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中 文 摘 要 ： 背景：多麩醯胺仲介的第三型脊髓小腦運動失調症(SCA3)起因於
ATXN3基因編碼區中CAG三核苷酸重複序列擴增突變。錯誤摺疊及聚
集的ATXN3多麩醯胺蛋白導致的毒性增添，為主要的致病機轉，並伴
隨活性氧化物的增加及細胞毒性。發炎是氧化壓力的一種表現形式
，發炎的過程會進一步誘導氧化壓力及降低細胞的抗氧化能力。
SCA3病患橋腦可觀察到活化的星狀細胞及微膠細胞，顯示發炎作用
參與了致病機轉。
目的：我們先前於LPS活化小鼠RAW 264.7巨噬細胞的研究，發現化
合物NC009-1、AM404、VB-037、LM-031具抗發炎性。本研究以小鼠
BV-2/人類HMC3微膠細胞，及發炎刺激的人類SH-SY5Y ATXN3/Q75細
胞，評估這些化合物的抗發炎性及神經保護性，來發展SCA3治療策
略。
方法：BV-2及HMC3微膠細胞以待測化合物前處理8小時後，以LPS及
/或IFN-γ活化微膠細胞20小時，再以形態觀察、CD68/MHCII染色、
培養基中NO/TNF-α/IL-1β的生成量或微膠細胞中Iba1/CD68表現量
檢測，來評估待測化合物的抗發炎性。此外，以BV-2制約培養液或
IFN-γ，刺激維生素A酸分化、待測化合物前處理的SH-SY5Y
ATXN3/Q75細胞，藉檢測細胞存活情形、凋亡蛋白酶1活性及培養液
中LDH釋放量，來評估待測化合物神經保護作用。
結果：在檢測的4種化合物中，化合物AM404及LM-031具自由基捕捉
活性。在LPS/IFN-γ活化的小鼠BV-2微膠細胞中，四種化合物皆可
抑制一氧化氮生成。在IFN-γ活化的人類HMC3微膠細胞中，四種化
合物亦皆可降低培養液中一氧化氮/IL-1β的生成及CD68表現。在發
炎刺激的人類SH-SY5Y ATXN3/Q75細胞中，NC009-1、AM404、VB-
037或LM-031可減緩降低的細胞存活，及降低增加的凋亡蛋白酶1活
性及釋放到培養液中的LDH量。
結論：本研究結果顯示化合物NC009-1、AM404、VB-037、LM-031可
能藉標的神經性發炎，來修改SCA3進程。

中文關鍵詞： 第三型脊髓小腦運動失調症、ATXN3/Q75、NC009-1、AM404、VB-
037、LM-031、抗發炎

英 文 摘 要 ： Background: Polyglutamine (polyQ)-mediated spinocerebellar
ataxia type 3 (SCA3) is caused by expansion of CAG repeats
in the ATXN3 gene. The misfolding and aggregation of polyQ-
expanded ATXN3 protein result in a gain of toxicity that
are central to pathogenesis and a concomitant increase in
ROS level and cellular toxicity. Inflammation is one of the
manifestations of oxidative stress and inflammatory process
may further induce oxidative stress and reduce cellular
antioxidant capacity. Increased numbers of reactive
astrocytes and microglia were found in SCA3 pons,
suggesting the involvement of inflammatory processes in the
disease pathogenesis.
Purpose: Previously we identified compounds NC009-1, AM404,
VB-037 and LM-031 with anti-inflammatory potential using
LPS-activated mouse RAW 264.7 macrophages. In this study,
the anti-inflammatory potentials and neuroprotective



effects of these compounds were assessed by using mouse BV-
2/human HMC3 microglia and inflammation-stimulated human
SH-SY5Y ATXN3/Q75 cells to offer a new drug development
avenue of SCA3 treatment.
Methods: BV-2 and HMC3 microglia were pretreated with test
compounds for 8 h followed by activated with LPS and/or
IFN-γ for 20 h. The anti-inflammatory potentials of these
compounds were assessed by morphology examination,
CD68/MHCII stain, NO/TNF-α/IL-1β production in cultured
medium or Iba1/CD68 expression. In addition, retinoic acid
differentiated SH-SY5Y ATXN3/Q75 cells were pretreated with
test compounds followed by stimulation with BV-2
conditioned medium or IFN-γ. The neuroprotective effects
of these compounds were evaluated by measuring cell
survival, caspase 1 activity and LDH release.
Results: Among the four test compounds, AM404 and LM-031
exhibited some radical scavenging activity. In LPS/IFN-γ
activated mouse BV-2 cells, all four test compounds
displayed anti-inflammatory activity by suppressing NO
production. In IFN-γ-activated human HMC3 cells, the four
test compounds also displayed anti-inflammatory activity by
suppressing NO/IL-1β production in cultured medium and
CD68 expression. In inflamed human SH-SY5Y ATXN3/Q75 cells,
the decreased cell survival and increased caspase 1
activity and LDH release were mitigated by the treatment
with NC009-1, AM404, VB-037 or LM-031.
Conclusion: Our results demonstrate the potential of NC009-
1, AM404, VB-037 and LM-031 for modifying SCA3 progression
by targeting neuroinflammation.

英文關鍵詞： spinocerebellar ataxia type 3, ATXN3/Q75, NC009-1, AM404,
VB-037, LM-031, anti-inflammation
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摘要 

背景：多麩醯胺仲介的第三型脊髓小腦運動失調症(SCA3)起因於ATXN3基因編碼區中

CAG三核苷酸重複序列擴增突變。錯誤摺疊及聚集的ATXN3多麩醯胺蛋白導致的毒性

增添，為主要的致病機轉，並伴隨活性氧化物的增加及細胞毒性。發炎是氧化壓力的一

種表現形式，發炎的過程會進一步誘導氧化壓力及降低細胞的抗氧化能力。SCA3病患

橋腦可觀察到活化的星狀細胞及微膠細胞，顯示發炎作用參與了致病機轉。 

目的：我們先前於LPS活化小鼠RAW 264.7巨噬細胞的研究，發現化合物NC009-1、

AM404、VB-037、LM-031具抗發炎性。本研究以小鼠BV-2/人類HMC3微膠細胞，及發

炎刺激的人類SH-SY5Y ATXN3/Q75細胞，評估這些化合物的抗發炎性及神經保護性，

來發展SCA3治療策略。 

方法：BV-2及HMC3微膠細胞以待測化合物前處理8小時後，以LPS及/或IFN-γ活化微膠

細胞20小時，再以形態觀察、CD68/MHCII染色、培養基中NO/TNF-α/IL-1β的生成量或

微膠細胞中Iba1/CD68表現量檢測，來評估待測化合物的抗發炎性。此外，以BV-2制約

培養液或IFN-γ，刺激維生素A酸分化、待測化合物前處理的SH-SY5Y ATXN3/Q75細胞，

藉檢測細胞存活情形、凋亡蛋白酶1活性及培養液中LDH釋放量，來評估待測化合物神

經保護作用。 

結果：在檢測的4種化合物中，化合物AM404及LM-031具自由基捕捉活性。在LPS/IFN-γ

活化的小鼠BV-2微膠細胞中，四種化合物皆可抑制一氧化氮生成。在IFN-γ活化的人類

HMC3微膠細胞中，四種化合物亦皆可降低培養液中一氧化氮/IL-1β的生成及CD68表

現。在發炎刺激的人類SH-SY5Y ATXN3/Q75細胞中，NC009-1、AM404、VB-037或LM-031

可減緩降低的細胞存活，及降低增加的凋亡蛋白酶1活性及釋放到培養液中的LDH量。 

結論：本研究結果顯示化合物NC009-1、AM404、VB-037、LM-031可能藉標的神經性

發炎，來修改SCA3進程。 

 

關鍵詞：第三型脊髓小腦運動失調症、ATXN3/Q75、 NC009-1、AM404、VB-037、

LM-031、抗發炎 
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Abstract 

Background: Polyglutamine (polyQ)-mediated spinocerebellar ataxia type 3 (SCA3) is 

caused by expansion of CAG repeats in the ATXN3 gene. The misfolding and aggregation of 

polyQ-expanded ATXN3 protein result in a gain of toxicity that are central to pathogenesis 

and a concomitant increase in ROS level and cellular toxicity. Inflammation is one of the 

manifestations of oxidative stress and inflammatory process may further induce oxidative 

stress and reduce cellular antioxidant capacity. Increased numbers of reactive astrocytes and 

microglia were found in SCA3 pons, suggesting the involvement of inflammatory processes 

in the disease pathogenesis. 

Purpose: Previously we identified compounds NC009-1, AM404, VB-037 and LM-031 with 

anti-inflammatory potential using LPS-activated mouse RAW 264.7 macrophages. In this 

study, the anti-inflammatory potentials and neuroprotective effects of these compounds were 

assessed by using mouse BV-2/human HMC3 microglia and inflammation-stimulated human 

SH-SY5Y ATXN3/Q75 cells to offer a new drug development avenue of SCA3 treatment. 

Methods: BV-2 and HMC3 microglia were pretreated with test compounds for 8 h followed 

by activated with LPS and/or IFN-γ for 20 h. The anti-inflammatory potentials of these 

compounds were assessed by morphology examination, CD68/MHCII stain, 

NO/TNF-α/IL-1β production in cultured medium or Iba1/CD68 expression. In addition, 

retinoic acid differentiated SH-SY5Y ATXN3/Q75 cells were pretreated with test compounds 

followed by stimulation with BV-2 conditioned medium or IFN-γ. The neuroprotective effects 

of these compounds were evaluated by measuring cell survival, caspase 1 activity and LDH 

release.  

Results: Among the four test compounds, AM404 and LM-031 exhibited some radical 

scavenging activity. In LPS/IFN-γ activated mouse BV-2 cells, all four test compounds 

displayed anti-inflammatory activity by suppressing NO production. In IFN-γ-activated 

human HMC3 cells, the four test compounds also displayed anti-inflammatory activity by 

suppressing NO/IL-1β production in cultured medium and CD68 expression. In inflamed 

human SH-SY5Y ATXN3/Q75 cells, the decreased cell survival and increased caspase 1 

activity and LDH release were mitigated by the treatment with NC009-1, AM404, VB-037 or 

LM-031. 

Conclusion: Our results demonstrate the potential of NC009-1, AM404, VB-037 and 

LM-031 for modifying SCA3 progression by targeting neuroinflammation.  

 

Keywords: spinocerebellar ataxia type 3, ATXN3/Q75, NC009-1, AM404, VB-037, LM-031, 

anti-inflammation 
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Introduction  

In polyglutamine (polyQ)-mediated hereditary spinocerebellar ataxias (SCAs), abnormal 

expansions of the polyQ stretch in disease-causing proteins trigger misfolding of these 

proteins to interfere with diverse cellular processes (Paulson, 2009; Carlson et al., 2009). 

SCAs are clinically heterogeneous neurodegenerative disorders, characterized by progressive 

cerebellar dysfunction alone or in combination with other neurological abnormalities (Manto, 

2005; Durr, 2010; Seidel et al., 2012). The identification of the disease genes has led to the 

development of model systems for disease advancements and discovery of drug therapy (Fan 

et al., 2014). Although significant progress has been reported, at present there is no effective 

treatment for these diseases. Among SCAs, SCA type 3 (SCA3) is the most common 

diagnosis worldwide, accounting for nearly 50% of all cases in Taiwanese (Soong et al., 2001; 

Wu et al., 2004). 

In polyQ SCAs, mutant proteins aggregate in a polyQ length-dependent manner, which 

closely correlates with the age of onset of these diseases (Zoghbi and Orr, 2000). The 

misfolded and aggregated proteins result in a concomitant increase in ROS levels and cellular 

toxicity (Kim et al., 2003; Yu et al., 2009; Ajayi et al., 2012). Inflammation is one of the 

manifestations of oxidative stress and inflammatory process may further induce oxidative 

stress and reduce cellular antioxidant capacity. In pontine neurons of SCA3 patients, 

expression of pro-inflammatory cytokines was increased (Evert et al., 2001, 2003). 

Histological examination of SCA17 patients also revealed neuronal loss and gliosis in the 

cerebella (Bruni et al., 2004). In SCA animal models, a reduced immune defense was seen in 

phenotypic SCA3 mice (Hübener et al., 2012), and reactive gliosis and neuroinflammation 

occurred in the SCA17 transgenic cerebellum (Chang et al., 2011).  

Our laboratory has generated human cells with SCA3 ATXN3/Q75 mutation as a disease 

model to elucidate the pathogenesis and evaluate therapeutic effect of potential treatments 

(Chang et al., 2013, 2014; Chen et al., 2014; Lin et al., 2014, 2016a). In the studies of other 

protein misfolding diseases, indole derivative NC009-1 (Chang et al., 2016, 2017, 2018; Chen 

et al., 2018), anandamide transport inhibitor AM404 (Lin et al., 2016b), quinoline derivative 

VB-037 (Chiu et al., revised; Lin et al., manuscript in preparation), and chalcone-coumarin 

hybrid LM-031 (Lee et al., 2018) displayed anti-inflammation activity in reducing release of 

pro-inflammatory factors/cytokines in LPS-activated mouse RAW 264.7 macrophages. In the 

present study, the ability of these four compounds on inhibiting microglial activation and 

neuroinflammation was evaluated using LPS/IFN-γ-activated mouse BV-2 and 

IFN-γ-activated human HMC3 microglial cells, followed by inflammation-stimulated human 

neuronal SH-SY5Y ATXN3/Q75 cells, to develop therapeutic strategy targeting 

neuroinflammation in SCA3.  

 

Materials and methods  

Test compounds and solubility 
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NC009-1 ((E)-3-((1H-indol-3-yl)methyl)-4-(2-nitrophenyl)but-3-en-2-one) (C19H16N2O3, MW: 

320.34) was synthesized and characterized by NMR spectrum as described (Ramesh et al., 

2009) (provided by Dr. Ching-Fa Yao from Chemistry Department, NTNU). AM404 

((5Z,8Z,11Z,14Z)-N-(4-hydroxyphenyl)icosa-5,8,11,14-tetraenamide) (C26H37N1O2, MW: 

395.58) was purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). VB-037 

((E)-4-(3-(2-(5-nitroquinolin-2-yl)vinyl)quinolin-2-yl)morpholine) (C24H20N4O3, MW: 412.44) 

(product ID: Z46595412) was purchased from Enamine (Kiev, Ukraine). LM-031 

(3-benzoyl-5-hydroxy-2H-chromen-2-one) (C16H10O4, MW: 266.25) was synthesized using 

the procedures reported (Dube et al., 2009; Tietze et al., 2013) with some modifications 

(provided by Dr. Wenwei Lin from Chemistry Department, NTNU). The solubility of these 

compounds in culture medium was examined by vortex mixing and centrifugation (13,000 

rpm for 5 min). 

 

1,1–diphenyl-2-picryl hydrazyl assay 

The free radical scavenging activities of test compounds were determined using the stable 

1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma-Aldrich) free radical assay (Li et al., 2008). 

Briefly, radical scavenging activity was measured in an ethanol mixture containing 100 µM 

DPPH radical solution and test compounds (10–160 µM). The mixture was vortexed for 15 

sec and then left to stand at room temperature for 30 min. Then, the scavenging capacity was 

measured by monitoring the decrease in absorbance at 517 nm with a microplate reader 

(Multiskan GO, Thermo Scientific, Waltham, MA, USA). The half maximal effective 

concentrations (EC50) were calculated using the interpolation method.  

 

Cell culture  

Mouse BV-2 microglial cells were derived from primary mouse microglia cells (Blasi et 

al., 1990) (generously provided by Dr. Han-Min Chen, Catholic Fu-Jen University, New 

Taipei City, Taiwan) and cultivated in Dulbecco’s modified Eagle’s medium (DMEM)  

containing 10% fetal bovine serum (FBS) (Invitrogen, Waltham, MA, USA). Human HMC3 

(human microglia cell line clone 3) cells were derived from primary human microglia (Janabi 

et al., 1995) (ATCC CRL-3304) and cultivated in DMEM-F12 containing 10% FBS. 

SH-SY5Y neuronal cells (ATCC No. CRL-2266) were maintained in DMEM-F12 with 10% 

FBS. Tet-On ATXN3/Q75-GFP SH-SY5Y cells (Chang et al., 2013) were maintained in 

DMEM-F12 containing 10% FBS, 5 μg/ml blasticidin and 100 μg/ml hygromycin (InvivoGen, 

San Diego, CA, USA).  

 

Cell viability assay 

Cell viability was measured based upon the reduction of 3,[4,5-dimethylthiazol-2- 

yl]-2,5-diphenyl-tetrazolium bromide (MTT). Briefly, BV-2 (1 × 104) or SH-SY5Y (5 × 104) 

cells were plated into 48-well dishes, grown for 20 h and treated with the test compounds 
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NC009-1, AM404, VB-037 or LM-031 (1–100 μM). After one day, 20 µl MTT (5 mg/ml, 

Sigma-Aldrich) was added onto cells and incubated at 37C for 3 h. Lysis buffer (200 l; 10% 

Triton X-100, 0.1 N HCl, 18% isopropanol) was then added onto 48-well and the absorbance 

at OD 570 nm was read by a microplate reader (FLx800, Bio-Tek, Winooski, VT, USA). The 

half maximal inhibitory concentration (IC50) was calculated using the interpolation method.  

 

Microglial activation and NO detection  

Mouse microglial BV-2 cells (1 × 105) were plated into 12-well dishes in DMEM 

containing 1% FBS, grown for 20 h, and pretreated with test compounds (10 µM) for 8 h, 

followed by lipopolysaccharide (LPS) (100 ng/ml) (Sigma-Aldrich) and interferon (IFN)-γ 

(10 ng/ml) (Santa Cruz Biotechnology, Santa Cruz, CA, USA) treatment for 20 h to induce 

activation. The induced inflammation of BV-2 was examined by morphological features. In 

addition, the immortalized human microglial HMC3 cells (2 × 105) were plated into 6-well 

dishes in DMEM-F12 containing 10% FBS, grown for 20 h, and pretreated with test 

compounds (1–10 µM) for 8 h followed by IFN-γ (100 ng/ml) stimulation for 20 h. The 

induced inflammation of HMC3 was examined by CD68/MHCII immunocytochemistry stain. 

The release of nitric oxide (NO) in the BV-2 and HMC3 media was determined by Griess 

assay according to manufacturer’s protocol (Thermo Scientific).  

 

Immunocytochemistry stain 

HMC3 cells were seeded on poly-L-lysine-coated glass coverslips (Sigma-Aldrich) and 

cultured as described above. After with IFN-γ (100 ng/ml) stimulation, HMC3 cells were 

fixed with 4% paraformaldehyde for 15 min, permeabilized with 0.1% Triton X-100 for 10 

min, and blocked with 3% BSA for 20 min. Then cells were stained with primary CD68 

(CD68 molecule) (1:1000; Cell Signaling, Danvers, MA, USA) or MHCII (major 

histocompatibility complex, class II) (HLA-DR) (1:1000; Thermo Scientific) antibody at 4°C 

overnight, followed by secondary goat anti-rabbit antibody conjugated to Alexa Fluor ®555 

antibody (1:1000; Molecular probes, Waltham, MA, USA) or goat anti-mouse 

antibody conjugated to Cy5 (1:1000; Jackson ImmunoResearch, West Grove, PA, USA) at 

room temperature for 3 h. After staining nuclei with DAPI (4’-6-diamidino-2-phenylindole) 

(0.1 µg/ml, Sigma-Aldrich) for 30 min, cell images were captured using a LSM 880 confocal 

laser scanning microscope (Zeiss, Oberkochen, Germany). 

 

Western blot analysis 

Total proteins from BV-2 or HMC3 cells were prepared using lysis buffer containing 50 

mM Tris-HCl pH8.0, 150 mM NaCl, 1 mM EDTA pH8.0, 1 mM EGTA pH8.0, 0.1% SDS, 

0.5% sodium deoxycholate, 1% Triton X-100 and protease inhibitor cocktail (Sigma-Aldrich). 

After quantitation using a protein assay kit (Bio-Rad, Hercules, CA, USA), proteins (20 µg) 

were separated on 10% SDS-PAGE and blotted to polyvinylidene difluoride (PVDF) 
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membranes (Sigma-Aldrich) by reverse electrophoresis. After blocking, the membrane was 

probed with antibody against Iba1 (induction of brown adipocytes 1) (1:1000; Wako, Osaka, 

Japan), CD68 (1:1000; Cell Signaling), GAPDH (glyceraldehyde-3-phosphate dehydrogenase) 

(1:1000; MDBio, Taipei, Taiwan), or β-actin (1:5000; Millipore, Billerica, MA, USA). The 

immune complexes were detected by horseradish peroxidase-conjugated goat anti-mouse or 

goat anti-rabbit IgG antibody (1:5000; GeneTex, Irvive, CA, USA) and chemiluminescent 

substrate (Millipore). 

 

BV-2 conditioned media preparation and TNF-α/IL-1β assay 

BV-2 cells were seeded and activated as described. After stimulation, the BV-2 

conditioned media (CM) was collected and centrifuged at 170 × g for 5 min to remove cell 

debris. TNF-α and IL-1β in the media were measured using mouse enzyme-linked 

immunosorbent assay (ELISA) Ready-SET-Go reagents (eBioscience, San Diego, CA, USA). 

The experimental procedures were performed following the manufacturer’s protocol.  

 

SH-SY5Y ATXN3/Q75-GFP aggregation and outgrowth assays  

The established SH-SY5Y ATXN3/Q75-GFP cells were seeded in 24-well (2 × 104/well) 

plate, with all trans retinoic acid (10 µM, Sigma-Aldrich) added at seeding time to initiate 

neuronal differentiation. At day 2, doxycycline (5 µg/ml) was added to induce 

ATXN3/Q75-GFP expression. The cells were kept in the medium containing 10 µM trans 

retinoic acid and doxycycline for 6 days. On the eighth day, cells were stained with Hoechst 

33342 (0.1 mg/ml) and aggregation percentage was determined by high content analysis 

(HCA) system (ImageXpressMICRO, Molecular Devices, Sunnyvale, CA, USA), with 

excitation/emission wavelengths at 482/536 (EGFP). In addition, the morphologic 

differentiation of cells including total outgrowth, processes, and branches was assessed by 

using Metamorph microscopy automation and image analysis software (Molecular Devices).  

 

BV-2 CM or IFN-γ stimulated SH-SY5Y ATXN3/Q75-GFP cells  

SH-SY5Y ATXN3/Q75-GFP cells were plated at 8 × 104 cells/well in a 48-well plate in 

medium containing retinoic acid (10 µM) to initiate neuronal differentiation. Next day, cells 

were pretreated with test compounds (10 μM) for 8 h and induced for ATXN3/Q75-GFP 

expression as described. On day 6, after removal of retinoic acid, DMEM-F12 was mixed 

with two times volume of BV-2 CM (a final FBS concentration at 10%) and added to the 

differentiated ATXN3/Q75-GFP SH-SY5Y cells for 2 days to induce inflammation. 

Alternatively, IFN-γ (100 ng/ml) was added to inflamed ATXN3/Q75-GFP cells. On the 

eighth day, cytotoxicity was evaluated by propidium iodide (PI), caspase 1 activity and LDH 

release assays.  

 

Propidium iodide assay 
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Dead cells were stained with PI (12 μg/ml; Sigma-Aldrich) (37°C for 30 min), a 

fluorescent dye excluded from live cells with intact membranes. Nuclei were counterstained 

with DAPI as described. Cell viability was analyzed by HCA system at an excitation of 488 

nm and emission of 585 nm (PI).  

 

Lactate dehydrogenase and caspase 1 assays 

The release of lactate dehydrogenase (LDH) to cell culture medium was evaluated using 

LDH cytotoxicity assay kit (Cayman Chemical, Ann Arbor, MI, USA) and the absorbance at 

490 nm was measured using Thermo Multiskan GO microplate reader. Caspase 1 activity in 

cells was assessed using ICE fluorimetric assay kit (BioVision, Milpitas, CA, USA), with 

excitation/emission wavelengths at 400/505 nm (FLx800 fluorescence microplate reader, 

Bio-Tek). All the experimental procedures were following the manufacturer’s protocol.  

 

Statistical analysis  

For each set of values, data are represented as mean ± SD of two to three independent 

experiments. Differences between groups were evaluated by two-tailed Student’s t-test or 

ANOVA (one-way and two-way) with post-hoc LSD test where appropriate. P value less than 

0.05 was considered statistically significant. 

 

Results  

Test compounds, solubility, and radical-scavenging activity 

Four compounds, NC009-1, AM404, VB-037 and LM-031 (Fig. 1A) were tested. The 

solubility of these compounds in culture medium was first examined by vortex mixing and 

centrifugation at 13,000 rpm for 5 min. Although very little precipitation occurred at 1 mM 

concentration, NC009-1, AM404, and LM-031 were completely soluble in culture medium up 

to 100 μM. While VB-037 was completely soluble at concentrations ranging from 1 to 10 μM, 

a little precipitation was observed at the 100 μM concentration in culture medium (Fig. 1B).  

The DPPH radical is a stable organic radical with an absorption band in 517 nm. In the 

presence of antioxidants, the radical decolorizes from purple to yellow. We examined the 

scavenging activity of NC009-1, AM404, VB-037 and LM-031 on DPPH. Kaempferol, a 

natural flavonol with strong antioxidant properties (Żuk et al., 2011), was chosen as the 

reference antioxidant for this test. The EC50 values of the DPPH-scavenging activity were 

calculated. As shown in Fig. 1C, while NC009-1 and VB-037 displayed no 

radical-scavenging activity up to 160 μM, kaempferol, AM404 and LM-031 had EC50 of 28 

μM, 147 μM and 105 μM, respectively.  

 

Anti-inflammatory activity of the test compounds on LPS/IFN-γ-activated BV-2 cells 

In the brain, activated microglia release pro-inflammatory mediators as a response to 

neuroinflammation (McGeer et al., 1993). Therefore, we investigated the 
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anti-neuroinflammatory potentials of the test compounds on BV-2 microglial cells. Firstly, 

MTT assay was performed with BV-2 cells after treatment with these compounds (1−100 μM) 

for 24 h. NC009-1, AM404, VB-037 and LM-031 had IC50 cytotoxicity values of 54 μM, 51 

μM, 84 μM and 279 μM respectively, on BV-2 cells (Fig. 2A). To investigate the 

anti-inflammatory effect of these compounds, LPS (100 ng/ml) and IFN-γ (10 ng/ml) which 

effectively activated BV-2 (Lee et al., 2012) were applied to BV-2 cells (Fig. 2B). Before 

activation, BV-2 cells exhibited a round, broad aspect typical of the ameboid form, while long 

cytoplasmic processes were observed after LPS/IFN-γ addition for 20 h, and the activated 

morphology was mitigated by NC009-1, AM404, VB-037 or LM-031 treatment (Fig. 2C). 

After activation, cultured medium and cells were isolated and examined for NO/TNF-α/IL-1β 

production and Iba1 expression, respectively. As shown in Fig. 2D–F, increased release of 

NO, TNF-, IL-1 in cultured medium (NO: 42 μM vs. 5 μM, P < 0.001; TNF-: 11.8 ng/ml 

vs. 0.09 ng/ml P < 0.001; IL-1: 0.69 pg/ml vs. 0.01 pg/ml, P = 0.021) and elevated Iba1 

expression in activated BV-2 cells (118% vs. 100%, P = 0.019) confirmed the microglial 

activation. In activated BV-2 cells, pretreatment with NC009-1, AM404, VB-037 and 

LM-031 (10 μM) effectively suppressed the NO production (from 42 μM to 37–26 μM, P = 

0.045–0.006). With increased release of NO, TNF- and IL-1 in cultured medium, the 

conditioned medium was collected to provide inflammatory mediators to SH-SY5Y 

ATXN3/Q75-GFP cells.  

 

Anti-inflammatory activity of the test compounds on IFN-γ-activated HMC3 cells 

In addition to mouse BV-2 cells, anti-neuroinflammatory potential of the test compounds 

was also investigated on human HMC3 microglial cells exposed to IFN-γ (Janabi et al., 1995) 

(Fig. 3A). Markers of activated microglia, including CD68 and MHCII, were up-regulated 

after IFN-γ (100 ng/ml) activation for 20 h (Fig. 3B). Then cultured medium and cells were 

isolated and examined for NO/IL-1β production and CD68 expression, respectively. As 

shown in Fig. 3C–E, increased NO and IL-1β production in cultured medium (NO: 10.4 μM 

vs. 1.2 μM, P = 0.007; IL-1β: 214% vs. 100%, P = 0.025) and elevated CD68 expression 

(117% vs. 100%, P = 0.018) in activated HMC3 cells confirmed the induced inflammation. In 

activated HMC3 cells, pretreatment with NC009-1 (2–10 μM), AM404 (10 μM), VB-037 

(1–10 μM) or LM-031 (1–10 μM) effectively suppressed the NO production (from 10.4 μM to 

7.2–2.3 μM, P = 0.043–0.005). NC009-1, AM404, VB-037 or LM-031 pretreatment (5 μM) 

also effectively suppressed the IL-1β production (from 214% to 167–99%, P = 0.026–0.003). 

In addition, pretreatment with NC009-1, AM404, VB-037 or LM-031 (5 μM) reduced 

expression of CD68 (from 117% to 99–90%, P = 0.022–0.005). 

 

Neuronal SH-SY5Y ATXN3/Q75-GFP cells 

SH-SY5Y cells differentiate into neuron-like cells according to morphological, 

biochemical and functional criteria when treated with retinoic acid (Påhlman et al., 1984). 
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After neuronal differentiation of SH-SY5Y ATXN3/Q75-GFP cells with retinoic acid for 6 

days (Fig. 4A), the induced ATXN3/Q75-GFP formed aggregates in 1.1% cells (Fig. 4B). For 

ATXN3/Q75-expressed cells, significant less total outgrowth, processes and branches in 

aggregated cells was observed compared to non-aggregated cells (outgrowth: 20.9 μm vs. 

10.5 μm, P < 0.001; processes: 3.2 vs. 5.0, P = 0.016; branches: 0.4 vs. 3.1, P = 0.006) (Fig. 

4C). After treatment with test compounds (1−100 μM) for 24 h, NC009-1, AM404, VB-037 

and LM-031 had IC50 cytotoxicity values of 53 μM, 52 μM, 77 μM and 197 μM respectively, 

on SH-SY5Y cells using MTT assay (Fig. 4D).  

 

Effects of test compounds on BV-2 CM stimulated SH-SY5Y ATXN3/Q75-GFP cells 

Neuroinflammation could be linked to caspase 1-mediated IL-1β activation (Kaushal et al., 

2015). The BV-2 CM (in the ratio of two to one) was applied to the retinoic 

acid-differentiated ATXN3/Q75-GFP expressing SH-SY5Y cells for two days to model 

neuroinflammatory damages to neurons of SCA patients (Fig. 5A). Cytotoxicity was 

examined by PI stain dead cells as well as caspase 1 activity and LDH release assays. As 

shown in Fig. 5B, addition of BV-2 CM to differentiated SH-SY5Y ATXN3/Q75-GFP cells 

resulted in a significant decrease in cell survival (81%, P = 0.019). Treatment with NC009-1, 

AM404 or LM-031 (10 μM) improved cell survival (85–89%), although not significant (Fig. 

5B). Furthermore, caspase 1 activity (130%, P = 0.011) and LDH release (146%, P = 0.025) 

were increased on differentiated SH-SY5Y ATXN3/Q75-GFP cells with two days’ BV-2 CM 

stimulation. Such up-regulation was mitigated by the treatment with NC009-1, AM404, 

VB-037 or LM-031 (caspase 1: from 130% to 107–91%, P = 0.021–0.001; LDH: from 146% 

to 98–62%, P = 0.019–0.001) (Fig. 5C-D).  

 

Effects of test compounds on IFN-γ stimulated SH-SY5Y ATXN3/Q75-GFP cells 

Although not affecting the survival of the SH-SY5Y neuroblastoma cells, IFN-γ sensitised 

SH-SY5Y to the toxic effect of Aβ (Bate et al., 2006). Thus SH-SY5Y ATXN3/Q75-GFP cells 

were also treated with IFN-γ (100 ng/ml) and cell survival, caspase 1 activity and LDH 

release were measured (Fig. 6A). As shown in Fig. 6B, addition of IFN-γ to differentiated 

SH-SY5Y ATXN3/Q75-GFP cells resulted in a significant decrease in cell survival (94%, P = 

0.019). Treatment with NC009-1, AM404, VB-037 or LM-031 (10 μM) significantly 

improved cell survival (99–100%, P = 0.026–0.008) (Fig. 6B). Furthermore, the up-regulation 

of caspase 1 activity (143%, P = 0.014) and LDH release (122%, P = 0.033) on differentiated 

SH-SY5Y ATXN3/Q75-GFP cells with two days’ IFN-γ stimulation were mitigated by the 

treatment with NC009-1, AM404, VB-037 or LM-031 (caspase 1: from 143% to 118–110%, 

P = 0.046–0.013; LDH: from 122% to 103–70%, P = 0.039–<0.001) (Fig. 6C-D). 

 

Discussion 

The misfolding and aggregation of the polyQ-expanded stretch in ATXN3 protein lead to 
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interconnected pathogenic cascades that provoke cellular dysfunction and eventual cell death 

(Costa Mdo and Paulson, 2012). Recent reports have demonstrated the functions of ATXN3 

protein in the chaperone system, ubiquitin-proteasome system, and aggregation-autophagy, all 

of which suggest a role of ATXN3 in the clearance of misfolded proteins (Li et al., 2015). The 

pathogenic aggregation of ATXN3 proteins is associated with excessive production of ROS 

(Chang et al., 2014). Oxidative stress can induce cell damage and promote inflammation 

(Haddad, 2002). In addition, oxidative stress and inflammation act synergistically to confer 

detrimental effects on neurons (Fischer and Maier, 2015). Up to now, there is no effective 

treatment for modifying or preventing SCA3 progression. As agents possessing 

anti-inflammatory activity may serve as a good candidate for treating SCA3, we examined the 

effects of NC009-1, AM404, VB-037 and LM-031, which displayed beneficial effects on 

misfolding/aggregation of Aβ (Chang et al., 2016, 2018; Chiu et al., revised; Lee et al., 2018), 

tau (Lin et al., 2016b; Chang et al., 2017) or expanded TBP (Chen et al., 2018), on the 

established cellular models of polyQ toxicity, SH-SY5Y ATXN3/Q75-GFP cells (Chang et al., 

2013). We demonstrated the anti-inflammation activity of these compounds by reducing the 

production of pro-inflammatory factors/cytokines in LPS and/or IFN-γ-activated mouse BV-2 

and human HMC3 microglial cells (Fig. 2-3). These compounds also displayed 

neuroprotective effect in inflammation-stimulated SH-SY5Y ATXN3/Q75 cells (Fig. 5-6). 

The number and position of the active phenolic OH for trapping a free radical (Bendary et 

al., 2013) may account for the radical scavenging efficacy of test compounds. No phenolic 

OH is present in NC009-1 or VB-037. The EC50:number of phenolic OH of kaempferol, 

AM404 and LM-031 was 28 μM:3, 147 μM:1 and 105 μM:1, respectively. As different 

substituent in phenol may hinder the rotation of hydroxyl oxygen to reduce its radical trap 

efficiency, the position of phenolic OH may account for different radical scavenging efficacy 

for AM404 and LM-031. 

NC009-1 is an in-house C-alkylated indole compound used for the synthesis of 

indolylquinoline derivative (Ramesh et al., 2009). Indole is an aromatic heterocyclic organic 

compound, consisting of a six-membered benzene ring fused to a five-membered pyrrole ring. 

The indole ring is a valuable structural moiety having wide range of pharmacological 

activities such as, antihistaminic, antifungal, antimicrobial, antioxidant, plant growth regulator, 

anti-HIV, anticonvulsant, anti-inflammatory and analgesic (reviewed in Singh and Singh, 

2018). Among the well-known indolyl compounds, nonsteroidal anti-inflammatory 

indomethacin was reported to suppress the protein aggregation and apoptosis in a cellular 

model of androgen receptor containing 97 glutamine repeats (Ishihara et al., 2004). In our 

SCA17 TBP/Q79-GFP cells, NC009-1 reduced polyQ aggregation and promoted neurite 

outgrowth by enhancing HSPB1 expression (Chen et al., 2018). It was noted that despite the 

knockdown of HSPB1 protein, the significant reduction of aggregation and improvement of 

neurite outgrowth were observed (Chen et al., 2018). The anti-inflammatory effect of 

NC009-1 revealed by this study may play a role for neuroprotection in SH-SY5Y SCA17 
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cells.  

AM404, also known as N-arachidonoylaminophenol, is an active metabolite of 

paracetamol (acetaminophen), responsible for all or part of its analgesic action (Ottani et al., 

2006) and anticonvulsant effects (Deshpande and DeLorenzo, 2011). Chemically, it is the 

amide formed from 4-aminophenol and arachidonic acid. AM404 is an anandamide re-uptake 

inhibitor which enhances the antinociceptive and the hypotensive effects of anandamide in 

vivo (Beltramo et al., 1997, Calignano et al., 1997). AM404 activates vanilloid receptors 

causing vasodilation which is reversed by capsaicin (Zygmunt et al., 2000). AM404 decreases 

Fos-immunoreactivity in the spinal cord of neuropathic rats after non-noxious stimulation 

(Rodella et al., 2005). AM404 induces its analgesic action through its activity on the 

endocannabinoid, COX, and TRPV systems, all of which are present in pain and 

thermoregulatory pathways (Högestätt et al., 2005). In our cell model of tauopathy, AM404 

exerts inhibition against GSK-3β to reduce tau aggregation, in addition to enhance the 

expression of HSPB1 and GRP78 and promote neurite outgrowth in SH-SY5Y ∆K280 

tauRD-DsRed cells (Lin et al., 2016b). The anti-inflammatory effect of AM404 revealed by 

this study may play a role for neuroprotection in SH-SY5Y SCA3 cells.   

VB-037 is a quinoline compound identified from virtual screening GSK-3β kinase 

inhibitor (Lin et al., manuscript in preparation). Quinoline derivatives have gained an 

immense attention as it is endowed with various antimicrobial activities (Abdallah et al., 2006; 

Eswaran et al., 2010; Desai et al., 2013; Pitta et al., 2016). Several quinolines have shown the 

effect as inhibitors for the aggregation of amyloidogenic proteins, such as lysozyme (Lieu et 

al., 2007), tau (Pickhardt et al., 2005; Navarrete et al., 2012; Chang et al., 2017), and Aβ 

(Wang et al., 2015; Chang et al., 2016; Jones et al., 2016). In addition, the quinoline 

framework has emerged as a new template for the design and identification of novel 

anti-inflammatory agents (Mukherjee and Pal, 2013). Cryptolepine, an quinoline derivative 

found in cryptolepis sanguinolenta, inhibits LPS-induced microglial activation and production 

of TNF-α, IL-6, IL-1β, NO and PGE2 (Olajide et al., 2013). In this study, novel VB-037 

displayed anti-inflammatory activity on inhibiting microglial activation to modulate 

polyQ-mediated toxicity.  

LM-031 is a novel chalcone-coumarin hybrid with free radical scavenging activity (Fig. 

1). LM-031 facilitated appropriate folding and enhanced HSPB1 expression to reduce Aβ 

misfolding and aggregation (Lee et al., 2018). In addition, LM-031 exerted neuroprotective 

effects in Aβ-GFP SH-SY5Y cells by upregulating NRF2/NQO1/GCLC to reduce oxidative 

stress, and by activating CREB-dependent BDNF/AKT/ERK for cell survival and 

CREB-dependent BCL2 for antiapoptosis (Lee et al., 2018). In this study, novel LM-031 

displayed anti-inflammatory activity on inhibiting microglial activation to modulate 

polyQ-mediated toxicity. Because LM-031 is almost soluble in the cell culture medium at a 

concentration up to 1 mM, we are optimistic regarding the bioavailability of LM-031. With 

low cytotoxicity in human cells (SH-SY5Y IC50 cytotoxicity: 197 μM) and effective 
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concentration (10 μM) for protecting inflammation-stimulated SH-SY5Y ATXN3/Q75-GFP 

cells, novel LM-031 has potential for being developed as an SCA3 therapeutic. 

In conclusion, SCA3 is caused by expansion of CAG repeats in the ATXN3 gene. 

Neuroinflammation is involved in the SCA3 pathogenesis as misfolded and aggregated 

ATXN3 protein results in increase in ROS level to provoke inflammation and cell death. In 

this study, mouse BV-2/human HMC3 microglia and inflammation-stimulated human 

SH-SY5Y ATXN3/Q75 cells were used to assess the anti-inflammatory potentials and 

neuroprotective effects of NC009-1, AM404, VB-037 and LM-031. All four test compounds 

displayed anti-inflammatory activity by suppressing NO production and/or Iba1/CD68/IL-1β 

expression. In inflamed human SH-SY5Y ATXN3/Q75 cells, the decreased cell survival and 

increased caspase 1 activity/IL-1β expression/LDH release were mitigated by the treatment 

with NC009-1, AM404, VB-037 or LM-031. Our study results strongly indicate the potential 

of NC009-1, AM404, VB-037 and LM-031 for modifying SCA3 progression by targeting 

neuroinflammation. 
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Fig. 1. The test compounds, solubility and radical scavenging activity. (A) Structure, formula 

and molecular weight of NC009-1, AM404, VB-037 and LM-031. (B) Solubility of NC009-1, 

AM404, VB-037 and LM-031 in culture medium. (C) DPPH radical scavenging activity of 

kaempferol (as a positive control), NC009-1, AM404, VB-037 and LM-031 (10–160 μM) (n 

= 3). Shown below are the EC50 values of kaempferol, AM404 and LM-031. 



 17

 

 

 



 18

 

Fig. 2. Anti-inflammatory activity of test compounds in LPS and IFN-γ-activated BV-2 cells. 

(A) Cytotoxicity of test compounds against BV-2 using MTT assay. Cells were treated with 

NC009-1, AM404, VB-037 or LM-031 (1–100 μM) and cell viability was measured next day 

(n = 3). To normalize, the relative viability in untreated cells was set at 100%. IC50 values are 

presented below. (B) Experiment flow chart. BV-2 cells were plated in 1% FBS at 0 h. After 

20 h, cells were pre-treated with test compounds (10 µM) for 8 h followed by LPS (100 ng/ml) 

and IFN-γ (10 ng/ml) treatment to induce activation. After 20 h, cells were examined for 

microglial activation by morphology, NO/TNF-α/IL-1β release in cultured medium and Iba1 

Western blotting of cell lysate. In addition, conditioned medium (CM) from LPS/IFN-γ 

primed BV-2 was collected. (C) Morphology of BV-2 cells unactivated, activated by LPS & 

IFN-γ, or test compound NC009-1, AM404, VB-037 or LM-031 pre-treated and activated by 

LPS & IFN-γ. (D) NO production of LPS/IFN-γ-activated BV-2 cells pre-treated with test 

compounds (n = 3). P values: comparisons between LPS/IFN-γ activated vs. unactivated cells 

(###P < 0.001), or compound treated vs. untreated cells (*P < 0.05, **P < 0.01). (E) TNF-α 

and IL-1β quantification in BV-2 CM unactivated or activated with LPS/IFN-γ (n = 3). P 

values: comparisons between LPS/IFN-γ activated vs. unactivated cells (#P < 0.05, ###P < 

0.001). (F) Iba1 level of LPS/IFN-γ-activated BV-2 cells (n = 3). For normalization, the 

relative Iba1 level in cell lysate prepared from unactivated cells was set as 100%. P values: 

comparisons between LPS/IFN-γ activated vs. unactivated cells (#P < 0.05).  
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Fig. 3. Anti-inflammatory activity of test compounds in IFN-γ-activated HMC3 cells. (A) 

Experiment flow chart. HMC3 cells were plated in 10% FBS at 0 h. After 20 h, cells were 

pre-treated with test compounds (1–10 µM) for 8 h followed by IFN-γ (100 ng/ml) treatment 

to induce activation. After 20 h, cells were examined for microglial activation by 

CD68/MHCII stain, NO/IL-1β release in cultured medium and Iba1 Western blotting of cell 

lysate. (B) CD68 or MHCII immunocytochemistry stain (red) of HMC3 cells unactivated or 

activated by IFN-γ. Nuclei were counter stained with DAPI (blue). (C) NO production of 

IFN-γ-activated HMC3 cells pre-treated with test compounds (n = 3). P values: comparisons 

between IFN-γ activated vs. unactivated cells (##P < 0.01), or compound treated vs. untreated 

cells (*P < 0.05, **P < 0.01). (D) IL-1β production of IFN-γ-activated HMC3 pre-treated 

with test compounds (n = 2). For normalization, the relative IL-1β level in cell lysate prepared 
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from unactivated cells was set as 100%. P values: comparisons between IFN-γ activated vs. 

unactivated cells (#P < 0.05), or compound treated vs. untreated cells (*P < 0.05, **P < 0.01). 

(E) CD68 level of IFN-γ-activated HMC3 pre-treated with test compounds (n = 3). For 

normalization, the relative CD68 level in cell lysate prepared from unactivated cells was set as 

100%. P values: comparisons between IFN-γ activated vs. unactivated cells (#P < 0.05), or 

compound treated vs. untreated cells (*P < 0.05, **P < 0.01). 
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Fig. 4. Neuronal SH-SY5Y ATXN3/Q75 cells. (A) Cells were plated in medium containing 

retinoic acid (RA, 10 μM). At day 2, doxycycline (Dox, 5 μg/ml) was added to induce 

ATXN3/Q75-GFP expression for 6 days. After nuclei staining with Hoechst 33342 (0.1 μg/ml), 

the morphologic differentiation including total outgrowth, process, and branch was assessed 

by high content analysis (HCA) system. (B) Microscopic images of differentiated SHSY5Y 

cells expressing ATXN3/Q75-GFP for 6 days. Arrow indicated ATXN3/Q75-GFP aggregates. 

(C) Quantification of neuronal outgrowth, processes and branches of total or aggregated 

ATXN3/Q75-GFP cells. *P < 0.05, **P < 0.01 and ***P < 0.001, comparison between 

ATXN3/Q75-GFP cells with and without aggregates. (D) Cytotoxicity of test compounds 

against SH-SY5Y using MTT assay. SH-SY5Y cells were treated with NC009-1, AM404, 

VB-037 or LM-031 (1–100 μM) and cell viability was measured next day (n = 3). To 

normalize, the relative viability in untreated cells was set at 100%. IC50 cytotoxicity values 

are presented below. 
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Fig. 5. Protective effect of test compounds against cytotoxicity of BV-2 conditioned medium 

on SH-SY5Y ATXN3/Q75 cells. (A) Experiment flow chart. Cells were plated in media 

containing retinoic acid (+ RA, 10 μM), pretreated with test compounds (10 μM) next day for 

8 h, followed by inducing ATXN3/Q75-GFP expression (+ Dox, 5 µg/ml). On day 6, after 

removal of retinoic acid (– RA), DMEM-F12 was mixed with two times volume of BV-2 

conditioned medium (CM, in 10% FBS) and added to the Tet-On ATXN3/Q75-GFP 

SH-SY5Y cells. After two days, cytotoxicity of the inflamed ATXN3/Q75-GFP SH-SY5Y 

cells was evaluated by examining cell survival (PI stain), caspase 1 activity and LDH release. 

Cell survival (B), caspase 1 activity (C) and LDH release (D) of BV-2 CM-stimulated 

SH-SY5Y ATXN3/Q75-GFP pre-treated with test compounds (n = 3). To normalize, the 

relative level of cells without BV-2 CM stimulation was set at 100%. P values: comparisons 

between BV-2 CM stimulated vs. unstimulated cells (#P < 0.05), or compound treated vs. 

untreated cells (*P < 0.05, **P < 0.01). 



 23

 
Fig. 6. Protective effect of test compounds against cytotoxicity of IFN-γ on SH-SY5Y 

ATXN3/Q75 cells. (A) Experiment flow chart. Cells were plated in media containing retinoic 

acid (+ RA, 10 μM), pretreated with test compounds (10 μM) next day for 8 h, followed by 

inducing ATXN3/Q75-GFP expression (+ Dox, 5 µg/ml). On day 6, after removal of retinoic 

acid (– RA), IFN-γ (0.1 µg/ml) was added to the Tet-On ATXN3/Q75-GFP SH-SY5Y cells. 

After two days, cytotoxicity of the inflamed ATXN3/Q75-GFP SH-SY5Y cells was evaluated 

by examining cell survival (PI stain), caspase 1 activity and LDH release. Cell survival (B), 

caspase 1 activity (C) and LDH release (D) of IFN-γ-stimulated SH-SY5Y ATXN3/Q75-GFP 

pre-treated with test compounds (n = 3). To normalize, the relative level of cells without 

IFN-γ stimulation was set at 100%. P values: comparisons between IFN-γ stimulated vs. 

unstimulated cells (#P < 0.05), or compound treated vs. untreated cells (*P < 0.05, **P < 0.01, 

***P < 0.001). 
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計畫成果自評 

主要成果之應用價值與貢獻 

SCA3起因於ATXN3基因編碼區中CAG三核苷酸重複序列擴增。基於錯誤摺疊及聚集的

ATXN3蛋白導致活性氧化物增加，誘導發炎反應及細胞死亡，神經性發炎作用參與了

SCA3致病機轉。本研究以小鼠BV-2/人類HMC3微膠細胞，及發炎刺激的人類SH-SY5Y 

ATXN3/Q75細胞，評估NC009-1、AM404、VB-037、LM-031化合物的抗發炎性及神經

保護性。在LPS/IFN-γ活化的小鼠BV-2/人類HMC3微膠細胞中，四種化合物皆呈現抑制

一氧化氮/IL-1β生成或CD68表現的抗發炎性。在發炎刺激的人類SH-SY5Y ATXN3/Q75

細胞中，NC009-1、AM404、VB-037或LM-031可減緩降低的細胞存活，及降低增加的

凋亡蛋白酶1活性及釋放到培養液中的LDH量。本研究結果顯示化合物NC009-1、

AM404、VB-037、LM-031可能藉標的神經性發炎，來修改SCA3進程，助益於SCA3治

療策略發展，落實轉譯醫學之意義。 

 

計畫執行過程中所遭遇之困難及其因應方案 

None. 

研究成果在學術期刊發表或申請專利等情形 

論文：撰寫中 

專利：已獲得/申請中 

化合物 NC009-1、VB-037、LM-031 於錯誤摺疊及聚集的 Aβ/Tau 蛋白病變的專利： 

NC009-1 (李桂楨/謝秀梅/姚清發)：醫藥組成物於製備不正常乙型-澱粉樣蛋白聚集類疾

病之藥物上之用途(I 532718, 2016~2034); Method for treating abnormal β-amyloid 

mediated diseases (9,795,600 B2, 2017~2036)  

VB-037 (李桂楨/謝秀梅/李冠群/孫英傑)：喹啉衍生化合物用於製備 Tau 蛋白病變類疾病

之醫藥組成物上之用途(I 587860, 2017~2036); Method for treating tau-associated 

diseases (9,629,835 B1, 2017~2036)  

LM-031 (李桂楨/林文偉)：化合物用於製備治療不正常乙型-澱粉樣蛋白聚集類疾病之醫

藥組成物之用途(I 633881, 2018~2036); Method for treating abnormal β-amyloid 

aggregation mediated diseases (申請號：15/655967)  

技轉：第三型小腦萎縮症神經母細胞瘤細胞培養及使用。仲恩生醫科技股份有限公司，

權利金新台幣二十萬元  
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一、參加會議經過 

The 23rd World Congress of Neurology (WCN 2017) was held in Kyoto, Japan on September 16 – 21 

2017, co-hosted by the Japanese Society of Neurology, and Asian and Oceanian Association of Neurology. 

This year’s theme was "Defining the Future of Neurology". The meeting brings together the worlds scientific 

experts to catalyze and advance scientific knowledge about neurology, present the most recent research 

findings, and promote and enhance scientific collaborations around the world. More than 8000 participants 

from over 100 countries attended this meeting. During the meeting, there were a total of 10 plenary lectures 

in 8:00-9:00 (or 9:15) am morning and a total of 6 regional symposia (9/17 Latin American regional 

symposium - Zika and its neurologic consequences; 9/17 North American regional symposium - treating and 

preventing common neurological conditions; 9/18 Pan-Arab regional symposium - current knowledge of 

neurological disorders among Arabs; 9/19 Asian-Oceanian regional symposium - gene therapy - a reality in 

neurology; 9/20 African academy of neurology regional symposium - defining the future of neurology in 

africa: from the past, into the future; 9/21 European regional symposium - different views on the treatment of 

Parkinson's disease) in am or pm, each with 3-6 lectures. In addition, a total of 28 teaching courses, 

including 7 in 9/16 (MS & other inflammatory disorders, headache, neuro-critical care, neurorehabilitation, 

neurology & internal medicine, rare cases in clinical practice, and myopathy), 7 in 9/17 (stroke I and II, 

auto-immune disorders I and II, dementia I and II, neuroimaging & neurointervention), 3 in 9/18 

(neuro-oncology, CNS infections & tropical neurology, child neurology), 6 in 9/19 (epilepsy I and II, 

movement disorders I and II, neuro rheumatology, neuro-otology - vertigo), 4 in 9/20 (sleep disorders, 

palatucci advocacy course and young neurologists corner, peripheral neuropathy, motor neuron disease), and 

1 in 9/21 (neuro-ophthalmology) in am or pm, and various scientific sessions covering epilepsy, MS & other 

inflammatory disorders, neuroimaging, stroke, prion like mechanisms and neurological disease and novel 

targets treatment, movement disorders- motor and non-motor PD, dementia in am or pm. At lunch time, 

various international/Japanese pharma sponsored symposia were arranged. I attended the lectures with 

topics that were related to my ongoing research projects, mostly related to spinocerebellar ataxia, Alzheimer’s 

disease, Parkinson’s disease and neuroinflammation. There were two poster sessions held in am and pm in 

each day of 9/17 – 9/20. Totally 2663 posters were presented in 36 topics. My poster (026 in shift 2 - Ataxia 

and cerebellar disorders: Chinese herbal medicine extracts targeting ubiquitin proteasome pathway to reduce 

polyQ aggregation in cell models of spinocerebellar ataxia 3) was presented on 9/17 afternoon (2:00-6:30 

pm). I also read several posters and communicated with the presenters to learn the updated information and 

technologies.  



二、與會心得 

The WCN 2017 was intense and lively! In the plenary lecture "Monitoring and engineering memory engram 

cells and their circuits" given by Susumu Tonegawa (Japan), the identification of engram cells and their circuit 

for a specific memory has led to new insights into the cellular and neural circuit mechanisms for memory 

encoding, retention and retrieval. Results of investigations into the systems consolidation of episodic memory 

by applying engram and optogenetic technologies were presented. In the plenary lecture "Precision medicine in 

traumatic brain injury (TBI): lessons from dopaminergic treatment of cognitive impairment" presented by 

David Sharp (United Kingdom), damage to neuromodulatory neurotransmitter systems are common after TBI, 

providing a biological basis for ongoing cognitive impairment. Although treatment with methylphenidate did 

not generally improve cognition, 123I ioflupane SPECT scanning did predict response to the treatment after TBI. 

Thus identifying underlying biological basis can facilitate a targeted treatment approach to cognitive 

enhancement. In the plenary lecture "Spatial navigation mechanisms of the brain" given by Thomas Brandt 

(Germany), the specialized neuronal systems mediating spatial orientation and navigation discovered in animal 

experiments were reported. These findings have important implications for the clinical management of patients 

with vestibular disorders or dementia and for translational research in these fields. In the Presidential Lecture 

"Neurology atlas" presented by Tarun Dua (Switzerland), there has been a lack of reliable and comparative data 

on services and other resources for neurological disorders in many parts of the world. Recent WHO/WFN 

Survey results clearly demonstrate that there are inadequate resources for patients with neurological disorders in 

most parts of the world, and highlight inequalities in the access to neurological care across different populations, 

and in particular in those living in low-income countries and in developing regions of the world. In the plenary 

lecture "Recent progress in iPS cell research and application" given by Shinya Yamanaka (Japan), recent 

progress in research and application in the field of induced pluripotent stem cells (iPSCs) was discussed. iPSC 

studies have also made major progress for the treatment of age-related macular degeneration and other 

disorders, giving expectation that iPSC-based regenerative medicine will be widely used in the near future. In 

the plenary lecture "Targeted therapies for dominant ataxias" presented by Stefan Pulst (USA), affected genes 

encode plasma membrane and intracellular ion channels, membrane receptors, protein kinases, protein 

phosphatases and proteins of unknown function. Aberrant calcium signalling and profound changes in Purkinje 

neurons neurophysiology precede Purkinje neurons cell loss and are likely to lead to cerebellar circuit 

dysfunction that explains behavioural signs of ataxia characteristic of the disease. 

In the teaching course "Dementia: advanced", Nagaendran Kandiah (Singapore) presented the spectrum of 

non-degenerative dementias in Asian countries, including criteria, types, pathophysiology, clinical profile, 

memory deficits, gait impairment, clinical progression, and risk factors. Joseph C. Masdeu (USA) presented 

immune-based encephalopathies, describing an algorithm for the diagnosis of the most frequent autoimmune 

encephalopathies to understand why some autoimmune encephalopathies may go currently undiagnosed. 

Nevertheless autoimmune encephalopathies are potentially treatable with immunotherapy, their diagnosis 

includes clinical syndrome and antibody testing. Vincent Mok (Hong Kong) presented vascular cognitive 

impairment (VCI). Mechanisms of brain injury to cause cognitive impairment and steps to prevent VCI were 

discussed. Shun Shimohama (Japan) presented amyloid-based therapies. History of the development of 

anti-dementia drugs for AD, amyloid cascade hypothesis, the status of amyloid-based therapy and the reason 

why not so effective were learning objectives. In the teaching course "Movement disorders – parkinson’s 

disease: concept and diagnosis", Jeon Beomseok (Korea) presented atypical parkinsonism. Clinical diagnosis of 

PSP/CBD, MSA, DLB, the need for new diagnostic criteria, and the development and inclusion of biomarkers 



into diagnostic criteria were discussed. Heinz Reichmann (Germany) presented non-motor symptoms in PD. PD 

is much more than a movement disorder, with many non-motor symptoms such as depression, contstipation, 

and hyposmia occurring before the key-symptoms like bradykinesia, rigidity and tremor. The diversity of 

non-motor symptoms most probably stems from the involvement of different parts the brain and the enteric 

nervous system. Treatment of non-motor features is even more demanding and there is hope that early detection 

of a probable PD may result in halting or slowing down the progression of the disease. Ryosuke Takahashi 

(Japan) presented etiopathogenesis of PD. The role of α-synuclein in the pathogenesis of PD, impairment of 

mitochondrial quality control in familial forms of PD, and disturbance of autophagy-lysosomal pathway in PD 

were learning objectives. 

In addition to the above teaching courses, I also attended selected talks in international/Japanese pharma 

sponsored symposia "Early detection and early intervention of Alzheimer’s disease", "Brain atrophy and 

cognitive impairment in multiple sclerosis", "Current trends in epilepsy diagnosis and treatment", "Perspective 

of ALS therapy from new molecular mechanism", "Gene therapy against spinocerebellar ataxia", "Addressing 

mechanisms of neurodegenerative and neurodevelopmental disorders", and "AMPA receptor disorders".  

三、發表論文全文或摘要 

Chinese herbal medicine extracts targeting ubiquitin proteasome pathway to reduce polyQ aggregation in cell 

models of spinocerebellar ataxia 3  

Autosomal dominant spinocerebellar ataxias (SCAs) are caused by the abnormal expansions of CAG 

trinucleotide repeats and associated polyglutamine (polyQ) tract. Accumulation of aggregated disease proteins 

is a common feature of polyQ diseases, leading to progressive neuronal dysfunction and degeneration. SCA 

type 3 (SCA3), the most common form of SCA worldwide, is characterized by a CAG triplet expansion in 

chromosome 14q32.1 ATXN3 gene. As accumulation of the mutated polyQ protein is a possible initial event in 

the pathogenic cascade, clearance of aggregated protein by ubiquitin proteasome system (UPS) is supposed to 

inhibit downstream detrimental events to suppress neuronal cell death. In this study Chinese herbal medicine 

(CHM) extracts were examined for enhancing proteasome activity, inhibiting polyQ aggregation and 

neuroprotection using GFPu and ATXN3/Q75-GFP 293/SH-SY5Y cells. Among the 14 tested extracts, 8 

displayed increased proteasome activity which was confirmed by 20S proteasome activity assay and analysis of 

ubiquitinated and fused GFP proteins in GFPu cells. All the 8 extracts displayed good aggregation-inhibitory 

potential when tested in ATXN3/Q75-GFP 293 cells. Among them, neuroprotection effects of 5 selected extracts 

were further confirmed by analyses of polyQ aggregation, neurite outgrowth, caspase 3/proteasome activities, 

and ATXN3-GFP/ubiquitin/Bcl-2/Bax protein levels in neuronal differentiated ATXN3/Q75-GFP SH-SY5Y cells. 

Finally enhancement of proteasome, anti-oxidation and neuroprotection of active constituents catalpol, puerarin 

and daidzein and Rehmannia glutinosa and Pueraria lobata extracts were affirmed in ATXN3/Q75 

293/SH-SY5Y cells. This study may have therapeutic implication in polyQ-mediated disorders. 

四、建議 

During the Congress days I experienced lively discussions about a large variety of important topics in 

neuroscience and had the opportunity to foster connections between different disciplines in neuroscience, 

particularly the issues related to molecular mechanisms and therapeutics of neurological disorders. I learn a lot 

from interacting with people attending the meeting. Researchers in the related field may plan to attend the next 

meeting scheduled in 10/26-31, 2019, Dubai, United Arab Emirates.  



五、攜回資料名稱及內容 

E-programme with information regarding lectures, courses, symposia, and poster overview.  

六、其他 Presented poster. 
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