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Abstract
Background/Aims: Huntington’s disease (HD) is a heritable neurodegenerative disorder, and 
there is no cure for HD to date. A type of fibroblast growth factor (FGF), FGF9, has been 
reported to play prosurvival roles in other neurodegenerative diseases, such as Parkinson’s 
disease and Alzheimer’s disease. However, the effects of FGF9 on HD is still unknown. With 
many similarities in the cellular and pathological mechanisms that eventually cause cell death 
in neurodegenerative diseases, we hypothesize that FGF9 might provide neuroprotective 
functions in HD. Methods: In this study, STHdhQ7/Q7 (WT) and STHdhQ111/Q111 (HD) striatal knock-
in cell lines were used to evaluate the neuroprotective effects of FGF9. Cell proliferation, cell 
death and neuroprotective markers were determined via the MTT assay, propidium iodide 
staining and Western blotting, respectively. The signaling pathways regulated by FGF9 were 
demonstrated using Western blotting. Additionally, HD transgenic mouse models were 
used to further confirm the neuroprotective effects of FGF9 via ELISA, Western blotting and 
immunostaining. Results: Results show that FGF9 not only enhances cell proliferation, but also 
alleviates cell death as cells under starvation stress. In addition, FGF9 significantly upregulates 
glial cell line-derived neurotrophic factor (GDNF) and an anti-apoptotic marker, Bcl-xL, and 
decreases the expression level of an apoptotic marker, cleaved caspase 3. Furthermore, FGF9 
functions through ERK, AKT and JNK pathways. Especially, ERK pathway plays a critical role 
to influence the effects of FGF9 toward cell survival and GDNF production. Conclusions: 
These results not only show the neuroprotective effects of FGF9, but also clarify the critical 
mechanisms in HD cells, further providing an insight for the therapeutic potential of FGF9 in 
HD.
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Introduction

Fibroblast growth factors (FGFs) are important growth factors for physiological 
systems, and play critical and multifunctional roles during development, tumorigenesis, 
neuronal systems and disease progressions [1-6]. FGF9, originally discovered from a human 
glioma cell line, is one member of FGF family, and displays similar structure of heparin binding 
polypeptides with other FGF members [7-9]. In brain, FGF9 differentially expresses and 
highly influences the functional development in different brain regions [10-12], suggesting 
FGF9 signaling plays an important role for brain development and functions.

FGF9 has been reported to involve in neuronal disorders [13, 14]. In neurodegenerative 
diseases, FGF9 signaling has been reported to affect cellular or pathological features in 
Alzheimer’s disease (AD) and Parkinson’s disease (PD) [5, 15-17]. For example, FGF9 is 
surrounding senile plaques in AD brain [15, 18]. In PD models, FGF9 provide neuronprotective 
effects from apoptosis through γ-glutamylcysteine synthetase and heme oxygenase 1 
expression [5, 16]. These suggest the involvement of FGF9 signaling in neuropathology and 
disease progression of AD and PD. Since neurodegenerative diseases share certain similar 
characteristics, it strongly suggests FGF9 pathway might also play an important role in other 
neurodegenerative diseases, such as Huntington’s disease (HD).   

HD is one of neurodegenerative diseases, and is caused by the expansion of CAG repeats 
in the exon 1 region of Huntingtin(HTT) gene [19]. The mutant and misfolded HTT results 
in the formation of oligomers, and finally develops to pathological characteristics, including 
nuclear, intranuclear and neuropil aggregates [20]. The symptoms of this disease include 
motor and cognitive dysfunctions, such as emotional disturbances, mental deterioration, 
chorea and dystonia [20, 21]. To date, there is no cure for this disease; as a result, those 
patients suffer unimaginable pain till death.

FGF signaling has been reported to involve in the pathogenesis of HD [22-26]. Especially, 
FGF2 is most studied among members of FGF family, and it shows the functions of enhancing 
neurogenesis and survival rate in striatal regions [24, 26]. Most importantly, FGF2 signaling 
not only improves neuropathological characteristics, but also alleviates longevity in HD 
transgenic mice [26]. These results suggest the important role of FGF signaling in HD. Since 
FGF family shares several similar signaling pathways and there is no study addressing on the 
effects of FGF9 on HD, we hypothesize FGF9 might also provide neuroprotective functions in 
HD. In this study, we used HD striatal cell lines to investigate the effects of FGF9, and showed 
the anti-apoptotic functions dominantly through the specific signaling pathway.   

Materials and Methods

Cells and treatments 
STHdhQ7/Q7(Q7) and STHdhQ111/Q111(Q111) striatal cells expressing full-length wild 

type HTT with 7 CAG (Q) repeats (homozygous) and full length mutant HTT with 111Q 
(homozygous), respectively, were used in this study [27]. Cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM) (Gibco) supplemented with 10% (v/v) fetal bovine serum 
(FBS, Hyclone), L-glutamine (2 mM), penicillin (100 U/mL, Gibco), streptomycin (100 U/mL, 
Gibco) and G418 (350 µg/mL, MDBio) at 33°C in humidified condition and 5% CO2. To treat 
cells with FGF9, cells were starved overnight using the medium with 1% (v/v) FBS, added 
FGF9 (R & D Systems) and then cultured for 48 hours. To treat U0126 (Promega), cells were 
pretreated with U0126 (10 µM) 30 minutes before FGF9 treatments, and then cultured for 
48 hours. Cells were fixed or collected for the further examinations. 

Western blotting 
Cell and brain tissue samples were lysed using a sonicator (Qsonica), and then subjected 

to Sodium dodecyl sulfate polyacrylamide gel electrophoresis (Bio-Rad). Separated proteins 
were transferred onto PVDF membranes (Bio-Rad), and then hybridized with primary 
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antibodies, including pAKT (Abcam; 1:1,000 dilution), tAKT(Abcam; 1:4,000 dilution), pJNK 
(Cell Signaling; 1:1,000 dilution), tJNK (Cell Signaling; 1:2,000 dilution), pERK (Cell Signaling; 
1:1,000 dilution), tERK (Cell Signaling; 1:2,000 dilution), GDNF (Abcam; 1:1000 dilution), 
BcL-xL (Cell Signaling; 1:1,000 dilution), Cleaved caspase-3 (Cell Signaling; 1:500 dilution), 
FGF9 (Abcam; 1: 1,000 dilution) and γ-tubulin (Sigma; 1:10,000 dilution) antibodies. Protein 
expression levels were determined by an Amersham ECL kit (PerkinElmer) through an 
imaging system (ChampGel), and expression profiling was quantitated by ImageJ system 
(NIH).

Propidium iodide (PI) staining 
Q7 and Q111 cells were seeded in 96-well plates with different treatments, and then 

subjected for PI staining to determine cell apoptosis 48 hours after treatments. 50 µL of 
PI (1 µg/mL, Sigma) was added to each well, and incubated for 15 minutes in the dark at 
room temperature. Medium was gently removed, and Hoechst 33342 (1 µg/mL, Sigma) 
was added to the cells to stain the nucleus. These cells were then incubated in the dark at 
room temperature for 20 minutes, and fluorescence images were captured using a DMi8 
fluorescent microscope (Leica) with a Metamorph software. ImageJ system (NIH) was used 
to count PI positive cells and nuclear Hoechst signals.

Enzyme-linked immunosorbent assay (ELISA)
Brain tissues were lysed using a sonicator (Qsonica), and then centrifuged to obtain 

the supernatants. The protein concentration of supernatants were determined by 
Bradford method, and equal amounts of protein were subjected to a FGF9 enzyme-linked 
immunosorbent assay (R&D Systems) according to manufacturer’s protocol. The FGF9 
concentration was detected by an ELISA reader.

MTT Assay
Q7 and Q111 cells were seeded in 96-well plates with different treatments as described 

above. Cell proliferation was assessed by adding 50 µL of 3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide (MTT, Calbiochem, 0.5 mg/mL) into each well, and then 
incubated in the dark at 33°C for 4 hours. After incubation, medium and MTT reagent were 
gently removed and 50µL Dimethyl sulfoxide (DMSO, Amresco) was added to each well 
to solubilize the MTT-formazan crystals. The plates were shaken for 20 minutes at room 
temperature, and subjected for an ELISA reader.

Transgenic mice
The transgenic mice used in this study include R6/2 [28] and Ubi-G-HTT84Q transgenic 

mice [29]. The animal protocol was approved by the Institutional Animal Care and Use 
Committee at National Cheng Kung University, Taiwan. HD R6/2 mice carry truncated exon1 
with expanded polyQ under control of a HTT promoter. Ubi-G-HTT84Q transgenic mice carry 
the expanded polyQ in truncated exon 1 of HTT gene fused with green fluorescence protein 
(GFP) gene under control of a human ubiquitin promoter.

Statistical Analyses 
Data are presented as mean ± standard error of mean (SEM). Student’s t-test was 

used to compare differences between two different groups, and one-way analysis of 
variance (ANOVA) for more than two different groups using commercial statistical software 
(GraphPad Prism 4.02). Tukey’s post-hoc test was used to test differences among different 
groups. Statistical significance was set at P<0.05.

Results

To understand the effects of FGF9 on HD, we used STHdhQ7/Q7 (Q7; normal control) 
and STHdhQ111/Q111 (Q111; HD model) striatal cells derived from wild-type and Hdh(Q111) 

http://dx.doi.org/10.1159%2F000491889


Cell Physiol Biochem 2018;48:605-617
DOI: 10.1159/000491889
Published online: July 18, 2018 608
Yusuf et al.: Neuroprotective Effects of FGF9 in Huntington’s Disease

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Fig. 1. FGF9 increases cell proli-
feration in Q7 and Q111 cells. Q7 
and Q111 cells were treated with 
different concentration of FGF9 for 
48 hours, and subjected for a MTT 
assay. (A) Images show the cell mor-
phology of Q7 (top panel) and Q111 
(bottom panel) cells under trans-
mission light. (B) MTT assays show 
the significant increase of cell pro-
liferation after FGF9 treatments in 
two cell lines. * represents P<0.05. 
N=3.

Fig. 2. FGF9 alleviates cell death in 
Q7 and Q111 cells. Q7 and Q111 cells 
were treated with FGF9 (50 ng/mL) 
for 48 hours, and subjected for the 
PI staining. (A) Fluorescence images 
show the death of cells (red) with 
or without FGF9 treatments. Blue 
color represents Hoechst staining. 
(B) Quantitation results show the 
suppression of cell death rate after 
FGF9 treatments in Q7 and Q111 
cells. * represents P<0.05. N=6.

knock-in mice, respectively , as our models [27]. Since FGF9 is an important growth factor 
for development and tumorigenesis [1-6], we first examine whether FGF9 could stimulate 
cell proliferation in these two cell lines. We treated cells with different concentration 
of FGF9 (50 ng/mL and 100 ng/mL), cultured for 48 hours, and then subjected to the 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. As shown in 
Fig. 1A, the higher density of Q7 and Q111 cells was observed after the treatment of FGF9 
compared to that of vehicle controls, and quantitation results showed either 50 ng/mL or 
100 ng/mL of FGF9 could enhance cell proliferation (Fig. 1B), suggesting FGF9 could play a 
role of growth factor in HD striatal cell lines.

The Q111 cells have been reported to be vulnerable to cell death under exogenous 
stress [30]. Therefore, we are curious about whether FGF9 could diminish cell death of 
these striatal cell lines under exogenous stress. We cultured Q7 and Q111 cells with 1% fetal 
bovine serum (FBS), and examined cell death with or without FGF9 treatments. After 2-day 
culture under starvation condition, we observed the signals of cell death using Propidium 
iodide (PI) staining in these two cell lines (Fig. 2A). As we treated cells with FGF9, the cell 
death rate was significantly decreased in Q7 and Q111 cells (Fig. 2A and 2B). In addition, 
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Fig. 3. FGF9 decrea-
ses the expression 
level of c-Cas3 and 
increases the expres-
sion level of Bcl-xL in 
Q7 and Q111 cells. Q7 
and Q111 cells were 
treated with FGF9 
(50 ng/mL) for 48 
hours, and subjected 
for Western blotting. 
(A) Western blotting 
was performed using 
c-Cas3 and Bcl-xL 
antibodies. g-tubulin 

Fig. 4. Similar expression levels of endogenous 
GDNF in Q7 and Q111 cells. Q7 and Q111 cells were 
cultured for 48 hours, and subjected for Western 
blotting. (A) Western blotting was performed using 
a GDNF antibody. g- tubulin was used as an internal 
control. (B) Quantitation results show there is no 
difference of GDNF expression in Q7 cells and Q111 
cells. N=3.

was used as an internal control. (B) Quantitation results show the suppression of c-Cas3 after FGF9 treat-
ments in Q7 and Q111 cells. (C) Quantitation results show the increase of Bcl-xL after FGF9 treatments in 
Q7 and Q111 cells. * represents P<0.05. ** represents P<0.01. N=3.

we also extracted cell protein from these 
cells, and determined the expression of 
cleaved caspase 3 (c-Cas3, an apoptosis 
marker) and B-cell lymphoma-extra large 
(Bcl-xL, an anti-apoptosis marker) proteins. 
Since we observed less PI-positive signal as 
we treated cells with FGF9 (Fig. 2), we also 
detected lower expression level of c-Cas3 
and higher expression level of Bcl-xL in FGF9 
treated cells (Fig. 3A). Quantitated results 
from these Western blotting showed that 
FGF9 could significantly suppress the c-Cas3 
level (Fig. 3B) and increase Bcl-xL level (Fig. 
3C). These suggest FGF9 not only increases 
cell proliferation, but also provides certain 
unknown functions against cell death.      

Glial cell-derived neurotrophic factor 
(GDNF) has been reported to be functional 
against neurotoxicity in HD Q111 cells [31]. 
Since we observed FGF9 suppresses the cell 
death in these HD cells, we further determine 
the expression level of GDNF after the FGF9 
treatment. We first compared the expression 
of endogenous GDNF in Q7 and Q111 cells without treatments, showing similar expression 
level of GDNF (Fig. 4). In Q7 cells, higher trend of GDNF expression was detected in FGF9 
treated cells, but there was no significant difference (Fig. 5A and 5C). However, the expression 
level of GDNF was significantly increased in Q111 cells after FGF9 treatment (Fig. 5B and 
5D), suggesting FGF9 enhances cell survival through increased level of GDNF in HD cells.

FGF9 has physiological functions through several down-stream pathways, such as 
Protein Kinase B (AKT), extracellular signal–regulated kinases (ERK) and c-Jun N-terminal 
kinases (JNK) signals [32]. In order to identify the critical pathways for beneficial effects 
of FGF9 in HD, we examine the activation profiling of AKT, ERK and JNK pathways after 
the treatment of FGF9. We collected cell samples at 0, 15, 30 and 60 minutes after FGF9 
treatment, and subjected samples for Western blotting using specific antibodies. In AKT 
signaling, phosphorylated AKT was significantly increased in Q7 (Fig. 6A) and Q111 cells (Fig. 
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Fig. 5. FGF9 increases the expression le-
vel of GDNF in Q7 and Q111 cells. Q7 and 
Q111 cells were treated with FGF9 (50 ng/
mL) for 48 hours, and subjected for Western 
blotting. (A and B) Western blotting was 
performed using a GDNF antibody in Q7 (A) 
and Q111(B) cells. γ- tubulin was used as 
an internal control. (C and D) Quantitation 
results show the increased trend of GDNF 
expression in Q7 cells(C) and significant in-
crease of GDNF in Q111 cells (D) after FGF9 
treatments. * represents P<0.05. N=3.

Fig. 6. FGF9 activates AKT signaling in Q7 
and Q111 cells. Q7 and Q111 cells were 
treated with FGF9 (50 ng/mL) for 0, 15, 30 
and 60 minutes, and subjected for Western 
blotting. (A and B) Western blotting was 
performed using pAKT and tAKT antibodies 
in Q7(A) and Q111(B) cells. g- tubulin was 
used as an internal control. (C and D) Quan-
titation results show the activation of pAKT 
after normalization by tAKT in Q7 cells(C) 
and Q111 cells (D) after FGF9 treatments. 
Different characters on different bars in-
dicate statistically significant difference  
(P<0.05). N=3.

6B) after FGF9 treatments for 15 minutes, and the phosphorylated status was maintained for 
30 minutes and significantly decreased after 60 minutes in both cell lines (Fig. 6C and 6D). 
In ERK signaling, the increased trend of phosphorylated ERK was observed in Q7 cells after 
treatment of FGF9, but it did not reach significant difference after the statistical analyses (Fig. 
7A and 7C). However, in Q111 cells, the increase of phosphorylated ERK was significantly 
and highly displayed at 15 minutes and maintained for 30 minutes after the treatments of 
FGF9 (Fig. 7B and 7D). As to JNK signaling, FGF9 could significantly activate the expression 
of phosphorylated JNK after 15-minute treatment in Q7 (Fig. 8A and 8C) and Q111 (Fig. 8B 
and 8D) cells, but the signaling was decreased soon after 30-minute treatment. These results 
suggest FGF9 activates AKT, ERK and JNK pathways to enhance cell survival in HD cell lines. 

Based on the above study of signal transduction, we found the activation of ERK 
signaling is the most significant one (Fig. 7). As a result, we speculate the ERK signaling is the 
dominant pathway to enhance the expression of GDNF, further facilitating cell survival in HD 
cells. Using U0126 (an ERK inhibitor), we tried to block the ERK pathway and examine cell 
survival rate via the PI staining. As shown in Fig. 9A, FGF9 decreased the signal of PI staining 
in Q7 and Q111 cells, whereas U0126 reversed this protective effect to lead to more death 
signal. Quantitated results also showed U0126 significantly blocked the anti-death function 
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Fig. 7. FGF9 activates ERK signaling in 
Q111 cells. Q7 and Q111 cells were tre-
ated with FGF9 (50 ng/mL) for 0, 15, 30 
and 60 minutes, and subjected for Western 
blotting. (A and B) Western blotting was 
performed using pERK and tERK antibo-
dies in Q7(A) and Q111(B) cells. g- tubulin 
was used as an internal control. (C and D) 
Quantitation results show the activation of 
pERK after normalization by tERK in Q111 
cells (D), but not in Q7 cells(C) after FGF9 
treatments. Different characters on diffe-
rent bars indicate statistically significant 
difference (P<0.05). N=3.

Fig. 8. FGF9 activates JNK signaling in Q7 
and Q111 cells. Q7 and Q111 cells were 
treated with FGF9 (50 ng/mL) for 0, 15, 30 
and 60 minutes, and subjected for Western 
blotting. (A and B) Western blotting was 
performed using pJNK and tJNK antibo-
dies in Q7 (A) and Q111 (B) cells. g- tubulin 
was used as an internal control. (C and D) 
Quantitation results show the activation 
of pJNK after normalization by tJNK in Q7 
cells(C) and Q111 cells (D) after FGF9 tre-
atments. Different characters on different 
bars indicate statistically significant diffe-
rence (P<0.05). N=3.

Fig. 9. FGF9 alleviates cell death through 
the ERK signaling in Q7 and Q111 cells. 
Q7 and Q111 cells were pretreated with 
U0126 (U) and then treated with FGF9 (50 
ng/mL) for 48 hours. Cells were fixed and 
subjected for the PI staining. (A) Fluore-
scence images show the death of cells (red) 
after different treatments as indicated. 
Blue color represents Hoechst staining. 
(B and C) Quantitation results show the 
blockage of FGF9 effects on cell survival 
after the U0126 treatment in Q7 (B) and 
Q111(C) cells. * represents P<0.05. N=8.

of FGF9 in both cell lines (Fig. 9B and 9C). We further confirmed the expression level of 
anti-apoptosis marker, Bcl-xL, and found U0126 did suppress the expression level of Bcl-xL 
induced by FGF9 in both cell lines (Fig. 10A and 10B). In addition, since we confirmed FGF9 
could increase the expression of GDNF (Fig. 5), we also examined the role of ERK signaling 
in the production of GDNF. In Q7 cells, slight decrease of GDNF expression was observed 
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Fig. 10. FGF9 alters expression 
levels of Bcl-xL and GDNF through 
the ERK signaling in Q7 and Q111 
cells. Q7 and Q111 cells were pre-
treated with U0126 (U) and then 
treated with FGF9 (50 ng/mL) for 
48 hours. Cell samples were sub-
jected for the Western blotting. 
(A) Western blotting was perfor-
med using Bcl-xL and GDNF anti-
bodies. g- tubulin was used as an 
internal control. (B and C) Quan-
titation results show the blocka-
ge of FGF9 effects on increase of 

Fig. 11. Lower expression level of FGF9 in R6/2 
HD transgenic mice. Cortex samples from R6/2 HD 
transgenic mice were subjected to Western blotting. 
(A) Western blotting using cortex samples from 
R6/2 HD transgenic and wild-type (WT) mice at 3.5 
months of age shows lower expression level of FGF9 
in R6/2 HD transgenic mice. (B) Quantitation results 
show the expression of endogenous FGF9 is lower in 
R6/2 HD transgenic mice. * represents P<0.05.

Fig. 12. Lower expression level of FGF9 in Ubi-G-HT-
T84Q HD transgenic mice. Cortex samples from Ubi-
G-HTT84Q HD transgenic mice at 5 months of age 
were subjected to an ELISA assay, showing the lo-
wer expression level of FGF9 in Ubi-G-HTT84Q mice 
compared to that of Ubi-G-HTT19Q control mice at 5 
months of age. * represents P<0.05.

Bcl-XL (B) and increase of GDNF (C) after the U0126 treatment in Q7 and Q111 cells. * represents P<0.05. 
N=8-10.

after the treatment of U0126 (Fig. 10A and 
10C); however, U0126 did also significantly 
suppress the expression of GDNF in Q111 
cells. Combining these results, it shows 
FGF9 dominantly provides anti-apoptotic 
functions through the ERK signaling.

Last, we are curious about the FGF9 
expression profiling in vivo. Two transgenic 
mouse models were used in this study, 
including R6/2 [28] and Ubi-G-HTT84Q 
transgenic mice [29]. First, the cortex samples 
of R6/2 and wild-type mice were collected 
at 3.5 months of age (end stage for R6/2 
transgenic mice), and subjected to Western 
blotting. As shown in Fig. 11A and 11B, lower 
expression level of FGF9 was displayed in the 
brains of R6/2 transgenic mice.  In Ubi-G-
HTT84Q transgenic mice before the onset, 
lower expression level of FGF9 was also 
detected in brains of Ubi-G-HTT84Q mice 
using enzyme-linked immunosorbent assay 
(ELISA) compared to that of Ubi-G-HTT19Q 
control mice (Fig. 12). These results suggest 
the deficit of FGF9 expression in brains of HD 
transgenic mice in vivo.     

Discussion

HD is a neurodegenerative disease, 
and is still without any absolute remedy; 
therefore, it is necessitating huge research 
efforts into developing a therapeutic 
solution. In this study, we show that FGF9 
enhances cell proliferation, increases cell 
survival, suppresses caspase-3 activation 
and upregulates Bcl-xL in HD striatal cells. In 

http://dx.doi.org/10.1159%2F000491889


Cell Physiol Biochem 2018;48:605-617
DOI: 10.1159/000491889
Published online: July 18, 2018 613
Yusuf et al.: Neuroprotective Effects of FGF9 in Huntington’s Disease

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Fig. 13. FGF9 increases the expression level of 
GDNF and decreases the TUNEL signals in R6/2 
transgenic mice. Stereotaxical injection was per-
formed using FGF9 lentiviruses in striatum of 
R6/2 HD transgenic mice at 2 months of age. Im-
munofluorescence staining shows the over-ex-
pression of FGF9 protein (Flag, Green, left pa-
nel), higher expression of GDNF (GDNF, Red) and 
lower signal of cell death (TUNEL, Green, right 
panel) after injection of FGF9 viruses compared 
to those of sham controls. Blue color represents 
Hoechst staining.

addition, we also show that FGF9 upregulates one neurotrophic factor, GDNF, and activates 
AKT, ERK and JNK signaling. Especially, we demonstrate that neuroprotective effect induced 
by FGF9 is dominantly mediated through ERK signaling. These results show not only one 
of FGF9 regulatory pathways for neuroprotection, but also an insight for the therapeutical 
strategy toward HD.  

FGF signaling has been reported to involve in the pathogenesis of HD [22-26]. Especially, 
FGF2 is most studied among members of FGF family, and it shows the functions of enhancing 
neurogenesis and survival rate in striatal regions, further ameliorating neuropathological 
aggregates, motor symptoms and lifespan in R6/2 HD transgenic mice [24, 26]. Since FGF2 
and FGF9 share several receptors, such as FGFR3, it highly suggests FGF2 and FGF9 may 
lead to similar protective effects. Indeed, in this study, we observed FGF9 increases cell 
proliferation and suppresses cell death in HD striatal cell lines (Fig. 1-3), suggesting FGF9 
might also provide protective functions similar in FGF2 studies in vivo. Due to limited HD 
mice we have, we tried a preliminary study to stereotaxically inject FGF9 lentiviruses into 
striatum of HD transgenic mice, showing FGF9 could increase the expression level of GDNF 
and decrease cell death in HD mice (Fig. 13). We will further confirm these results, and 
also generate FGF9 transgenic mice to examine the effects of FGF9 in HD in vivo via genetic 
experiments.

Neurotrophic factors play a vital role in the development and maintenance of vertebrate 
nervous system, regulating neuronal survival, and synaptic functions and plasticity [33]. The 
withdrawal of neurotrophic support has been increasingly implicated in the pathogenesis of 
neurodegenerative diseases [33-35]. A particular neurotrophic factor, GDNF, has been linked 
with different neurodegenerative diseases, such as PD, AD and HD [36-38]. In our study, we 
observed FGF9 could significantly enhance the expression level of GDNF in Q111 cells, but 
not in Q7 cells, through the ERK signaling (Fig. 7 and 10). These suggest the specific role of 
FGF9 to generate GDNF under the HD condition. Since GDNF has been reported to ameliorate 
pathological and behavioral phenotypes in different models of HD [37, 39, 40], the specific 
functions of FGF9 to generate GDNF may be applied for potential therapy, even applying to 
other neuronal diseases.

MAPK-ERK, PI3-AKT and JNK signaling cascades are the most commonly reported 
pathways employed by FGFs [41]. Our data is attuned as we show that FGF9 significantly 
activates ERK, AKT and JNK predominantly peaking after 15 minutes of FGF9 treatment 
and subsequently declining in Q111 cells (Fig. 6, 7 and 8). These results are consistent 
with earlier reports [32, 42], indicating the activation of these pathways induced by FGF9 
could be common mechanisms in different tissues. In addition, the phenomenon of rapid 
and short-lived activation followed by decline of these signaling pathways indicates that 
FGF9 could only transiently activate these pathways and is tightly regulated by the feedback 
mechanisms [41, 43-45]. Furthermore, different responses to FGF9 were observed between 
Q7 and Q111 cells, such as the phosphorylation of ERK (Fig. 7), suggesting Q111 cells under 
the HD condition may have different regulatory responses against disease progression. 
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Therefore, long-term effects, side effects and disease-specific phenotypes from FGF9 should 
be longitudinally examined.        

In previous reports, dysregulation of ERK signaling is observed in HD, and activation of 
ERK pathway provides beneficial function in HD [46]. In our result, we found the activation 
of ERK signaling is the most significant response after the FGF9 treatment (Fig. 7), and 
suppression of this ERK pathway could abolish the protective effects (Fig. 9 and 10). These 
support the neuroprotective role of FGF9 in HD through ERK. In addition, ERK signaling is 
required for the expression of GDNF in spermatogonial stem cells [47]. In our study, we also 
observed suppression of the ERK pathway inhibited the expression level of GDNF in Q111 
cells, but not in Q7 cells (Fig. 10), suggesting ERK signaling is also critical for the production 
of GDNF in the HD cells. Again, since GDNF has been reported to provide beneficial effects 
on HD [40] and other neurodegenerative diseases [48], FGF9 might also be able to provide 
neuroprotective functions through ERK signaling in other neuronal diseases.

Based on the knowledge we have, there is no study focusing on FGF9 and HD till now 
although there are some reports or database indicating abnormal expression of FGF9 in 
HD [49, 50]. In this study, we showed FGF9 could provide anti-apoptosis functions through 
ERK, AKT and JNK pathways in HD, and ERK signaling is a critical regulatory mechanism to 
affect the expression of GDNF and resulting cell survival rate. Since this is a proof of concept 
study and preliminary data in vivo showing FGF9 could suppress the cell apoptosis in HD 
transgenic mice, we will further use genetic methods to examine the effects of FGF9 on HD 
in vivo. With the achievement of this study, we wish to provide an insight for the potential 
therapy in HD.    
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