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The five-year survival rate of patientswith gliomasis lessthan 10%, which is dueto the
frequentrecurrenceof tumor growth after chemotherapyTherefore,it is important to

understandhow gliomas acquire drug resistance and hope to develop new therapeutic
optionsand possiblestrategiesdo predicttheir relapse Glioma recurrencecould be due to

changesin the genomeor metabolomeof tumor cells to increasetheir drug resistanceor

suppressmmunity againsttumors In this nanosymposiumwe will discusshow to target
glioma recurrencefrom the aspectsof immunity, radiomic imaging, genomicsand lipid

metabolomics
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Target glioma recurrence and resistance, in immune aspect

PinrYuan Chen ( ) MD., PhD.
Chief, Department of Neurosurgery
Vice chairmen, Department of surgery

Professor, Chang Gung Memorial Hospital
Associate Professor, Chang Gung Univers;
Abstract |

Glioma s a gravebrain cancer Inevitable drug resistanceand recurrenceof tumor growth
after surgicalexcision,radiationand chemotherapygausethat the five-year overall survival
rate of patientswith gliomasis lessthan 10%. The component®f tumor microenvironment
and how thesecells reactto therapyplay importantrolesin glioma recurrence Here, we
focus on immune cells, especiallygliomaassociatednicroglia/macrophage§GAMs) and
tumorinfiltrating T cells (TILs) andtry to understanchow glioma cells attractthem, how
glioma cells escapdrom the immunesurveillance,and how glioma cells transformGAMs
and TILs to facilitate tumor progression Hope that we could breakthe vicious cycle and

developsomenewtherapeutioptionsandpossiblestrategiego preventtumorrelapse

Selected recent publications:

Wu CY, ChenCH, Lin CY, FenglLY, Lin YC, Wei KC, HuangCY, FangJY*, Chen PY*.
CCL5 of gliomaassociatednicroglia/macrophagegulategylioma migrationandinvasion
via calciumdependenmatrix metalloproteinas€. NeuraOncology2020Feb20;22(2):253
266. doi: 10.1093neuonénozL89.

Chen PY%, Wu CY*, FangJH, ChenHC, FengLY, HuangCY, Wei KC, FangJY, Lin CY.
FunctionalChangeof Effector TumorInfiltrating CCR5*CD38"HLA-DR*CD8* T Cells in
Glioma Microenvironment Frontiers in  Immunology 2019 Oct 9;10:2395 doi:
10.3389fimmu.201902395

WangYC, LeeCC, TakamiH, ShenS, ChenKT, Wei KC, Wu MH, Worrell G, Chen PY *.
Awake craniotomiesfor epileptic gliomas intraoperativeand postoperativeseizurecontrol
andprognosticfactors Journal of NeuraOncology2019May, doi.org/10.1007 s1106G019
0313%0

PangHH"», Chen PY%, Wei KC, HuangCW, ShiueYL, HuangCY, YangHW. Convection
EnhancedDelivery of a Virus-Like Nanotherapeutidgent with DuaFModal Imaging for
Besiegementand Eradication of Brain Tumors Theranostics2019 Feb, doi:10.7150
thna.30977*Equalcontribution first author
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Application of the Advanced Neuroimaging with Artificial
Intelligence in Glioblastoma

JiuntLin Yan MD PhD, ( )

Department of Neurosurgery, Chang Gung Memorial
Hospital, Keelung, Taiwan

College of Medicine, Chang Gung University, Taoyuan
Taiwan

Abstract

Glioblastoma(GBM) is the most commonand malignantprimary brain tumor. However,thereare
limited knowledgeof its progressiorpattern Currentconventionamagnetiacesonancénaging(MRI)

constrainghe precisionof the treatmendueto the difficulty to differentiatethe characteristicemong
them before treatment One of the possiblelimitations is the limited information provided by the
conventionalMRI. Our study intendsto identify tumor progressiorpatternby using advancedVR

techniquesvith radiomicsandartificial intelligencemethod

Theradiomicsis an emergingtechniquethat canconvergeconventionaimaginginto high dimension
guantitativedata Furtheranalysiswith classifieror machinelearning,imagingdatacanbe associated
with clinical data,to improve clinical decision Among 842 radiomicsfeatures, 153 of them were
significantdifferentin glioblastomathat progressi d i f f andfmdalisem. Furtheranalyzedwith
differentmachindearningmodelcanhavean80% of predictionaccuracy

In addition, we further analyzedthe pre-operativeglioblastomaMR imaging by using the neural
networksuchasResNetandVGG for theidentificationof the progressiompattern Theresultsshowed
94.1%-100% of predictionaccuracyin severakepeatedrainings

The applicationof the neuralnetworkandadvancecheuroimaginganalysistechniquesanprovidea
substantiainformationbeyondvisualization

Selected recent publications:

YanJL,Li C,HoornAV, BoonzaieMNR, Matys T, PriceSJ (202Q Jun) A NeuralNetwork Approach
to Identify the Peritumoral Invasive Areas in GlioblastomaPatientsby Using MR Radiomics
ScientificReports2020Jun16;10(1):9748

Yan JL, Li C, BoonzaierNR, FountainDM, Larkin TJ, Matys T, van der Hoorn A, Price SJ(2019
May). Multimodal MRI Characteristicef the Glioblastomdnfiltration BeyondContrastEnhancement
Therapeutiddvancesn NeurologicalDisorders2019May 14;12:1756286419844664

Yan JL*, Hoorn AV, Larkin TJ, BoonzaieNR, Matys T, PriceSJd (2017, Jan) Extentof resectiorof
peritumouralDTI abnormalityas a predictor of survival in adult glioblastomapatients Journal of
Neurosurgery2017Janl126(1):234241

Hoorn AV, Yan JL*, Larkin TJ, BoonzaierNR, Matys T, Price SJ (2016 Jul). Validation of a semi
automaticco-registrationof MRI scangn patientswith braintumorsduringtreatmenfollow up. NMR
in Biomedicine 29(7):882-9.
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Transcription Therapy: A Potential Strategies Overcoming
the Drug Resistance for Glioblastoma

JianYing Chuang ( )

The Ph.D. Program for Neural Regenerative Medicine,
College of Medical Science and Technology, Taipei
Medical University, Taiwan

PhD., National Cheng Kung University

Abstract

Background Glioblastomais associatedvith poor prognosisand high mortality. Although

the useof first-line temozolomidecan reducetumor growth, therapyinducedstressdrives
stemcells out of quiescenceleadingto chemaoresistanceand glioblastomarecurrenceThe

Spl transcription factor is known to protect glioblastoma cells againsttemozolomide
however, how tumor cells hijack this factor to gain resistanceto therapyis not known

Methods Spl acetylationin temozolomideresistantcells and stenilike tumorspheresvas
analyzed by immunoprecipitation and immunoblotting experiments Effects of the

HDAC/Spl axis on malignantgrowth were examinedusing cell proliferatiori relatedassays
andin vivo experimentsFurthermorejntegrativeanalysisof geneexpressiorwith ChiP-seq
and the recurrentglioblastomaomics data were also usedto further determinethe target
genesf the HDAC/Spl axis Results We identified Spl asa novelsubstrateof HDACG6, and

observedthat the HDACL1/2/6/Spl pathway promotes self-renewal of malignancy by

upregulatingBMI1 and hTERT, aswell asby regulatingG2/M progressiorand DNA repair
via alterationof the transcriptionof variousgenesimportantly, HDAC1/2/6/Spl activationis

associateavith poorclinical outcomein both glioblastomaandlow-gradegliomas However,
treatmentwith azaindolylsulfonamidea potent HDACG6 inhibitor with partial efficacy
againstHDAC1/2, inducedG2/M arrestandsenescenci bothtemozolomideresistantcells

and stemlike tumorspheres Conclusions Our study uncoversa previously unknown
regulatorymechanisnin which the HDAC6-Spl axisinducescell division andmaintainsthe

stemcell populationto fuel tumorgrowth andtherapeutiaesistance

Selected recent publications:

ChenTC# Chuang JY#, Ko CY, Kao TJ, YangPY, Yu CH, Liu MS, Hu SL, TsaiYT, ChanH, Chang
WC, Hsu TI. (2020. AR Ubiquitination Inducedby the Curcumin Analog Suppresses&rowth of
TemozolomideResistant Glioblastoma through Disrupting GPX4-Mediated Redox Homeostasis
RedoxBiol, 30:101413 (SCI. IF=9.986)

Lo WL, HsuTIl, YangWB, Kao TJ, Wu MH, HuangYN, Yeh SH, Chuang JY*. (2020. Betulinic
acidmediatedtuning of PERK/CHOPsignalingby Spl inhibition asa novel therapeuticstrategyfor
glioblastomaCancers12(4). pii:E 981 (SCI. IF=6.126)

Yang WB¥#, Hsu CC¥, Hsu TI#, Liou JP, ChangKY, ChenPY, Liu JJ,Yang ST, WangJY, Yeh SH,
ChenRM, ChangWC, Chuang JY*. (2020. Increasedactivationof HDAC1/2/6 and Spl underlies
therapeutigesistancandtumorgrowthin glioblastomaNeuroOncol In press(SCI. IF=10.247)




N(I1) 1-4

Degradation of Androgen Receptor Inhibits Growth of
Temozolomide-Resistant Glioblastoma
through Inducing Ferroptosis

Tsungl Hsu ( )

Ph.D. Program for Neural Regenerative Medicine, Coll
of Medical Science and Technology, Taipei Medical
University and National Health Research Institutes, Tai
Taiwan.

Graduate Institute of Medical Sciences, College of
Medicine, Taipei Medical University, Taipei, Taiwan

Abstract

Androgenreceptor(AR) overexpressiomwas shownto promotedrug resistancen prostate
cancer However, the role of AR in acquiring resistanceof glioblastomaenriched by

androgertyped neurosteroidgemainsunclear Herein, we observedALZ 003 a curcumin
analog,inducedFBXL2-mediatedAR ubiquitination,leadingto degradationComparedwith

FDA-approvedAR inhibitor, enzalutamide ALZ 003 exhibited higher activity in degrading
AR and in suppressingtumor growth Importantly, ALZ003 significantly inhibited the

survival of glioblastomawith or without temozolomidgTMZ) resistanceThe dysregulation
of redox homeostasisand characteristicof ferroptosis,including glutathione peroxidase
(GPX) 4 downregulation,were significantly induced by ALZ003 not by enzalutamide
Furthermore,we found that AR regulatedGPX4 expression,and overexpressiorof AR

preventedferroptosisin the presenceof GPX4. In addition to inhibiting the growth of

glioblastomain the orthotopic mousemodel, ALZ003 significantly extendedthe survival

period of transplantedmice, and significantly decreasedAR expressionn the tumor area

Particularly, ALZ003 synergisticallysuppressedrowth of glioblastomawith TMZ in the
orthotopic model Taken together,AR potentiatesTMZ resistancefor glioblastoma,and
ALZ003inducedAR degradatiorprovide a new insight into therapeuticstrategyfor TMZ

resistanglioblastoma

Selected recent publications:

YangWB#, Hsu CC#,HsuTI#, Liou JP#,ChangKY, ChenPY, Liu JJ,YangST, WangJY, Yeh SH, ChenRM,
ChangWC, ChuangJY*. (Apr, 2020 Increasedactivation of HDAC1/2/6 and Spl underliestherapeutic
resistancandtumorgrowth in glioblastomaNeuroOncol 2020Apr 24:noad 03

ChenTC#, ChuanglY#, Ko CY, Kao TJ, YangPY, Yu CH, Liu MS, Hu SL, Tsai YT, ChanH, ChangWC*,
Hsu TI*. (Feh 2020 AR Ubiquitination Induced by the Curcumin Analog SuppressesGrowth of
TemozolomideResistantGlioblastomathrough Disrupting GPX4-Mediated Redox HomeostasisRedox Biol.
2020Fel30:101413

Tsai YT, Wu AC, YangWB, Kao TJ, ChuanglY, ChangWC, HsuTI*. (Nov. 2019 ANGPTL4 InducesTMZ
Resistancef Glioblastomaby PromotingCancerStemnes&nrichmentvia the EGFR/AKT/AE-BPL Cascade
Int IMol Sci. 2019Nov 11;20(22). pii: E5625

Lin HY, Ko CY, Kao TJ, Yang WB, Tsai YT, ChuangJY, Hu SL, YangPY, Lo WL, HsuTI*. (Sep 2019
CYP17A1 Maintains the Survival of Glioblastomasby RegulatingSAR1-Mediated EndoplasmicReticulum
HealthandRedoxHomeostasisCancergBasel) 2019Sep16; 11(9). pii: E1378

Yang WB, ChuangJY, ChangWC, Ko CY, Kao TJ, Lo WL, HsuTI*. (Apr, 2019 Dehydroepiandrosterone
inducestemozolomideresistancghroughmodulatingphosphorylatiorand acetylationof Spl in glioblastoma
Mol Neurobiol 2019Apr;56(4):2301-2313
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Bidirectionalcommunicatiorbetweerthe gut microbiomeandthe centralnervoussystem(alsoknown
asthed mi c r -gubbrama >a i ptaysa key rolein brainfunction

Microbial replacementtherapy, where changesin the quality and quantity of gut flora restore
microbial balance,is a potential treatmentoption for cognitive disorders Moreover, certain eating
habitshavea positive effect on balancingmicrobiomeand may help enhancecognitive function In
this nanosymposiumwe will introducethe effectof gut microbiomeon cognitionandsharethe latest
experiencef usingmedicineor food to improvecognitivefunctionby alteringgut microbiota
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The role of microbiota in Alzheimer disease animals
and patients

ChaurJong Hu ( )
Department of Neurology, School of Medicine, College
Medicine, Taipei Medical University

Department of Neurology and Dementia Center, Shuar
Ho Hospital, Taipei Medical University, Taiwan.

MD., Taipei Medical University
Abstract

AlzheimerdiseasgAD) is the mostcommondiseaseof dementiaThe pathologicalandmarksof AD
are extracellularsenile plaguesand intracellular neurofibrillary tangles The main componentsn
plaguesandtangles,amyloid andtau proteinshavebeenconsideredo paythe mostimportantrole of
causeof AD. However,many clinical trials of amyloid cleaningtherapyfailed Therefore,the real
pathophysiologicainechanismsf AD mightbestill unclear

In recentyears,the scientistshavebegunto study causaleffectsof the gut microbiotaon the neure

degenerativedisorders, including Parkinson disease(PD) and AD. The underlying molecular
mechanismsare being elucidated The pathwaysof guii brain communicationcan be direct The gut
microbiotasignalscanbe deliveredto the centralnervoussystemthroughthe vagusnervearoundthe
gutorimmunesystermor someunknownpathways

Recentstudiesalso have observedabnormalgut microbiota (dysbiosis)in AD and PD patients
Dysbiosiswas further found to play importantroles in blood-brainbarrier disruption and amyloid
accumulation Fecalmicrobiotatransplantation(FMT) therapyhasbeenappliedto many diseasesn

human,including clostridiumdifficile colitis, irritable bowel syndrome PD, autismandstroke These
findingsimply modificationof gut microbiotacouldbe atherapeutitargetof AD.

In this talk, | will review the recentevidenceof gutbrain axisin AD and presentour resultsof AD
animalstreatedoy FMT.

Selected recent publications:

HuangLK, ChaoSP,Hu CJ (2020 Clinical trials of newdrugsfor AlzheimerdiseaseJ BiomedSci
6;27(1):18.

Amelia Nur Vidyanti, Hsieh JY, Lin KJ, Fang YC, Ismail SetyopranotpHu.CJ. (2020 Role of
HMGBL1 in an Animal Model of Vascular Cognitive Impairment Induced by Chronic Cerebral
Hypoperfusionint J Mol Sci 2020Mar; 21(6): 2176

Huang LK, Tsai JC, Lee HH, Kuan YC, Lee YT, Lin CP, Chao SP, Hu CJ (2020 Dementia
screeningfor elderly in-patientsand its associationwith nursing care satisfactioran observational
study. Medicine(Baltimore)99(2):€18741

ChengCH, Lin KJ, HongCT, Wu D, ChangHM, Liu CH, HsiaolT, YangCP,Liu YC, Hu CJ. (2019
PlasmorActivated Water ReducesAmyloid Burden and Improves Memory in Animals with
Alzheimer'sDiseaseSciRep 13,9(1):13252

Chi NF, ChaoSP,HuangLK, ChanL, ChenYR, ChiouHY, Hu CJ. (2019 PlasmaAmyloid Betaand
TauLevelsAre Predictorsof PoststrokeCognitivelImpairment A Longitudinal Study. Front Neurol
2;10:715
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Associations and potentials for gut microbiota therapies
in Alzheimer’s disease

(Wei-HsuanHsu)

Assistant ProfessoDepartment of Food Safety/Hygiene
and Risk Management, National Cheng Kung Universi

Researcheindustrial Technology Research Institute
Postdoctoral Research@urdue University
Ph.D.,National Taiwan University

Abstract

Ageingis aworld trend Al z h e idiseasgAD) is the mostcommondegenerativdrain

diseaseBurdenof AD hasfar-reachingeffects on families and society Currently thereis

neithera cure nor a treatmentthat addressethe underlyingcauseof AD. Gut microbesare
associateavith humanhealth,andgut microbiotaaffectbrainfunctionthroughbraingut axis
The aim of this study s to clarify whetherspecific gut microbiota are key targetsof AD

therapy We anticipate using specific probiotics to regulategut microbiota and act as a

therapeutictargetfor AD treatmentto acceleratehe successfubf AD therapeutican the

future We comparedhe gut microbiotaof AD patients(AD group)with healthycontrols(H

group) Fecalsampleswere collectedand analyzedby next generationsequencing NGS).

The resultsindicated that gut microbiota compositionwas different betweenAD and H

groups Family Lachnospiraceawas increasedin AD patients when comparedwith H

controlswhereadamily Muribaculaceaevasdecreased/Ve alsofoundthatwhencompared
with the H group, genusFusobacteriumKlebsiellg and Streptococcusvere significantly
higherin AD group,whereasggenusAkkermansisand Faecalibacteriumshoweda tendency
decreasedyhich referredasthe nextgeneratiorprobiotics Thus,probioticsarelikely to be
key microorganismsfor AD developmentin summary,AD patientshave a similar gut

microbiotacompositionwith metabolicrelateddiseasesuchasobesity It coincidedwith the

theorythatobesitymayaggravateAD symptomsn previousstudies

Selected recent publications:

Bao-HonglLee,Wei-Hsuan Hsu, ChengHui Lin. 2019 Theantibacterialandantiradhereneffectsof
Pentraxin3 on porcinekidney epithelial PK15 cells againstStaphylococcuaureusinfection Int. J.
Pept Res Ther. 25, 645652

Wei-Hsuan Hsu, Yu-ChunLin, Bo-Rui Chen,*She-ChingWu, *Bao-HongLee 2018 The neuronal
protectionof a zinc-bindingproteinisolatedfrom oyster FoodChem Toxicol. 114, 61-68.

Liang-TzungLin, Ying-JangLai, SheChing Wu, *Wei-Hsuan Hsu, *ChenJei Tai. 2018 Optimal
conditionsfor cordycepinproductionin surfaceliquid-cultured Cordyceps3 militaris_treatedwith
porcine liver extracts for suppressionof oral cancer J. Food Drug Anal. 26, 135144 (*Co-
corresponding author)

Rui Zhang, Sherri Y. Huang,KaQ/ Ka-Wai Li, YenHsing Li, Wei-Hsuan Hsu, GuangJunZhang,
ChunJuChang*JerYen Yang 2017 Dual degradatiorsignalsdestructGLI1: AMPK inhibits GLI
throughb-TrCP-mediatedproteasomelegradationOncotarge8, 4986949881

ChiaWoei Wang, Wei-Hsuan Hsu, *ChenJei Tai. 2017 Antimetastaticeffects of cordycepin
mediatecby the inhibition of mitochondrialactivity andestrogerrelatedreceptordin humanovarian
carcinomaells Oncotarge8, 30433058
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Boost memory function by eating right: the role of gut
microbiota

PetYu Wang ( )

Associate Professor

Graduate Institute of Brain and Mind Sciences,
College of Medicine, National Taiwan University
PhD. University of Otago, NZ

Abstract

Graduatelnstitute of Brain and Mind Sciences,College of Medicine, National Taiwan
University Age-related cognitive decline is a critical health and social issue in aging
populations It is well establishedhat dietary restriction (DR, 20~40% reductionin food
intake) enhancedongevity and prolongshealthylifespan,with striking attenuationof age
relatedcognitive decline Giventhatit is difficult to practiceDR in our normaldaily lives,
discoveringthe mechanismsinderlyingthe beneficialeffectsof DR andidentifying potential
drug targetsmay shedthe light on the future treatmentof agerelateddysfunction DR has
beenshownto leadto alterationsn the gut microbiota,which hasbeenheavilyimplicatedin
neural regulation through the so-called microbiotagut-brain axis In this study, we
discovered critical role for gut microbiotain the mediationof DR-relatedbeneficialeffects,
in particularlyon memoryfunction,andwe aim to explorethe potentialfor this modelin the
prevention and treatment of agerelated cognitive decline Our goal is to identify
nextgenerationprobiotics, microbiotaderived compounds,and host metaboliteswith the
potentialto amelioratecognitiveaging

Selected recent publications:

Tengll_L, Lu GL, ChiouLC, Lin WS, ChengYY, HsuehTE, HuangYC, HwangNH, Yeh JW, Liao
RI_\r/IbRegllSZ, YenJH,FuTF, Tsai TF, Wu MS, WangPY (2019 SerotoninreceptorHTR6-mediated
m

signalingregulateglietaryrestrictiorinducedmemoryenhancemenPLOSBiology 17(3):2007097

Lin WS, Yeh SR,FanSZ, ChenlLY, YenJH, FuTF, Wu MS, WangPY (2018 Insulin signalingin
femaleDrosophilalinks dietandsexualattractiveness=ASEBJ. 32:3870-3377.

ChenHH, TsaiLK, Liao KY, Wu TC, HuangYH, HuangYC, ChangSW, WangPY, TsaoYP, Chen
SL (2018. Muscierestricted nuclear receptor interaction protein knockout causesmotor neuron
degeneratlonthrou%h downregulation of myogenin at the neuromuscularjunction J Cachexia
SarcopeniaMuscle 9:771-785.

HuangCW, Wan?HD, Bai H, Wu MS, Yen JH, TatarM, Fu TF, WangPY (2015 Tequilaregulates
insulin-like signaling and extendslife spanin DrosophilamelanogasterJ. Gerontol Ser A-Biol.
SciMed Sci70(12): 14611469

Kuo SY, Wu CL, HsiehMY, Lin CT, WenRK, ChenLC, ChenYH, Yu YW, WangHD, SuYJ, Lin
CJ, Yang CY, GuanHY, Wan%; PY, Lan TH, and Fu TF (2015 PPL2ab neuronsrestoresexual
responses) agedDrosophilamalesthroughdopamineNatureCommunication$:7490
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Gut-brain axis: microbial dysbiosis exacerbates
Alzheimer's Disease

JyhLyh Juang )

AssociateDirector, Institute of Molecular & Genomic
Medicine, National Health Research Institutes, Taiwan

PhD, University of WisconskiMadison

Abstract

Inter-organ communicationis an important and highly evolutionarily conservedmechanismto

maintainbody homeostasidHowever,studiesof the role of inter-organcommunicatiorin diseaseand
its underlyingmolecularmechanism$iaveonly recentlyjust emergedAlzheimer'sdiseasgAD) is a
biologically complex neurodegenerativdementia The amyloid cascadds a compelling hypothesis
suggestinghat pathologicalaccumulatiorof A 42 in the brain triggersinflammatoryresponseand
oxidativedamagen AD. However,the braininflammatoryresponsés not restrictedto local primary
insultsonly. Neuroinflammatiorin thatorganmay alsobe provokedby peripheralstimulatorysignals
driven by a remoteorgan However, whetherthe gut-brain axis influencesthe progressionof AD

remainsto be elucidated By using a Drosophila AD model, we were able to test the possible
involvementof the gutbrain axis in neurodegeneratioWe showedthat the induction of intestinal
dysbiosisby enterobacterianfection exacerbatedheurodegeneratiorit led to the aggravationof an

array of AD-relatedphenotypesjncluding increasesn neuronalapoptosis,humoral inflammatory
responseandreactiveoxygenspeciefROS)anddecreases lifespanandlocomotoractivity. These
results suggestthe existenceof a gutbrain axis that can modulate AD neurodegeneratiofin

Drosophila We found that immune hemocytegasssignalsfrom the dysbiotic gut to the AD brain

thatexacerbat@eurodegeneratiofntericinfectionincreasednotility of the cells,which werereadily
attractedo the AD brainin anROSdependenmanner This finding is importantbecauseét highlights
therole of gut-braincrosstalkasa fundamentasystenmfor modulatingAD neurodegeneration

Selected recent publications:

Wu SC, Cao ZS, Chang KM, Juang JL*. 2_01& Intestinal microbial dysbiosis aggravateshe
86%%835|0mf Al z h e idiseasdrd Brosophila Nature Comm 8(1):24. doi:10.103ds41467017-

Wu SC, Liao CW, PanRL, Juang JL*. (2012 Infectioninducedintestinal oxidative stresstriggers
organto-organimmunologicalcommunicationn Drosophila Cell Host& Microbe 11(4): 4107417.
(featuredby Cell Host& Microbe 11: 323-324)

ChenPC, Hu_an%YY, and Juang JL*. (201) MEMS microwell and microcolumnarrays novel
methoddor high-throughputcell-basedassaysLab Chip. 11(21): 36193625

Lin TY, HuangCH, Kao HH, Liou GG, Yeh, SR, ChengCM, ChenMH, Pan,RL, Juasrbq JL*. (200
???EIS( I8<'31y§ ggngolp 7osmgrole to Abl in Drosophila axonogenesignd synaptogenesiDevelopmen

Liu SC,JenYM, JiangSS, ChangJL, Hsiung CA, WangCH, Juang JL*. (2009 G 12-mediated
pathway promotesinvasivenessof naSthaéyngeatarC|nomaby modulating actin cytoskeleton
reorganizationCancerResearch69(15): 612230.
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Malignantbraintumoris a devastatingliseaseandthe averagaemaininglife afterdiagnosis
is only aboutone and a half years Despite active treatment,the prognosisis still poor
becausé¢he blood-brainbarrierhindersthe delivery of anti-cancerdrugs Our teamusesnor:
invasivefocusedultrasoundo openthe blood-brain barrier,which cansignificantly enhance
drug transmissioninto the brain and consequentlyimprove the therapeuticeffect in the
animalmodel We haveappliedthis approachn glioblastomgpatientsandcompletedhefirst
phaseof clinical trials. In this nanosymposiumwe will presentthe resultsof clinical trials,
the biomedical propertiesand engineeringof focusedultrasound,and its applicationon
facilitating adjuvantnanoedrug delivery andradiotherapy

A NEW ERA
in GBM treatment
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Neuronavigation-Guided Focused Ultrasound (NaviFUS)
for Transcranial Blood-Brain Barrier Opening
in Recurrent Glioblastoma Patients

Wei, Kuo-Chen ( )

Adjunct instructor, School of Medicine, Chang Gung University, Taiwan
Adjunct assistant professor, School of Medicine, Chang Gung University, Ta
Associate professor, Chang Gung Memorial Hosgiiakou Branch, Taiwan
Assistant professor, School of Medicine, Chang Gung University, Taiwan
Professor, Chang Gung Memorial Hospitahkou Branch, Taiwan
Associate professor, School of Medicine, Chang Gung University, Taiwan

M.D., Chung Shan Medical University, Taichung, Taiwan.
Post MD research, Brain Tumor Research Center, University of California, S
Francisco, CA

Abstract

BACKGROUND Blood-brain barrier(BBB) limits over 95% of d r u geseératiorinto brain, which
has been a major obstaclein treating patients with glioblastoma Transient BBB opening in
glioblastoma(GBM) is feasibleby combining focusedultrasound(FUS) with systemicinfusion of
microbubblegMB).

OBJECTIVES Navigationguidedfocusedultrasounda novel devicethatintegratesneuronavigation
andFUSMB system,is ableto intraoperativelydirectthe ultrasoundenergypreciselyandrepeatedly
at targetedCNS areas This clinical trial evaluatesthe safety and feasibility of navigationguided
focusedultrasoundin recurrenglioblastomagpatients

METHODS The study is a first-in-human, prospective openlabel, singlecenter,singlearm, dose
escalationphasel clinical trial. A total of 6 patientswill be enrolled Patientswill be enrolledinto
threegroups,eachgroupreceivingan escalatingloseof FUS energy(acoustigpoweris 4, 8, and12W)
with concomitansystemianicrobubbleg0.1ml/kg) appliedl weekbeforesurgicalresection

EXPECTED OUTCOMES Dynamic contrastenhancedRI will be obtainedimmediatelyand 24
hoursafter FUS procedureswhile heavily T2-weightedsequencevill be obtainedto evaluategfor any
micro-hemorrhageswWe anticipatethat therewill be minimal side effectsassociatedvith NaviFUS
mediatedransienBBB opening

DISCUSSIONODbtainedresultswill supporta plannedphase? trial to evaluatewhethernavigation
guided focused ultrasoundcan effectively enhancethe delivery of chemotherapeuti@agentsand
improvetumorcontrol

Selected recent publications:

Lin TY?Y, Wei KC?, JuSP,HuangCY, Yang HW*. Diagnosisby simplicity: anaptachipfor dopaminecapture
and accuratedetectionwith a dual colorimetric and fluorometric system Journalof Materials ChemistryB.
2018May; 6(20): 33873394 (SCI; IF2018=5.047, Materialsscience piomaterials6/32) (‘co-first author)

Yen HC*, Lin CL, ChenBS, ChenCW, Wei KC, Yang ML, Hsu JC, Hsu YH. Alterationsof the levels of
primary antioxidantenzymesin different gradesof humanastrocytomatissues Free RadicalResearch2018
Aug; 52(8): 856-871 (SCI; IF2018=2.825, Biochemistry& molecularbiology 153298

Tsai HC, Tsai CH, ChenWS, InserraC, Wei KC*, Liu HL*. Safety evaluationof frequentapplication of
microbubbleenhancedfocusedultrasoundbloodbrainbarrier opening Scientific Reports 2018 Dec, 8(1):
17720 (SCI; IF2018=4.011; Multidisciplinary scienced 569) (co-correspondingauthor)

PangHH, ChenPY, Wei KC, HuangCW, ShiueYL, HuangCY*, YangHW?*. ConvectiorREnhancedelivery
of a Virus-Like Nanotherapeutidgent with DualFModal Imaging for Besiegemengand Eradicationof Brain
Tumors Theranostics2019 Fely 9(6): 1752 1763 (SCI; IF2018-8.063 Medicine, research& experimental
10/136)

PangHH, HuangCY , ChouYW , Lin CJ, Zhou ZL , ShiueYL , Wei KC* , Yang HW*. Bioengineering
fluorescentvirus-like particle/RNAi nanocomplexesct synergisticallywith temozolomideto eradicatebrain
tumors Nanoscale 2019 Apr; 11(17): 810281092 (SCI; IF2018=6.97C, Physics, applied 18148 (co-
correspondingauthor)
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Focused Ultrasound: Biomedical Application, Biosystem
Manipulation, and Device Design
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Abstract

Scientistshave been devoted into the understandingof using focused ultrasoundas a
therapeutictool since195Q Yet, beforethe diagnosticultrasoundhasevenbeenclinically

adoptedmuchearlierin the 80s, focusedultrasoundclinically provedits therapeutiefficacy
and biomedicalvalue way behind until this early century Focusedultrasoundhas unique
nicheto be ableto sharplysteerradiationforce energyinto deepseatedsoft tissueand can
induce localized thermal or mechanicalrelatedbiophysicaleffect Focusedultrasoundcan
even penetratethrough the humanskull to achievenoninvasivebrain therapy Regulatory
approvedits clinical practicein abdomen,bone, and brain, and more and more clinical

applicationsare under discovery,developmentand clinical validation Clinician relies on

engineergdedicatingon comprehensivesystemdesignto securefocusedultrasoundenergy
delivery andto eventuallyachievetherapeutidioeffect In this presentationthe view angle
from the engineeringlesignperspectiveon focusedultrasoundwill be explored Topicssuch
as biosystem consideration,concept in biosystem control, medical electronics design
experience,as well as medical device design experienceon focused ultrasoundwill be
covered

Selected recent publications:

CJ Lin, CY Lin, YT Lin, CY Huang,KC Wei, JC Chen, GJL Chen,HL Liu*, i Mi cr o-bubb
Facilitated Ultrasound Pulsation PromotesDirect U-Synuclein GeneD e | i v RBiachemical and
BiophysicalResearcliCommunicationsyol. 517, No. 1, pp. 77-83, 2019

CH Wu, HL Liu, CT Ho, PH Hsu, CH Fan,CK Yeh, ST Kang, WS Chen,FN Wang, HH Peng,
i Mo ni tob acoustigcavitation in microbubblepresentedfocused ultrasound exposureusing
gradientechomagnetiaoesonancé ma g iJoumgpglobMagneticResonancémaging,Accepted2019

CY Lin, CH Tsai,LY Feng,WY Chai, CJLin, CY Huang,KC Wei, CK Yeh, CM Chen,HL Liu,
i F o ¢ WHrasdundinduced Blood Brain-Barrier Opening EnhancedVascular Permeability for
GDNF Deliveryin Huntington'sDiseaséMouseM o d eBrajn 8timulation,Accepted2019

KT Chen,KC Wei andHL Liu*, fiTheranosticStrategyof FocusedJltrasoundinducedBlood-Brain
BarrierOpeningfor CNSDiseasel r e a t Rrentiersin Bharmacologyyol. 10, pp. 1-16, 2019

IC Lee, HJ Wu, HL Liu*, f D ufeetiuency ultrasound induces neural stem/progenitorcell
differentiation and growth factor utilization by enhancingstable c a vi t &ACS$ Ghemical
Neuroscienceyol. 10, pp. 1-18, DOI: 10.102%acschemneur8b00483 2018
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Self-assembly of functional RNAs in VLPs for glioma
targeting therapy
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Abstract

How to deliver effectively the RNAI or plasmidDNA (pDNA) into cellsis the key point for

successfubenetherapy The nanoparticlesbasedand adeneassociatediiral vector (AAV) -

baseddelivery systemsare commonlyusedto enhancehe transfectionefficiency, but their

disadvantagesre the manufacturingcost and complicatedprocessesin this grant, we

proposeonepot synthesisof selfassemblyfluorescentvirus-like-particle (fVLP)-miRNA

complexeswhich canbe usedfor imagingtrackingandgenedownregulation(c-Met andb-

catenin)to further enhancehe sensitivity of Temozolomide(TMZ) towardto Brain tumor

cells The innovation in this grant is our designed RNA scaffold can induce green
fluorescencehat can be monitoredthe RNA processingn cells in real time insteadof gel

electrophoresisWe will alsomodify the cell-penetratingpeptide(CPP} and Apolipoprotein
E (ApoE)-peptideson the exterior surfaceof fVLP-RNAI complexesto enhancethe cell

uptake and penetrationof bloodbrain barrier (BBB). Intravenousadministrationof this

formulation enhancedthe curative efficacy of TMZ by downregulatingthe hepatocyte
growth factor receptor (c-MET) gene in GBM U87 cells Furthermore,upon gene

chemotherapythe methylatedDNA in GBM US87 cells was significantly enhancedby

inhibiting the DNA repair mechanismJeadingto significant brain tumor suppressionThe

resultsof this study could be critical for the designof RNAi-basedgenetictherapeuticgor

promotingchemotherapygainstbraintumors

Selected recent publications:

H.H. Pang,Y.C. Ke, N.S. Li, Y.T. Chen,C.Y. Huang,K.C. Wei*, H.W. Yang*. A new lateralflow
plasmonicbiosensobasedon gold-viral biomineralizeéchanozymedor on-siteintracellularglutathione
detectiorto predictdrugresistancéevel. Biosensorsind Bioeléctronicsl65 112325(2020).

N.S. Li, Y.T. Chen,Y.P. Hsu,H.H. Pang,C.Y. Huang,Y.L. Shiue K.C. Wei*, HW. Yang*. Mobile
healthcaresystembasedon the combinationof lateraltlow pad_andsmartphon or rapid detectionof
uric aciddetectiornin wholeblood BiosensorandBioelectronicsl64, 112309(2020.

W.L. Hsu,C.Y. Huang,Y.P. Hsu, T.L. Hwang,S.H. ChangH.Y .J. Wang,L.Y._FenP,S.J. Tzoy K.C.
Wei*, H.W. Yang*. On-skin glucosebiosensingandhyperglycaemidriggeredinsulin-zinc hexamers
dellveEy usmg microneedledor syringefree diabeteSmanagementChemical EngineeringJournal
398 125536(2020.

Y.P. Hsu,N.S. Li, Y.T. Chen,H.H. Pang K.C. Wei, H.W. Yang*. A serologicapoint-of-caretestfor
Zika virus detectionand infection surveillanceusing an enzymefree vial immunosensomwith a
smartphoneBiosensorsind Bioelectronicsl 51, 11196%(202().

Y.P. Hsu, HW. Yang*, N.S, Li, Y.T. Chen,H.H. Pang,S.T. Pang* A urological point-of-care
g%(gs%ss 'E%% 28r early urothelial carcinomascreeningand postoperativenonitoring ACS Sensorsb,
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Evaluation the combination effect of radiation and focused
ultrasound in treatment of brain tumor model animals
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Abstract

The standardreatmentof malignantbrain tumor is surgicalresectionfollowed by adjuvant
chemol/radiotherapyHowever,in spite of theseaggressivdreatmentsiumor may still recur
andresultingin poor survival In solid tumors,the hypoxia condition presentedn most of

tumorareamay contributeto treatmenfailure in both adjuvanttherapieslt hadbeenproven
thatsystemicdeliveredoxygenmay not sufficientfor ionizing radiationto producecytotoxic

effect A recentstudy reportedusing focusedultrasoundcombinedwith oxygercontained
microbubblesprior to radiationsignificantly increasedhe oxygencontentin breastcancers
and statisticallyimprovedanimal survival Therefore,providing sufficient oxygenin tumor

areamay be beneficialfor radiationtherapy To studythe potentialrole of suchstrategyfor

brain tumor treatment,we usedfocusedultrasoundto treat brain tumor bearing animals
before radiation therapy As comparedwith nonultrasoundtreatmentgroups, the tumor

growth rate was significantly inhibited, and the animal survival is prolonged We also
analysisthe geneexpressiorchangestevealsomepotentialpathwaythat mayinvolve in the

process Furthermore we found focusedultrasoundcombinedwith norroxygericontaining
microbubblesalso representegimilar results,demonstratehe focusedultrasoundinduced
cerebralvascularpermeabilityincrementmay also contributeto the radiationtherapyeffect
for braintumortreatment

Selected recent publications:

ChangEL, Ting CY, HsuPH, Lin YC, Liao EC, Huang CY, Changt\)(c, ChanHL, ChiangCS, Liu
HL, Wei KC, Fan CH, Yeh CK. Angiogenesigargetingmicrobubblescombinedwith ulfrasound
mediatedgenetherapyin braintumors Journal of ControlledRelease2017Jun 255 164175 (SCI;
IF2016=7.786, Pharmacology® pharmacyl(/256)

Lin FW, ChenPY, Wei KC, Huang CY, WangCK, Yang HW. RapidIn Situ MRI TraceableGel
formin Dual-druH:Dellver for M/ne_rglstlcTherap of Brain Tumar. Theranostics2017 Jun 7(9):
25242536 (SCI, [F2016=8.712 Medicine,researclk experimenta8/128)

ChangEL, Ting CY, HsuPH, Lin YC, Liao EC, Huang CY, ChangYC, ChanHL, ChiangCS, Liu
HL, Wei KC, Fan CH, Yeh CK*. Angiogenesidargetingmicrobubblescombinedwith ulfrasound
mediatedgenetherapyin braintumors Journal of ControlledRelease2017Jun 255 164175 (SCI;
IF2018=7.901; Pharmacolog® pharmacyo/267)

Liu YS, Lin HY, Lai SW, Huang CY, HuangBR, ChenPY, Wei KC, Lu DY. MiR-181b modulates
EGFRdependenVCAM - exEressmmndmon_oc eadhesiornn %I|oblastomaOncogene2017Aug;
36(35): 50065022 (SCI; IF2016=7.519, Geneticsk heredityl2/166)

Lin CY, Lii RJ, Huang CY, Wei KC, Chen PY. Controlled releaseof liposomeencapsulated
temozolomide for brain fumour treatment by convectiorenhanceddelivery. Journal of Drug
Targeting 2018Apr; 26(4): 325332 (SCI; IF2018-7.901; Pharmacolog® pharmacyd/267)
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When facing brain trauma and neurologicaldiseasesglinicians like to try noninvasive
external stimulation for neuromodulationas a treatmentoption even in the absenceof

molecularbasisto corroboratets curativeeffect However,to passthreephaseclinical trials
and to further optimize stimulation parameterdor therapeuticefficacy, it is necessaryo

elucidate molecular mechanismsas the theoretical basis underlying clinical efficacy

Therefore,we will discusshow externalstimuli, suchas ultrasoundand red light, regulate
neuronalfunction at the molecularlevel andintroducea new chemo/optegeneticsmethodto

controlneuronalconnectivity
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ASIC1la plays a role as the mechanosensor of low-intensity
ultrasound stimulation for mouse brain neuronal activation

Postdoc, Biomechanical Lab (Jdawn Wang Lab)
National Taiwan University

PhD Institute of Molecular and Cell Biology, National
University of Singapore

Abstract

Accumulatingevidencehasshowntranscranialow-intensity ultrasoundcanbe potentiallya
norrinvasiveneuralmodulationtool to treatbrain diseasesHowever,the majority of studies
on animal modelsapplying rather high-intensity ultrasoundthat cannotbe safely usedin

humans In addition, the mechanicaland molecularmechanismsemainelusive Therefore,
we aim to setup a study platform to investigatethe neuronalresponsesipon ultrasound
stimulations Here we showedlow-intensity ultrasoundcan activateneuronsin the mouse
brain In vitro calciumimagingstudiesshowedthatthe ultrasounddeliveredby micropipette,
which generated®oth ultrasoundandacousticstreamingn a local site, is requiredto activate
primary culture of neonatalcortical neurons By usingcandicateapproachof testingvarious
inhibitors, ASICla and the tethermode mechanotransductiorare demonstratedto be
involved in the low-intensityultrasoundmediatedmechanotransductioand culturedneuron
activation In particular, neuronal calcium responseinduced by micropipette delivered
ultrasounds specificallyinhibited by ASIClablockadeandcytoskeletoamodified agentsin

contrast, the inhibition of mechanical sensitive channels involved in bilayermodel
mechanotransductiolike Piezoproteinsdo not affect the micropipettedeliveredultrasound
mediatedneuronalactivation Most importantly, repeatedultrasoundstimulation resultsin

adult neurogenesifm specificbrain regions,implicating a potentialadult neurogenesisipon
specificultrasonicneuromodulations

Selected recent publications:

Lim J, Chu Y-S, Chu Y-C, Lo C-M, Wang J-L (2020 Low Intensity UltrasoundIinduces
Epithelial Cell AdhesionResponses) BiomechEng142 091014

Lim J, Li X, YuanX, YangS,HanL, YangS (2020 Primarycilia controlcell alignmentand
patterningin bonedevelopmenvia ceramideP K CGhscateninsignaling CommurBiol 3:45

ChuY-C, Lim J, HongC-W, ChuY-S,WangJ-L (2019 Designof anultrasoundcchamberfor
cellularexcitationandobservationJ ACOUSTSOCAM 145 EL547

Lim J, Thiery JP (2012 Epitheliatmesenchymatransitions insights from development
Developmeni39 3471-3486

Lim J, BalastikM, Lee TH, NakamuraK, Liou Y-C, SunA, Finn G, Pastorind., LeeVM-Y,
Lu KP (2008 Pinl hasoppositeeffectson wild-type andP301L tau stability andtauopathyJ
Clin Invest11818771889
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Mechanoregulation of mitochondrial dynamics in
axons/neurites
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Abstract

Cells regulatemitochondrialmovementand positioningin orderto balanceenergyneeds
Neuronsareparticularlysusceptiblego disturbanceof mitochondrialmotility anddistribution
dueto their highly extendedstructuresandspecializedunction Regulationof mitochondrial
motility thusplaysa vital role in neuronalphysiology Ultrasoundis usedastherapeuticgor
neurologicdiseasesverthe years however,the fundamentaknowledgeashow neuronsare
affectedby ultrasoundremainspoorly understood We appliedvery low intensityultrasound
(1MHz) asa sourceof mechanicaforcesto stimulateliving cortical neuronsand monitored
mitochondrial movementand fusion/fission eventsin axon/neuriteby TIRF microscopy
Motility and membranedynamicsof mitochondriaare reducedat ultrasoundstimulation
Moreover, FLIM analysesrevealthat ultrasoundcan modulatemembranetensionand the
topology of axon/neurite Our study establishesa mechanobiolgicamodel to demonstrate
that very low intensity ultrasoundcan exert effects on mitochondriadynamicsat various
cellular contextsthrougha outsidein spatialsequenc®f mechanotransducivevents

Selected recent publications:

Lim J*, YS Chu, ChuYC, Lo CM, JL Wang, Low intensity ultrasoundinducesepithelial
cell adhesionresponses,J BiomechanicalEngineering, 1420910141, 2020 (* coHfirst
author),

Lai YT, YS Chu, Lo JC, YH Hung, Lo MC, Effectsof electrodediameteron the detection
sensitivity and frequency characteristicsof electric cell-substrate impedance sensing,
BiosensomndActuatorB: Chemical,228 707-715 2019

Al-Aghbar MA, YS Chu Chen BM, Roffler S High-affinity ligands can trigger T cell
receptorsignalingwithout CD45 segregationfFrontimmunology 9:713 2018
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Neurite regrowth induced by a red-light spot focused
on the soma
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Abstract

Light producesvarious effects in biological cells and these effects are dependenton
wavelengthsFor example,infraredlight could raisethe temperaturef the illuminatedsite,
while blue or violet light generateseactive oxygen speciesin cells Numerousreports
suggesthat light-inducedneurite growth could be a clinically usefultechniquefor neuron
repair Most previous studiesused either a large illumination areato accelerateoverall
neuritegrowth or a light spotto guidea growing neurite It is not clearif optical stimulation
canreally i r e p @r inducedhe regrowthof a retractedneurite In this presentationye
demonstrateisingbluelight (wavelength473nm) to causeneuriteretraction,andthenusing
a redlight (wavelength 650 nm) spotto illuminate the somaand induce neurite regrowth

We foundthattheinitialization of the neuriteregrowthwaswavelengthdependentwhile the
regrowth length seemedo be independenof wavelength Moreover,the neurite regrowth
length was increasedby the pre-treatmentwith inhibitors of myosin Il activities We also
observedactin propagatiorfrom the somato the tip of the re-growing neuritefollowing red

light stimulation This red light-inducedregrowthdid not occurin the calciumfree culture
medium Theseresultssuggesthatillumination with aredlight spotonthe somamaytrigger
theregrowthof aretractedneurite

Selected recent publications:

Y .-C. Kao, Y .-C. Liao, P.-L. Cheng,and C.-H. Lee, 2019 i N e u negrowthstimulationby a red
light spot focusedon the neuronalcell somafollowing blue light-inducedr e t r a &dientificn , 0
Reportsvol. 9, 18210

C.-W. Lee, Y.-L. Chiang,J-T. Liu, Y.-X. Chen,C.-H. Lee, Y.-L. Chen,and |.-S. Hwang, 2018
i E me rrglesof girgasesn lipidb i | a Yreat| wl, 1¢, 1802133

Y.-C. Kao, J-R. JhengH.-J. Pan,W.-Y. Liao, C.-H. Lee, andP.-L. Kuo, 2017 fi E| e \nhyitostatic
pressureenhanceghe motility and enlargesthe size of the lung cancercells through aquaporin
upregulatiormediatedy caveolinl andERKL/2s i g n a®ncogegevob 36, pp. 863874

C.-W. Lee, L.-L. Jang,H.-J. Pan, Y.-R. Chen, C.-C. Chen, and C.-H. Lee, 2016 i Me mbr ane
roughnessasa sensitiveparametereflectingthe statusof neuronalcellsin responsdo chemicaland
nanoparticld r e a t doarnaiosNanmobiotechnologyol. 14, 9.

C.-C. Lan,E. Y. Lu, H.-J. Pan,andC.-H. Lee, 2015 i Di r e anigiatmmofcincercellsinduced
by abluelight intensityg r a d iBiemetical®pticsExpressvol. 6, pp. 26242632



N(I1) 4-4

Chemical Optogenetics for Precise Control and
Interrogation of Neurotransmission
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Abstract

Neurotransmittersand their receptorsare responsiblefor cell-cell communicationgn the

nervous system Due to their pivotal roles in signal detection and propagation,
neurotransmittereceptorshave long beentherapeutictargetsfor neurological,psychiatric,
and developmentaldisorders Decoding of neurotransmissionn the brain, however, is

challengingdueto the tremendoudliversity of neurotransmittereceptorsand the complex
nature of neural circuitry. Breakthroughsawait new approacheghat enablecontrol over

neurotransmissiomediatorswith high spatial,temporal,andbiochemicalprecision Our lab

integrateschemical biochemical andgeneticapproacheso developthesetoolsandmethods,
with a specialfocus on nextgenerationoptogeneticsOptogeneticss a powerful technique
for investigatingcomplex biological phenomenasuch as cellular signaling and neuronal
connectivity Throughthe action of a light-sensitiveprotein, the physiologyof a cell or an

organismcanbe optically controlledin definedspaceandtime. We developstrategiego: (1)

engineer light-sensitive neurotransmitter receptors for precisemanipulationof specific

signaling componentsin the brairt and (2) optically control native neurotransmitter

recegtors in defined neuronal types or subcellular compartments We establish our

methodologieswith type-A 2-aminobutyricacid receptors(GABA , receptors)the master
mediatorsof inhibitory neurotransmissionn the brain UItimatefy, we aim to enablea

comprehensivalecodingof GABAergic signalingin the nervoussystem,and to provide

generalizableapproache$or optogeneticcontrol of otherneurotransmittepathways

Selected recent publications:

Lin WC, Tsai MC, DavenportCM, Smith CM, Veit J, Wilson NM, AdesnikH, KramerRH
(2015 A comprehensiveptogeneticpharmacologytoolkit for in vivo control of GABA ,
receptorsandsynapticinhibition. Neuron88:879 891

Lin WC, Tsai MC, RajappaR, Kramer RH (2018 Design of a highly bi-stable
photoswitchableéetheredigand for rapid andsustainednanipulationof neurotransmission.
Am Chem Soc 1407445 7448

Lin WC, DavenportCM, Mourot A, Wtla D, Smith CM, Medeiros KA, ChamberslJ,
Kramer RH (2014 Engineeringa light-regulatedGABA , receptorfor optical control of
neuralinhibition. ACSChem Biol. 9:1414 1419

Lin WC, Kramer RH (2018 Light-switchableion channelsand receptorsfor optogenetic
interrogationof neuronalsignaling BioconjugateChem 29:8611 869.
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The humanbrain is an extremelycomplexcomputingdevicethat canlearn,memorizeand
make decisionsthrough the interactionbetweentensof billions of neuronsin responsdo
sensoryinputs Computationalneurosciencestudieshow neuronsgenerateand transmit
signalsby simulating the actionsof neuronsin mathematicalmodels Before building a
neural network model to accuratelyquantify or even predict the operationof the nervous
system, many parametersneedto be obtainedfrom the experimentalmeasurementsf
systemaeuroscienceélNe will shareour studieson the cerebellarplasticity andfunction, the
constructiorof fly brainmap,spatialnavigationandmemoryin mice andflies.
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Optogenetic regulation of synaptic plasticity to understand
the functions of cerebellar systems
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Ph.D., Gunma University

Abstract

Our brainscontainca 100 billion neuronswhich connectto eachotherthroughii s y n atp s e s ¢
makeneuronalcircuits essentiafor higherbrain functions,suchaslearning& memory It is
consideredhat synapticplasticity, an activity-dependenthangein synapticproperties,s a
molecularbasisof learning& memory(Kakegawaand Yuzaki, BRAIN & NERVE 2018.
Indeed,a lot of mutantmice which lack genesinvolved in synapticplasticity exhibit severe
memoryimpairment However,we d o nkaow whethersynapticplasticity directly causes
behaviordysfunctionbecausave haveno meango acutelyintervenein synapticplasticity at

the specificsynapsesn thebrain

Recently, we developed novel chemogeneticand optogenetic tools to regulate the
localization and functions of glutamate receptors,which are key players for synaptic
transmissiorand plasticity (Kiyonakaet al., Nat Chemistry 2016 Kakegawaet al., Neuron
2018. In particular,a new optogeneticool, PhotonSABER controlled not only long-term
depressior{LTD), a certainform of synapticplasticity, but alsocerebelluradependentnotor
learningin a light-dependentmanner,suggestinghe direct relationshipbetweenLTD and
cerebellarmotor learning (Kakegawaet al., Neuron 2018. Becausesynaptic plasticity
occursin almostall neuronalcircuitsin eachbrainregion,usingthesetechnologiesyve will

know the causalkelationshipbetweersynapticfunctionsandthe behaviorsn moredetail

Selected recent publications:

Kakegawa W, Miyoshi Y, HamaseK, MatsudaS, MatsudaK, KohdaK, Emi K, MotohashiJ, Konno R, Zaitsu
K, Yuzaki M (2011 D-Serine regufatescerebellarLTD and motor coordinationthrough the d2 glutamate
receptor NatNeuroscil4:603-611

Unoki T*, MatsudaS*, Kakegawa W* (*equally contributed) Bich Van NT, KohdaK, SuzukiA, Funakoshiy,
Hasegawad, YuzakiM, KanahoY $2013 NMDA receptormediatedactivationof PI(4,%)P —groducmgenzyme
PIP5K is essentiafor AMPA receptorendocytosisiuringlong-term depressionNeuron 3135148

Kakegawa W, Mitakidis N, Miura E, Abe M, MatsudaK, TakeoYH, KohdaK, MotohashiJ, TakahashiA,

Nagao S, MuramatsuS, WatanabeM, SakimuraK, Aricescu AR, Yuzaki M (2015 AnterogradeClqll

ﬁllgnalm E|_)33r1etg|)%|£%d|n orderto determineandmaintaina singlewinner climbing fiber in the mousécerebellum
euron85;

Elegheert], Kakegawa W, Clay EJ, ShanksN, Behiels E, MatsudaK, Kohda K, Miura E, Rossmannvi
Mitakidis N, MotohashiJ, ChangTV, SieboldC, GregerHI, NakagawaT, Yuzaki M, AricescuAR (2016
Structuralbasisfor integrationof GluD receptorswithin SynapticorganizercomplexesScience353295-299

Kakegawa W, Katoh A, Narumi S, Miura E, MotohashiJ, TakahashiA, KohdaK, FukazawaY, Yuzaki M,
MatsudaS (2018 Optogeneticcontrol of synapticAMPA receptorendocytosigevealsrolesof LTD in motor
learning Neuron99:985-998
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FlyBrain: This is a small world, but not small everywhere
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Abstract \\}X

The structure of the brain network of Drosophila was analyzedat two scalesi the
mesoscopi@andmicroscopicnetworksdescribingthe connectionf the brain regionscalled
local processinginits (LPUs),andthe singleneuronsyespectivelyThe brain networkcanbe
organizedby somefunctionalmodules,or subnetworks,relatedto the brain functions The
whole-brain showed clear smallworld featuresas many complex networks observedin
naturalandsocialscienceslinterestingly,structureof the subnetworksare diverse Someof
themarealsosmallworlds asthe whole brain network,andothersarenot becausehey have
long pathlengthsor small clusteringcoefficients Statisticsof othermeasurementalsoshow
diversebehavioramongthe subnetworksof the functional modules The resultssuggesta

correlationbetweerfunctionsandnetworkstructures

Selected recent publications:

Chi-Tin Shih, Yen-JenLin, ChengTe Wang, Ting-YuanWang,Chi-ChenChen Ta-ShunSu,
ChungChuan Lo, and Ann-Shyn Chiang, 202Q Diverse Community Structuresin the

NeuronalLevel Connectomef the DrosophilaBrain, Neuroinformaticsl8: 267-281

Chi-Tin Shih, Olaf Sporns ShouLi Yuan, TaaShunSu Yen-JenLin, ChaeChun Chuang,
Ting-Yuan Wang, ChungChuangLo, Ralph J. Greenspanand Ann-Shyn Chiang, 2015

ConnectomieBasedAnalysisof InformationFlow in the DrosophilaBrain, CurrentBiology,

25:124958
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Novel cellular mechanism supporting putative prospective
coding in spatial navigation
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Ph.D., National Taiwan University
Abstract

Animals learnto useneuralmapsof environmentdo guide behavior For spatialtasks,the
neuralcodesrequirelocalizationof thea n i npagitionandplanningfor subsequeractions,
but cellular mechanismssupporting such kinds of prospectivespatial code are poorly
understood

In the hippocampusplacecells havebeenconsideredtritical for both spatialrepresentation
and navigation A subsetof placecells, called splitter cells, exhibit placedependentiring
modulatedby behavioralmotor trajectories but exactplasticity mechanismshat shapethis
behavioralcontextdependentspatial code remain unknown Here, we applied whole-cell
patchclamprecordingof CA1 pyramidalneuronsn awakemice performinga visually cued
two-choicetask in virtual reality, which requiredfunctionally intact dorsal hippocampus
Underthe strict control of visual cues,we found that calcium plateaupotentialscan rapidly
and robustly trigger emergenceof splitter cells in CAl, and further experiments
unambiguouslyndicatedthattaskdemands a necessaryactorin this processFinally, | will
also discussone potential implication of splitter cells in a computationalframework of
reinforcementearningfor navigation

Selected recent publications:

Hsu CL*, ZhaoX, Milstein AD, SprustonN. (2018. Persistensodiumcurrentmediateghe
steepvoltagedependencef spatialcodingin hippocampapyramidalneuronsNeuron 99(1):
147162

Kim Y*, Hsu CL*, CembrowskiM, MenshB, SprustonN. (2015. Dendritic sodiumspikes
arerequiredfor long-term potentiationat distal synapse®n hippocampapyramidalneurons
elLife 4. e06414

Hsu CL*, Yang HW, Yen CT, Min MY. (2010. Comparisonof synaptictransmissiorand
plasticity betweensensoryand cortical synapse®n relay neuronsn the ventrobasahucleus
of theratthalamusJournal of Physiology 58822): 4347-4363
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A spiking neural network model of spatial working
memory in Drosophila
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Abstract

Theability of maintainingspatialorientationis crucialfor ananimalto performgoaldirected
movementsRecentDrosophilastudieshaverevealedthe critical role of the ellipsoid body
(EB) in tracking spatial orientation, but the precise neural computationand underlying
mechanismsemainunclear We analyzedconnectomiadataof Drosophila centralcomplex
and discoveredthat the circuit connectingEB and the protocerebralbridge (PB) form

symmetricandasymmetriaings The asymmetriaings canbe further dividedinto two sub

rings, one with counterclockwiseand the other with clockwise patterns We further
constructeda spiking neural circuit model basedon the circuits reconstructedrom the
connectomicdata We demonstratedthat the symmetric ring is capable of sustaining
persistenneuralactivity thatencodespatialorientation,while the asymmetriaings perform
angularpathintegrationand updateorientationwhenthe body rotatesin the dark We tested
this modelby performingneuralfunctionalandbehavioralexperimentdasedon a modified

Bur i dgaradi@yrm We investigatedhow orientationworking memory is maintainedin

wild-type flies andin flies with hyperactivatedr suppresseding neurons We discovered
that, as predictedby the model, manipulationof different ring neuronsgaverise to distinct
behavioral changes,with one characterizedby inaccurateworking memory of spatial
orientationafterthe offset of the visual cuesandthe otherby lossof spatialorientationeven
with the presencef the visualcues
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