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Basic fibroblast growth factor increases the number
of endogenous neural stem cells and inhibits the
expression of amino methyl isoxazole propionic
acid receptors in amyotrophic lateral sclerosis

mice~”

Weihui Huang, Dawei Zang, Yi Lu, Ping Jiang

Department of Neurology, Tianjin First Center Hospital, Tianjin Medical University, Tianjin 300192, China

Abstract

This study aimed to investigate the number of amino methyl isoxazole propionic acid (AMPA)
receptors and production of endogenous neural stem cells in the SOD1%%**¢™ transgenic mouse
model of amyotrophic lateral sclerosis, at postnatal day 60 following administration of basic
fibroblast growth factor (FGF-2). A radioligand binding assay and immunohistochemistry were used
to estimate the number of AMPA receptors and endogenous neural stem cells respectively. Results
showed that the number of AMPA receptors and endogenous neural stem cells in the brain stem
and sensorimotor cortex were significantly increased, while motor function was significantly
decreased at postnatal days 90 and 120. After administration of FGF-2 into mice, numbers of
endogenous neural stem cells increased, while expression of AMPA receptors decreased, whilst
motor functions were recovered. At postnatal day 120, the number of AMPA receptors was
negatively correlated with the number of endogenous neural stem cells in model mice and
FGF-2-treated mice. Our experimental findings indicate that FGF-2 can inhibit AMPA receptors and
increase the number of endogenous neural stem cells, thus repairing neural injury in amyotrophic

lateral sclerosis mice.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) patients
always present neural degeneration in their
motor neurons™, but there is currently no
effective treatment. An increasing number of
studies have found that endogenous neural
stem cells (ENSCs) are a potential
therapeutic strategy for the repair of
neuronal degeneration and injury?. Once
affected by disease, ENSCs are thought to
be activated and migrate, prior to
differentiation into various cells under the
induction of the surrounding
microenvironment, thus repairing neural
injury®“. Environmental change greatly
determines the survival of ENSCs and such
changes are directly related to cell
membrane ion channels®.

Alpha amino methyl isoxazole propionic acid
(AMPA) receptor in motor neurons, is the
glutamate receptor (GIuR) in the
postsynaptic membrane. The receptors

mediate fast synaptic transmission and their
content in the membrane is highly variable,
correlating with synaptic activity'®. AMPA
receptors contribute to alter the membrane
permeability of Ca®* and/or Zn**, which is
mainly mediated by the GIuR2 subunit and
therefore plays an important role in neuronal
degeneration following cerebral ischemial™.
In addition, ADAR2, a ribozyme related to
the GIuR2 pre-mRNA code, mediates Ca®
membrane permeability via the AMPA
receptor. GIuR2 pre-mRNA-dependent
GIluR2 Q/R coding exerts a direct effect on
hippocampal neurons in cerebral ischemic
rats'®. We therefore hypothesize that
AMPA-induced neuronal excitotoxicity may
be the leading cause of degeneration in
selective motor neurons.

Basic fibroblast growth factor (FGF-2) is a
multifunctional protein involved in the neural
protection and promotion of ENSC
differentiation™®.

In this study, we analyzed the number of
AMPA receptors and the proliferation of
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ENSCs in the brainstem and sensorimotor cortex in the
SOD1%%*¢™ transgenic mouse model of ALS® at
different disease stages, following FGF-2 administration.
The correlation between ENSC proliferation and AMPA
receptor number was investigated and the possible
mechanism underlying the FGF-2 neuroprotective effect
is discussed.

RESULTS

Quantitative analysis of experimental animals

A total of 60 SOD1°%%***™ transgenic mice at postnatal
day 57 were used (transgenic mice developed symptoms
at postnatal day 90 but no symptoms were visible at
postnatal day 60). Mice were randomly divided into ALS
group (mice were intraperitoneally injected with saline
from day 60) and FGF-2 group (mice were
intraperitoneally injected with FGF-2 from day 60). In
addition, 30 wild-type mice were used as a control group
(mice were intraperitoneally injected with saline from day
60). Ten mice were harvested in each group at postnatal
days 60, 90 and 120 for experiments. Ninety mice were
used for analysis.

FGF-2 promoted motor function recovery in ALS mice
Rotarod performance tests showed that the time of
60-day-old mice to remain on the rotating cylinder (rod)
was maintained at the same level in each group, with no
significant difference (P > 0.05). Conversely, the
90-day-old mice in both the control and FGF-2 groups
remained on the rotating rod for a significantly prolonged
time compared with the ALS group (P < 0.05). The length
of time for the 120-day-old mice to remain on the rotating
rod was significantly shortened in both the ALS and
FGF-2 groups compared with the control group (P < 0.05),
whilst the duration in the FGF-2 group was significantly
longer than in the ALS group (P < 0.05; Table 1).

Table 1 The length of time (second) for mice remaining
on the rotating rod in the rotarod performance test

Postnatal time (day)

Group
60 90 120
Control 180.0+0.0 180.0+£0.0 180.0+0.0
Amyotrophic lateral  180.0+0.0  111.8+16.7° 43.5+14.4%
sclerosis
Basic fibroblast 180.0+0.0  165.4+12.4°  103.9+16.9%

growth factor

Data are expressed as mean + SD of 10 mice in each group. P <
0.05, vs. control group; p < 0.05, vs. amyotrophic lateral sclerosis
group (one-way analysis of variance). Each rotarod performance
test lasted 180 seconds. Longer time length indicates better motor
function in mice.

FGF-2 increased the weight of ALS mice

The body weight of mice showed no significant differences
at postnatal days 60 and 90 (P > 0.05). The weight of
120-day-old mice in the ALS group decreased significantly
compared with the control group (P < 0.05), while the
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weight of the mice in the FGF-2 group was significantly
increased compared with the ALS group (P < 0.05; Table 2).

Table 2 Change in mouse body weight (g) for each group

Postnatal time (day)

Group
60 90 120
Control 21.1+11 22.7+1.4 24.0£1.2
Amyotrophic lateral sclerosis 20.6+0.6  21.5+0.6  18.2+0.5%
Basic fibroblast growth factor 21.3+1.0 22.3¥1.0 22.0+1.1°

Data are expressed as mean + SD of 10 mice in each group. °P <
0.05, vs. control group; °P < 0.05, vs. amyotrophic lateral sclerosis
group (one-way analysis of variance).

FGF-2 promoted ENSC proliferation in the brainstem
and sensorimotor cortex of ALS mice

Anti-nestin immunofluorescence staining showed there
were no ENSCs observed in the brainstem and
sensorimotor cortex of wild-type control mice. A small
number of ENSCs were visible in the brainstem and
sensorimotor cortex of the 60-day-old SOD1%%*4¢*"
transgenic mice and the ENSC number gradually
increased with age. At postnatal day 120, an abundance
of green fluorescent ENSCs was found in the
SOD1%%***™ transgenic mice (Figure 1).

Figure 1 Endogenous neural stem cells in the brainstem
of wild-type (WT) and SOD1%%**¢* transgenic mice at
postnatal day 120 (immunofluorescence staining,
fluorescent microscope, scale bars: 200 um in A, and
100 pmin B, C).

(A) Amyotrophic lateral sclerosis group, 4,
6-diamidino-2-phenylindole (DAPI) staining alone displays
blue labeled cell nuclei.

(B) Control group, green fluorescence labeled cells are
rarely seen by immunofluorescence staining.

(C) Amyotrophic lateral sclerosis group, abundant green
fluorescence (fluorescein isothiocyanate-labeled) cells
(arrow).

Cell counts showed no significant difference in the
number of ENSCs in the brainstem and sensorimotor
cortex of 60-day-old mice in each group (P > 0.05). At
postnatal days 90 and 120, the ALS and FGF-2 groups
had significantly increased in ENSC number in the
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mouse brainstem and sensorimotor cortex compared
with the control group (P < 0.05), whilst cell number in
the 120-day-old mice was significantly higher in the
FGF-2 group than in the ALS group (P < 0.05; Table 3).

Table 3 Number of endogenous neural stem cells (nes-
tin*) (n/um?) in the brainstem and sensorimotor cortex of
mice

Postnatal time (day)

Group
60 90 120
Brainstem
Control 2.71+1.24 1.92+2.49 2.25+3.01
Amyotrophic lateral  3.11+1.42 62.02+21.68% 162.32+58.73%
sclerosis
Basic fibroblast 1.93+0.66 81.76+23.35% 385.72+102.56*"

growth factor

Postnatal time (day)

Group
60 90 120
Sensorimotor cortex
Control 0.76+£0.13  1.02+0.34 1.13+0.41
Amyotrophic lateral  1.43+0.11 34.76+20.19* 103.35+38.10%
sclerosis
Basic fibroblast 1.32+0.53 41.48+12.83% 296.36+51.74%

growth factor

Data are expressed as mean + SD of 10 mice in each group. °P <
0.05, vs. control group; °P < 0.05, vs. amyotrophic lateral sclerosis
group (one-way analysis of variance).

FGF-2 inhibitd AMPA receptor expression in motor

neurons in the brainstem and sensorimotor cortex of

ALS mice
At 3 days after fluorescent gold injection, microscopic
detection showed motor neurons in the brainstem and

sensorimotor cortex of all mice were clearly labeled with

fluorescent gold and radioligand experimental labeling
was also visualized (Figure 2).

90 days 120 days

Amyotrophic lateral
sclerosis group

Basic fibroblast
growth factor group

Figure 2 Amino methyl isoxazole propionic acid (AMPA)
receptor expression in motor neurons of the mouse
brainstem [fluorescent gold labeled motor neurons (blue),
®H radioligand marker AMPA (highlighted), scale bar:

200 pm].

and it decreased slightly in the basic fibroblast growth

mice at identical time points.

The AMPA receptor numbers gradually increased with age,

factor 2 group compared with amyotrophic lateral sclerosis

Statistical analysis showed there was no significant
difference in the AMPA receptor number in motor
neurons at the brainstem and sensorimotor cortex of
60-day-old mice (P > 0.05). At postnatal days 90 and
120, the ALS and FGF-2 groups showed significant
increase in numbers of AMPA receptors compared with
the control group (P < 0.05). The AMPA receptor
number in 120-day-old mice of the bFGF-2 group was
significantly less than in the ALS group (P < 0.05;
Table 4).

Table 4 Number of amino methyl isoxazole propionic acid
receptors (n/pum?) in motor neurons of the mouse brainstem
and sensorimotor cortex

Postnatal time (day)

Group
60 90 120

Brainstem

Control 0.27£0.03 0.26+0.11 0.29+0.06

Amyotrophic lateral sclerosis 0.32+0.12 0.51+0.08% 1.03+0.27%
Basic fibroblast growth factor 0.33+0.18 0.44+0.09% 0.68+0.24%°

Postnatal time (day)

Group
60 90 120

Sensorimotor cortex

Control 0.22+0.03 0.21+0.07 0.27+0.09

Amyotrophic lateral sclerosis 0.20+0.04 0.63+0.25% 1.46+0.37%
Basic fibroblast growth factor 0.29+0.04 0.52+0.16% 0.89+0.23%

Data are expressed as mean + SD of 10 mice in each group. *P <
0.05, vs. control group; "P < 0.05, vs. amyotrophic lateral sclerosis
group (one-way analysis of variance).

Correlation between number of activated ENSCs and
AMPA receptor change

Pearson correlation analysis was used to investigate the
correlation between ENSC number and AMPA receptor
number in the 120-day-old mice of the ALS and FGF-2
groups. Results showed that the number of ENSCs was
negatively correlated with the number of AMPA receptors
(r=-0.889 3, P <0.01; Figure 3).
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Figure 3 Correlation between the number of amino
methyl isoxazole propionic acid (AMPA) receptors and the
number of endogenous neural stem cells in the mice of
amyotrophic lateral sclerosis and basic fibroblast growth
factor groups at postnatal day 120.

763



Huang WH, et al. / Neural Regeneration Research. 2012;7(10):761-765.

DISCUSSION

SOD1%%**¢™ transgenic mouse models have achieved
increasing recognition for ALS studies, where SOD1°%*
can be highly expressed when models are modulated by
cytomegalovirus promoter®*?. Studies have found that
ENSCs are activated to varying degrees in SOD1°%%¢"
transgenic mouse models at different disease stages,
which accordingly remodel neural functions but cannot
treat the disease'.

FGF-2 is continuously expressed in the neurogenic area
of adult brains, allowing regulation of proliferation in
neural precursor cells™. FGF-2 injected into the lateral
cerebral ventricle of adult rats can activate proliferation of
subventricular zone precursors and increase the number
of neurons migrating from the subventricular zone to the
olfactory bulb. FGF-2 can also promote and determine
cellular differentiation™?. The present study
demonstrates that, FGF-2 can increase the number of
ENSCs in the brainstem and sensorimotor cortex of ALS
mice, thus promoting recovery of motor function.

The ALS pathogenesis mechanism may be attributed to
the transmission of motor neuron synaptic signals™*?.
AMPA receptors, mediating fast synaptic transmission
with varying content in the membrane, are shown to
correlate with synaptic activity™®. AMPA receptor
overexpression mainly occurs in GluR2-free calcium
permeable receptors, so induced neuronal excitotoxicity
may be a leading cause of selective motor neuron
degeneration® ***4. Strong evidence suggests a
significant reduction in motor neurons and synaptic
receptors in ALS mouse models at postnatal day 90", At
postnatal day 120, magnetic resonance imaging
visualized multiple atrophy lesions in the mouse brain
and nerve cells exhibited the symptoms of apoptosis and
degeneration™™. Evidence suggested that the ALS
disease course directly correlates with some
synapse-associated proteins and determines neuronal
degeneration. It is clear that AMPA is correlated with the
disease process. In this study, the numbers of ENSCs
and AMPA receptors were significantly increased over
the disease process. FGF-2 treatment significantly
increased the number of ENSCs, but decreased the
number of AMPA receptors. There was a negative
correlation between ENSC number and AMPA receptor
number in 120-day-old mice in both the ALS and FGF-2
groups.

ENSCs are a potential, valuable therapeutic remedy. Not
only are they a source of autologous stem cells instead
of using the damaged nerve tissue, they also secreted
nerve growth and nutritional factors, which can promote
cell growth and division®?. Therefore, further studies are
needed to explore the mechanisms underlying ENSCs
differentiation in order to induce substantial ENSCs
differentiation, increase their migration potential, control
their differentiation towards neurons and
oligodendrocytes and guide axonal growth, to enable
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ENSCs to become a suitable alternative or
complementary therapy for nervous system disease'®.
Much effort was made in this study to develop a new
method to yield disease process or symptoms through
FGF-2 administration, thus reducing AMPA damage on
neurons, improving the microenvironment and promoting
proliferation of ENSCs. The possible mechanism of
FGF-2 action has also been discussed, which provides a
feasible method for future clinical treatment of ALS.

MATERIALS AND METHODS

Design

A randomized controlled animal experiment.

Time and setting

Experiments were performed from 2009 to 2010 in the
laboratory of Tianjin First Center Hospital of China and in
Melbourne Medical College of Australia.

Materials

A total of 60 transgenic mice originated from the
B6SJL-TgN (SOD1-G93A) and expressing the mutant
human superoxide dismutase 1 gene, were included in
this study. Mice aged 57 days old with similar weight
were evenly divided by sex. Another 30 wild-type mice
aged 57 days old and with similar body weight, were
used for the control group. All mice were provided by the
Jackson Laboratory, USA. Experiments in Australia were
performed under the guidance of the Howard Florey
Institute Animal Ethics and Experimentation Committee
approved all experimental procedures used on mice
(permit number: 03-100). Experimental disposals in
China were in strict accordance with the Guidance
Suggestions for the Care and Use of Laboratory Animals,
formulated by the Ministry of Science and Technology of
China™®.

Methods

Drug administration

All groups of mice received an intraperitoneal injection,
once per day from postnatal day 60. The FGF-2 group
was given 25 g/kg FGF-2 (50 pg dissolved in 20 mL;
Thermo Fisher Scientific, Boston, MA, USA). Control and
ALS groups were given equal volumes of saline.

Neural function detected by rotarod performance
test

Mice received adaptive rotarod tests of motor function
from postnatal day 57 and were tested at postnatal days
60, 90 and 120. Mouse body weight was recorded when
testing. The length of time for each mouse remaining on
the rotating rod (Ugo Basile, Schwenksville, PA, USA)
was determined with an 180-second limit. Mice were
tested three times at each time point and the average
value was calculated.

Fluorescent gold labeling and specimen preparation
Mice were injected with 5 pL fluorescent gold at postnatal
days 57, 87 and 117, to tag brainstem and cortical motor
neurons. Mice were then intraperitoneally injected with
sodium pentobarbital at postnatal days 60, 90 and 120.
The heart was perfused with saline under anesthesia at
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room temperature and subsequently perfused with

4% paraformaldehyde. Brain tissue was harvested and
fixed for 24 hours, followed by dehydration in 30% sugar
solution for 24 hours and embedding in paraffin.
Specimens were cut into serial sections 8 um thick and
6 out of every 10 pieces were harvested. Two sets were
used for the AMPA radioligand assay, one set for nestin
immunofluorescence, one set for positive or negative
controls and two sets for experimental emergencies.
Number of nestin positive cells in mouse brainstem
and sensorimotor cortex detected by
immunofluorescence staining

Histological sections were conventionally dewaxed, rinsed
and incubated with nestin-fluorescein isothiocyanate
polymer (1:50; Chemicon, Santa Cruz, CA, USA) at 4°C
overnight. Cell nuclei were stained with DAPI (1:2 000;
Chemicon). Sections were observed under a
fluorescence microscope. Images of positive cells were
processed using Microfire (Life Technologies, Carlsbad,
CA, USA) and Imagepro software (Life Technologies).
The number of AMPA receptors and ENSCs were
calculated using a confocal counting system (Life
Technologies) and cell count was expressed as n/um?>.
AMPA expression in the brainstem and sensorimotor
cortex detected by radioligand assay

Tissue sections and coverslips were rinsed to remove
impurities. Coverslips were soaked in photoemulsion
liquid (Thermo Fisher Scientific; pre-mixed with an equal

amount of distilled water and 1% glycerol) in a dark room.

Using the *H radiation method™®, coverslips were
incubated with 14.3 M AMPA antibody (Thermo Fisher
Scientific) at 4°C for 40 minutes, then covered with the
photosensitive emulsion solution-coated coverslip and
placed in a darkroom. The photosensitive time depended
on the intensity of radiation, which was detected with a
*H radiation tester (Life Technologies). The experimental
sensitization time was 6 weeks. Results were analyzed
using a confocal counting system (Life Technologies)
and the number of AMPA receptors in 10 random fields in
each section was calculated (n/um>).

Statistical analysis

Data were expressed as mean + SD and analyzed using
Prism software (GraphPad Software Inc, San Diego, CA,
USA) by one-way analysis of variance. Pearson analysis
was used for the correlation between the number of
activated ENSCs and the AMPA receptors. A P < 0.05
value was considered a significant difference.
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