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28719 72| o] E (o o, N.N-t] W o] i 7 2 B ), o 1] &= (o] 71 o,
EgSF2otAld o], of A ol i 55) 5o .

7] 3] 2~ E WE Edl Aol A= 2 "HMTase"+= 3] 2 E 9] glale) g, &
E= A HE S doleh= Ae F8hs aAaR, 3 AE-MY aaot
go] "FAE"E o] F o ZHE| Q] HI, H2A, H2B, H3, H4, ¥ H5& ¥ 3t
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(carboxyl terminal domain)& ¥ ®.1= Zlol] 8% th. NSDs-CTD+= 1) 4
FAH 2 3] 22012 25 Wl pre-SET, SET, post-SET, ' PHD4 % 1| Q1S
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[96]
[97]
[98]

[99]

[100]

[101]

[102
[103
[104
[105
[106
[10
[108
[109
[110
[111
[112

e e e bd e e b b b e

[113]
[114]
[115]

8}4] (molecular dynamic) A & @] 0] A& o] &35} o]
2] SET L=w|Qle] Azks Hd st

HMTase$! NSDs 3] ¥ #] o] 4:3}3= NSD1, NSD2, & NSD39] Uz}7 %25 &=
1Al et it

%15 NSDI1, NSD2, ¥ NSD3¢] U} 7% 9] F A o]tk NSD 74 .7+
270 2] PWWP %191, 471 2] PHD ©}91 33 A (zinc finger) =M 91 2 S uj vl
(catalytic domain)e 3 3H3H0}, vl 2] Q1= HMTase 24 & 7F4| ™, pre-SET,
SET, & post-SET H=-H| Q15 323Hgtt) 3] ~E- A% i &
(regulatory loop)E &= MO =2 F A5G T

NSDI, NSD2, 2 NSD3 2] CTD (carboxyl terminal domain)E 3}7] 9} 29|
FEYs3,

NSDI-CTD (1338 bp, 5325-6663 nt; encoding 446 a.a., 1775-2221 a.a.), NSD2-CTD
(1287 bp, 2808-4095 nt; encoding 429 a.a., 936- 1365 a.a.), 2 NSD3-CTD (1344 bp,
2967-4311 nt; encoding 484 a.a., 989- 1437 a.a.) & 1t F cDNA o] B & &
(TAKARA, Japan)Z 8 © & o] 83} PCRE £ %3} U}

AR E EQ = gy 2 sZdfo| = st of ATt

NSDI-CTD®] 7%,

5- GCTGAGGTCGAC(Sall)CATCCTCGAGCTGTTCCTTCC-3 2

5- CGGTACGCGGCCGC(Not)GCACATACTCACGGATCTCCCC-3;

NSD2-CTD®] 7%,

5-CAGGCGCATATG(Nde) TTCCCGTACATGGAGGGGGAC-3 2

5-CGCCTGCTCGAG(Xho) TTTGCCCTCTGTGACTCTCCG-3;

NSD3-CTD 2 7%

5-CTGAACGTCGAC(Sall)GGCCTTAAACATGACTTGGGG-3 2

5-GACACCGCGGCCGC(NotDATTCTTTTACTTC TTCTCCATG-3.

2% NSDI-CTD 2 NSD3-CTD 7F& (Sall 2 Nod A3+ &2 AFe] & ¥3H) &
NSD2-CTD 7}&F (Ndel 2 Xhol A e G A& ¥ 3HS vhala ubg <lg)Ql
(Intein)-El] 2% W ¥, pTYB2 %=+ pTYB12 (New England Biolabs, USA)<]
th-E 222 o] A3 a4 Aol Y] Eh ot

Cng
s
BN

2

il

H

12 9938 2g 2 A

NSDI-CTD, NSD2-CTD, 2 NSD3-CTD (NSD-CTDs)S ¥ 3}38}+= pTYB2 =&
pTYB12 &&= Escherichia coli % & 5> (ER2566 =+i= BL21)&
HAASA AT FAASE M EFE 100 g/mL SI]A H S E39}51= LB
Hl 2] o] A4 wlj oF &} Az, A 23 NSD-CTDs 2] 23 -2 250 M IPTG (isopropyl
1-thio-D-galactopyranoside) & 15 ©l| 4] 4X] kg9t R-58} S T},
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[116]

[117]

[118]
[119]
[120]

[121]

E. coli A|EE 343} 5 4-83) W'H (freeze-and-thaw method) 0. 2 &3] &} a1,
0.1% Triton X-100 % 1 mM PMSF (phenylmethanesulfonylﬂuorlde) =S Xl
HM A [20mMTns (pH 8.0), 500 mM NaCl, 2 0.1 mM EDTA]ol| A #lj %3+ 5,

ol A 203] 8-3}4 2] (sonication) 8} S T}

NSD-CTD-Intein-CBD (chitin-binding domain) & %} Y& 2 & Z 3}5}= Al %
FEES 7IE b= H3 e Ay Aol A 2 A7 5L, 0.1% Triton X-100E
55?}; sh= 100- A7 3] o] Bj ¥ AR A g H, Triton X-1005 Z a4 &+

0-AH 3o 5 AR HA|ektt. Al =g G zel] At vhe gl of
/\]EJﬂ 2 AASH7] Y3+e], 10 mM ATP (adenosine triphosphate) 2 2.5 mM MgCl,
2 x84} 10-0] = 29 o] M3 AR A %3 NSDCTD- A4%% 7|8l v =&
IATES T F o] o, uhe g o} AR & A A 7] Hl8te] FstE A& 200 =
Fylo]l ] AR A8 T} 50 mM 2- TFE of| §H-2- (mercaptoethanol )2
2= 3 A ol A 4 ol A 48A] {Ha <t QI o] A sto] 7] |1 H| =2 L]
NSD-CTD ¥ 2 & 2|t} B3 AR 8§53 5, Amicon Ultra 4]+
ZEH & o] &3l 53 5, e E W3 2ol A (methyltransferase) ©] 4| o] o]
o]-g-} 3l th. A A ¥l NSD-CTDs 9| & SDSPAGEE -2 3t Q{t}. FnpA] ¢ A
2ol 4 50.8 kDa (NSD1-CTD), 48.9 KDa (NSD2-CTD) % 51.1 KDa (NSD3-CTD)<]
o ¥ WA, 834 of 5 NSD-CTDs-S #1383t} (% 1B). Al =3
NSD2-SET-Z 80 o] A 2.7l ), o] ol A] kg A o] 51 Sl 2] 84 &
Fr A SR T

13 3] 2E fd E g5 E]—OI-ZJ/ (Histone Methyltransferase) 07’ A o]

H3K4, K9, K27, K36, K79, 2 H4K20 ¢l 4] ©] NSD-CTDs®] 3] 2=
H e Edl A~wglolA] 84S v A AEE I] E (colorimetric quantlflcatlon kit)
(Epigentek, USA)E- A| Z2ALS] X 2 & Fof ule} 54315t H3K36, H3K79, 2
H4K209] 7 5-, Al | A| 23 NSD-CTDs (0.2 g % 2.0g)E Al 2§ 8] 2E H3
'E3= H4 (Epigentek, USA) 9} &7 wlj FataL, 5ol 4 A= a8 s ~EH 4
el We 7] Fo A (Adomet) 9} 60- 90 + & <F A
o] uleho] AdtE So| A A= wLstH VAL LI

H3K4, H3K9, ® H3K279] 27, YA Z 39 ¥ =24 4
(biotinylated) 3] 2= 7] & 0| 838} 0, 60+ &<t 37 01]7\1 2E Y 4 Aol A
ol M o= yE sl LY 95 E s 5| ~E /|4
A & A 604-F 2 ALl 4 100 rpm o] nvEo = vl Fet vt #EFe] A H
NSD-CTDs, 3] 22, Adomet, & A& A& 5}o] A A 8)aL, &)

>,

, Ay =
H] @ €13} ¥ H3/Hd4me7} 285 ~EH 43 a5 A5 514 9

6035t 24 o] A gFA ol A 100 rpm&] 8= o] =7 st L&
A1, w3} J =B HRP-Z2HE o) 2F A A Al 2851E o] &

- 1 =

ELISA Zd ol E 2] t] & 450 nmel| A A & 3}3} St Epigentek Aloll A A 3§t
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[122]
[123]
[124]

[125]

[126]
[127]
[128]

A 2 o] 2ot 7] o 3ol stoT). of A o] =
28] AT 48 TPA e dE2T (R29 NOS HIE o R 2348

Bt sketgch,

X
g
1o
El
Wi
24
rE
~ ofo
°
e
2
=
A
&2
oo
lo

14 A B2EY, =7, & o1z I3}

NSD2-CD (a.a. 971-1202) 2 NSD3-CD (a.a. 1044-1283)2] 54 2 A&
TA3517] #15ke] NSD19] v =] Q1 (catalytic domain, CD)2] A4 % (PDB:
3001 - a.a. 1850- 2080)E & &= Al-&3} 3 Th NSD2- CD (a.a. 971-1202) 7}
NSD1-CD (PDB: 3001)%} 75.9% & YA (identity) ¥ 90.1% 1AM (similarity)<
&3} 3L, NSD3-CD (a.a. 1044-1283)3= NSD1-CD%} 72.9% &4 A 2 85%
FAM = s etk

A S et A sh] feke], Sl 2 g AEo] V=g
7ol =g}el & uirof] u}gkt}. ClustalW V2.0.95 o] &3t v A 244
(multiple-sequence alignment) -$-, Modeler V9.5-& ©]-8-3}¢] 10071 ¢] ».9-&

A3 skl Tl a1F-2] Modeler 7] 5ol W&, #H 4 9] 2dl-& SCWRL4 221308
o]-gs}o] Z7] 2] XY (side-chains positioning)-= =3 8} i T}, ) A 8} &
PROCHECK £ ©]§-3}o] &213}3lt} 222 COOTE ©| &3l 522
AR} 3| A% me) e =E H3K4 (a.a. 1- 7), H3K9 (a.a. 5-11), H3K27 (a.a.
23-29), H3K36 (a.a. 32-38), H3K79 (a.a. 75-81), '@ H4K20 (a.a. 16-22)2] &7 &,
COOTWl =52 & T4 3tk COOT ol A SSM & &2 8] 52 o] £3}9],
NSDI1-CD, NSD2-CD, ¥ NSD3-CD2] 3] 2~ & A3} 4o H3- &=+ H4- FE| =
Y E A A 7] a1 w3==d] NSD1- CD (PDB: 3001)%} 3| 2~ H4 31 E| = (PDB:
3F9Y) ¢ AstEl SET89] AA Fx99 F+x% ¢ vl d o] E o] &3 %l APBS
V1.2.1 & o] &3sto] A 7184 ALLE Fastgi o, E2F 1H ] A 7] 4]

E A4S VMD V1.8.7 2 PyMOL V1.22 & YeRf Sl th

159 U=] HL38 B P2} G513 A F o]

FE] =- NSD-CD 534 & VMD 1.95 o] 83} 5422 (140 x 100 x 110)°ll A
A 3] gujs}elgitt. o1 #] # A3} (energy minimizations, EM) 2 -2} &< g}
(molecular dynamics, MD)¢l] o] &% = -2} A| 2612 517] 9] 42} =5 ¥ ghsir):
NSDI1-CD-H3K4(1- 7), 42,121 1 A}; NSD1-CD-H3K9(5-11), 42,104 1 2},
NSD1-CD-H3K27(23-27), 42,095 ¥1 A}; NSD1-CD-H3K36(32-38), 42,106 %1 A}
NSD1- CD-H3K79(75-81), 42,120 ¥ A}; NSD1-CDH4K20(32-38), 42,130 ¥ #};
NSD2-CDH3K4(1-7), 44,848 1 Z}; NSD2-CD-H3K9(5- 11), 44,840 1 A},
NSD2-CD-H3K27(23-27), 44,828 1 A}; NSD2-CD-H3K36(32-38), 44,830 %1 A}
NSD2-CD-H3K79(75-81), 44,844 1 A}; NSD2-CD-H4K20(32-38), 44,860 1 A};
NSD3- CD-H3K4(1-7), 44,367 1 AF; NSD3-CDH3K9( 5-11), 44,353 ¥ Z};
NSD3-CDH3K27( 23-27), 44,341 ¥ A}; NSD3-CDH3K36( 32-38), 44,349 91 #};



WO 2015/152437

[129]
[130]
[131]

[132]
[133]
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[137]
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NSD3-CDH3K79(75-81), 44,366 ¥ Z}; NSD3-CDH4K20(32-38), 44,379 | A}, 2F 90
%2 YA+= 2 AR #2385 T EM 2 MD-2 CHARMM force field &

0] 83 NAMD v2.8. 0.2 =335} T}, &2 300K A 9] Langevin ¥4 &

o]-&8ko] FA8H 21, §F¥ 2 Langevin ¥ 2 E2 0§30 1 ofH o=

A5l FA 5k B A e

PME (particle mesh Ewald) % S o] -83}¢] 10

71-9 3 A& (cut-off distance) = 1L &} U}, B v g} ¥ 534, 3] AEFE| =
NSD-CDE 5,000 @7 2] (5ns) &< 74 Al (conjugate gradient) EM, F ©]- 20,000

w7 2] (20ns) ¥4 FH 5k 2
B vA N Sl =

LA 2zl thste] &

)

16 g o9 474
23]

]/\ —‘-],Oﬂq_

Asle] %0 Z COOTL & Fo

5,000 @Al (5ns)2] EM2] 53] HH5 0 7 Z %
EM2] 5ns 1t} &0 8% 3] ~E-E] =-NSD-CD

100,000 ¥+ 4](100ns)2] MD 2 % 30,000 &7 (30ns) 2]
EME 73838t th. MD Al g d o]l 5, &vsld 58A & o] 4 dAseh&

binding = complex (peptide + NSD).
HEMD @A o] 2d e & 2ARTE LY stal, 53 A3 yAE

Artsl=dlol Abgstltt. A 534, e =,

U EM #7827 AA g v AT i A
Al (4ns)2] &N A} (conjugate gradient) EM, 5 ©] ¢ 2,000 ¥4 (2ns)2] MD, 2
6,000 A (6ns)2] EM (NAMD v2.8)2 o4 A & 4 3}3F 31t} EM ©HAl+= <1
kJ/mol®] =4 H A% (local minimum)ol] =E3}7] o] SFF A== AU}
F2--2 300Kl 4 2] Langevin ¥4 & o]-8-3to] §-2]8}5] 2, 12 2 Langevin
T aEg o)gste] 1 hg o= YA FA5

17 B9 24 2 F9)

151k MD 7 4-& VMD 1.92 & #4131 th.

A3t o] 2] & NAMD 54 9] % o] 2] A41g o]-&-3}o] 179} o]

2 NSD-CD apo?] ¥4 255

]/\]-Q g}oﬂq_ =4 1:41 0 4000

NSD-CD} H3- Ho+= H4- S E| =119] A5 2H-8-9] t] 8] - Ligplot=
WA BT COOT ol A o] mdle] Al 242 HEES Tt 4328 725

%0 2 v,

1.8 NSD 74 ¢2] CTD 7} in vitro o] A t}= 3]

g9l

2E HUE Y &+ 205E

NSD1, NSD2, ¥ NSD32] CTD7} in vitro ©l| 4 H3 2 H4 W] &] t}5-2] Alo] st
A8 Sol A 0w AN g A H g 5 5

- 2} =52 H3K4, H3K9, H3K27, H3K36, H3K79, 2

NSD1-CTD, NSD2-CTD, %
st sheich

1 NSD3- CTD <] A A)-

Al

= g1ty Y5l B
2 H4K20 7ol A 9
] € 5} (pan-methylation) €/ &
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[140]

[141]

[142]

[143]

[144]
[145]
[146]

[147]
[148]

[149]

[150]

1 AIE 29 lJrE‘ru%‘}iUr %= 25= in vitro ©l| 4] H3 X H4 7] Aol tf st
NSD1-CTD, NSD2-CTD, @ NSD3-CTD¢] HMTase &4 & }ebdl Foltt,

5= 20 YERE B9} o], NSD1-CTD, NSD2-CTD, & NSD3-CTD+= F-AFSH 712
o124 2 € 3} 541-8 YERH AT, NSD3-CTDO A A We 3} &4 &
g1t} (& 2). NSD1-CTD 2 NSD2-CTDol| A H3K4me3 @ H3K27me3 £ 0]
mel 2 me2 FHT} U Bol A& A} 18y H3K9-mel & -me2 2 H3K79-
mel & -me2 F°] me3 TR ¢] A7 E T} NSDI-CTD % NSD2-CTD %}
H) 3 3}o] & ), NSD3-CTD3= H3K4 2 H3K9¢l thdt nju| 3l 8418 A 9|8} ar,
AA e wE st 24 (~1.5 vhHE HEF AT 5ol % 7] Al thshe], H3KO9,
H3K27, & H3K79¢] ] NSD3-CTD®| | € 3} 242 NSD1- CTD % NSD2-CTD 9]
A1 Aol Fdsksitt

22}, HAK20 W € 3}4= NSD-CTDs Alo] ol A thaFalich, 238 v et i,
H4K200°l 4] NSD1-CTD 2] & A 3+ mono-/tri-H €l 3} &4l NSD2-CTD Y]
di-/tri-W| €l 3} A1, 2 NSD3-CTD Y] di-/tri- W €l 3} &4 o] @1y o o]=
H4K207} in vitro @) 4] 2.5 NSD-CTDs 9] %7 91 v eFIt). H3K363=
NSD-CTDs F.5-ol ]38l W E3s}% 2} o1 NSDI-CTD2] ul&2] 3l 7] 2 o] AT},

E3rate] & o, A7) A3ki=, NSD1, NSD2, 2 NSD39] CTD3= in vitrool A
714 o) uke} w9 o}k 2w 2 @41 © 2 H3K4, H3K9, H3K27, H3K36, H3K79,
2 H4K20E Q1A 8t vl s} & = 9l &2 Yebd v 9% HMTases (o &
Smm%mmeWﬂﬁﬂﬂﬂ%E@iﬂﬂ@ﬂ%@%ﬂbﬂWQ%ﬂﬂﬁHf
A A e S FAJo] Flwl NSD2| -4 o] o}t),

1.9 =nf T ojolo] gg & '] 7 & Azl mdg o] g‘]-o]

A}7] A 3= NSD1, NSD2, & NSD32] CTD7} th4=2] 3] =& g 41-& Q143 ar

HE 3} o 5= o5& WEFTE (5 2). NSD 74 el &% 3] 2= ¢4l 9]
HE 3 E O A A o2 A R Y] flake], E EEAE 2 S =)l (catalytic
domain, CD)& F% 4 W& sl g A1-243)F ol A28 A 53519 t)

1 AE % 30l YehpRic

=5 g o =gl - 2= 4 W4 (triangular fashion) 0 = 4 H ¥
30 2o AFE A E Y BEE A sk ulS AR F A2 1) FoE
ol 7o, e B 2 E ] AL AF E
A S Eotel Coll A3 T4 o= AF )
EABIG T 2 d =5 o] o] B Fo ozlate

of

S99 MD Al E @l o)A & H3-FE] = (a.a. 32-38)° A 3% NSD-CDs<]
19l H3K365 HAISHIth AR 714 5 879k o] Mo g fA ekl
FEA: ok AEE H2 A S8k ] +5/-5kb. Teec -1.

L= 30 YR vle} 2ol NSD1-CD (PDB' 30009 A4 T2 HE = 7] A o]
o, 3| ~E-g Al A3 -2 SET ¥ post-SET -4-2] QlE] 3| o] 2ol A 24

4 b

e
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[151]

[152]
[153]

[154]

[155]

[156]

[157]

32 (regulatory loop) = H| M ¥ o QUT}, o] 24 F32 o] F2H4] 2] (molecular
determinant)<> 3] == A 7 A GAE ), 1HE VA AFS YA K o=
uhsj e+ H3K4 HMTase MLL1+= 2] 21-7] 4 A% 5ol A=l 2 &3l -3 9]
URlo] ¥ = f-5 2% post-SET# AR 548 & -3Hth. NSD2 H NSD39]
CDsE 74 317] ¥138Fe] NSD1-CD (PDB: 3001 - a.a. 1850-2080)2] 274 +-Z &
o] &3t o, o] = 40 % ©)/F ] A E FAA S TR FAFS F2E 7l
2 AsAd RdE S F8te] skt

T ;A kel A H A Y (pair-wise sequence alignment)-<> NSD2- CD
(a.a. 971-1202)7} NSD1-CD (PDB: 3001)2} 75.9% 5 U Al (identity) 2 90.1%
FAFA (similarity)S & -8FaL, NSD3-CD (a.a. 1044-1283)3= NSD1-CD$} 72.9%
TUA H 85% FrAME & T8-S YEFHRITE NSD1-CD, NSD2-CD, %
NSD3-CDi= W §- =& 7] 454-& &3, ol = wl§ fASE 25
ot Al vERATH (5 1),

1 T, 2 W g A5 MD (molecular dynamics)S- ©]-8-35F0] 3] ~FE-2] 2]
(H3K4, H3K9, H3K27, H3K36, H3K79, H4K20) 2 NSD1-CD, NSD2-CD,
NSD3-CD& *-318hi= HE B o] =7 & ALY H & a2 U3z} 9l=
el F-29], 7] o] gli= NSDI-CD9] 24 -2 & vte o 2 313l oh. whefA,
FE] =) =70 ¥ NSD1, NSD2, ¥ NSD39] apo CD9] F.&ll& o] =4 o 7
YA A 072 EQHeE 127} B A gt 5% (water box)ol| A ol %] & A3} B
7] MD Al E# ol A& asle], YA 4 SE0] §lA 8taL CDs7t 714 &
FEohE ¥ 727 H 55 o= Al 248 F]Ivh

= 43= H3K4, H3K9 X H3K27 A 32| ¥4} 38 4 4] (Molecular determinant)<-
e = Sol T

FE] = H3K4 (a.a.1-7), H3K9 (a.a. 5-11), & H3K27 (a.a. 23-29)S =2 0 &
gk a1 2719 A2 g H Y S B o= vpEhjo] ok NSD9] CDsE - 9
ofr] :Ahe] FE2AHg& AM O R FA e AHE Foesith 5 HAd S
FAATS HEdY AFA A5 AE S AEegith o] HE 2R
LigplotE ©|-&38to] 444353t

% 53 H3K36, H3K79 2 H4K20 23l sl H 21 & vpehifj= Solt} HE =
H3K36 (a.a. 32-38), H3K79 (a.a. 75-81), & H4K20 (a.a.16-22) YEFH AL

771 MD Al 2 0] A& B34 7} post-SET F4-oll A #2H 5] = 2F-& RMSD
H & (oscillation) & & SHAG e -2 2 H & 3k 7| =d] 4 -8E QT (overall c-
RMSD < 0.6 A). 23} ZH-& 5728 259 DNA7ZF &2k 4 A 4 2Hs A
(allosteric effector) A4 A31sl= A o2 1 H o7 ¥ = €9 CDY +x&9} 77
= 2 th MD Al E-# o] A el o]o], NSD2 % NSD39] CD *u 3] SET ¥
post-SET -5 ZHNSD2-CD 74 -9~ a.a. 1178 W A] 1191, ¥ NSD3-CD2| 7 $-a.a.
1260-1273)2] QIE # o] 29| F32 4o -2 4 WE & #Esgint o] F2+
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[158]
[159]

[160]

[161]

[162]

[163]

[164]
[165]

[166]

~40E B ABEl o, F %iﬁ@GMMM®ﬂM#ﬁOPﬂW%ﬁH&
2] (displacement)©] U} (5= 3). W 2] 1} 2] = F= - RMSD <0.6 = & #] gk
TRA HYS AA eFskt

1.10 H3K4, H3K9, H3K27, H3K36, H3K79, & H4K20 FE/ = 9] 4 g 2] ¥x} 3
e g,

NSD -4 € 9] CD+= 7AFS 7] 54 wr|Qls 3frahH, dRkAQl 724 54
AN FHE (2 1A). 3] ~E 8]-A s F5-2 SET 2 post-SET -4 Alo] 2]
A Ho] o] 24 F327} 3 ¥ a1 A, 25 s 2 797
rEEo] o= s H3 2 He el = Al 7F Rl b ol A el 4w
ghslo] 2ol 7hs sttt (5 3).

NSD-CDsel| o] gt 712l Q12 o] #2414 Y e A& olafatr]| Hsted, &

WY 252 2 Ulo| A A7) MD Al &g o] A& 98 31|, H3K4, H3K9, H3K27,
H3K36, H3K79, ¥ H4K20 F1 ] = o] A% 542 A9 5kt

HEHog Bz ES AlgH P& 3|~ H3 2 H4 3N E] = (H3K4 a.a.1-7;
H3K9 a.a.5-11; H3K27 a.a.23-29; H3K36 a.a.32-38; H3K79 a.a.75-81; H4K20
mﬂﬂ%ﬂvﬂﬂﬁﬂﬁNQMNmmmm%%%aﬁXWVHQHA
wHol FAE FAetE 2= Ale st o5 543 NSD-CDs 9l
AE¥ = A oA & A 3R D).

¥ 12 NSDI1,NSD2, @ NSD39] Zuj] L=l Aol A 2] A3 ~E 7] 22
e w9 e = At oA E YR ot WE == 8ty Aok
H3K4 (a.a. 1-7); H3K9 (a.a. 5-11); H3K27 (a.a. 23-29); H3K36 (a.a. 32-38); H3K79
(a.a. 75-81); H4K20 (a.a. 16-22). =7 A ol A thx A& 0 2 polyEE
AH&-3F S T polyE= 6-mer = 2] - FEFRIAL I E] Eo| T,

[3 1]

(Kealimot)  NSD1 NSD2 NSD3

H3K4 -229.7 -299 4 -200.5
H3K9 -353.2 -280.4 -2829
H3K27 -151.9 -252.6 2474
H3K36 277 1 -272.2 -261.6
H3K79 -285.6 -332.4 -254.3
H4K20 -277.2 -269.5 -289.0
polvE 444 2 8629 663.2

MD Al H 2 o] d 7 534 o] & ol | A= Al g 714 hell v §- Bl 2kgl o
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[167]

[168]

[169]

[170
[171
[172
[173

— e e

[174]
[175]
[176]

(NSD1 2 NSD2°l| 4] 0.12%<] 3= Ak, NSD3<ll A 0

11
A B W 27 NSDTA 3 FrAFeHAl A eE vrEbd Y (R 1), g
A FEERMUEADY Agste] @ 8| A Al E AT vl
HAGAA, YA 718 o] F 1AL (cofactor)-A 7 7] JE}EM S| Hh-g-&
Jo7|ms: g} (& 3). FHE-AF PR 7oA HE s F8F AR =
8] Atk FHF AR, 7-o01| =4F S E| = (H3K4, H3K9, H3K27, H3K 36,

H3K79, ¥ H4K20 ¥ 3H+= v $- f-ALSE A4 2 A7 4 EAS F53 0 (=
D, AR RE H3 D H S e e ge] B ela v 92T

E-3Fo] NSD1, NSD2, ¥ NSD39] 3| ~&-712] 23} & (histone-tail binding
cleft)ol A ¥ ks g k5l o] ATk (%4 & 5).

o) el e AL AT ol Ui A 2 AR 3, o)tz 5|2 el o}
CDsbe] vhg 3 124 2 471714 FR 4 S Lhehileh (Table 1),

CDol M & B& 3] 2% FE 2o =72 fola o 73 =7 oy |2
HdAo] o, o= 2 V[ H FHAS A i AP omA, H

g 22 dd ATyl 72249 YA A& E fdekes =
=238 7-mer2] polyE (poly-glutamic acid) ¥ E] = 2]
polyE | =0 5702 v~ F-2] 3k A ol =] o} 3
oW 3k NSD-CDs# 5= $74] 23 2315 Vehdl & Fx3th (&

SHete] &, A7) 2= NSD 139 | 2E- AT FHUZE AR Y =
3] 2~E e met S5t FHE 5 e, o]i= H3 B/ H4 3] 2~ ALe] 9
HgA = A AAA R A A “H A& A E e

A Al o 2: HMTase$l NSD29] A&} & A A
i=]

=

B Y 252 NSDse] A e A Q1 oA 7} BE% SAM 2
B ~E-AE] A E FA T AWAR ot @A = 4
712 SAM 23 U E %45 oA

NSD2-SET9] 8| ~E-7g] Agt F o Aglsl 4= Q= A5 ~3

21 29

217k 3 cDNA o] B ai 2] (TAKARA, Japan)E 53 © & o] 83 PCRS
T85te] Q17F NSD2 771 2} (NSD2-SET, 873 bp, 2844-3717 nt; 291 a.a., 948-1239
aa)E &%k £ = F gy 2 sZefol = ZH7) PK162, 5-
GGCAGCCATATG(Ndel)CAGGGGGTCAGAGGGATCGGAAGAG -3 2 PK163,
5- GAAGCACTCGAG(Xhol)CTCTGACTGCCTCTTCCCTTCCCC -3°] %1t} PCR
Z2Z % NSD2-SET DNA 223 Ndel 2 Xhol 0.2 ¥-3| A 7] a2, vkl 2 ul-g]
Qe Q! (Intein)-El| 2% W E|, pTYB2 (New England Biolabs, USA)«] bt 224
AA W= A stk A9 S S5t Al dAE Elskgith
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[177]
[178]
[179]

[180]
[181]
[182]

[183]
[184]

[185]

22993 a4y H YA

NSD2-SETE X3sh= pTYB2 Edt v =2 32 W 84 Escherichia coli "F @
5, BL21E 100 g/mL 43| 2 -8 E3}51= LB v A & vl Fsl it A2
NSD2-SET <] & -& 250 M IPTG (isopropyl 1-thio-D-galactopyranoside) % 15
AX 259 -8R T E. coli A EE 36} al 5 A-8-3] W (freeze-and-thaw
method) & 2 88} 3} 31, 0.1% Triton X-100 2 10 mM PMSF
(phenylmethanesulfonylﬂuoride) 5 ¥ 38k ¥ A [20 mM Tris (pH 8.0), 500 mM
NaCl, 0.1 mM EDTA]°| A & vl &k 5, A5 4ol A 203] 231 ¢
(sonication) 3} 31 TF. NSD2- SET-QIE Q1-7| €A 3} v Q1 G5 vl 2l 3
¥olel= A FEES VIR A= 3 AY Aol 2P A4, 0.1%
Triton X-100& E§3}= 100-Z2 & F3]9] 3 AR 9 A $F H, Triton X-100&
EoFetA] = 20-AH T o] M AR A[SHvE A2 vl A o] At
dhe] gl o} AR B2 A A 3H7] #18Fe], 10 mM ATP (adenosine triphosphate) & 2.5
mM MgCLE ¥ 83}= 10-0] = 73] o] 3 AR A 23 NSD2- SET-Z2 3+ 7| €
H] = E 2] A1 83T 50 mM 2-™ & ol ¥F-E- (mercaptoethanol)2 X $18F= T A
ol A 4 o) A 48] ZHEQF Q1 -1 017‘43}04 71¥l ¥ = = 5B NSD2-SET
oA S el o, 3 AR 853}, Amicon Ultra 94 58] ZE] & o] &35} 9]
3% 5, vl e E W2~ 2lol A (methyltransferase) o Al o] o] o] &3} v}, A ¥
NSD2-SET®] 42 SDSPAGE= 4183 th. FrkA] ¢ 4] Aol 4 33.2 KDa
o ¥ WAk, 884 o =9 NSD2-SET-S #1389l } (&= 6B). Al =%
NSD2-SET-> 80 ol| 4] H.3bg uf, o] ol 4] Qbg A o] a1 F vl 4] 4] &
2155,

23 sI3HE
3}3+&E-2 MolPort (http://www.molport.com/) (Table 2) & Z F-§ -uj| 5}o],
DMSO (dimethyl sulfoxide) W >99.9% =2 74| 8} ST (D8418 Sigma).

24 3] 2E g E g A 7 2} o} %] (Histone Methyltransferase) ] A #] o] 4] o]
(Inhibitor Assay)

H3K36 7ol A1 ] NSD2-SET9] 3] 2~E W& E gl A3 efolA] A& v A g &k

7] E (colorimetric quantification kit) (Epigentek, USA)E A| Z£A}2] X 2 & Fof
ule} 243k A E A 23 NSD2-SET (4.0 g, <& 242 M) A 23 217r

3] 2~ % H3.1 (5 M) (New- England Biolabs NEB, USA)2} 37 A1) ok
(preincubate)3}aL, o] A o] 7] E 2] C2 {3 o]l A4 & A Al/DMSO %= DMSO
G5 (0mM A A o] w2 B S48 T o] ofAlo]d] o] &8 A =7 3| AES
E. coli o) A 2] A4kl A of ] &F 72 2] W & whx] oFqk o A A (NEB) <
A Aol whe} ESI-TOF A % A1 & o] §-8to], o] & &l i) Alvl g+
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[186]
[187]
[188]

[189]
[190]
[191]

ekl M 7] Fo4A S0 ME H7bskar, SA AEH AR HA 1205 5
A2 2709 bAoA ket Tk Be-m e 31 H3K36 (H3K36me)E 2 EH
dof upetol] 2o 9z &R H3K36 FA| & o] &3] EH ST 3o

A ¥ NSD2-SET, 3] 2=& H3, 9 Al A, 2 AdometE Al 2 5Fo] A A sk,

gl B HE A, F o] A A (colour development reagent) 7| 3 & ¥

A A)-H3K36mel = AE3IAtE ~2E ¢ 98 ELISA 9ol E 2]t & 450 nmol| A
WA T H3K36mel o] 752 53359 759 v #H gho}, o Al o] =
Lz o 3zt AT A= FAE E3eA] Fe hrTo R A3l

shsich.

|

25NSD2-SET 9] &3 7x9 #x 24

A ZElE & o] 831 (homology modelling) NSD1 2] SET %1 <! (PDB:
3001 - a.a. 1850-2080)2] A4 -ZE& NSD2 (a.a. 971-1202)] SET =H|Q1&
TAAE7] $18 23 o & 21838l th. NSD2-SET (a.a. 971-1202)2] A €2 53
NSDI1-SET (PDB: 3001)¢} 75.9% 54 A (identity) ¥ 90.1% 1A (similarity) &
&3tk ClustalW V2.0.98 o] &3 24 28w ths-H 2 44
(multiple-sequence alignment) -$-, Modeler V9.5-& ©]-8-3}¢] 10071 ¢] ».9-&
A 23R} 3152 29 7]°5 (intrinsic Modeler function)®ll u}&}, SCWRL4
X R ag o)gslo], HA e wdo] thsle] 7] E XA (side-chains
positioning) =3 5} 51 T} ] A 8} 812 PROCHECK & ©]-8-35}o] <138}t
292 COOTE °] &3t =522 43353 th NSD2-SET9] W22 18.1% 22
H-AA4E 7HA v B A E ] F4 H A5 5 H-Q1A = #H7tst it o) +=
e g o Qloj Al Al -8 F 2 A4 (quality metric)©] tF. NSD12} NSD2
Afololl A SET ZwQl 9] =& A BEo] 25)o], NSD2-SET2] F.dl® &
ol dA 1 A9-E et ATt

2.6 NSD2-SET 9] €& X ZX =g @

3| ~E 717 H3K36 (a.a. 32-38) FE]| =& COOTA A 5o =2 FAs19 T
NSD1-SET (PDB: 3000)¢} 3] 2= H4 31 E] = (PDB: 3F9Y)°ll 2% SET82] A A
T2 R 24 2 #lo] (overlay)E NSD2¢] &3] F2 R dlo] 3| AE A
2 A o)l H3K36 (a.a. 32-38) HE =& 4% 0 7 XA 7| a1 gh3=1)
o] &3ttt &2 2ulwo]i= COOT W2l SSM &1 55 o] §-3}o]
3838 o}, M E] =-NSD2- SET 534 & VMD 1.9Z o] &3} 522 (140 x 100 x
110)el A 28] & gtat et ol A & 43F 2 #2528t (molecular
dynamics, MD)> CHARMM force fieldS ©]-&-3}] NAMD v2.8 2 & =35} it}
-2 300Kl A 9] Langevin ¥1°8 = o] &-3Fo] # %] 81 2™, 9F# 2 Langevin
Y AES o] 8ot 1 ¢HH R dGsHA FA8H3i T 4 A 7] 2> PME (particle
mesh Ewald) WS o] 83} 10 - 2.3 A ] (cut-off distance) = 317 3} T}

t

O
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[192]
[193]
[194]

[195]
[196]
[197]

[198]

[199]
[200]

[201]

&3} B =-NSD2- SET & &4 ¢l thste] & 100,000 A €] (100ns) MD %
Z 30,000 B4 2] (30ns) o)L #] A A231E 523319 UL MD Al B#lo) A &
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Box Neo. I {ihservations where ceriain claims were fonnd onsearchable (Contingation of Hem 2 of {irct sheet)

-

This international search report has not been established tn respect of centain claims under Article 17{2)(a) for the following reasons:
N
i. )A {laims Nos.: 10
becanse they relate to subject matter not required to be searched by this Authority, nawmely:
Claim 10 pertains to a method for treatment of the human body, and thus pertains to subject matter on which the
International Searching Authority is not required to carry out an international search [PCT Atticle 17(2)(a)(i) and PCT Rule
39.1(v)].

0

Claims Nos.:
becanse they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningfil interpational search can be carried out, specificaily:

3. [::E Claims Nos.:

becanse they are dependent claims and are not drafted 1 accordance with the second and third sentences of Rule 6.4(a).

X

Box No. 1§ Observations where unity of invention Is Iacking (Continaatien of Hewm 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
The invention of group 1: claims 1-4 (a part), 5 and 6-9 (a part) pertain to a compound of formula "A-1" — "B-1" — "C-1" or a composition for preventing,
treating or alleviating cancer, containing the same.
The invention of group 2: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-1" — "B-1" — "C-2" or a composition for preventing, treating
or alleviating cancer, comprising the same.
The invention of group 3: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-1" — "B-1" — "C-3" or a composition for preventing, treating
or alleviating cancer, comprising the same.
The invention of group 4: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-1" — "B-2" — "C-1" or a composition for preventing, treating
or alleviating cancer, containing the same.
The invention of group 5: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-1" — "B-2" — "C-"2" or a composition for preventing, treating
or alleviating cancer, containing the same.
The invention of group 6: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-1" — "B-2" —"C-3" or a composition for preventing, treating
or alleviating cancer, containing the same.

1 E} As all reguired additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searchied without effont jusufying additional fees, this Authority did not invite paywment of
additional fees.

3. [:3 As only some of the required additioual search fees were timely paid by the applicant, this internatioual search repott covers
ouly those claims for which fees were patd, specifically claims Nos.

4 Ne required additional search fees were timely paid by the applicant, Consequently, this intermativnal search report is
Al : . . . : S £ T * L > - *
restricted o the inventon first mentioned in the clmms; it is covered by clanms Nos.:
Y

Part of claims 1-4, claim 5, part of claims 6-9

Remark ou Protest m The additional search fees were accompanied by the applicant s protest and, where applicable, the
pavment of a protest fee,
i The additional search foes were accompanied by the applicant’s protest but the apphicable profest
fee was not paid within the time luut specified in the invitation.

{j No protest accompanied the payment of additional search fees.
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The invention of group 7: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-2" — "B-1" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 8: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-2" — "B-1" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 9: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-2" - "B-"" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 10: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-2" — "B-2" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 11: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-2" — "B-2" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 12: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-2" — "B-2" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 13: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-3" — "B-1" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 14: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-3" — "B-1" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 15: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-3" — "B-1" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 16: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-3" — "B-2" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 17: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-3" — "B-2" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 18: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-3" — "B-2" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 19: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-4" — "B-1" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 20: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-4" — "B-1" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 21: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-4" — "B-1" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 22: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-4" — "B-2" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 23: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-4" — "B-2" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 24: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-4" — "B-2" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 25: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-5" — "B-1" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 26: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-5" — "B-1" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
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The invention of group 27: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-5" — "B-1" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 28: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-5" — "B-2" —
"C-1" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 29: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-5" — "B-2" —
"C-2" or a composition for preventing, treating or alleviating cancer, containing the same.
The invention of group 30: claims 1-4 (a part) and 6-9 (a part) pertain to a compound of formula "A-5" — "B-2" —
"C-3" or a composition for preventing, treating or alleviating cancer, containing the same.

A-1: 1st-6th of group A in claim 1

A-2: 7th of group A inclaim 1

A-3: 8th-10th of group A in claim 1

A-4: 12th of group A in claim 1

A-5: 11th and 13th-15th of group A in claim 1
B-1: 1st-6th of group B in claim 1

B-2: 7th and 8th of group B in claim 1

C-1: 1st-3rd, 7th and 8th of group C in claim 1
C-2: 4th and 6th of group C in claim 1

C-3: 9th and 12th of group C in claim 1

(3% Groups A, B and C as set forth in claim 1 are numbered in a left, top, right and bottom order)
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A, CLASSIFICATION OF SUBJECT MATTER
CO07D 495/04(2006.01)i, CO7D 405/14(2006.01)i, CO7D 403/14(2006.01)i, A61K 31/519(2006.01)i, A61K 31/506(2006.01)i,
A61P 35/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched {classificailon system followed by classification symbols)
AY - o v

CO7D 495/04, CO7D 487/04; CO7D 473/34; CO7TH 19/14; CO7D 405/14; CO7D 403/14; A61K 31/519; A61K 31/506; A61P 35/00

Documentation searched other than mintminn documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Electrenic data base consulted during the international search (name of data base and, wheve practicable, search terms used)
eKOMPASS (KIPO internal), STN(REG, CAplus), Google Scholar & Keywords: histone methyltransferase NSD2/MMSET inhibitor,
cancer, tumor, multiple myeloma

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* {itation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X STN (Registry) Database(DB), datasheet 1-5
See RN 1031202-86-4 (Entered STN: 27 June 2008). 6-9
X STN (Registry) Database(DB), datasheet 1-4
A See RN 1319363-08-0 (Entered STN: 18 August 2011). 5-9
A WO 2012-075500 A2 (EPIZYME, INC. etal.) 07 June 2012 1-9

See the entire document.

A WO 2013-063417 A1 (MEMORIAL SLOAN-KETTERING CANCER CENTER) 1-9
02 May 2013
See the entire document.

A MARTINEZ-GARCIA et al., "The MMSET histone methyl transferase switches global 1-9
histone methylation and alters gene expression int (4; 14) multiple myeloma cells", Blood,
2011, Vol. 117, No. 1, pp. 211-220

See the entire document.

atent fanuly annex.

m Further documents are listed in the continuation of Box C.
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Special L&“éon‘*@ of cited documents: =17 fater document published aftor the international filing date or prionty

HA” ; > general state of the art which is not considered date and not in conflict with the application but cxtec to understand
to ‘cc of particul dwa o the principle or theory underlying the invention
“Br ’ pl-mt-on or patent but published on or afler the internationsl  «X”  document of parteniar relevance; the claimed invention cannot be
cousidered novel ar ca be considered to wvolve an inventive
wy step when the document is taken alone
e ua\ r(:;s,'}n {as \Qt‘ r Y document of particudar rele e; the claimed mvention cannot be
_ p SN R3S Spectied; ) o considered to mvolve an ive step when the document is
“0" docuraent referring to an oral disclosure, use, exhibitton or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“pr g ent nublished prior to the internati ine date but later 4 o
F c‘locuqulpa'bl.nhedpl.qr to the international filing date but later than  «g> 4o umant member of the same patent family
the pricrity date claimed
Diate of the actual completion of the intemational search Date of matling of the international search report
17 FEBRUARY 2015 (17.02.2015) 23 FEBRUARY 2015 (23.02.2015)
Name and matiing address of the {SA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Dagjeon, 189 Seonsa-ro, Daejeon 302-701,

Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.
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