical ameboid morphol-
0gy. (B + C) SIV,,c25,-infected microglial cells 15 days p.i.; (B) Multi-
nucleated giant cell (arrow). (C) Microglial cells strongly vacuolized
(arrows). Magnification X80.

cept for CD14 and MHC class !l molecules. Whereas
only 20-25% ot uninfected microglial cells expressed
CD14 molecules on the cell membrane, infection led to
100% expression of this surface structure in microglia
despite of the fact that anly 20% of these cells became
productively infected. Similar observations were made
for MHC class Il. Microglial cells isolated from unin-
fected rhesus monkeys were either completely nega-
tive or occasionally weakly positive, but in vitro infec-
tion was accompanied, within 4 days, by a MHC class
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TABLE 2

INFECTION OF MACROPHAGES AND MICROGLIAL CELLS IN CULTURE WITH SIV

% of % of
Days of p27/pg/mi infected Days of p27/pg/ml infected
infection {supernatant) TCID50/mI cells infection {supernatant) TCID50/ml cells
A. SIV a5, infected macrophages C. SIVmec23s infected macrophages
3 0 — — 3 0 — —_
5 0 —_ —_ 5 0 — —
7 570 10' 1 7 0 — —_
9 3400 10° 20 9 50 — 2
1" 3700 10* 60 11 100 — 10
13 800 102 80 13 260 10! 30
15 1000 10? 100 15 2600 102 80
17 417 10! 100 17 850 10 100
19 380 10! 100 18 300 — 100
21 510 10 100 21 80 - 100
23 0 — all cells 23 0 - all cells
destroyed destroyed
25 0 — all cells 26 0 — all cells
destroyed destroyed
B. SIVmac261 infected microglia D. SIVpecom infected microglia
3 15 —_ 1 3 0 — —
5 30 — 1 5 17 — —_
7 380 10 10 7 58 — 1
9 3850 10° 20 9 250 — 1
1" 1200 102 20 1 420 —_ 5
13 510 10' 20 13 720 10 5
15 490 102 20 15 3300 102 20
17 110 1 20 17 1400 10! 20
19 90 1 20 18 600 1 20
21 g0 — 20 21 380 — 20
23 0 —_ Infected cells 23 75 — 20
destroyed 25 0 —_— Infected cells
25 0 —_ Infected cells destroyed
destroyed

Note. The table represents the data obtained from two independent experiments using cell populations from two uninfected rhesus

monkeys.

Il expression on almost every cell despite the fact that
only 20% of the cells carried viral antigens. This ex-
pression of MHC class Il antigen could not be pre-
vented by presence of anti-y-IFN in the supernatant
and was not induced within 4 days in fresh microglial
cultures by transfer of supernatant harvested from in-
fected microglial cells 4 days after infection. For the
latter experiments, the kinetics of MHC class [l expres-
sion by 100 U/mi human vy-IFN was used as a control
which led to 100% MHC class I} expression in unin-
fected microglial cells.

Characterization of microglial cells isolated from
monkeys infected with SIV .25,

CNS tissue was obtained from four monkeys in-
fected with SIV,,,.c25: - Animal 1683 was sacrificed at 46
weeks pi (wpi) because of an extranodal B cell lym-

phoma of the right orbita, animal 5291 at 20 wpi be-
cause of weight loss, apathy and anemia, and animal
5290 at 36 wpi because of weight loss and dyspnea
due to an extensive obliterative vasculopathy of the
lung. Animal 5029 was clinically silent and sacrificed at
24 wpi according to the experimental schedule. Animal
5291 exhibited full-blown SIV encephalopathy with nu-
merous giant cell nodules distributed throughout the
white matter, a giant cell pneumonia, and a general-
ized lymphoproliferation. The other three animals did
not show brain pathology, with the exception of a few
small lymphocytic aggregates within the meninges. Mi-
croglial cells isolated from these animals started to ex-
hibit cytopathic effects after 25 days in culture, but
never to such an extent as seen following in vitro infec-
tion. p27 was detected in the supernatant 18—33 days
after cell isolation with increasing titers (Fig. 2). At the
same time infectious virus of low titer, in the order of
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P27/ngimi
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days In culture

FiG. 2. Detection of p27 antigen in supernatants of microglial cells
in culture, isolated from SIV-infected animals. Each curve represents
p27 detected in the supernatant ot microglial cells of an individual
monkey. Each value represents the medium titer obtained from four
Costar wells.

10' TCID50/ml, could be isolated from each culture.
The percentage of productively infected cells never ex-
ceeded 5-10%. Infected cells could not be detected
by immunofluorescent staining before p27 was detect-
able in the supernatant. Only by in situ hybridization it
was possible to demonstrate that about 1% of micro-
glial cells expressed SIV gag mRNA 10 days after isola-
tion. However, it is of interest to note that all microglial
cells expressed MHC class 1l molecules on their cell
membrane at the time of isolation.

DISCUSSION

In neuro-AIDS there is overwhelming evidence that
HIV is present in mononuclear cells, in perivascular
microglial and multinucleated microglia, but less evi-
dence of whether ramified microglia are infected (Dick-
son et al,, 1991). In this study we demonstrate that
ramified microglial cells from the CNS of adult rhesus
monkeys are susceptible to infection by SIV. Neverthe-
less, in contrast to macrophages only 20% of micro-
glial cells supported viral replication although no major
differences in surface markers between susceptible
and non-susceptible microglial cells were detectable.
Both resistance and susceptibility of microglial cells to
infection with HIV has been reported recently from in
vitro studies. Attempts to infect microglial cells from

human embryonic brain and spinal cord with two differ--

ent strains of HIV-1 were without success (Peudenier
et al., 1991). No apparent CPE, p24, significant RT ac-

tivity, or positive signals by in situ hybridization were
noted over an observation period of 21 days. More-
over, addition of uninfected lymphocytes to the in-
fected microglial cell culture or co-cultivation of unin-
fected microglial cells with HIV infected lymphocytes
did not lead to any positive results. In contrast, Jordan
et al. (1991) could productively infect primary cultures
of adult human brain containing a mixture of microglia
and other brain cells with HIV. In these experiments,
only macrophage-adapted HIV isolates replicated and
induced CPE (Sharpless et a/., 1992). The infection of
microglial cells was CD4 dependent as demonstrated
by blocking antibodies or preincubation of the virus
with soluble CD4 (Jordan et al., 1891). At present no
conclusive hypothesis is available to explain resistance
or susceptibility of microglial cells to retroviral infection
in vitro. Probably, as suggested by Dickson et al.
{1991) their state of differentiation at the time of isola-
tion from brain tissue is of major importance for virat
permissiveness.

The finding that the molecular clone SIV,,.034-de-
rived virus infects macrophages and microglial cells as
efficiently as uncloned SIV .5, is Of particular interest
since SV, ,.23s has been previously reported to be
strictly lymphotropic (Kestler et a/., 1990; Desrosiers et
al, 1991). However, SIV,,,..3, revealed a delay in the
occurrence of p27 antigen and reduced levels of cell
free infectious virus in tissue culture supernatants
compared to the 251 isolate suggesting that macro-
phage- and lymphotropism of these otherwise closely
related viruses is not a matter of receptor binding but of
intracellular replication and/or release of mature viri-
ons. This is consistent with recent reports revealing
that the restricted tropism of SIV,,,..34 In Macrophages
involves post-entry events (Mori et al., 1992). Further-
more, differences in the experimental protocols may
explain the conflicting results of our and previous stud-
ies. The resistance of macrophages to SIVyac039 has
mainly been established using alveolar macrophages
(Desrosiers et al., 1991) which may carry a different
susceptibility (Olafsson et af., 1991) compared to the
peripheral monocytes we used.

Despite the fact that only 20% of microglial cells
were productively infected /n vitro by SIV .25, Nearly
100% of cells upregulated expression of MHC class Il
antigens. For two reasons it is unlikely that the trigger-
ing event for MHC class [l expression is mediated by
soluble factors released by productively infected mi-
croglial cells: (1) the presence of high titered anti-y-
interferon antibody in the tissue culture medium during
infection of microglial cells could not prevent the in-
duction of MHC class Il and (2) fresh microgtial cell
cultures could not be induced to upreguiate MHC
class Il antigens by tissue culture supernatants from
microglial cell cultures infected with SIV for four days.
Thus, the virus itself may be able to exhibit the stimulat-
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ing event for MHC class Il upregulation. This assump-
tion is based on earlier studies from our laboratory
showing that viral particles other than HIV or SIV are
able to induce MHC class Il upregulation on CNS-resi-
dent astroglial cells (Massa et a/., 1986). The SIV inocu-
lum used to infect microglial cells with an m.o.i. of 1
might contain sufficient antigenic mass to exhibit a
stimulatory effect on MHC class Il expression. This hy-
pothesis is further substantiated by the absence of a
stimulatory effect on MHC class Il expression by tissue
culture supernatants taken from SiV-infected microglia
4 dpi. Determination of p27 in these supernatants re-
vealed extremely low levels of SIV-specific gag pro-
teins.

Another explanation for the discrepancy between
MHC class Il expression and viral infection might be
the fact that due to the technology applied we were
only able to detect productively infected cells. Of
course this does not exclude that almost all microglial
cells contain the SIV provirus. In HIV-infected human
glial cells the proviral state can be associated by a
blocked early stage expression of viral proteins, where
mostly the nonstructural protein Nef is produced
{Brack-Werner et al., 1992). Maybe this is sufficient to
trigger upregulation of MHC molecules in the infected
cell. Future experiments will evaluate this possibility by
examination of SIV-exposed microglial cells by immu-
nohistology and PCR technology.

Analysis of microglial cells from SiV-infected mon-
keys disclosed the surprising finding that infectious
virus could be recovered from microglia of animals
without apparent CNS lesions. Why we did not find
differences in virus yield from cells isolated of neuro-
pathological inconspicuous animals and the animal
with full blown SIV-encephalopathy is not clear. It is
possible that the isolation method excluded multinucle-
ated giant cells due to their different density or fragility.
However, in each microglial culture tested the infection
was latent and was being activated after 2 to 3 weeks
in culture.

Of particular interest is the observation that all iso-
lated microglia! cells from SV infected rhesus monkey
at the time of isolation strongly expressed MHC class ||
antigen whereas only very few productively infected
cells were detectable by in situ hybridization. Upregula-
tion of MHC class Il expression cannot be attributed to
a general activation of the microglial cells during the
preparation procedure, since it was not detectable on
similarly prepared microglia from uninfected monkeys.
Thus, MHC class |l expression indicates a state of acti-
vation that probably is not dependent on productive
SIV infection. Similar observations have recently been
made in a child with neuro-AIDS (Brinkmann et a/.,
1992). Isolation of microglia from the brain revealed
also a high expression of MHC class Il antigens prior to
the detection of infected cells. The in vivo findings are

in line with the /n vitro data showing that upregulation
of MHC class Il antigens occurs on all cells in the tis-
sue culture after infection with SIV although only 20%
of the cells express viral antigens. However, in contrast
to the in vitro data, we cannot exclude that in vivo be-
side direct viral effects cytokine release by inflamma-
tory CD4* T lymphocytes could contribute to this phe-
nomenon.

In conclusion, this study demonstrates that SIV in-
fection in rhesus monkeys is an excellent model to an-
alyze interaction of SIV with brain cells. The similarity of
the data with those obtained from HIV-infected pa-
tients underlines the usefulness of the monkey model
and supports further experiments in the attempt to un-
derstand the pathogenesis of neuro-AIDS. This model
will allow detailed studies of the aspects of SIV infec-
tion in brain tissue that are not accessible in man.
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