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Nerve Growth Factor Inhibits Gd>*-sensitive Calcium Influx and
Reduces Chemical Anoxic Neuronal Death
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University of Science and Technology, Wuhan 430030, China

Summary: To investigate whether glutamate and voltage-gated calcium channels-independent cal-
cium influx exists during acute anoxic neuronal damage and its possible relationship to neuronal pro-
tective function of NGF. In in vitro model of acute anoxia, hippocampal cultures from newborn rats
were exposed to 3 mmol/L KCN. Changes of intracellular Ca>" concentration ([Ca®'];) were moni-
tored by con-focal imaging and cell viability was assayed by PI and cFDA staining. The results
showed that after treatment with primary hippocampal cultures with 3 mmol/L KCN for 15 min,
[Ca®"]; was significantly increased 6.27-fold compared to pre-anoxia level and 73.3% of the cells died.
When combination of 20 pumol/L MK-801 (glutamate receptor antagonist), 40 pmol/L CNQX (AMPA
receptor antagonist) and 5 umol/L nimodipine (voltage-gated calcium channel antagonist) (hereafter
denoted as MCN) were administrated to hippocampal cultures, levels of [Ca®']; and cell death rate
induced by KCN were partially reduced by 35.9% and 47.5% respectively. However, Gd*" (10
pmol/L) almost completely blocked KCN-mediated [Ca®‘]; elevation by 81.9% and reduced neuronal
death by 88.8% in the presence of MCN. It is noteworthy that NGF, used in combination with MCN,
inhibited KCN-induced [Ca®']; increase by 77.4% and reduced cell death by 87.1%. Only PLC in-
hibitor U73122 (10 umol/L) abolished NGF effects. It is concluded that Gd**-sensitive calcium influx,
which is NMDA (glutamate receptor) and voltage-gated calcium channels-independent, is responsible
for acute anoxic neuronal death. NGF can inhibit Gd**-sensitive calcium influx and reduce anoxic
neuronal death through activating PLC pathway.
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Intracellular calcium overload plays a critical role
in ischemic neuronal injury!). Numerous previous stud-
ies showed that excitatory amino acids, such as gluta-
mate, released by neurons during cerebral ischemia, act-
ing on membrane receptor channels is a major route that
contribute to a great deal of calcium influx and ultimate
neuronal death. It is so-called excitotoxicity>®\. A recent
research revealed that a Gd*'-sensitive calcium influx
plays an important role in neuronal calcium overload in
the late stage of oxygen-glucose deprive (OGD) insult!’.
Given that anti-excitotoxic therapy was clinically inef-

ive™'% it is worthwhile to study if Gd*'-sensitive
calcium influx is involved in acute anoxia.

Nerve growth factor (NGF) is a well documented

[11-13] .
neuronal protector . Although much attention has
been paid to the protective role of NGF in cerebral
ischemic damage for a long time, the inherent mecha-
nism remains largely unknown and is worthy to explore.
Studies have revealed that NGF can stabilize intracellular
calcium level and promote neuronal survivall* '), but
specific pathway is unclear.

In this study, using KCN as anoxic inducer and
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primary hippocampal cultures from neonate rat as target,
to establish an in vitro model of anoxia, we explored
whether Gd**-sensitive calcium influx exists during acute
anoxic neuronal damage and its possible relationship to
neuronal protective function of NGF.

1 MATERIALS AND METHODS

1.1 Experimental Animals

Postnatal Sprague-Dawley rats within 24 h after
birth were supplied by the Center of Experimental Ani-
mal, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China.
1.2 Major Reagents and Drugs

DMEM high-glucose and 0.25% trypsin were from
Hyclone, USA. Neurobasal and L-glutamine were prod-
ucts of Gibco, USA. MK-801, CNQX, nimodipine,
GdCl; were made by Sigma, USA. NGF (2.5S) was
produced by Promega, USA. U73122 and
Sos-inhibitory-peptide were manufactured by Upstate,
USA. Wortmannin was from Alexis, USA. cFDA and PI
were products of Molecular Probes, USA. The other re-
agents were made in China and were of analytic purity.
1.3 Primary Hippocampal Cultures

Primary culture of hippocampal neurons was pre-
pared from postnatal Sprague-Dawley rats within 24 h
according to procedure described previously!'® with mi-
nor modification. In brief, hippocampi were dissected in
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DMEM high-glucose and digested in 0.25% trypsin at
37°C for 15 min. Then hippocampus was triturated by a
fire-polished Pasteur pipette and filtered through a Fal-
con cell strainer. Cells were plated at a density of 2 X 10°
cells'mL onto poly-L-lysine coated dishes and main-
tained in DMEM high-glucose supplemented with 10%
FBS. After 24 h, medium was completely replaced with
maintenance medium containing 97% neurobasal, 2%
B27, and 1% L-glutamine and was subsequently given
half-changes every 3 days. Cultures were used for ex-
periments at the 10th—14th day.
1.4 Experimental Groups
1.4.1 Anoxia Groups KCN group was treated with 3
mmol/L KCN for 15 min. KCN+MCN group was
pre-incubated with 20 pumol/L MK-801, 40 pmol/L
CNQX and 5 pmol/L nimodipine for 10 min, then treated
with 3 mmol/L KCN for 15 min. KCN+MCN+Gd**
group was pre-incubated with 20 umol/L. MK-801, 40
pmol/L. CNQX, 5 pmol/L nimodipine and 10 pumol/L
Gd*" for 10 min, and then treated with 3 mmol/L KCN
for 15 min). KCN+MCN+NGF group was pre-incubated
20 umol/L MK-801, 40 pmol/L CNQX, 5 umol/L Ni-
modipine and 100 ng/mL NGF for 10 min, and then
treated with 3 mmol/L KCN for 15 min.
1.4.2 Inhibitor Treatment Groups NGF group was
pre-incubated 100 ng/mL NGF for 10 min, and then
treated with 3 mmol/L KCN for 15 min. NGF+U73122
group was first pre-incubated with 100 ng/mL NGF and
10 pmol/L U73122 for 10 min, and then treated with 3
mmol/L KCN for 15 min. NGF+wortmannin group was
pre-incubated with 100 ng/mL NGF and 20 nmol/L
wortmannin for 10 min, and then treated with 3 mmol/L
KCN for 15 min. NGF+Sos-inhibitory-peptide group
was pre-incubated with 100 ng/mL NGF and 10 pmol/L
Sos-inhibitory-peptid for 10 min, and then treated with 3
mmol/L KCN for 15 min.
1.5 Measurements of Intracellular Calcium

Primary hippocampal cultures were incubated with
Fluo-3 AM (10 pmol/L) in the dark for 2 h at room tem-
perature and rinsed with PBS 3 times. Fluorescence in-
tensity of Fluo-3 AM, representing intercellular calcium
concentration ([Ca®'];), was monitored by laser con-focal
microscopy system. The curve of fluorescence intensity
was obtained by evaluating fluorescence from three cells
in three different areas. Florescence intensity before
treatment (FO) was set as reference values, [Ca*']; was
expressed as a ratio of real time fluorescence (F) to FO.
Con-focal images were recorded every 20 s for 15 min.
1.6 Cell Viability and Death

Cell viability and death were assessed with amine-
reactive probe (5, 6)-carboxyfluorescein diacetate suc-
cinimidyl ester (cFDA) and propidium iodide (PI) stain-
ing. After 15-min treatment of KCN, cultures were main-
tained in fresh medium containing cFDA (5 pg/mL) and
PI (5 pg/mL) at 37°C for 15 min and then rinsed with
PBS 3 times. For each of the 5 cultures from each condi-
tion, cells were analyzed under con-focal microscope and
5 randomly selected fields were examined.
1.7 Statistical Analysis

All values were expressed as ¥, and statistical
significance was determined by one-way analysis of
variance combined with SNK test using SPSS12.0 soft-
ware package. A P<0.05 was considered to be statisti-

cally significant.
2 RESULTS

2.1 Inhibition of Gd*'-sensitive Calcium Influx and
Reduction of Chemical Anoxic Neuronal Death by
NGF

As shown in fig. 1, after treatment with KCN,
[Ca®"]; in primary hippocampal cultures was rapidly in-
creased within 3 min and reached a peak after 15 min,
where [Ca®']; was 6.27-times pre-anoxia level and cell
death rate was 73.3%. Pre-incubation with MCN not
only delayed elevation of [Ca®']; but also decreased
[Ca®]; level induced by KCN. Nevertheless, [Ca*'];
was still at a high level 15 min after exposure to KCN.
MCN only partially reduced [Ca*"]; by 35.9% and cell
death by 47.5%. Gd**, applied with MCN, further de-
creased KCN-mediated [Ca*']; elevation and neuronal
death rate by 81.9% and 88.8% respectively, a level that
was not different from that of normal neurons. It indi-
cated that non-NMDA, non-voltage-gated calcium chan-
nels-dependent and Gd**-sensitive calcium influx was
implicated in KCN-mediated acute anoxia. In addition, it
might participate in anoxic neuronal damage. It’s worthy
noting that, similar to Gd**, NGF significantly attenuated
MCN-independent and Gd*'-sensitive calcium influx. It
inhibited KCN-induced [Ca®]; increase by 77.4% and
reduced cell death by 87.1%, suggesting that NGF may
promote anoxic neuronal survival by inhibiting Gd**-sen-
sitive calcium influx.
2.2 Role of PLC Pathway in the Effect of NGF

Furthermore, wortmannin, sos-inhibitory-peptide
and U73122, the inhibitors of PI3-K, MEK and PLC
pathways respectively, were separately used to investi-
gate which signaling pathway(s) were responsible for the
effect of NGF. It showed that [Ca®']; and neuronal death
in U731224NGF group was significantly higher than
NGF group. In contrast, treatment with wortmannin or
sos-inhibitory-peptide did not change [Ca®]; and neu-
ronal death in the presence of NGF (fig. 2), indicating
that NGF inhibited Gd*'-sensitive calcium influx and
reduced acute anoxic neuronal death through PLC path-
way.

3 DISCUSSION

In 2003, Arts et al reported that MCN eliminated
calcium influx of cortical neurons exposed to NaCN (3
mmol/L) for 1 h. However, MCN failed to block calcium
influx triggered by prolonged treatment with NaCN (for
over 1.5 h), which unmasked a dominant death mecha-
nism—Gd’“-sensitive calcium influx. Their further study
confirmed that this Gd*'-sensitive calcium influx was
mediated by TRPM7, a newly found member of the tran-
sient receptor potential cation channel superfamily!'”'®,
TRPM?7 plays an important role in prolonged (up to 2 h)
periods of OGD challenge!”'. In the present study, we
reproduced the cyanide-induced anoxic model used by
Arts et al. Our results revealed that 15-min exposure to3
mmol/L KCN was sufficient to trigger Gd” -sensitive
calcium influx in hippocampal neurons and resulted in
neuronal death, suggesting TRPM7 may be involved in
acute anoxic neuronal death. Our finding seems to be
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Fig. 1 NGF inhibited Gd*"-sensitive calcium influx and reduced acute anoxic neuronal death.
A: Changes of intracellular calcium concentration with time in each group; B: cFDA and PI staining in each group; C: Cell
death rate in each group. *P<0.05 compared with normal; “P<0.05 compared with KCN; ¥P<0.05 compared with KCN+MCN.
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Fig. 2 PLC pathway was responsible for the role of NGF.
A: Changes of intracellular calcium concentration with time in each group; B: cFDA and PI staining in each group; C: Cell

death rate in each group. “P<0.05 compared with NGF.
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inconsistent with findings of Arts et al. However, given
two different neuronal types used in these two studies,
the discrepancy is understandable. Primary hippocampal
cultures from neonate rats were used in the present study
while Arts et al employed primary cortical cultures from
embryonic mouse. Firstly, hippocampal neurons are
more vulnerable to anoxia than cortical neurons. Sec-
ondly, cultured embryonic neurons are relative insensi-
tive to ischemia compared to cultured postnatal neurons.

Therefore, different damage mechanism may be involved.

Recently, using hippocampal slices from P18 to P42 rats
as target, Lipski et al found that TRPM?7 participated in
neuronal calcium influx, cell membrane depolarization
and cell swelling®” at the early stage of OGD, which is
consistent with our findings.

NGF, the first identified neurotrophic factor, sup-
ports the survival and maintenance of many neuronal
populations of central and peripheral nervous sys-
tem'*"*?. The protective effects of NGF are mediated by
binding to its high affinity receptors TrkA and subse-
quently, activating appropriate signal transduction path-
ways'”!. Once activated by NGF, TrkA stimulates three
main signal transduction pathways: phosphatidyl-inositol
3-kinase (PI-3K), ras/mitogen-activated protein kinase
(MAPK), and phospholipase C-y (PLC-y) pathways**.
Among them, the PI-3K/Akt and MAPK/ERK pathways
have been reported to be implicated in the regulation of
the gene expression of apoptotic and anti-apoptotic mole-
cules against ischemic insults™®. In this study, we found
that NGF also protected acute anoxic neurons exposed to
moderate dosage of KCN, although the regulation of
gene expression did not happen. Our results showed that
NGF inhibited Gd**-sensitive calcium influx and reduced
neuronal death through PLC pathway. Two recent stud-
ies revealed that TrkA and TRPM7 co-existed in hippo-
campal neuronal membrane and that NGF inhibited
TRPM?7 inward current in hippocampal neuron through
PLC pathway. On the basis of all evidence mentioned
above and the fact that TRPM7 is the mediator of
Gd*"-sensitive calcium influx'”, we are led to conclude
that NGF inhibits TRPM7-mediated calcium influx and
protects acute anoxic neurons through activating PLC
pathway.
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