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BEEZFEL 720 WIEHED Y T VMBI SV RY 4 5 —
fli, RFOHEE X —H—hORBI N2, 720
1, 100%ENTHR TS X)o7z O
L7282 L OFdrohicid, MoFEoREER o 1%
BB ORHFLEENTWDT, KOFELHBH -
7205, AR - 722 Lid, KRS 255
5L EE> Tz,

BEINLDOZLEZXPLVDLHWTW/ZDT,
MBS P DNV T4 B> Th, FHaim R
AU, KERHMRRCDATLVWERBLLI LN TE, BYWOHMBY . WAMGEZ AT L 720
EEZ T

BHEEDME

February 2019

5



6

. IOREVEFHEICIAS

Z 2Ty R, 6 RIS 2 B AT IS EAY 2B E OB WA R I & FRERFEREE LT
A7 VWBE BT 5 LPFEV2720wT, LA L, ORI N LVEETH LA, BV A - I bT7 0D
WELOHBENEHZFHCT, ZALZATIZIBY) TETHLOEENLEL AT, WAIZAT 2 LIl
a L7z ML, GLEVw, —RPEPEZORFERPHAEIDBVAMBEIIRCONEZTHATHS ¥ ¥ —
2y B RTNEEHREZRLMORONT W2, EVHRT. PAMBORLTH HEABAL YT =1
THTZH) o7 2h, RREEFHEONAZNEIE (4KE) HBENLDS AL Y & —OFNEIEA &
BREIIEINTVLOT, fiIArL TN wEn) iz, COBRBEHEADHIICA - 72k
HEOHIEETFE D S B TONHEEITBECICAT o 720 NIFEER BN ALY ¥ ¥ — 2 friEd %25
WELR DDA IIET 5 LRI 25D T, RONIT M AR AFREICELEE, U—7—
MIHEE L7z 5, BV AE Y 5 =R LTHIFE 9] Loz,

DI EORKEDND Y BEBRAREEFHEICAD . REFOKREKERHRBETHHE L. GEiTH 72450
ZOEF LRV, FHIGE > TR OMRET 2 EWME L72o, NIHEE2S. (LI T TEZA ]
Fllm L RIS L CHIR I N Bld v | ] LS NAs, BRI ERERD R o DT —Y)
FUCTHT LD L, BHET L FICHEHEZ NPT E 2FT & 72,

WX ENTDN RAAALF O R FEZ (UEE) 29— N — FRFEFEID O IRE S 7z,
NBAYE Y —OBMBELEED S L TERPATFRMIEZ S, KPR TI b2 e %, HED 4
HICEW 720 FAld. BBOPARKIZ PRI TH S LB TW/z0 T, AREEFZOREBEICAD . EZA
Aty =110 b, BVPAY Y Y —DBATFHMNEO TS FEN LA THREL T
7e72l kb L7z RFRICAD, XORKEBHTH o 72DAMNEEZAY — FTE72DIFE, MIZHFELT
FLrosze OB, TAFLTO LD o720T, BAMEDOFEVEETLTET, BADPLTD
HIKCTENIE T COVIZEZTWIOPIEELZEZATH S, HIFEENLSHIIEOFHZ T TR, H
HCEZLI LRI EZH D2 LI, TORIFFITHIOI L L), STHHEHFL TS,
FEE, TOWEH, TuRY T Y74 Y Dy heyclic AMP 2B S &5 &) @SBk E Fife i, 2
NGBHIE, TORY T T 2T 4 7 Dy ARSI I EFE 2R Ttz E 2 oh, Aok
MOWIET —< & LTHA TN EBEIS, ¢ MiEESEiEMiglc7e x5 75 74 > D, 25
LTHZE IS, MIRSLIBIRTE Lo /2t FWAMIBEHENRD SNz TUAY 7T VT4
VFERWICHEAET AN E CTHHDT, ZOX) RMEEZFHFOZ L RIBELIRNEHERTHo72 2
Nooe PREFEMEEICN T 270 Ry 77074 2D, OfERGMEOME~E F L D, Cancer
Letters s lZ#fm L. RORMOEBEGEICIE W I N2 L L %o 72 (Cancer Lett 1983;17:289-94) o &KIZH
HORZEEREFEIA R OB ISP IEEA DL C O M BAMBRA B L SN TB OO0 T, KE¥ER—4H
DFKIZ3 r ARE, EWNEEIETWEWe, 22T, 7UR¥ 750574 Y D, 4Dk b SAH
FoRRICXT L CHPEEDRLZRT I & 25 212 L, Prostaglandins # 12 #t 8 L 72 (Prostaglandins
198427:17-26) s S FTld. EXF—X T v 7 CTHHAZ 57205, ZOWH, JIHELEZHZDO T %A
NHEILICEZ T LEbN Tz, 2072012, RFERSEHD? O ARELEFZIH 72D 0D, Wi O
HIEZ D2, MOTEHFTLHI Loz NIIEENLE, [E) LTHDVAMEZHEITLEDTH
I o 12FRELETHNEFFT T 5] Lo TWe2iF720T, BALUANDIIED Fi\V % L7228
O, RHIMDO AR T IFITIE T T v T2 THREHFHAEL S, PAMIELZ KT Tz, O,
MREBED L VR THEDPWEA S NIZRIEST v 72O TS o ABBLEAEIIZSTY 72nNA

EIHBATEIRBE RS - Al v ¥ —RBOLRL



AL TWvWb,

ZOWH, BHEN AL Y & — N OB BHEMEA & SR FEACFHEORE R ELR. Taxyr5
YTA Y D, OPESARICELCH, BREL ROy ARMBA THE SN Tne7Z2i3Thi £
ORBEWE L CTURAY ZT 74 v [, EHILLTEON . MELER. Roflicoe A
HWI2TURY 7574 v D, OYUEBE R RO LA - T 23 ), R4S 30 fLh5)
THOAFENRIHOIEZHD SN T, JUEREETOR Y 7T V74 Y ORZHEOKF TSNS T
W2EF A T Il kol ZOME, FERICULEI R 2 2R SN RABEAS. 0BT HE IR
LN ERLE, TR TT VT4 YORBICBIT L MRDE~AET, TOH ) —NVEEZHS
NIZB KRR S 84 725 A Y N—THR SN TB N AR LTl ) BE T USNOMETH 2o
720 ORI IN—F121F %L, PEFEETT A5 75 71 Lo TR, HROREMEESL Z L
o725 RSO LMind ) T LA TE, EDX) LE 2T THREZED TV RE
RERIZZEF, TOBROREGRE o T2,

N e 3

BRI AEEOFRMEITER, TR DR OHELZFDL L VI EZRZ o572, FABITBUZIZATAT IS
WF7E 2 Mkbe L 7220 o 7245, JIIHEERE, (2 SEMEIPTIRE TR ICAT 0 72 5 ZORBF DY T, 2
FEHRFSETHIT 5] Moz ZNT, FIAFTEAETESN & V) b TOVY T RfTEE &
LT &, ZOBEETHIEIC LTz mE. WAALRBRIRZHSTELZ, RED LD TOZE
BLEIZER o TWKHIZ, EXPOERBETULTHT N, M—2FEB L kb ol FHEORKANIHL &,
CoftFUE, THFTHEE2 T 5] OT, FoldAMMTEFSoTd, K MAT vy 7 TEBT WM
D TRV EHZ b, TNRLRIE, #HEOAFLZ T2 2% L, D TR 2 sk, EERRICR -
TeHES5BLIFEL. L, 2EMIMIEELZWVEMNIEE L LTHENS EE X, WEHk, BFrTF
HTHH T IS BIRRFRIFAHEIATE, URELFHEN LB LN TR EHELEOF T, YUl
BT ORY 7T T4 YOG E SETW20 72 EAIIRAD X 9 RIS LA RE WIFZE#HICD.
R 2 & o> TLRZE D RS ORIC, SBOWMETTE O TH 2 MO TREICHZ TLEE 572,
COREORERE, TOBOWTREFTIT/ 2 ANAKIZZEH, S THRERHM LTV L, 22208, B
T, RIEHTHE THRTHIRE W) HAD &, HETY ELX LD N 7 THRARIZA2? ) &) HA
2otz REWMPE, NEDPo T2 FRPRNOEFIT, [FHTITo 72 AN ? ] ERADOZ L EZHWE
ITy EIEZTHOHRORIIRENE LTIIKEZ 57222 DboT, XHHEbTOVTETLR
72311, A THHOEH L T b,

SO, ALTORY T T YT Y R EORESE T U R 75 74 v MlEY % GL T
IESEn I w, BRI S RELEDFIE TV KRFFEFRISA S EW S22 L7z (J Pharmacol
Exp Ther 1988;245:294-8) . 4H¥, messenger RNA OfFfE% 7k L7z PaJaMo (Pardee. Jacob. Monod) ®
FERTEX . N—N— FRZEFBORF W EE Arthur Pardee 25, 25AMINE & IEH O E I,
G1 B @ restriction point (R point) IZH ). IEFHHMETIEIZ I TT L —F20 055 BAMIEIZR
point # Z 2 C DNA GBI TH 5 SWICAZ 72012, WP E S TVAMIIESL L ER LTV,
#1Z, 2O R point THIIEH 25 1L 3 €TV A 0F 205, ZORONEZNTTHIET S &2k 5
AMHEE T CTH 5 MIEFEMIEE{R T (retinoblastoma gene, RB) T®»h 54 Z &S 22 &5 A5,
COEHIF T ML bho T oz, Z2TRIE MBEYO Gl Hl% 25A BIZF D myc 2MEHE S &
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HZEND, Dokl Lb AR TR ISy T v, IDVARBETORBAEZMH L TGCLHOR
point TEIEI LD TIE LRV EEZE R T2, €2 T EMHFLERAKEADRFEIZA - TE 2 AIAH
IR RPEA ) SWHEERANEEE) 235 LT COERZLTLL-2EZA, AL TaRy S
T T4 Y ] FEBIC Nomye 2 FBICHIHI L T AMNIEZ GL I TEIESE 2 2 e N o 72
(FEBS Lett 1990:270:15-8)c $7%2b b, HAEADKNE % 2 B ABIET ORI %, K5 T OHHA TIEFL
SHDHTEITEY, BEHBATERD HEEL G CTHIILEI % 41k S &, 2AMITaR s 4 # 3% 2 LS T
XBHEVW)TERRLEZ LIRS, SO, ZOREREEFED TOIIE, M2 BTE 2 S
T2BIROBED AP AR LI BA D, BPARNEER & L7223 LS AORFERE R TR
HETEL2OTERVR LWV EFEIANT, TOREFEADIFIZEOWTA 77 (FH?) OEED
EBRORIFEIHE DV RTH 200, HORIRKHEZHFOZ L ZBEETH L LE5ENLIEE R %,

e e

PESEE 7T 2% 75 2574 YOMRIZHAVD OO, TNEZTTRBPARRIINETHLEEZ D X
Il oz TNT, GHRVPAMAETHZ TREDPVALNAEZZT2W, RENLT A TT71E7% L, FHE
FIHICFE L WE B ISR TR OVWTITER 2o 2A, [ZALRILIIAICHL 2k
Tlx7 <. HZ% T Nature. Science # 10 fE5 A TROLREZ 1 ] Limd iz, TNT, 720NAT
l&dH o 7225, FEPEIZ Nature & Science % 10 5wt A THIZo T 5 L. NI, A4 =¥ A&k,
DAMEOTNDHZTET, ZLOBAMBIC, Fx DBEFOREPHESNTRLE I LENE, A
B F DD TS ED TV DL T EPEETE /2, T, FHIZE L, BZT562 L 150,
HAWE D A AT & % MRS HNIE O JE I @ (1 & LT MM aE# {5 7 (retinoblastoma gene, RB) %
MDD TOWRAIKEEFE LTI986EICr T —= > 7 Lz, HN— 83— FRFELTBIRE ¥ E D Dr.
Thaddeus P. Dryja 7% ZE 121 H L72e 2T, Dr. Dryja® S R &2 E—ELZL LT, BAIHEEF
DN TEZ ) RIFIEEE WL ORI STV 2 &, FHPLERIEZT ) L EZ 720 FHIFIT O %
& rniz2&, RKEWEETHEEE a2y 75 0574 v OWfFe% 583K L72BZ. Okayama-Berg
THIB NS NIH O (LA % didarze MILSEAEL, 764 RS RS A O FTC. B HEILEAE R,
BCE A L AT H o 720 BILGEAIZIE, KREDOREHRD B AMEOBIRE B o Tn 2 &, JFF
WZRIBRIZ 72 o 720

EHIT, 22 —F—=2I2HfT&, IR —ELWbBEEZEISNHN
ABIETIROFR}THONDL Ty 7 7 25— KR¥EOILETH =M AICE
KVTETz, Uy 729 —KFEE, HRDOEIEZROFASEOH
DENWTH o 72 IR DHEL D - 720 SEEHXENLL, VHVAL LT
A RAZWT272n Tz s, —FHIRIIR > TW D 0755, [AEWRTEE Lk
WEBKHTT ] d W) —FThotze TOH, EEHAIEZTLHHN72,
BLEY RIGORMROIEERFIEAD, EEIHICHESNTWT, RADF;
MR O BMGEREZ L T2 72W 2 HEREAE (RICATEKR PR EZ %
TRHEAHAMIREAE I HERE) & —Mic~v oy ¥ VOEKRLWERRICH
NTIT-> TNz, fEERTEAIZ. TEANEOMRAETROETFE LR EE L
TLRE), ABIELV—HEBISETOALEGE, 20K, Dr. HHREOHRE
Dryja DI %. H 55— T7 1 — TREORFZREREZFOLFFEEZRMA L T2 0WzREIZ, HFD

EIHBATEIRBE RS - Al v ¥ —RBOLRL



A EERFEEPBTONOT, [BAMIEIEE SAT
Lidol EBo7ctIh, EBRIBEMTH 720 ZORGIT,
MIRGEH S, THWHIEIZVANAEIN, D%, EERT%
DT oz te. KBRS+ A = 2 ARFGERTATRIC &
BN TV EEHF =M AL, BAREZ AR E SN 5 I,
WO BRCDBEDPITVAZE, A THHRRIE LTS,
KA M YTIE PANHERZRFOFEZ RS 2L TR L
FeHAT o TN —IN—= FRZEERFZEI Y F - 7 7 — /N — bk
Z2iF @ Dr. Ruth Sager I2&9) Z &S TE, EEAHIBL T
B DBAIHIBEIRZ T 25 T 25T 2 7z, 20K, Pk
DMBEOHFDOREHGEIZ, KEFEFROREEZ I TV,
FAOHET 5 R point DIEEE @ Dr. Arthur Pardee 2374
THS>TWARELRBEMH SN Tz, Dr. Sager IZR < &,
Dr. Pardee 3% A LML DK TH o720 €NT. €D, Dr.
Pardee AL TLNT, WAHWVAH L BHZL S EHTE
7z Dr. Pardee iZH T D IZH A THOD TL NV O EWEHE
ENTVDT, REOMEDF 2% &4 HRE R 20O TEEWh LB o72h% BANTS mv Bk
RLTLINTZe E0) DI TOWH, BATHMREFHFOT7 IR 4 FOTVveTF Y% A%z 70—
Toa VEBECHHIT AL LT, MIIRICBI D Y S VREOETH L EShbNTwizRRIz, A
FFEASA ZAREMZHE T 2 M EH O GLIIC BV TEILSE 2D TE WP LW RBE 72T TV,
FEBRZ, BRI JEI IR B % O HCHIA ICHEBR L T2 &, F vk F UGl IEIR R R T2 L
R w72 L7 (FEBS Lett 1990;260:10-3) 0 & OEFE, FEBSAMBWE D7 7K 7 4 FHHMlEN % Gl
WTHHlT 222 MO TRLICWMXE R D, TORMFMITEE S M7z, Dr. Pardee 231 H L 72D,
O NEF VA 1T-kDa D ¥ Y87 HOFERZWH LT CLHTEIL STV 2 & 2/RIRT 5 FRIED
WETdH o7 (Int ] Cancer 1990:45:1119-24), Dr. Pardee iZ. R point % ffillffl5" 5 R protein Z#E%& L T
WeDT, TD17-kDa D% Y87 b E DS D AN WEE R TZIRTH S, £ T, Dr. Pardee I,
TR RO A RSN LT N SR EIEAE, Rl ) —NVE R S H SN RS A O C.
KEFBEFECIC Nature 12 2 KOG =t . F D% Dr. Pardee @ KRIZ R protein DIER % HID—
DELTHFEEINTW . ZD% Dr. Dryja ® 7 RIZEHFE LRI, DT 0 IO TEWFAOZ & I12HE
MTHo7272010, ZREREEEIIERN LRI LEVANA L TRHEWZE, 4 THHRHFLTV S,
WEWEARGTH D, N—3N= FRZEZEFIRF 2 EE O Dr. Thaddeus P. Dryja (il F5 Dr. Ted
Dryja) IZBEWT DI ENTEZ, TL 2RI OEH, HHANEBROREN L VS - 72 RE T, 75
FHEYFOEBORBITEET, dHAAMERLS Lh oz, €D, &H) Dr. Dryja lZk > 72T
Ik, BEWTELZ LMD TEH, MRBORFLZTTH STV E v w) REL»#EIT
ol TNIEHLT, 2L ORFELEN VIO 2 b ST, BW/zZ 212, Dr. Dryja 3H&%
AL TANZZT TR, FRDAN—TROHAEEZRME, SHITIIMMETHEIZHODTLZ S5
72072 HATIE, Dr.Dryja i3 X CHLNTWds, FHRALTobNLT, FRRETS [F) Vv
ENMFEN TV fToTAT, [FoIA4 T %] &b 2 &ADh 72 Dr. Dryja lFEHF WO T
DB AMHEEF & LT a—= v 7 LB E R (RB) O 70 E—% —HUlOZRRERD

TEERTELE CEOEREE
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\2& D, Dr. Pardee 25454 L T\ 724
TaEE O Gl iz Hfl+ 67— 2 ML
TWzDT, PAWHEEF RBO 70
E— 7 —FHHONIEE TUZ, W WLl
TOE—F — LV THAMEE T O
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ALV B R Y. RAESE &+ OO BO TS LA HN 2V E V) WIABE L Ro» D,

February 2019

17



18

I ZRAERIE VS OO, D7 & HIEFIIROM R LML S L, FAZEIE, RB I, FEiIHO TS
v, [EHHES T | THLTRENEVOTIERWAEWIHIREZRFF->TWDH, TOZEITHL
TiE, 4% miER. BRRBEZBEAER T, MOTHLRIISNLIFIHTH DR Wi TH HH, 72w
NARELHEEZFRFOL ) ko TE& 7z, AEZ EPAIFNIZLRBPRDOEETH S EE X TWDHH,
AR SR A HINSE (7R =3 ) 2R THUEGEY 1 7 4 O TRAIL & £ D5%%4KD DR5
DREBEDBIFFICHETH L LEZEZTNT, ZLOPATHIWERLIEAD, ZORBETHHLS e L%,

BIFAEOHE IV HHEL S A (B A b#E) &, WhEF S A (BIEIEEESEM) 5250w
2L TNz, INHDOERZITIC, BEOHBIGEEN L L), RFAMMEEE R0 Y 2 —
ZDH 5, RB &2IEHL S 2. SLIEMEH 2 R0 b 02 B W72 L. TRAIL-DRS #:% & G b 2 &
LW SMATz FBOBATH Y 2= AFEME TIRVZE7, L Lad s, TAETI., Fig i
M (F7FR) 18BWT, BATFHIRERRLRTELRWAREOMEND ), EELICZ X525 TR, %
BLETHEHEEZ TV,

B A B E

RBOHEVBAIHOD THEHETH LD THNE, L RBIEEZEZETENEL. PAOBMICEHTH S
L#EZ Tz Z0E, NI E STV Z20 W HBEEOMIEITEL S, ¥ A A v 7 2O
R SN2 G RHES A2 ARERI AL E—/HIC, ROTREITK SN, FAlZ. RBPFEIBAD
@y FThbI e, RBIERZERTEE, FBBH S AT 2245092 LFHP L7 RBY ¥
N7 HOWEMEE. A7) AMAFEFF—X (CDK) 2,4, 612K D ) YIS D Z 2L ) RIGT %o
L7255 T, CDK2., CDK4, CDK6 Oifkx E®mT 5 &R TENE, RBIGUARMTEXLLEZ, £
DFFEEBFE LIz Y ARy 7 ZHEHD TEROLKMEICEAZEH T, CoMRAMOT v 4 RE ik
ETBEELY, TDONALRENORIZHIE L T Nz B, YRERFHLGIEHZHIZTH SNzl
A—SAEDOMHIN X . T K. EEROSATA & BT 5 IEEARkO CDRK2 iKE%EZ ¥ A X v
I AMOAFEERIALPERLIZE A, HBHOBAIZBWT CDK2 DR Z R L7z, 374
b, FSEHDOWBAILBVWTRBYY VS ZHLARLVTERIFELTW I E2EKRL TW5b (Biochim
Biophys Acta 2005;1741:226-33) c Z D14, KIRKZFFUR - WO WAV OBF LTE = BR#d% 525, FIFE O
FRBEOFEEREZMET L72E 25, CDK2 O EWIZE, T42bE RBAKIGELTWAIZE, FIRFE
BHSPITE NI EAIREN, C2P 7T LA M EWVIMATRALBM SINL Z L L ko7, FAARDKR
B3 HCHRHE AL KILR N ORI SCRHEBEZ H 12X ). B ICBWTHHELNTB Y., SHRFERK
BHINLEH) TR LML TV,
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Hli % D73 AEARA DIEPEALRTE 4 DA AMHIEAZ A D RIGEDFER, 7 > /37 H L~V T RB ARG %o
L7255 Ty RB ZifHALBUC T 2 HHI X 7 ) — = 7 247 213, DPAMHIEIEFORIER, PARKET
DIHALISEN T 5% K DDA DOFBGF RO IR L Z 2. RB ZiGMHALAIZ § 2 A O HHR
Z. [RBFHEMALA 7 ) —= > 7| 40720 FEBICIE RB 2 FHETELRC§ % CDK BIERFTH
% pl5. p27 X p2l DFEHZ LA S ELHEHNA S ) —= v 7 2agtl L, Y AT AZMEL T\,
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7oA, —ERCREITC L) ICEO LN, 22T, FHIAIERLN, L0 L) Rt EZ LTw5
DA LNTZDT, RBZIEMLT 2HBAKDAZ ) — =2 7270 TV A EEBHEA LI EZ A,
PZOANABRZFE S T2, B JT EERGIIET Tl L T whr L RS h, dEs e
TWwizliniz, SORHI IR RIEIAIETE o 7225, BT ZEATRIFT R 72 5 72 A BB R S A S 13K Z Ko
T MNTze LA L, ZORBMZEFHTED JT THAAFIZR O 2w ks, BT LI LR, JHS
AMILETRRED > TBoNhz, ZN0o 4725, JHIAN, ERIOMBEEASA Bt ray) A
F 77 —<tE) EMABRSA BT ATIA) EENTI SNz, 2T BSAMGIEIET pl6 A3K
WL TVAERAH LT, €077 I =0 pls, pl8, plI DIEHAMBEE L LI2L ) RB % Fifk
LEELDBAGTRENED A7 ) — = FRERE L7z, it b, RB 2 L S €5 p2l1 % p27 D%
B2 LAIEEERAT ) -V T RIGDTW2hS plo 77 I —DO%Px LA IELERA ) —=
VMR T T TN o720 T, BE LTUIMEPEI L h o720 v, HH S A SICH Bk
ERio TW22 &, JT BERAEMAETNOMAEHEEZR LMY GO T 427 I 7 OWZEE 5 5% 3000 £ b
DRIET 4 FT7 2 ED72hD—DIC ANT W2 wWiz, 20k, 14EHy AP THATII Ao 7a Y«
7 MY AEFNT. HEBEREOFITKONZERIZBWT, JT XA ER 23D, FAOA]
DT LM Z I VAbE2, BIChh o722 L THAHH, BIFRERKFEERRICE S k8 FH1T0
A (BB AR FHOZ) . WARERRZ OB E, R RFEEIIC B S - stk (BlF
SRR RFEIZ) OIS HLON NS AT, BROAZ Y —= 2 7RIS T 5 Bz
720 BV ANEDHEMRMERLEL L TLZSY), ehi 2, JTHHNTH OGO MGEEFEER F TFF
Wy £ R <3000 A HRED AT NI 11 HRIZANR T W72 w7z,

ZN Ty 2001 4E2, pl6 7 7 3 ) —D—2D pl5 DFEIFFEWERDOA L ) —= v F2fiH T LR,
Y DOZADPFEOHEIR SN, NG 2 R0 7z, ZOEMEDS, Mk, il KERFRIE L
AT, JTEEREMAFNICAM SNZEZEOINOMZIAZ T HE D ITHECHADO T PEMLHE
2ZolzO T, WNIENT205, KBET S APKRERD —EHICN—N— FRERZETIE SN T, [A—
= —F—] L LR L TR Z R L, RRIZEREZWE o7z RS IS AT
DTEHFPOWMELRT T, BHEVIZE2»DO T, MHEIAFHEZED T EE 572, INASADPREDOH
HTEBRINTOZZEHICKRERATH - 72 HE S A GRERERRMERIR) Lt Sh, LTS AR
BHANZ, [RIE—ADOMIC—2 T RWALEEZMICH L] LFE-TBONZE) THE, THIS A
X, FEATORMOTOT 27 PT, WERDEIIHIEEIETNL EZEIC TV aro/zl)
THb, JTEFERGWIETEA S — P L5 X TRMREMZELLZD, BILE, 2O [ A== —F—]
OIS H V. BHEICA T ) == ZFHATZ, KWW ZEZEN2005, EGFR HERO X7 4 F=7
(BmaA L o) CHEBLALEW TH o 720 BRRFEFRAEZ STNMUIBIADBT 74 F=2TZDHD
THHME L7z 2 A, RAF-MEK # % % L Cplb OB % #FE L RB % I L 2 &7 (Mol
Cancer Ther 2007:6:1579-87). $ &b b, TO plo FIFEWEA 7V —= 712X, HERHERS
NTWIREMBAGFENEO S 7 4 F=7 BRBA L yH) BREALIZ LI TEEZRL TS,

ZoHbe Yy MUEWIE SN/ JT EEREIEITIE 2 MEAEE PIEd 2 2 L2 PuE Lz, 111
HIITE 23 L, hliE Tarshzdb oo, 2HHI JT KEREMEFTORE 2 &ETRELTLE >
72DT, TNz OPRT I EIFERNIZIBDO THEETH 72, EBRELOR, 43 BMEHIRoTw5
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RS S AL —HITR b N7 SR OFEr RO A BER I AR, [TEHLEOTEICA LK, BTk
AR DR T & BIRAIIKIZIZT Eh oz ] EHHBRTES Nz, L LTI, DAMNEE Lo
AEIRTF EGFR ISR T 2 I 5 FENEDOF 74 F=7 FamB A L yY) 23 8ATESR L w2
Sl MNEBECAIE T 2% K OB AEET D H RAF-MEK #8774 £ %4 L TRBICE A A A M# 5T
P9 I FRENEEZ L) 5 MOTEELZA 7)) =V 7R THEDT, T TIEOHZDIE,
HEVITDHo7o v, Zo b BMWTLHIENEVE, UIBICRs THfMH Lo TNTHEA)NL M- T
WA AERFTREEIMNC [Ehie s, FEHRTELL Y] & oS VRIELTLZED, o,
BTHWFETH 555 JT BEEREGMETR T, [HNZTOXZETREL DI, ZEELHHT L0
Dol EVIBRDFLHA o726 L, LRI TWAZiF 52 Lilk o7z, FAlE, BIEEITIE,
WO T DNEDEFR IO L LYW BNHPLETHL05 T OROFES AOMPWH 2T L, b
FAFZT ORI L7220, FFFWICKRELERZ SNL, S THHIRIOEH L T 5,
ZDH. ALEE E Y SN PEEAT S AR, MEK DR TH 5 2 & & A S N7z HEFET S A,
£ O T REREWETOMEZE DL NS H Y. HBMEKHEA 7 X F =72 w721 (Int ]
Oncol 2011;39:23-31) L[F] T 2005 412 —## I FERF 2 T & 72 BAED 2006 4121E, 797V « A3 A
74 VKD NTAFZTEEAL, 2009 412 GSK1120212 D F%E 2 — N4 THE—HMERR ARG £ -
720 2010 FEITIE B AHBRIREABRICA D . BRAF 28 X 7 ) —<ZFEMEZ /R L7720, BAED 2011 EIT8E
ZHERRRERICA 5720 T L K T2 TH LN b O20IZ 2 OFHHB MEK BHEXOWES TH - 72,
FHMEER OWFIC R 5 725 DEOSEF I HATHE L TN 0o 72D Ty [TERILAF % o 72812
BEOAHZLITTS | ] Lo TRHEBLATH. HHEZFA 9 LW, ryokotinib & W9 #HiE 75
7V s AIRAZ A VIZEELL. LA L, ryokotinib ZFWIZ WP 2T o 20T,
e THRBTUL o 2fEDX % L )| kazutinb LW BRTHRE LI, 797V - AIRS T
A0 [ETHEELVEETIED 505 HHIZF1) 5B Tavsh L7z trametinib & W) HZRTEEZ 5 L
ZEILTHTELRV] EMLUSN, BRELEPMEE S D2/ L olce TDEIRILEDVHoTH,
2012 4F 213K [E FDA (ZRRA HIGE S h7ze 2013 41
@t H.® Nature ® New year, new science {2 3B
WTIlx, MEKER & LTHATHMDTT 77

Vs AI AT 54 VD trametinib 2KEE X B ;"-'E m -:_—: = e ..:-
TH5I) LV LN, PABKRTIHEFNSHh = e 2 S 2

I EHS, BEOKE S EEL, DI, = T et 7
2013 95 J1 29 11 1= A BIFDA 7€ K i = . TS99V  AIRTT4HDAFZZ b
Mekinist (A F =2 F) W) M4 T, ETE

BRAF ZR® x5/ —~ (CEMER@E) BHHEHIL L —

0., FOEAICIE Nature ZEICDERE LTHESNT. Th ﬁ Hﬁhm.. -

3. BIRBERIC A TOOKREE T, bI¥h4EFE WL sz : _,q._!? h‘eﬁil’lﬂll

7% #ES Thore TRHEZF, b T AF =7 id, British N ey
Pharmacological Society 2> 5. 2013 #£® Drug Discovery of the /‘ ‘? /’
Year IZHE—EIIN D Z L & o720 T THIRFEVOIE, X7

J =IZiE PAMHGEIE T ple DREEHHERL S, »D
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CETHb, Ldo>T. MEK BHEH b5 A F =7, RMICH#ESTHE BRAFZR X 5 ) —< BHICH
MERLA-Z Lk, DPAEMET BRAF IS LTZDOTHO MEK 2 IET A2 & TRz HLTWwE S
A, ple 3RIELTWTH, 20773 —Dpls DFHEZFEL T ple DREEZRBEL TS
DPBHNTZNWEEZ TWD,

BRAF 825 ) =<2 LT, bFAF =TI BRAFMEX Y 75 7227 (%5 74> 5—)
PRI, AR L. B2 S ICENZNORITEHDNREE Lz AT ) —<IZIHROHATAH
DERYEPRIS% TH 72D L, P IAF=ZT (AF=A) ¥ TI572=27 (§7409—) %
PEHS UL, # 70% 12 F CTHFE L72o 5EEMFRDIHRO—HIH L. #30%. LDH 1IEH## Tl 50% L
FEWIBRNLREERT I LI h o720 TROHAT =V 4DBEHEIHTIHEE IR - 72723 TR L,
HHRFOFENAT —Y 30 BRAF ZR X J ) — < BRI T M HRMIHREIC L > T HIHE250% DL
KM L. KE FDA 7*5 Breakthrough therapy IZFE SN2 BITKE I N2 EiL, fir DEF LA
SRR S R MBI E TR T A BIEH TH - 72D T, FEHICE LB o7 Thbb, HEE T
T5Lw) T lid, MNEBODPALEEEE SIS, BHCTETPABE ZZEHGT 52 L 2 BRT
LNHTHbD,

HEFTVE BRAF 28R IS LCh, PIXF=TL 5T I 7 =T OHHIE AT 7 — <[k
WCERERL. 2N KE FDA 5 Breakthrough therapy ICFAE SN BIKE I N2 S5,
171 BRAF 28 5 HUIRBR K b o3 LT FERICEZ R L. 21 d KE FDA % & Breakthrough
therapy (ZG8E S N7 RIKE S N7z BUE, MO 4 Olifidr © BRAF 2SBS0 L THFER %
AL, BRAF ZREMRESE* L TRATE 2 X9, BIRKRBESED SN Twb, 58I TREHEw
12 BRAF ZEBSAN T LMW HEL LTHHASNZ LR THA I,

e RB #iE AL A 7 ) —= v 7L LT, WAMREER T 2 7 F A8 L 475 T 72 RB 2 iR T
% p27 R p2l OB EAWEDOA 7 ) —= v % T, ok & d# M RAF/MEK B #] CH5126766
#%8 W L (Cancer Res 2013;73:4050-60). 7 A7 5 A (4EFZINZNEEE) LIZAENVIRYF 2 A ZH
#$ HDAC FHEH] YM753/0BP-801 & LCRES 5 Z 12 L (Int J Oncol 2008;32:545-55). —#l& &
BRR B IZ A o> T b, CH5126766 1 RAS @ 2D CRAF b I ICHET 572912, RAS AR
ABFEIZDFENERT I END, SHROBFIZIEFITHFREL T2, Bl HDAC HHE# YM753/0BP-
801 (LA FRIR Tlai b i )) % HDAC FIEHIT, JTRRIC M I AF =T ORI ) —= ¥ F & HIIIHD T
W W HBESAPMEEZIN TS A Y3 ) 2N, + 7 7 =<4 CTHIKBEFRTH D, BBWIZ
MFLTw5,

INHPUAMID RBFHEHALR 27 ) == 712X ). S AKORBERORTEZ & Iic#ifl 3 2
alopestatin & FAhsin % L 723K 2 HALER & w72 L (Int ] Oncol 2006;28:823-9), #E#k XA 74 7 TH K
ECHGE SN2 RSO, BIRRBRICEIES h o7z,

T, HOVEHEIZRTW AW HEOF I, o TE L ORFEAMBEEDBMTTHRIIL722
EH, AL TV RIZIERH SNB 2 &l o7z 7272, B4, JT EEBEWIZEHr & A 728
Mz NIz AT O LX) B E RO /EHIE, WY ROEHZT T £ DEFMOEL LRI
BARL AR IS SE L TR Y . EERICBE OB EZEE L NS 5T LAV TH LT L
TWwo el ehb, BEEEIICOFHTE 272012, JALMEE SNL I L3 ho70 Ll KEI
MEHEND LR ) ODOH LR TH o720 T, Aid. Tha o3 T EKERGIET L AIHT 2 2
ELMBE 20PN 72 20, Bk DR ICEEEER) 2 L T2 A1) &V OEFAIFEE IR L

February 2019

21



22

72l A, [BERLEAFIE A SBIK 2 %1 5 2 3L QMR E L CTHIBEIC R > TW B A, JT EHER
GWFFERT L BIFEMIZEZ24T) C L id. MORETIE 2] 2w BEEx wiz72nwiz, 34hbbE DU,
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RAMLTLEE 5722810, RIFECEH L TVT, b ELABMEIIL TV, FEEE. plb ORBH
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RORIZRIA S, HE LN, I RS BE D 3L FIC2BDARRE SN D HARMEYS
BENE 2 ZE Lz, F72. AlgEIC
L Cid. HARDPAG TR R
FOREEE, ROL T, 2018 4
2 AR BEE BT 2 O BN E Il
MR EFHEREE2VEE,
CINTREPLESTVZH, F
KiZiE, BEKEESCT, HARE
FRIFZE B 76 K B SR A K EH %
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BRD 5 b HADKFBA 2 BDBMT 5 FETH bo BAEDH TAENFE FHIEFORFBAED 24 L 7
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My thoughts on Toshiyuki Sakai, MD, PhD, during his
fellowship at Harvard.

Professor of Ophthalmology
Harvard Medical School
Massachusetts Eye and Ear Infirmary

Thaddeus P. Dryja MD

I fondly remember the few short years in the early 1990’s during which Toshi was a research fellow in my
laboratory at Harvard and the Massachusetts Eye and Ear Infirmary. It was an exciting time in the field of
molecular genetics, and our lab was at the cutting edge of research trying to understand how the retinoblastoma
gene caused retinoblastoma, a childhood eye cancer. Toshi’s research projects were based on the numerous
tumor samples that I had collected. Toshi quickly learned advanced DNA PCR-based sequencing techniques,
and he himself developed new methods for even more advanced analysis. The work was immensely successful.
One of his most significant discoveries while he was in the lab involved retinoblastomas that had mutations in
the promoter region of the gene. The mutations pointed to the specific regions of the gene that were essential
for its expression. I still remember the phone call from Toshi the day that he received the decision from the
journal Nature that his manuscript describing the discovery had been accepted. His voice was calm, but I think
that inside he was very excited. This was a superb accomplishment for a research fellow, but he continued to
discover more. He found retinoblastomas which had no apparent mutations in the retinoblastoma gene but
instead had erroneously modified the DNA in the promoter region of the gene so that some of the bases were
methylated. Toshi found that perhaps 10% of retinoblastomas had such hypermethylation without mutation, and
that such hypermethylation was never inherited. This was one of the first pieces of evidence that epigenetic
modifications instead of DNA mutations can cause cancer.

These discoveries were the first of many noteworthy discoveries that Toshi achieved in his career. His work
has led to the discovery of a powerful anti-cancer drug that has given thousands of cancer patients additional
years of life. Toshi has been so productive and is still so active that I wonder if his greatest discovery might be
ahead of him and come from the Drug Discovery Center that he will lead.

I remember Toshi as a kind, humble, and friendly person. He was very hard working and stayed in the lab
every evening until quite late. My wife and I also remember when Toshi and his lovely wife Ryoko hosted a
wonderful dinner of Japanese cuisine at their small apartment in Boston for my wife and me. Japanese food was
not very common in the United States at that time, so the dinner was very special for us. We also thank him for
his hospitality when we visited Kyoto in later years.

I am honored that Toshi chose to work with me so many years ago. His achievements both in my lab and in
his later career are indications of his remarkable creativity, intelligence, and lifelong devotion to finding cures for

cancer. I wish him and the Drug Discovery Center much success.

February 2019

29



30

AldEt ¥ 7 — ORI L T—l AT+ & h—

SRR R R
e

EHFATEIZ L, KB 3 HKE b o TRFRFBEFI TR 5 T B T B 50 O Hd% % 78 47 B Ik
ENDBFETT, JEDOERKII. [RB7OE—F —HBE A F MLICL > TERETS] Sz RIEESH
7 EICREERVET,

F7o. RBHIEMHALAZ ) — =0 ZFEENLGMADO T EEAEZEREIN, P I AF =T E3HIZRIES
M. 2018 4FE 2 A 22 H [FRE 29 FEEE SN E G ATZe 26 & B 1. 12 B 27 B [45 2 [l H AR EE SR 22 B 58
KRE SCHRFREE] 2ZETL LV RFITHRINT L,

HEHEEOZA ZHNTIEBY L LA, MOTHEHEZEDLET, FeXblLznld, FREZOTL X
YT—=2aryORETL (Bl Y =2 ) T500] LE-oHEMTHo72LRBLTVRE T, &
NICHEREROFEEETLZOT, IEE, AlEYL Y -2 )70, H-A2ERIIHY FHAT
L7z LA L. RFEELTBHRELAZZ L, FORNEMDOTRALT I ENERFTOERTH) T3,
SR X, WHBITHE L L DfI3E Y ¥ —12oVnTH, EVFELEVDIEE ) T,

Lo AR, il U CRIET, 22010 S I3ERE LTS NEE I TH Y, e e b
mboTEET, MAT, BB FIAPLEENOWEDHFIRELDOT, MRS TnEZ
ERERINE T, HFUREDSOANEIL, FIEOHGEEORE LHEN L BVFE T, HFEETLHA
EERZTHEZ L7z, WRLHIADLTHLS Z L2 ) F925, IEmTHInE 3. BEORDIIIILALE
THBDF v— 3 FERETOE T —HTy BIEES Lo b REbnE . 2 hE B
. A IFS v HEMRZ 9,

NS ETHEHEITH OB 2072 B F 3, [ URREHELY FRIRER CRAIE— A>T g
o WHIEED L VE, o TB O N KR THEDORIFER Z S Tw/z SHEETT ., BIEDOEK D
NCW7: THRBEOEH? D LLE A

ST, AL Y7 — OIS 7> TEHHABITHE LICBE WSS ) T3, 2. FEFZERRFED
2022 4E 1M 2 B AISE 1650 JAEIZ, fERRATIHE 2wl w) 2ETY, AlEEL Yy ¥ —Diib EIFb &0
TITETIHREL EBNE T2, BEOEPRFOFY E L L2 L bHFFLTHEY £3,

EIHBATEIRBE RS - Al v ¥ —RBOLRL



WHEFZEERIR Y ok
WA XA Ny = VEZELY Y — V=7 - 70—

Hem il

HHBATHEAIZR D ZDOIARTEELALZ ONRFORBEHNLONL, LD LT, BOHILO
BN LB NTWD, L L, BEOHEOEEMNIZ. 4. G LAZMICHEKL22oH 5 L HITEZ 5,
MWDONASLZHFELEZLZOTHS ), KFETIE [BIHEEL Y Y — ] 2fak LCEEDOMEO—E D5k
BifFd 4, LM SNEIABJICEOZZODOmETHL L L HIT, BIIKD (ThrbbThsr I AD
GO)EEHROERO DD ETH B RO NHOLIIL EE LD L THS ) IFROBEZEDI2DIZ,
KWITHFHE L TL b Wn/owne w) REDOY LR HENK L 6N,

TS, BAEOWIRIZHFEO R v &) k)% b D TiE R, MOHF T, FEBAIZD LA L HEGH
HEKEFo 8" EEENIE (1991) 22506F > T, ZOBETOBHE 2> TV L EENR X =X 4
AP L. 200 —EOREHIEK T ORAIZmr» ) B E 2 FIES S5, v ERENREICETD S
NG 2 SR IS SNz D 72 S ORBEORMOEINE b T X F =7 L AT & N7z AF DA
Polze ZOH, KA LEHRESNDIPDPAKO—EDIERLE R TV &, ZOEOHGRARAIZY %
FbDOTHo72Z L ZMEIIWFE> TV Do BRGNS MFE L T, KA EF72 2P0 AR v
7Z2ENDZOFERER, BEHEATEEORBLOEL S2RT b0/, ML NVoRBEHER S 206
HNEEDR T, TOT7 7 —F ZZREOEFHE LV LD T, 2O L) HWIEE D HHIHE
AL7Z 8, RIMTE Y RELEVEZE LTV,

February 2019

31



32

T v MR & WIHBAT Hd%

SRR EBFHE (W3 v M OB &)
wHL 3EME

T HIZ & R & AIPEATHRA] 49 EICARZEIC AL, Ty FERICABEL TSk, 4 HETa v MERIEOIS
v MBOBRZBELTBO2EHWVE LTEHT, HOVIREMIFRIZOVWTIZESMIMETH D, GFiE
Hoay MR THLZEZH0NLOBITY LTB{,

ZH 2L T v ML, FEAAR D R WIERT 23 RIS S . SAEL BUEB 70 JRAE & 2 72 IR A R
Do TOMIZ 242 4 DFFEAEZHE YNz, TOXEERL LLOMEOEEZBWE LEN LV, £h
FHALIRBZERIC o THEBE L TV 525, LR R EFEARNERORFNNOBIZ L o728 b 164
YA Do TORTHEHABIZ I, BREE - TNz,

HEHHZROI Y MBI 28I ETHEICOWTHRRS &, FFHE—ICRITFRICHE ICEFE THIZE R
Wity 3y MEREFIEH T v MBI FOHIZDIE Lo 72 h5 TS I o T L) R LA HIR
DAL SR 22 SRR ERR IRDSRI R O BAZ I L. T OBIFRIIN T v F 35 FTH 1TH
Wayr%ﬁkbfiiwﬁ@%%f<ntoayh%fd%ﬁ@%k%ﬁﬁﬂ:yﬂ‘i%mui%%

BV LI 32 L T8, FICHEIEHRISH LEKEICOWTHIEZFSL L )12, $72lo722
t#%ﬂimf%ﬁ%’%éivl\ ERED TV,

HIZE I OB RERTEIZOWTTH b FILFRITH DK 30 41 OB xR % H O T & 7254 i
9B e MREBLR DKL H 5 %\ VOTHIES 70 F4E 2 HEICHT T v MR TH 2 HAHIZIGE
D7z e U720 RIZIEDITFRR L T 722 B & 21T TN D T L L ko 7o RITEFL D Hak D
Bl —RE LTRFIIIRD ., A3y MR E DERIHEKE L 220, Ty MIOFEREIZHFSG LT
B Z e LB, RWIZEHES 2 EITEHEIR ORI G R B AR L TO LI 2 ioTwnd,

EIHBATEIRBE RS - Al v ¥ —RBOLRL



AT EIRBE - Bl Y ¥ V2L T
SO BRI A
REENRIERTE 5 LS H— 7 R LR

(L g

HHBATRAEDBIZBEB LU L R ENDEBIH LY -0y ¥ —RIRESI NS L OHITHEL
REZATBEY T3,

FEDFDIRGE T N — T DO THAAEED 720 ORI % FIE E N2 D1E, DWERIEDZT LD LI I
L TWDDOTTH, EBRICIIRSFEMA > TEBY ., ZOMIZE X LIfEEEDOONTRELEREY D
FTZONBAEILES>TVEDIFTHY) ., BHOBE L V) DEIAREHELZLDOTT,

YR E LS ->Th, FIEH&AIELY ¥ —RE LTHURZOHTHEREL Tfiph s by TTrsd
BHEOEREDOL ) RBMMEIH TN 20OTIEZW2 L IZEVETA, REVHHE L THTAZ EITRY
R EBEVET,

JeE AL S TS, ROV —2 RMILTH 722 eh 5, AL BANICELAZED
TELDBRBERLRIETHhHo/cLBnE T, TOBPITTBEVIIKEIIET LI LN TELDIEFNT
To TABRPTIIZSNT, BEOZ LA RYICENTVLZEZELL2DOTTA, TNALEOR W E
CHREEVORESTWET, 72, #HERHSEZDPBH D E AL EIMED D - THELWAZ LS TWn
F9. e L I LTOM THFALAIERE T, SFICADLIIREZ BISR T 2013852 0Tk
BWPEHERILTWES, 2L [LXATH] ok) b TwitiELTWwES,

LIAHT, BAEICHL TREHRIEZ > TV L0k, BHLEEIET 51248725 T, EBRIERML T 3
ML CHaME L L CHET AL W) EERTEH 2 EON/Z LTl Z22FTEMTTAIANEHTY
WHRWEAS ) WY, EXTAITE, 20X RHEAD, LORDOMEDORBIZO LA > T D
OB wE T,

FEDEIFAEER I M ENTE LT —~DH T, b BAADVABREOHESHLTH 722
EIEEIETTHRNZETIN, ENELEBITHEITHATFHICH L THYR— b Lt T Sz sl
WCRLTBELWEEVWET, PATHE VIR T —~id, Zhrharkmitibehnwi v L S03d
DL WY HAZNWT = THLOTTH, REIVMEPERIE T LEDPH L LIPS NTT,
Z O E R S IUTEICHERE LT Cn 2wz 2 ik, BATHRICHED > T2 LELT
FFEZEZHhD 7w e TL

Bldt v 7 — %L ETRBEE TV E W) OREETTA, LEOMEOEETET EH L Tw
PNBETHS) LBEVET, FIHEBRELZE T TV ZLIIRY T, 3 TIELDAMERHEREINT
B, TOHEDIPLEEHEPELATT,

TEOETETOINGRE TEBEZ LI VTSV LT T,

February 2019

33



34

SRS LR ER Y R
Wi A—

Wz, e - PHIRFHRETFHIREELMIBZOEFRTL LT L > THRVERL LIFEd., 20
b SFEOREY V¥ — ORI gt v ¥ —ROBEICERTHMRANE L BT E 9,

I T NE DR 18 4~ 23 SEH R CTH o -G S HFUBERT T, 2 - 3HOAIZEM 5% B
BLTBDE L7z PR20FEETDELTEY 305, HROBEBESMH 2L OHFITEZATINTL
7RIS, ZNENOHRIZFREAR TN E, RFEL LTEIEIRETFL B0 LEVE ., LUEFE)
I OEIZ D o 7o F R 2 THIAT O RIS BIZ AR A 2% S BT LOHEIZ 4 TH Lo
MY ERBIESTB T, ZoRU, ALY Y —%TI24 ), IEHEICAEELS VWY AT LD
LA PERICBEC LA BEVE T, MELSLIBEVLET,

FIBAERTA S NPO S AT A EHEE L v & — (GEFEE I L. UK m A E RS0 5e T
Yoz, BB HARAEERES A R) OWDEE T BERD S H ORI R oML (55
Begg, &0 I8 FW3ERT) & H O SEEIRIE S % 3 2 HAEEEOBRZE (2014 4F 74 BRFEHi 12
oK) #iToT&F L7

MR LA (ALS) &M@ MERZEMNiIER (COPD) 123t LT 22N 5 B2 DREFIIR L T,
2 HIEFET 3505, ALS T 5604 241 (40%). COPD TiE 5614 341 (60%) IZHERDLL
LBERFE L7, SORREZITT, TIVINA Y —RIFRHNE & 23— F 0V Vi & W R FERR O BRIRITZE &
B ETXC, PH304E8 H 5 HICHEREREEBREREROFRLE T, 91 15 HIJEATEAEIC
Wige - EOFTHHEAIRB L TB) £

O &) AERREANS LCH, FHFLEROBIE Y v & — TOREFENFIIY ANTW721T
TUTFER T I ZERIRFERIEE Y ¥ — 371224 ) | I~ O B E BV EZH L LIFE L
725

Bl ¥ —Di 4 DFEREENSHL BT T4,

EIHBATEIRBE RS - Al v ¥ —RBOLRL



Ay R (Y= B i A

TR HE SRR R AT &
IS IENIV A - S b w — VEZEL v ¥ —HEE
S fik—

HEA LW 2 R VERRFZICE L COTREBO TL ) T8 3, WHEITHE—EN%%
FoT. PADBESAZR) 12OOWFEICRE SN TE F Lz, BEDESETR OIS HEE 2 EED
—DTHILNAET—<II, TOEREHIEL TWAWALRFHEPLOT 7 U —F %@L T, DWIIENE
5LWHHRORBIOEI SN E Lize HARZIZLOMAFICE < OIS, HIEMSEOTZERT. EHEE
DI BT, FHHF VL ERIRF &) EFEIOMRETI O L) RERTER SN2 L IERFELRORE
PR L VW B EBnET,

CONATEREOFERIL, BIERAOh o 7bIFTld e { . DDA RERE - BT 52008 v )R
R EGHA HEX IR TH Y . ZOBGRIZESOTIHIEZHT L2 L I2X > Ty Ty SR
RKOWRRPHFESN T T, Gbfic EHEIER, WHENODH 5 L BT 35, 2 OWFSRIERHF AL
ERKED—DDMED LW OR—V 2EL 2 &b BnET,

AR ORIZZOMFRORIES L S 2 HHBR, LHZ O, T OfE e, KFORFEL L,
EHIIHEA L THH ) EBbNLFEDORFE AT D 72O I THHF LIER KA WNICBIEE L v & — 3%
VOREELE Lz, &, HHBIRO TREEZZEIC, MhFREOL L THEY VY — P S N5 ED
EY), by —RELT, 22 CHl &R EBEOMELRIBIICHRT 5 Z LITENOEDNTH) 7,

TWHBATESZ OFF SRR, T QRO E 2 ABICECTHIZ L T2 & T Lz, #
CFBOTBONTEEZHZTWETA, BRI E S, TOMGRED) ICHENERTELLEEVETA
TL7zo EXHWE, BABHEDO G FIENESREIZZOHGRIZEOVWLbDTHL I EIZEBEL T E
To T2—T5. BIRICHEONTHL L, ROWA WS RMAIZERIHKICT > T2 &, NI
W27 RNA A% W& 2 SIS L BT Ed,

THREGRGHEHLAI, BES CHROAHEY Y ¥ — T &R EMUMICHERB 2RI o ns bk
BwngEd, INLHZI T, ZLOPAREELZIILO, Brx0FENPERIN, ZORKLES A6
PO ERFEED CHETVE T, FARZERKFZOH L BRSOy ¥ —THE ), #
7 RFEORBO—FEREL Y ¥ =D T NI LTV ES, 4% e b, BEDZ D%
LHNNIED Y PN EBWET, FE RO CTEOMELHN TRMIZOBO2EHVEHL-6 &
BSAVRY: S S

B L0, THRE, fl¥Err Y —
TEHITEVET,

M. RBlEER Y-y S —RIME, T2 EICBD

Re

February 2019

35



36

TARRFE AR s Bd% - R ESd%
FATAHINA I R=Vartery—F

e

WHEEEBESINDL E V) BOKEODONWRENDIZELIEDN) TH D, A HE LMD TE-
72DiE. APFHKRFEFHOEAFHED S HEHFRHZIIB > T B CEHTH LD T, 5%5E5
STHEERIOZ LIl Do HEE, RIEEHMEDS AL Y ¥ — O SR (B 00 550 A0 T %
WA ) RN—=Y a Vil v ¥y —R) L—ICTORY 75Ty (PG) D, O HEE I 1 i
B2 & 38 L 7-9ilES 1 PG, PG, OWf%e% L T\ 7z, lHeA & B RSEAE D & 2 A T PGD, D HiH#
HOWZEEZ SN TW2D T, 2 OWRICEKR L R - VR B L ORBA TROMEEIZZ 5NDTH > 72,
B, B I SLEROAKEED N HLEOBED O FHFIEARE L LTHALTES
N7z Z070, FAOWRETEBREINDL LI > T, FHKHITOMEN D724 12T RITHKS
NTEBRENDLE V) EETH > 720 HIRINZS7201F, HHLAIE, CARZELHTOETEZ TN
BLBWEEIDNGWE W) I A T/l ez, ZOBERICIE, BLADIAEDZLLHY ., LA
%I ETH, DABRICEIFO O PEBMIIEZTBONIZ L2H o7z, B, FAD PG, DL
(LR EF SISk TV KRB RIE AN, (EHEE ORI 217> TB Y. PGJ, 2o PG & I1Z 7% 1
FAPICHU) AAFNCRICEI C S 2 R L Tz, ROMIEIL, Thase ) L CHIREESHE % #1932 22 C
Holzo WHTAIZ, KEFR L —#ICZ ORMBEIZHY M. PGJ, 25HIEI o G1->S WIHELT % AN ]y
278y 7 LCHEEA R TIEDBHLN IR o7z AEDBIET I TILE 5725 HEHFEEDOZ 5
EZAIE, ZTHhABHELT, E56I12, PGl 28 N-Myc OFH 2 im < #ifl L TGl EfEIEZ R L Twb
T EERMIASI, ZI0ORBL T, ST X 2 MR B A o S BT K 2 ko
WREMEICED DN ETH D M, TSI ED VSO E L TN EWRRIZ L7 aE e €
NBRITA T LRBENEZRLDTH D, WEHED NS DIFZEIE. BEIRFEEINDEOBEMD 2
ET, EDN Dryja D& 2T AT, ZRAETTZ1T T £ epigenetic Hillf#l TAHYAHIHEE T RB 23] S U
PAbicmp» ) kxR L. 25 0Omf7e% %12 RB FHGHILA 7)) —= ¥ 7#E% R, trametinib D
RICES 2 L R3ESFTEMOMY TH S, MLEDDERLTHTL, KISWIT B0, % Ao 251,
NZE Do WETRRIZT 201, Fin T 28 E TR E TN EE TH L HHLAD, m40 G
BEINDZ LE2FoTBHMIIR ATV ER ),

EIHBATEIRBE RS - Al v ¥ —RBOLRL



WX ODITTEXDE

AARBE R NP AR SR TG A/ N 3 Ytk > 4 — (TRD)
SRR RS N— v e ViR Y s — R
fiks  HESL

HIIHED B 62 FFOME A o725 9 o HAEPLEREZ D S o720 WO b DHTJE ALK
VT, MFEEEZTCVLDREIPRFHRELTRVWEIAEZMMLTOLIRWRET ). HITRY
BEEDEMN S A TEIEE & H O TW2STFFRE [ARERIIIZE (2)] OWHIIEIZR > TINT
W7z, FAOIRILIEA 58 AEFED & \AGL ARSI F AR L TV B BUH JE e A (iﬁﬁ’%ﬁﬁ%l:%ﬁﬁnﬂ#ﬂi%‘(?ﬂ
e RO R aEkd (AREKRERKFFEERE) £ L THKRRBEEERFEIZ (05 2001 4F12
NIWLFE R ZE) THEEN, [Ta2X5 75 2T D, BKFERDPS 2 2HEER OS] 2o T
WD o7z, HHBENPSEFEE D L oKL, 28 [RA2A 10 ERGENE] 2 FHBIN T,
AU E S L WERRIC X 2GRS B A FFEMZEEEICE L C [HUEGE T O X8 75 ¥ > ORiERIR
MIFZE] 2L Tz IR oMo iE L LTI Z ED., B x ) EZ04E, 1987 4, &£
Bfofs 4 % K [El American Association for Cancer Research (AACR) OFERMATHET LI A5
720

SFICIT [R5A 10 7 ERA NG ] 2 #. BEAT 62 40 6 FItE £ TOHE B ORES 3 M1 d 5.
S, WEHEEDLS, [BEOFIC 2 o220 b amIlHF ML TUIL W] EEbhziiiid, BE£56<.,
MOINPHEDNEIIBNTIDL ) 2bD%FIRICHRESL Z L3R o bz v, HHAED
AACR T O % & N % 13, 1989 4 Cancer Research |2 48 # & 41 72 %, 71X %t \» T FEBS Letters.
Biochemical and Biophysical Research Communications (2 fA & OFLZE i x B L, FZEHORKE L L
T LT Mz IETTICRFEREZ BT U TR T A Or i wBA R & L CHim L TB Y.,
HHFSLERRFOBTF O L Tz RRE LTIE 2 D72 TTHRER L& W) REEIXEDN TR WS,
BAIIIRIC 72T DR % 5AEB R\ ) IO LT 720 Th > 7,

LS ENTLE o728 FAEIRIC, FMFETEL6E0NR—ATERLAVEVEST) 2 & xmml#h
Wiz ZO72HI2IE. HIT 34EM @ Nature. Science & % UK IZFiA Z AT, @ﬁﬁ&ﬁﬁn%%@ﬁlﬂb‘
WOV L, B HEHEC application letter 2 #H { Z & 23Dz, TND O, AT H - 728, %
EKE N — 73— F K& Thaddeus P. Dryja #3% D b L 1ZH#$ 4 L ifg L C 72, Dryja JeA4 1% tumor-
suppressor gene 38R L. 1986 4F12 Nature |23 L T 7z,

FNPSEEERET, WL So720id, WEHlFHA ZERKF DN HETBIROREMNT, Bzl
o leBRVDOFIZFATE NG TH o720 TLTEDRP2014FTh b, EIZZ OB, FATH )
— RO OKIET, FADSH RIS B HO USSR TH - 72 F BIMIR oA % TR 3L R R R E AR T4
FZLLTHEYAATWIZD, 2O ER0RATIRCORE CTHINFIZIE, [FHZEKE L ) —EirKlcL
o] EFIDTH o, £Z T [H iy ) E4 MPAEOEGIIH D, O EOFEE, FIZEKR
FRCANRVIERELEL L)) LIRELZ HROTHTITHH 4KREH (1) 0. 20—

February 2019 | 37



AT e IS DBS L7 trametinib Td B [TEIIEE & ARTIEE, MEFEAE & FHEAE
0)4)&’5:@@“( EAAMZE Y & —BHRROWHADLEAE IR Z R - THE, A CEEGE 2 E
PSRBT H AR E BRI ZE 5 (AMED) O FRRGIEA S IFA T, 1,000 ABED Y VBRI A%
LDFEL LI BiE. HEOWAMEEME DL LR WETENIL D EEINIZES TV 2O TRWEAT
TE] ERFELE LA, 2L TEOF, 20144 12 H 6 HIZ [#HARD DA TR F R F g > > R
T h | xENFEAEREERE TIT o720 €O LEEE 72 Nivolumab @ 4 > 787 M2 N T Do
7o, TR R AMGERFEDOZEADHEZ ) . REHLED ) —XVEEZETHTHH )
FHRIZA Z Tz,

H LK, BEHeAEE TRICHWTL 7 F v —%2 L Th b o/, MM TREMOELOFE LAY Lz, &
9 W) BT Dryja SBEDP S ZITHRCTEHIE 2 BIR S E7-072 5720 ZOIIRIE, RO 1#E L LT
W ATR > 72222 B L & LT Dryja 5tED & 2AIATE, ZFLTAHDHHEE) 2L &HLTL
N7z, BLro7,

HAEFRE I [BAFHEIEC, [FRUTESD5F ], &, Fid Z2EID) T ELDFL<,
iz, KzzZ LT, KREVFEL] LHH05, HTFE ST <oML LTHL D NAZH D L 72FRHFE
Thbo NPLAIKEL Y Y —Z4RIET 5 LH <o TROMERELBI7E, & L TR ILERRFEDIER 247
BLTIET R,

— g,
R FHTST7HFREOE-REEE BRRKE—K
cles As of Aug 2018
| —m& | uyr=7
HR% fAFHAT ER= ELE e
FRxX® EEx$ BHERXT REAIEHXT BT
EXE 4f—al) L EE S5 18 A=l
AREE EMU-ALKERAETE BRICERAEOcRBED BRAF VEODE®T:IE VEOOK | I EMEL A, 57/—7,. Kl
WolnEERL A RATENB DR H AL BEE EFRRREOOERTE EEOmEELETATORAE
LENHE - R TIER ElitEERLAS /-7
{FTCL=CTCL)
ERFR EMLE-ALK MEF MG, HABBDCCRS SFEREN SRR LR ORISR
ALKEMHRMIZEE RENZEEL. NK EMES e BETL)VRIENEMEKD DR AR LMD IE (R
TATL L HIE mE PD-1iR )
MERFEE 2007F 1900 8 ( PERL 1L 19065 A0S, 2004 20014 19624
W RCCRAE)
"y $5154303303 (2008} WM AR003-72134 AW O2005-121 142 48 144094302009}
| HHM2006-551658 WIS 159TI0(2012)
4+MR2008-501631
416378
IND#WIN 20084E 20075 20094 2006iE
NODA®ER 20114 20118 20128 201449 A26H (FDAEMA)
RE 201190 40 MALL) 20128 (BX ATL) 2013 (REATS=T] 24K (BE W £5/=7)
20124 (B& ML) 20155 (R RN
Emen PrAY— RO GEK(2006 T GilH) FUARRTAT—Z N
ERE ®E- BB B3 ﬂt‘r&ﬂ:ﬂ*#‘ AT Ba-2E
e 1TSROSTRERAEFR | 143 RN E3CCR4EEPTCL. *Drug Discovery of the Year *Breakthrough of the Year 2013
HEW RO EEME-  CTCLIS, 142 AMCCRRR 2013. 8PS !NSNSELE!' B REATFANZEERAE.
BATHLRIERE ATLIZBAETHRIEN W FTURIERS MNSCLC. RCC. Hadghin')= (M,
MR L, WS
=1
38 | WEHBATHEIZRERE - Bl¥E L v ¥ — RN




BT B RO B2 M- T

1R R 2 MR A S0 912 25 i
SRR AEEdE REBNE
FH =

sy

WA, BRI 28 STk, 4 H £ TSRS o 2128 JEER S . £ < ObER
HELPABBIIREGEEZ L7206 TREL LWAEBEREOBRZ RIF o, & IR I L E 35,
L BEUTHL EITES,

FEDER R H#EAE [5TEETHIES] TFh. BlORBEZORELIEB 2 H Y TTH. il
AT EEHIZOB VA RFICEH L COLBELZEROLLTEY L, BEOTHERTEELED

FERFZE 2 e L€ HFUSE 2 2 R AR O T ¥ Y — FIZBEICE L O CRED A CB ) F
TOTHREETOFFRITEITSIETHE LT,

THENOFRRE SN TEFEHETHBIINRERIE. BEDOL o000 LI2RD AT O T AW 03
HFRICED WA OO &, BHESACHN LIS AFRREOEB* Bis T8 ZOBY ThH L Z L
FREW WV EBWE T, AR L IEAMICBIET A% H ) T LAY, BAERROIL W Tk %
BELT, FRHOVED IR BIIRVATR TV &) 2 AW 2 225, S E TOMK R
LRI CIONTHEE N EHEAKRLTBY £ L7z, AT, HEOEEEEKRINDITEIIITHR 7
LTHY T L7

AISEBFE IO SN TH S OIREDFL & iiH 70 & Tld, BRIETREZ UM SIVRIEM RO S A L —FE
o TV ERIEROGEPLIEE Z2HNH ) £, 20 1 BOGEP b F 4 (ZEHEAEIPMMIES %
EEL. PAIEEIIZEE L L THIFFELZEOIDPN T ol L), L LATHT I 7o
FIFFE A3 LD 2 LT LA TEN T2 o 72 B0 H 5T, fTE LTTHEZ S AITHER 755
DHFEEXRD S TRESAOD LIZRIT L) LHES> TIONHHED L) b0 E /20D
TL7zo BELDVOHIAITEL BONTE LD, R ZPEEDINETTORIE —F=ZATEB LN,
IO L DMEOSEIINTEONDL Z EITHEV W E BT T,

AT, BES 5I2E  OMIFICN T 2 A1 H TR ODMFES N TBONLIERE T, 4
D TR & BRI VB LR R RSN, SR A O L2 BIBERT R AN L S B L HWVTB ) £, ARy
R 2 AR 72 CHBI O H L83 v & — L b &, SHROFERERVIHIFLTEY £3,
WHEEZTRZEZENNA ) T4 —ENTBONTTH. EﬁL%iA$®~o®%ET%é:tu%
EWH) THA, E)DPTHYORBIZEEIN DL, ﬁtw%%f%%imﬁﬁ WLBY) =5 —
Dy T RAGICEIELTHE, b6~ ATHE K OBEIAIEE 25 2 % F00) 4 B2 R 561258

HEINLZEEFELTBY I,
I BHEIIEDLLRT -V EXD T2V DTT,

February 2019

39



IR DR, Wik 5 U

LTSRS e S R T P
SRS -

HHEAEZ, COLBPELORTY A T ADRBE S ZREL )14 LFED & & DIT, REICHIV TR
AT MREFIZRZ K OLREED» VD LT T, b, ZORO—NT, EHEE LI ATED X
B AL, AT LR CEREEICHTE L T2 d 0, PRINVEFEROBNEEVIZRSL L
BwvE g, B2, PR 29 F O SRE IR eSS B fREe I, HER I ho2FE L H D L
A ORFFEEREE ISR A A AR E L,

Jedid, MUNIEDSAREOMIH A Hig L T, 2SAHIHIERET RB O REREONIEZ MG L. RB 7
OE— & —PEINEELBFIATF VLI I Y KET H 2 EDHEPARKIC L EEZHLNICLE L,
IS RB 7HE—F =9 AF MUIC L W RIET 5 2 & & 72 LeRFZEcRiL, DS AMIELEET-25 A F
METHRIET 5 2 & AT THO TR LIZHARFEOWZEHR R L L CEBEMIZOE CFHI STV E T,

W SO &) RFEDP AR Z WIS I L7 ZEEMEROR 2 12, FEBRICEE S ADRILTLE AN
WO HIg LT, EFHEEEMRICETLE L. $hbb, e OPABEMETOEMEILIZ L1 H&ik
BIWZRB % 287 ERET A2 EIZEH L. RB 2l LEIZ 3 234 % cell-based assay THEFENIIZ A
7)== 7T HIEICE )LD AGFIENEERET 2 HEEAIFE L, [RBEEE(LA ) —=
Y7 AT E Lz HIC, RB ZIEMALENC £ 5 CDK [HER T OB % LA X8 2 8HMEZ 4
ELHEBE LTI ZLICE D, BRRBRICA - 72 STEO D AG TENEE RWZLE Lz, BT,
pl5 FEHFHEWHE & L TRV L7#H# MEK BHEH b7 2 F =713, #7714 BRAF 2R X 7 ) —< &%)
FUZ, 013 4FEIKETT 7 —A b - 42 - 7T ADMEK HEHI L LTAF = A bORMBTHERES N
FL72. €Ok, BRAFHEH Y 77 7 2 =7 LT 2 &, HROTDSAKIDRENZHEDSH5 % Th o
72DWZR L. T0% L Loz FE (EEBMELS%) L) BRNLHFEER LI LA 5, British
Pharmacological Society #*5 Drug Discovery of the Year |ZME—®IIN T L7, BAETIE, EU, HAMM
% OE A THER SN, F—EPEE L L CHERhTHA SN T E T, HIZ, #7171 BRAF 2RI/
HARERG 25 AR B IHR OIS AKIOBRHEI % TH - 72D LT, ZOBHICE D 63% DFERhZH
R L72ZEDS, KEFDA % 5 Breakthrough therapy 12325 S, It EU 25| &6t & KETH &K
RENBIZE-TVET,

DLEoRIE, ROPEFEOM TGS 2 REEFREICTH 5 & & FHli S 4. IEFHEEIT TR 29 £
MEILREIE RSP E 2 ZE LE L7

D 40 ~ 50 SFRERTIC X, DSAIATEDR & X, 23 A G
#1220 ~30% T L7z BIEETIE, DDADHEBEIL60%HEIC LA
LE LD, BESALZEDVDWS [HHENA ]l OFEBRITK
RE LTI, KEBRIFEREE o TwnE T, Hizlcalfksh
B, Bl¥EL 25— Tl BEDSAO T BHRICHE R O
Ak HIRE L. R LE RSO MICHE T B W E OWFZERCR
DT L RGIHIFLTVET,

EeFHEBEROL TS 3107

40 | WHBATESORERL S - A3 v ¥ — BRI SRS



PIHEAT B4 & DRI

FORS HEHAR
SRR R A RS EIT SO - S R
I R

EHEAE LD R VIE, 1996 F 4 A FAOBRGURFEST - BRSO 2 516 F 1)
F L7z FAIENT T, SIRKFEAESRKE NCI/NIH (84EM) . IR KEAMZ AL (6 FMH)
WCTA A RIE - RIBRBOIBERTE (L Vb, FA ML U0 TEIA VOB 123D S AISER
FERHIBLTWE L, MEMES72ODPFEDLH S ) ITRFRFEFIEIZR DAL HAR TR S 7 {f5ft
Db LHEEFEZE L GRIELE L, HEERFESHORY £ AT, EEMoOHIR * PR - fk
FOBIZIGEML N LE LRIMCRHDO A AFTH ) T3, i, ILETLE ). EWo720TH) £5
N A FEFTORKEETIR R, BROEBIME L7, AaEHAse ok 2 0 AN L Wik &K
FERYVFHANTIZL, &) T THEREDI&EZTAZLICRD L7

ZITC, FTWo72QR>FAIIED L) BIZH - HEETRED, THY F L7z, T2, HLWHRE
FHEEAYYHC, V) BRTUEROHKZEFRFREEETLLENH L, LBWE L, 22T,
SEOHSEZRZBINCFTE T 2 P ERBOBZOR CTREL 2D ) 2 NEFERVIZLE L7 Z20H T,
WAL o CHFFE 3R, B ER, aggressive S UIZBWTEB L 72 A, & L ClEALESEZN O ED 72D
JTHY FT, okl iz, HERESHEEICETLEG - FEEICE L, A L. BaR¥ETos
HAOIZEZIFFEHEME LT EZFT0a2Z bl L WHEEERMES L L TH T PR
RIEFI AR ZE EIFAZ LI LE Lz, lHEELXIILO MARIZEL - FEELLOBET,
REEES (BoONZLTLIZ)IBoTEnaurd LNEFRADY) 2 FEMEEAFHIRE L THE -
WFZeiEE 2 17\ 2018 4F 3 HICEME B2 WA 2 2 LR T L7ze D F THBREE RS IR, 44
T8 %Mz &S WALKAEEFHOZ T RER R MR FHIZ A © BB S NI IRMFE R E T Z K
CTENTEFELL, EHIT. REINLWZ LIS 2 N— AR Z#HEE L LTHEVW LT L
(AT EE 2 FHI R RITEE) FroEirsismise (KIE 2 B8 2 Mt &%) BHRsSh, BEo
HWCTH - RWMRELZ LS LITHIRICGEEL T L 2ATHD 9,

HHIEAEDORRKOFEREIL, FELDPHE AT ) —<EHREN T AT T O (EAOB) THY 3,
b HEKHIEM 12 ATL (B3R L L C OB CCRA BUABIZ I HED B 2 DS TEF Lz T FHitR
B X O S 2 OO HERIF IO LN A HFEN AL IIARALTIRVWI L Z LBV E
KR

HEHEAEICBPNE LT, EFEEDS F U TRAMBE oM. RIS N A%
W - B EEDL_LRL Y Y — 2Bk ENAZ LIE, FRICHRT LV ETHY T, —KEY 2D
Tonzdeedbiz, EHICEMADNLPRELELUH 2B AGEER I OL B BHFE LR IS 2
L@ L TREOBIHCOFTEIZSIHETWLLZEET,

February 2019

41



42

BHELE, BOTEY) TSI T,

KBEEBA A Y 5 —  BREFTITE
AR R

-y

HHEE, COFFITEMBOTE ) T8WF T, T4, BRZIIAELY Sy —TLyy—RELTH
BEnrlnZ T, TTETOIEEAMFELTBY 95

RAEIE D TBEC L7201, ACKE Y 4 R & —WF7EHT 2> & KIRORSAE AT L 7215
PofzbBnEd, FFIE—ATHREDONLSL LITE L5, BRRKTHIZEZ RO TW/zEH T, L7
RE—=2 2 (MBIE) OFNTEZ AL 2T —~<IZLTBY F LA, 7R = A LRI S 220/
Baid 2 WHEME 2 T3 A 72012, MMl cocE 2oV b)) 2= —%2ffinizne Bwv, £
NEBRELOMEELELE CABEANENBRELZL W) 2L T, TR ERKFOEDOITEE
WIZBHESETHWZZOXBHICH» > T2mMZ o7 BT d, ZORIEIMRAZEOEFOH L LT,
BUNIRIE L TL 23T L7, BEZDHMAERWICFADOIIZEIZZDOHTNDFERIZH ) TEATLL
A IEHGE L) GV a N2 LIEFENT L, 20/, SRR BEFE T, T EHEEIKIOK
FREATORBIRSNIR 2 EICEMWICBRE ST TWzZnwTnE L,

EHTED T T2y 7 BEREITERPRN LE, AR ERZERVET, ) ERIRV A @)L
TWLELDHY ., FAORIIIERT 2 Lo ) TEAD, AOBEALEL L VHEICBENT L2 L1
GolzXonTid, ROEY (EXRE) 572 A M2 BIETHAELZ -2, ffoa v — Moe BE
WFLzZ ot BnES, ZOH%, EREOI 9 — MIUIEFEEH > TLEZED, HFVEEROY
A—=FZ2LTLZEVFE L7 BEMT, RETIEF o0 TCTAEFZ LT TWVITL LI >sTWET,

FEHEEIIBEVWLTEHLETA2DIEWO LR LA L TWE L7225, hdEid, 1 ZITHEE LIRS
WTT, WOBBEHEETHFOWMIEOMELZ BFEL L TLEZ3WE Lz, PPAMERERFONEr 6%
DY DEHEY — AR ENTZEOBFHIIVOLESIH ), TOBFHE, HIIZEIC— AR ER(IZ R X
GoTBONLHETEREELATBONLIRTF P ELo TE T, BV ZzW2nwTnE L7,

EWAIIAIHEL Yy —TH s —RELT, SNETORBErAEN L, TLRFLREIBEL TN
LI LERWET, BEICHEINETLIOBHVLE T, $72. BEOBFHE*BHETELIHEHELA
IZLTBhET,

EIHBATEIRBE RS - Al v ¥ —RBOLRL



WA O S NI R Y)

EISLAARGE > 7 —Wf5ERT T €7 MM R

Tl A

M #3213 i 5Tl o T MEK
FHEHI AL TS
Nd, LAl ficd [Ht5]
D¥ERBE BEL T, ROSEH T,
5% TR TREIDHIEAZ 25 DNA
AFMEIZE AL TS
N2 ErziEHINTWS
(Ohtani-Fujita et al, Oncogene,
81063, 1993) . Z o Fiil| & = 1
DAF M AL Vo v TIEDNA
IUEY AT 47 ADOHED X 5
M & % o 7ot TEE RS T,
AREIN S e e D 72 K e vng
ZZ T, FA4IZLT1994 F D pl6
DAF VAL AL v v 7h 5
ENTWVE, L2L, —EBostE
ANZIZFEbALRE#SINTBY,
EBIZBAEINTHEZELH D
() o

FA1E 1995 4E 12 DNA * F )V 1bd

TIMELINE

The history of cancer epigenetics

Andrew P. Feinberg and Benjamin Tycko
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PERSPECTIVES

and Horsthemke laboratories, were the first
to indicate that tumour-suppressor silencing
might occur by an epigenetic pathway**#. In
the Horsthemke study in 1989, hypermethy-
lation was specifically linked to RB, which led
his group to suggest it might have a direct
role in tumour-suppressor gene silencing .
In 1991, Dryja’s group showed that the
hypermethylation was confined to one allele,
again indicating specificity. He argued explic-
itly that it leads to gene silencing*. Direct
confirmation of epigenetic silencing of
a_tumour-suppressor gene was provided
by Sakai’s group in 1993, who showed a
92% reduction of RB expression in tumours
with promoter hypermethylation* and by
Horsthemke's group in 1994 (REF. 46).
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Congratulations to Prof. Sakai and the Kyoto Prefectural
University of Medicine on the spectacular successes, and I am
confident of continued success in the future.

William and Carolyn Aliski Distinguished Scholar in Ophthalmology
Massachusetts Eye and Ear Infirmary

Associate Professor in Ophthalmology

Harvard Medical School

Shizuo Mukai, M.D.

Thirty years ago, three young Japanese doctors studied under a brilliant scientist, Dr. Thaddeus P. Dryja, at
Massachusetts Eye and Ear Infirmary and Harvard Medical School. Dr. Dryja, a molecular geneticist and an
ophthalmic pathologist, worked on the molecular biology of the pediatric eye cancer, retinoblastoma, and
molecular genetics of inherited retinal degenerations. The three included, Dr. Toshiyuki Sakai, a cancer
specialist from Kyoto Prefectural University of Medicine, Dr. Junya Toguchida, an orthopedic surgeon from
Kyoto University, and me, an ophthalmologist from Harvard Medical School. We were attracted by Dr. Dryja's
work on the retinoblastoma gene, RB/ (which he had cloned in 1986), and the importance of this tumor-
suppressor gene in formation of many cancers.

Although all three of us have had spectacular careers since our time in the Dryja Lab, Dr. Sakai stands out
both in directly extending the work of the Dryja Lab and then successfully developing an effective cancer drug.
It was becoming more and more clear that the majority of cancer pathways inactivate the protein RB, the product
of the RBI gene. Dr. Sakai hypothesized that RB protein function can be restored by up-regulating the
expression of inhibitors of cyclin-dependent kinase (CDK). He screened for molecules that up-regulated the
expression of inhibitors of CDK and identified three molecules, one of which was the inhibitor of MEK,
trametinib. Trametinib has been quite effective in dramatically improving the treatment response of a number of
cancers including melanoma, lung cancer, and thyroid cancer. In addition, it has significantly increased the
survival rate of these cancers. Because of this, trametinib was designated a Breakthrough Therapy by the US
Food and Drug Administration and was selected as the 2013 Drug Discovery of the Year by the British
Pharmacological Society.

As Prof. Sakai completes his tenure as the Professor and Head of the Department of Molecular-Targeting
Cancer Prevention at Kyoto Prefectural University of Medicine, his work from molecular biology to identification
of therapeutic targets to development of therapeutic molecules
to a widely used and effective drug deserves celebration. He
serves as an example of a rare group of physician scientists that
have done this successfully. In addition, Kyoto Prefectural
University of Medicine should be commended for establishing
the Drug Discovery Center with Prof. Sakai as the inaugural

Director. I cannot think of a better person to head this endeavor.
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