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Abstract: Wnt5a, a member of the Wnt gene family, encodes a cysteine-rich growth factor involved in signal trans-
duction during growth and differentiation. The Fzd2 gene codes for a cell membrane receptor called Frizzled-2 have 
a structure similar to G protein coupled receptors. The extracellular N-terminal of the Fzd2 receptor has a cysteine-
rich domain (CRD) that binds Wnt ligands and thus primes the Wnt signal pathway. Downregulation of the Wnt sig-
nal pathway occurs in neurodegenerative diseases including Amyotrophic Lateral Sclerosis (ALS). However, little is 
known about Wnt5a/Fzd2 signaling in mammalian nerve cells, and it is not clear whether Wnt5a or Fzd2 functioning 
are changed in ALS. The influence of Wnt5a and Fzd2 signal transduction pathway on ALS was investigated in adult 
SOD1G93A transgenic mice. Changes in Wnt5a and Fzd2 expression in the spinal cord of SOD1G93A transgenic mice 
(ALS), SOD1G93A transfected NSC-34 cells, and primary cultures of astrocytes from SOD1G93A transgenic mice were 
detected by immunofluorescent staining, Reverse Transcription-Polymerase Chain Reaction (RT-PCR) and Western 
blotting. The results provide further insight into the role of Wnt5a and Fzd2 in the pathogenesis of ALS transgenic 
mice, which provides evidence that should help in the search for treatments of ALS.
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Introduction

Amyotrophic Lateral Sclerosis (ALS) is a fatal, 
adult-onset, neurodegenerative disease char-
acterized by the selective death of motor neu-
rons in the motor cortex, brain stem, and spinal 
cord [1]. The clinical manifestations of ALS 
include progressive asthenia with development 
of paralysis and generalized atrophy. Death 
occurs at average three to five years after onset 
of the first symptoms. In 90% of cases, ALS is a 
sporadic disease. The remaining 10% of 
patients have a history of familial ALS, approxi-
mately 20% of those cases are caused by 
mutation in the gene encoding superoxide dis-
mutase 1 (SOD1) [2, 3]. Rosen and Marx [4] 
constructed ALS transgenic mice by introduc-
ing a G93A mutation. Transgenic mice over-
expressing mutant human SOD1 develop an 
age-dependent degeneration of motor neurons 

leading to paralysis and death. This transgenic 
mouse model is a valuable tool for ALS research.

Wnt signaling pathways are involved not only in 
formation of the embryonic dorsoventral axis, 
but also in a number of other developmental 
events that depend on establishment of cell 
polarity or determination of cell fate. There are 
at least three different Wnt pathways: the clas-
sical pathway, the planar cell polarity (PCP) 
pathway and the Wnt/Ca2+ pathway [5, 6]. The 
protein encoded by the Wnt gene is a secretory 
glycoprotein that contains a signal peptide and 
a conserved cysteine residue at position 23 or 
24. It thus has the characteristics shared by 
growth factors having both autocrine and para-
crine functions [7]. As little is known about 
Wnt5a/Fzd2 signaling in mammalian nerve 
cells, and it is clear whether normal Wnt5a or 
Fzd2 functioning are changed in ALS. The influ-
ence of Fzd2 and the Wnt5a signal transduction 
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pathway on ALS were investigated in adult 
SOD1G93A transgenic mice.

Materials and methods

Animals and tissue preparation

We obtained ALS transgenic mice from Jackson 
Laboratories (Bar Harbor, ME, USA). All the ani-
mal experiments were carried out in accor-
dance with the National Institute’s Health 
guidelines for the Care and Use of Laboratory 
Animals and the regulations of Weifang Medical 
University for animal experimentation. The 
transgenic mice carrying the mutated human 
SOD1G93A gene and mice with the wild-type 
human SOD1 gene were crossbred. Genotyping 
was performed using Polymerase Chain 
Reaction (PCR) amplification of genomic DNA 
extracted from tail tissue. Mice were killed at 
the early stage (95 days), the middle stage (108 
days), and the end stage (122 days) of the neu-
rodegenerative disease. The mice were per-
fused intracardially with 4% paraformaldehyde, 
and frozen sections (10 µm) were prepared for 
immunohistological analysis. Some mice were 
killed, and the spinal cord was removed and fro-
zen in liquid nitrogen for immediate molecular 
analysis. 

Primary culture of astrocytes

Astrocytes isolated from spinal cord tissue of 
1-day old ALS transgenic and wild-type mice by 
mincing the spinal cord tissues with scissors in 
DMEM. The tissue was triturated after trypsin-
ization (0.5% trypsin, 10 min, 37°C/5% CO2). 
The cell suspension was washed in culture 
medium for astrocytes (DMEM supplemented 
with 10% FBS (Gibco Inc., Carlsbad, CA, USA), 
100 mg/ml streptomycin and 100 U/ml penicil-
lin) and cultured at 37°C/5% CO2 in 75 cm2 BD 
Falcon culture flasks in borate buffer (2.37 g 
borax and 1.55 g boric acid dissolved in 500 ml 
of sterile water, pH 8.4) for 1 h and then rinsed 
thoroughly with sterile phosphate buffered 
solution. The medium was changed after 24 h 
in culture and twice a week thereafter, for a 
total culture time of 10-14 d. After removal of 
the primary microglial culture, the remaining 
cells were predominately astrocytes. Cultured 
cells were collected for Western blotting to 
investigate the changes in Wnt5a and Fzd2 pro-
tein expression.

Transfection of NSC34 mouse motor neuron-
like hybrid cells

One day before transfection, 105 cells/well 
were seeded in 6-well plates, in culture medi-
um (DMEM supplemented with 10% FBS) with-
out antibiotics and cultured at 37°C/5% CO2 in 
75 cm2 BD Falcon culture flasks. Transfection 
was carried out when the cells reached 50–60% 
confluences using Lipofectamine 2000 
(Invitrogen Life Technologies) according to the 
manufacturer’s protocol. The pEGFP-WT-SOD1 
(wild type) and pEGFP-G93A-SOD1 (G93A 
mutant) plasmids (Poletti et al. 2012) were a 
gift from Professor Angelo Poletti (University of 
Milan, Italy). Mouse motor neuron-like hybrid 
(NSC34) cells were incubated in Opti-MEM® 
with pEGFP-WT-SOD1 or pEGFP-G93A-SOD1 
plasmid-Lipofectamine 2000 complexes (2 μg/
mL) for 6 h, and then replaced with fresh 
Dulbecco’s Modified Eagle Medium (DMEM). 
Total RNA or proteins were extracted from 
transfected NSC-34 cells at 24 h and 48 h for 
RT-PCR and Western blot analysis. Wnt5a and 
Fzd2 were also assayed in cultured transfected 
NSC-34 by double immunofluorescence stain-
ing. Three times replicates and repetitions were 
performed for the transfections.

RNA extraction and RT-PCR 

Isolation of total RNA from spinal cord tissue 
and transfected NSC-34 cells was carried out 
using TRIzol Reagent (Invitrogen, Carlsbad, CA, 
USA) following the manufacturer’s protocols. 
First-strand cDNA was synthesized from 2 μg of 
total RNA using Superscript II reverse transcrip-
tase (Invitrogen), oligo (dT), 10 mM dNTP Mix, 
5x RT buffer, and RNase inhibitor. The PCR was 
performed using a thermal cycler and specific 
Wnt5a, Fzd2 and beta-actin primers. The fol-
lowing primers were used: Wnt5a (sense, 5′- 
ATT TCC ACG CTA TAC CAA CTC CT-3′; antisense, 
5′-ATT CCT TGA TGC CTG TCT TCG-3′); Fzd2 
(sense, 5′ - ATT TAG TGG ACA TGC AGC GAT TTC-
3′; antisense, 5′-AGC AGG AAG GAT GTA CCG 
ATG AA-3′); and beta-actin (sense, 5′-AAC AGT 
CCG CCT AGA AGC AC-3′; antisense, 5′-CGT TGA 
CAT CCG TAA AGA CC-3′). Amplification prod-
ucts were visualized in 2% agarose/TAE gels 
and stained with ethidium bromide. All analysis 
was done in duplicate and repeated at least 
three times. Band intensity was evaluated 
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using UVI soft Image Acquisition and Analysis 
software (UVItec, Cambridge, UK). The expres-

sion of endogenous beta-actin was used for 
normalization. 

Figure 1. The mRNA and protein of Wnt5a and Fzd2 receptor in the spinal cord of adult amyotrophic lateral sclerosis 
(ALS) mice and wild-type (WT) littermates at 95, 108, and 122 days of age. A. The gene expression of Wnt5a was 
higher in ALS mice than that in WT mice at each age. Beta-actin was used for normalization. B. Representative im-
munoblot showing that Wnt5a expression was greater in ALS mice than that in WT mice at each age. GAPDH was 
used for normalization. C. Densitometric analysis of the RT-PCR results shown in panel (A). Relative amounts of 
Wnt5a were calculated as the ratio of Wnt5a to beta-actin densities (n = 6). D. Densitometric analysis of the immu-
noblot shown in panel (B). Relative amounts of Wnt5a were calculated as the ratio of Wnt5a to GAPDH densities (n 
= 6). E. The gene expression of Fzd2 was greater in ALS mice at each age than that in WT mice. Beta-actin was used 
for normalization. F. Representative immunoblot showing that Fzd2 expression was greater in ALS mice at each age 
than that in WT mice. GAPDH was used for normalization. G. Densitometric analysis of RT-PCR shown in panel (E). 
Relative amounts of Fzd2 were calculated as the ratio of Wnt5a to beta-actin densities (n = 6). H. Densitometric 
analysis of the Western blot shown in panel (F). Relative amounts of Fzd2 were calculated as the ratio of Fzd2 to 
GAPDH densities (n = 6). 
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Western blotting 

The spinal cords of ALS transgenic mice were 
removed at 95 days, 108 days, and 122 days. 

Transfected NSC-34 cells and astrocytes from 
primary culture were collected at 24 h and 
48 h. The spinal cord tissue and the cells were 
lysed in a buffer solution containing 50 mM 

Figure 2. Wnt5a/glial fibrillary acidic protein (GFAP) co-localization in the gray matter (GM), and white matter (WM) 
of the spinal cords of adult amyotrophic lateral sclerosis (ALS) mice and wild-type (WT) mice at 122 days of age. 
Scale bar = 50 μm.
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Tris/HCl (pH 7.4), 50 mM NaCl, 1% Triton X-100, 
1 mM EDTA, 20 mM NaF, 2 mM Na3VO4, 1 mM 
PMSF, 1 μg/ml aprotinin, 1 μg/ml leupeptin, 
and 1 μg/ml pepstatin. Samples were clarified 
by centrifugation at 14,000 g for 15 min at 4°C, 

and total protein was extracted from the super-
natant. Protein concentrations were measured 
using the BCA Protein Assay Kit (Pierce, 
Rockford, IL, USA). Equivalent amounts of pro-
tein (120 µg) from each sample were resolved 

Figure 3. Wnt5a/beta-tubulin III co-localization in the gray matter (GM), and white matter (WM) of the spinal cords 
of adult amyotrophic lateral sclerosis (ALS) mice and wild-type (WT) mice at 122 days of age. Scale bar = 50 μm.
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blocked with 5% dry fat-free milk in phosphate 
buffered saline (PBS) for 1 h at room tempera-
ture and then incubated overnight at 4°C with 
the following primary antibodies: Wnt5a mouse 

electrophoretically on 15% SDS-polyacrylamide 
gels, separated by electrophoresis, and trans-
ferred to nitrocellulose membranes (Biorad, 
Hercules, CA, USA). The membranes were 

Figure 4. Fzd2/glial fibrillary acidic protein (GFAP) co-localization in the gray matter (GM), and white matter (WM) of 
the spinal cords of adult amyotrophic lateral sclerosis (ALS) and wild-type (WT) mice at 122 days of age. Scale bar 
= 50 μm.
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branes were treated with horseradish peroxi-
dase-conjugated sheep anti-mouse (1:10000; 
Jackson ImmunoResearch, West Grove, PA, 
USA) or sheep anti-rabbit secondary antibodies 
(1:10000; Jackson ImmunoResearch) for 2 h at 

monoclonal antibody (1:800; Santa Cruz 
Biotechnology, Inc., USA), Fzd2 rabbit polyclonal 
antibody (1:750; Sigma-Aldrich, Inc., MO, USA), 
and GAPDH mouse monoclonal antibody 
(1:10000; Sigma, St Louis, MO, USA). The mem-

Figure 5. Fzd2/beta-tubulin III co-localization in the gray matter (GM), and white matter (WM) of the spinal cords of 
adult amyotrophic lateral sclerosis (ALS) and wild-type (WT) mice at 122 days of age. Scale bar = 50 μm.
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Data were presented as the mean ± standard 
error of the mean (SEM); P < 0.05 or < 0.01 
were considered statistically significant. 

Results

Upregulation of Wnt5a and Fzd2 in the spinal 
cord of ALS transgenic mice 

Both Wnt5a and Fzd2 mRNA and protein were 
detected in spinal cord tissues from ALS trans-
genic and wild-type mice at 95, 108, and 122 
days (Figure 1A, 1B, 1E, 1F). The mRNA and 
protein levels were significantly higher in the 
ALS mice than those in wild-type littermates at 
three time point (P < 0.05). The greatest differ-
ences occurred at 122 days (Figure 1C, 1D, 1G, 
1H). 

The distribution and localization of Wnt5a and 
Fzd2 positive cells were determined by immu-
nofluorescence microscopy. The majority of 
positive cells were neurons and astrocytes with 
cytoplasmic staining. Wnt5a and Fzd2 positive 
cells were detected in the gray matter, white 
matter, and central canal in both transgenic 
and wild-type mice. Within the gray matter, 
most positive cells were located in the ventral 
horn. In the white matter, the positive cells 
were located in the neuron axons and nerve 
fibers. Weakly positive cells were detected in 
the central canal. 

Co-localization of Wnt5a and Fzd2 with beta-
tubulin III for neurons or GFAP for mature astro-
cytes was detected by double labeling. In ALS 
mice, there were significantly more Wnt5a/
GFAP and Fzd2/GFAP double-labeled cells than 
that in wild-type mice (Figures 2 and 4). 
However, Wnt5a/beta-tubulin III and Fzd2/
beta-tubulin III double-labeled cells were signifi-
cantly reduced in the ALS mice (Figures 3 and  

room temperature, followed by an enhanced 
chemiluminescence assay (Thermo, Rockford, 
IL, USA). All analysis was done in duplicate and 
repeated at least three times. The optical den-
sity of blots was analyzed using Labworks 
Software (Ultra-Violet Products, Cambridge, 
UK).

Immunofluorescence labeling

Frozen sections were rinsed three times with 
0.01 M PBS (pH 7.4), blocked with 10% goat 
serum for 30 min at 37°C. The sections were 
incubated simultaneously with two compatible 
primary antibodies overnight at 4°C. The follow-
ing primary antibodies were applied: mouse 
anti-Wnt5a IgG (1:50; Santa Cruz Biotechnology, 
Inc., USA), rabbit anti-Fzd2 IgG (1:100; Sigma-
Aldrich, Inc., MO, USA), chicken anti-glial fibril-
lary acidic protein (GFAP) IgY (1:1000; Abcam, 
Cambridge, CA, USA), and chicken anti-beta-
tubulin III IgY (1:600; Abcam). The samples 
were soaked for 2 h in 0.01 M PBS (pH 7.4), 
with 0.1% Triton X-100 containing the following 
secondary antibodies: goat anti-mouse IgG 
conjugated to FITC (1:100; Jackson 
ImmunoResearch), goat anti-mouse IgG conju-
gated to TRITC (1:100; ZSGB-BIO), goat anti-
rabbit IgG conjugated to Cy3 (1:100; Jackson 
ImmunoResearch), or goat anti-chicken IgY-
H&L (DyLight 488) (1:500; Abcam). Add 
hoechst33258 (1:1000; Sigma-Aldrich, Inc., 
MO, USA) to redyeing nuclear. Images were 
obtained using a laser scanning confocal micro-
scope. The primary antibody was replaced with 
PBS as a negative control. No specific staining 
was identified in these controls. 

Statistical analysis

Statistical comparisons of data were made with 
one-way ANOVA using SPSS13.0 software. 

Figure 6. Wnt5a and Fzd2 protein expression in primary astrocytes from the spinal cords of adult amyotrophic lateral 
sclerosis (ALS) and wild-type (WT) mice at 1 day of age. Representative immunoblots showed that both (A) Wnt5a 
expression and (B) Fzd2 expression were greater in ALS mice than that in WT mice. GAPDH was used for normaliza-
tion.
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manifestations of ALS are progressive myas-
thenia and general amyotrophy, eventually 
resulting in paralysis and death. The SOD1G93A 
transgenic mouse model was chosen for this 
study because its pathological characteristics 
and clinical manifestations are similar to 
human ALS patients. 

The role of the Wnt signaling pathway 

The Wnt gene plays a role in regulating cell pro-
liferation and differentiation during develop-
ment. The proteins encoded by Wnt are secre-
tory glycoproteins composed of 350–400 
amino acids [8], including a hydrophobic signal 
peptide, containing 23 or 24 conserved cyste-
ine residues. The Wnt proteins can have a para-
crine effect on the membrane receptors of 
adjacent cells or an autocrine effect on their 
own cell membrane receptors. Wnt proteins 
combine with membrane receptors to activate 
intracellular signaling pathways, regulating the 
expression of target genes. The Wnt signaling 
pathway is very important for cell proliferation, 
differentiation, polarization, migration, and 
apoptosis in embryonic development.

Wnt signaling pathways are involved in neuro-
genesis. In mammals, there are 19 Wnt family 
members [9-11], divided into two classes: Wnt1 
and Wnt5a. Wnt1 class proteins, (e.g., Wnt1, 
Wnt2, Wnt3, Wnt3a, Wnt7a, Wnt8b, and 
Wnt10b) transmit signals through β-catenin by 
classical signal transduction. Wnt5a class pro-
teins (e.g., wnt4, Wnt5a, and Wnt11) function 
via a nonclassical signal transduction pathway. 
The changes in expression of Wnt5a and its 
receptor Fzd2 that were observed in the ALS 
transgenic mice in this study suggested the 
relationship between the Wnt signaling path-
way and the pathogenesis of ALS.

Expression of Wnt5a and Fzd2 is changed in 
ALS transgenic mice

Wnt5a regulates distinct signaling pathways by 
binding to Frizzled-2, the Fzd2 gene product 
[12]. Wnt5a is an important member of the Wnt 
gene family located on chromosome 3 (p14.2-
p21.1). It is composed of 1172 adenine, 884 
cytosine, 946 guanine, and 1172 thymine resi-
dues [13]. The growth factor encoded by this 
gene is rich in cysteine, and regulates intercel-
lular signaling during growth and differentiation 
[14, 15]. The Wnt5a proteins of mice and 

5). These differences could be accounted for by 
motor neuron degeneration, necrosis and glial 
cell proliferation in the neurodegenerative dis-
ease that developed in the ALS mice.

Upregulation of Wnt5a and Fzd2 in cultured 
astrocytes 

Western blots of proteins isolated from primary 
astrocyte cultures of newborn mouse spinal 
cord tissue showed that Wnt5a and Fzd2 pro-
tein was higher in the astrocytes from ALS 
transgenic mice than those from wild-type con-
trols (Figure 6A and 6B).

Downregulation of Wnt5a and Fzd2 in trans-
fected NSC-34 cells 

Wnt5a and Fzd2 mRNA and proteins were 
detected in pEGFP-WT-SOD1 and pEGFP-G93A-
SOD1 transfected NSC-34 cells by RT-PCR and 
Western blot (Figure 7A, 7B, 7E, 7F). The NSC-
34 cells that carried the pEGFP-G93A-SOD1 
plasmid had lower levels of Wnt5a or Fzd2 
mRNA and proteins at both 24 and 48 h than 
that in NSC-34 cells transfected with the wild-
type plasmid (P < 0.05, Figure 7C, 7D, 7G, 7H).

Immunofluorescence results showed that 
Wnt5a and Fzd2 expression at 24 h and 48 h 
was decreased in cells transfected with the 
mutant pEGFP-G93A-SOD1 plasmid compared 
to the wild type (Figures 8 and 9). Otherwise, 
the nuclei of pEGFP-G93A-SOD1transfected 
NSC-34 cells appeared pyknotic.

Co-expression of Wnt5a and Fzd2

We used immunocytochemistry to investigate 
the relationship of Wnt5a with Fzd2 in the spi-
nal cords of ALS transgenic mice, the results 
showed that a high concentration of Wnt5a-
positive cells colocalized with Fzd2 in the ven-
tral horns of ALS mice (Figure 10), suggesting 
that Wnt5a and Fzd2 interact in the spinal 
cords of ALS mice.

Discussion

ALS is a relatively common chronic progressive 
degenerative disease of the central nervous 
system. The clinical symptoms result from 
selective impingement of upper and lower 
motor neurons in the spinal anterior horn cells, 
the brain cortex pyramidal cells, corticobulbar 
tracts, and corticospinal tracts. The clinical 
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Figure 7. Downregulation of Wnt5a and its receptor Fzd2 in pEGFP-G93A-SOD1 transfected NSC-34 cells, com-
pared with pEGFP-WT-SOD1 transfected NSC-34 cells at 24 and 48 h incubation. A. Gene expression of Wnt5a was 
lower in pEGFP-G93A-SOD1 transfected cells at both time point than that in pEGFP-WT-SOD1 transfected cells. 
Beta-actin was used for normalization. B. Representative immunoblot showing that Wnt5a expression was lower 
in the pEGFP-G93A-SOD1 transfected NSC-34 cells at both time point than that in pEGFP-WT-SOD1 transfected 
cells. GAPDH was used for normalization. C. Densitometric analysis of RT-PCR results shown in panel (A). Relative 
amounts of Wnt5a were calculated as the ratio Wnt5a to beta-actin densities (n = 6). D. Densitometric analysis of 
blot shown in panel (B). Relative amounts of Wnt5a were calculated as the ratio of Wnt5a to GAPDH densities (n = 
6). E. Gene expression of Fzd2 was lower in the pEGFP-G93A-SOD1 transfected cells at both time points than that 
in pEGFP-WT-SOD1 transfected cells. Beta-actin was used for normalization. F. Representative immunoblot showing 
that Fzd2 expression was lower in the pEGFP-G93A-SOD1 transfected cells at both time point than that in pEGFP-
WT-SOD1 transfected cells. GAPDH was used for normalization. G. Densitometric analysis of the RT-PCR results 
shown in panel (E). Relative amounts of Fzd2 were calculated as the ratio of Wnt5a to beta-actin densities (n = 6). 
H. Densitometric analysis of the immunoblot shown in panel (F). Relative amounts of Fzd2 were calculated as the 
ratio Fzd2 to GAPDH densities (n = 6). 
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family members, and its structure is similar to 
G protein coupled receptors. Seven of the ten 
Frizzled receptors have been identified as Wnt 
receptors in humans and mice [18]. The Fzd2 
protein extracellular N-terminal has a CRD that 

humans are 99% homologous [16, 17]. As with 
other Wnt proteins, Wnt5a has autocrine and 
paracrine cell growth and differentiation signal-
ing, i.e., binding to the Fzd (Frizzled) transmem-
brane receptor. Fzd2 is one of the Frizzled gene 

Figure 8. Wnt5a positive staining detected at 24 and 48 h incubation in NSC-34 cells transfected with pEGFP-WT-
SOD1 and pEGFP-G93A-SOD1 plasmids. Scale bar = 50 μm.
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pathway, Wnt5a can activate both Rac and 
Fzd2, but receptor-tyrosine-kinase-like orphan 
receptor 1 or 2 (Ror1 or Ror2) are required. 
Fzd2 is internalized through a clathrin-mediat-
ed route in response to Wnt5a, and inhibition of 
clathrin-dependent internalization suppresses 
the ability of Wnt5a to activate Rac. Wnt5a can 

activates Wnt signal pathways by combining 
with Wnt ligands. Wnt5a can activate both the 
classical Wnt/beta-catenin signaling pathway 
and the nonclassical beta-catenin-independent 
pathway. The primary mediators of the nonclas-
sical Wnt signal pathway are G protein coupled 
receptors. However, in the nonclassical Wnt 

Figure 9. Fzd2 positive staining detected at 24 and 48 h incubation in NSC-34 cells transfected with pEGFP-WT-
SOD1 and pEGFP-G93A-SOD1 plasmids. Scale bar = 50 μm.
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intact cells, thereby inhibiting the beta-catenin 
pathway [19]. 

The immunofluorescence results showed 
Wnt5a and Fzd2 positive cells in the gray mat-
ter, white matter and central canal of the spinal 

also inhibit Wnt3a-dependent lipoprotein 
receptor-related protein 6 (LRP6) phosphoryla-
tion and beta-catenin accumulation. Fzd2 is 
also required for the Wnt3a-dependent accu-
mulation of beta-catenin, and Wnt5a competes 
with Wnt3a for binding to Fzd2 in vitro and in 

Figure 10. Co-localization of Wnt5a/Fzd2 in the gray matter (GM) and white matter (WM) of wild type (WT) and ALS 
mice. Scale bar = 50 μm.
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mutant SOD1. Such mutated astrocytes may 
release soluble factors to trigger Bax-dependent 
neuronal apoptosis. Culturing activated astro-
cytes with motor neurons from mutant SOD1 
mice in the presence of low nitric oxide concen-
trations can induce motor neuron degenera-
tion, possibly by activating the P57NTR path-
way [26]. 

The study results found that the expression of 
Wnt5a and Fzd2 protein were up-regulated in 
primary cultures of astrocytes from ALS trans-
genic mice. We presumed that overexpression 
of Wnt5a and Fzd2 could regulate Wnt signaling 
pathways and promote astrocyte proliferation 
so as to protect neurons.

Expression of Wnt5a and Fzd2 is down-regulat-
ed in transfected NSC-34 cells 

Development of the NSC-34 cell line by hybrid-
izing mouse neuroblastoma and embryonic 
mouse spinal cord cells to form a motor neu-
ron-like cell line overcame the difficulties of cul-
turing primary motor neurons while retaining 
the original features of primary motor neurons. 
The NSC-34 cell line is commonly used to study 
ALS.

The levels of Wnt5a and Fzd2 mRNA and pro-
tein in pEGFP-G93A-SOD1 transfected NSC-34 
cells were lower at 24 h and 48 h than those 
observed in pEGFP-WT-SOD1 transfected cells. 
It is possible that mutant SOD1-induced neuro-
nal degenerative diseases and accelerated 
neuron apoptosis are associated with reduced 
expression of Wnt5a and Fzd2 proteins. In the 
development of ALS disease, increased expres-
sion of Wnt5a and its receptor Fzd2 are related 
to astrocyte proliferation.

The cause of ALS and its pathogenesis are still 
unclear, and there is no effective treatment. 
Knowing the roles of Wnt5a and Fzd2 in ALS 
may increase the chances of finding effective 
treatments for ALS. Evidence is increasing that 
astrocytes are involved in the development of 
ALS disease. Further research on the biology, 
function, activation mechanisms, and regula-
tion of astrocyte function is needed. 
Transplantation of astrocytes, improving motor 
neuron micro-environment, promoting the sur-
vival of motor neurons and regeneration of neu-
rons may become starting points for ALS 
treatment.

cord in both adult ALS transgenic mice and 
wild-type mice. Within the gray matter, most 
positive cells were neurons and astrocytes in 
the ventral horn. In the white matter, the posi-
tive staining was seen in the neuron axon. 
Significantly more Wnt5a and Fzd2 positive 
cells were seen in the ALS transgenic mice than 
in the wild-type mice. RT-PCR and Western blot-
ting results also found that Wnt5a and Fzd2 
mRNA expression and protein synthesis were 
increased in the 95 day old, 108 day old, and 
122 day old ALS mice, indicating that increased 
expression of Wnt5a and its receptor Fzd2 were 
closely related to development of ALS. Indeed, 
Wnt5a and Fzd2 expression increased in the 
course of ALS development. 

Wnt5a binding to Fzd2 activates the Wnt/Ca2+ 
pathway. Fzd2 induces intracellular Ca2+ release 
mainly by way of G proteins. Signal transmis-
sion could activate downstream target genes to 
cause a series of expression changes, thereby 
promoting the development of ALS. Similar 
interactions of the Wnt/Ca2+ channel and clas-
sical Wnt pathway are known to play a role in 
cell differentiation, maturation, tumorigenesis, 
and development. 

Expression of Wnt5a and Fzd2 is upregulated 
in astrocytes

Astrocytes are the most abundant neuroglial 
cells in the central nervous system (CNS). They 
provide the most nutritional support and pro-
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