NEUROSCIENCE

NEUROPROTECTION: UNDERSTANDING THE MODUS OPERANDUM OF GLUTAMATE

EXCITOTOXICITY

REVIEW BY ROBERT DEYES, PROMEGA CORPORATION

The following review describes research using the Promega BDNF E,,,® ImmunoAssay System in a continuous medium-withdrawal
method for measuring BDNF release from NMDA-treated neurons. This method was initially developed by Ann M. Marini and col-
leagues in 1998 (5) in a landmark paper for ELISA-based neurotrophin detection.

Glutamate is an excitatory amino acid neurotransmitter that
is involved in neuronal plasticity within the brain during
development (1) and is required for normal physiological
excitatory responses of the mammalian central nervous
system (CNS;2). In addition, the NMDA/glutamate receptor
promotes neuronal survival—an effect that is counteracted
by NMDA/glutamate receptor antagonists (1). As Daming
Zhu and colleagues indicate, understanding how NMDA
exerts neuroprotection might provide avenues for treatment
strategies against neurodegenerative disorders (2).

Expression of the NMDA/glutamate receptor is quite complex
and involves several different receptor subunits at various
stages of development. NMDA/glutamate receptor activation
results in neuroprotection of cerebellar granule cells, which
in vivo might act to prevent neurodegenerative processes in
the cortex of the brain (2). Robert H. Lipsky and colleagues
have shown that NMDA induces a time-dependent increase
in the amount of BDNF mRNA that lasts at least 12 hours
(possibly as long as 24 hours) post induction and that
NMDA provides protection against the damaging effects of
excitotoxic concentrations of glutamate (2,3). Nearly 100%
protection was achieved using 100 pM NMDA for cells
treated with 100 pM glutamate. As Lipsky and colleagues
have shown in their gel retardation assays, this induction of
BDNF expression is mediated via the activation of the NF-xB
transcription factor (3). Competition experiments with an
unlabeled oligo have shown this interaction to be specific to
BDNF. Treatment of these same cells with the NMDA
receptor antagonist MK-801 completely eliminated the NF-
kB DNA binding activity, confirming that the activation of
BDNF expression was specific to the action of NMDA. This
result has been confirmed by Jiang and colleagues in their
measurements of BDNF mRNA in MK-801-treated cells (1).

Using the BDNF E,,,® Immunoassay System in a continuous
medium-withdrawal assay to quantify the amount of BDNF
released into the medium from NMDA-treated neurons,
Jiang and colleagues have also reported on how
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NMDA/glutamate receptor stimulation produces an
increased expression of BDNF and TrkB receptor
phosphorylation (1). In further experiments, Jiang and
colleagues showed that glutamate concentrations above

20 uM were toxic to their hippocampal neuron cultures (1).
The NMDA/glutamate receptor clearly plays a role in this
excitotoxicity since the NMDA receptor antagonist, MK-801,
markedly reduced this effect. Moreover, sensitivity to
excitotoxicity varied, depending on the embryonic stage from
which culture neurons were prepared (1). By pretreating
neurons with subtoxic concentrations of either glutamate
(<10 pM; 1) or NMDA (<100 pM; 2), glutamate excitotoxicity
was reduced.

Wu and colleagues have provided evidence that
demonstrates how the drugs AMPA and aniracetam exert
neuroprotective activity through an increased expression of
BDNF (4). As part of their study, Wu and colleagues used
the BDNF E,,,,,® Assay, again in a continuous medium-
withdrawal assay, to ascertain the amount of BDNF protein
released into the medium of cerebellar granule cell cultures
exposed to AMPA and aniracetam (4). In treated cultures,
gRT-PCR experiments and BDNF immunoassays showed an
increase in BDNF mRNA and protein levels, respectively,
over untreated cultures. Using antibodies against the
phosphorylated forms of ERK1 and ERK 2, Zhu and
colleagues have shown that a neuroprotective concentration
of NMDA (100 uM) in cultured cerebellar granule cells leads
to phosphorylation of both of these proteins (2).

Glutamate plays an important role in certain types of
neuronal damage, in particular hypoxic-ischemic neuronal
damage and cell death. Understanding the downstream
mechanisms through which neurons protect themselves
against the effects of excitotoxic concentrations of glutamate
is a critical aspect of potential therapy development against
such damage. A detailed characterization of the molecular
aspects of disease onset could play an essential role in the
future development of what Jiang and coworkers call
“targeted therapeutic interventions” (6).
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Figure 1. NMDA evokes the release of BDNF in hippocampal medium.
Hippocampal cultures were exposed for 2 minutes, 3 hours, 6 hours and 24
hours to medium alone (white bars) or to medium containing NMDA (50 pM,
black bars) beginning on DIV 8. Medium (2 ml) was collected, concentrated to
100 pl, and assayed by the ELISA two-site immunoassay. Data are expressed
as the mean + SD; n = 5; **p < 0.05 versus medium alone by Anova. Figure
and legend reprinted with the kind permission of A. Marini and J.
Neurochemistry from reference 1.

miRNA article continued from page 5...

The psiCHECK™ Vectors allow screening for the translational
effects of not just miRNA targets but any 3" UTR sequence.
By appending the 3" UTR of interest to the Renilla luciferase
gene, luciferase activity can be used as a marker for 3" UTR
regulation. Inclusion of the firefly luciferase reporter in the
psiCHECK™-2 Vector has the additional benefit of serving as
the internal control to allow you to improve day-to-day
reproducibility. Use of luciferase reporters allows easy
screening of sequences, cell lines, and growth and
stimulation conditions directly in cell culture wells.
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BDNF E,,.,2 ImmunoAssay System Technical Bulletin
#TB257 (www.promega.com/tbs/tb257/tb257.html)

Product Size Cat.#

BDNF E,,™ ImmunoAssay System 2x 96 wells  G7610

5x 9% wells G761

Enax i @ registered trademark of Promega Corporation.

Product Size Cat.#
psiCHECK™-2 Vector 20 ug (8021
(@Patent Pending.

®U.S. Pat. No. 5,670,356.

©Licensed from University of Georgia Research Foundation, Inc., under U.S. Pat. Nos.
5,292,658, 5,418,155, Canadian Pat. No. 2,105,984 and related patents.

(@Certain applications of this product may require licenses from others.

©For research use only. This product and/or its use is subject to one or more of Promega’s U.S.
Pat. Nos. 5,670,356, 6,387,675 and 6,552,179, Australian Pat. No. 698424 and other pending
and issued patents. Researchers must do one of the following: (1) use luminescent assay
reagents purchased from Promega for all determinations of luminescence activity resulting
from the research use of this product and its derivatives; or (2) contact Promega to obtain a
license for the use of the product and its derivatives in conjunction with luminescent assay
reagents not purchased from Promega. For all other uses, please contact Promega.

(The method of recombinant expression of Coleaptera luciferase is covered by U.S. Pat. Nos.
5,583,024, 5,674,713 and 5,700,673. A license (from Promega for research reagent products
and from The Regents of the University of California for all other fields) is needed for any
commercial sale of nucleic acid contained within or derived from this product.
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