
Target glioma recurrence and resistance, 
from invisible to visible

對抗復發腦癌-從看不見的分子到高階的影像

The five-year survival rate of patientswith gliomasis lessthan 10%, which is due to the
frequent recurrenceof tumor growth after chemotherapy. Therefore, it is important to
understandhow gliomas acquire drug resistance,and hope to develop new therapeutic
optionsand possiblestrategiesto predict their relapse. Glioma recurrencecould be due to
changesin the genomeor metabolomeof tumor cells to increasetheir drug resistanceor
suppressimmunity againsttumors. In this nanosymposium,we will discusshow to target
glioma recurrencefrom the aspectsof immunity, radiomic imaging, genomicsand lipid
metabolomics.
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Pin-Yuan Chen ( ) MD., PhD.
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Professor, Chang Gung Memorial Hospital

Associate Professor, Chang Gung University

Glioma is a gravebrain cancer. Inevitabledrug resistanceand recurrenceof tumor growth

after surgicalexcision,radiationandchemotherapycausethat the five-yearoverall survival

rateof patientswith gliomasis lessthan10%. The componentsof tumor microenvironment

and how thesecells react to therapyplay important roles in glioma recurrence. Here, we

focus on immune cells, especiallyglioma-associatedmicroglia/macrophages(GAMs) and

tumor-infiltrating T cells (TILs) and try to understandhow glioma cells attract them,how

glioma cells escapefrom the immunesurveillance,andhow glioma cells transformGAMs

and TILs to facilitate tumor progression. Hope that we could break the vicious cycle and

developsomenewtherapeuticoptionsandpossiblestrategiesto preventtumorrelapse.

Target glioma recurrence and resistance, in immune aspect

Wu CY, ChenCH, Lin CY, FengLY, Lin YC, Wei KC, HuangCY, FangJY*, Chen PY* .
CCL5 of glioma-associatedmicroglia/macrophagesregulatesglioma migrationandinvasion
via calcium-dependentmatrix metalloproteinase-2. Neuro-Oncology2020Feb20;22(2):253-
266. doi: 10.1093/neuonc/noz189.

Chen PY%, Wu CY%, FangJH, ChenHC, FengLY, HuangCY, Wei KC, FangJY, Lin CY.
FunctionalChangeof Effector Tumor-Infiltrating CCR5+CD38+HLA-DR+CD8+ T Cells in
Glioma Microenvironment. Frontiers in Immunology 2019 Oct 9;10:2395. doi:
10.3389/fimmu.2019.02395.

WangYC, LeeCC,TakamiH, ShenS,ChenKT, Wei KC, Wu MH, Worrell G, Chen PY * .
Awake craniotomiesfor epileptic gliomas: intraoperativeand postoperativeseizurecontrol
andprognosticfactors. Journalof Neuro-Oncology2019May, doi.org/10.1007/ s11060-019-
03131-0

PangHH%, Chen PY%, Wei KC, HuangCW, ShiueYL, HuangCY, YangHW. Convection-
EnhancedDelivery of a Virus-Like NanotherapeuticAgent with Dual-Modal Imaging for
Besiegementand Eradication of Brain Tumors. Theranostics2019 Feb, doi:10.7150/
thno.30977%Equalcontribution: first author.
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Glioblastoma(GBM) is the most commonand malignantprimary brain tumor. However,thereare
limited knowledgeof its progressionpattern. Currentconventionalmagneticresonanceimaging(MRI)
constrainstheprecisionof thetreatmentdueto thedifficulty to differentiatethecharacteristicsamong
them before treatment. One of the possiblelimitations is the limited information provided by the
conventionalMRI. Our study intendsto identify tumor progressionpatternby using advancedMR
techniqueswith radiomicsandartificial intelligencemethod.

Theradiomicsis anemergingtechniquethatcanconvergeconventionalimaginginto high dimension
quantitativedata. Furtheranalysiswith classifieror machinelearning,imagingdatacanbeassociated
with clinical data,to improve clinical decision. Among 842 radiomicsfeatures,153 of them were
significantdifferent in glioblastomathat progressñdiffuselyòandñlocalisedò. Furtheranalyzedwith
differentmachinelearningmodelcanhavean80% of predictionaccuracy.

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

The applicationof the neuralnetworkandadvancedneuroimaginganalysistechniquescanprovidea
substantialinformationbeyondvisualization.

Application of the Advanced Neuroimaging with Artificial 
Intelligence in Glioblastoma

YanJL, Li C, HoornAV, BoonzaierNR, MatysT, PriceSJ. (2020, Jun). A NeuralNetworkApproach
to Identify the Peritumoral Invasive Areas in GlioblastomaPatientsby Using MR Radiomics.
ScientificReports,2020Jun16;10(1):9748.

Yan JL, Li C, BoonzaierNR, FountainDM, Larkin TJ, Matys T, van der Hoorn A, PriceSJ(2019,
May). MultimodalMRI Characteristicsof theGlioblastomaInfiltration BeyondContrastEnhancement.
TherapeuticAdvancesin NeurologicalDisorders,2019May 14;12:1756286419844664.

Yan JL*, HoornAV, Larkin TJ, BoonzaierNR, MatysT, PriceSJ. (2017, Jan). Extentof resectionof
peritumouralDTI abnormalityas a predictor of survival in adult glioblastomapatients. Journalof
Neurosurgery,2017Jan;126(1):234-241.

Hoorn AV, Yan JL*, Larkin TJ, BoonzaierNR, Matys T, PriceSJ(2016, Jul). Validation of a semi-
automaticco-registrationof MRI scansin patientswith braintumorsduringtreatmentfollow up. NMR
in Biomedicine,29(7):882-9.
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The Ph.D. Program for Neural Regenerative Medicine, 
College of Medical Science and Technology, Taipei 
Medical University, Taiwan

PhD., National Cheng Kung University

Background: Glioblastomais associatedwith poor prognosisand high mortality. Although
the useof first-line temozolomidecan reducetumor growth, therapy-inducedstressdrives
stemcells out of quiescence,leadingto chemo-resistanceandglioblastomarecurrence. The
Sp1 transcription factor is known to protect glioblastomacells against temozolomide;
however,how tumor cells hijack this factor to gain resistanceto therapy is not known.
Methods: Sp1 acetylationin temozolomide-resistantcells and stem-like tumorsphereswas
analyzed by immunoprecipitation and immunoblotting experiments. Effects of the
HDAC/Sp1 axis on malignantgrowth wereexaminedusingcell proliferationïrelatedassays
and in vivo experiments. Furthermore,integrativeanalysisof geneexpressionwith ChIP-seq
and the recurrentglioblastomaomics data were also usedto further determinethe target
genesof theHDAC/Sp1 axis. Results: We identifiedSp1 asa novelsubstrateof HDAC6, and
observed that the HDAC1/2/6/Sp1 pathway promotes self-renewal of malignancy by
upregulatingBMI1 andhTERT,aswell asby regulatingG2/M progressionandDNA repair
via alterationof thetranscriptionof variousgenes. Importantly,HDAC1/2/6/Sp1 activationis
associatedwith poorclinical outcomein bothglioblastomaandlow-gradegliomas. However,
treatment with azaindolylsulfonamide, a potent HDAC6 inhibitor with partial efficacy
againstHDAC1/2, inducedG2/M arrestandsenescencein both temozolomide-resistantcells
and stem-like tumorspheres. Conclusions: Our study uncovers a previously unknown
regulatorymechanismin which theHDAC6-Sp1 axis inducescell division andmaintainsthe
stemcell populationto fuel tumorgrowthandtherapeuticresistance.

Transcription Therapy: A Potential Strategies Overcoming 
the Drug Resistance for Glioblastoma

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 SuppressesGrowth of
Temozolomide-ResistantGlioblastoma through Disrupting GPX4-Mediated Redox Homeostasis.
RedoxBiol, 30:101413. (SCI. IF=9.986)

Lo WL, Hsu TI, Yang WB, Kao TJ, Wu MH, HuangYN, Yeh SH, Chuang JY*. (2020). Betulinic
acid-mediatedtuning of PERK/CHOPsignalingby Sp1 inhibition asa novel therapeuticstrategyfor
glioblastoma. Cancers, 12(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 andSp1 underlies
therapeuticresistanceandtumorgrowthin glioblastoma. NeuroOncol, In press. (SCI. IF=10.247)
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of Medical Science and Technology, Taipei Medical 
University and National Health Research Institutes, Taipei, 
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Graduate Institute of Medical Sciences, College of 
Medicine, Taipei Medical University, Taipei, Taiwan 

Androgenreceptor(AR) overexpressionwas shownto promotedrug resistancein prostate
cancer. However, the role of AR in acquiring resistanceof glioblastomaenriched by
androgen-typed neurosteroidsremainsunclear. Herein, we observedALZ003, a curcumin
analog,inducedFBXL2-mediatedAR ubiquitination,leadingto degradation. Comparedwith
FDA-approvedAR inhibitor, enzalutamide,ALZ003 exhibitedhigher activity in degrading
AR and in suppressingtumor growth. Importantly, ALZ003 significantly inhibited the
survivalof glioblastomawith or without temozolomide(TMZ) resistance. Thedysregulation
of redox homeostasis,and characteristicsof ferroptosis,including glutathioneperoxidase
(GPX) 4 downregulation,were significantly induced by ALZ003, not by enzalutamide.
Furthermore,we found that AR regulatedGPX4 expression,and overexpressionof AR
preventedferroptosis in the presenceof GPX4. In addition to inhibiting the growth of
glioblastomain the orthotopic mousemodel, ALZ003 significantly extendedthe survival
period of transplantedmice, and significantly decreasedAR expressionin the tumor area.
Particularly,ALZ003 synergisticallysuppressedgrowth of glioblastomawith TMZ in the
orthotopic model. Taken together,AR potentiatesTMZ resistancefor glioblastoma,and
ALZ003-inducedAR degradationprovide a new insight into therapeuticstrategyfor TMZ
resistantglioblastoma.

Degradation of Androgen Receptor Inhibits Growth of 
Temozolomide-Resistant Glioblastoma 

through Inducing Ferroptosis

YangWB#, HsuCC#,HsuTI#, Liou JP#,ChangKY, ChenPY, Liu JJ,YangST,WangJY, Yeh SH,ChenRM,
Chang WC, ChuangJY*. (Apr, 2020) Increasedactivation of HDAC1/2/6 and Sp1 underlies therapeutic
resistanceandtumorgrowth in glioblastoma. NeuroOncol. 2020Apr 24:noaa103.

ChenTC#, ChuangJY#, Ko CY, Kao TJ, YangPY, Yu CH, Liu MS, Hu SL, Tsai YT, ChanH, ChangWC*,
Hsu TI* . (Feb. 2020) AR Ubiquitination Induced by the Curcumin Analog SuppressesGrowth of
Temozolomide-ResistantGlioblastomathroughDisrupting GPX4-MediatedRedoxHomeostasis. RedoxBiol.
2020Feb;30:101413.

TsaiYT, Wu AC, YangWB, Kao TJ, ChuangJY, ChangWC, HsuTI* . (Nov. 2019) ANGPTL4 InducesTMZ
Resistanceof Glioblastomaby PromotingCancerStemnessEnrichmentvia the EGFR/AKT/4E-BP1 Cascade.
Int J Mol Sci. 2019Nov 11;20(22). pii: E5625.

Lin HY, Ko CY, Kao TJ, Yang WB, Tsai YT, ChuangJY, Hu SL, Yang PY, Lo WL, Hsu TI* . (Sep. 2019)
CYP17A1 Maintains the Survival of Glioblastomasby RegulatingSAR1-MediatedEndoplasmicReticulum
HealthandRedoxHomeostasis. Cancers(Basel). 2019Sep16; 11(9). pii: E1378.

Yang WB, ChuangJY, ChangWC, Ko CY, Kao TJ, Lo WL, Hsu TI* . (Apr, 2019) Dehydroepiandrosterone
inducestemozolomideresistancethroughmodulatingphosphorylationandacetylationof Sp1 in glioblastoma.
Mol Neurobiol. 2019Apr;56(4):2301-2313.
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Microbiome in aging, cognition and dementia
腸道微生物和人類以共生關係進化

Bidirectionalcommunicationbetweenthegut microbiomeandthecentralnervoussystem(alsoknown
astheómicrobiota-gut-brainaxisô)playsakey role in brainfunction.

Microbial replacementtherapy, where changesin the quality and quantity of gut flora restore
microbial balance,is a potential treatmentoption for cognitive disorders. Moreover,certaineating
habitshavea positiveeffect on balancingmicrobiomeandmay help enhancecognitive function. In
this nanosymposium, we will introducetheeffectof gut microbiomeon cognitionandsharethelatest
experienceof usingmedicineor foodto improvecognitivefunctionby alteringgut microbiota.

Host: Shu-Ping Chao (趙書屏)

Location:生物醫學科學研究所 B1C會議室
Institute of Biomedical Sciences (IBMS) B1C room

Time: Sep. 12, 11:15-12:30

Participate societies: Taiwan Neuroscience Society (台灣基礎神經科學學會)、
Taiwan Dementia Society (台灣臨床失智症學會)
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Department of Neurology and Dementia Center, Shuang 
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MD., Taipei Medical University

Alzheimerdisease(AD) is themostcommondiseaseof dementia. Thepathologicallandmarksof AD
are extracellularsenile plaquesand intracellular neurofibrillary tangles. The main componentsin
plaquesandtangles,amyloidandtauproteinshavebeenconsideredto paythemostimportantrole of
causeof AD. However,many clinical trials of amyloid cleaningtherapyfailed. Therefore,the real
pathophysiologicalmechanismsof AD mightbestill unclear.

In recentyears,the scientistshavebegunto studycausaleffectsof the gut microbiotaon the neuro-
degenerativedisorders, including Parkinson disease(PD) and AD. The underlying molecular
mechanismsarebeingelucidated. The pathwaysof gutïbrain communicationcanbe direct. The gut
microbiotasignalscanbedeliveredto thecentralnervoussystemthroughthevagusnervearoundthe
gut or immunesystemor someunknownpathways.

Recentstudiesalso have observedabnormalgut microbiota (dysbiosis) in AD and PD patients.
Dysbiosiswas further found to play important roles in blood-brain-barrier disruption and amyloid
accumulation. Fecalmicrobiotatransplantation(FMT) therapyhasbeenappliedto manydiseasesin
human,includingclostridiumdifficile colitis, irritable bowelsyndrome,PD, autismandstroke. These
findingsimply modificationof gutmicrobiotacouldbea therapeutictargetof AD.

In this talk, I will review the recentevidenceof gut-brain axis in AD andpresentour resultsof AD
animalstreatedby FMT.

The role of microbiota in Alzheimer disease animals 
and patients

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

Amelia Nur Vidyanti, Hsieh JY, Lin KJ, Fang YC, Ismail Setyopranoto, Hu.CJ. (2020) Role of
HMGB1 in an Animal Model of Vascular Cognitive Impairment Induced by Chronic Cerebral
Hypoperfusion. Int 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 nursingcare satisfaction-an observational
study. Medicine(Baltimore).99(2):e18741.

ChengCH, Lin KJ, HongCT, Wu D, ChangHM, Liu CH, HsiaoIT, YangCP,Liu YC, Hu CJ. (2019)
Plasmon-Activated Water ReducesAmyloid Burden and Improves Memory in Animals with
Alzheimer'sDisease. SciRep. 13;9(1):13252.

Chi NF, ChaoSP,HuangLK, ChanL, ChenYR, ChiouHY, Hu CJ. (2019) PlasmaAmyloid Betaand
TauLevelsAre Predictorsof Post-strokeCognitiveImpairment: A LongitudinalStudy. Front Neurol.
2;10:715.
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and Risk Management, National Cheng Kung University

Researcher,Industrial Technology Research Institute
Postdoctoral Researcher,Purdue University
Ph.D.,National Taiwan University

Ageing is a world trend. Alzheimerôsdisease(AD) is the mostcommondegenerativebrain
disease. Burdenof AD hasfar-reachingeffectson families and society. Currently there is
neithera curenor a treatmentthat addressesthe underlyingcauseof AD. Gut microbesare
associatedwith humanhealth,andgut microbiotaaffectbrainfunctionthroughbrain-gut axis.
The aim of this study is to clarify whetherspecific gut microbiotaare key targetsof AD
therapy. We anticipateusing specific probiotics to regulategut microbiota and act as a
therapeutictarget for AD treatmentto acceleratethe successfulof AD therapeuticsin the
future. We comparedthegut microbiotaof AD patients(AD group)with healthycontrols(H
group). Fecalsampleswere collectedand analyzedby next generationsequencing(NGS).
The results indicated that gut microbiota compositionwas different betweenAD and H
groups. Family Lachnospiraceawas increasedin AD patients when comparedwith H
controlswhereasfamily Muribaculaceaewasdecreased. We alsofoundthatwhencompared
with the H group, genusFusobacterium, Klebsiella, and Streptococcuswere significantly
higher in AD group,whereasgenusAkkermansiaandFaecalibacteriumshoweda tendency
decreased,which referredasthenext generationprobiotics. Thus,probioticsarelikely to be
key microorganismsfor AD development. In summary,AD patientshave a similar gut
microbiotacompositionwith metabolicrelateddiseasessuchasobesity. It coincidedwith the
theorythatobesitymayaggravateAD symptomsin previousstudies.

Associations and potentials for gut microbiota therapies 
in Alzheimer’s disease

Bao-HongLee,Wei-Hsuan Hsu, Cheng-Hui Lin. 2019. Theanti-bacterialandanti-adherenteffectsof
Pentraxin-3 on porcinekidney epithelialPK15 cells againstStaphylococcusaureusinfection. Int. J.
Pept. Res. Ther. 25, 645-652.

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

Liang-TzungLin, Ying-JangLai, She-Ching Wu, *Wei-Hsuan Hsu, *Chen-Jei Tai. 2018. Optimal
conditionsfor cordycepinproductionin surfaceliquid-cultured Cordyceps3 militaris treatedwith
porcine liver extracts for suppressionof oral cancer. J. Food Drug Anal. 26, 135-144. (*Co-
corresponding author)

Rui Zhang,Sherri Y. Huang,Kay Ka-Wai Li, Yen-Hsing Li, Wei-Hsuan Hsu, GuangJunZhang,
Chun-JuChang,*Jer-Yen Yang. 2017. Dual degradationsignalsdestructGLI1: AMPK inhibits GLI1
throughɓ-TrCP-mediatedproteasomedegradation. Oncotarget8, 49869-49881.

Chia-Woei Wang, Wei-Hsuan Hsu, *Chen-Jei Tai. 2017. Antimetastaticeffects of cordycepin
mediatedby the inhibition of mitochondrialactivity andestrogen-relatedreceptorŬin humanovarian
carcinomacells. Oncotarget8, 3049-3058.
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College of Medicine, National Taiwan University

PhD. University of Otago, NZ

GraduateInstitute 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 establishedthat dietary restriction (DR, 20~40% reductionin food

intake) enhanceslongevity and prolongshealthylifespan,with striking attenuationof age-

relatedcognitivedecline. Given that it is difficult to practiceDR in our normaldaily lives,

discoveringthemechanismsunderlyingthebeneficialeffectsof DR andidentifying potential

drug targetsmay shedthe light on the future treatmentof age-relateddysfunction. DR has

beenshownto leadto alterationsin thegut microbiota,which hasbeenheavilyimplicatedin

neural regulation through the so-called microbiota-gut-brain axis. In this study, we

discovereda critical role for gut microbiotain themediationof DR-relatedbeneficialeffects,

in particularlyon memoryfunction,andwe aim to explorethepotentialfor this modelin the

prevention and treatment of age-related cognitive decline. Our goal is to identify

nextgenerationprobiotics, microbiota-derived compounds,and host metaboliteswith the

potentialto amelioratecognitiveaging.

Boost memory function by eating right: the role of gut 
microbiota

TengLL, Lu GL, ChiouLC, Lin WS, ChengYY, HsuehTE, HuangYC, HwangNH, Yeh JW, Liao
RM, FanSZ, Yen JH, Fu TF, TsaiTF, Wu MS, WangPY (2019) SerotoninreceptorHTR6-mediated
mTORC1

signalingregulatesdietaryrestriction-inducedmemoryenhancement. PLOSBiology17(3):e2007097.

Lin WS, Yeh SR,FanSZ, ChenLY, Yen JH, Fu TF, Wu MS, WangPY (2018) Insulin signalingin
femaleDrosophilalinks dietandsexualattractiveness. FASEBJ. 32:3870-3877.

ChenHH, TsaiLK, Liao KY, Wu TC, HuangYH, HuangYC, ChangSW,WangPY, TsaoYP, Chen
SL (2018). Muscle-restrictednuclear receptor interaction protein knockout causesmotor neuron
degenerationthrough down-regulation of myogenin at the neuromuscularjunction. J Cachexia
SarcopeniaMuscle. 9:771-785.

HuangCW, WangHD, Bai H, Wu MS, Yen JH, TatarM, Fu TF, WangPY (2015) Tequilaregulates
insulin-like signaling and extendslife spanin Drosophilamelanogaster. J. Gerontol. Ser. A-Biol.
Sci.Med. Sci.70(12): 1461-1469.

Kuo SY, Wu CL, HsiehMY, Lin CT, WenRK, ChenLC, ChenYH, Yu YW, WangHD, SuYJ, Lin
CJ, Yang CY, GuanHY, Wang PY, Lan TH, and Fu TF (2015) PPL2ab neuronsrestoresexual
responsesin agedDrosophilamalesthroughdopamine. NatureCommunications6:7490
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PhD, University of Wisconsin-Madison 

Inter-organ communicationis an important and highly evolutionarily conservedmechanismto
maintainbodyhomeostasis. However,studiesof therole of inter-organcommunicationin diseaseand
its underlyingmolecularmechanismshaveonly recentlyjust emerged. Alzheimer'sdisease(AD) is a
biologically complexneurodegenerativedementia. The amyloid cascadeis a compellinghypothesis
suggestingthat pathologicalaccumulationof A 42 in the brain triggersinflammatoryresponseand
oxidativedamagein AD. However,thebrain inflammatoryresponseis not restrictedto local primary
insultsonly. Neuroinflammationin thatorganmayalsobeprovokedby 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 gut-brain axis in neurodegeneration. We showedthat the induction of intestinal
dysbiosisby enterobacteriainfection exacerbatedneurodegeneration. It led to the aggravationof an
array of AD-relatedphenotypes,including increasesin neuronalapoptosis,humoral inflammatory
response,andreactiveoxygenspecies(ROS)anddecreasesin lifespanandlocomotoractivity. These
results suggestthe existenceof a gut-brain axis that can modulate AD neurodegenerationin
Drosophila. We found that immunehemocytespasssignalsfrom the dysbioticgut to the AD brain
thatexacerbateneurodegeneration. Entericinfectionincreasedmotility of thecells,which werereadily
attractedto theAD brainin anROS-dependentmanner. This finding is importantbecauseit highlights
theroleof gut-braincrosstalkasa fundamentalsystemfor modulatingAD neurodegeneration.

Gut-brain axis: microbial dysbiosis exacerbates 
Alzheimer's Disease 

Wu SC, Cao ZS, Chang KM, Juang JL*. (2017) Intestinal microbial dysbiosisaggravatesthe
progressionof Alzheimerôsdiseasein Drosophila. NatureComm. 8(1):24. doi:10.1038/s41467-017-
00040-6

Wu SC, Liao CW, PanRL, Juang JL*. (2012) Infection-inducedintestinaloxidativestresstriggers
organ-to-organimmunologicalcommunicationin Drosophila. Cell Host & Microbe. 11(4): 410ï417.
(featuredby Cell Host& Microbe. 11: 323-324)

Chen PC, Huang YY, and Juang JL*. (2011) MEMS microwell and microcolumnarrays: novel
methodsfor high-throughputcell-basedassays. LabChip. 11(21): 3619-3625.

Lin TY, HuangCH, Kao HH, Liou GG,Yeh,SR,ChengCM, ChenMH, Pan,RL, Juang JL*. (2009)
Abi plays an opposingrole to Abl in Drosophila axonogenesisand synaptogenesis. Development.
136(18): 3099-107.

Liu SC, JenYM, JiangSS,ChangJL, HsiungCA, WangCH, Juang JL*. (2009) G 12-mediated
pathway promotes invasivenessof nasopharyngealcarcinomaby modulating actin cytoskeleton
reorganization. CancerResearch. 69(15): 6122-30.
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Application of focus ultrasound on brain tumor
具焦超音波於腦腫瘤的應用

Malignantbraintumoris a devastatingdisease,andtheaverageremaininglife afterdiagnosis
is only about one and a half years. Despite active treatment,the prognosisis still poor
becausetheblood-brainbarrierhindersthedeliveryof anti-cancerdrugs. Our teamusesnon-
invasivefocusedultrasoundto opentheblood-brainbarrier,which cansignificantlyenhance
drug transmissioninto the brain and consequentlyimprove the therapeuticeffect in the
animalmodel. Wehaveappliedthis approachin glioblastomapatientsandcompletedthefirst
phaseof clinical trials. In this nanosymposium,we will presentthe resultsof clinical trials,
the biomedical propertiesand engineeringof focusedultrasound,and its application on
facilitating adjuvantnano-drugdeliveryandradiotherapy.

Host: Kuo-Chen Wei (魏國珍)

Location: 跨領域大樓
Interdisciplinary Research Building for Science and Technology (IRB)

Time: Sep. 12, 11:15-12:30

Participate societies: Taiwan Neurosurgical Society (台灣神經外科醫學會)、
Taiwanese Society of Biomedical Engineering (中華民國生物醫學工程學會)
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Adjunct instructor, School of Medicine, Chang Gung University, Taiwan

Adjunct assistant professor, School of Medicine, Chang Gung University, Taiwan

Associate professor, Chang Gung Memorial Hospital, Linkou Branch, Taiwan

Assistant professor, School of Medicine, Chang Gung University, Taiwan

Professor, Chang Gung Memorial Hospital, Linkou 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, San 

Francisco, CA

BACKGROUND Blood-brainbarrier(BBB) limits over95% of drugsôpenetrationinto brain,which
has been a major obstacle in treating patients with glioblastoma. Transient BBB opening in
glioblastoma(GBM) is feasibleby combiningfocusedultrasound(FUS) with systemicinfusion of
microbubbles(MB).

OBJECTIVES Navigationguidedfocusedultrasound,a noveldevicethat integratesneuronavigation
andFUS-MB system,is ableto intraoperativelydirect theultrasoundenergypreciselyandrepeatedly
at targetedCNS areas. This clinical trial evaluatesthe safety and feasibility of navigationguided
focusedultrasound,in recurrentglioblastomapatients.

METHODS The study is a first-in-human,prospective,open-label, single-center,single-arm, dose
escalationphase1 clinical trial. A total of 6 patientswill be enrolled. Patientswill be enrolledinto
threegroups,eachgroupreceivinganescalatingdoseof FUSenergy(acousticpoweris 4, 8, and12W)
with concomitantsystemicmicrobubbles(0.1ml/kg) applied1 weekbeforesurgicalresection.

EXPECTED OUTCOMES Dynamiccontrast-enhancedMRI will be obtainedimmediatelyand24
hoursafterFUSprocedures,while heavilyT2-weightedsequencewill beobtainedto evaluatefor any
micro-hemorrhages. We anticipatethat therewill be minimal sideeffectsassociatedwith NaviFUS-
mediatedtransientBBB opening.

DISCUSSIONObtainedresultswill supporta plannedphase2 trial to evaluatewhethernavigation
guided focusedultrasoundcan effectively enhancethe delivery of chemotherapeuticagentsand
improvetumorcontrol.

Neuronavigation-Guided Focused Ultrasound (NaviFUS) 
for Transcranial Blood-Brain Barrier Opening 

in Recurrent Glioblastoma Patients

Lin TY1, Wei KC1, JuSP,HuangCY, YangHW*. Diagnosisby simplicity: anaptachipfor dopaminecapture
and accuratedetectionwith a dual colorimetric and fluorometric system. Journalof MaterialsChemistryB.
2018May; 6(20): 3387-3394. (SCI; IF2018=5.047; Materialsscience,biomaterials6/32) (1co-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. FreeRadicalResearch. 2018
Aug; 52(8): 856-871. (SCI; IF2018=2.825; Biochemistry& molecularbiology 153/298)

Tsai HC, Tsai CH, ChenWS, InserraC, Wei KC*, Liu HL* . Safety evaluationof frequentapplicationof
microbubble-enhancedfocusedultrasoundblood-brain-barrier opening. Scientific Reports. 2018 Dec; 8(1):
17720. (SCI; IF2018=4.011; Multidisciplinary sciences15/69) (co-correspondingauthor)

PangHH, ChenPY, Wei KC, HuangCW, ShiueYL, HuangCY*, YangHW*. Convection-EnhancedDelivery
of a Virus-Like NanotherapeuticAgent with Dual-Modal Imaging for Besiegementand Eradicationof Brain
Tumors. Theranostics. 2019 Feb; 9(6): 1752ï1763. (SCI; IF2018=8.063; Medicine, research& experimental
10/136)

PangHH, HuangCY , Chou YW , Lin CJ , Zhou ZL , ShiueYL , Wei KC* , Yang HW*. Bioengineering
fluorescentvirus-like particle/RNAi nanocomplexesact synergisticallywith temozolomideto eradicatebrain
tumors. Nanoscale. 2019 Apr; 11(17): 8102-8109. (SCI; IF2018=6.970; Physics, applied 18/148) (co-
correspondingauthor)
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Scientistshave been devoted into the understandingof using focused ultrasoundas a
therapeutictool since1950. Yet, beforethe diagnosticultrasoundhasevenbeenclinically
adoptedmuchearlierin the80s, focusedultrasoundclinically provedits therapeuticefficacy
and biomedicalvalue way behind until this early century. Focusedultrasoundhas unique
nicheto be ableto sharplysteerradiationforce energyinto deep-seatedsoft tissueandcan
induce localized thermalor mechanicalrelatedbiophysicaleffect. Focusedultrasoundcan
even penetratethrough the humanskull to achievenoninvasivebrain therapy. Regulatory
approvedits clinical practice in abdomen,bone, and brain, and more and more clinical
applicationsare under discovery,developmentand clinical validation. Clinician relies on
engineersdedicatingon comprehensivesystemdesignto securefocusedultrasoundenergy
deliveryandto eventuallyachievetherapeuticbioeffect. In this presentation,the view angle
from theengineeringdesignperspectiveon focusedultrasoundwill beexplored. Topicssuch
as biosystem consideration,concept in biosystem control, medical electronics design
experience,as well as medical device design experienceon focusedultrasoundwill be
covered.

Focused Ultrasound: Biomedical Application, Biosystem 
Manipulation, and Device Design

CJ Lin, CY Lin, YT Lin, CY Huang, KC Wei, JC Chen, GJL Chen, HL Liu*, ñMicrobubble-
Facilitated Ultrasound Pulsation PromotesDirect Ŭ-Synuclein GeneDelivery,òBiochemical and
BiophysicalResearchCommunications,Vol. 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,
ñMonitoringof acoustic cavitation in microbubble-presentedfocused ultrasoundexposureusing
gradient-echomagneticresonanceimaging,òJournalof MagneticResonanceImaging,Accepted,2019

CY Lin, CH Tsai, LY Feng,WY Chai, CJ Lin, CY Huang,KC Wei, CK Yeh, CM Chen,HL Liu,
ñFocusedUltrasound-Induced Blood Brain-Barrier Opening EnhancedVascular Permeability for
GDNF Delivery in Huntington'sDiseaseMouseModel,òBrainStimulation,Accepted,2019

KT Chen,KC Wei andHL Liu*, ñTheranosticStrategyof FocusedUltrasoundInducedBlood-Brain
BarrierOpeningfor CNSDiseaseTreatment,òFrontiersin Pharmacology,Vol. 10, pp. 1-16, 2019

IC Lee, HJ Wu, HL Liu*, ñDual-frequency ultrasound induces neural stem/progenitorcell
differentiation and growth factor utilization by enhancing stable cavitation,òACS Chemical
Neuroscience,Vol. 10, pp. 1-18, DOI: 10.1021/acschemneuro.8b00483, 2018
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How to delivereffectively theRNAi or plasmidDNA (pDNA) into cells is thekey point for
successfulgenetherapy. The nanoparticles-basedandadeno-associatedviral vector (AAV) -
baseddelivery systemsarecommonlyusedto enhancethe transfectionefficiency, but their
disadvantagesare the manufacturingcost and complicatedprocesses. In this grant, we
proposeone-pot synthesisof self-assemblyfluorescentvirus-like-particle (fVLP)-miRNA
complexes,which canbeusedfor imagingtrackingandgenedown-regulation(c-Met andɓ-
catenin)to further enhancethe sensitivityof Temozolomide(TMZ) toward to Brain tumor
cells. The innovation in this grant is our designedRNA scaffold can induce green
fluorescencethat canbe monitoredthe RNA processingin cells in real time insteadof gel
electrophoresis. We will alsomodify thecell-penetratingpeptide(CPP)- andApolipoprotein
E (ApoE)-peptideson the exterior surfaceof fVLP-RNAi complexesto enhancethe cell
uptake and penetrationof blood-brain 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-
chemotherapy,the methylatedDNA in GBM U87 cells was significantly enhancedby
inhibiting the DNA repair mechanism,leadingto significant brain tumor suppression. The
resultsof this studycould be critical for the designof RNAi-basedgenetictherapeuticsfor
promotingchemotherapyagainstbraintumors.

Self-assembly of functional RNAs in VLPs for glioma 
targeting therapy

H.H. Pang,Y.C. Ke, N.S. Li, Y.T. Chen,C.Y. Huang,K.C. Wei*, H.W. Yang*. A new lateralflow
plasmonicbiosensorbasedon gold-viral biomineralizednanozymefor on-siteintracellularglutathione
detectionto predictdrug-resistancelevel. BiosensorsandBioelectronics165, 112325(2020).

N.S. Li, Y.T. Chen,Y.P. Hsu,H.H. Pang,C.Y. Huang,Y.L. Shiue,K.C. Wei*, H.W. Yang*. Mobile
healthcaresystembasedon thecombinationof lateralflow padandsmartphonefor rapiddetectionof
uric aciddetectionin wholeblood. BiosensorsandBioelectronics164, 112309(2020).

W.L. Hsu,C.Y. Huang,Y.P. Hsu,T.L. Hwang,S.H. Chang,H.Y.J. Wang,L.Y. Feng,S.J. Tzou, K.C.
Wei*, H.W. Yang*. On-skin glucose-biosensingandhyperglycaemia-triggeredinsulin-zinc hexamers
delivery using microneedlesfor syringe-free diabetesmanagement. ChemicalEngineeringJournal
398, 125536(2020).

Y.P. Hsu,N.S. Li, Y.T. Chen,H.H. Pang,K.C. Wei, H.W. Yang*. A serologicalpoint-of-caretestfor
Zika virus detectionand infection surveillanceusing an enzyme-free vial immunosensorwith a
smartphone. BiosensorsandBioelectronics151, 111960(2020).

Y.P. Hsu, H.W. Yang*, N.S. Li, Y.T. Chen, H.H. Pang,S.T. Pang*. A urological point-of-care
FXYD3 test for early urothelial carcinomascreeningandpostoperativemonitoring. ACSSensors5,
928-935(2020).
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The standardtreatmentof malignantbrain tumor is surgicalresectionfollowed by adjuvant
chemo/radiotherapy. However,in spiteof theseaggressivetreatments,tumor maystill recur
and resultingin poor survival. In solid tumors,the hypoxia condition presentedin most of
tumorareamaycontributeto treatmentfailure in bothadjuvanttherapies. It hadbeenproven
thatsystemicdeliveredoxygenmaynot sufficient for ionizing radiationto producecytotoxic
effect. A recentstudy reportedusing focusedultrasoundcombinedwith oxygen-contained
microbubblesprior to radiationsignificantly increasedthe oxygencontentin breastcancers
andstatisticallyimprovedanimalsurvival. Therefore,providing sufficient oxygenin tumor
areamaybe beneficialfor radiationtherapy. To studythe potentialrole of suchstrategyfor
brain tumor treatment,we used focusedultrasoundto treat brain tumor bearinganimals
before radiation therapy. As comparedwith non-ultrasoundtreatmentgroups, the tumor
growth rate was significantly inhibited, and the animal survival is prolonged. We also
analysisthegeneexpressionchanges,revealsomepotentialpathwaythatmayinvolve in the
process. Furthermore,we found focusedultrasoundcombinedwith non-oxygen-containing
microbubblesalso representedsimilar results,demonstratethe focusedultrasoundinduced
cerebralvascularpermeabilityincrementmay alsocontributeto the radiationtherapyeffect
for braintumortreatment.

Evaluation the combination effect of radiation and focused 
ultrasound in treatment of brain tumor model animals 

ChangEL, Ting CY, Hsu PH, Lin YC, Liao EC, Huang CY, ChangYC, ChanHL, ChiangCS,Liu
HL, Wei KC, Fan CH, Yeh CK. Angiogenesis-targetingmicrobubblescombinedwith ultrasound-
mediatedgenetherapyin braintumors. Journalof ControlledRelease. 2017Jun; 255: 164-175. (SCI;
IF2016=7.786; Pharmacology& pharmacy10/256)

Lin FW, ChenPY, Wei KC, Huang CY, WangCK, Yang HW. Rapid In Situ MRI TraceableGel-
forming Dual-drug Delivery for SynergisticTherapyof Brain Tumor. Theranostics. 2017Jun; 7(9):
2524-2536. (SCI; IF2016=8.712; Medicine,research& experimental8/128)

ChangEL, Ting CY, Hsu PH, Lin YC, Liao EC, Huang CY, ChangYC, ChanHL, ChiangCS,Liu
HL, Wei KC, Fan CH, Yeh CK*. Angiogenesis-targetingmicrobubblescombinedwith ultrasound-
mediatedgenetherapyin braintumors. Journalof ControlledRelease. 2017Jun; 255: 164-175. (SCI;
IF2018=7.901; Pharmacology& pharmacy9/267)

Liu YS, Lin HY, Lai SW, Huang CY, HuangBR, ChenPY, Wei KC, Lu DY. MiR-181b modulates
EGFR-dependentVCAM-1 expressionandmonocyteadhesionin glioblastoma. Oncogene. 2017Aug;
36(35): 5006-5022. (SCI; IF2016=7.519; Genetics& heredity12/166)

Lin CY, Li RJ, Huang CY, Wei KC, Chen PY. Controlled releaseof liposome-encapsulated
temozolomide for brain tumour treatment by convection-enhanceddelivery. Journal of Drug
Targeting. 2018Apr; 26(4): 325-332. (SCI; IF2018=7.901; Pharmacology& pharmacy9/267)
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Cellular stimulation
細胞刺激

When facing brain trauma and neurologicaldiseases,clinicians like to try non-invasive
external stimulation for neuromodulationas a treatmentoption even in the absenceof
molecularbasisto corroborateits curativeeffect. However,to passthree-phaseclinical trials
and to further optimize stimulation parametersfor therapeuticefficacy, it is necessaryto
elucidate molecular mechanismsas the theoretical basis underlying clinical efficacy.
Therefore,we will discusshow externalstimuli, suchas ultrasoundand red light, regulate
neuronalfunctionat themolecularlevel andintroducea newchemo/opto-geneticsmethodto
controlneuronalconnectivity.

Host: Ya-CherngChu (朱亞成)

Location:分子生物研究所 Institute of Molecular Biology (IMB)

Time: Sep. 12, 11:15-12:30

Participate societies: Taiwan Neurosurgical Society(台灣神經外科醫學會)、
Taiwanese Society of Biomedical Engineering (中華民國生物醫學工程學會)
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Accumulatingevidencehasshowntranscraniallow-intensityultrasoundcanbepotentiallya
non-invasiveneuralmodulationtool to treatbraindiseases. However,themajority of studies
on animal modelsapplying rather high-intensity ultrasoundthat cannotbe safely usedin
humans. In addition, the mechanicalandmolecularmechanismsremainelusive. Therefore,
we aim to set up a study platform to investigatethe neuronalresponsesupon ultrasound
stimulations. Here we showedlow-intensity ultrasoundcan activateneuronsin the mouse
brain. In vitro calciumimagingstudiesshowedthat theultrasounddeliveredby micropipette,
which generatesbothultrasoundandacousticstreamingin a local site,is requiredto activate
primarycultureof neonatalcortical neurons. By usingcandicateapproachof testingvarious
inhibitors, ASIC1a and the tether-mode mechanotransductionare demonstratedto be
involved in the low-intensityultrasound-mediatedmechanotransductionandculturedneuron
activation. In particular, neuronal calcium responseinduced by micropipette delivered
ultrasoundis specificallyinhibitedby ASIC1ablockadeandcytoskeleton-modifiedagents. In
contrast, the inhibition of mechanical sensitive channels involved in bilayer-model
mechanotransductionlike Piezoproteinsdo not affect the micropipettedeliveredultrasound
mediatedneuronalactivation. Most importantly, repeatedultrasoundstimulation resultsin
adult neurogenesisin specificbrain regions,implicating a potentialadult neurogenesisupon
specificultrasonicneuromodulations.

ASIC1a plays a role as the mechanosensor of low-intensity 
ultrasound stimulation for mouse brain neuronal activation

Lim J, Chu Y-S, Chu Y-C, Lo C-M, Wang J-L (2020) Low Intensity UltrasoundInduces
EpithelialCell AdhesionResponses. J BiomechEng142: 091014

Lim J, Li X, YuanX, YangS,HanL, YangS (2020) Primarycilia controlcell alignmentand
patterningin bonedevelopmentvia ceramide-PKCɕ-ɓ-cateninsignaling. CommunBiol 3:45

ChuY-C, Lim J, HongC-W, ChuY-S,WangJ-L (2019) Designof anultrasoundchamberfor
cellularexcitationandobservation. J ACOUSTSOCAM 145: EL547

Lim J, Thiery JP (2012) Epithelial-mesenchymaltransitions: insights from development.
Development139: 3471-3486

Lim J, BalastikM, LeeTH, NakamuraK, Liou Y-C, SunA, Finn G, PastorinoL, LeeVM-Y,
Lu KP (2008) Pin1 hasoppositeeffectson wild-typeandP301L taustability andtauopathy. J
Clin Invest118:1877-1889
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Cells regulatemitochondrialmovementand positioning in order to balanceenergyneeds.

Neuronsareparticularlysusceptibleto disturbanceof mitochondrialmotility anddistribution

dueto their highly extendedstructuresandspecializedfunction. Regulationof mitochondrial

motility thusplaysa vital role in neuronalphysiology. Ultrasoundis usedastherapeuticsfor

neurologicdiseasesover theyears; however,thefundamentalknowledgeashow neuronsare

affectedby ultrasoundremainspoorly understood. We appliedvery low intensityultrasound

(1MHz) asa sourceof mechanicalforcesto stimulateliving cortical neuronsandmonitored

mitochondrial movementand fusion/fission events in axon/neuriteby TIRF microscopy.

Motility and membranedynamicsof mitochondriaare reducedat ultrasoundstimulation.

Moreover,FLIM analysesreveal that ultrasoundcan modulatemembranetensionand the

topology of axon/neurite. Our study establishesa mechanobiolgicalmodel to demonstrate

that very low intensity ultrasoundcan exert effects on mitochondriadynamicsat various

cellularcontextsthrougha outside-in spatialsequenceof mechanotransduciveevents.

Mechanoregulation of mitochondrial dynamics in 
axons/neurites

Lim J*, YS Chu*, Chu YC, Lo CM, JL Wang,Low intensityultrasoundinducesepithelial
cell adhesionresponses,J BiomechanicalEngineering,142:091014-1, 2020 (* co-first
author),

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

Al -Aghbar MA, YS Chu, Chen BM, Roffler S High-affinity ligands can trigger T cell
receptorsignalingwithout CD45segregation,FrontImmunology. 9:713, 2018
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Light producesvarious effects in biological cells; and these effects are dependenton

wavelengths. For example,infraredlight could raisethe temperatureof the illuminatedsite,

while blue or violet light generatesreactive oxygen speciesin cells. Numerousreports

suggestthat light-inducedneuritegrowth could be a clinically useful techniquefor neuron

repair. Most previous studiesused either a large illumination area to accelerateoverall

neuritegrowthor a light spotto guidea growingneurite. It is not clearif opticalstimulation

can really ñrepair,òor inducethe regrowthof a retractedneurite. In this presentation,we

demonstrateusingbluelight (wavelength: 473nm) to causeneuriteretraction,andthenusing

a red-light (wavelength: 650 nm) spot to illuminate the somaand induceneuriteregrowth.

We foundthat the initialization of theneuriteregrowthwaswavelengthdependent,while the

regrowth length seemedto be independentof wavelength. Moreover,the neurite regrowth

length was increasedby the pre-treatmentwith inhibitors of myosin II activities. We also

observedactinpropagationfrom thesomato the tip of there-growingneuritefollowing red-

light stimulation. This red light-inducedregrowthdid not occur in the calcium-free culture

medium. Theseresultssuggestthatillumination with a red-light spoton thesomamaytrigger

theregrowthof a retractedneurite.

Neurite regrowth induced by a red-light spot focused 
on the soma

Y.-C. Kao, Y.-C. Liao, P.-L. Cheng,and C.-H. Lee, 2019, ñNeuriteregrowthstimulationby a red-
light spot focusedon the neuronalcell soma following blue light-inducedretraction,òScientific
Reports, vol. 9, 18210.

C.-W. Lee, Y.-L. Chiang,J.-T. Liu, Y.-X. Chen,C.-H. Lee, Y.-L. Chen,and I.-S. Hwang, 2018,
ñEmergingrolesof air gasesin lipid bilayers,òSmall, vol. 14, 1802133.

Y.-C. Kao,J.-R. Jheng, H.-J. Pan,W.-Y. Liao, C.-H. Lee, andP.-L. Kuo, 2017, ñElevatedhydrostatic
pressureenhancesthe motility and enlargesthe size of the lung cancercells through aquaporin
upregulationmediatedby caveolin-1 andERK1/2signaling,òOncogene, vol. 36, pp. 863-874.

C.-W. Lee, L.-L. Jang, H.-J. Pan, Y.-R. Chen, C.-C. Chen, and C.-H. Lee, 2016, ñMembrane
roughnessasa sensitiveparameterreflectingthe statusof neuronalcells in responseto chemicaland
nanoparticletreatments,òJournalof Nanobiotechnology, vol. 14, 9.

C.-C. Lan, E. Y. Lu, H.-J. Pan,andC.-H. Lee, 2015, ñDirectionalmigrationof cancercells induced
by abluelight intensitygradient,òBiomedicalOpticsExpress, vol. 6, pp. 2624-2632.
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Neurotransmittersand their receptorsare responsiblefor cell-cell communicationsin the
nervous system. Due to their pivotal roles in signal detection and propagation,
neurotransmitterreceptorshavelong beentherapeutictargetsfor neurological,psychiatric,
and developmentaldisorders. Decoding of neurotransmissionin the brain, however, is
challengingdue to the tremendousdiversity of neurotransmitterreceptorsand the complex
natureof neural circuitry. Breakthroughsawait new approachesthat enablecontrol over
neurotransmissionmediatorswith high spatial,temporal,andbiochemicalprecision. Our lab
integrateschemical,biochemical,andgeneticapproachesto developthesetoolsandmethods,
with a specialfocuson next-generationoptogenetics. Optogeneticsis a powerful technique
for investigatingcomplex biological phenomenasuch as cellular signaling and neuronal
connectivity. Throughthe actionof a light-sensitiveprotein, the physiologyof a cell or an
organismcanbeoptically controlledin definedspaceandtime. We developstrategiesto: (1)
engineer light-sensitive neurotransmitter receptors for precisemanipulationof specific
signaling componentsin the brain; and (2) optically control native neurotransmitter
receptors in defined neuronal types or subcellular compartments. We establish our
methodologieswith type-A ɔ-aminobutyricacid receptors(GABAA receptors),the master
mediatorsof inhibitory neurotransmissionin the brain. Ultimately, we aim to enablea
comprehensivedecodingof GABAergic signaling in the nervoussystem,and to provide
generalizableapproachesfor optogeneticcontrolof otherneurotransmitterpathways.

Chemical Optogenetics for Precise Control and 
Interrogation of Neurotransmission

Lin WC, Tsai MC, DavenportCM, Smith CM, Veit J, Wilson NM, AdesnikH, KramerRH
(2015) A comprehensiveoptogeneticpharmacologytoolkit for in vivo control of GABAA

receptorsandsynapticinhibition. Neuron88:879ī891.

Lin WC, Tsai MC, Rajappa R, Kramer RH (2018) Design of a highly bi-stable
photoswitchabletetheredligandfor rapidandsustainedmanipulationof neurotransmission. J.
Am. Chem. Soc. 140:7445ī7448.

Lin WC, DavenportCM, Mourot A, Vytla D, Smith CM, Medeiros KA, ChambersJJ,
Kramer RH (2014) Engineeringa light-regulatedGABAA receptorfor optical control of
neuralinhibition. ACSChem. Biol. 9:1414ī1419.

Lin WC, Kramer RH (2018) Light-switchableion channelsand receptorsfor optogenetic
interrogationof neuronalsignaling. BioconjugateChem. 29:861ī869.
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Computation and systems neuroscience
計算與系統神經科學

The humanbrain is an extremelycomplexcomputingdevicethat can learn,memorizeand
makedecisionsthrough the interactionbetweentensof billions of neuronsin responseto
sensoryinputs. Computationalneurosciencestudieshow neuronsgenerateand transmit
signals by simulating the actionsof neuronsin mathematicalmodels. Before building a
neuralnetwork model to accuratelyquantify or evenpredict the operationof the nervous
system,many parametersneed to be obtained from the experimentalmeasurementsof
systemsneuroscience. We will shareour studieson thecerebellarplasticityandfunction,the
constructionof fly brainmap,spatialnavigationandmemoryin miceandflies.

Host: Chung-ChuanLo (羅中泉)

Location: 細胞與個體生物研究所
Institute of Cellular and Organismic Biology (ICOB)

Time: Sep. 12, 11:15-12:30

Participate societies: Taiwan Neuroscience Society (台灣基礎神經科學學會)、
Taiwanese Society for Computational Neuroscience (台灣計算神經科學學會)
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Our brainscontainca. 100billion neuronswhich connectto eachotherthroughñsynapsesòto
makeneuronalcircuits essentialfor higherbrain functions,suchaslearning& memory. It is
consideredthat synapticplasticity, an activity-dependentchangein synapticproperties,is a
molecularbasisof learning& memory(Kakegawaand Yuzaki, BRAIN & NERVE, 2018).
Indeed,a lot of mutantmice which lack genesinvolved in synapticplasticity exhibit severe
memory impairment. However,we donôtknow whethersynapticplasticity directly causes
behaviordysfunctionbecausewe haveno meansto acutelyintervenein synapticplasticityat
thespecificsynapsesin thebrain.

Recently, we developed novel chemogeneticand optogenetic tools to regulate the
localization and functions of glutamate receptors,which are key players for synaptic
transmissionandplasticity (Kiyonakaet al., Nat Chemistry, 2016; Kakegawaet al., Neuron,
2018). In particular,a new optogenetictool, PhotonSABER, controllednot only long-term
depression(LTD), a certainform of synapticplasticity,but alsocerebellum-dependentmotor
learning in a light-dependentmanner,suggestingthe direct relationshipbetweenLTD and
cerebellarmotor learning (Kakegawaet al., Neuron, 2018). Becausesynaptic plasticity
occursin almostall neuronalcircuits in eachbrain region,usingthesetechnologies,we will
know thecausalrelationshipbetweensynapticfunctionsandthebehaviorsin moredetail.

Optogenetic regulation of synaptic plasticity to understand 
the functions of cerebellar systems

Kakegawa W, Miyoshi Y, HamaseK, MatsudaS, MatsudaK, KohdaK, Emi K, MotohashiJ, KonnoR, Zaitsu
K, Yuzaki M (2011) D-Serine regulatescerebellarLTD and motor coordinationthrough the d2 glutamate
receptor. NatNeurosci14:603-611

Unoki T*, MatsudaS*, Kakegawa W* (*equally contributed),Bich Van NT, KohdaK, SuzukiA, FunakoshiY,
HasegawaH, Yuzaki M, KanahoY (2012) NMDA receptor-mediatedactivationof PI(4,5)P2-producingenzyme
PIP5K is essentialfor AMPA receptorendocytosisduringlong-termdepression. Neuron73:135-148

Kakegawa W, Mitakidis N, Miura E, Abe M, MatsudaK, TakeoYH, Kohda K, MotohashiJ, TakahashiA,
Nagao S, MuramatsuS, WatanabeM, Sakimura K, Aricescu AR, Yuzaki M (2015) AnterogradeC1ql1
signalingis requiredin orderto determineandmaintaina single-winnerclimbing fiber in themousecerebellum.
Neuron85:316-329

ElegheertJ, Kakegawa W, Clay EJ, ShanksN, Behiels E, MatsudaK, Kohda K, Miura E, RossmannM,
Mitakidis N, MotohashiJ, ChangTV, SieboldC, GregerHI, NakagawaT, Yuzaki M, AricescuAR (2016)
Structuralbasisfor integrationof GluD receptorswithin synapticorganizercomplexes. Science353:295-299

Kakegawa W, Katoh A, Narumi S, Miura E, MotohashiJ, TakahashiA, Kohda K, FukazawaY, Yuzaki M,
MatsudaS (2018) Optogeneticcontrol of synapticAMPA receptorendocytosisrevealsrolesof LTD in motor
learning. Neuron99:985-998
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The structure of the brain network of Drosophila was analyzed at two scalesïthe

mesoscopicandmicroscopicnetworksdescribingtheconnectionsof thebrain regionscalled

local processingunits(LPUs),andthesingleneurons,respectively. Thebrainnetworkcanbe

organizedby somefunctionalmodules,or sub-networks,relatedto the brain functions. The

whole-brain showedclear small-world featuresas many complex networks observedin

naturalandsocialsciences. Interestingly,structureof thesub-networksarediverse. Someof

themarealsosmall-worldsasthewholebrainnetwork,andothersarenot becausetheyhave

long pathlengthsor smallclusteringcoefficients. Statisticsof othermeasurementsalsoshow

diversebehavioramongthe sub-networksof the functional modules. The resultssuggesta

correlationbetweenfunctionsandnetworkstructures.

FlyBrain: This is a small world, but not small everywhere

Chi-Tin Shih, Yen-JenLin, Cheng-TeWang,Ting-YuanWang,Chih-ChenChen, Ta-ShunSu,

Chung-Chuan Lo, and Ann-Shyn Chiang, 2020, Diverse Community Structuresin the

Neuronal-Level Connectomeof theDrosophilaBrain,Neuroinformatics18: 267-281.

Chi-Tin Shih, Olaf Sporns, Shou-Li Yuan, Ta-ShunSu, Yen-JenLin, Chao-Chun Chuang,

Ting-Yuan Wang, Chung-ChuangLo, Ralph J. Greenspan,and Ann-Shyn Chiang, 2015,

Connectomic-BasedAnalysisof InformationFlow in theDrosophilaBrain, CurrentBiology,

25: 1249-58
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Animals learn to useneuralmapsof environmentsto guidebehavior. For spatialtasks,the

neuralcodesrequirelocalizationof theanimalôspositionandplanningfor subsequentactions,

but cellular mechanismssupporting such kinds of prospectivespatial code are poorly

understood.

In the hippocampus,placecells havebeenconsideredcritical for both spatialrepresentation

and navigation. A subsetof placecells, called splitter cells, exhibit place-dependentfiring

modulatedby behavioralmotor trajectories,but exactplasticity mechanismsthat shapethis

behavioral-context-dependentspatial code remain unknown. Here, we applied whole-cell

patch-clamprecordingof CA1 pyramidalneuronsin awakemiceperforminga visually cued

two-choice task in virtual reality, which requiredfunctionally intact dorsal hippocampus.

Underthe strict control of visual cues,we found that calciumplateaupotentialscanrapidly

and robustly trigger emergenceof splitter cells in CA1, and further experiments

unambiguouslyindicatedthat taskdemandis a necessaryfactor in this process. Finally, I will

also discussone potential implication of splitter cells in a computationalframework of

reinforcementlearningfor navigation.

Novel cellular mechanism supporting putative prospective 
coding in spatial navigation

Hsu CL*, ZhaoX, Milstein AD, SprustonN. (2018). Persistentsodiumcurrentmediatesthe

steepvoltagedependenceof spatialcodingin hippocampalpyramidalneurons. Neuron, 99(1):

147-162.

Kim Y*, Hsu CL*, CembrowskiM, MenshB, SprustonN. (2015). Dendritic sodiumspikes

arerequiredfor long-termpotentiationat distalsynapseson hippocampalpyramidalneurons.

eLife, 4: e06414.

Hsu CL*, Yang HW, Yen CT, Min MY. (2010). Comparisonof synaptictransmissionand

plasticitybetweensensoryandcortical synapseson relayneuronsin theventrobasalnucleus

of therat thalamus. Journalof Physiology, 588(22): 4347-4363.
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Theability of maintainingspatialorientationis crucialfor ananimalto performgoal-directed
movements. RecentDrosophilastudieshaverevealedthe critical role of the ellipsoid body
(EB) in tracking spatial orientation, but the preciseneural computationand underlying
mechanismsremainunclear. We analyzedconnectomicdataof Drosophilacentralcomplex
and discoveredthat the circuit connectingEB and the protocerebralbridge (PB) form
symmetricandasymmetricrings. Theasymmetricringscanbe furtherdivided into two sub-
rings, one with counterclockwiseand the other with clockwise patterns. We further
constructeda spiking neural circuit model basedon the circuits reconstructedfrom the
connectomicdata. We demonstratedthat the symmetric ring is capable of sustaining
persistentneuralactivity thatencodesspatialorientation,while theasymmetricringsperform
angularpathintegrationandupdateorientationwhenthebodyrotatesin thedark. We tested
this modelby performingneuralfunctionalandbehavioralexperimentsbasedon a modified
Buridanôsparadigm. We investigatedhow orientation working memory is maintainedin
wild-type flies and in flies with hyperactivatedor suppressedring neurons. We discovered
that, aspredictedby the model,manipulationof different ring neuronsgaverise to distinct
behavioral changes,with one characterizedby inaccurateworking memory of spatial
orientationafter theoffsetof thevisual cuesandtheotherby lossof spatialorientationeven
with thepresenceof thevisualcues.

A spiking neural network model of spatial working 
memory in Drosophila

Hung-Hsiu Yen,Rui HanandChung-Chuan Lo* (2019). Quantificationof Visual FixationBehavior
and SpatialOrientationMemory in Drosophilamelanogaster. Frontiers in BehavioralNeuroscience
13:215
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Chung-Chuang Lo*, and Ann-Shyn Chiang* (2019). Diverse Community Structures in the
Neuronal-levelConnectomeof theDrosophilaBrain. Neuroinformatics18:267ï281
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