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Toxicity of TNFo and platelet activating factor for
human NT2N neurons: a tissue culture model for
human immunodeficiency virus dementia
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A significant proportion of HIV-1 infected individuals develop a symptom
complex consisting of dementia and motor deficits termed HIV Dementia
(HIVD) or the AIDS Dementia complex (ADC). The pathophysiology of this
neurologic complication is unclear, but neuronal injury and death may occur as
a direct result of the release of cytokines from HIV-1 infected microglial cells
(Everall et al, 1991). To evaluate the utility of a human neuronal cell line, NT2N,
for studies of HIV-related neuronal cytotoxicity, we studied cellular viability
after exposure to HIV-1 gp120, tumor necrosis factor o (TFNx), platelet
activating factor (PAF), interleukin 1 beta (IL-1f), and interferon gamma
(IFNy), all of which have been implicated in previous publications as having a
role in HIVD (Brenneman et al, 1988; Dreyer ef al, 1990; Merrill et al, 1992;
Gelbard ef al, 1993). Neither gp120 nor the cytokines IL-1f3 and IFNy resulted in
significant NT2N cell death. However, TNFo and PAF were highly neurotoxic in
this assay. Pentoxitylline, which inhibits the effects of TNF, had a significant
protective effect. This system provides an excellent subtrate for the evaluation

of neurotoxicity and for the development of pharmacologic agents that may be

useful in HIV dementia.
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Introduction

Many human individuals infected with the type-1
Human Immunodeficiency Virus (HIV-1) develop a
neurologic syndrome characterized by cognitive
and motor deficits termed HIV dementia (HIVD) or
the AIDS Dementia complex (reviewed by Berger
and Kaderman, 1995). These clinical abnormalities
are frequently, though not always, accompanied by
central nervous system (CNS) neuropathological
changes including neuronal loss, myelin pallor,
dendritic vacuolation, reactive astrocytosis, and
infiltration by microglia and multinucleated giant
cells (Lang et al, 1989; Glass et al, 1993; reviewed by
Wiley and Achim, 1995).

Although HIVD is thought to be due to HIV-1
infection itself, and not the result of a secondary
infection with an opportunistic pathogen, its
pathophysiology remains unclear. In spite of some
evidence of neuronal dropout, neuronal infection
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by HIV-1 has not been detected with conventional
immunohistochemical or in situ hybridization
methods, although recent in situ PCR experiments
have demonstrated HIV-1 sequences in the neurons
of some patients with advanced HIVD (Nuovo et al,
1994; Bagasra et al, personal communication).
Nevertheless, while it is possible that a restricted
infection of neurons could interfere with the
complex physiology of these highly specialized
cells and perhaps even be responsible for some cell
death, any explanation of the pathogenesis of HIVD
must account for the role of microglia, the CNS cell
type that has been most consistently found to be
productively infected with HIV-1. Thus, one
proposed mechanism for neuronal injury and death
is that it occurs as a result of the release of cytokines
from infected microglial cells (Everall et al, 1991;
Epstein and Gendelman, 1993). Astrocytes, which
may also show evidence of a restricted infection
with HIV-1 (Blumberg et al, 1993), could also
interact with microglia to either contribute neuro-
toxins from their repertoire of potential cytokines or
to stimulate microglia to increase the production of
neurotoxins.



Several investigators have shown that macro-
phages exposed to HIV-1, or even its envelope
protein, gp120, will produce TNF«, IFNy, IL-1f, IL-
6, platelet activating factor (PAF), and arachidonic
acid metabolites (Wahl et al, 1989; Merrill et al,
1992; Genis et al, 1992; Tyor et al, 1992; Epstein and
Gendelman, 1993; Gelbard et al, 1993; Yeung et al,
1995; Brew et al, 1995). In addition unidentified
soluble factors from HIV-infected macrophages
have been shown to cause neuronal death in
cultured human brains (Pulliam, 1995; Gelbard et
al, 1993, 1994; Genis et al, 1992).

Of all the potential neurotoxins that could be
released by microglia, TNF«, quinolinic acid and
PAF have received the widest attention. Steady-
state levels of TNFx mRNA are higher in the
subcortical regions of the CNS in patients with
HIVD than in HIV infected patients without CNS
involvement (Wesselingh et al, 1993). Furthermore,
TNFz has also been identified in the cerebrospinal
fluid (CSF) of HIV infected patients (Tyor et al,
1992). Although it has not received as much
emphasis, PAF was also shown to be elevated in
HIV infection (Gelbard et al, 1994). Collectively,
these studies have suggested that neuronal death is
due to complex cellular interactions that involve
the release of neurotoxins — including cytokines
and arachidonic acid metabolites — by microglia
and astrocytes infected by HIV-1 or activated by
gp120, as well as due to alterations of astrocytic
function.

With few exceptions (Pulliam, 1995; Gelbard et
al, 1994), studies of HIV-1 associated neuronal
injury have depended on cultured neurons isolated
from rat brain. Although the pharmacologic me-
chanisms that relate to cell death may apply to
several mammalian species, the preponderance of
studies that use rodent brain have left many
unanswered questions, not the least of which is
the physiologic relevance of gp120 binding to cells
from species that do not serve as hosts for the virus.
Additionally, rodent or human primary brain
cultures contain several cell types, making it harder
to assess the contribution of individual substances
on each cell type. We have adapted a system using
human cells in order to clarify some of these issues.

NT2N neurons are differentiated from human
teratocarcinoma cells during a four week course of
treatment with retinoic acid (Pleasure et al, 1992).
The differentiated cells resemble mature post-
mitotic human neurons in morphology and func-
tion, and they express neurotransmitter enzymes
(Llanes et al, 1995), neuronal markers including
neurofilaments, growth-associated protein 43 (Plea-
sure et al, 1992) and NMDA and non-NMDA
glutamate receptors (Younkin et al, 1993). NT2N
cells can be infected by some HIV-1 strains (D
Kolson, unpublished results). We report initial
experiments that demonstrate the potential use of
these cells for studies of HIVD.
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Results

Differentiated NT2N

Using a protocol described by Pleasure et al (1992)
NT2 cells were differentiated into a neuronal
phenotype (NT2N) over several weeks. Towards
the end of the differentiation period the NT2N cells
showed neuronal morphology, including the devel-
opment of neurites (see Figure, 1). These morpho-
logical changes have been associated with the
development of neuronal markers like neurofila-
ment proteins, NMDA receptors (Younkin et al,
1993, Pleasure & Lee, 1993), and neurotransmitter
enzymes (Llanes et al, 1995). Of particular rele-
vance to these experiments, NMDA receptors are
present in greatest amount between 4 — 6 weeks after
terminal differentiation.

gp120 effects on NT2N

The HIV-1 surface glycoprotein gp120 has been
implicated in neuronal toxicity in several cultured
and in vivo rodent models (Brenneman et al, 1988;
Dreyer ef al, 1990; Lipton et al, 1991). To evaluate

Figure 1 NT2 cells in culture (A) NT2 cells in the process of
differentiation (2 weeks after commencing treatment with
retinoic acid) under phase contrast microscopy. The cells exhibit
morphology typical for the undifferentiated teratocarcinoma
cells. (B) Terminally differentiated NT2 (NT2N) cells demon-
strating typical cellular aggregates as well as the presence of
neuritic processes.







