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Expanding mechanisms and therapeutic targets for ALS

My lab is focusing on the ALS disease protein TDP-43. We have used these yeast models to
perform high-throughput genomewide modifier screens to discover suppressors and enhancers
of toxicity. We have extended our findings into animal models and even recently into human
patients. For example, we discovered mutations in ataxin 2, one of the human homologs of a
hit from our yeast TDP-43 modifier screen in ALS patients. We continue to study ataxin 2
function and to identify ways to inhibit its function as a therapeutic strategy for ALS. We are
also exploring the normal function of TDP-43 and have recently discovered novel splicing
targets that are dysregulated in ALS. One of these is UNCI3A4. SNPs in UNC13A are among
the strongest hits associated with FTD and ALS in human genome-wide association studies,
but how those variants increase risk for disease is unknown. We found that TDP-43 represses
a cryptic exon-splicing event in UNC13A4. Loss of TDP-43 from the nucleus in human brain,
neuronal cell lines and motor neurons resulted in the inclusion of a cryptic exon in UNC134
mRNA and reduced UNCI13A protein expression. The top variants associated with FTD or
ALS risk in humans are located in the intron harboring the cryptic exon, and we show that
they increase UNC13A cryptic exon splicing in the face of TDP-43 dysfunction. Together, our
data provide a direct functional link between one of the strongest genetic risk factors for FTD
and ALS (UNCI3A genetic variants), and loss of TDP-43 function.

1. Ma, X.R. M. Prudencio, Y. Koike, S.C. Vatsavayai, G. Kim, F. Harbinski, A. Briner, C.M. Rodriguez, C. Guo, T. Akiyama, H.B. Schmidt, B.B. Cummings, D.W. Wyatt,
K. Kurylo, G. Miller, S. Mekhoubad, N. Sallee, G. Mekonnen, L. Gasner, J.D. Rubien, K. Jansen-West, C. Cook, S. Pickles, B. Oskarsson, Neil R. Graff-Radford, B.F.
Boeve, D.S. Knopman, R.C. Petersen, D.W. Dickson, J. Shorter, S. Myong, E. M. Green, W.W. Seeley, L. Petrucelli, A.D. Gitler, TDP-43 represses cryptic exon
inclusion in FTD/ALS gene UNC13A, Nature, 603(7899):124-130.

2. Maor-Nof, M., Z. Shipony, L. Nakayama, Y. Zhang, J. Couthouis, J.A. Blum, P. Castruita, R. Lopez-Gonzalez, G. Linares, K. Ruan, G. Ramaswami, D.J. Simon, A.
Nof, K. Han, N. Sinnott-Armstrong, M.C. Bassik, D.H. Geschwind, M. Tessier-Lavigne, L.D. Attardi, T. Lloyd, J. Ichida, F.B. Gao, W.J. Greenleaf, J. Yokohama, L.
Petrucelli, A.D. Gitler, p53 is a central regulator driving neurodegeneration caused by C9orf72 poly(PR), Cell, 2021, 184(3):689-708.

3. Blum, J.A,, S. Klemm, J.L. Shadrach, K.A. Guttenplan, L. Nakayama, A. Kathiria, P.T. Hoang, O. Gautier, J.A. Kaltschmidt, W.J. Greenleaf, A.D. Gitler, Single-cell
transcriptomic analysis of the adult mouse spinal cord reveals molecular diversity of autonomic and skeletal motor neurons, Nat Neurosci, 2021, 24(4):572-
583.

4. Yamada, S.B., T.F. Gendron, T. Niccoli, N.R. Genuth, R. Grosely, Y. Shi, I. Glaria, N.J. Kramer, L. Nakayama, S. Fang, T.J.I. Dinger, A. Thoeng, G. Rocha, M. Barna,
J.D. Puglisi, L. Partridge, J.K. Ichida, A.M. Isaacs, L. Petrucelli, A.D. Gitler, RPS25 is required for efficient RAN translation of C9orf72 and other
neurodegenerative disease-associated nucleotide repeats, Nat Neurosci, 2019. 22(9): 1383-1388.

5. Becker, L.A., B. Huang, G. Bieri, R. Ma, D.A. Knowles, P. Jafar-Nejad, J. Messing, H.J. Kim, A. Soriano, G. Auburger, S.M. Pulst, J.P. Taylor, F. Rigo, and A.D.
Gitler, Therapeutic reduction of ataxin 2 extends lifespan and reduces pathology in TDP-43 mice, Nature, 2017. 544(7650): 367-761.
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Alteration of Tau metabolism through FUS in FTLD-spectrum disorders
including ALS

The frontotemporal lobar degeneration (FTLD) spectrum includes FTLD, amyotrophic lateral
sclerosis (ALS), progressive supranuclear palsy (PSP), and cortico-basal degeneration (CBD).
TDP-43 and FUS are causative for ALS and FTLD, which collectively comprise a continuous
disease spectrum of multisystem proteinopathies. On the other hand, 4-repeat (4R)-tau
predominant aggregations are associated with PSP and CBD, while 3-repeat (3R)-tau
accumulates in Pick disease (PiD). Using a mouse model, we reported that FUS regulates
alternative splicing of tau proteins in coordination with Splicing factor, proline- and
glutamine-rich (SFPQ). Under normal conditions, the two proteins form a high-molecular-
weight complex in the nucleus. Disease-associated mutations in FUS gene, however, disrupt
formation of the complex resulting in unregulated alternative splicing of tau, a disproportional
increase in the 4R-tau/3R-tau ratio, and eventually neurodegeneration. In addition,
neuropathological study revealed spatial dissociation of SFPQ and FUS in the neuronal nuclei
of ALS/FTLD-FUS, ALS/FTLD-TDP, PSP, and CBD. Furthermore, the ratio of 4R/3R-tau
was elevated in cases with ALS/FTLD-TDP and PSP, but was largely unaffected in cases with
AD. Thus, impaired interactions between FUS and SFPQ and subsequent imbalanced tau
1soform ratio constitute a common pathogenic mechanism across FTLD spectrum disease.
Based on these findings, we are developing therapeutics using antisense oligonucleotide to
modify conformation of FUS and SFPQ as well as biomarkers which can visualize behavioral
alterations in FTLD spectrum including ALS.

1. Ishigaki, S.*, Riku, Y., Fujioka, Y., Endo, K., Iwade, N., Kawai, K., Ishibashi, M., Yokoi, S., Katsuno, M., Watanabe, H., Mori, K., Akagi, A., Yokota, O., Terada, S.,
Kawakami, I., Suzuki, N., Warita, H., Aoki, M., Yoshida, M., and Sobue, G., Aberrant interaction between FUS and SFPQ in neurons in a wide range of FTLD
spectrum diseases. Brain, 143: 2398-2405, 2020.

2. Ishigaki, S.* and Sobue, G., Importance of Functional Loss of FUS in FTLD/ALS. Front Mol Biosci, 2018. 5: 44.

3. Yokoi, S., Udagawa, T., Fujioka, Y., Honda, D., Okado, H., Watanabe, H., Katsuno, M., Ishigaki, S.*, and Sobue, G., 3'UTR Length-Dependent Control of
SynGAP Isoform alpha2 mRNA by FUS and ELAV-like Proteins Promotes Dendritic Spine Maturation and Cognitive Function. Cell Rep, 20: 3071-3084, 2017.
4. Ishigaki, S.*, Fujioka, Y., Okada, Y., Riku, Y., Udagawa, T., Honda, D., Yokoi, S., Endo, K., Ikenaka, K., Takagi, S., Iguchi, Y., Sahara, N., Takashima, A., Okano, H.,
Yoshida, M., Warita, H., Aoki, M., Watanabe, H., Okado, H., Katsuno, M., and Sobue, G., Altered Tau Isoform Ratio Caused by Loss of FUS and SFPQ Function

Leads to FTLD-like Phenotypes. Cell Rep, 18:1118-1131, 2017.

5. Udagawa, T., Fujioka, Y., Tanaka, M., Honda, D., Yokoi, S., Riku, Y., Ibi, D., Nagai, T., Yamada, K., Watanabe, H., Katsuno, M., Inada, T., Ohno, K., Sokabe, M.,
Okado, H., Ishigaki, S.*, and Sobue, G., FUS regulates AMPA receptor function and FTLD/ALS-associated behaviour via GluA1 mRNA stabilization. Nat
Commun, 6: 7098, 2015.
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Clinical features and genetic spectrum of ALS in Taiwan

From 2010 to 2020, we recruited a cohort consisting of 494 unrelated Taiwanese patients with
ALS, which provided us an opportunity to understand ALS in Taiwan. In this cohort, the mean
age of disease onset was 54.9  12.3 years, male to female ratio was 1.4, 10.5% of the patients
had familial ALS (FALS), and 19.8% had bulbar-onset disease. Among the 183 patients who
received regularly ALS functional rating scale-revised version (ALSFRS-R) evaluation per six
months, the mean ALSFRS-R score at first evaluation, six months and 1 year later were 36.1 £
8.2, 28.5 £ 9.8, and 24.4 * 11.5, respectively. The mean diagnostic delay was 12.7 £ 7.9
months. The 1% year mean ALSFRS-R score decline rate after evaluation was approximately 1
point per month. Extensive genetic analyses revealed 86 (17.4%) of the 494 patients carried
an ALS-related mutation, including 41 (79%; 41/52) with FALS and 45 (10%; 45/442) with
apparently sporadic ALS. The most commonly mutated disease genes were SODI (4.5 %;
22/494), followed by CY9ORF72 (4.3%), TARDBP (3.2%), and FUS (1.8%). Patients with
SOD1 mutations rarely had frontotemporal dementia (FTD) and bulbar-onset disease, patients
with the C9ORF72 mutation more frequently had bulbar-onset disease and FTD. FUS
mutations are associated with earlier disease onset.

Selected 5 recent publications:

1.Liu YH, Chou YT, Chang FP, Lee WJ, Guo YC, Chou CT, Huang HC, Mizuguchi T, Chou CC, Yu HY, Yu KW, Wu HM, Tsai PC, Matsumoto N, Lee YC*, Liao YC*.
Neuronal intranuclear inclusion disease in patients with adult-onset non-vascular leukoencephalopathy. Brain 2022 Apr 12. Online ahead of print.

2.Liao YC, Chang FP, Huang HW, Chen TB, Chou YT, Hsu SL, Jih K, Liu YH, Hsiao CT, Fukukda H, Mizuguchi T, Lin KK, Lin CK, Matsumoto N, Kennerson M, Lee YC*.
GGC Repeat Expansion of NOTCH2NLC in Taiwanese Patients With Inherited Neuropathies. Neurology 2022;98(2):e199-206.

3.Liao YC, Hu YC, Chung CP, Wang YF, Guo YC, Tsai YS, Lee YC*. Intracerebral hemorrhage in CADASIL: prevalence, clinical and neuroimaging features and risk
factors. Stroke 2021;52(3):985-93.

4. Lee YC, Chung CP, Chang MH, Wang SJ, Liao YC. NOTCH3 cysteine-altering variant is an important risk factor for stroke in Taiwanese population. Neurology
2020;94:e87-e96.

5. Tsai PC, Soong BW, Mademan I, Huang YH, Liu CR, Hsiao CT, Wu HT, Liu TT, Liu YT, Tseng YT, Lin KP, Yang UC, Chung KW, Choi BO, Nicholson GA, Kennerson ML,
Chan CC, De Jonghe P, Cheng TH, Liao YC*, Ziichner S, Baets J, Lee YC. A recurrent WARS mutation is a novel cause of autosomal dominant distal hereditary
motor neuropathy. Brain 2017;140:1252-66.
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Exploiting ncRNA as new therapeutic avenues in ALS

Progressive degeneration of motor neurons (MNs) is the hallmark of amyotrophic lateral
sclerosis (ALS). Limb-innervating lateral motor column MNs (LMC-MNs) seem to be
particularly vulnerable and are among the first MNs affected in ALS. Here, we report
association of this differential susceptibility with reduced expression of the mir-17~92 cluster
in LMC-MNs prior to disease onset. Reduced mir-17~92 is accompanied by elevated nuclear
PTEN in spinal MNs of presymptomatic SOD1%%34 mice. Selective dysregulation of the mir-
17~92/nuclear PTEN axis in degenerating SOD1%%34 LTMC-MNs was confirmed in a double-
transgenic embryonic stem cell system and recapitulated in human SODI"t/4#F-induced
pluripotent stem cell (iPSC)-derived MNs. We further show that overexpression of mir-
17~92 significantly rescues human SODI"L/##F MNs, and intrathecal delivery of adeno-
associated virus (AAV)9-mir-17~92 improves motor deficits and survival in SOD1%%34 mice.
Thus, mir-17~92 may have value as a prognostic marker of MN degeneration and is a
candidate therapeutic target in SODI-linked ALS.

1. Li CJ, Liau ES, Lee YH, Huang YZ, Liu ZY, Willems A, Garside V, McGlinn E, Chen JA*, Tian H* (2021) MicroRNA Governs Bistable
Cell Differentiation and Lineage Segregation via a Noncanonical Feedback. Mol Syst Biol (2021)17:9945 (Cover featured article).

2. Chang SH, Su YC, Chang M, Chen JA*. (2021) MicroRNAs mediate precise control of spinal interneuron populations to exert
delicate sensory-to-motor outputs. eLife (DOI: 10.7554/eLife.63768). This article is selected as a showcase for featured eLife
Science Digests.

3. Tung YT*, Peng KC, Chen, YC, Yen YP, Chang M, Thams S, Chen JA*. (2019) Mir-17~92 Confers Motor Neuron Subtype
Differential Resistance to ALS-Associated Degeneration. Cell Stem Cell Aug 1;25(2):193-209 (Cover featured article). This article
has been recommended by F1000 by Andrew Yoo: 2019. This article is highlighted by Academi a Sinica (English)

(Chinese). the Academia Sinica Facebook. It is also featured in a series of newspapers, inc LibertyTimes, UDN, ChinaTimes, etc.
Reported by international media: BioArt, Taipei Times, BioCentury, Asia Pacific Biotech News.

4. Yen YP, Hsieh WF, Tsia YY, Lu YL, Liau ES ,Hsu HC, Chen YC, Liu TC, Chang M, Li J, Lin SP*, Hung JH*, Chen JA*. (2018) DIk1-Dio3
Locus-Derived LncRNAs Perpetuate Postmitotic Motor Neuron Cell Fate and Subtype Identity. eLife (DOI:
10.7554/eLife.38080).This article is selected as a showcase for featured elLife Science Digests., and the “Biomedical Picture of the
Day” by MRC UK.

5.Li CJ, Hong T, Tung YT, Yen YP, Hsu HC, Lu YL, Chang M, Nie Q*, Chen JA*. (2017) MicroRNA filters Hox temporal transcription
noise to confer boundary formation in the spinal cord. Nature Communications 8. Article number: 14685 (2017). This article is
highlighted by Academia Sinica (English)(Chinese), and on the Academia Sinica Facebook. It has also been featured in Asia Pacific
Biotech News.



https://www.embopress.org/doi/10.15252/msb.20209945
https://elifesciences.org/articles/63768
https://doi.org/10.3410/f.735896350.793567659
https://www.sinica.edu.tw/ch/news/6248
https://www.sinica.edu.tw/en/news/6248
https://www.sinica.edu.tw/ch/news/6248
https://www.facebook.com/sinicaedu/posts/2248278152154619
http://www.imb.sinica.edu.tw/%7Ejachen/publicaitons/csc-press-release.html
https://mp.weixin.qq.com/s/eK42YyMjzSKGtP_uygJ9lw
http://www.taipeitimes.com/News/taiwan/archives/2019/06/15/2003716977
https://www.biocentury.com/bc-innovations/distillery-therapeutics/2019-06-26/mir-17-92-gene-therapy-als-associated-sod1-
https://www.asiabiotech.com/23/2307/23070048x.html
https://elifesciences.org/digests/38080/from-cells-to-embryos
http://bpod.mrc.ac.uk/archive/2019/1/10
https://www.sinica.edu.tw/en/news/4349
https://www.sinica.edu.tw/ch/news/4349
https://www.facebook.com/sinicaedu/posts/1774489392866833
http://www.imb.sinica.edu.tw/%7Ejachen/publicaitons/spatiotemporal4.pdf
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Love, Courage, Gratitude: Taiwan MND Association
Kiki Qu, Executive Director of Taiwan MND Association

Kiki Qu A %E—" 4

Executive Director

Chair of PR and Marketing Committee

Taiwan MND Association

2014-2020 Board member, the International Alliance of ALS/MND Associations

Kiki Qu, born in Xi’an, China, moved to Taipei in 2009 with her husband, Tom
Chen, Ph.D., the first president living with ALS, Taiwan MND Association from
2016-2018. Kiki is an active ALS advocate both in the local and international ALS
community. She served as the board member for two terms in the International
Alliance of ALS/MND Associations. Under her effort, the first and second Asia
Pacific Regional ALS Conference was held in 2015 and 2017, respectively in Taipei
and Beijing, and three local ALS/MND organizations joined the International
Alliance.

In Taiwan, Kiki not only has served on the board of the Taiwan MND Association
for more than ten years, but also initiated and promoted many important
projects and programs, such as developing the enhanced eye-gaze system, BCl
communication system, voice banking and speech generating systems. She also
led the PR and Marketing team launched successful fundraising campaigns and
press conferences. In 2018, in order to raise the public awareness on young
caregivers in the ALS family, Kiki worked with a young talented illustrator,
Stephish Liu, to publish a picture book The Melody of Dreams (S8 145 45),
which is the only picture book on ALS in Taiwan up to date.

Kiki and her husband, Tom, co-authored You Are My Breath ({R-Z2FHIFEK) in
2012. Their new book From Chang’an to Taipei (1B Y¢2 8%) just published in June
2022.
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	ALS Satellite Meeting
	 �My lab is focusing on the ALS disease protein TDP-43. We have used these yeast models to perform high-throughput genomewide modifier screens to discover suppressors and enhancers of toxicity. We have extended our findings into animal models and even recently into human patients. For example, we discovered mutations in ataxin 2, one of the human homologs of a hit from our yeast TDP-43 modifier screen in ALS patients. We continue to study ataxin 2 function and to identify ways to inhibit its function as a therapeutic strategy for ALS. We are also exploring the normal function of TDP-43 and have recently discovered novel splicing targets that are dysregulated in ALS. One of these is UNC13A. SNPs in UNC13A are among the strongest hits associated with FTD and ALS in human genome-wide association studies, but how those variants increase risk for disease is unknown. We found that TDP-43 represses a cryptic exon-splicing event in UNC13A. Loss of TDP-43 from the nucleus in human brain, neuronal cell lines and motor neurons resulted in the inclusion of a cryptic exon in UNC13A mRNA and reduced UNC13A protein expression. The top variants associated with FTD or ALS risk in humans are located in the intron harboring the cryptic exon, and we show that they increase UNC13A cryptic exon splicing in the face of TDP-43 dysfunction. Together, our data provide a direct functional link between one of the strongest genetic risk factors for FTD and ALS (UNC13A genetic variants), and loss of TDP-43 function.�
	The frontotemporal lobar degeneration (FTLD) spectrum includes FTLD, amyotrophic lateral sclerosis (ALS), progressive supranuclear palsy (PSP), and cortico-basal degeneration (CBD). TDP-43 and FUS are causative for ALS and FTLD, which collectively comprise a continuous disease spectrum of multisystem proteinopathies. On the other hand, 4-repeat (4R)-tau predominant aggregations are associated with PSP and CBD, while 3-repeat (3R)-tau accumulates in Pick disease (PiD).  Using a mouse model, we reported that FUS regulates alternative splicing of tau proteins in coordination with Splicing factor, proline- and glutamine-rich (SFPQ). Under normal conditions, the two proteins form a high-molecular-weight complex in the nucleus. Disease-associated mutations in FUS gene, however, disrupt formation of the complex resulting in unregulated alternative splicing of tau, a disproportional increase in the 4R-tau/3R-tau ratio, and eventually neurodegeneration. In addition, neuropathological study revealed spatial dissociation of SFPQ and FUS in the neuronal nuclei of ALS/FTLD-FUS, ALS/FTLD-TDP, PSP, and CBD. Furthermore, the ratio of 4R/3R-tau was elevated in cases with ALS/FTLD-TDP and PSP, but was largely unaffected in cases with AD. Thus, impaired interactions between FUS and SFPQ and subsequent imbalanced tau isoform ratio constitute a common pathogenic mechanism across FTLD spectrum disease. Based on these findings, we are developing therapeutics using antisense oligonucleotide to modify conformation of FUS and SFPQ as well as biomarkers which can visualize behavioral alterations in FTLD spectrum including ALS.
	From 2010 to 2020, we recruited a cohort consisting of 494 unrelated Taiwanese patients with ALS, which provided us an opportunity to understand ALS in Taiwan. In this cohort, the mean age of disease onset was 54.9 ± 12.3 years, male to female ratio was 1.4, 10.5% of the patients had familial ALS (FALS), and 19.8% had bulbar-onset disease. Among the 183 patients who received regularly ALS functional rating scale-revised version (ALSFRS-R) evaluation per six months, the mean ALSFRS-R score at first evaluation, six months and 1 year later were 36.1 ± 8.2, 28.5 ± 9.8, and 24.4 ± 11.5, respectively. The mean diagnostic delay was 12.7 ± 7.9 months. The 1st year mean ALSFRS-R score decline rate after evaluation was approximately 1 point per month. Extensive genetic analyses revealed 86 (17.4%) of the 494 patients carried an ALS-related mutation, including 41 (79%; 41/52) with FALS and 45 (10%; 45/442) with apparently sporadic ALS. The most commonly mutated disease genes were SOD1 (4.5 %; 22/494), followed by C9ORF72 (4.3%), TARDBP (3.2%), and FUS (1.8%). Patients with SOD1 mutations rarely had frontotemporal dementia (FTD) and bulbar-onset disease, patients with the C9ORF72 mutation more frequently had bulbar-onset disease and FTD. FUS mutations are associated with earlier disease onset.
	Progressive degeneration of motor neurons (MNs) is the hallmark of amyotrophic lateral sclerosis (ALS). Limb-innervating lateral motor column MNs (LMC-MNs) seem to be particularly vulnerable and are among the first MNs affected in ALS. Here, we report association of this differential susceptibility with reduced expression of the mir-17∼92 cluster in LMC-MNs prior to disease onset. Reduced mir-17∼92 is accompanied by elevated nuclear PTEN in spinal MNs of presymptomatic SOD1G93A mice. Selective dysregulation of the mir-17∼92/nuclear PTEN axis in degenerating SOD1G93A LMC-MNs was confirmed in a double-transgenic embryonic stem cell system and recapitulated in human SOD1+/L144F-induced pluripotent stem cell (iPSC)-derived MNs. We further show that overexpression of mir-17∼92 significantly rescues human SOD1+/L144F MNs, and intrathecal delivery of adeno-associated virus (AAV)9-mir-17∼92 improves motor deficits and survival in SOD1G93A mice. Thus, mir-17∼92 may have value as a prognostic marker of MN degeneration and is a candidate therapeutic target in SOD1-linked ALS.
	投影片編號 6
	投影片編號 7
	投影片編號 8
	投影片編號 9

