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SUMMARY




The Brain Fusion Grand Challenge Project

I . Background

O The necessity of the brain science responsiveness 1s increased through the advent of the

fourth industrial revolution
o The necessity of the acceleration for the brain science technology revolution and the
technology for scanning and curring brain disease related with the life of the people is

increased

o For this reason, the developed countries realize the importance of brain research as a key

focus area and plan a big research projects on this

II. Necessity
O The brain research is one of the most anticipated realm for current mankind to solve for the

future and this is the essential condition for the healthy and happy life in a super aged

society

III. The definition of the brain fusion grand challenge project

o0 Based on the third brain research promotion plan, it means creaive, high—risk and
high—return, and application technology focused R&D projects for enhancing understanding

human brain and for overcoming brain disease

IV. Business Scale

o within 5M USD a year, 3+2 years (Total 30M USD)

V. Supporting Target and Method

O research institutes and university labs (through inviting public participation)



VI. Project Activities

[F8 F7HE ¥HdT =223

. . e s amount/
Main objective Specific aims Key output
per year
Identification of mechanism of o Development of
Development of neuroplasticity of brain or spinal cord | 15 X [year e—Pharmacy with
injury model .
e—Pharmacy Phar T it ; multi—type of
- e—Pharmacy wi multi—type o . . .
(Electronic stimulation  for  enhancement of | 20%/year st1'mulat1on to brain, or
Pharmacy) for neuroplasticity spinal cord for
enhancement of Development of e—Pharmacy enhancement of
neuroplasticity treatment technology for 159)/year | Reuroplasticity and
neuro—functional recovery functional recovery
Development of nerual model system Oragnoid models and
for brain—organ interaction and | 14%/year | animal models for
platform technology for therapeutics brain—gut axis (BGA)
Development of early diagnosis and brain—retina axis
methods ~ based on  analysis  of 9od/year (BRA)
Development of neurodegenertive disease patient
Brain—organ cohorts Database of BGA and
interaction model Development of Orgnaoid model for BRA for analysing
through organoid brain—gut axis and platform technology | 9%/year | brain—organ
technology and for neurodegenertive disease interaction
building platform .
gD Development of organoid model for . .
technology for brain—retina axis and platform Early diagnosis
therapeutics of technology for neural and retinal 9e/year | markers for
brain and neural diseases neurodegenerative
diseases diseases
Development of in vivo animal models )
for analysing brain—organ interaction 99 /year Ther gpeut1cs of new
and platform technology for neural Yy paradigm for
diseases neurodegenerative
diseases
Investigating the neural networks for
. episodic ~ memory and  developing | 15%/year | Clarifying the
Developing techniques to predict memory loss mechanism of
dulator for ot : o SR
neuromo ! Investigating the aging of episodic episodic memory
reducing  cognitive | memory and developing 15%/year decli - :
. . . : ecline, non—invasive
decline in normal | neuromodulation techniques .
. - — deep brain
aging Preventing  age—related  episodic 159/year | neuromodultor
memory loss
_ primate models for
development of primate models for o ischemic brain disease
1schemic brain disease and 159/year d library (includ
establishment of library and library tnclude
) rodent and primate),
Simultaneous . )
diagnosis and } Teranosis candidates
g Development o_f novel candidates for for simultaneous
treatment simultaneous diagnosis and treatment | 20%l/year | diagnosis and
technology of of ischemic brain disease : :
. . . treatment of ischemic
ischemic brain Y
. . . brain disease
disease in Primate .. :
o . Clinical trial
models Comrper(:lallzatlonof novel candidates candidates and
for simultaneous diagnosis and 159 /year cemercialization (final

treatment of ischemic brain disease

clinical phase 1
approval)
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Chapter?2.

Chapters3.

Chapter4.

Chapterb.

I} CONTENTS | |}

Background On Propulsion and Necessity ------------------------------------- 1

Development of e—Pharmacy (Electronic Pharmacy)
fOI' enhancement Of neuroplasticity ............................................. 3 4

Developing neuromodulator for reducing cognitive decline
in normal aging ................................................................................ .63

Simultaneous diagnosis and treatment technology of
ischemic brain disease in Primate models ==r===sssermmmmsmmmmmemnnnn.s 97

Development of Brain—organ interaction model through
organoid technology and building platform technology
for therapeutics of brain and neural diseases rr=======sssssssseeeeee 143
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[Deep Brain Stimulation Device A|7& 7]

=

¥ Z%] : Deep Brain Stimulation Devices Market Size, Share & Trends Analysis Report By
Application (Pain Management, Epilepsy, Essential Tremor, OCD, Depression, Dystonia,
Parkinson’s), By Region, And Segment Forecasts, 2018 — 2025
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[Neurostimulation Devices A& A%

x =

Z*| : Neurostimulation Devices Market Size, Share & Trend Analysis By Product (Spinal Cord
Stimulator, Deep Brain Stimulator, Sacral Nerve Stimulator), By Application, And
Segment Forecasts, 2018 - 2024
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GBA)e] 583 d&& sk Sirks Barse] o|ofAaL 9l

[ Bidirectional communications between Gut—Microbiota and Gut—Brain
Axis (GBA). (Kumar et al. Pharmacol Clin Toxicol. 2014) ]
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(Neurology 2017)
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(Svensson, E. et al. Ann. Neurol., 2015; Liu, B. Neurology, 2017)
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— (g&slel™) dEstoln A8A APFE 174, 36.49 =¥ FEE 2490 56.69 = 7HA| A%t
8o MAER AJAEE 7o 7 Hulxl

— d=Eslo|H= A|ue] Fow, dEFlo|m o] 60~70%= A7t el 1] Ao wE dHA lF
— dEsto|r Alge Brle AT ARl SAe E STPE FE deleR wepEa gl

— A A& FEl A A (Cholinergic), IRFEIA A (Memantine), 234 A (Combined Drug) A|&o & 25
e wehe f3e] ofEo| T A|AS FEE ZloZ AW (A : Global Alzheimer’s Drugs Market,

2018—2024, Ziom Market Research)

« A AA Y Edas AAAR E- FEF SUHAA @7 dAVeE FNA, 27, ] &
Z3tolm) el Ei}%— AR glAt 5 oAbl dEsteln W B A Alel® &7t 9l AL
2 =4

« dRkRl AA c HER FREAAY AFALA ASske A% ARAR, VIS FUA AAe} 2
NMDA &l 28, 744 AAA=ed=s =24

12
ut

— (1) sFIEH AR 20144 210 Eefoll A oAzt 5.7%2 F7HEE 2021 3202 2= 5
A -

(GBI resarch,2016)

— S 31y 3Aks 20109 64F 1,556% 04 20144 81t 5,888 02 40%% 7} sk e, eddge] =&
TE Lol S7bshe e EY

— AA 3Z1E A 5 50t o|Ake] a7t eF 93%, 60U o] AR A= T9%E AHA|

welglele sz ghokort #7 % fAdel gelo] B Bsow &

— WA solene) gatar
gole Ao F4galn 98

— 3718 X EA+= Dopamine WA A, Dopamine agonist, MAO A&A|, COMT AsiA|Z &=, i
Aol oFEZE Dopamine HAA AJE-2] 'Sinemet', Dopamine agonist?! 'Mirapex', MAO AsliA|<l
'Azilect', COMT(Catechol O—methyltransferase) A&l #|2] 'Comtan' 2.
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5. 34 2799 7E B4 Y €% B4

— 3 oA F7HA (intermediates) 2 A3HE(products) 9] 38HA & B4 1H NMR, FT-IR, Liquid
Chromotography—mass(LC—MS), High resolution FAB—mass (HRFAB—MS), UV—vis—NIR spectra,
X—ray crystallography

— A A9 &% F4: Element anlysis(EA), High—performance ligiud chromato graphy(HPLC),

inductively—coupled plasma—mass(ICP—MS)
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2. 5|84 HAE 2doAe A8 &5 B4
— Hypoxia—injured SH—SY5Y A|E Edo)|4 2] AitihFol Wit X8 &% 75
| e Cell viability assay: CCK assay, Annexin V—PI staining assay
3. F8 A HF -S| U LT U HEE 55 A5 S 5% FEaEH A
=
EESA A4 274

- ¥4

o i A FAH AlY: a9 AT A
(thromboxane B2 formation)

- ¥ 88 a5 HF

e @4 g5 54 A13: ¥B” Fals 54 (Fibrinolytic activity assay)

— nlo]m 2 FElo} (microglia) 995 A R4 XEd5 A5
Z7]

1

A5 =5

& 3% QA —Nitro oxide, 1L6, TNF—a IL1-1

5. =A% AZ YPES ©A
— YA1A A|Fo| Ao FA] 1 B3l g5 7S
o A FA 2 A =A: CCK &4, DNA &4 (BrdU incorporation), A17d%#3} =4 (Neurite
outgrowth measurement)
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perfusion imaging)
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2. ¥A HAT JFF 52 wdelMe FREY zeivY Wb L WA 94 RS 53 A ]
& W7}

- 937 F= 2d ¥ F9 MR A Fxk oA contrast—enhanced perfusion imaging,
contrast—enhanced dynamic T1W, T2W, FLAIR, DWI ]
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1. In vitro Al EAFTo|A49 MRI £ 574 &3 &4

[ Blzt=2E AAE A2 AzFo A= £ MRI T1 Z=E 94 «4] ]
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27)& ol
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— webA, B AFAE Seki T. 7} A3 90w temperature sensitive mutated Sendai virus vectorZ A}
S5l A7 El8A ASAZEE Feh oheket ot EE A FratsET|AEE AlEsY
3k (Seki T. et al., 2010, Cell Stem Cell)

— Sendai ¥Ble|#]A= viral genome?| EA|7} A|EANA Uojipr whAo] FHAEEE viral genome©]
dlolo g Zo|7FA] 911, viral genomeo] RNAO|EZ hoste] chromosomal DNAS= sfshd o g o} o]
Al AL Akl 7187F s A o] HEE vle|gAaes SAAZLA A= oA AARe] Widoe]| Aol

A Y5 akslel 7127t Eols

— Episomal vectorE ©]&3%t FERFEE7IAE AZPHS Ao dAAof| FAx|ofA] AE £
A7} 5= vectorS o|-&8k= MM 2 24 non—viral systeme]™ FF Aol AFIE= A glo] AT|7E A
E FAke] W gEle AT oS

— i3} EVEE o] &skx| ¢dar, iPSC AAtel] HagE 47Fx] Al A (OCT3/4, SOX2, KLF4,
cMYO)E dAFCE W A2l & glz2aefie] A8 sl Fofl AHE7HEE A5 F dsol &
7% (Kim et al., 2011 PNAS)

— wpebd B4 HA% fo cheka Eu) ek AEE Susln, o Akl e Be) o¥sl £7)
AEE A4 W A DALSE Ea) INSCO iDPE Shiale] B Sol AARIT =A% gl 75 )
wo] Uag)

o EA =AZAEFE AZHE PSC, INSC, iPDE o|-&3stod Al o ¥ 27fo|= A%

ol v R, 0|2 ofs

— 53], oRRlE AR w9} Ar)o] AuAtss Foll TS Fakerie =
¥ 5 AT} opd wloh guHe) 4areg raol @ 7 Plel et 54 ¥ Jde] Exfap|
wj el AFHRL ¥ o] @ 7tmo|=o] ko] AlHFEh

o ¥|-&7] 4748& $]3k connective nervous system 7]& 7|t

— Enteric nervous system (ENS)2 Aol ¢dZ=x]o] gl A4 AEWE onlsh ENS= =5 XA
(Vagus nerve)e AA ¥H7}x| d7Zd=]o] gl whebA] ¥ef A rfo] ] Ao Akgol thgh olslE FA1A|
7171 A&l ¥} 7S 78 F+= ENSe n|FAA S &R & 4 ole 13 7lse] B8

— =&} A AZo| 83t connective nervous systems ZNH3l7] $la] G A E<Q] Neural crest cell
(NCC)< &r7F H935b A stromal cell?t ESCE| FulofS 58] NCCE S 4 UAqE &8o] vl
$ 3 Al E EolAdo] mi-g- yth= woe] 9l (Pomp O et al 2008 Brain Res)

— 83} A7k 8] Az|&4t SOX10—GFPE- o|&3dle] NCCE = v (Kawaguchi J 2010 Development),
BMP inhibitor, tgf— inhibitor, GSK3@ inhibitorg °]&3le] iPSCEFE NCCE FH & F sl o] W
% ¥ (Chamber SM et al 2009 Nat Biotechnol; Lee G et al 2010 Nat Protocl; Chambers SM 2016
Methods Mol Biol)

— 371¢& A3 /2 iPSC, INSC, iDPE o]-85ked Neural crest cell (NCC) & #3}sl= HPHE 75k,
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& Al Mg 7] WEe] AZE Alsue] el Bag

— AFAEE AlE7E Aeke E2A]l A6l RGP wHSske Zle® A slof olF ol&7 7IANY

+3H (Mechanobiology) o= &3¢ AAA 2] £3}, 44, FAF % (axon guidance)d°] Va3
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