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中 文 摘 要 ： 第17型脊髓小腦共濟失調症（SCA17）是由TATA結合蛋白（TBP）基
因中的CAG擴充引起的體顯性神經退化性疾病。 SCA17的神經系統特
徵是Purkinje cell丟失和神經膠質增生。MAPK / ERK訊息路徑牽涉
神經元凋亡。我們先前的研究確定了SCA17小腦中有ERK激活的上升
，因此我們研究ERK激活在SCA17中的角色。我們已經建立帶有109個
CAG重複序列的TBP的SCA17轉基因小鼠。這些小鼠呈現了患者的表型
，非常適合拿來研究SCA17的致病機理。我們以2-8週齡小鼠小腦進
行了Western blot co-immunofluorescent staining分析
ERK，calbindin和gliosis的表達，以了解ERK活化升高與Purkinje
cell退化之間的相關性。行為分析表明，運動失調發生於6週齡而
Purkinje cell的退化發生在4週齡的SCA17小鼠中。也觀察到TBP核
聚集和microgliosis的發生。此外，在6週齡的SCA17小鼠小腦中
，astrocytes和Bergmann glia增生，pERK，Bax / Bcl2和caspase-
3顯著提高。我們的研究顯示，pERK的激活發生在小腦astrocyte和
Bergmann glia中而導致SCA17小鼠gliosis和神經元凋亡。

中文關鍵詞： 第17型小腦萎縮症，ERK，神經退化，細胞凋亡

英 文 摘 要 ： Spinocerebellar ataxia type17 (SCA17) is an autosomal
dominant neurodegenerative disease caused by CAG expansion
in the gene encoding the TATA-binding protein (TBP). The
neurological features of SCA17 are Purkinje cell loss and
gliosis. Mitogen-activated protein kinase/extracellular
signal-regulated kinase (MAPK/ERK) pathways have been
implicated in neuronal apoptosis. Our previous study
identified the elevated ERK activation in the SCA17
cerebella, and we now aim to study the role of ERK
activation in SCA17. We have generated SCA17 transgenic
mice bearing human TBP with 109 CAG repeats. These mice
recapitulate the patients' phenotypes and are suitable for
the study of the SCA17 pathomechanism. Western blot and co-
immunostaining were performed to identify the expression of
ERK, calbindin, and gliosis markers on the mouse cerebellum
at 2-8 weeks old to elucidate the correlation between
elevated ERK activation and Purkinje cell degeneration.
Behavior analyses showed that the motor incoordination was
initiated in SCA17 mice at 6 weeks old. We found that the
degeneration of Purkinje cells occurred in the SCA17 mice
at 4 weeks old. The presence of TBP nuclear aggregation and
microglia activation were also observed at that point.
Moreover, gliosis of astrocytes and Bergmann glia, pERK,
Bax/Bcl2 ratio, and caspase-3 were significantly increased
in the 6-week-old SCA17 mouse cerebellum. Our study
suggests that the activation of pERK contribute to the
elevated gliosis and the neuronal apoptosis in the SCA17
mice.

英文關鍵詞： SCA17; ERK; gliosis; neurodegeneration; apoptosis



1. Introduction 

   Spinocerebellar ataxia type 17 (SCA17) is an autosomal dominant 

neurodegenerative disease caused by CAG/CAA expansion in the TATA-box binding 

protein (TBP) gene on chromosome 6q27 (Koide et al., 1999). TBP protein is a major 

transcription initiation factor, and the repeats expansion results in transcriptional 

dysregulation and neuronal cell loss (Bruni et al., 2004; Nakagami et al., 2001). The 

Purkinje cell integrates input and output information and is the sole output of the 

cerebellar cortex; therefore, the loss of Purkinje cells causes severe cerebellar 

dysfunction (Abrams and Zhang, 2011; Witter et al., 2016). The clinical symptoms of 

SCA17 include ataxia, spasticity, dystonia, chorea, and cognitive decline (Nakamura, 

2001; Schols et al., 2004). The neurological features of SCA17 are cerebellar atrophy, 

Purkinje cell loss, and gliosis (Friedman et al., 2007; Toyoshima et al., 2004). 

In general, glial cells are known to support, insulate, and protect neurons in the 

internal brain regions. Moreover, glial cells also can be regulated into an active form 

and respond like an immune system to remove dead neurons in the brain (Allen and 

Lyons, 2018; Neumann, 2001). Many studies suggest that overactivation of the glial 

cells causes inflammation, leads to gliosis, and induces neural death in the case of 

neurodegenerative disease (Block and Hong, 2005). It has been demonstrated that 

gliosis occurs in the brain regions of SCA 1, 2, 3, 6, 7, and 17 patients (Schols et al., 

2004). Astrogliosis in neurodegenerative disease is identified when the numbers and 

morphology of astrocytes are changed and associated with the increase of GFAP 

expression (Pekny and Pekna, 2016). In the postmortem cerebella of SCA17 patients, 

gliosis in the dentate nucleus and molecular layers of the cerebellum as well as 

Purkinje cell loss accompanied by Bergmann gliosis was observed (Fujigasaki et al., 

2001). In the study using cellular and animal models of SCA1, it was suggested that 

Bergmann glial cells facilitated the neuronal cell degeneration by releasing a high 



level of S100 calcium-binding protein B (S100B) to mediate the toxicity/solubility of 

ataxin-1 in SCA1 disease (Vig et al., 2011). The activation of ERK (one of the 

Mitogen-activated protein kinases, MAPKs) in the rat primary astrocytes was 

associated with astrogliosis, and inhibition of the ERK signal diminished the 

neuroinflammation (Park et al., 2009). In the LPS-induced BV-2 cellular model and 

the MPTP-induced PD mice, the amelioration of active microglia by 

anti-inflammation treatment occurred through the inhibition of the TLR/NF-κB and 

MAPK pathways (Yang et al., 2019). Our previous work found that activated 

astrocytes and microglia cells occurred in the SCA17 mouse cerebellum at 12 weeks 

of age (Chang et al., 2011). We have also shown that the behavior deficit and TBP 

aggregation of SCA17 mice were ameliorated by reducing the gliosis in the SCA17 

mouse cerebellum (Chen et al., 2015). 

MAPKs mediate a wide variety of cellular signals, including cell proliferation and 

differentiation (Assimakopoulou et al., 2007; Haines et al., 2015; Lim et al., 2008). 

The MAPK pathway also plays a vital role in apoptosis and inflammation (Widmann 

et al., 1999). Apoptosis is a controlled process in which a cascade of proteins is 

activated in the damaged cells and this activation results in inducing the Bax protein, 

a pro-apoptotic protein, and in decreasing the anti-apoptotic protein such as Bcl2 

(Elmore, 2007). Our previous results showed a higher pERK level in the SCA17 

transgenic mice compared to the wild-type mice at 8 weeks of age, but not at 4 weeks 

of age (Chang et al., 2011; Chang et al., 2016). In this study, we elucidated the 

correlation between ERK activation and gliosis and its significance in SCA17 

pathogenesis. 

We found that the Purkinje cells were decreased in the SCA17 mouse cerebellum at 

4 weeks of age; however, the width and length of the Purkinje cell neurites were not 

degenerated until 6 weeks of age. Meanwhile, the impairment of motor behavior, the 



activation of the astrocytes and microglia cells, and the expression of activated ERK 

were observed at 6 weeks of age in the SCA17 mice. Furthermore, our results suggest 

that Purkinje cell death was induced by the apoptosis pathway through which 

upregulation of the Bax/Bcl2 ratio and caspase-3 occurred. Taken together, our 

findings suggest that the activation of PERK may contribute to gliosis and Purkinje 

cell degeneration via the apoptosis pathway in SCA17 mice. 

 

2. Materials and Methods 

2.1. Ethics statement and Animals 

   SCA17 transgenic mice were generated in the FVB background that expresses 

human TBP with 109 CAG repeats (hTBP-109Q) driven by pcp2/L7 promoter (Chang 

et al., 2011). Transgenic mice used in the study were bred by crossing heterozygous 

male mice to wild-type female mice (FVB/NJNarl, NALC, Taipei, Taiwan). The mice 

were housed with abundant food and water in a 12-h light/dark cycle in an 

Individually Ventilated Cage (IVC) system (LASCO, Taiwan). All of the animal 

experimental procedures were handled following the guidelines approved by the 

Institutional Animal Care and Use Committee of National Taiwan Normal University 

(No. 106043), Taipei, Taiwan. For genotyping, DNA extracted from the mouse tail 

was PCR analyzed with the primers Pcp2/L7 (5’-TATGGTGAGAGCAGAGATGG-3’) 

and TBP3R (5’-CTGCTGGGACGTTGACTGCTG-3’). A 769-bp product was 

amplified under the conditions of 94°C, 60 s for denaturing, 68°C, 60 s with -0.1°C 

touchdown in each cycle for annealing, and 72°C, 60 s for elongation for 35 cycles. 

 

2.2. Behavioral analysis 

2.2.1. Rotarod task 

   The motor coordination of SCA17 transgenic mice and their wild-type littermates 



was evaluated by the rotarod (UGO, Basile, Italy) task when the mice were 4, 6, 8, 10, 

and 12 weeks old, respectively. The mice were handled 2 min per day for 2 days 

before the task to reduce their anxiety. The experiment started with a pretraining 

session in which the mice were habituated on the rod for 60 s. The mice were then 

trained at 4 rpm for 60 s, and this was repeated 3 times with a 10-min interval. The 

mice were tested under the condition of accelerating speed from 4 rpm to 30 rpm for 

the first 5 min and 30 rpm for the next 5 min. The rotarod task was conducted for 2 

days with 3 trials per day and the latency to fall was recorded. The latencies of six 

trials were averaged as the performance of each mouse (n=13/group). 

 

2.2.2. Footprint analysis 

   We performed gait analysis to assess the ataxia of the mice by using the CatWalk 

XT system (Noldus, Wageningen, Netherlands). The mice were placed in the glass 

walkway and allowed to walk in an unforced manner 3 times a day at 8 and 12 weeks 

of age. The regularity index, which measures the base of support (BOS) of the paw 

and print position, was evaluated for each mouse (n=18, the 8-week-old group; n=13, 

the 12-week-old group). The regularity index was used to measure the inter-paw 

coordination. The BOS of the paw is the distance between the two front or hind paws; 

the print position is the distance between the position of the hind paw and the position 

of the previously placed front paw on the same side (ipsilateral) of the same step 

cycle. 

 

2.3. Western blot analysis 

   Mouse cerebellar tissues were homogenized in RIPA (1 mg/ml, 0.15 M NaCl, 

0.005 M EDTA at pH 8.0, 1 M Tris at pH 7.5, 0.1% SDS, 1% DOS, and 1% NP40) 

containing 1% protease inhibitor (Thermo, MA, USA) and 1% phosphatase inhibitor 



(Sigma, MO, USA) by homogenizer (Next Advance, NY, USA) with zirconium oxide 

(ZrO2) beads. The homogenized proteins were divided into two parts. One was 

centrifuged at 13,400 g (Eppendorf 5415R, Hamburg, Germany) for 20 min at 4℃, 

and the other was kept as an insoluble fraction without having been centrifuged. The 

protein concentration was measured using a BCA kit (Thermo). The protein samples 

were separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and 

transferred to a polyvinylidene fluoride (PVDF) membrane (Merck Millipore, CA, 

USA). Western blots were probed with anti-calbindin (1:1000; Santa Cruz, TX, USA), 

TBP (1:1000; Santa Cruz, TX, USA), GFAP (1:1000; Millipore), Iba1 (1:1000; Wako, 

Osaka, Japan), ERK (1:1000; Cell Signaling, MA, USA), pERK (1:1000; Cell 

Signaling), Bax (1:500; Santa Cruz, TX, USA), Bcl2 (1:500; Santa Cruz, TX, USA), 

caspase-3 (1:500; Novus, CO, USA), GAPDH (1:5000, Arigo, Hsinchu, Taiwan) and 

β-actin (1:5000; Millipore), and secondary antibodies, horseradish peroxidase 

(HRP)-linked anti-goat IgG (1:5000; Santa Cruz, TX, USA), and anti-rabbit or mouse 

IgG (1:10,000, GE Healthcare, IL, USA). The protein was visualized using an 

enhanced chemiluminescence kit (Millipore) and detected by the LAS 4000 image 

system (Fujifilm, Tokyo, Japan). 

 

2.4. Immunohistochemistry and Immunofluorescence staining 

  The mice were anesthetized with avertin (0.4 g/kg body weight), perfused with 

saline, and fixed with 4% paraformaldehyde (PFA). The cerebellum was post-fixed in 

4% PFA for 4 h, followed by 10% sucrose solution for 1 h, 20% sucrose solution for 2 

h, and 30% sucrose solution for 16-18 h at 4°C. The cerebellum was cut into 30-μm 

sections (CM3050S, Leica, Nussloch, Germany). 

  For immunohistochemistry staining, the cerebellar sections were incubated in 3% 

H2O2 to remove endogenous peroxidase and blocked with 5% normal serum, 



incubated with primary antibodies, anti-GFAP (1: 1000; Millipore), S100β (S100 

calcium-binding protein B; S100B) (1: 1000; Sigma), and Iba1 (1:1000; Wako, Osaka, 

Japan), and secondary antibody (1:500; DAKO, Carpinteria, CA, USA). The images 

were captured with a microscope (SP2, Leica). The intensity of the signal was 

calculated by Image J (n=3-4/group). 

For immunofluorescence staining, the cerebellar sections were blocked by 10% 

horse serum and incubated with primary anti-calbindin (1:1000; Santa Cruz, TX, 

USA), inositol 1,4,5-triphosphate receptor 1 (IP3R1) (1:1000; Santa Cruz, TX, USA), 

TBP (1:30000; Santa Cruz, TX, USA), GFAP (1:1000; Millipore), S100β (1:1000; 

Sigma), pERK (1:500; Cell Signaling) and caspase-3 (1:200; Novus) and secondary 

antibody (1:500; Alexa Fluor®  dye-conjugated donkey anti-mouse, rabbit or goat IgG, 

Invitrogen, Carlsbad, CA, USA). Sections were then stained with 

4’,6-diamidino-2-phenylindole (DAPI, 1:5000, Sigma) and detected using a confocal 

microscope (LSM880, ZEISS, Germany). The numbers or intensity of the signals 

were calculated by Zen (n=3/group). 

 

2.5. Statistical analysis 

All data were represented as means ± standard deviation. Student’s t-test was used 

to compare between each group and the control group. P < 0.05 was considered 

significant. 

 

3. Results 

3.1. SCA17 transgenic mice show behavior impairment 

We previously identified that SCA17 mice presented a motor-function deficit and 

gait incoordination at 2 and 3 months old, respectively (Chang et al., 2011). However, 

we found a decreased density of Purkinje cells at 1 month of age in these SCA17 mice 



(Chang et al., 2011). Hence, we used several behavior tasks to clarify whether the gait 

ataxia occurred at an earlier age in SCA17 mice. First, we used hind-limb clasping to 

assess the procession of cerebellar ataxias (Guyenet et al., 2010). There was no 

difference from 4 to 12 weeks of age between SCA17 transgenic (TG) mice and their 

wild-type (WT) littermates (data not shown). We next performed the rotarod task that 

has been widely used to evaluate motor coordination. No difference was identified in 

the rotarod performance at 4 weeks of age; however, a significant deficit in the motor 

function of SCA17 mice was observed at 6 weeks of age (Fig. 1A). We also analyzed 

the gait pattern by using the footprint test. The BOS between the hind limbs and the 

step-sequence regularity index were used to measure the changes in the posture and 

inter-limb coordination, respectively (Wang et al., 2012). The BOS of the hind limbs 

of the SCA17 mice was longer than that of the WT mice at 8 and 12 weeks of age 

(Figs. 1B-C). In addition, the 12-week-old SCA17 mice also showed abnormal 

step-sequence patterns (Fig. 1D) and more-extended print positions of both paws 

(Figs. 1E-F). These data suggest the SCA17 mice showed the impairment in motor 

coordination at 6 weeks old, but the abnormality in their subtle gait patterns did not 

occur until they were 12 weeks old.



 

Fig. 1. Behavior analyses of SCA17 mice show motor deficits. (A) The motor 

coordination and balance of mice were evaluated by accelerating rotarod for two 

consecutive days from 4 to 12 weeks of age. n=13/group. (B-C) Analysis of the base 



of support (BOS, the average width between two hind paws) of mice using a 

footprinting tracking system. The results of BOS at 8 (B) and 12 (C) weeks of age, 

respectively. n=18, the 8-week-old group; n=13, the 12-week-old group. (D) Result of 

examination of the step sequence regularity to evaluate the intercoordination of 4 feet 

of mice at 12 weeks old. (E-F) The print positions of the right (E) and left (F) paws of 

mice at 12 weeks old. Values represent means ± S.E.M. *P < 0.05, **P < 0.01, ***P < 

0.001. 

 

3.2. SCA17 mice show neuronal degeneration in the cerebella 

We further investigated whether the neuropathology of the SCA17 mice occurred 

in conjunction with the behavior impairment. We found that the expression of the 

Purkinje cell marker calbindin was significantly reduced in the 6- and 8-week-old 

SCA17 mice compared to their WT littermates (Figs. 2A–B). Severe Purkinje cell 

degeneration in the SCA17 mouse cerebellum at 8 weeks of age was confirmed by 

immunofluorescent staining with calbindin (Fig. 2C). The 4-fold magnification of Fig. 

2C showed a significant reduction of Purkinje cell numbers and the molecular layer 

width of TG mice compared to the WT littermates at 4 weeks of age (Figs. 2D–F). 

Abnormal polyQ aggregation has been known to induce neuronal death in polyQ 

diseases. Using Western blot analysis, we found that TBP aggregation in the stacking 

gel was significantly increased in the SCA17 mouse cerebellum compared to the WT 

mice at 4 weeks of age (Figs. 2G–H). TBP accumulation in the SCA17 mouse 

cerebellum was observed by immunofluorcent staining at 8 weeks of age (Fig. 2I). 

Therefore, our data suggest that the abnormal TBP aggregates and Purkinje cell loss 

occur in the early-symptomatic stage in the SCA17 mice. 



 



Fig. 2. SCA17 mice showed TBP aggregation and Purkinje cell degeneration. (A) 

Western blot analysis of calbindin (Purkinje cell marker) in mouse cerebellum of 

4-8-weeks old SCA17 and WT littermates. (B) Quantification of western blot data of 

calbindin expression in SCA17 and WT mice. (C) The immunostaining shows the 

cerebellar morphology and size of the 8-week-old SCA17 and control littermate mice. 

Scale bar = 1000 μm. (D) Immunostaining of cerebellar lobe of SCA17 and WT mice 

at 4-8 weeks old. Scale bar = 50 μm. (E) Purkinje cell counts of the cerebellar lobes in 

mice at 4-8 weeks old. (F) The width of molecular layer (ML) of SCA17 and WT 

mice at 4-8 weeks old. (G) Western blot analysis of TBP aggregates in 2-8 weeks old 

of mice. (H) The quantitative result of (G) shows TBP aggregation in SCA17 and WT 

mice at 2-8 weeks old. (I) TBP aggregation in the SCA17 and WT cerebella with 

immunostaining. n=3/group. Scale bar = 50 μm. Values represent means ± S.E.M. *P 

< 0.05, **P < 0.01, ***P < 0.001. 

 

 

3.3 SCA17 mice show gliosis in the cerebella 

  It has been demonstrated that glial cells are involved in supporting and protecting 

neural cells in both the central and peripheral neuronal systems (Allen and Lyons, 

2018; Suzumura, 2013). Glial cell activation, a primary response to damaged neurons, 

exerts a neuroprotective effect (Aldskogius, 2001; Neumann, 2001). However, the 

activated glial cells under the persistent stimulus of abnormal protein aggregation are 

implicated in producing the neurotoxic factors and result in the process of neuronal 

death in neurodegenerative diseases (Glass et al., 2010). To analyze the glial cell 

activation after the Purkinje cell degeneration in the SCA17 mice, we examined the 

levels of astrocytes, microglia, and Bergmann glia. From the results of 

immunohistochemical and Western blot analyses, we found the expression level of 



Iba1 (a common marker of microglia) and the number of microglia were similar for 

both the WT and SCA17 mice (Figs. 3A–D), while the number of activated microglia 

in the mouse cerebellum was significantly higher in the SCA17 mice than in the WT 

mice at 4 weeks of age (Figs. 3C–D). In addition, a significantly higher level of 

astrocytes was identified in the SCA17 cerebella compared to the level in WT mice at 

6 and 8 weeks of age (Figs. 3F–J). We also found that, compared with the WT mice, 

the number of Bergmann glia significantly increased in the SCA17 mice from 6 to 8 

weeks of age (Figs. 3K–M). According to these data, we concluded that SCA17 mice 

showed gliosis initiated at 4–6 weeks of age. 

 



 

Fig. 3. The gliosis in SCA17 mouse cerebellum. Mouse cerebellar proteins and 

sections were stained with Iba1, GFAP and S100β antibodies respectively to present 

microglia, astrocyte and Bergmann glia. (A) Western blot analysis of Iba1 level at 4-8 

weeks old. (B) Quantification result of (A) shows the Iba1 expression level between 

Iba1 



SCA17 and WT mice. (C) IHC analysis of Iba1 in SCA17 and WT mice at 4 weeks 

old. arrows, actived microglia; arrowhead, resting microglia. Scale bar = 100 μm. (D) 

Quantification of the active microglia in 4-week-old SCA17 and WT mice. (E) 

Western blot analysis of GFAP levels in 4-8 weeks old mice. (F) The quantification of 

GFAP level of western blot at 4-8 weeks old. (G) IHC analysis of GFAP level in 

SCA17 and WT mouse cerebellum at 4-8 weeks old. Scale bar = 100 μm. (H) The 

enlarged view of images of (G) at 8-week-old. (I) The quantitative results of GFAP 

positive cells in SCA17 and WT mouse cerebellum at 4-8 weeks old. (J) IHC analysis 

of S100β of mouse cerebellum at 4-8 weeks old. Scale bar = 100 μm. (K) The 

enlarged view of 8-week-old images from (J). (L) The quantitative results of S100β 

positive cells in SCA17 and WT mouse cerebellum at 4-8 weeks old. n=3-4/group. 

Values represent means ± S.E.M. *P < 0.05, **P < 0.01, ***P < 0.001. 

 

3.4. ERK activation is upregulated in the glial cells of SCA17 mice 

It has been shown that the overactivation of glial cells induces neuroinflammation 

and activates the MAPK pathway (Park et al., 2009). We previously found that the 

ERK was highly activated in the post-symptomatic stage of the SCA17 mouse 

cerebellum (Chang et al., 2011). To elucidate the significance of ERK activation, we 

examined the temporal profile of ERK activation in the SCA17 cerebella. Compared 

to the WT mice, a significantly higher level of PERK was identified in the SCA17 

mice at 6 weeks of age (Figs. 4A–B). 

 

  Furthermore, we used immunofluorescent staining to examine the localization of 

activated ERK. We found that PERK was significantly increased in the astrocytes and 

Bergmann glial cells of the SCA17 mice at 6 weeks of age, but the activated ERK was 

rarely in the Purkinje cells but mostly in the astrocytes and Bergmann glia (Figs. 4C–



F). We speculated that activated ERK presented in the glial cells might be involved in 

the process of gliosis in the SCA17 mice. 

 

 

Fig. 4. Activated ERK was increased in the glial cells of SCA17 mice. (A) Western 

blot analysis of pERK in SCA17 and WT mice at 4-8 weeks old. (B) The quantitative 

results of pERK in SCA17 and WT mice at4-8 weeks old. The active ERK was 

localized in the astrocytes (C) and Bergmann (D) glial cells. Scale bar = 100 μm. 

Counts of double-labeled cells for pERK and GFAP (E) and S100β (F) in SCA17 and 

WT mice at 4-8 weeks old. Arrows represent glial cells which expressing pERK. 

n=3/group. Values represent means ± S.E.M. *P < 0.05, **P < 0.01, ***P < 0.001. 



3.5. Activation of the apoptosis pathway is involved in Purkinje cell death 

  To investigate whether Purkinje cell death occurs via the apoptotic pathway, we 

examined the molecular markers of the apoptosis. Some studies showed that the 

upregulation of Bax and downregulation of Bcl2 protein levels lead to the 

degeneration of neurons (Jaisin et al., 2018; Wu et al., 2013). We found that the 

Bax/Bcl2 ratio was significantly increased in the SCA17 cerebella compared with the 

WT mice at 6 and 8 weeks of age (Figs. 5A–B). The higher Bax/Bcl2 ratio is usually 

associated with the activation of caspase-3 (Carange et al., 2011; Kudo et al., 2012; 

Liu et al., 2018; Nakagami et al., 2001). We examined the caspase-3 expression level 

and determined that the caspase-3 level was higher in the SCA17 mice than in the WT 

mice at 6 weeks of age (Figs. 5C–D). 

 

We used immunostaining to further identify the localization of the signal of 

caspase-3. Our results showed that the signals of caspase-3 were mainly present in the 

Purkinje cells of the SCA17 mice at 6 and 8 weeks of age (Figs. 5E–G). These data 

suggest that the caspase-3-mediated apoptotic pathway was involved in the Purkinje 

cell death of the SCA17 mice. 

 



 

Fig. 5. Apoptotic signals in mouse cerebellum. (A) Western blot analysis of Bax and 

Bcl2 in SCA17 and WT mice at 4-8 weeks old. (B) The ratio of Bax/Bcl2 in SCA17 

mice and WT mice at 4-8 weeks old. (C) Western blot analysis of caspase3 in SCA17 



and WT mice at 4-8 weeks old. (D) The expression of caspase3 in SCA17 and WT 

mice at 4-8 weeks old. (E) Immunostaining of caspase3 in SCA17 and WT mice at 

4-8 week old. (F) The enlarged view of (E) at 8-week-old mice, which shows 

caspase3 signals in Purkinje cells of mouse cerebellum. Scale bar =100 μm. (G) 

Quantification of caspase3 signals in SCA17 and WT at 4-8 weeks of age. n=3/group. 

Values represent means ± S.E.M. * p < 0.05, ** p < 0.01. 

 

4. Discussion 

Purkinje cell loss, cerebellar atrophy, and neuroinflammation are hallmarks of 

SCA17 disease and result in behavior impairment and cognitive deficit (Teive, 2009); 

however, the molecular pathogenesis remains uncertain. Our study of the SCA17 

transgenic mice found that TBP aggregation, microglia activation, and Purkinje cell 

degeneration appeared in the SCA17 mice at 4 weeks old. We corroborated that a 

higher level of PERK was localized in the astrocytes and Bergmann glial cells of the 

6-week-old SCA17 mice. Meanwhile, the SCA17 mice showed cerebellar 

neuroinflammation and behavior impairment. Finally, the activation of the Bax/Bcl2 

ratio and caspase-3 in 6- and 8-week-old SCA17 TG mice was significantly increased 

in Purkinje cells compared to the activation in the WT mice, and this led to Purkinje 

cell apoptosis. 

It was reported that patients with SCA17 disease have slowly progressive ataxia 

(Mehanna and Itin, 2013). The rotarod test, a forced motor performance test, is 

frequently used to assess neurodegenerative disorders (Ibrahim et al., 2017; O'Leary 

et al., 2018), while footprint analysis is a non-stress test that is widely used to detect 

abnormal gait (Wang et al., 2012); it is a sensitive, precise, and objective way to 

assess subtle motor impairment (Stroobants et al., 2013). Our study showed that 

motor incoordination of SCA17 mice was observed at the early-symptomatic stage (6 



weeks) by using the rotarod task, and the abnormal gait was detected by footprint 

analysis at a later stage (8–12 weeks). The possible reason for this is that SCA17 mice 

failed to stay on the rod at the early stage of disease onset in the compelled exercise, 

and their progressively subtle gait disturbances were manifested through the normal 

walking test as the condition worsened. 

Purkinje cells are neurons developed postnatally, with the morphology and the 

function maturing at postnatal (P) days 18–90 (McKay and Turner, 2005). Apoptosis 

of developmental Purkinje cells is a way to remove abnormal cells and construct 

neuronal connectivity to form the neuronal network (Dusart and Flamant, 2012). In 

the mouse brain, the cell death of developmental Purkinje neurons was present during 

P0–9, and no dying Purkinje cells could be detected in P11–15 (Jankowski et al., 

2009). At a later stage, Purkinje neurons might face an apoptosis wave owing to 

environmental stress. It has been suggested that in the central neural system, 

inflammation may contribute to neuron loss in neurodegenerative diseases through the 

phagocytic activity of microglia (Neher et al., 2012). Our study showed that the 

presence of TBP aggregation, microglia activation, and a decrease in Purkinje cell 

numbers occurred in 4-week-old SCA17 mice. This suggests that TBP aggregation in 

Purkinje cell nuclei facilitates greater phagocytic activity of microglia, resulting in a 

decrease in Purkinje cell numbers. 

Furthermore, the level of Purkinje cell degeneration in the SCA17 mice increases 

with disease progression as shown by the more severe reduction of Purkinje cell 

numbers (Figs. 2A–E) and the molecular layer (Fig. 2F) in the 6- and 8-week-old 

SCA17 mice compared to the 4-week-old SCA17 mice. The astrogliosis and 

Bergmann gliosis (Figs. 3E–L) as well as the onset of motor incoordination (Fig. 1A) 

were also observed at the same age in SCA17 mice. 

A number of histological examinations of SCA17 patients have identified neuronal 



loss and gliosis in several sites of the CNS, including the cerebella (Bruni et al., 2004; 

Lasek et al., 2006; Toyoshima et al., 2004). These results suggest that 

neuroinflammatory processes are involved in the pathogenesis of SCAs. It is known 

that gliosis can be divided into microgliosis, astrogliosis, and Bergmann gliosis 

(Ishikawa et al., 1999; Streit et al., 2004). The proliferation of microglia, astrocytes, 

and Bergmann gliosis was widely seen. Microglia also show its activation by 

increasing the soma size (Aldskogius, 2001; Cai et al., 2014; Vig et al., 2011). Our 

study showed no significant difference in the microglial numbers, while the number 

of microglial soma in the SCA17 mice was higher than in the WT mice at 4 weeks old 

(Figs. 3C and 3E), suggesting that more of the microglia were activated in SCA17 

mice than in their WT littermates. Moreover, the phenomena of astrogliosis and 

Bergmann gliosis are well known to result in neuroinflammation and 

neurodegeneration (Block and Hong, 2005; Fujigasaki et al., 2001; Vig et al., 2011). 

We further found that the pERKsignal was mostly colocalized with astrocytes and 

Bergmann cells. We suggest that pERK may contribute to the activation of astrocytes 

and Bergmann glial cells in SCA17 mice. 

In this study, we examined the apoptosis in SCA17 mice and found that the 

elevated ratio of Bax/Bcl2 was associated with the increase of caspase-3, which could 

lead to Purkinje cell death in the SCA17 mice. Evidence has shown that the early 

expression of reactive glial cells was observed and related to neuronal cell loss in the 

SCA1 animal model (Cvetanovic et al., 2015). It was reported that the retinal neuronal 

cell death is dependent on retinal proliferative gliosis through the ERK pathway 

(Sardar Pasha et al., 2017). It was also shown that spinal-cord-injury-induced 

proliferation of reactive astrocytes in the lesion correlated with the increase in the 

expression and phosphorylation of ERK (Ito et al., 2009). Our study showed similar 

results, with glial activation, Purkinje cell death, and motor impairment being 



identified at 6 weeks of age in the SCA17 mice. 

We conclude that abnormal TBP aggregation induced the mild Purkinje cell loss in 

the early-symptomatic stage. The aggregation may have facilitated the activation of 

astrocytes and Bergmann glia via the ERK signal, leading to astrogliosis and 

Bergmann gliosis in the SCA17 mice. The phenomenon of gliosis of astrocytes and 

Bergmann glia enhanced the neuroinflammation and the death of Purkinje cells 

through the elevation of the Bax/Bcl2 level and activated caspase (Supplementary Fig. 

1). These findings may provide new insight into SCA17 disease therapy. 

 

 

 

Fig. 6. The proposed scheme of neuroinflammation and Purkinje cell 

neurodegeneration in SCA17 mice according to the data from this study and literature 

review. Abnormal TBP aggregation leads induces the gliosis and neuroinflammation 

via ERK signal. Furthermore, apoptotic signals are induced in SCA17 mice and result 

in Purkinje cell death and motor incoordination. 
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科技部補助專題研究計畫出席國際學術會議心得報告 

                      日期： 108  年 5 月 10日 

 

一、參加會議經過 

The 14th International Conference on Alzheimer’s and Parkinson’s Diseases was held 

in Lisbon, Portage in March 26 – 31, 2019. There are over 3,800 participants from 

more than 73 different countries. More than 2200 abstracts were submitted into the 

conference.  

The scientific program is enriching and stimulating. During the conference, 7 plenary 

lectures, 75 symposia, and 12 industrial symposia were arranged in 6 different 

auditoria. One of the plenary lectures was talk by the Nobel laureate speaker Thomas 

C. Sudhof from USA, who got the 2013 Nobel Prize in Physiology/Medicine. He 

change his topic and talked about apoE in Alzheimer’s disease (AD). ApoE in the 

brain was identified as risk factor of AD. In their study they made IPS 

transdifferentiation into neurons and astrocytes. They found that astrocytes but not 

neurons which express apoE, which stimulate ERK, DLK and FKK pathways. They 

further cultured the neuron in a conditional media from the apoE-astrocytes activate 

MAPK and increase the APP transcription in an order of E4>E3>E2 order of apoE.  

There were many impressive talks including the plenary lectures given by Dr. 

Christian Haass「TREM2 – from basic mechanisms to human patients」. TREM2 is a 

transmembrane protein. The TREM2 (T66M) mice was generated by CRISPR Cas9 

and were crossed with APP/PS mice. A plaque seeding is increased in the absence of 

functional TREM2. Increased seeding is accompanied by decreased microglial 

clustering around newly seeded plaques and reduced plaque associated apoE. PET 
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image showed accelerated amyloidogenesis in TREM2 loss of function mutants at 

early stage. The PLENARY lecture by Dr. Rachelle Doody 「What works and doesn’t 

work in AD? 」She reviewed the clinical trials using antibodies of A and concluded 

that treatments with effects in both therapy and brain protection will be necessary for 

an intervention works at all stages.   

The plenary lecture by Dr. Glenda Halliday「Role of -synuclein and lessons learned 

from the brain」. Their studies showed that -synuclein existed in restricted cell types. 

Only certain types of glia are vulnerable to lewy pathology. The assessment of the 

timing of spread of pathology reveals an extremely slow pace of relatively restricted 

regional Lewy body involvement in PD, suggesting either regional and/or cell specific 

selectivity. The role of glia has been relatively neglected in assessing these 

mechanisms but more glia have increased alpha-synuclein than neurons and recent 

evidence has identified immune-related receptors as potentially important. 

In addition, there were many symposia giving experimental results about the A 

fragmentation. It seemed the size of A has a wide range. Furthermore, we usually 

use mouse model in our experiments, I noticed that the model we used, 3TG AD mice 

was not used much in general. I think most of the lab may have the same experience 

as us, the phenotype of 3TG mice is too mild to be an idea model for the lab. I also 

found the 5xFAD mice were quite popular for many studies. We may think about to 

change our mouse model to the mice. 

My poster「ERK activation in Purkinje cell loss of mice with Spinocerebellar ataxia 

type 17」is posted on 3/27-3/28.  During the periods of coffee break and lunch time, I 

explained the findings of our research to many interested participants, and also read 

many other posters and exchange techniques and knowledge with the other poster 

presenters. 

 

二、與會心得 

The conference is well organized, and all the auditoria are quite equipped to show 

nice and clear presentation. Plenty of assistant personnel were arranged to solve 

problems on site at any time. The participants of the conference are mainly medical 

staff, and many keynote speeches are mainly based on clinical patients. Participating 

in this conference allows the basic researchers like us to have more opportunity to 

know the current clinical neurological diseases, so that future research content is more 

in line with the needs of clinical patients.  

In addition, several major pharmaceutical companies, such as Lilly and Pfizer were 

present in this exhibitor with their booth theme is not based on product marketing, but 



rather showed their efforts in drug development for neurological diseases. Which 

greatly enhance the image of the exhibitors, this is also a marketing strategy worth 

learning. During the conference, we also communicated with the participants from 

Taiwan and all over the world, which help us to expand the network of contacts, and 

exchange research experience and experimental skills. 

 

三、發表論文全文或摘要 

ERK activation in Purkinje cell loss of mice with Spinocerebellar ataxia type 17  

 

Hsiu-Mei Hsieh1, Chia-Wei Lin1, Ya-Chin Chang2  

1. Department of Life Science, National Taiwan Normal University  

2. Department of Pharmacy, Taiwan Adventist Hospital 

 

Objectives Spinocerebellar ataxia type 17 (SCA17) is an autosomal dominant 

neurodegenerative disease caused by CAG expansion in gene of TATA-binding 

protein (TBP). The neurological feature of SCA17 is Purkinje cell loss and gliosis. 

MAPK pathways have been implicated in neuronal apoptosis, we aim to study the role 

of MAPK in SCA17. Methods We have generated SCA17 transgenic mice bearing 

human TBP with 109 CAG repeats. These mice recapitulate the patients’ phenotypes 

and are suitable for the study of SCA17 pathomechanism. Western blot, 

co-immunostaining, and primary culture analyses were performed to identify the 

expression of MAPK, calbindin, and gliosis markers on mouse cerebellum at 2-8 

weeks old to elucidate the correlation of MAPK and Purkinje cells degeneration. 

Results We found the degeneration of Purkinje cells occurs in the transgenic mice 

since 6 weeks old. The presence of gliosis and TBP nuclear aggregation was also 

observed since then. Moreover, a higher expression of pERK, cleaved caspase3 and 

Bax/Bcl2 ratio were significantly increased in the 6 week-old SCA17 mouse 

cerebellum. Conclusions Our study suggests that the activation of pERK is in 

astrocytes and Bergmann glial cells and may contribute to the elevated gliosis and the 

neuronal apoptosis in the SCA17 mouse cerebellum.   

 

四、建議 

The conference provides an excellent opportunity for scientist and graduate students 

to learn the most updated technology and knowledge in Neuroscience, especially the 

Alzheimer’s and Parkinson’s diseases. Participants communicate during the meeting 

about their experience. Scientists and graduate students who are working on 

Neuroscience are highly suggested to go to this meeting. 
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