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Abstract

In our previous study, we have shown that
non-NMDA glutamate receptors mediate
neurotrophic effect through actvation of
phospholipase C and newve growth
factor-TrkA signaling pathway. In ths
project, we use cultured cortical neurons and
stem cell-dertved newrons to investigate
whether non-NMDA receptors play a
protective role in swvival of developing
neurons subjected to hypobaric hypoxa.
Results obtamed from this project 1s as
following. (1) Kainic acid (KA), a specific
agomst for non-NMDA receptor, promote
neuronal swvival of developing cortical
neurons under hypobaric hypoxia. (2)
AMPA/KA receptor antagonists CNQX and
NBQX caused more cell death of
hypoxia-insulted cortical neurons. 3)
Differentiation of pluripotent P19 cells mnto
neurons was successfully established. (4)
Kainic acid, CNQX, and NBQX had similar
effects to the swrvival of P19-derved neurons
as they did mn the primary cortical neurons.
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In the mammalian brain, excitatory amino
acids (EAAs), mamly glutamate and aspartate,
function as neurotransmitters to mediate the
vast majonty of excitatory synaptic
transmussion and also as neurotrophic factors
for neuwronal development (Review see
McDonald, 1993). KA, a specific glutamate
receptor agomst, is a potent neurotoxin
commonly used to induce excitotoxicity in
adult CNS (Lothman and Collins, 1981;
Nadler, 1987). In developing brains,
however, administration of KA in vitro or in
vivo failed to produce neurotoxicity in various
experimental systems (Holmes, 1988; Sperber,
1991). The reason for this phenomenon
could be due to various neurotrophic actmvities
occur at the developing stage that may
counteract with deleterious events triggered
by external insults. Recent studies have
shown ample evidences suggesting that the
AMPA receptor may have neurotrophic
function as that fact that it was found present
In non-synaptic regions of neonatal rat bran
(Loturco et al, 1995), and it mediates a
development-specific PLC actvity in cortical
neurons and oligodendrocyte progemtor cells
(Lee et al, 1994; Liu et al., 1997).

Although primary neuronal culture has
been limited to the functional studies
without genetic manipulations, its complete
feature beyond all the neuronal cell lines
makes 1t the method of choice over the
decade. Recent studies use pluripotent
stem cells such as P19, an embryonic
carcimoma cell line derved from a
teratocarcmoma i C3H/He  muce
(McBurney and Rogers, 1982), to undergo
various differentiations. Retinoic acid -
induced differentiation of P19 results in
neuron-like cells, consisting of neuronal
property morphologically and electrically

(McBurney, 1988; Morassutti, 1994). The
P19-differentiated neurons also express all
the 1onotropic and metabotropic glutamate
receptor subtypes and their subunits, and
transient expressions were found during
development (Ray WIJ, 1993; Mimakami,
1995). Well-differentiated P19 neurons can
also be killed by exposure to NMDA or
kamate (Turetsky, 1993). Compared to
the primary cultured neurons,
cifferentiation of P19 provides an earlier
and wider time span for neuronal
development, in which genetic manipulation
or chronic antagornist treatment can be
applied to evaluate the specific effect of the

non-NMDA  receptor for neuronal
development.
)] The central aim of this project is to

elucidate the molecular and physiological
mechamism  regarding the newrotrophic
functions of non-NMDA glutamate receptors
in developing newrons. One of the major
findings In our previous studies indicated that
the low newrotoxicity of kainate (KA) in
developing neurons depends on the
extracellular nerve growth factor (NGF)
accompanied by activation of NGF receptor
Trk A, Non-NMDA receptors therefore
may coordinate with neurotrophic factor
activities to direct neuronal development in
addition to mediating rapid synaptic
transmission 1n adult CNS.  In this project,
we demonstrated the protective function of
kainate-stimulated non-NMDA receptor in
developing neurons, which will set the
physiological importance of this excitatory
amino acid receptor family beyond 1its
well-known excitatory transmission and
synaptic plasticity .
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Protective Effect of Kainic Acid in Developing
Cortical Neurons Subjected to Hypobaric
Insult

To understand if KA has detrimental or
beneficial effect on the survival of developing
neurons, 4 DIV cortical neurons were treated
with various concentration of KA for 5 min,
followed by 5 min hypobarc insult (200
mmHg). LDH actvity released from the
cells was assayed as the index of cell death.
Figure 1 shows that LDH actvity present in
the medium of cultured neurons subjected to
hypobaric insult is reduced in the KA-treated
condition as  compared with  the
vehicle-treated group n a dose-dependent
manner. To know that if the neuroprotective
effect of KA 1s mediated by AMPA/KA
receptor actvity, receptor antagonists CNQX
and NBQX were included in the preparation.
Figure 2 shows that CNQX but not NBQX
significantly 1increased the death rate of
hypobaric-insulted cortical newrons. This
result suggests that AMPA/KA receptors are
indeed mediating a newrotrophic function to
protect neurons from newrotoxic insult.

Differentiation of P19 cells info neurons

In this project, we successfully established
a P19-dertved neuronal culture to study the
neurotrophic function of glutamate receptors
in early stages of development. Figure 3
shows that P19 cells (A ) subjected to retinoic
acid treatment for 4 days (B.) form floating
aggregates. After dissociation of aggregates
and plated onto poly-L-lysin-coated culture
dishes, neuron-like morphology began to
develop and form neuronal network by the
end of day 7 (C and D). The neuronal
population of Pl19-derved newrons 1s
approximately 70% as immunostained by
neuronal markers NFP and PGP (Fig 4), and
30% of newrons expressed the AMPA
receptor. Expressions of neuronal marker

PGP and AMPA receptor subunits GluR2/3
were not apparent until 7 days after retinoic
acid treatment (DAR) as analyzed by westemn
blot experiment (Fig 5). Therefore we chose
7 DAR to evaluate the effect of KA on the
swvival of early developmng P19 neurons
under hypobaric condition.

KA can elevate [Ca’'Ji in Pl9-derived
neurons

We first examined if KA can increase
[Ca?*]i in P19-derived neurons. Fig 6 shows
that 500 uM KA cause mild but yet
significant increase of [Ca’*]i , which was
completely blocked by non-NMDA receptor
antagonists CNQX and NBQX.

Protective effect of KA on survival of
P19-derived neurons

To understand if KA also has protective
effect on the P19-derved neurons, hypobaric
condition was applied to 7DAR neurons to
evaluate the degree of cell death. Figure 7
shows that KA reduced hyposa-induced cell
death in a dose dependent manner. On the
other hand, non-NMDA receptor antagonist
CNQX dose-dependently increase neuronal
death in the hypobaric condition, suggesting
that non-NMDA receptors are indeed
responsible for the swvival of early
developing newrons. The crucial role of
non-NMDA receptors to maintain viability of
developing neurons 1s therein demonstrated.
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