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Quinolinic acid (Quin) is thought to underlie cognitive and motor dysfunctions
for a variety of neurological disorders. Specifically, in human immunodefi-
ciency virus (HIV)-associated dementia, Quin levels correlate with the degree of
neurological dysfunction observed in affected individuals. Since recent data
from our laboratories suggest that both HIV-1 infection and activation of brain
macrophages are required for the development of neurotoxicity we examined
Quin production during virus infection and immune activation. HIV-1 infection
of monocytes induced low levels of Quin while lipopolysaccharide (LPS) or
interferon-gamma (IFN-y) activation of the virus-infected cells elicited 10-fold
higher levels. The combined effects of LPS and IFN-y for Quin production in
HIV-infected monocytes was identical to each factor added alone. Little or no
Quin was detected in unstimulated uninfected monocytes. LPS or IFN-y
activation of uninfected monocytes produced substantially higher levels of
Quin than found in similarly stimulated HIV-1-infected monocytes. These
results were at variance to the production of tumor necrosis factor-alpha (TNF-
). Here, a 2- to 5-fold increase in TNF-u levels were observed in culture fluids of
LPS-activated HIV-infected cells when compared to similarly stimulated
uninfected monocytes. The effect of LPS-induced Quin production by HIV-
infected monocytes was not altered by primary human astrocytes. These data
suggest that Quin levels seen in HIV dementia are a reflection of macrophage/
microglial activation seen during advanced clinical disease. These findings
could help explain, in part, why few HIV-1-infected brain macrophages can
give rise to significant neurological impairments.
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Introduction

Quinolinic acid (Quin), kynurenic acid, and L-
kynurenine are neuroactive L-tryptophan metabo-
lites that are synthesized via the kynurenine path-
way. Increased concentrations of Quin are detected
in serum and cerebrospinal fluid of a variety of
neuropathological conditions, including the ac-
quired immunodeficiency syndrome (AIDS) demen-
tia complex (Heyes et al, 1991). As a weak agonist
of N-methyl-D-aspartate (NMDA) excitatory amino
acid receptors, Quin, in large concentrations, is a
neurotoxin (Schwarcz et al, 1983; Kim and Choi,

Correspondence: HE Gendelman

The first two authors contributed equally to this work.

Received 13 December 1995; revised 13 February 1996; accepted
23 February 1996

1987). Conversely, kynumeric acid is an antagonist
of excitatory amino acid receptors, including
NMDA receptors. It not only protects against
neurotoxic effects of Quin, but can also disrupt
functions mediated through these receptors to
produce neurological deficits (Foster et al, 1984).
Macrophages and microglia, the major cellular
reservoir for the human immunodeficiency virus
(HIV) in brain (Koenig et al, 1986), are major
sources for Quin production (Heyes et al, 1992).
Although the exact mechanisms of HIV-1-induced
neurological disease (Tardieu et al, 1992; Genis et
al, 1992; Nottet et al, 1995) remains uncertain, both
virus infection and immune activation of brain
macrophages likely underlie progressive clinical
disease (Nottet and Gendelman, 1995). Quin
production by immune activated HIV-infected
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brain macrophages may, therefore, in part underlie
the neurotoxic activities found in virus-infected
human brain tissue (Lipton and Gendelman, 1995;
Nottet and Gendelman, 1995). Astrocytes attenuate
neurotoxin production by HIV-infected monocytes,
but their role in HIV-1-induced brain disease is
complex since depending on the level of macro-
phage activation primary astrocytes may reduce
neurotoxin production (Nottet et al, 1995) or
stimulate the production of neurotoxins from HIV-
infected monocytes (Genis et al, 1992). In this
context, we studied the production of Quin during
HIV-1 infection and activation of human monocytes
in the presence of primary human astrocytes.
Astrocytes express 3-hydroxyanthranilate 3,4-diox-
ygenase (HAD), a Quin biosynthetic enzyme (Okuno
et al, 1987) and contain kynurenine aminotransfer-
ase (Okuno et al, 1991) and can, therefore, convert
the Quin metabolite kynurenine to kynurenine acid,
a broad spectrum antagonist of excitatory amino
acid receptors (Foster et al, 1984), thereby interfer-
ing with macrophage neurotoxic activities. Thus,
the investigation of Quin synthesis during immune
activation of monocytes following HIV-1 replication
and astrocyte cell-to-cell interactions could provide
an insight into its regulation within the brains of
virus-infected subjects.

Resulis

A laboratory model system to study Quin production
in monocytes was utilized to reflect what may occur
in virus-infected brain macrophages in vivo. Four
days after HIV-1,,, exposure levels of RT activity
and Quin were measured. As shown in Figure 1,
levels of RT activity paralleled low levels of Quin in
the HIV-1 infected cultures. HIV-1 infection was
thus a poor inducer of Quin production in mono-
cytes. The increases in [**C]-Quin were identical to
the increase in [(H]-Quin when the media contained
[*H]-tryptophan (data not shown), suggesting that the
HIV-1-induced Quin production in monocytes was
due to increased de nove production from trypto-
phan. Replicate cells inoculated with heat-inacti-
vated HIV-1, produced no Quin indicating that Quin
induction depended on productive viral replication.
HIV-1 infection of monocytes (in five replicate
experiments), however, did not result in TNF-u
production. These latter results are in agreement
with our previously published reports (Gendelman
et al, 1990, Nottet et al, 1995).

Since both viral infection and immune activation
of brain macrophages likely play a role in HIV
neuropathogenesis (Nottet and Gendelman, 1995),
the effect of HIV-1 infection and immune stimula-
tion of monocytes on the production of Quin by
monocytes was determined. Monocytes were in-
oculated with HIV-1 then stimulated 1, 3 and 4 days
after viral infection with LPS (Figure 2). Monocytes

infected for 1 day produced equal amounts of Quin
after LPS stimulation than replicate uninfected cells
(Figure 2A). These levels were up to 10-fold higher
than observed in unstimulated HIV-1-infected cells.
Interestingly, 3 and 4 days after viral infection, the
HIV-1-infected cells produced lower levels of Quin
than uninfected cells following LPS stimulation
(Figure 2B and C). In contrast, the amount of TNF-«
produced by LPS-stimulation HIV-1-infected mono-
cytes was 2-5 fold higher than stimulated unin-
fected monocytes (Figure 2E and F). The values
shown are representative of four separate experi-
ments. Each data point represented an average of
quadruplicate determinations with s.d. shown by
error bars.

To further investigate the effects of cellular
activation on Quin production monocytes, cells
were infected with HIV-1,,, for 4 days and then
stimulated with 5 ng/ml LPS, 100 U/ml IFN-y or
both used in combination. IFN-y stimulation of
uninfected monocytes resulted in higher levels of
Quin production than in IFN-y stimulation of HIV-1-
infected monocytes (Figure 3a). Importantly, stimu-
lation of uninfected or HIV-infected monocytes
with both IFN-y and LPS did not result in increased
Quin production over what was found in IFN-y-
stimulated cells alone (Figure 3b). This suggested
that the LPS and IFN-y stimulate Quin production in
monocytes by a common intracellular mechanism.
Interestingly, IFN-y stimulated HIV-1-infected
monocytes did not secrete TNF-¢ while the com-
bined treatment of IFN-y and LPS had a greater
effect on TNF-o production by uninfected mono-
cytes than on HIV-infected monocytes (data not
shown).
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Figure 1 Quin levels and RT activity levels in culture fluids of
HIV-1aps and uninfected monocytes. PBMCs from HIV and
hepatitis B seronegative donors were purified by leukopheresis
and countercurrent centrifugal elutriation to >98% monocytes.
The monocytes were cultured 7 days as adherent monolayers
and then exposed to HIV-1aps at an MOI of 0.1. At specified
hours after infection media was replaced with fresh media and
aliquots were tested for RT activity and Quin.



Since astrocytes have been demonstrated to
affect neurotoxin production by HIV-infected
monocytes (Nottet et al, 1995), we added primary
human astrocytes at a 1:1 ratio with replicate
monocytes 4 days after HIV-1 monocyte infection.
Basal and LPS-induced release of Quin was
measured at increasing times thereafter. Astro-
cytes did not alter Quin production by either HIV-
infected (Figure 4) or uninfected monocytes. In
addition, the amount of Quin released by HIV-
infected or uninfected LPS-stimulated monocyte-
astrocyte cocultures was similar to that of the
replicate stimulated HIV-infected (Figure 4) or
uninfected monocytes. In contrast, our previous
works demonstrated that astrocytes downregulated
the LPS-induced TNF-a overexpression by HIV-
infected monocytes (Nottet et al, 1995). These
data, together, suggest that the regulatory path-
ways for Quin and TNF-a in virus-infected and
control uninfected monocytes are distinct. Most
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importantly the data demonstrate that cellular
activation rather than HIV-1 infection is a better
stimulus for Quin production.

Discussion -

The present data indicate that activation of brain
macrophages could account for increases in Quin
seen in HIV-associated dementia. Addition of
astrocytes to -monocyte cultures did not alter
monocyte secretion of Quin. These results are
consistent with a previous study reporting that
human fetal brain tissue readily produce L-kynur-
enine but no Quin (Heyes et al, 1993). Furthermore,
the findings reported by Heyes et al (1993)
suggested that macrophage infiltration in the brain
parenchyma and subsequent cellular activation
resulted in elevated Quin levels within the CNS, a
conclusion that is supported by this study.
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Figure 2 Quin and TNF-« bioactivity levels in culture fluids of LPS-stimulated HIV-15pa-infected and uninfected control monocytes.
PBMGs from HIV-seronegative donors were purified to >98% monocytes, cultured 7 days as adherent monolayers and then exposed
to HIV-14p4 at an MOI of 0.1. At 1 (A, D), 3 (B, E) and 4 (C, F) days after infection, HIV-1-infected monocytes (solid lines and circles)
and control uninfected monocytes (open circles, dotted lines) were stimulated with 5ng/ml LPS. Culture fluids were removed and
levels of Quin (A, B, C) and TNF-x activity (D, E, F) were assayed. Results are expressed as meants.d. of quadrup

determinations.
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