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中 文 摘 要 ： 背景：巴金森病(PD)是一與年紀相關的神經退化性疾病，約見於
1%的65歲以上長者，盛行率僅次於阿茲海默氏症。巴金森病患者黑
質紋狀體多巴胺神經元的選擇性減少，導致漸進式失去運動神經的
調控。研究顯示粒線體功能異常，與巴金森病的致病機制相關。
DNM1L (DRP1)為調控粒線體分裂的重要蛋白，可藉轉譯後修飾活化
及移位至粒線體外膜，來調節粒線體分裂。
目的：根據NCBI資料庫，東亞人DRP1基因近端啟動子上具多種多型
性變異。先前與粒線體新生及功能相關的基因表現分析結果顯示
，巴金森病患者週邊血單核細胞中DRP1 mRNA表現量顯著增加。本研
究目的是分析巴金森病患者及正常人(NC)的DRP1基因啟動子變異
，並探究此等啟動子變異對DRP1轉錄活性的影響。
方法：蒐集巴金森病患者及正常人樣品。PCR增幅590 bp的DRP1啟動
子片段(-714~-125)進行直接定序(n=63 for PD and n=63 for
NC)，並對所發現的-556 G/A多型性進行較大規模的病例-對照研究
(n=533 for PD and n=544 for NC)。另外，進行電腦模擬搜尋，選
殖可能結合啟動子多型性位點的轉錄因子，並建構啟動子多型性之
DRP1-GFP報告質體及功能性分析。
結果：DRP1基因啟動子定序結果發現-556 G/A (rs565216693)、318 -/AAT、-315 A/T (rs201231372)及-311 A/T (rs11423175)等
多型性變異。所定序的126個樣品，-318 -/AAT及-315 A/T多型性呈
現完全連鎖。-556 G/A點變異的533個病例-544個對照研究結果發現
基因型及等位基因頻率皆呈現顯著差異(P = 0.011)，-556 GA基因
型者罹病風險(OR)為5.71 (95% CI: 1.26–25.89, P = 0.020)，攜
帶多型性A等位基因者罹病風險為5.66 (95% CI: 1.25–25.60, P =
0.020)。建構可能調控DRP1的轉錄因子TFAP2A、CEBPB、FOXA1的
cDNA質體，轉入人類SH-SY5Y細胞後，可能結合A等位基因的CEBPB及
FOXA1顯著提升內生性 DRP1的表現。目前已建構包含上述啟動子變
異的5個報告質體，將與轉錄因子cDNA質體共轉入SH-SY5Y細胞，來
評估啟動子變異對DRP1基因轉錄活性的影響。
結論：我們的研究結果顯示，DRP1基因啟動子-556 G/A變異與台灣
人PD罹病風險相關。
中 文 關 鍵 詞 ： 巴金森病、DRP1、啟動子多型性、轉錄調控
英 文 摘 要 ： Background: Parkinson’s disease (PD) is an age-related
neurodegenerative disorder that is diagnosed in about 1% of
individuals over the age of 65 and ranks only second behind
Alzheimer’s disease in prevalence. PD is characterized by
gradually lost motor control due to a selective loss of
dopaminergic neurons in the substantia nigra (SN).
Mitochondrial dysfunction has been suggested to contribute
to the pathogenesis of PD. Dynamin 1 like (DNM1L, also
known as DRP1), a key protein controlling mitochondrial
fission, undergoes posttranslational modifications and
translocation to the mitochondrial outer membrane to
regulate mitochondrial fission.
Purpose: Single nucleotide polymorphisms (SNPs) were found
within 1 kb promoter region (-960 ~ -311) of DRP1 gene in

East Asia populations (NCBI database of SNP). In a study of
genes involved in the biogenesis and function of
mitochondria, significantly increased DRP1 mRNA level was
found in peripheral blood mononuclear cells of PD patients
as compared with normal controls. This study aimed to
analyze DRP1 gene promoter variation in a cohort of PD
patients and normal controls (NC) and explore promoter
variation affecting DRP1 expression.
Methods: A cohort of unrelated Taiwanese PD subjects and
normal controls were recruited. DRP1 promoter fragments (714 ~ -125) were PCR amplified and sequenced (n=63 for PD
and n=63 for NC). A large-scale case-control association
study (n=555 for PD and n=552 for NC) was conducted with 556 G/A SNP. In addition, in silico search and cloning of
potential transcription factors binding to these
polymorphic sites, and construction of polymorphic DRP1
promoter reporter plasmids and functional assays were
performed.
Results: Through directing sequencing, polymorphisms -556
G/A (rs565216693), -318 -/AAT, -315 A/T (rs201231372), and
-311 A/T (rs11423175) were found in the DRP1 promoter
region. Polymorphisms -318 -/AAT and -315 A/T were
completely linked in the sequenced 126 samples. A
significant difference was found in both genotype and
allele distribution (P = 0.011). Individuals carrying GA
genotype exhibited an increased risk of developing PD (odds
ratio: 5.71; 95% CI: 1.26–25.89, P = 0.020). Individuals
carrying polymorphic A genotype also exhibited an increased
risk of developing PD (odds ratio: 5.66; 95% CI:
1.25–25.60, P = 0.020). Upon transfection of putative
TFAP2A, CEBPB, or FOXA1 transcription factors into human
SH-SY5Y cells, A allele-binding CEBPB and FOXA1
significantly raised endogenous DRP1 expression. Five
promoter reporter plasmids containing polymorphic changes
have been prepared. Through cDNA trans-activation assay,
the effects of these promoter variations will be assayed on
SH-SY5Y cells.
Conclusion: Our data suggest that DRP1 -556 G/A
polymorphism plays a role in Taiwanese PD susceptibility.
英 文 關 鍵 詞 ： Parkinson's disease, DRP1, promoter polymorphism,
transcriptional regulation
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摘要
背景：巴金森病(PD)是一與年紀相關的神經退化性疾病，約見於1%的65歲以上長者，盛
行率僅次於阿茲海默氏症。巴金森病患者黑質紋狀體多巴胺神經元的選擇性減少，導致
漸進式失去運動神經的調控。研究顯示粒線體功能異常，與巴金森病的致病機制相關。
DNM1L (DRP1)為調控粒線體分裂的重要蛋白，可藉轉譯後修飾活化及移位至粒線體外
膜，來調節粒線體分裂。
目的：根據NCBI資料庫，東亞人DRP1基因近端啟動子上具多種多型性變異。先前與粒
線體新生及功能相關的基因表現分析結果顯示，巴金森病患者週邊血單核細胞中DRP1
mRNA表現量顯著增加。本研究目的是分析巴金森病患者及正常人(NC)的DRP1基因啟
動子變異，並探究此等啟動子變異對DRP1轉錄活性的影響。
方法：蒐集巴金森病患者及正常人樣品。PCR增幅590 bp的DRP1啟動子片段(-714~-125)
進行直接定序(n=63 for PD and n=63 for NC)，並對所發現的-556 G/A多型性進行較大規
模的病例-對照研究(n=533 for PD and n=544 for NC)。另外，進行電腦模擬搜尋，選殖可
能結合啟動子多型性位點的轉錄因子，並建構啟動子多型性之DRP1-GFP報告質體及功
能性分析。
結果：DRP1基因啟動子定序結果發現-556 G/A (rs565216693)、-318 -/AAT、-315 A/T
(rs201231372)及-311 A/T (rs11423175)等多型性變異。所定序的126個樣品，-318 -/AAT
及-315 A/T多型性呈現完全連鎖。-556 G/A點變異的533個病例-544個對照研究結果發現
基因型及等位基因頻率皆呈現顯著差異(P = 0.011)，-556 GA基因型者罹病風險(OR)為
5.71 (95% CI: 1.26–25.89, P = 0.020)，攜帶多型性A等位基因者罹病風險為5.66 (95% CI:
1.25–25.60, P = 0.020)。建構可能調控DRP1的轉錄因子TFAP2A、CEBPB、FOXA1的
cDNA質體，轉入人類SH-SY5Y細胞後，可能結合A等位基因的CEBPB及FOXA1顯著提
升內生性 DRP1的表現。目前已建構包含上述啟動子變異的5個報告質體，將與轉錄因
子cDNA質體共轉入SH-SY5Y細胞，來評估啟動子變異對DRP1基因轉錄活性的影響。
結論：我們的研究結果顯示，DRP1基因啟動子-556 G/A變異與台灣人PD罹病風險相關。
關鍵詞：巴金森病、DRP1、啟動子多型性、轉錄調控
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Abstract
Background: Parkinson’s disease (PD) is an age-related neurodegenerative disorder that is
diagnosed in about 1% of individuals over the age of 65 and ranks only second behind
Alzheimer’s disease in prevalence. PD is characterized by gradually lost motor control due to
a selective loss of dopaminergic neurons in the substantia nigra (SN). Mitochondrial
dysfunction has been suggested to contribute to the pathogenesis of PD. Dynamin 1 like
(DNM1L, also known as DRP1), a key protein controlling mitochondrial fission, undergoes
posttranslational modifications and translocation to the mitochondrial outer membrane to
regulate mitochondrial fission.
Purpose: Single nucleotide polymorphisms (SNPs) were found within 1 kb promoter region
(-960 ~ -311) of DRP1 gene in East Asia populations (NCBI database of SNP). In a study of
genes involved in the biogenesis and function of mitochondria, significantly increased DRP1
mRNA level was found in peripheral blood mononuclear cells of PD patients as compared
with normal controls. This study aimed to analyze DRP1 gene promoter variation in a cohort
of PD patients and normal controls (NC) and explore promoter variation affecting DRP1
expression.
Methods: A cohort of unrelated Taiwanese PD subjects and normal controls were recruited.
DRP1 promoter fragments (-714 ~ -125) were PCR amplified and sequenced (n=63 for PD
and n=63 for NC). A large-scale case-control association study (n=555 for PD and n=552 for
NC) was conducted with -556 G/A SNP. In addition, in silico search and cloning of potential
transcription factors binding to these polymorphic sites, and construction of polymorphic
DRP1 promoter reporter plasmids and functional assays were performed.
Results: Through directing sequencing, polymorphisms -556 G/A (rs565216693), -318
-/AAT, -315 A/T (rs201231372), and -311 A/T (rs11423175) were found in the DRP1
promoter region. Polymorphisms -318 -/AAT and -315 A/T were completely linked in the
sequenced 126 samples. A significant difference was found in both genotype and allele
distribution (P = 0.011). Individuals carrying GA genotype exhibited an increased risk of
developing PD (odds ratio: 5.71; 95% CI: 1.26–25.89, P = 0.020). Individuals carrying
polymorphic A genotype also exhibited an increased risk of developing PD (odds ratio: 5.66;
95% CI: 1.25–25.60, P = 0.020). Upon transfection of putative TFAP2A, CEBPB, or FOXA1
transcription factors into human SH-SY5Y cells, A allele-binding CEBPB and FOXA1
significantly raised endogenous DRP1 expression. Five promoter reporter plasmids containing
polymorphic changes have been prepared. Through cDNA trans-activation assay, the effects
of these promoter variations will be assayed on SH-SY5Y cells.
Conclusion: Our data suggest that DRP1 -556 G/A polymorphism plays a role in Taiwanese
PD susceptibility.
Keywords: Parkinson’s disease, DRP1, promoter polymorphism, transcriptional regulation
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Introduction
Parkinson’s disease (PD) is an age-related neurodegenerative disorder that ranks only
second behind Alzheimer’s disease in prevalence and its consequent social and economic
burden. PD has a late onset and is diagnosed in about 1% of individuals over the age of 65,
with gradually lost motor control. Neuropathology of PD is characterized by a selective loss
of dopaminergic neurons in the substantia nigra (SN); however, more widespread
involvement of other central nervous system structures and peripheral tissues now is widely
documented. PD is attributable to both genetic and environmental factors. Accumulation of
misfolded proteins, mitochondrial dysfunction, increased oxidative stress, impaired
proteasome degradation and autophagy/mitophagy, and deficits in synaptic vesicle trafficking
have been indicated to involve in pathogenesis of PD (Trinh and Farrer, 2013). Mutations in
SNCA, UCHL1, GIGYF2 and LRRK2 genes have been linked to autosomal dominant PD,
whereas mutations in PRKN, DJ-1, PINK1, ATP13A2, PLA2G6, FBXO7 result in autosomal
recessive parkinsonism (Selvaraj and Piramanayagam, 2019). As the onset of neuropathology
of PD (loss of 60 ~ 80% of the nigral DA neurons) likely occurs decades before the onset of
the motor symptoms of PD, current interventions such as replacing or boosting existing DA
have limited therapeutic benefit for disease progression.
Dynamin 1 like (DNM1L, aliases: DLP1, DRP1, HDYNIV) belongs to the dynamin
family of large GTPases that mediate membrane remodeling during a variety of cellular
processes. DRP1 was ubiquitously expressed in human tissues, with highest levels in skeletal
muscle, heart, kidney, and brain (Imoto et al., 1998). The gene was located on human
chromosome 12, with 20 exons of genomic sequence encoding the full-length 736-amino acid
protein and 699-, 710-, and 725-amino acid splice variants (Howng et al., 2004). A region
between -140 and +92 (residue number -68 ~ +164 in NG_012219.1) containing three GC
boxes that concatenate AP2- (TFAP2A) and SP1-binding motifs contributed to high promoter
activity (Howng et al., 2004). The predominantly cytosolic DRP1 has a dynamin-like protein
structure, with a conserved N-terminal GTPase domain, followed by a conserved middle
domain, a nonconserved region, and a conserved C-terminal coiled-coil domain (GTPase
effector domain), the latter - through impacting GTP hydrolysis - influencing DRP1
oligomerization (Pitts et al., 2004). DRP1 is the only known large GTPase actively mediating
the fission of mitochondria, which is initiated by the enhanced recruitment onto the
mitochondrial surface, followed by protein multimerization, and finally fission of the two
lipid membrane bilayers (Smirnova et al., 2001).
The majority of PD cases are sporadic with unclear etiology. The evidence for disrupted
mitochondrial metabolism in PD has come from studies of autopsy tissue (Schapira et al.,
1990; Parker et al., 2008) and other cell or tissue samples (Haas et al., 1995; Penn et al., 1995).
Neurotoxins that inhibit complex I of the electron transport chain produce PD-like symptoms
in humans and animal models (Hu and Wang, 2016). Linkage analysis of hereditary PD has
also suggested that mitochondrial dysfunction contributes to the pathogenesis of PD. Among
1

the recessive genes identified for familiar and early-onset PD, PRKN, PINK1 and DJ-1 are
associated with the mitochondria and have been implicated in cellular protection against
oxidative damage (Dodson and Guo, 2007). PRKN loss of function leads to an increased level
of DRP1 and mitochondrial fragmentation (Wang et al., 2011a). PD-associated mutations in
DJ-1 increased DRP1 expression to result in mitochondria dysfunction and increased
vulnerability to oxidative stress or neurotoxin (Wang et al., 2012a). As for dominant genes
identified for inherited PD, SNCA and LRRK2 regulate mitochondrial dynamics by
increasing mitochondrial translocation of DRP1 (Gui et al., 2012; Wang et al., 2012b), and
VPS35 regulates mitochondrial DRP1 complex turnover via mitochondria-derived
vesicles-dependent trafficking to lysosomes for degradation (Wang et al., 2016). Thus
mitochondrial dysfunction significantly contributes to PD pathology.
Single nucleotide polymorphisms (SNPs) were found within 1 kb promoter region (-960 ~
-311) of DRP1 gene in East Asia populations (NCBI database of SNP) (Fig. 1A). In a study
of genes involved in the biogenesis and function of mitochondria, significantly increased
DRP1 mRNA level was found in peripheral blood mononuclear cells of PD patients as
compared with normal controls (Fig. 1B). Thus this study aimed to analyze DRP1 gene
promoter variation in a cohort of PD patients and normal controls (NC) and explore promoter
variation affecting DRP1 expression.
Materials and methods
Subjects
A total of 533 unrelated Taiwanese PD subjects (51.2% women) were recruited from the
neurology clinics of Chang Gung Memorial Hospital (CGMH). The mean age at onset (AAO)
of PD was 63.5 ± 10.7 years, ranging between 19 and 92 years. All patients were diagnosed
with probable idiopathic PD according to the published criteria (Gelb et al., 1999) by co-PIs
specialized in movement disorders (Wu YR, Chen CM, and Chang KH). A group of 544
normal controls (49.4% women) without neurodegenerative diseases were recruited from the
same ethnic community. Control subjects (n=552) had mean age at examination of 63.1 ±
12.0 years, ranging between 26 and 94 years. All examinations are performed after obtaining
informed consent from patients and control individuals.
DNA sequence analysis of DRP1 promoter polymorphisms
DNA was extracted from peripheral blood leukocytes using the standard protocols. The
DNA fragments containing the 590-bp DRP1 promoter fragments (-714 ~ -125) were
amplified using forward (5’-CACATTCTCGTATCAGCGTGC) and reverse
(5’-TGCGCAGGCTCTAGTCAAAG) primers (annealing temperature 62°C). The amplified
fragments (n=63 for PD and n=63 for NC) were gel purified and sequenced directly
(Genomics, New Taipei City, Taiwan).
2

DRP1 -556 G/A screening and statistical analysis
The 255-bp fragments (-713 ~ -459) containing the -556 G/A were amplified using
forward (5’-ACATTCTCGTATCAGCGTGCAG) and reverse
(5’-CTACGCCCGGCTAATTTTTTG) primers (annealing temperature 60°C). A total of
1077 samples were amplified (n=533 for PD and n=544 for NC). The SNP was differentiated
using the StyI restriction enzyme (gain of CCWWGG site), which cleaved A-allele containing
255-bp fragment into 156- and 99-bp fragments.
The genotype frequency data and the expected genotypic frequency under random mating
were computed and Chi-square tested for Hardy–Weinberg equilibrium using standardized
formula. The genotype and allele association analysis was carried out using the Chi-square
test. Odds ratio with 95% confidence intervals was calculated to test association between the
genotype/allele and disease (OpenEpi, http://openepi.com/TwobyTwo/TwobyTwo.htm).
Cell cultivation
Human embryonic kidney (HEK)-293T cells (ATCC No. CRL-11268) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% heat inactivated fetal
bovine serum (FBS) (Thermo Fisher Scientific, Waltham, MA, USA). Human neuroblastoma
SH-SY5Y and BE(2)-M17 cells (ATCC No. CRL-2266 and CRL-2267) were cultured in
DMEM/F12 supplemented with 10% FBS, 1× non-essential amino acid, and 1 mM sodium
pyruvate at 37°C with 5% CO2.
TFAP2A, CEBPB, FOXA1, and TBP cDNA constructs
The plasmids containing human TFAP2A and FOXA1 cDNA were obtained from
Addgene (Watertown, MA, USA). The TFAP2A cDNA-containing fragment was amplified
using forward (5’-ATGCTTTGGAAATTGACGG) and reverse
(5’-TTCGAACTTTCTGTGCTTCTCCTC, BstBI site underlined) primers (annealing
temperature 56°C). The amplified 1317 bp cDNA was cloned into pGEM-T Easy vector
(Promega, Madison, WI, USA) and sequenced. Then the EcoRI (in pGEM-T Easy)/BstBI
fragment containing TFAP2A cDNA was subcloned into EcoRI- and BstBI-digested
pcDNA3.1/Myc-His vector (Invitrogen, Carlsbad, CA, USA) to generate
pcDNA3.1-TFAP2A-Myc-His. The FOXA1 cDNA-containing fragment was amplified using
forward (5’- GGATCCATGTTAGGAACTGTGAAGATG, BamHI site underlined) and
reverse (5’-TTCGAAGGAAGTGTTTAGGACGG, BstBI site underlined) primers (annealing
temperature 56°C). The amplified 1429 bp cDNA was cloned into pGEM-T Easy vector and
sequenced. Then the BamHI/BstBI fragment containing FOXA1 cDNA was subcloned into
BamHI- and BstBI-digested pcDNA3.1/V5-His vector (Invitrogen) to generate
pcDNA3.1-FOXA1-V5-His. The Flag-tagged CEBPB (pCMV-Flag-CEBPB, LAP2 isoform)
was also obtained from Addgene. The pcDNA5/FRT/TO-TBP-3×HA was previously
described (Lee et al., 2009). The four cDNA plasmids were verified by DNA sequencing.
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cDNA transfection
HEK-293T (8  105/well) or SH-SY5Y (5  105/well) cells were plated into 6-well dishes,
grown for 20 h and transfected with TFAP2A, CEBPB, FOXA1, or TBP cDNA (2 µg each)
into cells using T-pro NTR II (T-Pro Biotechnology, New Taipei County, Taiwan) or
GenJet™ (SignaGen Laboratories, Rockville, MD, USA) in vitro DNA transfection reagent
according to manufacturer’s instructions. The cells were grown for 48 h for the protein
studies.
Western blotting and statistical analysis
Cells (HEK-293T, SH-SY5Y, BE(2)-M17, and cDNA transfected HEK-293T and
SH-SY5Y) were lysed in RIPA buffer (50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1 mM EDTA
pH 8.0, 0.1% SDS, 0.5% Sodium deoxycholate, 1% Triton X-100) containing the protease
inhibitor mixture (Calbiochem, San Diego, CA, USA). After sonication and sitting on ice for
20 min, the lysates were centrifuged at 14,000 × g for 30 min at 4°C. Total proteins (25 µg)
were electrophoresed on 10% SDS-polyacrylamide gel and blotted onto nitrocellulose
membranes. After blocking, the membrane was probed with antibodies against TFAP2A,
CEBPB, TBP, Myc (1:1500; Santa Cruz Biotechnology, Santa Cruz, CA, USA), FOXA1, HA
(1:1500; Abcam, Cambridge, MA, USA), His (1:1000; Acris Antibodies GmbH, Herford,
Germany), Flag (1:1500; Sigma-Aldrich, St. Louis, MO, USA), DRP1 (1:1000; Cell
Signaling, Danvers, MA, USA), or GAPDH (glyceraldehyde-3-phosphate dehydrogenase,
1:1000; MDBio, Taipei, Taiwan) at room temperature for 2 h or 4°C overnight. Horseradish
peroxidase-conjugated goat anti-mouse or goat anti-rabbit IgG antibody (1:5000, GeneTex,
Irvive, CA, USA) and chemiluminescent substrate (Millipore, Billerica, MA, USA) were used
to detect the immune complexes.
For each set of values, three independent experiments were performed and data were
expressed as the means ± standard deviation (SD). Differences between groups were
evaluated by Student’s t-test or ANOVA followed by LSD post-hoc test where appropriate.
All p-values were two-tailed, with values of p < 0.05 were considered significant.
DRP1 promoter plasmids and expression study
The 849-bp DRP1 promoter fragments (-767 ~ +82) were amplified using forward
(5’-ATTAATCCCGCGTATTCTAACCTGGG, AseI site underlined) and reverse
(5’-CTCCTCCGCCCTCTCCTC) primers (annealing temperature 58°C). After cloning into
pGEM-T Easy and sequencing, the promoter fragments containing the -556 G/A, -318 -/AAT
-315 A/T, or -311 A/T polymorphism were removed with AseI and EcoRI (in pGEM-T Easy)
and inserted upstream of the enhanced GFP gene in pEGFP-N1 (Clontech, Mountain View,
CA, USA) to generate DRP1-GFP plasmids. Five DRP1 promoter clones were constructed,
including common allele-containing clone 1 and polymorphic allele-containing clones 2 (-556
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A), 3 (-556 A, -311 T), 4 (-311 T), and 5 (-318 AAT, -315 T, -311 T).
SH-SY5Y cells were plated into 6-well (2  105/well) dishes, grown for 48 h and
co-transfected with TFAP2A/CEBPB/FOXA1/TBP cDNA, DRP1-GFP reporter construct (1
µg each), and pDsRed-Monomer-C1 (0.2 µg, as a transfection control) (Clontech) into cells
using GenJet™ reagent as described. Five days after transfection, cells were stained with
Hoechst 33342 (0.1 μg/ml) (Sigma-Aldrich) and the fluorescence colors were analyzed
simultaneously using high-content ImageXpress Micro Confocal imaging system (Molecular
Devices, San Jose, CA, USA), with excitation/emission wavelengths at 482/536 (GFP),
543/593 (DsRed) and 377/447 nm (Hoechst 33342).
Results
DRP1 promoter polymorphisms in Taiwanese population
To examine SNPs within proximal promoter of the DRP1 gene, DRP1 promoter
fragments (-714 ~ -125) from a cohort of 63 PD patients and 63 ethnically matched controls
were PCR amplified and sequenced. Fig. 2A shows the detected homozygous GG and
heterozygous GA genotypes of -556 G/A (rs565216693). The SNP can be differentiated using
the StyI restriction enzyme (gain of CCWWGG site), which cleaved A-allele containing
255-bp fragment into 156- and 99-bp fragments. Fig. 2B shows polymorphic genotypes of the
linked -318 -/AAT (homozygous -- and AATAAT) and -315 A/T (rs201231372)
(homozygous AA and TT), and unlinked -311 A/T (rs11423175), including homozygous AA
and TT and heterozygous AT. In a Taiwanese population, minor allele frequency/studied
chromosomes were 0.006/2154 (-556 G/A), 0.083/252 (the linked -318 -/AAT and -315 A/T),
and 0.425/252 (-311 A/T) (Fig 2C). Fig. 2D shows the distribution and association of -556
G/A genotype and A allele in a cohort of 533 PD cases and 544 normal controls. The
genotype distribution in PD or controls was in accordance with Hardy–Weinberg equilibrium
(P = 0.971–0.999). A significant difference in the genotype distribution was found between
PD and controls (P = 0.011). A significant difference in the allele distribution was also found
between PD and controls (P = 0.011). Individuals carrying GA genotype (odds ratio: 5.71;
95% CI: 1.26–25.89, P = 0.020) or polymorphic A allele (odds ratio: 5.66; 95% CI:
1.25–25.60, P = 0.020) exhibited an increased risk of developing PD.
Putative transcription factors binding to the regions flanking polymorphic changes
In silico search of the region flanking DRP1 promoter -556 site revealed TFAP2A
(transcription factor AP-2 alpha) binding in -556 site (consensus sequence NNAGGC) (Fig.
3A). Although both -556 G and -556 A could be bound, -556 G/A may affect TFAP2A
binding affinity, as 31% G whereas 5% A was observed in the second nucleotide of consensus
sequence. In addition, -556 G to A change generates a new CEBPB (CCAAT/enhancer
binding protein beta) binding site (CCAA) which may influence TFAP2A binding. At -318
and -311 sites, in silico search predicted FOXA1 (forkhead box A1) binding to both sites
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(AAAAAATA) (Fig. 3B). However, insertion of AAT at -318 shifted FOXA1 binding from
-313 ~ -306 to -325 ~ -318. Also shown was TBP binding site (TAAAAAA) at -299 ~ -293.
TFAP2A, CEBPB, FOXA1, and TBP cDNA cloning and expression
TFAP2A, CEBPB, and FOXA1 are reported to express in human nervous tissues
(https://www.genecards.org/). To explore transcriptional control of DRP1 expression, putative
TFAP2A-Myc-His (Fig. 4A), Flag-CEBPB (Fig. 4B), FOXA1-V5-His (Fig. 4C), and
TBP-3×HA (Fig. 4D) cDNAs were cloned for expression studies. Firstly, expressions of
TFAP2A, CEBPB, FOXA1, and TBP in human embryonic kidney (HEK)-293T, and
neuroblastoma SH-SY5Y and BE(2)-M17 cells were examined by Western blotting using
specific antibodies. While 43 kDa endogenous TBP protein was seen in all three cell lines, 52
kDa FOXA1 and 48/45 kDa CEBPB were not seen in SH-SY5Y cells, and 51 kDa TFAP2A
protein was only seen in HEK-293T cells (Fig. 5A). When the above tagged cDNAs were
expressed in HEK-293T cells, 53 kDa TFAP2A-Myc-His was detected by Myc, His, and
TFAP2A antibodies, 55 kDa FOXA1-V5-His was detected by His and FOXA1 antibodies, 49
kDa Flag-CEBPB was detected by Flag and CEBPB antibodies, and 47 kDa TBP-3×HA was
detected by HA and TBP antibodies (Fig. 5B). These tagged transcription factors can also be
detected in transfected SH-SY5Y cells by specific antibodies (Fig. 5C). When the
endogenous DRP1 was examined in transfected HEK-293T and SH-SY5Y cells, exogenous
TFAP2A, FOXA1, and CEBPB significantly raised endogenous DRP1 expression in
SH-SY5Y cells (189−279% vs. 100%, p = 0.013−<0.001) (Fig. 5D). Significantly increased
endogenous DRP1 expression was observed in SH-SY5Y cells transfected with the
polymorphic A allele-binding CEBPB compared to SH-SY5Y cells transfected with the
common G allele-binding TFAP2A (279% vs. 196%, p = 0.028) (Fig. 5D).
DRP1 promoter plasmids and function assay
DRP1 promoter fragments (-767 ~ +82) containing -556, -318, -315, and/or -311
polymorphic sites were PCR amplified and cloned into AseI and EcoRI sites of pEGFP-N1 to
generate DRP1-GFP reporter plasmids (Fig. 6A). Five DRP1 promoter clones containing
polymorphic -556 A (clones 2, 3), -318 AAT and -315T (clone 5), and -311 T (clones 3, 4, 5)
were constructed and sequenced (Fig. 6B). Fig. 6C shows transient expression of DRP1-GFP
clone 1 in SH-SY5Y cells.
To examine the effect of TFAP2A, CEBPB, FOXA1, or TBP on DRP1 transcription,
DRP1-GFP reporter clone 1 was co-transfected with transcription factor cDNA into
SH-SY5Y cells for five days (Fig. 7A). Among the tested putative transcription factors,
CEBPB (231%, p < 0.001) or FOXA1 (145%, p < 0.001) cDNA co-transfection resulted
significant increase in promoter activity compared with pcDNA3 vector co-transfection for
the 0.8-kb DRP1 promoter fragment in SH-SY5Y cells (Fig. 7B). Significantly increased
DRP1 promoter activity was also observed in SH-SY5Y cells transfected with the
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polymorphic A allele-binding CEBPB compared to SH-SY5Y cells transfected with the
common G allele-binding TFAP2A (231% vs. 115%, p < 0.001) (Fig. 7B).
Discussion
In the present study, we investigated the DRP1 promoter variations in Taiwanese PD
patients. Through direct sequencing of DRP1 proximal promoter in a small cohort of PD and
controls (n=63 for each group), -556 G/A (rs565216693), -318 -/AAT, -315 A/T
(rs201231372), and -311 A/T (rs11423175) were observed in Taiwanese population (Fig. 2C).
As -556 G/A can be differentiated using the StyI restriction enzyme (gain of CCWWGG site),
a case-control study was performed in a cohort of 533 PD and 544 controls. A significant
difference in the genotype and allele distribution was found between PD and controls (Fig.
2D), and individuals carrying GA genotype or polymorphic A allele exhibited an increased
risk of developing PD.
A total of 13 heterozygous individuals carrying -556 G/A were found in our study, 11 in
PD (minor allele frequency: 1.0%) and 2 in controls (minor allele frequency: 0.2%). The -556
G/A (rs565216693) has been reported in the NCBI SNP database, with minor allele frequency
of 0.02% in a total of 161,828 chromosomes, including 26/125,568 in TOPMED, 6/31,252 in
GnomAD, and 1/5,008 in 1000G (https://www.ncbi.nlm.nih.gov/snp/rs565216693). In the
present study, a much larger minor allele frequency of 0.6% (13 in 2,154 chromosomes) was
observed in Taiwanese population than that reported in NCBI SNP database. As individuals
carrying GA genotype or polymorphic A allele exhibited an increased risk of developing PD,
we explored transcription regulation of DRP1 expression.
Three putative transcription factors TFAP2A, CEBPB, FOXA1, and a general
transcription factor TBP that binds specifically to the TATA box were prepared (Fig. 4). All
these transcription factors have been reported to express in various human nervous tissues,
including brain, cortex, cerebellum, spinal cord, and tibial nerve (https://www.genecards.org/).
TFAP2A is a sequence-specific DNA-binding protein that binds to a consensus DNA-binding
sequence in the SV40 and metallothionein promoters (Mitchell et al., 1987; Williams et al.,
1988). TFAP2A activates genes involved in a large spectrum of important biological
functions, including proper eye development (Davies et al., 1999) and neural crest formation
(Zarelli and Dawid, 2013). Loss of TFAP2A in multiple tissues in the craniofacial region
leads to severe optic cup and optic stalk abnormalities by disturbing the tissue-tissue
interactions required for ocular development (Bassett et al., 2010). Human disease
branchiooculofacial syndrome is associated with TFAP2A mutations (Milunsky et al., 2008;
Gestri et al., 2009; Tekin et al., 2009; Reiber et al., 2010). CEBPB, a basic leucine zipper
(bZIP) domain-containing transcription factor, is also known as IL-6-dependent DNA-binding
protein (IL6DBP) or liver activator protein (LAP). CEBPB regulates the expression of genes
involved in immune and inflammatory responses (Kinoshita et al., 1992; Chinery et al., 1997;
Roy et al., 2002). FOXA1, also known as hepatocyte nuclear factor 3 alpha (HNF3A), is a
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member of the forkhead class of DNA-binding proteins. FOXA1 is involved in embryonic
development, establishment of tissue-specific gene expression, and regulation of gene
expression in differentiated tissues. FOXA1 is able to open chromatin to potentiate
transcription in development (Cirillo et al., 2002). The cell type-specific functions of FOXA1
relied primarily on differential recruitment of FOXA1 to chromatin (Lupien et al., 2008).
FOXA1 can simultaneously facilitate and restrict key regulated transcription factors to act on
structurally and functionally distinct classes of enhancer, which may underlie many sequential
gene expression events in development, cell differentiation, and disease progression (Wang et
al., 2011b). For example, FOXA1 is a major determinant of estrogen-estrogen receptor-α
activity and endocrine response in breast cancer cells (Hurtado et al., 2011). The role of
TFAP2A, CEBPB, and FOXA1 in controlling DRP1 expression will be determined by
DRP1-GFP reporter and cDNA trans-activation assay.
Three human cell lines, HEK-293T, SH-SY5Y and BE(2)-M17, were examined for
endogenous TFAP2A, CEBPB, and FOXA1 expression. Expression levels of these three
transcription factors were much low in SH-SY5Y cells compared to HEK-293T cells (Fig.
5A). Transfection of tagged G allele-binding TFAP2A, A allele-binding CEBPB, or FOXA1
in SH-SY5Y cells significantly raised the endogenous DRP1 expression (Fig. 5D).
Nevertheless this phenomenon was not reproduced using HEK-293T cells. In the presence of
abundant endogenous transcription factor such as in HEK-293T cells, the binding of tagged
TFAP2A, CEBPB, or FOXA1 to DRP1 promoter is probably negligible due to the
competition from endogenous transcription factor. Thus SH-SY5Y cells were used to confirm
the effects of CEBPB and FOXA1 on DRP1-GFP reporter transcription (Fig. 7B). In the
future study, SH-SY5Y cells will be used to explore promoter variation affecting DRP1
expression.
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Fig. 1. The reported DRP1 promoter SNPs and DRP1 mRNA level in PBMCs. (A) DNA
sequence variations in DRP1 promoter region (in East Asia) in NCBI database of SNP. (B)
DRP1 mRNA level in PBMCs from PD patients (n=60) and normal controls (n=53), using
18S ribosomal RNA as internal control gene for normalization.
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Fig. 2. DRP1 promoter polymorphisms in Taiwanese population. (A) -556 G/A (rs565216693)
polymorphism and StyI restriction analysis. (B) The linked -318 -/AAT and -315 A/T
(rs201231372) polymorphisms and -311 A/T (rs11423175) polymorphism. (C) Sequence
flanking the polymorphic region and minor allele frequency. (D) Genotype and allele
distribution of -556 G/A.
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Fig. 3. DRP1 promoter with putative transcription factors binding to regions flanking -556,
-318, -315, and -311 sites. (A) TFAP2A could bind to -556 G and -556 A (the second
nucleotide in consensus sequence NNAGGC, -557 ~ -552). -556 G to A change generates a
new CEBPB binding site (CCAA, -558 ~ -555). (B) Insertion of AAT at -318 site shifted
FOXA1 binding site (AAAAAATA) from -311 (-313 ~ -306) to -318 (-325 ~ -318). Also
shown was TBP binding site (TAAAAAA, -299 ~ -293) and the overlapped FOXA1 binding
site (-298 ~ -291). (ALGGEN – PROMO;
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_ 8.3)
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Fig. 4. TFAP2A-Myc-His (A), Flag-CEBPB (B), FOXA1-V5-His (C), and TBP-3×HA (D)
cDNA cloning, restriction mapping, and tag sequences.
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Fig. 5. Western blot analysis of putative transcription factors controlling DRP1 expression. (A)
Endogenous TFAP2A, FOXA1, CEBPB, and TBP expression in human HEK-293T,
SH-SY5Y, and BE(2)-M17 cells. GAPDH was used as a loading control. (B) Transient
expression of tagged TFAP2A, FOXA1, CEBPB, and TBP cDNA in HEK-293T cells. (C)
Transient expression of tagged TFAP2A, FOXA1, CEBPB, and TBP cDNA in SH-SY5Y
cells. (D) DRP1 expression in HEK-293T and SH-SY5Y cells transfected with TFAP2A,
FOXA1, CEBPB, or TBP cDNA. P values: comparisons between transcription factor cDNA
and pcDNA3 vector transfected cells (*: p < 0.05 and **: p < 0.01), or between TFAP2A and
CEBPB transfected cells (#: p < 0.05).
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Fig. 6. DRP1 promoter plasmids. (A) Construction of DRP1 promoter (-767 ~ +82) upstream
of GFP reporter in pEGFP-N1 plasmid. The transcription start site (+1, first nucleotide to be
transcribed) is +4998 in NG_012219.1, Homo sapiens dynamin 1 like (DNM1L),
RefSeqGene on chromosome 12. (B) DRP1 promoter clones containing polymorphic -556 A
(clones 2, 3), -318 AAT and -315 T (clone 5), and -311 T (clones 3, 4, 5). (C) Restriction
mapping. (D) Transient expression of DRP1-GFP common allele-containing clone 1 in
SH-SY5Y cells. pDsRed-Monomer-C1 was included as a transfection control.
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Fig. 7. Effects of putative transcription factors on DRP1 expression. (A) Experimental flow
chart. SH-SY5Y cells were plated on dishes on day 1 and co-transfected with pDRP1-GFP,
pDsRed-Monomer-C1, and putative transcription factor on day 3. GFP and DsRed
fluorescence colors were assessed on day 8. (B) Relative GFP fluorescence (n = 3) and
representative microscopy images. P values: comparisons between cDNA and pcDNA3
vector transfected cells (***: p < 0.001), or between TFAP2A and CEBPB transfected cells
(###: p < 0.001).
18

計畫成果自評
主要成果之應用價值與貢獻
粒線體功能異常，與巴金森病的致病機制相關。DRP1為調控粒線體分裂的重要蛋白。
先前研究顯示，巴金森病患者週邊血單核細胞中DRP1 mRNA表現量顯著增加。DRP1基
因近端啟動子上的多型性變異，可能影響DRP1表現。本研究蒐集巴金森病患者及正常
人樣品，分析DRP1基因啟動子變異，並探究此等啟動子變異對DRP1轉錄活性的影響。
結果發現-556 G/A (rs565216693)、-318 -/AAT、-315 A/T (rs201231372)及-311 A/T
(rs11423175)等多型性變異，其中-318 -/AAT及-315 A/T多型性呈現完全連鎖。-556 G/A
點變異的病例-對照研究結果，發現-556 GA基因型及多型性A等位基因與與台灣人PD罹
病風險相關。目前已建構包含上述啟動子變異的報告質體，及變異點可能結合的轉錄因
子TFAP2A、CEBPB、FOXA1的cDNA質體，將共轉入人類細胞，來評估啟動子變異對
DRP1基因轉錄活性的影響。
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
巴金森病者粒線體功能異常。DRP1 調控粒線體分裂。本計畫以病例-對照研究，調查
DRP1 啟動子變異與巴金森病風險相關性，並探究 DRP1 表現轉錄調節。預期會揭露
DRP1 啟動子變異與巴金森病風險的機制。
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(英文) Disease Mouse Model
一、參加會議經過
The 14th International conference on Alzheimer’s and Parkinson’s diseases and related neurological
disorders (ADPD 2019) was held in Lisbon, Portugal on March 26 – 31 2019, organized by president
Abraham Fisher (Israel) and executive organizers Roger M. Nitsch (Switzerland) and Manfred Windisch
(Austria). The groundbreaking series of Alzheimer’s and Parkinson’s diseases conferences attract
international medical and scientific professionals worldwide. The conference is at the forefront of unraveling
the mechanisms and improving the treatment of Alzheimer’s, Parkinson’s and other related neurodegenerative
diseases. The conference comprised a high-quality scientific program covering most recent research,
developments, and treatments, with emphasis on overlaps and congruent results among AD, PD and related
neurological disorders. Over 3887 participants from more than 75 different countries representing both
clinical investigators and basic scientists around the world attended the conference to present the most recent
research findings and promote scientific collaborations. During the meeting, there were a total of 7 plenary
lectures (3/27-3/31), 3 pre-conference symposia (3/26), 12 industry symposia (3/27-3/30), 75 symposia
(3/27-3/31), and 4 forums (3/27-3/30). In addition, there were exhibition and posters arranged around 11
am, 2 pm, and 5 pm in each day of 3/27-3/30. I attended the lectures with topics that were related to my
ongoing research projects, mostly related to Alzheimer’s disease, Parkinson’s disease and neuroinflammation.
A total of 1547 posters were presented in 11 themes: β-amyloid diseases, taupathies, α-synucleinopathies,
TDP43- and C9orf72-related diseases, vascular diseases, prion diseases, Huntington’s and other
neurodegenerative diseases, demyelinating diseases, lysosomal storage diseases, psychiatric symptoms in
neurodegenerative diseases, and patient care and support. My poster (421 - Effects of lactulose and
melibiose on misfolded α-synuclein and MPTP-induced Parkinson’s disease mouse model) was
presented on session 2 (3/29-3/30). In addition, I was a coauthor of "476 - Variant A320V in vacuolar
protein sorting 35 (VPS35) in Taiwanese Parkinson’s disease is associated with endosomal alterations
and trafficking defects" on session 1 (3/27-3/28). I also read several posters and communicated with the
presenters to learn the updated information and technologies.
二、與會心得
The ADPD 2019 was intense and lively! There were a total of 7 plenary lectures arranged. In the first
plenary lecture "TREM2 – From basic mechanisms to human patients" given by Christian Haass (Germany) in
3/27, sequence variations in the triggering receptor expressed on myeloid cells 2 (TREM2) have been linked to
an increased risk for neurodegenerative disorders such as Alzheimer’s disease and frontotemporal lobar

degeneration. In the brain, TREM2 is predominantly expressed in microglia. Several disease-associated
TREM2 variants result in a loss of function by reducing microglial phagocytosis, impairing lipid sensing,
preventing binding of lipoproteins and affecting shielding of amyloid plaques. In the second plenary lecture
"How microglia wire and unwire the brain" presented by Beth Stevens (USA) in 3/27, recent developments in
rapidly expanding understanding of the function, as well as the dysfunction, of microglia in disorders of the
central nervous system (CNS) was presented. There has been an explosion of new findings giving insights into
the involvement of microglia in CNS disorders. In the third plenary lecture "What works and doesn’t work in
AD" given by Rachelle Doody (Switzerland) in 3/27, effective management of AD should include reliable
screening and early diagnosis in combination with effective therapeutic management of the pathological
processes. Two targeted amyloid-β monoclonal antibody therapies, crenezumab and gantenerumab, and an
anti-tau monoclonal antibody, RO7105705, as well as a robust biomarker platform to aid in the early
identification of people at risk or in the early stages of AD were presented. In 3/28 plenary lecture "Role of
α-synuclein and lessons learned from the brain" presented by Glenda Halliday (Australia), intracellular
α-synuclein-rich protein aggregates called Lewy pathology (LP) and neuronal death are commonly found in the
brains of patients with clinical Parkinson’s disease. Progression of pathology occurs on a number of levels,
within a cell, between nearby cells, and then over longer distances throughout the brain. The time course of
Lewy pathology formation in patients is consistent with the long time course observed in grafted neurons, and
the restricted neuronal loss in Parkinson’s disease is potentially important for the propagation of α-synuclein
through relatively intact circuits. The plenary lecture in 3/29 "The cell biology of synapse formation and
synapse degeneration" was given by Thomas C. Sudhof (USA), 2013 Nobel Prize in Physiology or Medicine.
Synapses are intercellular junctions specialized for information transfer from a presynaptic neuron to a
postsynaptic cell. At a synapse, a presynaptic terminal secretes neurotransmitters via a canonical release
machinery, while a postsynaptic specialization senses neurotransmitters via diverse receptors. Synaptic
junctions are likely organized by trans-synaptic cell-adhesion molecules (CAMs) that bidirectionally
orchestrate synapse formation, restructuring, and elimination. In addition, multifarious synaptic CAMs produce
parallel trans-synaptic signals that mediate the establishment, organization, and plasticity of synapses. In 3/30
plenary lecture "Modulation of Aβ deposition by the microbiome" presented by Sam Sisodia (USA), the gut
microbiota community diversity can regulate host innate immunity mechanisms that impact Aβ amyloidosis.
Perturbations in microbial diversity in the APPSWE/PS1ΔE9 mouse model of amyloidosis were commensurate
with reductions in Aβ plaque pathology and plaque-localised gliosis. In 3/31 plenary lecture "Biomarker
activities in α-synuclein aggregation disorders" presented by Brit Mollenhauer (Germany), studies have
addressed the utility of cerebrospinal (CSF) α-synuclein levels as a potential biomarker of α-synuclein
aggregation disorders. In cases with clinically diagnosed α-synuclein pathology, CSF α-synuclein levels showed
a moderate positive correlation with CSF tau and p-tau, but not with Aβ42 levels. α-Synuclein alone lacks of
clinical value as a biomarker of α-synuclein-related disorders, but in combination with total tau, it may improve
the diagnosis of dementia with Lewy bodies.
In addition to the above plenary lectures, I also attended talks in symposia "Translational treatment
strategies 1", "Cholinergic mechanisms in AD and PD", "α- ynuclein disease mechanisms 1", "Treatment
strategies for PD and DLB", "α-Synuclein disease mechanisms 2", "Genetics of neurodegeneration", "APP
processing and Aβ clearance", "Autophagy", "Microglia and astrocytes", " Animal models in PD and movement
disorders", "α-Synucleinopathies, Huntingtin’s, and prion diseases – therapeutic strategies", "Disease
mechanisms, in AD, PD", "Immune mechanisms", and "α-Synuclein pathology".

三、發表論文全文或摘要
Effects of Lactulose and Melibiose on Misfolded α-Synuclein and MPTP-Induced Parkinson’s Disease
Mouse Model
Objectives: Parkinson’s disease (PD) is a progressive motor disease characterized by selective dopaminergic
neuronal degeneration in the substantia nigra (SN) and proteinaceious α-synuclein (αSyn)-positive Lewy bodies.
As a chemical chaperone to promote protein stability, a disaccharide trehalose has been reported to prevent
neurodegeneration in PD mouse model.
Methods: In this study, we established prokaryotic split Venus complementation and GFP folding reporter
assays in combination with biochemical thioflavin T (ThT) fluorescence assay to examine trehalose and its two
trehalase-indigestible analogs, lactulose and melibiose, for assisting αSyn folding and inhibiting αSyn
aggregation. In addition, we evaluated these disaccharides for their abilities to protect against MPTP-induced
damage to dopaminergic neurons in a sub-chronic mouse model of PD.
Results: Our results demonstrated that lactulose and melibiose had similar potential as trehalose to assist αSyn
folding and inhibit αSyn aggregation. In MPTP-induced PD mice, these disaccharides reduced motor deficits,
inhibited the loss of striatal dopamine, decreased 4-hydroxynonenal (4-HNE) and upregulated dopamine
transporter (DAT) and superoxide dismutase 2 (SOD2) in striatum.
Conclusions: Our findings strongly indicate the potential of lactulose and melibiose
四、建議
During the conference 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 PD and AD. I learn a lot from
interacting with people attending the conference. Researchers in the related field may plan to attend the next
15th meeting in Barcelona, Spain, 2021.
五、攜回資料名稱及內容
Program book and Conference App with information including pre-conference symposiun, industry
symposium, symposium, plenary lecture, forum, and poster overview.
六、其他 Presented poster.
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