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#12 FEFL 7 BEEALEICLDTFECSLTHER 2 > TR LR LLRET
[controt |[ 400 ][ Tam |[ Tre |[AcC:is | [ 40 [ Tam J[ wre J[ ACaHs |

[an}lzan [ ah 1 24n ] [ Geng Name

FRaw ¢ FRaw Ofdhr F Rew TAMALUF Raw TorethtiF Raw chemdhtF Raw OH24w F Raw TAM24h. FiRaw Tore24h. F Raw cham74hF Raw sccDescription

A 20 N 24 4832 P 89T $0M P 014 3BBOP 72 ThM P 3031403 P2asn 10750 P2716 10488 P2543 237 P B2 B kalikrem B

A 13 P 251080 P16 [ P267.325 P 43 472 P & A3 P 216 108 P 200 §35 P 248 12 P 31 7 interdeukin 1 receptor. tye I

P 44 P 54 929 P385 11ee Pas? 228 £ 99 485 P 282 £ P 205 110 P 3g4 $26 P 2807244 P 141 7 MADZ Iitotic arust defcient. homelog)~i
A I A 28BS4l PiEM 12500 Pises “ITHHOP 481 A4y P1250 6L Pism 939 P 6BS 23b P70 2037 A 533 7 halikvein B

A 1 A 1 IE6 P 19 134 P 15 640A B GRE P 11 8837 P 50 445 P 44 B03F A M WY P 17 7 S100 calowm binding praten Al4

P 40 P 80 426 P 161 881 P 223 132 A 52 437 P 183 &£0) P 279 -627 P 387 849 P 323 004 P 54 4 desmacolin 2

P 27 P 3 510 P27 8N P 145 14T P 33 8A1 P 159 003 P 268 173 P 247 487 P 261 109 P 33 8 desmocolin 2

P 62 P B H91 P85 ih P03 182 P146 . TN P 600 161 P 235 $05 P34 4 P 373 080 P 78 8 QADD 45 gamma

P a8 P T 474 P K18 P18 108 P 41 51 B 1230 26T P51 %48 P 128 225 P 237 066 P 43 8 plsctse—depiverase, UDP

P 64 P 5 335 P28 518 P38 108 P 86 31% P 19 646 P 263 &3 P 332 WX P 335 092 P 46 8 Jun dimerizetion peeten 2

P o2t P 3 PIAB P 483 323 P 823 2M4 P 57 783 P 147 5200 Pimg 5003 P1ged 4237 P14 106 P 33 8 kallinrein 24

P 25 P 2 314 P 87 BI PIZ2 105 P 26 S P 133 483 P11 8B4 P 159 1403 P 387 148 P 41 & smisr to [sopentanyi-diohosphate deftais
P28 P32 187 PES RO PIM5 130 P 3B 373 P 862 348 P07 599 P 374 F124 084 P 311 6 peptidyl arprine deimindss. type 0
P1Sa P 280 1185 Pime ROD Pes 180 P 249 756 P11Z 441 P 570 Pisww 583 F1468 087 P 233 6 purnemucieoside phosphorylase

B 41 P 207 532 P20-110Y P 413 102 P 41 587 P 214 384 P Y88 A0k P52 337 P &M 0401 F 50 8 uate oxidess

A 18 P 45 682 P04 1397 P 195 OS510A & 432 P 85 #TH P AT AL P 385 Y04 P 217 0271A 12 8 wolooprotein B editing complex 2

P 44 P 37 958 P401 L7 P 233 1620P 71 485 P 200 398 P 140 43 P74 100 P 258 055 P 20 8§ adutt male dancaphaion cONAproten
A 22 P T8 A0 P 8 134 P 213 14BQP 32 YH8 P 155 444 P 334 490 P 4J8 A3 P 338 066 P 51 8 RKEN cONA A930031D07 gene

A 42 A 50 1740 PR E1 K1} P 895 2380A 97 D8) P 253 JGr Pivss 2486 Piasa 1380 P 908 0483 A 37 & kalkrein2)

P 262 Papl 304 PT50 &G0 P21 1070P 277 320 P 1 322 Piszé 31 Pies7T 340 PI06 0B P 400 6 kerstin complox 2. basic, gers 7

A 3 P 10 2577 P B0 M3 PI58 1300A 4 2089 P B4 4% P 88 e P 148 1202 P N7 0B P 16 & watifn

P o3z P 23 491 P149 475 P 142 1120P 38 364 P 107 348 P 80 MEE P 136 440 P 90 083 P 22 & peired related homeobon 2

P 215 P 156 291 P5S2 396 P TBS 1L120P 237 340 P 778 403 P B9 142 Pi201: 1S3 PTIN2 143 P 223 6 sidaltyds dehyd famity 1, subfamil
P 27 P 31 dob P04 3% P 08 177 P 47 4B P 14 33 P 88213 P o8 %M P 118 573 P 53 5 RIKEN ocDNA 2610307G23 qene

P 20P 30 148 P 10 A P 85 124 P 26 AW P 75 238 P 897 348 P 114 734 P 220 107 P 32 § oytocheome PASO, 1

P B P B 472 P, 34 P23 089 P B4 36X P 260 IM P 24t 870 P 336 539 P 621 235 £ W5 5 famesyl dichosphate syrthatase
PME P B 217 P 241 181 P 208 E2¢ P &4 198 P X5 423 P33 33 P4 387 P 3037 LXI9 P 228 5 haryoohern (importin) sipha 2

P 53 P 78 Y8 P191TTEIE P 248 130 P 66 488 P 231 23 P17 31 P T 461 P 360 101 P 73 5 low density ipoprotmn recaptar

P a3 P 704 833 P2357 &84 Fzes 139 P 588 B3R P2151 TABE P PRl PI3s 255 P1788 092 P 848 3 purine—ruclooside phasphorylass

P 22 P 4 #17 P200 33 P T4 313 P 08 BTR P 138 385 P 182 040 P 19 054 P I3 104 P 4B 5 ribosomsl protein L3Ta

P 2P 44 400 P 77 K40 P02 L1l P 22 B30 P 101 182 P 607 R7t P 124 T ABY P 380 065 P 20 § swol-Cé-methyl oxidere-tke

P 202 P23 G4t Piozs Ast P20 205 P 3l 444 F ATS 075 P 180 28} P 513 370 P 538 110 P 245 5 eolicing factor. wpnine/ssnne-rich 2
P 28 P 28 183 P 86 33 P BS 085 P 26 447 P a1) 33 ®p 85 251 P T 230 P 83 206 P 57 3 soleng factor. wpnine/ssrnench 2
P26 P a1l 28 PAY 3 PRI 102 P23 300 P 85h 263 P 7I5 233 P IS0 2§t P 902 081 P 251 5 tests mmressed gene 2

P14 P156 443 P 471 08) P 636 120 P14 297 P 314 I8 P 357 233 P I7¢ 231 P 450 094 P 148 5 nourtunn

P oIz B oI 13% P00 348 P10 120 P 3E L4 P 71 M3 P19 32 P24 §5 P 187 088 P 37 5 heddd WW binding protem 4

P 59 P 20 )64 P20 A2 P22 130 P 75 219 P 120 65 P23 &7 P06 41 P 140 280 P 81 5 orystain, sihe B

P Sl P 61 j48 P M3_F00 P33 081 A 48 AT P 200 1093 P 433 1004 P &4 126) P 782 104 P B3 5 RIKEN cDNA AD30031DO7 gene
M1l A & 043 M 47080 A 6 155 P 17 3 P 37 803 P 6% $N P 76 541 P 45 T4 P % SMnmudmmul-u.
A 10 A ZZ'TOO0 P DORI P Y7 249 A 24 1343 P 110208 A 4 283 P 87 300 P 83 037 A £ 3ad

A 13 A B 1040 P 228 1217 P IS) 154 A 25 T43E P 171 251 A 18 3075 P 188 1WAS P 151 0 A 3 51'NFuumtw-Jp-(.mIv member 12x
P 24 P 45 91 P22 123 P 287 224 P 54 135 P iT1 272 P 1R 4GS P 2170 487 P 218 089 P 40 5 Neddd WW binding protein 4

P86 P SA5 £80 P1S8 36 Pae 118 P E24 300 PIGI0 211 Pns0 204 P74 381 P2030 118 P 655 B receptor {calcitonm) ectivity modifying prot
P 116 A130 E2) P 387 560 P 3 110 M125 . BAT P 899 131 P 183 L7 P 3757 348 P 446 110 P 142 5 serum-inducib kineaw

P 41 P S8 471 PB4 B38 P 205 140 P 57 4A1 P 170 227 P 123 334 Pigs: 328 P11 (03 P 58 5 melancphilin

A 24 A 27 B3 P B0 2% P T4 183 A 44 333 P 73 280 P 4. 33 P08 32y P 41 092 A 25 5 et prete-oncopens

P &7 P 83 115 P 450 38 P 267 216 P 143 582 P 350 101 P 126 336 P 2370 3N P 252 130 P 82 5 chemokine orphan receptor |

P 13 A 12 884 P 87 5354 P B8 122 A 156 S18 P 62 338 A & 30 P 470 53 P 6 047 A 10 5 Hatwnine recoptorH 1

A 2 P 21 T0) P4 708 P 148 225 P 49 1085 P 221 274 P 55 B3 P 128 48) P 0 100 A 22 § mdvintegin—ike and matsfloprotense
P 2P B I P127 481 P M 114 P 24 448 P B3 332 W 80 680 P14 J4E P 133 102 A 1% 5 pecwthyroid hormone—tike oeotide

P EP B 800 P 62 Gt P 5 178 P 15 413 P 32 600 W 47 B4 P 54 48 P 43 088 P 7 5 parathyrid hormons—Bke peptide

A 22 A 71300 P26 1048 P12 058 A 12 1261 P 256 $11 A #1 3014 P 218 3183 P 2190 983 A B 5 TNF receptor suparfamiy. member 120
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FRaw oF Raw OMéhr FlRyw TAMAhOFIRsw Tovedht Fiftew chamdhtF Rew OH24  PiRaw TAM24hF Raw Tore24h F Raw chemi4hF Rew score Desorption

P173 P 81 020 P 237 Gf4d P 23 0S4 P16 03 P S8 030 A 26 0N P 20 0 P 15 120 P 108 6 Naforamfemss

P30 P4B% Q35 P14 O3 POl 083 P3N G2 P H 024 P 112 03 P92 02 P 113 1268 P B85 8 D »ita slbumin promoter binding pratein
P34 PI28 O P10 020 P42 072 P37 02 P 186 041 P 128 037 P 126 O3 P 101 084 P 308 6 gucocorticaidwduced ouCIng Zippar
P18 P 91 04 A 70 D19 A 23 087 P13 036 A & 013 A 12 0 A 24 O A B 115 P 108 & flavin containng MONGoKygena e 2

PB0 P78 0% Pi90 0D P82 08 PTH 037 P 284 03 P 240 023 P1B3 028 P 204 114 P 891 & REVHis

P 49 P 37 O3 P 18 02 P 12 124 P 5 OX P t3 06D1 A ) GO P 4 025 A & 173 P 85 & carboac mhydraseie ssquence |

F B3 P 25 OM A 2l 015 A § 089 P 8 020 A 52 018 A 5 005 A 2 033 A 8 108 P 37 & cesdin)

P 30 P T9 02 P 2 Q2N P 15 035 P 2R 04 P 35 013 P 1B 023 P 24 035 P 27 120 P B4 & RIKEN cDNA 261000202 gera

BP0 P64 O P AS L2 P 63 100 P364 023 P 78 024 P 142 026 P15 026 P 144 131 P 794 & Dsits sburn promotar bading protein
P49 P 461 032 P50 02 P B8 039 P42 051 P 1 O0M PID? 022 P10 017 P T4 0N P 457 6 sacreted frizzied-rolated saquence protem
BB P 36 034 A 14 033 A 3 OB P 6 03 A 2 008 A 2 €G08 A 3 0¥ A 5 110 P 42 & prostagandin £ receptor 2 [subtype EPZ)
P24 P GI P 46 035 P B 078 P24 036 P & 03 P 110 035 P14 032 P00 00 P 260 6 MWax mterscting proten 1

Pziz P30T OM P 38 03 P 75 104 P28 0210 P 54 0N P &1 03 P1I5 028 P 87 107 P X4 6 Cbp/p00ntarncting transsctivitor
Pglg PI221 O P24 06 P 347 0§51 P83 025 P IM 023 P27 039 P40 01t P 133 103 P1280 6 thioredon mtamoting protan

P 40 P D48 A 17 007 A 3 033 P 14 1035 P 3 018 A 15 Q2 P 19 02 P 24 040 P 26 5 nevtral sohingomysliness activation sssoou
PO P118 02 P 30 015 P 15 083 P 80 D64 P 88 031 P 25 &18 P 22 01X P 13 053 P &8 5 RKENDNA E330070HIZ gerw

P 6 P 59 GOF A 5 Q17 A 8 100 P B0 D37 A 21 OIS A 10 D44 P 27 DX A 12 105 P 62 5 RIKEN cDNA 463243218 yere

P Bl P 4 03 A 1% 012 A 1B 503 P 81 032 A 5 033 A 15 033 A 13 030 A 14 214 P 101 5 growth factor receptor bound proten 14
P19 P 284 087 P22 042 P 76 03 P 195 038 P & 017 A 45 017 P 43 01 P 37 183 P 482 & RIXEN cDNA 120001 t1DO3 gane

P 203 PIG2 G2 P 46 032 P B9 046 PI1H 0% P 67 088 P AS 02 P 44 038 P O 129 P 184 5 hydoxyprostaglendin dehydroganase 13 (N
PUS P 97 CM P 4T Q21 P 4 104 P 181 035 P 47 000 A 8 062 P 82 C28 P 27 140 P 137 5 regulator of Gyroten sgnaking &

Pelz P85S OS5t P20z QI8 P57 108 P &40 D37 P 208 023 P 210 018 P 256 021 P 157 046 P 831 % ATP-binding cassatts. sub—family A (ABG1
Pal P324 03 P100 Q81 P141 074 P21 03 P @ 0IF P 56 O3 P 85 023 P 78 085 P 276 5 wnaulinrlke growth factor binding proteen 3
PI105 P147 010 A 18 001 P 20 OBF P & 028 P 27 030 P 35 03 P St 02 P 41 085 P 125 5 RKENcDNA 2310014803 gene

P B P25 020 A 22 120 P 9 0638 P 5 QX A M 010 A 25 01 P 28 013 P 36 037 P 89 § immunogiobulin Lambds chamn, vanable §
P27 P192 OM P 38 02 P B0 072 P2 O P 87 0 P 71 049 P 88 OM P 55 112 P25 § glucocorticoid-mduced leucine Bpper

P 8 P St 055 P 42 021 P 18 082 P & 03 P 27 003 A I 013 P 13 01t P 10 118 P 108 5 leptin receptor

P52 P35 021 P03 Gf1 P & 084 P482 018 £ 68 014 P 47 020 P10 012 P £ 110 P X0 5 odd-skipped related 2 {Drosophila)

P399 P254 006 A 32 G A 18 100 P37 015 P 43 ¢ A 85 008 A 24 013 P 39 104 P 24 5 RNENDHA mm [

PIST P 321 0% P B2 G4 P 6 0% P147 038 P % 02X P 87 020 P 6 020 P 84 084 P 204 5 vird hemorhmpo spticema vruslVMSV} i
P212 P260 05 P140 03 P 81 100 P 209 Q42 P 10T OMF A 18 01 P 52 009 A 2 14 P2 S sctonuclectide pyrophosphatass/phosphod
P3é P33 000 A 25 001 P 20 087 P24 617 P 3 022 P 1 09X P108 €17 P 58 0B84 P 788 5 F=box ondy proten 32

P B B 47 02 A 18 Q172 P 13 101 P & 02 P 22 082 A 25 02 P 13 428 P 14 112 P 52 5 Mome disssss homolog

P32 P19 03 P 43 001 P 27 084 P08 026 P 32 02 P 35 027 P 38 027 P 38 098 P 135 5 caspaee 12

P e P A0 D22 P15 G0 P 155 087 P53 036 P 200 038 P24 028 P 168 018 P 108 106 P 84 5 RKEN cONA 4532425700 gar

P2 PI3Y 025 P B2 Y0 P 23 077 P19 01 P SF Q18 A 22 055 P 78 066 P 90 040 P 49 5 receptor (calcitonsn) actwvity modifying prot
P53 P29 03 PIES GO7 P 32 094 P 487 OD8 P 37 OH) A 38 107 P 328 053 P 155 040 P 104 § racector {catcitonin) activity modifying prit
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40H Tam Trs A CYHE Qune
Ahr _FlRaw  Zdhr FiRgw |ihr ¥ Raw 2dnr F Raw |dhr F Raw génr F Raw [4nr F Raw__24hr F Raw |Commen  [Description
043P 118 G.71 P 351|073 F 251 D60 P 3J17|0BBFP 417 O7T8P J80[ 04§ P §73 GESP 354 trigartite motif protein 25iafo)
220F 1938 087 P 4438(277 P 2300 047 P 2614( 069 F 18 Q0P 1599( 0487 F 847 CI2P 1897 lactotransfernn
184 P 5784 185 P SB44J145 P 5024 08P ZB0TH134 P 4942 072 P 7282|174 P 6074 104 P 3287 trafail factor 1{braust sancer estrogan=inducible asqu
1ABP 8847 224 P 2azef217 P 1591 14 P 2128] o9 P 702 200 P 2337|144 P 1067 1.4 P 1278 LY 11
o041 A T0T1A  1slodaa 7057PFP  13|119A 21 Q1A elosTa 10 DASP 19 Inepatocyta growth factor
TG2P 8z A6TA  871200A 40 234 P 45[ 110 A 25 141 M 21]2T1 A S5 130A 25 Mus sp. mANA for axytecin recsptor. somplate cds.
1.21P 1399 139 P #78R[%13 P 4100 068 P 3587|098 P 1337 0SO P 2543/ 1.29 P 1492 040 P 2028 complament campanent 3
TINP 1970 245 P 1327[734 P 4427 076 P 4442/ 100 P 607 0.70 P 3885|FEI'P 2004 O4C P 1367 lipagalin 2
038P 798 OSSP #47|045 P 504 QERP 8351 100F 2336 0709 894078 P 1715 0.81F 862 |cathepam ©
056 A 49 079 A 53|043 A 37T 0BAM BI|LITM 162 044 A 3J1{040A 35 LLIP 79 {vascalar endothakal grewth factor B
007 A 2 039 A 200 A 6§ 058A 12/088A 28 Q0P 15]03F A 9 1L36P 29 vasoulsr endothekial growth fsator C
27P 839 0B7P 457}173P 528 04 P 48T|149P 488 1P 541| 15P 48 102P 352 transforming growth factor. akpha
OB P 94 030A 34|oBaIP 77 032F 43[060P T) QAP 44/051P 81 141P JBS tranaforming growth factor, beta 3
200 P a4z 0.4 A 11280 F 45 120P 22|147P  20.304P BO|2BTP 44 0%6F 1B 3-hydroxy=3-methylglutaryl-Cosnzyms A reductase
ZI18P 1071 204 P S02(181 P 770 23P T22/107P 848 134P  40l16BP 813 133P 441 progsaterone receptor
230A 47 0BI A 38|001 A 710TP B0{240A 54 C2BA 11|t04A 22 13P 81 eateogen raaeptor 1 (vipha)
085 P 1108 095 P 1105) 61 P 903 1@ tze7] 1P 1364 113P 1057|074 P 953 043P 1187 aatrogen recantor
05T P 185 088 A 160]045 ™ 136 107 P z71|041 P 31z D55 P 134)C55P 177 1.58 P 3e5| inuuiin-ike growth factor binding protem &
LIC P e 48F P sg2(1asp 38433 P 751|108 P 321 249P 4m1| 24P 598 165 P 24 inaulin-Bke grawth facter 1
LISP 104 3J8P 2200124 P 204 24P 391)108P 188 313 P 223]225P 372 40P 178 insulin-line growth factor 1
OS0A 63 0 A S000CTP 4% 044 P BE|102P 135 GNP 32|043P 53 O7EP 105 insulin-kke growth factor 1 recestor
2164 3041 P  slioo A w4 212P 303|030 A 6§ 275P 41[152A 21 102P 15 E2F tranacription faator 1
MR 197 238P 1ajsst e 248 AN P 217|130P 8B 483 F 380|4REP 221 1OIP 19 low density koeprotein receptor
SEEP 197 2360 178[804 P 248 251P 1MF[130P 6B 4A3P 3e0f4dEP 211 1061P T low density Kpoprotein receptar
a4tP 443 101P 276|808 P 417 08P 282[142P 121 125P S54[4LEP 482 043P 1I2 FB.J pitecnarcoma oncogsns
088 A 83 087TA 3|ossA 4z 093F 49l092P 7S5 0XAA  12[{0e8 A 53 134P BB B-celt leukemia/lymphome 2
JA4P 5044 102P 4785175 P 5268 17P 4B0{00BP 2139 213F S8 191 P 576 108°P 2878
184 P 2704 150 P 1951[205 P 3045 23 P 322.7( 148 P 1363 201 P 287.5)2.24 P 338 042 P 1224
125P 803 13A 521[179P B22 18P JOS[LITP 874 201 P B834[181F 341 093P 388
143 P 3170 1LT4P M4l 118 P 2573 1.7 3808 11 P 2544 130 P 2834{ 144 P 2138 1G4 P 121
D44 P 17 148 A 32]ceep 337544 P  ailosaP 37 AM4P B3{100P 38 2M2P B2 avalbumin
18P 1068 030 A 28|152P $_044 2|134P 840224 150133A 1Y 0414
090 M 4. F24P 40|08 A 12 454P 41| 139P 22 F1EP  SOlIBAP - 28 27TP braast canbresst oancer |
089 P 138 045A 79iD43 P 09 054 P 102[102P 247 42t P  e4|0TBP 102 QFEP oncagans
LEIP 78 1L4P 2TA[EX4P 25T 173 P 202]140P 75 228P 370|2TOP 134 CB&P , mitochondrial 1. ubiquiteus
yez P 1218 1es P #78l 5P pRo 17 P 128 OMP 667 137P S566|1.27P B42 095P 39
TE3 P  #L G30F 11z[0#48F 25 D38 P 144[ .11 P 52 Gaa P 128/ 052P 27 08727 280 mateix metatloprotinase 11
ssap 101 637F STlcsee 78 093P 153|089 P 107 048 P T OTIP 00 DS4P  14B mairiu matalloprotes 14 {membrana=inaerted)
060 A 17 178 A |G A 7315p  selurea 227N P esleiBA 4 1.28P 1 matrix metalioproteiness 18
158F  STTRATP 134{191 P 88 159P  83]143P 54 133P  S51[154P 65 112P 43 metnx meteloprotemass 17
29t M T4 350A e0joreP 20 X9IP  48[131M 35 LM1P  30[1Em P 38 233P 3T matrix matalloprotainsse 19
072A 19 08 A 7101 A zeOSBA  B0N0A  Z¢ D11 A sl083A 21 050A 23 matrix mataboprotanane 3
AFL.FP 198 104 A 1%|277A 127 085 P 12309 A 62 0s0P 184]130A 8D ONIA 45 matrix metaloprotsinase T
069 A 33 024P 183J334P 152 072P 321080 A B0 QITP 147]1%28 81 040 R 921 CEA-relatad cell adhamon molecule 1
LIZA 3T CMA  AT[LEZP 59 045P 63 1I5A 47 0ITP 28 23TA 78 Q4GP 42 CEA-reiated ca 1
1.08P 200 089P 820|238 P 374 086 P BS4[102P 284 053P 851|150F 368 GAOP 268 CEA-reiatad te .
081 P 151 063P S541]221 P 378 036 P 523|0ATP 157 Q44 P 368[ 146 P 251 C4O0P 273 CEA-ralsted cal ndhasian malsoule T
QADA 70 934 A t2|010 A 33 CI3 A 24|0ATP 159 Q7 A ajbaaa 82 115P 108 fyvin cont flavie i ygenase 2
043 A 63 041 A 27[038M 34 04 M IHODTBP 100 DI A e1rA 21 0TAP %0 flavin cont flavin-contuiming moncoxygensse 3
093P 118 04 A 25[059P T2 OT4P 110(089F B0 027 A I5(056P 66 1J8P 197 intarieukin & signal transducer
038 A a4 100A 134|053F 4z 051 P  Ta|187F 132 €23 A 32|085m 52 04D P 48Tierp-pendin{Tafe-induced adippes-ralated protein
240P 4003 A  19[205P 33049 P  33[109F 18 042P  27|217P 38 GAOP  15|Tnfup2 tumor nacrosis fuctor, alpha-mduced protem 2
0.95 A 3054 A 0012 A 0 088 A | 140P & 045 A 21137 A 5 116 M 4| Tntrstiib tumar necrosis faotor raqeptor superfemily. membar
02TP 34 048 P 5T[C.0L P o2 P 28/ tO3P 134 DIEP 4| ose P 29 134 P 165|Tniraf1$ tumor neor Esctor raceptor suparfamily, membar 1
I8 A 5 026 A 7{052 A 19 024 A slCBOA 20 DAL A 10|DCTEA 3 126 P 32|Tnfrefin factor rageptor supsrfamily, member
D31P 4B OBEIA  Tal00TP 80 O84P 965|085 P 140 DSSP 94}03EP 56 086 P G8Tnlrafll quance AABSISTE
139F 143 181 P 199)132P 159 191 P 254[102P 13t'184P 383[129F 187 ORGP 127}Astal adaptor protem complex AP-1. siama 1
093P S OMIP #8129 123 052PF B9[1.82P 134 02IP 80104 P 100 O74P 12][Stt) signal transducer end sotivater of transcrmtion
090P 33 03P 2i{ose P A3 045P  32l078P 31 Q21 P  18]067P 26 OBIP 43Stk segnal transducer and activator of transcription 2
14D P 8T DM A pltsap 58 175p 8sl080p a2 072P_ 22|12 P _ 49 132 P 40|Staths Jssgnal traneducer and sctivetor of transcription SA

_ERE-dlﬂcndonl genomic action ERE-indspendant genomic action nanA-genomie action
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A0H Tem Tre ACHS Gone
#r FiFaw 24v FFow [&r FARew 24t RFaw [ FRew 2dr ARaw 4r FRw Mv AR Descriptin
113P 1 48P 41| 1P 167 280P 20| 10P 7373E&P 24 1P 110 041P 37 fatty acidbindrg protsin § ecidermral
AP 1% 1e5P 143 %P 1B omP 137A T _1BP 123 WP 47 Q67N ydin-dependent kiresss iribitar 1A (P21}
1B7P 13_2%P 1% WP 20 1P 13BP W5 208P 262P 188 Q9P pleckstrin hamology-fike domein farily A, menber 1
10P 261 _262P WP 312 24P 18P 20 263P 23 153P 243 108P 1 phecistrin hamology-ie domain, family A member 3
0P 815 23P 204P 6% ZMP 081P 20 48BP 1243 137P 457 106P RIFEN cONA SE0413608 g
LI4P 2B 151P 1P 318 280P 110P 261 2%8P 1P 37 112P RIEN IINA T0037B15 gene
0BBA X I8P 1E5P T 2P 9P S0 247P 149 Q6TA X2 119P growth amest and DNA-demager-inducitle 45 ganma
Q5P 25 (P a2P 26 251P QB9P 364 0MA QS0P 192 Q5P 101 carboric ahydass 3
2P 26 1P 129 206P 18 11P 18P 97 15P 221P 1T Q6P FEHEN. cONA Z000KE06 gore
228P 141 WP 13 207P me e 2HP ISTP 91 OWP stara-C5-desaturase (fung ERIGS, data-5desaturase) hamok
[ae B 2A & 0WA 155A 35 06BA 285A 5 O72A growth dfferentiation factar 15
WP B3 1HP1019 14P 12P 717 18P 2P 01 14P herst shook protein, 1
0P % M5 1P 5 15%P 1P 88 OBP 7P 4 1RP ESTs, Hiddy sinilar to 2118318A promyslocyts laukeria Zn fing
G2IA 10 212A aMA 27 48P 1250 & 0BA G62A 2 O77A
106P 193 WP 20 LRP 18 0XP 18P 21 0BP 12P 225 %P 1
1I0P 235 02A 10P 38 18P 115P 28 02P 134P 26 0g7P
a7P T 0SIP OMP o 047P 131P 217 QXVP 043P 75 QESP
027P 1% QWP azrp 15 08P QE7P 5% QI8P 108 QBP 200 104P
QB7A T OSTA aRA 1 0S7P LI0P 35 Q1A Q57A 17 Q9P
losP » tmp 123 o & amP Q2P 171 _OMP 076P $4 221P

528



6 YEFIL 7 HHEEANEBLETFEICBLWTERLABET® Ontology tree fEHT

L ] *
- b
hél 1 [ 34 L] . . .
e - h‘ u [ - a
: ¥ wm - Py s‘.nn * v e & % 4 ] mewm ¥ e n
- - PaE -y s sa o P & Eamas & en
L3 ) F] z. p-n-w-lv:n-; I ol B et “hﬂg‘gq n:lgqcam-——-t - WY
e F - ey u ¥ eepe g ¢ At G o Mew e pase g B8 W XA ea v ans sw— — gk o«
.y - e e Y o L & o] we Rt
z,td 1 oin ==t < e it &y ) &M:i. grated
Wn“”ﬂ vy Ve s, W e st Al S. + At Wbt e 4.
P s n i i i 8 4 .-"—'&rﬁ Lol A ——y %R ar Mot
Pl g - ot By vt o W AR e gl PQML‘M“ 5 i v
V& lpadar 5 sy o presipiorliisaciprd o ol J toielh i derpaepepiete ek A ipcjonsie —ns
Yot WY : ¢ n B vwiny | ey & ﬂ-hW' [ 3 Wk o }: T e
L LR . —— L SRR e b, WS u,;.... R T
LRI - - : ot AL B R4 . pebiheny
LA . T S, Being G nEaed e d w S b7 Y Jnd o
». x> e » Wy ¥ .
& - - LIRS & - . ot
’ & - - ::.: } Fl 4
Y
®
N "
i
.
ol ¥ 2% w » [ ] »
LS L rye) .- - - -
: - 5 — Ty, @ W P ey [ =1 L L) L § k] -l - e
- - o pgmet 5 b N Susdud  hees assse w - ] ad L
L} b AW AT Rt b B & YRR * n we - my .,} - o
e b B B ey 4 He¥ B ébg-pois bt . s g - - - - -
- !0 [ ] (2 L 1] -y - S g - , we BESowNl WE Suen Wl @ et Punel Aty
- * M svsaba + e i e S —ps P T e - . | B, &
T v PR ey PR e, -n::o--.am—o.— o . M, - L i
e et o e = o A e e S P AT AR SR | et A ey SR R
B wtn gl vl s vt e Wews Uaq . c-g-q-w«- nu-n- e 3
. o d Tk S W P ) é . :
P - .p-: LI LI T
e o 1 -y - p e wmie e ¥
LI (25 ry m o™
» -y -ka - - e
A T v
-2 bt S T B 1=t
; * - 5 !
» -
H 4
b
i ?
p-u-,': * 2 -
= ior g . %
.
% T & & % . 3
[ " et W s ! : » L ] Lo ! n: »
- g B gy » ‘ '3 # (3
el W --.—,,E 2§ Pt Awet » st ells Wws wtnm trme @ [
B B SEmEp Y e g L ] - e g g R N s £ & apa - »
e § TaBvtews ¥ 1
d guve & 4
by .

o W Lo b ]

«.a-

'd zf-
9‘:';

d

e

"“f.

b e
“
3

r
i
{

-
-~

Fl-—-“ﬁ-ﬁ-‘cqv-‘-—tl&q

Uiam - W g e a & o g & g W n}”mmwwtnwtﬁ 5 us

LE. A L2
a...‘.mj"’" .T.‘-'

L4 B 2O

" ’
- ]
Tw » L
z ; = »
- m ~ N » Lo
I - W
» b b - ® oy E’ ﬁz o " : Y mowm
- ; hwwm m»o 3 . z‘ g * wy A @ Nk
T - .-ﬁ Barn Sl oy m ) PN o wry _E! ny W " e
S uls wny W .. nmwgs--.-‘-t.b-‘ [ 2 3&&1 & ey ﬁ‘ g ¥ e
e b B "o Y e et ] "-rie
n...:“ mqn“vmn m wdd 3.......“@ :%u“iml e LT

=¥ -’Ia
: h; -ﬁ-i

m‘ﬂ
i My -
Reqtav tlratuw

ﬁﬁ.

.n'__:E mryrn el = o"i_"‘_".l'_*’t"
LR S ) -ﬂ" S
e d ~ace *
L] [ E
-
A )
'-’ #.

S29

40H Tre

Tam

ACzHs



wisbc prophass (4
Tepviewcn of avinals (T
7 2% v v1) —
-“ it cycie thackport (3) -I
w‘::&rm _primaay
L orcle [

carpasE wainalion
20 5% of W)

tholrsiatl iosgnihwas
[17.2% of 2%

sl wrkatmosarn (1
1133% of 78

% tholesten meolan (9
S [12 o ol 13
m atewol Diowyrivies, (8

118.7% of 52y

et wtabainfn
4% of 137)

SO o SpoDiann
[10A% ot 267)

whwrc) tranepont ()
160 0% o/ 6

o 12}
112 2% o0 170

nsmmm
S
M phase 21) ‘ u Ouirsanis oyches {T)
haon ot i) SR 18 1% or 77 I pn..m
munmn " ‘ Ilpunfnnuun
g oM
AT exir)

(LI R 3

otymcprenes busyady 51 iparaie oy N 23 vaapanced:
$1006% of 2§ B (100 2% ot 71 - oS o
- i bt ok {7}

of eall oy
IO et 408}

L]

Tyl
{10

Ll oS4
weprmonl B (3
1 ol 1) ] ]

ywie Sreabinin ) |~ S———..
123 3% of oo (1)

S30



OMA mokcison {17)

b of 141}

WA 1T OO ok dost SR

Rt
H7E% ol 18]

maisdc ropees (7)
1% 3% of 1N
Iwrboon: 1)
1000 o &

racuiation of s 14
APt 1] ?

L i 8
M Aal17)

wapon {11) 3 steenl verapoct () chalpstars] Waapart (3}
[18 7% of 85] Ot o 5 [O.O% af 5

cprers @
1900.0% o#7) - o2

matsixauen 7y BB ——r
F100 0 of 24 OGO ot 2

mucamn) | CHemon

Iwnons e
vtk I (I v 2

W phass of meataz oo

oyl G

(R of 139 ,
tpnasn 781 B e dravion. (1)
e AT

vt oal scraon (15} Iysophoty scawmion {13
naaw ol 1201 190, 1% of 108]

FrEe prasenietion,
paiie anbgan {3}
040l 12
‘ SrSigan prRsLBRN, .
anifpacraus sroge ()
182 1% of 28

WARIQHn prasainhon
(21 ¥% ol M) i -

"IN T

[ ]
113 8% @ 78

' wramsana reopcras (15) . corpheimnt acifvetion (9% ‘
$14.1% o 08 17 3% of 52)
H reguiwton of oyokine .
rsparse 57) ayeioas poducion (£} produchon [2)
-_____=_§_&'5_123:__,_

L] <yiokihe BoapThans (4

7 1% 0 33 12 1% o 3% i

531



H7 BETERT—IRX-A0HE

B {71 Qere Lists
E}wa Expgn'mms
-] Glitazones
:'“‘:3 OTox
£ SAM
-3 TAMOXIFEN
ﬁ:j:.] estmogen reference data
CLHEY TAM Liver

. i“i .
AN S o E s B A P T
s gy hI..ll

L -0 -OH-dirixt
; - B TAM 2dhetnt
0 TAM-Srin

¥

.-

5 e ﬂ Tore-2dhr txt

| 1 0 Toredhrtxn
10 chewical 24brint

’ } B chemical 4hrtzt
F8 cont-24hwixnt

e
4

B contdhrixt

Y A

T TAM.Cont

e

SRt tam test down
L7} TAM-Uterns

% HOU133 Experiment

i TAM 1B sebcisd gones

. 3 Homalogy to MG_UMA version2:1

il -OH-24brixt

F v S OERF—5

S32




X8

b bF—% LU ATF—F OEELRE (HUL33A 5 MOE430 NOZEHOH)

Excel 12T HU133A MOE430 7 L
o7u0—7 D 2UA+FwTLE
FEHER.

I 07 74 % MOE430.homology
EWSERTT. GeneSpring @ HU133
FoTd TN -—RAIZHD
“Homology Tables” &439 74 L%
—ARET 5,

k. BHBIZ HUI33A Fy
TTOREFUARETDADS S
LAERT BB OBHENT SN,
GeneSpring L CERBAEZTI &,
HEOTF—-FRBERCREREN
T, HETETUAOFy S LEOT
2=7 ID OFMNEDEDITHRE
N,

K IZ mouse homolog ID Z & ¥
HUI33A F—F 2 #HEAT Excel L
ABREHTLEORDEMORET

AL B

1221517551451 711898t

_i209708 at 1422643 at

5 1204843.c 21452915 at
202780 at 1428140_at

Sy r 1335 e e e
: Tota newber of guote: 2R : ’ E :
. i
l:b‘)mlom{}:&mnﬂmn whﬂnlqir ,_J E
mpone 1481600
iy e 0 e _ __...__._i
1244202079 9 ut KIAAIDQ - . g Erapozt from Fil.. ;
224212020 3 a ' 1423321 _at I ’
. T et
Yo 202061 ot T P b
-:' -mrm - L LASLROR, —— -"Ll . Ehbhﬂm' ;

. R W

TP 2 D
0z F A 0Ty
LT LA

£ o0 00% P 420 NLOCER ),
o 20 0‘35 WW"‘IMU\ 1419357 ot
L TA16070 2

'
LRI w

- - _ By .
7 ! use homolo } ] B T R A I NP FL IR
RUTEEHT mo g (FE Tag ot 400k 238 L3P 240 DUGF15E MImad  Lasedsm
arp e dpi4a (o3 CAE T saAdieme T aaISInd o
< VOT P M 03T dp VTR Bad MM LN
wamsnd, O, weATHE P 1ASE D Rt
T VB 2521970 €39 1€2F 203 NMANKIST
Gt = e T L N T
MRAT. O mouse homolog ZAWT 14 a0iea " Tor Flasomip” 10 urt £ 0Y nec 3pY
] I IR T LT
S oM AT 8 SAIM BT e :
MOEA30 OB ET U A REHEKL. R A T TN IRy
s 141 ETER NS R LS CEYE N0 MUITINE LIRSt et
o1 BT GBS E ME OY % qu 111F 3% NaQo1ds 1430434
GeneSpring FltTHIET LT AF 2 G ILw  UAEF_ 19D 1M P IR0 OB2 P AY NAL ARG T44RRTI N
T 00N e DAL F T BA T4 E 13 0800 Tl MAtocad | 1429867 w0
I §e) e A0 ORIE T QAT AUNDSERD VM
T OF - = — I L R R T P ] It
4 E e U A M P e RRTE T
Y e@hRET sv tHE ?ﬂ? 1 "‘ F ?Iﬂ TATEL

AP 7L, RIS Excel £
EET 5,

BN £ B

PR SO - 008 Y T A W S Y~ ATV TN ¥ ST O T TR T

K TAIM ms TAM Fiigm  TAMZLFiFum  Ciengard wewdt homelog Syt K04 Pl DK FiRes  TAMOFL R
o2 1088 SLY 04 P A0 1A 821 MOMNIT  14030c & 1423 06 P 1t 1P 13 O8RP 8D
Mouse homolog DHEEF—LELT 5 L RPN DSk e LN NOEIG 1A24E30R 1424 12D 20 083 P RY 1ATR 0
L a 1ue oo d Xy GBS [ SRCT ) 141 1209 12% 15 P ‘eZ lIOP IL'-I
[ VTR 08 Ond B gl DT R ROV 1414 1379 69 1160 19 03P 18%
. — i bk » . ; .
HUI33A -":);U MOE430 0)‘7"‘"5 é L] umE AFTP 10T OS54 E 0 G2 NMONIOT SR MW TP T2 120R Wy
1] ydor HEUBE P TS KOSk, ARSI, T4 114 PI00U 104 FTIID D9 P B4
s ggﬁ- o -8 w 0N E A e s i BT e 148 115 F e TIRR A% 114P 1y
% —_— 6 8 1289 1L OESE 11T Qm & O10) M3l U T V4T81To m
Ao B R g TP D 0w D4R 09 P Th MYy TSI AMEB 1078 07
WY Okl A ll!lIP WE 14 G0 A S 1415164 AL R - |
Al - L - — LIP30 0836 W3 1M P KRS NWKATY " Y
xl“fﬁg-ﬂ‘%‘-&“"tnmﬁ% Ja CAGET G YAER 1T 1618 94 Relds0 an Y
Rl BOEE AR At KPP WM OIS ' 2w P o1 e R Ty T P 1B
r < YR © ATG 142D O VNGE N3 AL MEDR]  14STIRT A 1ABAPTI e
-Dg) Exccl 7”4)1"1:-(;&%\}@& + 19 B3Ol R T OLEP LENEDL' 1448 1 20 P dlp 10 & XA
L) LTI I PR Lo o B R L DU T AR FUUIR S bl B B K R
.. - 1 03 A 5241 A * 343" LR e .01 LEFAJR R W SR R ]
FLTHEHEEED, IHIZED. Ted s AGAAAXETE 13T BARUOGINM 1413 1218 111
.28 Tt 14 P18 064 8 T 107 2 Ty N oe 3o, LT
. A maare onE NS 0N M 1136 SNRAICIES | 1432484
FEDF=FERNWTAF I —TD 22 bwvwr o 101208 e 0a7 57 ey M mimns 1ade 104 P 173D
< B PR R TRE LI T O R PN VY Sl 147 03 R 13 z 0TR
. u 1 e wagme T OATE KN 1B _ K .
whEEMEDIREOTIEHMNE = 1460 8z 04 P 21 ok P T40MM MR 14B14A e 1451 095 © 10D 1148 143 10T P 1D
R IESICCE R GG N et P MY eR A 1470 e 1425 1TI0E ME 13T b 4% 1P 55
AR f1r B o Togn 2 s A R 1928212 0
BeEid FETYn i T e R )

533




Be FEFL 7z AEE FFIRERERTOT—F EXTAFBTOT—F OEiEt&

100.00 [

THOAKE 24h
o

0.01 -

FEXLIIVRBICEIDELTFREL

bone morphogenetic protein receptor, type 1A

b FSA<)-Fr4Eka 4hr

100.00

F£16 POXYUYSSBIZES in vivo(R 7 A) & in vitro(k B)F—& OBtk DB

[ Mouse in vivo ]

| Human in vitro

) TR0 TT0 P00 IRED TEEDAT0 4R00 AT 4 4T AL R MTL P 2R T 7, PR TP 70 TR TTH
A e i

PR IT A KR T MIRN T2 TR

[—

gll 1% 1& Ll 112 I.ﬂ 1.31‘&& aqmsmsmmmuumm 187 28 185 101 11 4% 190
@Gm 1.53 m m mw an 25521!“13 144 15 O 178 128 131 15 M 0% 119 25010
1.1‘ lﬂ w‘l&? 1S 14 23 2R WWJJOH.Q wanmmawwmmmmmwun

MMM?Q&!M 14827 A0 040 254 146 Y70 142 01 135 ) 120 127 0% 140 OFF 18903

G0 (40 084 L0 134 104 138 157 290 191 140 188
53 411 431 100 028 134 131 141 0P 1B 14 W7
026 078 067 140 118 191 053 0% 1 A% 32 347
(A6 0 096 L1 112 115 156 140 30 097 0% 1D

LA% MR 4B 3Q IR 2% 1D U1 U2 043 100 100 09 153 108 086 O3 100 140 110 11 059 107 101
I3 18 2% 2% 16 158 18 08l 154 021 104 123 096 047 048 (080 147 Q64 Q97 77 03¢ 060 088 LB
i mmz@mﬂﬂ 13 1681 L3 106 1M 108 131 148 125 143 03B 116 13 16 15 1R 140177
1M 141 115 125 133 117 U8 141 1M 1B 125 0% 070 095 0% 098 0% 112 197 1.9 1.3 084 1218

on1

6 g

‘aqrene sequeros ABEDD
fwren ceiroyhete grifetses

‘2 00 058 121 076 051 790 194 705 051 5% B
0RZ 17D (26 004 1.2 O AT B30 6E 2198 2043 1854
12 US 12 UB 141 1543237 45 20 23
00 10 00 1D 097 OF 4% 441 557 617 &0 WY

05 077 01 QF o 0% 15 06 13 121 150 113 07 03 0 084 117 057 05 OB 0H 18 071 1%
0% 08 0B 0R 048 064 041 08¢ 07 0% 128 LI 096 OB QB 055 169 008 00 QB 14 120 11614
110 148 160 1M 15 145 13 1% 135 18 147 17 060 0 100 090 09 108 077 088 10 108 1400%

athepnZ

foty acid birdrgrotain 4 adpoate
D) ochone) ovickrecctaes
fatty ad by ptein 1, e

081 067 0T (4t 151 050 QR 013 0W OF 05 014
045 061 072 OB 051 0% O 0 @2 177 087 084

052 046 0 0 141 04 017 0 0% 200 090 OS54

whiecane faiy 24 meber 1
: N .
RHEN O 100N g

*

Pr2REHEH, AERETET

534

AUBIz BV THBROS > BETFICRLTRET Y OHFRAGRTOF—F ZHBLT.



£1T JUFJ/ U LEYELERTOT—F OHRED LE

Pioglitazone Rosiglitazone _ Troglitazone
mE RS A ERE s Tl
1P20,1P200 0.87 1R20,1R200 091 1720,17200 0.85
24P20,24P200 0.52 72R20,72R200 053 4172047200 045
1P20,4P20 041 1R20,4R20 047 1T204T20 0.38
1P200,4P20 0.39 4R204R200 045  24T20,24T200 0.36
4P20,72P20 027 1R200,4R20 039 72T20,727200 0.28
1P20,24P20 031 4R20,72R20 032 4T20,72T20 0.26
24P20,72P20 0.30 4R20,72R200 030 1T2004T20 0.18
1P20,72P20 0.29 24R20,72R20 029 247,727 0.16
1P200,24P200 0.23 24R20,24R200 026 172047200 0.14
72P20,72P200 023 1R20,72R200 022 4T.727T 0.13
1P20,24P200 0.22 1R200,72R200 0.19 472024720 0.12
4P20,24P20 0.21 4R200,72R200 015 1TAT 0.12
4P200,72P200 0.19 4R20,24R20 0.15 24720,72T200 0.11
1P200,24P20 0.19 1R20,72R20 0.15  24T20,72T20 0.10
1P200,72P20 0.17 4R200,72R20 009 1T20,24T200 0.10
4P20,24P200 013 1R200,72R20 008 24T200,72T20 0.09
4P20,4P200 0.12 1R20,24R 008 1T200,24T200 0.09
1P.24P 0.12 72R200,24R 007 1T20,72T20 0.09
24P200,72P20 0.10 4R200.24R 007 24T200,72T200 0.06
1P, 72P 0.09 1R20,24R20 007 47200,72T20 0.06
4P 24P 009 4R20,24R 006 1T200,47200 0.06
72P20,24P 008 4R72R 006 1720727 0.06
72P200,1P 006 1R72R 0.06 1T200,72T 0.05
4P, 72P 005 72R20,24R 006 1T2001T 0.05
1P AP 005 1R20024R 0.05 4T.24T 0.05
24P20,1P 005 1R20,4R200 005 1T.72T 0.04
1P200,24P 0.05 24R200,1R 005 24T200,727 0.04
72P200 4P 005 24R72R 005 24T2004T 0.04
24P20,24P 004 4R200,24R200 004 72720247 0.04
1P20,24P 004 1R200,72R 004 72T200,24T 0.03
4P20,24P 0.04 4R200,24R20 003 4T200,24T200 0.03
72P20,4P 0.03 1R20,72R 003 1720047 0.03
4P200,4P 002 24R2004R 0.03 24T20AT 0.02
72P200,24P 0.02 4R2004R 003 72T2004T 0.01
72P20,72P 002 24R201R 002 1T201T 0.01
72P20,1P 002 24R20,72R200 002 4720727 0.01
1P20,72P 001 1R2004R200 002 247200247 0.01
1P20,1P 0.01 72R20,1R 002 1T2047 0.01
1P200,72P 001 1R24R 002 4T200,72T 0.01
72P200,72P 0.01 1R200,24R20 0.01  24T20017 0.01
24P, 72P 0.01 24R204R 0.01
time point dose
(hr)
in vive 14,2472 20 mg/kg, 200 mg/ke
in vitro 14,2472 30 uM
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Novel Inhibitors of Human Histone Deacetylases: Design, Synthesis, Enzyme
Inhibition, and Cancer Cell Growth Inhibition of SAHA-Based
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To find novel non-hydroxamate histone deacetylase (HDAC) inhibitors, a series of compounds
modeled after suberoylanilide hydroxamic acid (SAHA) was designed and synthesized. In this
series, compound 7, in which the hydroxamic acid of SAHA is replaced by a thiol, was found
to be as potent as SAHA, and optimization of this series led to the identification of HDAC
inhibitors more potent than SAHA. In cancer cell growth inhibition assay, S-isobutyryl
derivative 51 showed strong activity, and its potency was comparable to that of SAHA. The
cancer cell growth inhibitory activity was verified to be the result of histone hyperacetylation
and subsequent induction of p21WAFVCIPI by Western blot analysis. Kinetical enzyme assay
and molecular modeling suggest the thiol formed by enzymatic hydrolysis within the cell
interacts with the zinc ion in the active site of HDACs.

Introduction

The reversible acetylation of the e-amino groups of
specific histone lysine residues by histone deacetylases
{HDACSs) and histone acetyl transferases is an impor-
tant regulatory mechanism of gene expression.! When
HDACSs are inhibited, histone hyperacetylation occurs.
The disruption of the chromatin structure by histone
hyperacetylation leads to the transcriptional activation
of a number of genes.2 One important outcome of the
activation is induction of the cyclin-dependent kinase
inhibitory protein p21WAFLICIP1 which causes cell cycle
arrest.? Indeed, HDAC inhibitors such as trichostatin
A (TSA) and suberoylanilide hydroxamic acid (SAHA)
(Chart 1) have been reported to inhibit cell growth,
induce terminal differentiation in tumor cells,* and
prevent the formation of malignant tumors in mice.®
Therefore, HDACs have emerged as attractive targets
in anticancer drug development, and HDAC inhibitors
have also been viewed as useful tools to study the
function of these enzymes.

Many groups have ongoing research programs to find
nonpeptide small-molecule inhibitors of HDACs, and
these efforts have led to the identification of several
classes of inhibitors.® Most previously reported HDAC
inhibitors belong to hydroxamic acid derivatives, typi-
fied by TSA and SAHA, which are thought to chelate
the zine ion in the active site in a bidentate fashion
through its CO and OH groups.” However, hydroxamic
acids occasionally have been associated with problems
such as poor pharmacokinetics and severe toxicity.?
Thus, it has become increasingly desirable to find

*To whom correspondence should be addressed. Tel and fax:
+81-52—836—3407; e-mail: miyata-n@phar.nagoya-cu.ac.jp; suzuki@
phar.nagoya-cu.ac.jp

1 Graduate School of Pharmaceutical Sciences, Nagoya City Uni-
versity.

 Nippon Kayaku Co., Ltd.

Chart 1
o] o] H fe}
WN’OH N YW\)'L N-OH
H [ H
Me,N o
TSA SAHA

replacements that possess strong inhibitory action
against HDACs. In addition, in terms of biological
research, the discovery of novel zine-binding groups
(ZBGs) may lead to a new type of HDAC isozyme-
selective inhibitors which are useful as tools for probing
the biology of the enzyme.? Thus far, o-aminoanilide, %19
electrophilic ketones,!! and N-formyl hydroxylamine!?
have been reported as ZBGs in small-molecule HDAC
inhibitors. However, most of them have reduced potency
as compared to hydroxamic acid, and unfortunately,
HDAC inhibitors bearing electrophilic ketones!! have
a metabolic disadvantage in that they are readily
reduced to inactive alcohols in vivo, even within cells.
We therefore initiated a search for replacement groups
for hydroxamic acid with the goal of drug discovery as
well as finding new tools for biological research, and
found some potent non-hydroxamate small-molecule
HDAC inhibitors.?? We now present a full account of
our study reporting the design, synthesis, HDAC inhibi-
tion, cancer cell growth inhibition, and binding mode
analysis of non-hydroxamates based on the structure
of SAHA.

Chemistry

The compounds prepared for this study are shown in
Tables 1-5. The routes used for synthesis of the
compounds are shown in Schemes 1—4. Scheme 1 shows
the preparation of compounds 4, 5, 10, 12—17, and 18.
Compounds 4 and 5 were synthesized from pimelic acid
56. The condensation of pimelic acid 56 with an equiva-

10.1021/jm049207; CCC: $30.25 © 2005 American Chemical Society
Published on Web 01/25/2005
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@ Reagents and conditions: (a) aniline, 180 °C; (b) diphen-
ylphosphoryl azide {DPPA), Et3N, toluene, reflux, and then 0-(2-
tetrahydropyranyl)hydroxylamine, reflux; (¢c) TsOH, MeOH, rt; (d)
DPPA, Et;N, benzene, refluz, and then hydrazine monohydrate,
reflux; (e) DPPA, Et;N, benzene, reflux, and then BnOH, reflux;
() Hg, 5%Pd—C, MeOH, rt; (g) MsCl, pyridine, rt; (h) HOCH:COOH
or BocNHCH:COOH, EDCI, HOBt, DMF, rt; (i) TFA, CHCl3, rt;
(§) BICH2COBr, EtN, THF, rt; (k) AcSK, EtOH, rt; () K2COs,
MeOH, rt; (m) propargyl bromide, K:C03, MeOH, rt.

lent amount of aniline gave mono-anilide 57. Curtius
rearrangement of the acyl azide prepared from carbox-
ylic acid 57 using diphenylphosphoryl azide provided
the isocanates, which on treatment with O-tetrahydro-
pyranyl {THP) hydroxylamine or hydrazine gave O-THP
hydroxyurea and semicarbazide 5. Deprotection of the

- THP group of the O-THP hydroxyurea under acidic
conditions afforded hydroxyurea 4.

Compounds 10, 12—17, and 18 were prepared from
carboxylic acid 57 obtained above via amine 58 by the
procedure outlined in Scheme 1. Carboxylic acid 57 was
converted to amine 58 with a three-step sequence:
Curtius rearrangement of the acyl azide prepared from
carboxylic acid 57, treatment of the resulting isocyan-
ates with benzy! alcohol, and removal of the Z group by
hydrogenation. Coupling between amine 58 and meth-
anesulfonyl chloride afforded sulfonamide 10. The reac-
tion of amine 58 with N-Boc glycine in the presence of
EDCI and HOBt in DMF was followed by treatment
with trifluoroacetic acid to give aminoacetamide 12.
Hydroxyacetamide 13 was obtained in one step using
the procedure described for 12. The amino group of 58
was acylated with bromoacety! bromide to yield bro-
moacetamide 18. Bromide 18 was treated with potas-
sium thioacetate to givé thioacetate 15, after which
deacetylation of the thioacetate in the presence of K»-
CO;3 in MeOQH gave mercaptoacetamide 14. The amine
58 was allowed fo react with propargyl bromide in the
presence of K;CO; to give mono- and di-alkylated
compounds 16 and 17.

Compounds 6-9, 11, 19-21, 24-32, and 37 were
prepared from another starting material, 59 (Scheme
2). The preparation of hydroxysulfonamide 6 was
achieved via sulfonyl chloride 60. Bromide 59 was
converted to sulfonyl chloride 60 by sulfation and by a

Suzuki et al.
Scheme 2
o)
ElOOCHBr ab _~ EOQOCYASOLl ¢-0  pp SO;NHR
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59 6¢ t[ 8t R=-0THP
g'ht 6 R=-OH
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e Reagents and conditions: (a) Na250;, EtOH, H20, reflux; (b)
SOCl:, DMF, toluene, reflux; (¢) O-(2-tetrahydropyranyBhydrox-
ylamine, 4{dimethylamino}pyridine, pyridine, CHClp, rt; (d) 2N
aq NaOH, EtOH, rt; (e) ariline, EDCI, HOBt, DMF, rt; (f) TFA,
CH;Clg, 60 °C; (g) LiOH-H»0, EtOH, THF, H;0, rt; (h) {COCl),,
DMF, CH:Cls, rt; (i) ArNH; (63), Et;N, CH:Cls, rt; (j) PhB(OH),,
Pd(PPhy),, NaHCQ3, 1-methyl-2-pyrrolidinone, H:20, 80 *C; (k)
AcSK, EtOH, rt; () 15% aq NaSMe, EtOH, rt; (m) m-chloroper-
oxybenzoic acid, CHzCls, rt

subsequent reaction with thionyl chloride. The sulfenyl
chloride 60 was treated with O-THP hydroxylamine to
give O-THP hydroxysulfonamide, after which hydrolysis
of the ester under alkaline conditions and subsequent
amide formation with aniline gave compound 61. Re-
moval of the THP group of compound 61 by treatment
with trifluoroacetic acid gave hydroxysulfonamide 6.

Compounds 7-9, 11, 19—-21, 24—32, and 37 were
synthesized from the corresponding acid chlorides 62
(62a (n = 4) and 62b (n = 5) are commercially available)
by the route shown in Scheme 2. 62¢ (n = 6) was
prepared from ester 59 by hydrolysis of the ethyl ester
and a subsequent reaction with oxalyl chloride, and 62d
(n = 7) was obtained in the same way as 62¢. The amino
group of aromatic amines 63 was acylated with an
appropriate acid chloride 62 to give the amides 64.
Suzuki coupling!* of bromobenzene 64a with phenylbo-
ronic acid provided the biphenyl 64b. Bromides 64 were
treated with potassium thioacetate to give compound
8, after which hydrolysis of the thioacetates under
alkaline conditions gave the desired compounds 7, 19—
21, 24-31, and 32, and disulfide 37 was obtained as a
bypreoduet when thiol 7 was synthesized. Sulfide 8 was
prepared by the alkylation of methylmercaptan with
bromide 64¢ (Ar = Ph, n = 6). Oxidation of 9 with 2
equiv of m-chloroperoxybenzoic acid provided the sul-
fone 11.

Thiols 22, 23, 33—35, and 36 were prepared from
alcohol 65 or 66 by the procedure outlined in Scheme
3. Treatment of bromide 65 with phenol in the presence
of K2CO; gave ether 67, and condensation of amine 66
with an appropriate aromatic carboxylic acid 69 afforded
amides 68. Alcohols 67 and 68 were converted to thiols
22, 23, 33—35, and 36 in three steps by conversion of
the alcohols to bromides, treatment of the bromides with
potassium thioacetate, and hydrolysis of the resulting
thioacetates.

The preparation of S-chemically modified compounds
38-54, and 55 is shown in Scheme 4. Thiols 7, 26, 28—
32, 34, 35, and 36 were coupled with the corresponding
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acyl chloride 70 to give thioesters 38—45, 47—54, and
55. Alkylation of thiol 7 with chloromethyl pivalate in
the presence of sodium hydride in DMF afforded com-
pound 46.

Results and Discussion

Enzyme Assays. The compounds synthesized in this
study were tested with an in vitro assay using a HeLa
nuclear extract rich in HDAC activity. The results are
summarized in Tables 1-3.

The ICsq values of SAHA and o-aminoanilide 1 were
0.28 uM and 120 uM, respectively (entries 1 and 2).
a-Ketoamide 2 and N-formyl hydroxylamine 3 were
reported previously to inhibit HDACs with an ICzp of
0.34 M and 2.8 uM, respectively (entries 3 and 4).11b12

The crystal structures of an archaebacterial HDAC
homologue (HDAC-like protein, HDLPVhydroxamates
and HDAC8/hydroxamates complexes made it clear that
the hydroxamic acid group coordinates the zine ion in
the active site through its CO and OH groups and also
forms three hydrogen bonds between its CO, NH, and
OH groups and Tyr 306, His 143, and His 142 (HDACS
numbering), respectively.” From these data, hydroxy-
urea 4, semicarbazide §, and hydroxysulfonamide 6
were synthesized and tested as HDAC inhibitors be-
cause it is possible for them to chelate zinc ion and form
hydrogen bonds with Tyr and His like SAHA. Among
these three compounds, hydroxyurea 4 and semicarba-
zide § showed anti-HDAC activity and the ICsg values
were comparable to that of o-aminoanilide 1 (entries 5,
6, and 7). However, they were much less effective than
SAHA.

Thiols seemed to be reasonable targets for hydroxamic
acid replacements, because zinc ion is highly thiophilic
and thiol derivatives have been reported to inhibit zinc-
dependent enzymes such as angiotensin converting
enzyme!® and matrix metalloproteinases.’® Further-
more, macrocyclic compounds bearing a disulfide group
such as FK228 have been reported recently to inhibit
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Figure 1. The transition state proposed for HDACs (a), and
models for the binding of sulfone derivatives (b).

HDACs under reductive conditions.!” Surprisingly, al-
though the inhibitory ability of monodentate ZBGs such
as thiol was thought to be less than that of bidentate
ZBGs such as hydroxamate, N-formyl hydroxylamine,
and hydrated electrophilic ketones,6 the activity of thiol
7 was far greater than expected. A pronounced inhibi-
tory effect (IC5 = 0.21 uM) was observed with thiol 7,
which was much more active than previously reported
non-hydroxamates such as o-aminoanilide, N-formy!
hydroxylamine, and trifluoromethyl ketone,!12 and as
potent as a-ketoamide 2 and SAHA (entry 8). To confirm
that the thiol group plays an important role in anti-
HDAC activity, thioacetate 8a and methyl sulfide 9 were
tested. As expected, thiol transformation into thioac-
etate and methyl sulfide led to an inhibitor that was
about 30-fold less potent and a compound devoid of anti-
HDAC activity, respectively (entries 9 and 10). These
results suggest that thiolate anion generated under
physiological conditions has an intimate involvement in
the interaction with the zinc ion in the active site.

The erystal structures of the HDLP/hydroxamates
and HDAC8/Mhydroxamates complexes have led to a solid
understanding of not only the three-dimensional struc-
ture of the active site of HDACs but also the catalytic
mechanism for the deacetylation of acetylated lysine
substrate.” It has been proposed that the carbonyl
oxygen of this substrate could bind the zinc, and the
carbonyl could be attacked by a zinc-chelating water
molecule (Figure 2a), which would result in the produc-
tion of deacetylated lysine via a tetrahedral carbon-
containing transition state (Figure 1a). On the basis of
the proposed catalytic mechanism, we attempted to
design non-hydroxamate HDAC inhibitors. First, we
designed transition-state (TS) analogues. The TS of
HDAC deacetylation was estimated to include a tetra-
hedral carbon (Figure 1a) as with other zinc proteases.1®
We focused attention on sulfone derivative TS analogues
because it has been suggested that the sulfonamide
moiety has strong similarity with the TS of amide bond
hydrolysis, both from a steric and an electronic point of
view.) Compounds 10 and 11, in which a hydroxamic
acid of SAHA is replaced by a sulfonamide and a
sulfone, respectively, were designed and synthesized as
TS analogues (Figure 1b). Of these two TS analogues,
sulfone 11 showed anti-HDAC activity and the ICsg
value was 230 uM (entries 11 and 12). However, sulfone
11 was approximately 820-fold less effective than SAHA.

Our next approach was based on the proposed deacety-
lation mechanism whereby a zinc-chelating water mol-
ecule activated by His142 and His 143 (HDACS num-
bering) makes a nucleophilic attack on the carbonyl
carbon of an acetylated lysine substrate (Figure 2a).
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Figure 2. The mechanism proposed for the deacetylation of
acetylated lysine substrate (a), and a mode! for the binding of
heteroatom-containing substrate analogues to zinc ion (b).

Table 1. HDAC Inhibition Data for SAHA and SAHA-based
Non-hydroxamtes®

enMEhR
[s)
R %ﬁlm 1Cs (KM)
entry  compd " 0aM 50 (1
1  SAHA* .CONHOH [ 100 0.28
. W WH2 ‘
2 1 N 6 48 120
b
3 2 COCONHMe 6 ND 034
"
4 3 Ny 7 ND 28
< OH
5 4 -NHCONHOH § 58 80
[ 5 NHCONHNH, 3 35 150
7 6 SO,NHOH 6 14 >100
8 7 -SH 6 100 0.21
9 8a -SAc 6 85 7.t
10 9 -SMe 6 11 >100
i§] 10 -NHSOMe 3§ 10 7500
12 n -S0,Me [ 3 230
13 17 NHCOCH.NH, § 6 =100
14 13 NHCOCH.OH § 0 >0
15 14 -NHCOCH,SH 35 99 0.39
16 15 -NHCOCH,SAc 5 T2 2
7w K_# s 14 >100
1% 17 - 5 ¢ . >0
e o
19 13 -NHCOCH,B:r § 78 17

¢ Values are means of at least three experiments. ¥ Prepared
as described in ref 26. ¢ Prepared as deseribed in ref 9a. 4 Data
taken from the literature (ref 11b). ¢ Data taken from the literature
(ref 12). f Trifluoroacetic acid salt. ND = No data.

With this mechanism, if the water molecule is forcibly
removed from the zinc ion, the HDACs would suppos-
edly be inhibited. We then designed and synthesized
heteroatom-containing substrate analogues 12, 13, and
14. These analogues would be recognized as substrates
by HDACs and would be easily taken into the active
site where they could force the water molecule off the
zine ion and the reactive site for the deacetylation by
chelation of the heteroatom to the zinc ion, and might
behave as HDAC inhibitors (Figure 2b). As shown in
Table 1 (entries 13, 14, and 15), potent inhibition was
observed with mercaptoacetamide 14, while 12 and 13
did not possess HDAC inhibitory activities. Mercap-
toacetamide 14 exhibited an ICsg of 0.39 uM, and its
activity largely surpassed those of o-aminoanilide 1 and
N-formyl hydroxylamine 3 and was comparable to those
of o-ketoamide 2 and SAHA. As expected, thiol trans-

Suzuki et al.

Table 2. Effect of Linker Variation on HDAC Inhibitory
Activity of Thiols®
Phox£hsn

entry compd X n ICs0 (M)}
1 7 -NHCO- 6 0.21
2 19 -NHCO- 7 15
3 20 -NHCO- 5 0.37
4 21 -NHCO- 4 6.2
5 22 -0- 6 11
6 23 -CONH- 6 0.36

¢ Values are means of at least three experiments,

Table 8. Effect of Aromatic Group Variation on HDAC
Inhibitory Activity of Thiols®

A'""x'(")‘ssn
entry  compd Ar X ICs (UM)
t 7 -Ph NHCO- 021
2 24 —@—Wez NHCO- 12
3 p13 —@—m -NHCO- 11

-NHCO- 0.075

Con O
5 27 —G—OPH -NHCO- 0.62

6 28 Ooﬂ, NHCO- 021

7 29 —Q -NHCO- 0.1t
=

8 30 | -NHCO- 0.072
N

-NHCO- 0.17

N
D NHCO- 034

1w xR

B -Ph CONH- 036

1z 3 —@—NM&: CONH- 061

3 3 CONH-  0.085

3 ‘{:O CONH- 0079
/

15 3% " CONH- 010
H

4 Values are means of at least three experiments,

formation into thioacetate (15) led to a 55-fold less
potent inhibitor. This result suggests the ease of ioniza-
tion of thiol is an important factor for HDAC inhibition
like the case of thiol 7.

We turned our attention to irreversible HDAC inhibi-
tors. TPX B is an irreversible HDAC inhibitor,?® and
finding more specific and simpler irreversible HDAC
inhibitors is useful for the isolation and cloning of an
HDAC.Z As described above, the crystal structures of
the HDLP/hydroxamates and HDACS8/hydroxamates
complexes revealed that the hydroxamic acid group
forms three hydrogen bonds with Tyr 306, His 143, and
His 142, and furthermore, zinc ion is coordinated by His
180, Asp 178, and Asp 267 (HDACS numbering). Since
the phenol group of Tyr, the imidazole group of His, and
the carboxyl group of Asp are able to react with
electrophiles, we prepared analogues bearing propargyl
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Table 4. Cell Growth Inhibition Data on NCI-H460 Cells for
Compound 7 and Its S-Modified Prodrugs®

Ph. .
AW
entry compd R ECsp {(uM}
1 7 H =50
0
2 37 ,S(\,)J\ NP >50°
% H
3 8 -Ac 36
4 » -COE 28
5 » -COn-PBr 2
6 9 -COi-br 20
7 41 LCOr-Bu 507
0
8 £ Pt 27
a
9 o }—O 21
10 44 Bz 25
H 4 3—@—»0, 2
12 % -CHOCO-Bu 25

a9 Values are means of at least two experiments. ® 34% inhibition
at 50 uM. ¢ 10% inhibition at 50 uM. 9 42% inhibition at 50 uM.

amino {16, 17} and bromoacetamide (18) which could
form covalent bonds with Tyr, His, and Asp of the
enzyme, and evaluated their anti-HDAC activities.
While propargyl amino compounds 16 and 17 did not
possess HDAC inhibitory activities, more potent inhibi-
tion was observed with bromoacetamide 18 (entries 17,
18, and 19). Bromoacetamide 18 exhibited an ICg, of
17 uM and its activity was about 9-fold as strong as that
of o-aminoanilide 1, but much weaker than that of
SAHA.

With the results shown in Table 1, we were encour-
aged to study further the structure—activity relation-
ship (SAR) and structural optimization. We selected
thiol 7 for further study.?! First, we examined the effect
of linker parts of thiol 7. The results are summarized
in Table 2. HDAC inhibition was distinctly dependent
on chain length, with n =7 (19) and n = 4 (21) resulting
in less potent inhibitors. However, compound 20, in
which n = 5, showed essentially the same potency as
compound 7, in which n = 6 (entries 1—4). The similar
SAR between thiols and hydroxamates, with n = 6
optimal,?? indicates that thiols inhibit HDACs in a
binding mode similar to that of hydroxamates. As for
the group attaching the phenyl moiety, ether 22 dis-
played moderate activity, whereas the activity of the
reversed amide 23 was maintained {entries 5 and 6).

Next, the aromatic group was examined (Table 3). In
the amide-linked series (entries 1—10), 4-substituted
phenyl compounds tended to decrease the potency.
Specifically, compounds 24 (Ar = 4-NMes-Ph), 25 (Ar
= 4-biphenyl), and 27 (Ar = 4-PhO-Ph) showed about a
3- to 6-fold decrease in potency when compared to the
parent thicl 7 (entries 2, 3, and 5). On the other hand,
compound 26, in which a phenyl group was introduced
at the 3-position of the phenyl group of 7, showed 3-fold
increased inhibitory activity (ICso of 0.075 M, entry 4).
In addition, 3-phenoxy compound 28 was equipotent
with compound 7 (entry 6). We investigated the effect
of the replacement of the phenyl group of compound 7
with heteroaryl rings (entries 7, 8, 9, and 10). Changing
the benzene ring to a 3-pyridine ring (29), 4-phenyl-2-
thiazole ring (31), and 2-benzothiazole ring (32) sus-
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Table 5. Cell Growth Inhibition Data on NCI-H460 Cells for
Compound 40 and Its Derivatives®

Ay {"}SS)CLr
Ar X

entry  compd ECsq (UM)
1 40 -Ph .NHCO- 20
2 47 Oph -NHCO- 28
3 4 b‘opn NHCO- 25
4 49 A\ -NHCO- 2.9
2
5 50 m NHCO- 8.0

6 51 _(,":,'/0 -NHCO- 2.1
]

-NHCO- 9.5

8 53 -CONH- 12
7

9 54 “(OD -CONH- 4.1
4

1o 55 _(Nj@ -CONH- 12

H

@ Values are means of at least two experiments.

Table 6. Growth Inhibition of Various Cancer Cells Using
SAHA apd Compound 51°

SAHA, 51,
cell ECsp (uM) ECsp (uM)

MDA-MB-231 breast cancer 15 2.3

SNB-78 central nervous 16 9.1
system

HCT116 colon cancer 0.58 3.0

NCI-H226 lung cancer 2.6 2.6

LOX-IMV1 melanoma 13 1.1

SK-0OV-3 gvarian cancer 2.5 4.5

RXF-631L renal cancer 2.0 2.4

St4 stomach cancer 5.2 5.0

DU-145 prostate cancer 186 45

mean 3.7 3.8

2 Values are means of at least two experiments,

tained or slightly reduced the activity, whereas quino-
line 30 had improved activity (ICs¢ of 0.072 uM), and
turned out to be the most potent compound in this
series. The reverse amide-linked series {entries 11—-15)
exhibited potencies similar to or greater than the parent
thiol 23, with the exception of 33 (Ar = 4-NMe,-Ph),
which resulted in a slightly less potent inhibitor. In
particular, the reversed amides 34 with a naphthalene
substituent and 35 with a benzofuran substituent
exhibited about 3-fold increases in potency (ICsps of
0.085 uM and 0.079 uM, respectively). As a result, ICs0s
in the double-digit nanomolar range were observed with
3-biphenyl 26, quinoline 30, naphthalene 34, and ben-
zofuran 35, which were approximately 3- to 4-fold more
petent than SAHA.

Cancer Cell Growth Inhibition Assay. To confirm
the effectiveness of thiol-based HDAC inhibitors as
anticancer drugs and tools for biological research, thiol
7 was initially tested in a cancer cell growth inhibition



