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Accelerating Medicines Partnership) ¢|YME|RE &4
— AMP+ NIH®} A2F7]9d7be] joint venture® Alef/wte] §83F T A~
MAds 28l FAH/AAAAF A, A7 2 A3t FAs HiRE =

I EEE

A

QSR oA AR vl A%e Aok At s Alef
AT S A3kets A9

AMP+=  7]E9  AF Y FH(PDPs; Product Development
Partnerships)®} ®lmslo] R} AFE3 71x7 =2 AgS gAHoz
gltte Hol FEut &, target identification, lead selection, lead
optimization &2 ZE7|dA Ede| g HAHvt= FY= F 5k

A A+E A1 24 sHH =

AMPE A W Aokt ZgAer oxslo]lwdy Aw, 23 iw,
< & WE Fobshela, NIH,

< AZ

ato] 57t F

<E [-9> v Akt 22 (AMP) oY ME| B 57k o4k
(9] wimbde)
. I R
£ d)ak NIH x| o2k | 7 L A= ° =
Q8 oo | 1 o 19 A5x4 P,
dF | dE | dAF | dFE | ¥F | ¥E qdF | AE
ol x 5lo 2|
dESIME | eso | 40 | 162 | = | 222 | 40 | 10
A]wl
A2s Ty 52.8 6.5 31 - 21.5 6.5 0.3 -
Frte] 23" o
. Y1 51.6 — 24.9 - 25.5 — 1.2 -
1< 22 2 12 — 8 2 2
Z7 311.6 | 485 | 229.9 - 77.2 | 485 4.5 -

Z}F&: Nature reviews Drug Discovery News : Massive NIH-industry project
opens portals to target validation(19.02.27.
https://www.nature.com/articles/d41573—019-00033—8)
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A 1H wpol -2 g 7]e ALy Al 718 A=

—AMPel FHodsts A Ay ELAES, dete]l "He|, 1 =2&Co,

sto| &}, Abk3], tiAlth, ofBHu], wlo] Al ofeld BMS & 127§ th=%

Aef7lsd olelell= NIH 4bst 37§ =HAl, FDA, 87§ wladel A, AhA,

NGOE #of

— AMP= AMP 713 9] 21 3] (executive committee), AMP T} A
39l 3](steering committee)slel]l Z+ FAE=E ALXQ L YEHF

2] 4 ¢ 43 (network leadership committee) 5 HWEHIE F4 2

- ESYaE FAAL FOAs(Funding Opportunity Announcement) ol 4]
A Pure J|AEe] AiAdow AHoxw, YEYaE AMP A 9
ZHAHIE AF

—AMP =ZEAES Z+ AL AFeUdZtE network  leadership
center(LC) 2} network research site(RS)E X 3}7] ¢al LA gt #EHo|
A= FOAsE o] &3l T5F
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(Cooperation) ZZ1# & stz WHAFH Lo Fxsts &
o

[e)
ey =& g3l JTI(Joint Technology Initiatives)E W&l v} 95

o JTI= A=A AFolAlth(SRA; Strategic Research Agenda)E 4743}

FF-—wz7t FF5FFA E F5d T (Public—Private Partnership)<

2
Al
2
(o

o 738 7]% Z#YEZ(European Technology Platform; ETP)& A7z = o
$lza Z2aeA JTI F%lo| Qs Aoz HAE 67 F& 5 ‘A7)
WS HzEA o FolAlttE A A st IMI(Innovative Medicines Initiative)
2z =
= = 7

—EUA 3l Alefabsde] SAA RIZb7 ey A7art AAH A<

glol ©Eoz Aok AYATE AYelrlele Heto] Artm wuksld,
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A1 vlo] - B2 7|& N ] Al5rAked 718 A

O () g4l 2of oM E B(IMD +4

o s AP A3t 3l elkEAtdH 3 A" (European Fererations of
Pharmaceutical Industries and Associations)< 3A1&¢Ql Alek suts =
szl ¢l 08WFE  FP7 FE7lE  o|YAME|RS  FhE

IMI(Innovative Medicine Initiative; &A12]eko| A E|H)E 7 4]

1=}

H R

s—RIZE AFAE ez, IMI= 4
= Ao ez DY sh=

Z AY 5= F57]so]l A E] 2 (Joint Technology Initiative)

— IMI(Innovative Medicines Initiative)~= <el&9 A7+

=
[e]
=3 4 9l= oAb yi3k AL

medical/social needs& &% 4+ 9

dak e Beoz @

2. [¥ 1-5] IMI(Innovative Medicine Initiative)< 7§\
3. AFE: Strategic Research Agenda for Innovative
Medicines Initiative 2, 2014

—IMI 15H4l= '08~"13Well <F 20 F=Z9 ooz 7] FA%E uvf 9l
2tkAl= 14~ ’24Wde] AA 1097 oF 33 fEO oilo

2E

o 19AE FHAY LU o|A3](FP7)7F 50%, 3 EAd 3 Ao 714 Eo)

50% <

2
22
o
.Y
e

213 (Horizon 2020)3  F7 2eFE 4kl &3] odwy o
|

FrhAow dabg A
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—IMI 1=HA A1 A3, IMIPZE HAl 2 Aol uitks 7k7F ¢Alsk A

A1 Ak A7k

A3 g3y #® IE AgdTr A ddAde A d4 B3 o=

HbrE A7IF E et g
—IMI 1A A= T3l di7lda Ta719, a5 W 74 e g8l
SfElgln A=A dAgoA AA 9 A wek FY A AR A o

_—

gtA 71 3ko] o sted Rlxko] A A s vtid

—IMIZ <ela] EUASY L3¢} EFPIAZF 22 10 29 R&D FA ai&

o] o

T v

ZtE: IMI Highlights, 2015

[2% I-6] IMI 1A &] FA A7 o

A} & Strategic Research Agenda for Innovative Medicines Initiative 2, 2014

—IMI 2&tAl= 3|, d74, 719 59 ¥4 A liﬂﬁolbl*ﬂﬁl‘ﬂ(JTI)ﬁPL

A AL

o 1=

B}k A] o]
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=
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=
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A 1H wpol -2 g 7]e ALy Al 718 A=

[Z2% 1-7] IMI 1=tAlN A IMI 2%bAl 2o A 2] A

O (%) ad4alef A&5Sd(PRIME) B4 &4

o FHoUtEFH(EMA)= FHAIl tis&l] n|FF 5485 A A 5
9l & Al<3] #Helsl= ‘PRIME(PRiority Medicines) A& 9l A& w
X('16\d 74)

o PRIME & HopitEol Felo] Was 2l vlol8S os 1&as 4
Hshe Ae FaAk vhAsE CokE A 24 A9
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saE) n23 e, dE 5o AEA Al AASe] w44
she ARAE Z12Hen St welE A
o] AlET AoFAIA

LS

of AlA Afr e B HIFI}F oAb

—2016~2021d HAAMA AFAA HAd AAZAEo| 4~TRE dAE = 7F4
A& 5o 6~9%, AXAFLE 4~7%2 AHAAES 7|5 7oz HAwumr,
Henl =2 3~6%2 A3EE AAA Hd& eE Aoz A

<& [-13> F7hE Aefakg AR st A
(2H9]: Al 28, %)
2016—2021
2011-2016
x 7 20164 - 20214 A=A A=
o
A A 1,104.6 6.2 1,455—1,485 4-7
XX (Developed) 749.3 5.4 975—1,005 4-7
s 461.7 6.9 645—675 6—9
EU 574= 151.8 3.9 170—200 1—4
= 43.1 4.4 4959 2-5
o = 27.0 6.7 34—38 4-7
o|&tg]o} 28.8 5.2 34—38 1—4
BTN 32.1 0.7 33-37 (-1)—-2
2~9¢l 20.7 3.2 23-27 1—4
SIRCH 90.1 2.0 90—94 (-1)-2
SR 19.3 3.0 27-31 2-5
o ghel =+ 13.0 2.9 14—18 3—6
e~ EH Yo} 13.5 6.3 13—16 0-3
A& Pharmerging) 242.9 10.3 315—345 6—9
= 116.7 12.4 140—-170 5-8
2=+ (Tier) 55.8 11.4 75—85 8—11
BepA 26.9 11.3 32—-36 7—-10
ol% 17.4 12.1 26—30 10—13
2 Ao} 11.6 10.5 14—18 5—8
S 61.5 6.5 82—86 6—9
71e} A 112.4 3.5 130—160 3—6

AF&: QuintilesIMS, Outlook for Global Medicines through 2021, December 2016
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o (A|AF3E 9okE &ulz) 2020@7hA AA AT FIret HEo] &S
ol Aol 10" ook 4m7t ZA FUHE Alow AwEw, Ax=3 A%
o s ookFE LwlE Aol HAHB] EolE AoE AwH

—2020 AA QIFE 769 Wl aln] 1% e|efE sbgare 2T
1671 (SUs) & 715 Az A
—gFEe] AHARFELS LA 205 oS U|EFE feow, FItE
AeS S, /%, BepA lx v Alofe} 22 AlS oAl WA Zow
of| A
[ 1-9] 78 A= A7 otF 2183 W3t Ay
A} IMS Health, Market Prognosis, September 2015; IMS Institute for Healthcare Informatics, October 2015
— AR A= Hd oUF v Aol HAS Eols AR
A
. ool Anjgre wAolE olmele} oobE 1A AL  dFS §lAH
Ao e R odwty vzt 13 ok F93 947 2§

H = A ’ 1= ’
QEAh Bl7l, BEuloh A TE AnFA AolE 10% o4 FU
Aoz Ay
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A1 Ak A7k

[Z% 1-10] 2015-2020 A 2FAl&= 1915 o<k 4wz W)

k& IMS Health, Market Prognosis, September 2015; IMS
Institute for Healthcare Informatics, October 2015

(a8) A Aokie) FEZE ofo] RFe| 198 JSat ey
217 B, ARl A R, ool Feol AefAR FE gael A%
o

7532 = olr] '21d 7} A
,200~1,350¢] Zo = Aow Hwpmw

-5 A Ay AAELS ApPpAYAIN11~14%),  SH9~12%),
G5 (8~11%), olo]|=(6~9%) 52 o7 =& 7lo7g A9t

016-2021 A A%

A3 o9 2016 2011-2016 9% 44F 2021 2}
Oncology 75.3 10.9 120—-135 9-12
Diabetes 66.2 16.4 95—-110 8—11
Autoimmune 45.1 18.2 75—90 11-14
Pain 67.9 7.1 75—=90 2—5
Cardiovascula 70.5 —2.5 70—80 0-3
Respiratory 54.4 3.4 60—70 2-=5
Antibiotics and 54.4 2.5 60—70 2-5
Vaccines
Mental Health 36.8 -5.0 35—40 (=1)-2
HIV 24.6 11.5 35—40 6—9
Antivirals EX—HIV 33.2 38.1 35—40 0-3
7|} 230.2 5.5 360—415 4-7

Z}&E: QuintilesIMS, Outlook for Global Medicines through 2021, December 2016
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#xNon—original brands: ®] 7W=fe]l o]a] vz, 53 H57} glole FHAF A @& AWelofF (=241
sxxUnbranded: B Ew o] &2 ¢ &4 AJEF] g Uit HAC 2 s &5 AdYtEF (=)
wxx 7| EF 2k F: ) A 2 A (over the counter) AFEeo] tFEES A+ <

A& QuintilesIMS, Outlook for Global Medicines through 2021, December 2016

o (A7) 2 A kA Ao A nvlo] @ o]ekFo] A A= H|Fo| HA
7l ke 3 FEg AHAS B ez Aus
— EvaluatePharma+ H}o| 2 9o]eFE AlA 271 '16W 2,020 fol A

Aol A mfo] @ o o2

77

229 3,260 YelE Z71d HAwlo|x, ookE
HArEE 2 717 25%) A 30% = 718 Ao =

—-20164d A4 1000 otE F
2022W74A 529 FUHE Ao

_33_



<E I-17> Aab7)gel & oJofF 4w A3 9 A

T+ | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

ulo] @ 165 178 183 202 214 231 253 276 302 326

& 5=} 430 440 435 436 423 435 455 483 517 550
7]} 170 171 159 165 173 181 190 200 211 225
A 765 789 776 809 809 847 897 959 | 1,030 | 1,101

A& EvaluatePharma World Preview 2017, Outlook to 2022

(28 I-11] AA7]Eel & ofofF 4m] vjF W3

A+ &: EvaluatePharma World Preview 2017, Outlook to 2022

— 7] EE Z47F 224 387 ZE o wjES 7] =& vlo)
Ay wWEES JEY Aoz dAEP, Merck&Co, YdzlolHe]
Bristol—Myers Squibb7} F #At2] F o|Ae] AAES 7] F8) wlo] L o=

Bofol 4 FEWE How by

fo
o
Sl
o
1=
e

_34_



- onpol 2o B b Ake] Alstakyl 718 A1

<XE [-18> AA nle] & AEolokF 7| wE A

(sl Ale) e,

R

A A A A ) M AA A A& -
i A9 o
. 7194w e |
$ 2016 | 2022 | 355, | 2016 | 2022 | == | B
)
—-3.9p
1 Roche 31.9| 387| +43%| 158| 11.9 |-
. —0.3p
2 Sanofi 15.5 2.2 +8% 7.7 7.4 +3
D
3 Amgen 194 217 +2% 9.6 6.7 _S'OE ~1
Johnson &
+ — +
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. —2.5p
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. —2.2p
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+
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ol +
g | Bristol—Myers 731 144 +12% 3.6 g4 TOBD| 4
Squibb p
. —1.3p
10 Pfizer 11.4| 14.0| +4% 5.6 4.3 o3

4. A &: EvaluatePharma World Preview 2017, Outlook to 2022
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(9] wiwet def, %)
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5 kg 2014 2015 %i?;
1 ONCOLOGICS 75,411 78,939 14.0
2 ANTIDIABETICS 63,766 71,471 19.0
3 PAIN 60,175 56,191 25
4 AUTOIMMUNE DISEASES 37,400 41,928 19.7
5 | ANTIHYPERTENSIVES, PLAIN & COM 47,612 41,393 ~3.3
6 RESPIRATORY AGENTS 39,544 40,037 8.0
7 ANTIBACTERIALS 40,934 38,361 1.0
8 MENTAL HEALTH 39,181 34,870 —4.8
9 VIRAL HEPATITIS 18,160 32,027 84.0
10 DERMATOLOGICS 28,504 29,484 13.7
11 ANTICOAGULANTS 26,429 27,230 13.2
12 LIPID REGULATORS 98,447 26,551 0.2
13 GI PRODUCTS 95,306 95,573 12.4
14 HIV ANTIVIRALS 23,118 24,361 12.1
15 NERVOUS SYSTEM DISORDERS 22,175 22,454 9.9
16 OTHER CARDIOVASCULARS 22,608 22,437 8.3
17 ANTI-ULCERANTS 24,823 22,358 ~3.2
18 OTHER CNS 19,786 19,599 7.4
19 MULTIPLE SCLEROSIS 15,825 17,455 16.8
20 VACCINES (PURE, COMB, OTHER) 15,287 16,330 14.0
Global Market 943,934 954,116 9.5
1 28 2o 3g A8
2. Addin] AR EL & HEAE Ase 2Ly AAELOC E7))
3. AubejerE 2 A OTC 23 9JfE7|yd U T4mgde] wejy
#A2: IMS Health, 2015 Topline Market Data(2016)
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o kA= 2022 7tHA

e R =
AR @ 1918 VBT ex AU,
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9 0 2016 | 2022 | 3¢ | 2016 | 2022 | =% | %

35 3}
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1 Novartis 416| 498| +3% 5.4 4.7 bl

9 Pfizer 459 | 497 | +1% 6.0 4.7 _1'3E -1

3 Roche 30.6| 496 +4% 5.2 4.7 _0'5E -
. —0.5p

4 Sanofi 342 417 +3% 4.4 3.9 ol

5 Johnson & 317 405| +4% 4.1 38| “9SP| 4
Johnson D

6 Merck & Co 3571 385 +1% 4.6 3.6 _1'05 —92
. —0.1p

7 AbbVie 953 | 340! +5% 3.3 3.9 ol 2
. . —0.4p

8 | GlaxoSmithKline | 27.8| 33.7| +3% 3.6 3.9 ol -
—=0.1p

9 AstraZeneca 21.0 28.4 +5% 2.7 2.7 b +2

+ +

10 Celgene 111 26.0| +15% 1.4 2.5 1'OE 1

ol +

11 | Bristol=Myers | oo ocs |l L6a 2.3 P A
Squibb p
—0.6p

12 Amgen 219 241! +2% 2.9 2.3 ol -2
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Teva 0.3

13 Pharmaceutical 18.5 22.3 +3% 2.4 2.1 9P —
Industries P

14 | Novo Nordisk 166 217 +5%| 22| 21 _0'1E +3
—0.2p

15 Bayer 16.9 21.2 | +4% 2.2 2.0 p +1
) . —1.9p

16 | Gilead Sciences 30.0 20.8 —6% 3.9 2.0 b -9
.o —0.3p

17 Eli Lilly 17.2 207 +3% 2.2 2.0 p -2
—0.6p

18 Allergan 18.6 19.2 1 +1% 2.4 1.8 p —6

19 Shire 109 19.0| +10% 1.4 1.8 +0'4E +3

20 Boehringer 13.3| 185 +6% 1.7 170 - —9

Ingelheim

9] 207 7] 4952 | 605.0| +3%| 645| 57.1 _7'4§ -

7€} 272.8 | 454.7| +9% 35.5 42.9 — —

3HA| 768.0 1’0597' +6% | 100.0 | 100.0 - -

5. A&: EvaluatePharma World Preview 2017, Outlook to 2022
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Adiu) g aE 0.32 0.51 0.24 —0.69 12.94
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T 2012 2013 2014 2015 2016 CAGR
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<
T
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2] 20169 | 20229 | 5%& | 20169 | 2022d | &
1 | Roche 8.7 9.6 +2% 22.0 194 —2.6%
2 | Novartis 7.9 8.8 +2% 19.1 17.7 —1.3%
3 | Johnson & Johnson 7.0 8.2 +3% 22.0 20.2 -1.8%
4 | priger 7.8 8.0 +0% 17.1 16.0 —-1.0%
5 | Merck & Co 6.8 7.4 +1% 19.2 19.3 +0.1%
6 | Sanof 5.7 6.9 +3% 16.7 16.5 —0.3%
7 | AstraZeneca 5.6 5.9 +1% 26.9 20.7 —6.2%
8 | Celgene 2.8 5.8 +13% 24.8 22.2 —2.6%
9 | GlaxoSmithKline 4.7 5.3 +2% 16.9 15.7 -1.2%
10 | Bristol=Myers |y 4 5.1 +3% | 24.9 | 201 | —4.8%
Squibb
11 | Eii Lily 4.9 4.8 0% 28.7 23.8 —4.9%
12 | Abpvie 4.2 48 +2% | 164 | 141 | —2.3%
13 | Boehringer Ingelheim 3.2 4.6 +6% 23.8 24.9 +1.0%
14 | Gilead Sciences 3.9 3.9 0% 13.1 18.6 +5.5%
15 | Amgen 3.8 3.8 0% 17.2 15.9 —-1.2%
16 | Bayer 3.1 3.5 +2% 18.3 16.6 —1.7%
17 | Takeda 2.9 3.3 +2% 22.7 21.2 —1.5%
18 | Novo Nordisk 2.2 2.8 +4% 13.0 12.9 —0.1%
19 | Biogen 2.0 2.5 +4% | 201 | 207 | +0.6%
Regeneron
20 Pharmaceutical 2.1 2.5 +4% 61.5 57.5 -3.9%
s
Total Top 20 93.6 | 107.7 +2(‘704% 198 | 187 | -11%
Other 63.1 73.2 +2.5% - - -
TOTAL 156.7 180.9 | +2.4% 20.4 17.1 —3.3%
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—AA o7 F FFuwr pd€gr nEdW  aEAAH, U2
HDLZH ~HEES5 5 370 olA& 7HF H]&o] 26%c0|n, HAE 3h}
o|xke]l Azt 7R ol F7} 73.2% 5 AA St e2(2016W@ AZ}EA AR,

— A AAFCZ YA AR ABAE 2014 2,7329 = A AFEE
bR, Add 7%l AAeR  <ldl 2020 4,1299 iy FE

Aoz A & o Ak,
—A AAAcE AFRAZ AEZA O AAFEE 2008 2509 =l A

AFd 1% AAstel 2014de] 1,1704= 2 e ol=glom, ofF =jd
2%°] AAEZ 2020 1,350 28] AwrH.
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— A A= 60A] o]Atell Al 7%, 654 o]A2 10% olAS A she, A wj
SHWELS 2005 8.07%° 2018Y  10.15%% A&EXH =715 n
Mo (2016 A=Al Fstxx}b, FofAAIE).

—A AAAcE HAE @A Fe FIE FAL 2017de HE A
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A 13 nlole-o 87| tAlyd AlFALd 718 A
- AR FE ey #3F
o vl AS WEn] oixAAZEe AV ZA dFEI el HF
oAl Aol WS ABY FLAHS xR F7F AFU|IE FAHoE
ol NIDDK (National institute of diabetes and

digestive and kidney diseases)= u|=r2] the & o5 AF7|qol A

AT 28 BFEUR

o NIH®| % 7|53l dulE AAsted Aoks WY F. =9 =A2 35
ur

NIH®| d7u]E5 A kol =AA x50 hFodtS 93 A 845 7N

lo

o oo AL AW 71HATF HA42 MRC (Medical research council)®} A1-83}
AT F4¢ NIHR (National Institue for health resarch)@ o] 3}s}ed
BAe)E #

HES 2

—ofE A3zEde Al AA A F Al FREA =H £ Qe
=49 ofe g4 2 A4S HUtsle HA

—1990d ] AEA <l high—throughput screening (HTS) 7|¥o] Aleksjnt
Aol FHY A ZE=lo] 1~2wwt M) g E AEE 238 ds= Aol
Alekzgulo] dulA el 1A o] x| gl

=
1 x 10%° o]4tel How wolSoixm 9= Hbw

shghEe] Aol @A (2

23z 7lEe] Tl

—mg s1Ee SEE war ohz @A 5o chkd wholLoorES
gaow B4 4 o A 232 JEo] Bag

1) DNA—encoded library (DEL) 7]<&

—(DEL £9]) 19923 FHZE=Z 7do] £7% o|zg 7|& HTS 7Y oy &R
o w2 ¥Es R wEx g&FoR 232YE F e ALE
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<E [-36> 2014 ~ 2016 1 DELT 714k 2~z g 23k Aleksiut Al

i s =22 glolB | FE g4 (IC50)
Harvard IDE 13,824 mfz Exjo]Z 50 nM
Emory IRPK3 na 0.3 nM
GSK RIP1 5.1 billion 10 nM
ETH Zurich AGP 110,000 6 uM
Ensemble XIAP 160,000 140 nM
X—Chem sEH 334 million 2 nM
Univ. Geneva MAP2K2 10,000 H|7}ed &8l A
Vipergen MAPK14 12.3 million 7 nM

- (FAAA) AEHA HTS 714 ol & A, #=t 7 s}t
Hlg2 4ddd~2x2d(BekE 1HE $1,1008 % = ,
gfolB el 2A3F2de =& vEZ 19 S5HRKMGERE 1Y
$0.0002) A=ztxx R 3= wvF 9la (Nature Reviews Drug Discovery
2017).

<3 [-37> 7]& HTS wiu] DELT 7|8k ~3ed ZAF 7= HAA vla
A5 HTS £38]9 7|¥ DELT £32]Y 7|4
~ae)y e AR Wt ) 84 A
~ 372y 8L 4HS ~ 224 1] 5H=kY
33HE 1Y A=3Ed vlE $1,100 $0.0002

—olg] Hol telbW upe} o] DELT A3EY 7|2 Y n|2 .
whebA, (1) FEH A AAE Azep (i) =FrF A Al
Akt A4 uxst 9@ 25 S (iv) #A
$15tel DELT ~3e|d 7|2 FFo] AF3h
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A 13 nlole-o 87| tAlyd AlFALd 718 A
<& I-38> DELT 7|¥k 2329 EHF 7le2 el e d&3 7le 752 284
DELT 7]¥F Rlek/jt A38]y SR U9 A3
HeA S & ¢ ELT I3
“?LH A7 (AF4, 7]9)H | Big—pharma DELT &% =&
I library: FH~1t 5 5 | o)) GSK: 90%F o]A} targetel ©f
Zow A A1 seiEed (sl 43R & DELT  library(>359 - %,
(target specificity 2o, A&/A | “drug—like properties”) &
44 HI7F vg) DELTZ|H7 & R 7|3 o4
DELT7¥F|& Bf 7|2 ¢l (C&EN News 2017)
&4l HTS Hl&
)] = —_
= AR g ] g | LS SFEEE S400M ~ $28
Aulg, 1ES HE s o ($1, 100/ )
SN 2 1Eg ngd/Aud AT = slalm
THE TS E3 Ay = | DELT ®]& 89 F I
o 878 = ‘ﬂ.ﬂ B9 =
$150K ($0.0002/1%)
(Nature Reviews 2017)

25 Ao DELT 48 F%, AAH F4 (F2 ule) e 7|ur)%)

ae oo Sl DELT 710714 23713 9 (G 22)

o etar | DELT 75 B W Aied vl 3% o wiEe] 9 s asel
NejA BHE AA Y Alopie AEA FEel Zleda Az Jle) (DELT 7)1
T e, Wzl 2E 5)

2) @A repertoire dle|lg X 2 oAY F4A 7=

— (A o) ekF A1) A G tEL wlo|leoekE ALY FYH O AF(37%
AR Z A oekRel wES 200097 Hio|lekE F IR wlEA
st olou, adl Ao ekE A ZAE AA v A Al ekalge] A F

o 14 wiEd A9 1070 ookFE S5 6707 A YdFoE F owiEN 8269
299 64% (527 HeE)E AHA

o Ul 7t dANFEF 4370F 37 (86%)7F FH Y dFEe] AA|E 9low,
670(14%)°l =uHeletsm FolAE 57H(83%)7F 22| Ad  o|ekFo| ofd,
vpol @ Al Q] A3}

o IS T FA O tF JAF AYAFE B, F 937 F 9dnE U oJekFoeln
TdolekFe A 83%7F YA 2-3 Al At o= wbHE, U otkES
ok 270gke] Ak 24 =HAle A S BEE Fll A o oFF N T)Eo] wig
P
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FAA7I= 2

Hfole Al ( 2| A Ao HA FALgE) Jirtel FHIL =

s
o wbA, AW A ABAZ Er] YeiAE 22AE gAY nEE
TO(H2 a5, "guks i E yA, HYXH FH)E FF5AZE F U=
A Wbz 1 w3} 7lEEoke] gt AR TUE v|Eo] HAF] ST
— (A AW 7e) ARE A FREA WFele= FAAHCSE biopanning
FE AR A gelryE W TR IdAE AAEs= W ol
=]

o TIESAAM, AAY 9d7]Ad A (Next—Generation Sequencing) 7] 2] ¥ gt
gle &3 53 A repertoire Hlo|EH e} o] F oA AR FAMT S
< biopanning %ol oo A FHE AFTOoZH Ak sfuke

Az Heutd s Al s

] Alef 23]y Fof mule] 7|& &
1) DNA—encoded library7|¥F 238 dS 223 ARk o
— (GSK A}#) RIPK1 AajA 7§14 GSK+ DNA-—-encoded library9
238 7lES 2007HHE AR EA drgo] &85l 3. o]
mel, e Y A FROSgES &
ol ¥ 29 RIPK1 A& A, GSK772& & & U+

- GSKi GSK7729 7Hie slsl 4o ~ x4 w99 DELE s

H
Az AEstdw. ¥4e dHEe 3EEe FE2= €93+ DNA
o
=

AA
=5 d|Msted =l F FAES Fdsled 1.3 nMY BAHE HASE. ol E
FTaE=EAZ sloq, Ak =4 FHAs S AH GSK772E EE5le], #A
oAb 2a4F A Ay F9l



o ol 7S HTSS 53 HEEAR =5 ——> FAH3 ——> n|d4FH =5
——> QabEIglel "ashk A7k} v 8ol a&As Fosh A2 dEAQ oA

[z 1-51] DNA—encoded libraryS o] &3t
RIPK1 A&l A 7§+

— (Target panel 2= 2]4) DNA-—encoded library(DEL)E ©o|&3} target
panel 2324 (Nature Communications 2018, 1, DOI: 10.1038)

SKell A&, 7]£2] wd ElAle] o3t DEL ~32d 7|¢S 153}
Aol o3 parallel 2328)|Y 7S WEgRoz B850 9

_Oll_l
kv
of¥
£ o
b

o FME gl Ao tisled GSK7F BFsta 9= 4 Z£70e] DNA-—encoded
libraryE &Alel parallel 23 2]dste] b2l wwAe] A sigtE AjE
(ligandability) @} Z3gtell gt w5 A 7FsA (druggability)= 54l
A stz Y3 A~z 71 9.
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[23 1-52] GSK DEL®| multi target panelel o3t

parallel 2= 2] 7|9 : ligandability 2tdruggability

=

FA AlE

e 5eo Frhsh 2L ulge Hisl

(Nature Communications 2018, 1. DOI: 10.1038/ncomms16081)

<X [-39> HTS 7|<3 DELT parallel ~2=28|Y

ShetE 9| quality

druggability =x

ZAE 7€ 584 vl
DELT parallel 23284 HEAQ HTS 239
A, B g= A¥ELS 93
H o, L 71, [e) T = pul o — o
£ 28 7|7 5~7 N4 9~12 714
d3) A1g 7bs el s J— .
/‘7(]- T T17o 1 o)
2
ERAl wh A 9] ligandability &
rae)d Az el A g

e}l whil A 9] ligandability &

druggability »|&x
Frasigtee 153}t 74 FrasigtEe 153}t 7tsA
xo Lo
i =]
ae4d 2 AN vl W = - s
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A 1H wpol -2 g 7]e ALy Al 718 A=

o ot T} Fo| GSKelA= 20079 DELT7|&= =gt oldf 19 &8§=&

at7) 9l

o olo] #esE EA fholmeele] £ 90F, § DEL HEE 4 >100

[Z2% 1-53] DELT glelB 2 g]e el +* (ChemMedCommun. 2016,
DOI: 10.1039/c6md00341a)

— (2 9 9] AT HI) o] 2ol oty HolAet o] FEW A kr|y

ool = F=, vd=gt=52 dleled 7|gd= & vhFe] DELT £=24
7les NEst L =

<3 [-40>

B4 DEL 3}5+& A TEAT 7%
Nuevolution (W2zH=) 402 7\ Amgen
GSK T N o U <]
Warp Drive Bio (®|=) na o ¢
HitGen (5=7) na J&J, Merck, Pfizer 5
X—Chem (w]=7) na Vertex
Novartis >3 o 7§ R
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A1 Ak A7 Ak

— (=W &3}) DNA-encoded library”|¥F ~=32]d 7]&

[e] [e)
R IT
=9. 28y DELT 7|& +55 98 7272 HFsta 3levnz 7|s
ok
3

7149

Hore Fol 243 FUE 716S Fushe sl AFY,

2) FA|FE A 7%

—(RAFE AL 71E) FA ATIAE TPl FATH 1S Ag
g% 2 MEAY A 27 IAY F uF Ade FA N,
orEwtel MabA A, WeiZzE el olele A AlE Sol £

— (12 FE A AR 7)E)
o AloAl AFEE FH £ FA ¢ eFEel Orthoclone(OKT3, <FAl, 19854 )e]
o] 7]ef] &35}m o] A EL hybridoma cell AX7|ES E3)] N ole

e hybridoma cell& vF-$22] B cell®} myeloma celle] €35 hybrid cell& EA
FHEs FUsted wWdubgo] FbE mpero n|FozHE Aozl B cell&

(e}
o
RE A7|AE 7tsl= W 2 E myeloma cell®t §§she] A=

o

T
-

L
o
clo
|
[m
o
2
o
%
i
0%
>
ol
Ir

hybridoma cellE & H3l= A

=, 5 F = 2 S
AEe A7 EAste Axzwekl s 22t FHsle] dHd3e] wbsAdS ELISA
Sor Fedgowxn AWsted, FH A FAHESS Hl wieky o
Y -&-35F+= hybridoma cell& A®lslH sl FAE AYAst= AE2E A 5+
714

— 7|9 2} @A (Chimeric antibody) A X 7|&

. H]‘

2 gdFE23A o A2 A o] Fe 7] 5 (effector function)= 7w 4

o
o
T g $hafo] wWdubgo] Fubs|o] 5 3H(neutralization) = o] HElE 5
o o
“

o o] A9 sFE WS FAE Hrd A FAe FalskAl Rt=Es Aol

olgdt o Az slwel FAVE AEE . 71wl &A= heavy chaindt

light chain® 2 o]Foixl FAAJFR= vhe2olA 7Iet YA FE2
s

A gl A 7)1
o @A, BAEeA WHsE CD20

TNF—a % 3}gA al 2
a8y o " AFFA L] 7PHddo] ExjslrE HiEAHo R FostA FHH
[e]

i)
A
Y
o
(n
rr
oo
i)
E]O
B2l
il
Y
it
S

>
ofo
M
K
$°
rr
ot
N



npol e o 27| &ALy AlstAlked 718 A1

2173} 3FA| (humanized antibody) A X 7]&

1986 whAdysty|so] sukgle] uiel <17Fs} A (humanized antibody) 2l
A x7)Eo] 4= MRC(Medical Research Council)ol] 4] 7JHr= ol
ol AF A <7t Al FARIF RS WA AF ddFESAY

CDRs< <217k & A o) o] Al A]7]= CDR—grafting ¥ S sl aS

A% Frefe CDRs& <17F A e FRI AMEFAIA <Ad7rst 7bHd S S
Axsta olE wiEAg <7t @Al EBwWeddn AxRgAA Azst dAE
Az ¢ 9o} ©<3] CDR graftingwts & 3¢ <l7tstaA| o] Fsl=7}
HolZ| 22 CDRE 3#AY FXxof 4TS & 7oz A== 2 N F83

b AE AF A Aoz A PogA dy AF] A

7o ME ol A A oF 10719 <lZtst A A EBA 7 FDA &
sledw @A oF W xlrpHedAsle] x| Al uvlolE A 7hed o wbA| 2
AbgElz glem, 53] Her2 Z{&A < Herceptin®t VEGF  F3}aHA)Q
o}

X 2 A Z A blockbuster A A|FE

—_—

¢

17t wdZFEFA = 7t Al zlolE 2| (library)el phage display 71&3}
[e]

FHAAS E 33} = transgenic miceE o] L35l A xEF 1 9L

— ] ~Z ¢ o] (Phage display) 7]<&

o7 fAZdol= 1985W G. Smithel 93 #HE == Aoz 19904

d=  MRCel  f&l  Agez  FA  Azel  sEFAE
uhe) 2] © 9} x| (bacteriophage)® ™1 zF(Escherichia  coli)ell 712§ 3l=
nlolg 2ol dFo7 o |EodME Fz A whHE eutxel Ml3o]

AgE T e

FA e phage displayw= QA el Fwe] EAste A T 2 A4
7hH oS 27 PCRE %5ZA]# phagemid vector Qtell &2+ A %
S A (pIlDell &34 Hehz F2ste] widtels wdA2 F helper
HAE AEA7IE, Ao mwel| display® whfd £33 T 2w A4
7heded el @Al glelB ] (library)E AAY F S 7I€E Agste

3LA| ] el = scFvyt Fabdl
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o eholmefel 2% H ) (panning) Wl Slstel 54 weel Afohe Az

GdEFE FAE BEAASE & d=d, HdS 5A I (target antigen)ell
A E AEgA| 7| AR G2 IR E A A F, AgEH x| E 345k

H
DA BYADSRA HA FE BE o S 2-43 WAL

o] 71ES olgstd ©w @ F whe] <zt HAFEFAES HeFd 5 glon,
Aol o]u] EAfsl= A FAHAAZEE FAlo otAdS FAxI S naive
antibody libraryz} 3tx, A2l CDRsel|l T3¢ 3 9SS o] tlekrd s

A #x3%F 7S synthetic antibody libraryztal 3.

Naive library< 2|3 &Ae Astgoe] 22| £A AR A& v]go] Wol

x)
S A o1, synthetic librarye= #2|3F &A1 Fstdo] =2 HbH A =n]go]

vels gAZEse] Aseel ¥x wE A9, @4 CDRs 2 FRsel
A7)5S oA F shx tlxFele] wWHE Abgste] Ao nrh e

| A
A FEES A AWE= FstEA S A (in vitro affinity maturation) =
]

-
ol

2] fAZ o] WHe| osled AxF 7t HddZFEIA = TNF—qo st
34 (adalimumab, A ¥ ™ Humira) &4 2002y FDA< |

A EAZ AFEE 31 9+ blockbuster A A E<)

Transgenic mice °]£3t A AR 7|&

&) 1994 el7b A /FAAE o|A%E  transgenic mouse°]  7]E 9]
slolBE|Erlr|&S AEAA et dLdZFEFAE A Xt 7|Eo] H1HYS

b

/‘”?]-/] Ig germhne 7TX47\ £ 5843 A7) thAl AF3He] Ig germline A X
] ds FAabste]l W5 A7 o

rEL

A31417) el e BAFE
o] SolnelErtz e A

Effector functione] AAY ¥+ <Azt FAE A xst7] $5ke] 2l7F IgGlelvt

[gG2 FA A7} S50]9l%= transgenic PF¢AS 7Hzb Alg3t

(o]

7|42 in—vivo maturatione| 7}535}7| Wit FstHo] =2 FAE AxT
gtt= AAHo] glor}, platform technology?l transgenic mice? A&
|#L7] wf el LRt AFA= AFESH7] oA -] Sl

b

o] ©
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Touto] @ ol g rle ke Al 713 A1

o] 7l&g& o]&sled 7|E WY A AEAE el EGFR, TNF-—aq,
CD20e wgt <lzt wrdZFE23A Vectix, Simponi, ArzerraZ} 24t A=

A5 S

MEL Bl "elAAE FHT 1-24d Alole]  HAHA xF L9
[IL—12/IL—23° w3t Stelara, A4 A Z-8°2] RANLKLe| w&t Prolia, B-A =
=4 o¥fFg9 Raxibacumab?} EAIFgom, A dAAE Ao 9= elzk

=
GAdFEFA L 500]F o} Ha 9

) B

— 34 A (antibody frgament) AX 7]<&

[©]

A FAAHAL FA EAel| A effector functions YEFWE= Fc regions
Aelgr YA} TdedES wWelw, FZ  Fab, single—chain antibody
5

fragment(scFv) % 3A4 o) 3A] B #H(4), single domain, minibody %5)e| ¥3+H%

(o]

o] A HAHAEL F= 7tst At 7t A HEdE Zt=d, A EHLS
whole IgGell nlsle] =717} A7] wjdol XA o} FForol HFEo| F11,
Hhe| glofoll A A4S 4 glom® At w|Go] AA == AAHo]l glom, Fert
7] wiitoll effector functions HaFA| = 7 -Fol AFE3

FAZHLE A el A el REZEZI7E kel A AEeow  AI3bshA|R
PEGylation®® HHH71E &8 AEL dA=ZT Eg. =3 effector
functione #l5ted A Ao welzlote] H4E ZH 3 (conjugation) Al 7] At
cytotoxic T A Ee| ZHgsle= A AHAFC bispecific FAE AR5}
SHABAZ WL &

Al=7kA ml= FDAS Sele Wl "o s A& sle A 2B
Fablo 24 dAy oobwAle]l GPIIb/IIIaol tH 3+ chimeric Fab(abciximab),
VEGFe| & humanized Fab(ranibizumab) % TNFe] & PEGylated

humanized Fab(certolizumab) %]

AF7HA EA1E A AHAH AFS EF Fabo| &gk, #x] JAA|goe] ZdPF<l
A AHLE FabXRtl scFvrl o Wi, 3AW A AHHAE Q=2 7futs o]
HdArA e o Ao o] Zds] 9. o IFABHELY JIAAMI FaEaA el

= AA =
AANZE AFEE AL o]F Eo| &A T MEE format A 2] building

(e}
block®e. & F835}7] wjFol £ 83 3A formatl & HArslz 91

= v
DAl A HFe] so] A 8D F UL FEEW A BHe 1
-
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— e A AR 7ENYE 215
e (Sai T. Reddy Z%: 292~ (ETH Zurich)) 3@A| repertoire sequencing
dolHE T43H7] A WHES AF- N A repertoire dlolE 24&

o
T =
T Alef s F8 AT Eob T oshE A dew, ARbAcl A

repertoire?] 5A4& EAsl= oA+ AIE B g vl 3
e (George Georgiou L3: ®]= (The University of Texas at Austin)) %A
A& A (Protein therapeutics)E 7|islaz AHo] wWE wHel A AL WIS
Tk A7E AW FA repertoire®] LA olF &I AleF NS
F9 AT FIZE AFE A Fol oo, diolHE A st7] A wh A
2 o] E 83t Ay FollAe A repertoired EAE AT HIAE
o

 (AAE T & ATs g JFE ATH) " FHE FYE s 2H

o o]2o| = &A repertoire 85 AIdPst= HHEH TFFo] EAGHY, o}E 7|
FAA Gt FHEAL o] &85t Foulgt A3E HUd AT+ S

o (A3tY A3t 7€ FAE 7|HFeE CDR ¥ framework %H7]5 Wo]A|Z] &
HaZHol7lss  ol&sted e Wi AsHS A= TIEER,
MedImmune©oll 4 7} ¥rsl= Numax(Motavizumab, MEDI—524)+ CDRe] #s}#

A =38tE 53 Synagis(palivizumab, MEDI—-493)¢] &A HsteE A7)

05

A, HEAE, Ayttt d Al ol A7 Je e S8
Aol &

e (Fc—alxYeid 7]&) @A Genetech, Xencor S°] 7]&9 7ol Folstz
sloml, gAe Fe¥slE A Edwel 5o wHe Fd TaA wsE
goAA A otHA, H®H7Fr], ADCC (antibody—dependent cellular
cytotoxicity) Y CDC (complement—dependent cytotoxicity) ¢ &5

TAANIL St

e (Fc—"i7 AEEAITA) 2929  GlycArt Biotechnology  AGAF=
GnTII(R(1,4)—N—acetyl glucosaminyl transferaselll)7} =% CHO Al 3ol A4
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=
= R
Az 545 7HA= A Axrless 7

_
3
ol
-

(o1%F E) A= ohE % 714 gAg FA0
b @Al JEA £z e AR &% ko

Az AEREE AN 5 S

% (o A])Fresenius Biotech<] trifuntional antibody, Micromet<]
BiTE(Bispecific T—cell engager), Affimed Therapeutic®] TandAb So| 9 <

¥ Trifuntional antibody+ Z| £ o]% Bl A2 F F79 & Fdel EolA &
7FAWH A Fc receptorell ZA3dtsled NK cell, macrophage 52| Hel A £ &
HA 7 AEY

(A15+ Epitope) 543 Ef7loletr ZH3ts}

ol A9 S-S o|&3ted 7|E

st glow, o

Aele]l olzkstatAl el Omnitarge Her2 receptor? domain 1o 2 3ts}ed
=

Her27} ©}& receptor®} dimerization®+= Z1& A st= 71529 Her2/neuel
7—_7r )

W Al FAZ sAEs AUHoR Herzsl shud S|4 g fubetel

4832 oS

(b)) @A elefEo] Ha® B ADCC A53 9% 2 FUE weg
ARzA ool AL FaA A5 YsHew

=
(291~ ETH) <938L bisecting GlcNAce] 9= WratEs zt= A7}
5

= Hidoe AAES sk, FAle AeRa

(Kowa Hakko) H&2] At A<k 3]Akel Kowa HakkoAl= fucose’l %=

7} 712 AE Bk 50~100 #) o]Ae] ADCC AT FAS

Helohs 2SS WAk, vl A3 xkel BiowarlE A3l fucose A7

o913t A4 7|E(POTELLEGENTTM)S o] &3 AAd AF 7ol
o

W

>~
>

I
s
-z
B
)
o?L‘ il
;>‘LL

(t2Zdge| 7|&) =u distat o
framework ZF7]E ®WHolA]Zl T ¢
FAslE s WA= 7IEdEHs R st A, o FIIAEEe] AlgF B

“
Wz Ea A 1A @A A 2 @4 wH

N
)
VY
)
o
3
=8
=
o
=
g
o
(@]
[@N
<
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w3f) <

)
N

s}
=

28

ADC (Antibodydrug conjugate)
2

o

| .

A ¢]eF=(DNA, RNA Eo] #Ag

]-_
LR

[©]

LY

sl
A 5% ¢ (therapeutic window)

At 7l

bed

e

3|

x

(Al mAno] @) @l Aol 9.9

transbody)

2

o T mjp e HLr_ M % o) RKOTE T W5 ofpy 1@ Ww i M 1@ )
W Ko mm olww T o <X 4o = ﬂ ~ &o A o o xuru o lo B
— 7 o= = T o ~ "~ w D) S B
—_ 0 = il .
R R o = S ECEY ~ & ok 4 BT R R i
o = G i ~ Ko _ QW Wy "
LW =W = T Hp X = At -
o o o T < "o T o ™ 2= o Wost o] T =
o = T O R % o R oy T o o B & do "W D
A o — O o o wn Hr ~B R Mo e ca e - " o~ Gyl
~ 9 SR L W W g T o XN -
ME TR ® oy = =P EE A N S
& o# _lmo LOI o_ _— 9 WW N E._ o K N — <+ o E =
i oy N Kfo i o R T .o 2 Loz o 50
o Tm o © =l — o H 2 ar o = X T = o
mi —~— ~n Lf x o — O —~ o 71_ Eo o 7 o#m =) \_|__.A 0
N R 9° — = wo 9wk I |V o0
i o o L o XY — o, N T = = i T
— o MK A o o K o B K xON° o o~ op o
NOR o W o AR o j© of i P EEC)) P Jo
T T F q = o = ° gp® TAET T
lonn _N_O \_flo q ~ jant O#E X.— 1 Y ﬂ 50 Ou_o _n:.U o e l — X
H ! ~ N =y = = ojn T - X g~ A
= = &.E L 2 K ~ ~x 2 <M fry E.‘* Lm_u el = o o o_a
s O_H O_L o _:T = O‘* v ;LVIL T t‘# i o 1D|L T 5 K o) m 3 ey ~
N o T Klo o IR ‘_4_01 o S K o p 3 o
e T T w = % Podom oo & . =P W "
S® T W g M oﬁa %0 Ty m poy LA N WX R 0
=) dﬂ o —_ Jjo N_.U o- ﬂl — ~— K 3 R0 -~ jo° 0
T P o Hin o F oo DT i o o £3 L =
o N i oo S Ko oo = o oy R ER g ™ w
© _ﬁl © B — o) o o é.a o_mo ‘._t Koy = R o B e W
E._ i ~ L, o —_ — —_— i w N AT IS
oo _ & = Yo 43 = Ko N T w o T Ko oy F Ko
= u 3 (1 o — — —_
WH = M T m_ﬁlw_ o mDu ,_..w._ \_u__.HMo M_ﬂ ‘._1.rx_| T W_.,.A_ ° o anﬂ o_E ML or ol ]ﬁ_ﬂl 0 1;0 :.L o
S > jo O o] R Wy Mooy B e o
W T AU ~ gl R I N e
m Tl Koo & o = T F 2w g Wy N ™ gy P o
=% 288 EEX g@Te et ozl _wx. @
mK . Ir s g i ﬂ of N M R o g~ T oo L P E)
BoE W o B ) T Ep® g E PEE OB gy S -
) To —_ X — ~ =y =z I ~— TEm e ,E £S —_ X
B X N o B H > oW owp o - or AR =
= oo ® N ol N ofy ‘5 o N = = = 1] n L ol B
"W [N | =\ I = " m oy o w AR Gy
Wk L ar® xR Caxdd TearT JTHhpw CoxFTR D
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BrlehEabed Atk 713 A=

|

9]

A 1R o] o

A 2l o] A

75

gho] B2 2]

g 75

3ol

boetolmee] Aaw)

)
pul

|

el

A 2= el

W

Hj

olm

0

&

—_
o
T

]

ok

A
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0
"

é

U
Cl

Hn
oF

)

=13
=

o)

i)

—_—

At

—

el
"

A

W

A 1]

1) PROTAC (Proteolysis TArgeting Chimera) 7]<

ion channel, GPCR, kinase, nuclear

30009 7K

ok
21

A7kA| ke whe] bz

C Ay

o]
=4

receptor
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Z

d

(2% 1-54] <A 24 A el 7]

active sitet} binding pocket=

7§t =] A

1

H
2l

T

<+

A2 9l Al 92 undruggable target

2014)

(Annu. Rev. Pharmacol. Toxicol.,

[Z2¥ [-55] FDA

)

olm

—
ox

l
;
M

]
o

o
o

il

A 2A 2

A A

511_

2

EE
14 Awel oA el

3

=A< els AA
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A 1H wpol -2 g 7]e ALy Al 718 A=

(2% 1-56] &2 A A A A

o 7|E AEAL TAHL JAUA, FALEE FEZ £ Qe AHEo| glofof
st 71E 7|2 EAIe}7] of#E ¥ Y ‘undruggable target’®] ZAHo] 7}E 3k

A 7]Eo] 28

—

— (AR Bar)%) HE AR BARAL B A 7%
WEe 7)E EAARA HAE BE F2Y 5 o Ao 4y

WA S sl d7E Ed £EE we AdAES oe A ofz
Awrel Aol HEAY Er® ARt @, sAw ol As| A Sl
duARs J1ee Agetw FAA AGNLE YT sbsAol W Hobd
% ogle] o] ATE Fal Ade WulE Folm Aze Al &
shabol 7)ol e 5 ol

— (PROTAC (Proteolysis TArgeting Chimera) 7|% 7§4¥) Undruggable

il AS FASH7] HEA T AdATE old AMEE NP Z, AEY
IR El3lE o]g&3 PROTAC (Proteolysis Targeting Chimera) 7]%o|
o 25
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[2% 1-57] PROTAC ¥ %
(Pharmacology & Therapeutics, 2017)

24 oA A=A (F2 71 24 A A ) E3 ligaseel
Z g#AE 9447 PROTAC 3§ES o] &3le] Az W Al

poly —ubiquitination*| #1 26S proteasomes Ea A=A T A A=

o|#]3k PROTAC 7]<& UCLA &9 Sakamoto w52+ Yale thHdre)
CrewsiHo| 2001 Aoz A£715k 2 (PNAS 2001), 37 109 F<t
PROTAC 7l=e] i Sl w& ded S 56, 3T 55 LA
o]
=

=5 g

I degradation A|#AH ®$% %53 in vivo EFE HYS TH

(2015. 6%, Nature Chemical Biolgy)

% Crews nFEH<S PROTACZ|E& 7|HMFSZ 3&l+= Arvinasghs Hio| oWl AHE

20134 A

A=7tA @3z PROTAC 719 A4S o 7HA A=

A, PROTACE T4st= E3 ligase Hiold, <dZ2%9, zAdHEd 2
J o

R9e £3E o v BAUND ARt U4 2L 5 AS

o

=4, PROTACS A7} v wwAS A ASE HASZE catalytic recycles



A, s A& A 2
PROTACS #

o
undruggable

3%
< allosteric
stot ¢ A
interaction (PPI), cancer immunotherapy
A A Ak

o] 53k, wheka

Apx

— () ET) FU AsA dTFdge ¥Eow
A4 g AsAt Awe FueAu
Repsh 5ol A ol 1) 7}

Agete] AZEL AEA

o
7=
BRst= A7 23Y
(712 d«dA]) FAA
A AE AHEsta 9l
AR AdA el enzalutamide <2} VHL E3
PROTACS] ZA$ AxdelA pM

o1
enzalutamide ]|

'A::]_E

W=

Az n] ALl HE ¢

L
=

et o=,

ch e

revival

A 3l A of] A

EE R R
(309 2

el

FA

-—

)

hEs

A A Hrzo] o
AEHEE Sl
A ol Al &
AlA = A

o
0

Mo wi R Mo

9
[e)
=)

o]

3

73

A Androgen receptor (AR)

012‘3 LH ] o]

ebd

Ein=

[z28 1-58] AR PROTAC 4]
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—(daet A8 A) AL F<e BRD4 AdlA  OTX0152F w]as]A

BRD4-PROTACZ F&R=elA 53 Fgass BAFHen, 59
AgEer 3o 13 FoAdAR =2 FEo $AAHA mat

A = A=

[2% 1-59] BRD4 PROTAC 44

— (PROTAC 7|& 7I8F A7t &3F) vl= W] vle|oewlxy FE= ®ojnte}
FddH 2 AYPsz . HEAQL wlolewlHZ  Harvard Medical
School®] James Bradner ®}A}7} A &3t C4 therapeutics, UC Berkeley<}
UC San Diego u<F#lo] A=k Nurix, 2|2 Yale University® Craig

Crews w57} A#H3F Arvinas7b 9

i

C4 therapeuticsAt+= Dana Farber® James Bradner (& Novatis NIBR
ATFa)el o8 "= e, CRBN #/72t= 7|4k Degronimid ~EFES

714} o)™ Roche ¥ Calico (Google) A}¢} FEdAF+ z8 =<l

KYMERAA}+=  Atlas venture®t #5°3 A=&lx, Lily venture, Amgen
venture”} FARALE Gt WA rigoer Sy AsALHA toll-like

receptor/interleukin—1 QA+& A F st S

NovatisAt+ James BradnerE A2 t}ekdl Z Ao tdl degrader AT+E
& = )
84 [e)

¥ Feoln, T WF2 A e} undruggable %% AT AY T4

Boehringer IngelheimA b= ¢ Dundee University® Ciulli ¢ 3kt
5% AE F5AF, Celgenedl A= NurixAhel 35+ %18y, L&) NHIS
ATF4 9 Naitos+ cIAP E3 ligaseE 83 SNIPER 7|&E< 33X, Takeda

sk FEAT AW F9

NE
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S E B ERCERIE-S AR

e ArvinasAl+&= Yale
PROTAC
=2 Aekate} T

7)4ke]

e ArvinasAhH= PROTAC 3}3H&

A5tabe) 718 A9

st Craig Crews 47} 20139 As3k VHL 2|7t
ZYPEZ 7Hk ~elE9]o® GSK, Genentech, Merk
ATE Ay F

= % 7H

Ads A+ A8 &

« PROTAC 7|nt

sEEGE oh AR

<X [-41> PROTAC 7]% Hle] ez} wlulu} 7+ vl &3}
dx wfo 27 CEE F°
2018 Arvinas Pfizer $830M
2017 Arvinas Genentech $650M
2017 UC Berkely Novatis N/A
2016 C4 Therapeutics Roche $750M
2016 Dundee University Boehringer Ingelheim N/A
2015 Arvinas Merk $434M
<HE [-42> 229 ADHALS 7|
7| Ex)
Craig Crews < A3 (2013)

Arvinas (w]=F)

FierceBiotech’s 2015 A
7]§°]X4/J—£°4:rL GSK (2012), Genentech (39%&/2015,
£/2017), Merk (4.342%-/2015), Pfizer (8.3%9%&/2018)

C4 Therapeutics
(m] =)

James Bradner 5 A3 (2015)
FierceBiotech's 2016 A

7)o K /F%AF: Roche (7.5498/2016), Calico (2017)

KYMERA (7]|=)

Atals venture®} 3% A3 (2017)
Amgen, Lily venture %—EEX} (2017)

Novartis (7]=)

a2 welels FEAT

NIHS (€+)

Mikihiko Naito 2
7)E o) H/F5dF: Takeda (2017)

U. of Dundee (°3=)

Allessio Ciulli 4~
7% o| A /&5 Boehringer Ingelheim (2017)

KRICT & KRIBB

Zobabebr)ed1E) A £ E (2015.12 ~ 2020.12)
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~(PROTAC ~ FUAF5Y)  @Fsstedvedst  FFAPFIATAo|
FEoR ZTUE /1% Su. oo Bhel d@ o7 Y ez Hud
EYES FUHA AT B AT FLATE 32 3,

2) hmolopEel o4 W WA hmo]Eo] W Y2 seolnels v

o =13

— (Yol ekF AlA) Yo tbEF2 AlA e E Al AdA wd =2 AAES
Hol 2016W 13099¥8 FEIOow, o U GFA/AEA AZ S
AzgAo g fokslA Ag= el

- (AFE 93 dAztAR AlEE FF Oy odEe 34 nEAS
A A (lipids)= MEZE AFSsted AR o), FTode WAz
F714  aA (inorganic) S FAELE & A5 2 g vpxo|okE 9
M3t o588 Alfo] wEA B S,

[28) 1-60] vhoooFE uj 2 AlA A FAT
(BCC Research)

- 535 4wl A gl A(Abraxane®) o] AlASFEE 20209 209
gdejo] G o7 oabxle ookt FU| AR Y AeE 7EY #7714
Lo efo] ZFXA] A £33 €3 )5S B9l
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A1 vlo] - B2 7|& N ] Al5rAked 718 A

(28 [-61] A% shalzl(orxn))

igiate] b E S 9 Aw|A
= (F71aA 7E e !

0
s
re
-
d

ok O

1+ 33}) SPION (Super paramagentic
|

iron oxide nanoparticles) 7]&< o|&3 F7]4&A vxodES CT &
o]

JERAE Bealod g A

« wyEsiAe ZARAAE Agstd AW Asd kA AFstd F
&% 4% (hyperthermia, ~45—50°C)& FHA|H T glo] TS AH=
ApEAR ¢ oglemg Fxpgoe] A2 g&AQ ¥ AR9Yoer

o
=

Ao A ok A
e obgd JE F)aAl dhwoerEel @sE A mAste] Alu| Aol

A AT A JAE Axs

rlr
re
—
b
12a)
o
ful
K
%%
dlo

e

— (BlolBE|=3 Y oekE 7|&EUW d3) SlelBElEd yxYgAe FHD
stexdor M A7t EAsE 1 o, oA A= @YU s Ay
JEN A F3o] FEFHola efFor A= FFY AV NEE
u] ekgh
o 7|EY A nEA, ANAF, FIIME 5o £AE &3S nanocomposite

Azdolnt 7)E YA (AR EE/ AT 5)E MEZ st
Al 2dlo]| F3tsl= 7lEs slolBHeElE YkAlzHo® XAl EY7] FEY.
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=9 AFAES FAHoR FUIA/[FVIA YA 2 A A AA-

S5t ®BA] =3 A ]

3~4d AFEH A
EoekE AMEE 99t A]E7F o]z 9l& [Adv. Mater. 2012, 24,

3779-3802; J. Control. Release 2016, 243, 303—322].

HAEXNOZ 3lo|HE|=d i oekE Hof: oA H

al AFR =] gle EFedeR deE

— (ZW ¢ 7]</ 33) GLP—1 receptor agonist 2] eF= 7 &3}

Exenatide”} 2005We] ZA]%  o]zl& o8] GLP—1 receptor agonist
(GLP—1RA) °|°ofFo| m|=3 oA 37} wbol 7jHt=E|e] S5 Exenatide
(Byetta), Lixisenatide (Lyxumia), Liraglutide (Victoza)= 3dFFell 23] E+=
13] §Fodst= A3 o|al, Exenatide LAR (Bydureon), Albiglutide (Tanzeum),
Dulaglutide (Trulicity), Semaglutide (Ozempic)+ LFLdutrt Folsts A& A

A Y.

GLP—1RA®Y AAA A AFEE= 20140 7|22 30 €812 H7}5" (Drug
Discov. Today, 2015;20:122-128), A|&AH°=Z kst 7|&g HEdH

GLP—1RA °f&eo] 7= S+

<& [-45> A Arksle] dabel AHE- F9) GLP—1RA flEte]= oo

Drug Company Dosing Year of approval
Exenatide Amylin/Eli Lilly/Astra SC, twice daily 2005
Zeneca
Exenatide LAR | Amylin/Eli Lilly/Alkermes SC, once weekly 2012
Lixisenatide Zealand/Sanofi SC, once daily 2013
Liraglutide Novo Nordisk SC, once daily 2010
Albiglutide GSK SC, once weekly 2014
Dulaglutide Eli Lilly SC, once weekly 2014
Semaglutide Novo Nordisk SC, once weekly 2017

% A: Expert Opin. Ther. Pat. 2016;26:833; Drugs 2018;78:1113.
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Abad Algtaksd 718 A1

I +x2 GLP—1RA 2FE: (a) liraglutide, (b) semaglutide, (c)

3l

[e)
[}

(2% 1-63] ¢}

CJC—1134—-PC, (d) PEG—exendin—4.
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PEG}
Aol 7)<, PLGA microspherest}

acid modification,

amino

S
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EEEE
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=
x|

o 2Hg

o
177} GLP—1RA

Z: J. Control. Release, 2016, 240, 151—164
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implantable device& o| &3+ W& A o] 7]

2015 7|Eo 2 AAE whA o

7frke] GLP—1RA ©




A 1H wpol -2 g 7]e ALy Al 718 A=

GLP—1 % glucagon (GCG), glucose—dependent insulinotropic peptide (GIP)

FgAe] olF E: 4FoT AEIE FEY

N

d S dEE T ATTFA A= ME ALdsta 1490 oFE S5 9N
] J

|
|

[2% 1-66] Tt vlgks epAlshe HE| 7|54 GLP—1RA SjEfo]E.

Z . Drug Discov Today 2015;20:122—128
7. <E 11-42> 9AAE A eA o] gl= GLP—1RA M Elol= oFE

Z*]: Drug Discov. Today, 2015;20:122—-128.
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o] whadolopE e e 2 RAlw 9 Av|d AR odd AT EE
A51E B3 A ofelgol glo] R FAAYOE Folsly] wEe] Fat
£33 7hee] ThsAle] 9o, S BAE e g Folst Botul

FAE olga WA fE FolE slal ASHE AsE Favle welv)
£ET A A oA 22 Fedolih g FAubse] el o Ao
ogk Qe £A4o] A AAACR A7k 1303 Wel ol E.

5
IS
Oﬁ

Z 7Hh) olef nlo]QoekE FAMAS] 7| (transdermal), 7% (pulmonary)
= A7 ora)E e FoAZ(alternative routes of administration)=S 3+ 4

= vASA AAIS] tigh AAe] UzT) ul AA A MAIRC R AA] FoAHZ
3}

S 7]zl Tigh thedRl ATt o] Fol AL Sl

ofr

b oelA gl epEe B3 whel wE cheel wlole el 2 uhel o
e, AA FeAHZ WS Fal Austy F4 A3A
B3k Alof Mg A2 A

H 3Ry AAs I Q3

(e 7= d3) w|= 3M A8} Corium international A= A&

[e)
=
o]l 4% FAMAdz=E(PTH)O A¥uAE 7lez A4 94 24+ Y

w3 mobele omwel sk sl wAF &S ol AFTAR
W4l QA 14hg AW Fol ol

52| Vaxxas A= Az Edisre vlAlA 7les A2 o= A efAlel

Merck Aket @H o= vl AS o] &3 A3 AR 2"E A Tl U+

=5 Al eFs| Akl Stel Ak Ak= 20060 AlAIF =R A ARy e (PEGylated

bz oAb, AY Ax R wP F obEe] sty B £4 So Fa
Ned Ao AFA vlole oofEe] AT A LES FAAIT|Y
slal cherat 7144 AEsh Aot op o 4Ee Alle W

Emisphere Technologies AR= A15F 74784ZE%1A] ( N—[8—(2—hydroxy—4methoxy)bensoyl Jamino
[e)

caprylic acid)E  o]-&ste] nHiele 2Jefie] A& AAE Nstdlou AT
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AT whol o ol 27 &M BAR) AlFAlS) 713 A9

dlutl el A HF FFEAA Fodd wE FALoZ sfEE Fodlda,
AT HElgetetel=o) A fgoldA  FEk FabAl tiw] of

A o] EES B 2o® BTl 20 Oﬁ Novartis Pharma AG<S} &7 #7
A= wAerE AYPd 2z YA 14 AgelA wHFAHA X FoEs

1A
(e}
A8 g5o=7 < 20119 A St

5Fof A mstFEAL 52 Aol Helxw glon, B9
55, SR o]} At & Esled AW AElo] tlofal A &

. Es SEAe} BAEL T oz AW o FAuo: veEaE
AEsh= Aol du. FHeER FAst= A AW U Fo| Ho S¥xA
Feto] A, A Axr=m Fofo| 753sl7] wdo] Fog7F LolsitieE o] ol
0] O
=1

o F3 FUI AT FAA AW FAlel w|sted 3| EHFAZE o A2 w]&o]
£95= AoZ Haxa 9o, A siely AbFle] vl HA A A Zuglo]
24 oglovw AT £3EE Be ABaHE 2U F AL

Al HE Asld wAclerEe A selEAw e st AW )
FALZ s AlYs TslFAE Ay HAS st .

<E 1-47> HE2A FAQoE FY 7} dFY U FolAHRE

a5 A& Axy A FoARR

ot ] A Bl Trastuzumab ClE IV — SC

ot ahe| 2} Rituximab FlEaiet e IV — SC

ot olH}AE]lx Bevacizumab e I\

Sily 7| EF} Pembrolizumab FH=MSD Y
Hod xH ] A o] Ex Infliximab k= okAll v
ol = A 25 A~ Basiliximab gk e HbE] 2 v
ol = Fou) gk Adalimumab o BE SC
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[23 1-68] v]ASA A|EE o]&3 oF ek o, Oncotarget, 2018, Vol. 9, (No. 2), pp:
2912-2922)
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°ﬂ Tedsl= v] 953 RNAE,
T o] 7] wiitel
71?,'_

o] gbol w3t wlol

O.u.
E
=

ok
=
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o miRNA ZAg+ ##E3 too] = J|EEE RT—qPCRES 7|Mtez 3l
InvitrogenAFe] Mir—X first—strand synthesis kit, System Biosciences
Inc.AF2] QuantiMiR kit, Thermo Fisher ScientificAt¢] Tagman miRNA
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h
of 7] stetA o R S&3 WHEe| RuFI S+

w3k, miRNASl Aok od4t7} ks Ao ule}l Cambridge Healthtech
Institute+ “microRNA as Biomarkers and Diagnostics Conference” 2] o]

5oz st=d 3 s 24 W92 7N F g (http://www.rnaconference.com/)

O s )it Al 71e5&

o

Roche Molecular SystemsAFe] cobas® EGFR Mutation Test v27} 2016
J FDARRE %$¢l& wowA ofDNAS 7HEsle] A3e zotslaz s

=
= 7)$) wHo] RAKOR ool I 9L
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o cobas® EGFR Mutation Test v2+ B]A&A % #H 9+ (non—small cell lung

cancer, NSCLC)&#}¢] plasmaoll4] EGFR® exon 19 deletion ZE+
L858R E<¢lH o3 S wvlo|ewlAHRE HAES|WIL, Traceva &FE A F AR E

b
ARSe 852 FDAS £0¢ Wol A85m 98, ol HEZ FDAZ
NE| selwe WS AEE olgd AEYoletn ¥ 4 odon Bapy
953 AR 9 Ao AAPED dRsts Aol sl sHu e

[Z% 1-70] MICRORNA ISOLATION AND PURIFICATION MARKET, BY
REGION, 2016—2023(USD MILLION)

cl & 913 miRNA AAe| #&H=
TTE7E 2 o 22 el ol2nlen, 2023d ko= 4 2 o
621.

=3 FAA E4 A FelA 1BV AR sk RS 20184 VIE 119 2
g oo, F AlFelA AAskE wlEe] 5. £, miRNAS 24 A7

AAEL 2023l 7R Hd 10.8% =% 7tat=A A S,
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[Z¥ I-71] NUCLEIC ACID ISOLATION AND PURIFICATION
MARKET, BY PRODUCT, 2018 VS. 2023

[Z2% I-72]MICRORNA ISOLATION AND PURIFICATION TO WITNESS
THE HIGHEST GROWTH IN THE FORECAST PERIOD

Agstel AFOoFZE= Thermo Fisher Scientific®] Tagman microRNA
Cells—to—CT Kit, mirVana Paris, MagMAX mirVana Total RNA
Isolation Kit £}, Norgen Biotek Corp.9] microRNA Purification Kit 7} 3+

QRS
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[¥ 1-73] Grand View Research, Inc, MicroRNA Market
Size, Share, miRNA Industry Trend Report 2018—2025

o 2#= H 2% (Global View Research, Inc.)2] X Ao w=w,
miRNA & Hoko] AA A& 2025W7t#A] 18.6 %2 CAGRS 7] Z35}4
A AR Ao R oAE A A FEE 6 26275 Do) o]E ZoRE

o eAlo| A ALLEE= AA AA A AEF 2549 cobas® EFGR mutation
Test v2 + vl=r FDARHE $elS wigty, uwk&2d dotA| S Zotstr] ¢
sl o

g A Alder AE 99%F TSR+

o Exiqon, Illumina, INC., Thermo Fisher Scientific, Inc., Agilent
Technologies 52 At Aol A= miRNA ZHE 2 FAx|eF #utb oz}
miRNA 7|HF AH AlojdFo]| A&EH0ZE FAxs 92w, miRNA &
AR 7 A stel FAE AdPstar sle= 714del Ax FHEIT ls (&

ZF 7z ) (Kalorama informationAhe] A|&AEA B 14 F).

<3 1-54> Kalorama informationAF®] A]&A&EA H 714

Agilent Technologies Anylam AMSBIO

Applied Biosystems Asuragen DiamiR, LLC

Di Eisai Biomarkers and Di G
icerna ) .. lagnotics
Personalized Medicine

Exiqon Genomic Health Inc. Gensignia

GlaxoSmithKline Groov Biopharma Hologic—Gen Probe Inc.
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[llumina, Inc.

Isis Pharceuticals

Luminex

Mello Biotechnology Inc.

Microlin Bio

MiRagen Therapeutics

miRNA Therapeutics

Novartis

Pacific Edge
Biotechnology

Prolias Technologies

Regules Therapeutics

Rosetta Genomics

Santaris Pharma

Sirnomics, Inc.

Somagenics

Tekmira Pharmaceutical

Thermo Fisher

Co. Thermadiag Scientific, Inc.
O =u 7)Y 53
o Hlo]le MZTZRE FHA AHRW (RNA, DNA) & Ax & gl o) o3
HA 712 AE Aol B3t Y=g AE 7|vte g 258 FAHA (Ad
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o H|FF vlole AR [4W, W, B, FH4& FHF vlole AE [1-2 WE9
] 7|9k vlo] 2 A4 7|E& Fulel A= KIST7F #4 7|€& AEsta
. KISTol M= Z2eisls dids sid=2 yastn, £2 135 (FzZ21#
(pg/mL)E dau 5F et AdS AT § e 7S MNdstd d=3)
o A wlE Awtslz] gk wlo] e mpzicl wWElolH R ol whilA S &
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DGISTe} Aedee F2Y Aofels AALAE o] &dted &AL 4
o7 FUHH & F e A @A g Ao
(e]

2 tulo] ot M HAHT =S 7 ™, KISTelA= A 4l

W3 AAES WA

-
(k3
ofr
—_
&

- 138 -



Fuel A o8]/ 7]9] AAEEC] A3} stelufo] o8l )
ell ol (miRNA-F A el £ oA AoE Abele AWshn 9T, 5
o| A ofubgr A A A %%—ﬂ%(SBDE—PCR)% ZlHto & At E A}
ek 714l miRNA g

E
< miRNA AHINEES FF F9Y.

Felvlol 2o A= A gk PROMERE &85t ¢ 8 miRNAE
PCR AH|E o| &35l HEZL + e 7S /s, AR 9
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=d, A3 d7EHS Ay FAA FevIee A FAA &
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&3 2 v|EA FI AEE F ottoA] FelstdS  (Molecular

Therapy, '19.1)

soptd A7EHS AR FAA 7Eed A e Z1(Cpfl)'= o] &3l
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Base editor)E o]&d Zolx FE AT £ Ad5S HuF  (Nature
Biotechnology A A, ‘17.2). =3k oldld <37]H% 79| (Adenine base
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BEaNEAAFZEZRE 45F (Nature Biotechnology AlAl ‘18.4)
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A A o] A B BiolNwatch 17—30,

2017.4.20.

| %Al gro] wh=

HAA7F] A|A&AFEE 173 31.99 2 (eF 3.4x24)
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o (AAA

Fod 722 62.8% ZE(f 6.72)el ol A%

5

ol A <1

o]
A
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2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

>
o

200.0 | 268.0 | 360.5 | 486.7 | 659.0 | 896.2 | 1227.8 | 1682.1 | 2298.2

=y
td

[Z2% 1-103] 22X 22|29 A7 @8 2 A%(14~22d, &9 b))

Z*] : Occams Business Research & Consulting Pvt. Ltd, Global CRISPR Market Insights, Opportunity,
Analysis, Market Shares and Forecast 2016~2022, 2016.4, A= Z3t A A FAE =) 7}

o (A A2FHAA) FEH Fg|AH AAFEL 1449 2o ZE(ek 2,200
el A Agd 36.2%% AAste] 22 239 "eEl(ef 252Y) FEE

o2 At

—'14d 71E A A AFRE Hopdg|zb 46%(929ut ZE]), FH
25%(49Wwut  Ze]), olxlol—elHoF 19%(37Wwt Ty), 1 ¢ A
10%(2H " =2&)

— = ZElAay A AFEE 201499 6Wul D (eF 659 Y)olA AHA
37% 2 AAsted 20200 8H=E Fef(eF 8629 ) E S7tE o7z oAt

o
O
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~N
e
s
i

H AZdEs FE

T o

o (F2714) AAAT FHVes X

— 1A FAAIES] AZH AL YH7|ES w2 Sangamo Therapeutics,
[e]

2A1 g el TALENS fH7|<€S HHe di2d 7|2 =&~ Cellectis

—3AH el ZE|AY FAAILY fH7]E BFr|de 47AE Fe] EAl, Intellia
Therapeutics(®|=), Editas Medicine("]=), CRISPR Therapeutics(29]2)
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F-A v AFsd= A = AFd | F8d LHM
= = (gl
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7| z3}ekd 4 ] 2014—0 | 2016—1
7| X EH 1] E ] H o] © 9
-,]_7] oo T ?ﬂ?%c’éﬁlxl% OLIZ_].- 3( o = ] W;ij'” 5—17—;% 3-18 9-31 8,037
=AY skl o -
o A AR 1A TEE o] g3t 2016—0 | 2018—1
A E ?éfﬁ;lw‘:%%ﬂl QI7FEA} mpo e Ak Apel 1—0] | 931 | L144
Eal
Hlo] @ o] 7 7] FAA AAS F3 T A 2016—0 | 20210
7R EH
i %7 A AFA) A A 5-01 | 1-31 | °°C
wqgn | AHAHEREIeT | FAA LA non coding RNA 71€€ | 2016-0 | 2017-1 |
o 2121 o]lg3 37 =53 GM B Au 1-04 | 2-31
Aol m FAdAN e | AE FAALY 7% 78 27154 | 2016—0 | 20180 200
e ks AFE 2 vho] ook A 4-01 | 3-31
CRISPR/Cas9 7]&= A-&ab <lzbs} | o |00 )
I AEE | eddTAE | AEA Y 2 R oA ik 300
_ 1-01 0-31
7HE F5
] . FAA HA 7)1ES o] g3 7154 | 20160 | 2018—1
Pt 22 2] & o aT H = 6] 5 o
Hlo| 2 2] 8 7] 2016—1 | 20210
P ER 718k $-H A2 Rhr|& Ak
71455 PN CRISPR 7]4F 5+7d A} 1€ ML 17 o0 | gl | 220
TEITE X N _ _
gy | PSSR | THZYES ASE CDIAAARY | 2016-1 ) 20210 |,
= 7 u CAR TAZABA 7§ 1-29 8—28
CRISPR/Cas9 FHA7$]E o] 4-3F
long intergenic noncoding RNA 2015-1 | 2017-1
7| HEH 7l ol ol T x] &l .
IS | AT A- | RNA) Bobe erolmelele) Az | 1-01 | o-31 | 9
2 o]Z o]£3t lincRNA 75 4
ZA : NTIS, ‘16Wd BTA iAoz FHAA Y 33 HA (74, FAA and HA, FAA and
HA FAA and A, FAA and A, 22| A5 or CRISPR, &8 or TALEN, A =3 7
ZEN) = 7AAg 2
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O #AA7E171eS 7lge]l wWEA ARstes sEorz, Mz A4

AAY FAATY7E RS FH b5 Ao Erh

FAAT e 7IeX R JhsAY dFagrr & 7leZ, AU o] %
o] 4A E2 AEE NFY AN FAAV VS N L A g4
7le s 9% FA b 29

FAAE A2 B3l a4 (Cas9)oll gk n=3} ko] 7hash, 1 9ol
T FAAVYE FAel=s HA 8 47]E (ko] = RNA) 7Y 58

A= oz A A 7F] 7 e} A A} o] 2] 2RSS HAsl=
L ZE} N (off—target) wAl & 7IEHoZ A ofkd A EA|

¥ IBS A4 wd A2 v A (off-target) $1AES Hubsl= AH-$7F o}

71£9] Cas9 Xt} Hstzrl =& Halas Cpfle® FA4%= CRISPR-Cpfl
7} ¥ (Nature Biotechnology, ‘16.6)

waksh o] sbe|= RNA H&g wjAstAu, 7bel= RNAS]
# e UHE Rk 3RO Aeld A S d7e s

|=
RNAS 7t iH(BNA)olegt Eel= =22 Alsl rAAdA7I=2 A&

=5 Y= gAA 7= 7]ES NP (Nature Communications, 18.4)

r°“

% 0% Sso ATHES DNA o Fubd AbEe Azl /e
9] DNAZ A=A 963 54 1A 7] shfat wiz 4

(Nature, ‘16.4)
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Ex RNA AAX2E eAste] Akl 37]H A (base editing) & & 4
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l= RNA 7}9]7]< 7I¢S E3] RNA editing 7]& W 7F5Adeo] 92
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w w2 ey AFEL TAH RNAES ¢l X sled Autsts FAA7ES] 7R W
RNA <37]x% 7]< 7WH(Science, ‘16.8, ‘17.9)
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I

[ 1-155] 4x% Ad8W AsAE7Ie A4d-7le &3 oAl 2 43 Ahs s 9
HE, 2017

— kst 7)Ae A2

AA AA 25 317 FEh¢2 a2 434 AdEHed 85
=2 EtelH F shEA FA4H 2ROA)E 2
AW A7 F e =74 dEHe|~
7 ZH 2 &2 ] (Neurotechnology) <okellA A&l WA FofE A A7)
A7rel wHAAYT 7 Ak @Al AdFA s N Egh ofof 3Pt

olefl we} ¥ -FFEl QlEFo] A AL 20201 el °F 1X£ 5H el o F
Aoz Awsln AHAAAFE(2014-2020)> <F 11.5 %2 <I4% (Brain
Computer Interface Market by Type and Application Global Opportunity
Analysis and Industry Forecast, 2013 - 2020, Allied Market Research,
2015)

T3 g2 Qe el AA A FEFel wEWH, ¥ =74 AL TEs
ek A5 72 AdEdelx FEo] AAAF FEE 20109 439 ZE oA
201493 1029 Z#H=Z F7}st9S (Market for Neurotechnology, Neurotech
Report (2016))
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intrafascicular electrode (LIFE)e] tdF o7} 1980t E] Al xjo]gong
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27 xRS 10.5¢ 9] 2R R | o]Asle] AEAS WI}E,

L B
N
rlo
N
(o]

4A17]  (Piezoelectric receiver)®?} 180nm HV
H AA"SZE, Q= F oyx AR FA7], g W

selsta 2@ 259k 0]F mAol T o] 5% mF FEATHE WA fel
F4 e 4E TEG e A 525 Ho] BEeAE RAS glo] 4EY
oo AAAEAAE R ot LAt Abse] wEel FF



™
=
o
O
{o
frtt
N
f
Y
-
(3
S~
>
2
(2]
=
>
>
rl
N
ol
>
o

zzdE Agde Fdala o 1 F shial ‘Ygey wz
AAAL o4 AsE FUHIY F 2FFoEH AW AR A
A%E Anste 12 2EACA AA, 49 HAKE AL AT AYF

[Z2% I-180] DARPA ¥HE=~ ZgAE 4]
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2.2.1.1. v|=FHP38A et (National Science Foundation, NSF)

[] w]|==8 7}akx gk (National Science Foundation, NSF)& m|= U & 7]%
sat % 3k ok R&D(E o A 9)E A s, wlo] o Fof R&DE

b | [e)
A 3} sHE (Directorate for Biological Sciences, BIO)oll A ©t

B 324 H9]) Biomedical Science #oFE A ¢ gH(NIH
3 2l 7] wiitel) A ES A(Z)Foke ATFE AL

— Mathematical and Physical Sciences H41¢F A (BioMaPS) 3 ¢
sty AAA. AFH ou|E A= AE HE, g W E7] 759

Aeslol 2o A T FYARE ATE 2

lo o

_|_
e

~AE ARG S8 U Gge I AL ol FA4717] sl
Fysisty A% Jb5d 4 e L =l DNA @R )%

CRISPR(Clustered Regularly Interspaced Short Palindromic Repeats),
sRAY mdge) 4s wA, Aejst 29 ATA

— 7] Z& olx] s+ " A7 st AFE Boslr] ¢g WER A 9l BRAIN
Initiative(Initiating Innovative Neurotechnologies Initiative)S £3F % <o
iloq
iu

e BRAIN Initiative®} 374" NSF2] BIO Hof A& NSF Aube] A $4
E 2} ¢l “Understanding the Brain(UtB of Under Brain)’el ®Fe3

o (NSF Aw3sti =24TA) Agasty= 5749 AF A2 74

[28 1-184] NSF BIO®A]9 =A%
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<3 [-108> NSF Bio #41™8 vlo]le F8 A7 W9
el Hlo] @ F 9 AFA Y W&
Molecular & T B (T o o I N Shol sl o B alal
Cellular Biosciences yrd 2= (Living system) o] 7125 olsfol efst= AE, &A%
(MCB) A e A7 A
Oropregrative | AESA £ @919 J)%, e Astel W A2WA AL v
rganismal Systems _
(10S) o7 #7142 E3(Integrative)d ol S $13 AT A
Environmental o 71, 7ls, A, A5AE, AT, A A9xh, AE F

Biology (DEB) (Specise), AEefA 5ol ™3 7| 2ATE A Y

A atshitore] dAiA ATFE A dzets AFee whedt 2
Biological = o ; o }
2 ZYel, FHYFA= AF AHu|, AFAY 2 w5 Iy g
Infrastructure (DBI) s= * s} %, FHSsH A= A7 A ], .l ! L=
e £
AT Hof 2 AAE Wol HAHQ B ATFE ALdsh FAE,
Fmerging Frontiers | yzg shdel a0 wAUE A 3 woledopel Mze A
543

o (NSF BIO 70| &%) NSFellA xdst= Amd sl Fofol dynj= o
WA R A A Hel= AA A ESA L (biomedical #oF A|e]) Agn]e] <F
66 %ol st FotHE = T AEAIAR0S)O B2 A7y As

[2% 1—-185] NSF BIOA| R-&ol¥ odFu] Fo
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A2 vhol oo Eo) %N LAS FHALG 73]

<3 1-109> dx™ NSF BIO Al F-itoF 1] F0](2014~2020)

BIO Funding
(Dollars in Millions)

Change ove
FY 2014 FY 2015 FY 2016 FY2015 Estimate
Actual Estimate  Request FY2015

Amount Percent
Molecular & Cellular
Biosciences (MCB) $129.32  $134.16  $136.21 $2.05 1.5%
Integrative Organismal
215.21 231.71 215.4 1. .
Systems (I0S) 0 L7 0.40 69 0.8%
Environmental Biology (DEB) 138.70 143.49 215.40 1.27 0.9%
Biological Infrastructure (DBI) 131.81 142.60 144.76 2.81 2.0%
Emerging Frontiers (EF) 105.79 97.06 106.14 9.08 9.2%
Total $720.84  $731.03  $747.92 $16.89 2.3%
BIO Funding
(Dollars in Millions)
FY 2018 FY 2019 FY 2020 Change over
Actual (TBD) Request FY2018Actual
Amount Percent
Molecular & Cellular
Biosciences (MCB) $143.05 $125.75 $17.30 12.1%
Integrative Organismal _ _
Systems (10S) 192.17 168.93 23.24 12.1%
Environmental Biology (DEB) 155.00 141.70 -13.30 —-8.6%
Biological Infrastructure (DBI) 181.31 163.16 —18.15 -10.0%
Emerging Frontiers (EF) 85.06 83.82 —1.24 -1.5%
Total $756.60 $683.36 —$73.24 -9.7%

£ A : www.nsf.gov/about/budget/fy2020/tables.jsp#bio

— (Molecular & Cellular Biosciences, MCB) FY2010yd Request ($136.21
million)= 4 % A2 FFo] AHHA o|do] 3 AF T FE AA
WA sels AT Ade] AE
e MCBEe =3 BioMaPS¢ CEMMS(Cyber—enabled Materials, Manufacturing,

and Smart Systems)E &3l AlxdT 7|8k A5+ &% Manufacturing ool =
e A

e MCB+ #HFHE o] &3 AA AR t]Akal A

el 2FF NS S8l wlo| AR F;E NEE

g 29

o M
2

Sh

e

— T
o

i

_19_


http://www.nsf.gov/about/budget/fy2020/tables.jsp#bio

A2 wpol 2o 27| e Ay e &7 A

[ef =
FA43 tRle @ 4+ ew,  BEAT o2 A W ARE 21 s
Mze heBa E3 A5 AR 5 o W] 7)o

— (Integrative Organismal Systems, [0S) FY 2016 Request($215.4

million)= 7| & A1 A T38 Lo ASF

. 7z AAsete] AFE Bal GaRel Aol Qb YFL sk Fok ¥e
g3k WSk 2ela el B T

e BIOS Bl o|UAME|R FFo AY FE(1H3M5A9 Zef)e] Emerging
Frontiers #A1& 8 AE= A4k, A7 Iste] oigk 10Se] FA A

NSF& &3 o8& FEUAEY JY

e 201649, BRAINY &% nlgjst 29 dolg E33I dolge A3
A, o)lE9 A ez 201493 20159 Alolo] wHEo|x  BRAIN
EAGERs® FAF #dHe| A (e F2HE AEES S o]gste d)ste A

4%

oF<)

Sh

e J0S #HA =732 BIO Five Grand Challenges*¢} Z# =l o+

*BIO Five Grand Challenges

The Directorate for Biological Sciences envisions the comprehensive grand
challenges described in the 2010 NRC Report: KResearch at the
Intersection of the Physical and Life Sciences as the way to create
opportunities for the innovative research that is needed to transform
our understanding of life on earth and our place in a changing world.

GC1: Synthesizing Life—Like Systems
GC2: The Brain

GC3: Predicting Individual Organisms’ Characteristics from Their DNA
Sequence

GC4: Interactions of the Earth, its Climate and its Biosphere
GC5: Understanding Biological Diversity

£ [0S Z&Z 13 (53| Plant Genom Research Program(PGRP))<2 A E<}

X
F7IAe TS HAY A3ALE FAsL £2EsH] sllM dA
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— (Environmental Biology, DEB) FY2016 Request($144.76 million)+<
A5 AejAl el Zs AT g AL g=wo] AETIAS o EA
Agl=xlel  wgk ZlzdATet FWHAe FHA, A, FAEH

6(‘:)] o U
AN A, &, AFA3] e AAE dTste 2oks Ad

Apole] AbmAE oldlsh B7A

« DEBe ¥4 A=dtel di@d A7 =A< S A3 AEiAe FAA 2™
“ feleelaz2x 7fte] 7heAE

=)
ol
3
2
ol [‘.?l
o
=24
1T
otk
O
>
N
K
~
_
u
Mo
T

e DEB+ Dimensions of Biodiversity®} the Dynamics of CoupledNatural and
Human Systems (CNH)Z=Z13le] x|&£H Xd& F&, dxAe dolg
2ERHI HAA (ALY doly 2ER)E dAZHsle] s38A Y=o WA

| 8k

— (Biological Infrastructure, DBI) FY2016 Request($145.41 million)+
AEd  AFAE, JAFAAE, AEHAAEE  FHSIZ ALdTFoEH

Qe Tel Ve FHale TE E7

— (Emerging Frontiers, EF) FY 2016 Request($106.14 million)+ *H& A

FE== AlgfF woke dFwlelds FS AF woF ZF AYAE

FEgozn AES AT MELE o|UMEEE HAS
5|

)
Zeagel ¥% @ 5 At WAUES AT Ad 2

kK
%
o>

o (NSF BIO e8] AAE) 2019d % Hfo] e Hof HAEL Hd 35.80%
Biological Infrastructure (DBI)7} 45%% AY =2°mv  Environmental

Biology (DEB)7} 29%% AlY v
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A2 wpol 2o 27| e Ay e &7 A

< [-110> 20199 NSF BIO d7n] A"E

o} AR E Ad = A" =+
DBI 45% 277 125
DEB 29% 991 288
IED 40% 97 39
10S 359% 612 215
MCB 30% 481 144

A& https://www.nsf.gov/funding/funding—rates.jsp?org=BI0O

2.2.1.2. n|==3 B A (National Institutes of Health, NIH)

(] v =+=3 ¥ 7Y (National Institutes of Health, NIH)S AZ}EZ3
A FES 33 d75d 2 AY 53 FAA MAFE FFE FEE
n)= B AZAHHE(Department of Health and Human Service) AFs}2]

ARlAE AFr|er B FERoE AA FHu RO AT =L o FH]

Sk

o (NIH &A1 +4) Directors AAHOoZ 19709 Institute®} 77019 Center %
171¢] Library 5 & 27719 58 Al 7|#o =z FA =] 312w Director

=

AFsholl Program Office&} Staff Office® &

— NIH Staff OfficeollA &3+ extramural ¥ intramural program<s 53

o1 77 ¢
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<% [-112> NIH &3 %

Office of Director Program
Offices

Research on Women's Health
AIDS Research

Behavioral and Social Sciences

Research

Disease Prevention

Office of Director Staff Offices

. — Extramural Research

Office of
. Intramural Research
Director
Financial Officer
(&3

Science Policy

Budget 5

National Cancer Institute

5 3 19719 Institutes

Center for Scientific
Review (CSR) 5 % 7719

Centers

National Library

of Medicine

<% [-113> NIH F#& <7 &oF % #d 7|3 55

re
4

F9 94y 713 A
ot 1. NCI (National Cancer Institute)
Sl 2. NEI (National Eye Institute)
A1z, #), € | 3. NHLBI (National Heart, Lung, and Blood Institute)

4., NHGRI (National Human Genome Research Institute)

ARl 5. NIA (National Institute on Aging)
R 6. NIAAA (National Institute on Alcohol Abuse and
sEeT Alcoholism)
olal 27| 7relw 7. NIAID (National Institute of Allergy and Infectious
=TT " I Diseases)

HAA-d ZFA, | 8. NIAMS (National Institute of Arthritis and Musculoskeletal
¥] -7 g} and Skin Diseases)
Hlo| ¢ o] § o]m|A] ) ) ) ) )
5} 9. NIBIB (National Institute of Biomedical Imaging and
ol | L] o] 2) Bioengineering)
ol 10. NICHD (National Institute of Child Health and human
- Development)
) 11. NIDCD (National Institute of Deafness and Other
o

Communication Disorders)

12. NIDCR (National Institute of Dental and Craniofacial

Research)

13. NIDDK (National Institute of Diabetes and Digestive and
Kidney Diseases)

14. NIDA (National Institute of Drug Abuse)
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A2 wpol 2o 27| e Ay e &7 A

87 o] 3 15: NIEHS (National Institute of Environmental Health
Sciences)
Uutolst 16. NIGMS (National Institute of General Medical Sciences)
A A7 17. NIMH (National Institute of Mental Health)
AR v EE 18. NINDS (National Institute of Neurological Disorders and
’ Stroke)
7ts st 19. NINR (National Institute of Nursing Research)

20. NLM (National Library of Medicine)

21. NIMHD (National Institute on Minority Health and Health
Disparities)

1. CIT (Center for Information Technology)

AdM HE

2. CSR (Center for Science Review)

3. FIC (John E. Fogarty International Center for Advanced

= A Al B . :
o Study in the Health Science)
Al E) o 7 ¢ 3} 4. NCCIH (National Center for Complementary and Interactive
Health)
A AFAN E] 5. CC (NIH Clinical Center)
- 6. NCATS (National Center for Advancing Translational
AT .
Science)
o (NI 9748 A9 £5) ) NI shysl Aot Aol 2Agtel &
JE) = o] opet 7 dTa, AEY} 77te] m el wet HeA e 4
Heha, e
—NIH® 79 A= it 930t 285 AX ZAA=HIL, dits

CEE R IR I &

—ul= e FANE A dFdoks A4 FA ] ARA R vt AV, A
b EAYEY AR Wepte] AE(HA A Fq)

o wotxt 37| AT (0STP) A Al wet F71343k7] &4 2] 3 (NSTC) ol A
HE

o ‘HEPFAE A3 AL (PCAST) A W&ol F4 ALRIA AE %
&7

* HINLQIZF<1AH(2009), Ql&F<AMH41(2010), 284 E7]E(2010), vwl=dTAHs

ol
(2012), AleFrHA

. 7H1:H— .

H7F d41(2012) %

[OSTP 20154 w|= I3tr|& S Hof]
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<& I-114> NIH T4 FAHE 2 vlo]o
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dx NIH ¥4 FA4aF

NCATS A

7| Z2AF FA

HAE X E2A FH vway dT
FY2012 | A1R A4AF #

A S, S, GEshe|m A3kl F
A1E Gl

HIV/AIDS <1

ME R
vlo] 2 olg Z|E /U (HFE AP Vs, Aol EeA, Al AR ET)
7|e, xR 71E)
FY2013 | 57038t
A7 AT x4
U =5folw] AF
HIV/ADIS <1+

7| 2AT FA
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