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In mang human cancer cells, epigenomic aberrations result in up-regulation
of oncogenes. The BET protein binds to highly-acetylated histone H4 and is involved in
carcinogenesis. Inhibitors for BET proteins can bring the gene expression pattern in cancer cell
back to that of normal cells. However, the effect of the BET inhibitor on the hyperacetylation of
histone H4, which is the primary target of BET protein binding to the epigenome, has been unclear.
In this study, we observed that treatment of a human lung cancer cell line with a BET inhibitor JQ1
could not change the K5/K8-diacetylated status of histone H4 at all, suggesting that the
combinatorial modification of H4K5acK8ac is a robust marker of the cancer epigenome.



% A C—19,. F—19—1, 2z—19 (@)

WFZEB AR 4 4 D

tb%ibbk#éE#EWTi m@#m®Lm%%ﬁitxb/&/ﬂy TDHFEE %
DALHERIC L » T2 %7 5, B X b, 4 FBEO a7 %828 (H2A, H2B, H3. H4)
M _DOTOMARDLI T8 ERE L THEL, DNA 2B X D175 2 kf#/AmA%&WKW
ML TS, B A MR TEF LA F UL EDERE 21T T n~F U idEae B S,
T AOFRFEFEIBRICAET 2BETORBZHE L TD, 20X 97 X hiacxtd 5%
BRI AR CTH Y | DNA KT 2 [ {b B ChH D AT ML L B T2 =T o
71ﬁﬁjkﬁin1wé EREIZUD ETHAEMEMO Y = XT ¢ 7 AN, tx
fooarT R0 3 & HA Tk B 7 B F A bEin EE o &E 230 - T\ b, KRz,
D N KA ﬁ@#é 0@)//%%(%&K&b¢ﬁfTt?wMéﬂtETt%wMﬁ
fi& (H4KbacK8ac) Db A M i, BET 77 R U —IZB T 5 —HDO X I EMPFEE L, BDAE
BT ORBLETEH LT Z ERMmoNTWnD

AR R B IO & LT, txb/&mn77 U— K RIIE L OFESE
[HET 21K TEa% BET 77 X U—[HEAD) 2NER SN TW5b, KRR BET 77 I U —FH
ERITHD JAL 1T, HIOIEON A G325 & IEREERS 7 ORI 2 BRI IE 35
TEMONATEEIRE L TCORREENRHIFEIN TS, JQL Z0AMBICESETHE, B A M
EBET 77 R V= U R TEOEEEBAWINCILET AN BET 77 I U —Z U XN & b
EREALTWER A N HA OET BT IBERMONNZ — N ED X HITEBbT D70 &, flifa
LUV TORE LWERII AR o 72, B2, MilaNTOE T BT bt 2 k> He 2R RAICHR
HT 2 LWFERRNZ LD, BARFIEENRZE Y = X7 4 7 AR 2RO E D 9
FREBIHIET D Z LR EN D - T,

2. WgEDHM
21153? T, Lh%%’%iﬁ?ﬁ)ﬁ(ﬁiﬂ:Lt'ft?zwbﬂDv%/zﬁ_f B — X?Vﬂ‘/ | BT
SIFRRE TR T 2R EANBR R 218 L ¢, BEMRICB T 2=/ LB & & iFRE CIHE
EL FTORNE LRI 5 L2 TEEMNE Lz, (RO YT ) AORBENTCIX, 7RI
HEyEaie A b URREREUAZ W T B TRRRIEZ O b OISV TV D23, DB A
HEMZ T 5 Z aw&mm I%totoﬁﬁnfitxb/®@ﬁ SETOER Y Vv &
%ﬁ#éﬁ%%ﬁﬁ#é LI RO = v AN 2T 5, Zhic kv &
BET VI Téit7/bﬁm®£%%m“ﬁﬁfﬂﬁﬁékk%K\Iff/Aﬂﬁ
tl#ér$%ﬁ%kb_ﬁﬁv—ﬁ—@ﬁﬁ®@ﬁ%®§bko&bﬁfxﬁﬁﬁl?yﬂ
VEDOELSRIZHES S =BT 7 LI ORRE - SR 2 D X Lz,

3. WD sk K5EKBH 7 EF ILIESNT=
BT EFNALE AN BRI ES ) A EXRUHADTFAILARTFR

R T > TEEMICHRIT 5 725, Kb ®E)

L K8 NFEFICT EF bzt 2 b

v M4 R RCERFET D PR O /ER A
Atz PUROERICIIHURDS LT L 72
DI, IERART I ey RITED
EEOSGITIZEANT AT ZFHL T
Vo vroffbvizcreFibl) v %
K5 & K8 DN EIZHAIAA T B R k2 He
ERBRENTEARKL, 207 Ik
EARSH4 ZRRELTCE ) J2—F
MR EERLLUT=, ZOHERET v F
JALIRTE (HAK5acK8a) Z iR 78k 9
5HZEw, X B AEERRATIC L 0 R T
DFERETCHEE L. (K1), ZoE /71
—FAHEERH LT v~ F o0k
TR SIAENT (ChIP-seq fENT) %
TH5Z2LICED, EXRMC WA BETE
F AL ST fEIk % 7 7 NI TR
FEVHREALT 2 H ik E RS Lz, mﬁgﬁ ﬁ%ﬁﬁ
) i

K1l BRFMHLOBETEFALESEEZRET AE ) 7 u—FAHKEORR

AW THZE LT 7 7 a—F VHUROHURRFEGAIET - (Fab) & B A b2 HA @ N Rl 7 A X7 F
K& OB RERELE, AR MAOTANXTFT K (HEE) Z5FBDOY > (K5; Lysh) & 8FEHD
Uiv (K8 Lys8) N7 BT /MEENT WD, SR Lchuiiix, B Oke) S8 (Bkta) TR
HHPROEEIZ2 IFTOMALEHALTEY B AR HLDKS & K8 D 2 HFRD U o LN R T BF L
fLINT=@ T B T ALK EE A BIRWIZEER T 2 A A 2 TV D Z L LT,



4. HWFIERE

AHFE CBRFE L 7= H4KbacK8ac BRFkHTIA % ChIP-seq FATICE A LT, & ~ DOfids Ao H23
MRERE D= ¥ ) NEMRNT LT, H23 1% ARAS 15135 KO TP53 i IC B R 2 Fi D | (RFEM 72
BET 7 7 X U —[HEHXITH 5 Jol 1k LTS M2 I NllaiRAO—fTh 5, Bia D
TNV E T e — RN T, SREIAL NIRRT E A N HEOET TV
{WiEfT (HAKbacKS8ac) &MDNFER 2T 7 ) MERGA LG L7= 5 R, H4KbacK8ac L=/
Y=L 7T =X —OWFIHMALTEY, ZRETHLNATWDZES ) MEMiOF Tt
A FH3 OT B FALESG (H3K2T7ac) DJRIFEE b —BIENRE W EAVHBA L2 (X 2a),
ZZ T BET 77 V=& N BEO—FETH 5 BRD2 & H4KbacK8ac, F7-1%. H3K27ac & D

e RTE & fRAT L7 5
BRD2 & @ dt J§ fE X
H4K5acK8ac & 5
H3K27ac LV & & < FHES
THZERDIroTE (K
2b), ZDOZ L XV, H
KN C BRD2 75 H4K5acK8ac
ERIRMICEST D &
PWRESNlz, £/, &7k
F Al & s R E OB
RAETRD - EEER A
NLE % R %8s %8
UM % CAGE V5% AW T
1To TS, Bin T DisE
FEW) B L H4KbacK8ac ™
ChIP-seq ¥ 7 F/LBEE )
SRVVEOFBERALRICH B
TEEMWR L, INHD
WERIT ko v ) L
MR B W CIEM L=
N =BT E—
X —DERER) IMERR & L
THESITFLNATETWY
ADEAMNCHI DT EF IV
{biEfE (H3K27ac) 2%t L
T, EAMNCHOETE
FAVIERT (H4K5acK8ac)
DRI EoiEME b~ —
7L LTCHIHAFEETH D
ZEERLTWD,

(a)

(b)

2TOFEETINH—
(H3K27ach S HETS>Y)

2TOFERInE—4—
(H3K4me3D SHETF7)

H4K5acK8ac

H3K27ac

i

=

H45acK8ac

0 062 12 19 25

RN T T B

0 062 12 19 25

T T T

f
-5 0

0 062 12 19 25

0 062 12 19 25

E—odibis 0D EE# (kb)

- A Xt 62.99

[ 38501

. 3,805

1
"

i
1

347

,092
T

1
t

T T T T T
2 -15-1.0-05 0 05 1.0

BRD2

H3K27ac

e
1

o
+

'
-
n

-2

H3K4me1

H3K4me3

I

Av Xtk 15.32

0 062 12 19 25

0 062 12 19 25

19,785 .

404

2-15-10-050 05 1.0

BRD2

0 062 12 19 25

0 17 34 51 68

K 2. b MNEBSAHIRIZBITAE R N BT BFAALERD S ) AHAEARET

(a) & NS AUIBARE H23 D o — I E 721 e B — X — IS B T D = B 5 ) MERTO FIHEAL
<7, ENbE A N HL OET B FIUER (H4K5acK8ac), B A M H3 DT B F /b £ /21T A F ik
fEfifi (13K27ac, H3K4mel, H3Kdme3) ZZNFIRL CWD, FfHIS E—7 oL bOEEE (-5kb 225
+5kb £T) A R L. ff#hiE H3K27ac (HlD= o~ P —D 3 x L) F721% H3K4me3 (FHID 7 1 E—& —
DIV DY T FARETT 7T ST v —F -3 7 e —2—% Ei (F) 225 Tz (F)
AW ART/R LTV D, HeKbacK8ac TN —E 7 aE—X—OWFIZH0H L TEY, H3Kimel <°
H3K4me3H3 L ¥ % H3K27ac D JR{E & HEL L T =,

(b) BET 77 I U —& > 37'E (BRD2) & H4KbacK8ac, F7-1% H3K27ac & D HLRIER T s, Al THk
fb & 72 BRD2 @ ChlP-seq 7 F /v &7 L, Hthid ks b X7z H4K5acK8ac (Z£) F 71 H3K27ac (F5)
@ ChIP-seq ¥ 7 F /v ZRd, BRD2 7 F/LORBIfE (-1.0), H4K5acK8ac 3 LN H3K27ac 3+ 7 /L DBl

(0) ZFNENERTTRT, 4 XX Fisher Exact Test TEHE L7, Z OLEMENTIZ LY . BRD2 & D
I JFLE L H4KBacK8ac D F7 78 H3K27ac LV & < AHRE4 % = & 2VHIBH L 7=,

ST, BET 77 2 U —PHEAIZ & MO AMIEEICEIN LRI, EA M 4 OET &
FIACEED ED L HOIZEALT 205857, &M 72 BET 77 U —fHEHITHS JQ1 %
t b ORA AT Lz, JQL DU L > T BET 7 7 2 U —& L7 8 @ BRD2 1X1HIF
SERCT ) ADNADSFRBEL 7278, B A b HA O E T B FAAER (H4K5acK8ac) X, 7' &
— AT NI T HIT E A E BB LN EAHIBA L. (K3 BB, ZofH
BN % DBIGFE2 AT L7235A THEBETH Y . REARDBABLGT c—Myc I[ZOWTHNE
LA JQL EZRINT D & cMye BIZ TR0 DT O 7 AFEIRIZIV T BRD2 OFE S 1HIFIT5E
AITIE L L2, HAKbacK8ac D /3% — AT EN R b e o7 (K3 TE).



CLEDOENTNG . BET 7 7 X U —[HERZ HAITe M AMRKICE ST 5 &, BET 77 2
V=B R FII= T ) LGS 5720, BET 77 X U —& X7 FIKATFT 2 D3 AUkiha
WZOWTIE— R 72 HEFEINHI D R A EE TE 28, 2O RITH 2R AMENOE,E v 57/
DIIFEAETL L TN AR ENT-,

ToE—42—5EEO IUNHY—FEED
BRD2 H4K5acK8ac H4K5acK8ac
N 0 A o
o = JQ1 ~ | o
N o DMSO © [ 0
mn <« N [ -1
H )
S o 2]
S| o ©
o" o o
AN | W, S
420 2 4 420 2 4 220 2 4

E—odibhs D E#E (kb) E—oibhoDEERE (kb)  E—5ibhio 0 BEEE (kb)

chr8:128634181-129199996

MYC* > PVT1 LT ra— > ==
1.8
BRD2 (JQ17%&L) W - N o0 N F— ~ s
BRD2 (JQ13%#0) N,
Haksacksacwaiml)  x Mhode by ool b -
H4K5acK8ac (JQ1i710)

X 3. BET 77 I U—MHEANCL B R N 4 OF T 2F U LEM~DHE

(BB BET 7 7 2 U —FHEHI JQ1 & 500 nM OJEE TR Mlids AMIRE 123 12 24 BRRIFRIN L 7= 0 ChIP-
seq A AT ZRT, FE1Z BRD2, X 7 e — & —fHI D HAKbacK8ac, A7 1E = >/~ Y —FEI D H4K5acK8ac
DT —H Zm ¥, KEOITIEBED DMSORIRD A& I Uiz 2y b v —/L4E, ARtald JQ1 23N L7= 44T
D7 ay MeRd, HEEA E— 27 Ol b O (—4kb 22 H+4kb £T) AR L. #EfhE ChIP-seq @
SR A AT Feas T, FEFTORER. JAL ZWIN$ 5 & BRD2 134 A0 BIZIEFZRITEE L 7= (&), B A R
V4 OET B FUbER (H4K5acK8ac) 137 mE—4 —fEIECH U —EIR T HIZIERL AFH L T
Wienotz (P ),

(TFE:) JQLFIc LD b 8 BYtaIR c—Myc BIZTJED D ChIP-seq v 7 F VAR, c-Myc BInTDALE
ZEREODRE), DL O PVTLE GFDALE & fBOREITRY, BET 77 2 U —BHEH] JOL 2545
L BRD2 OFEAIXEITHRAITHEET HDITH L, B R Mo H4 OE T BF /UER (H4KbacK8ac) 1X1E & A
ERBEZ TN RN EAVHIBH LT,



10 10 1 7

Niwa Hideaki Sato Shin Hashimoto Tomoko Matsuno Kenji Umehara Takashi 23

Crystal Structure of LSD1 in Complex with 4-[5-(Piperidin-4-ylmethoxy)-2-(p-tolyl)pyridin-3- 2018

yllbenzonitrile

Molecules 1538
DOl

10.3390/molecules23071538

Handoko Lusy Kaczkowski Bogumil Hon Chung-Chau Lizio Marina Wakamori Masatoshi Matsuda 13

Takayoshi Ito Takuhiro Jeyamohan Prashanti Sato Yuko Sakamoto Kensaku Yokoyama Shigeyuki

Kimura Hiroshi Minoda Aki Umehara Takashi

JQ1 affects BRD2-dependent and independent transcription regulation without disrupting H4- 2018

hyperacetylated chromatin states

Epigenetics 410-431
DOl

10.1080/15592294.2018.1469891

Umezawa Naoki Tsuji Kasumi Sato Shin Kikuchi Masaki Watanabe Hisami Horai Yuhei Yamaguchi 8

Masashi Hisamatsu Yosuke Umehara Takashi Higuchi Tsunehiko

Inhibition of FAD-dependent lysine-specific demethylases by chiral polyamine analogues 2018

RSC Advances

36895-36902

DOl
10.1039/C8RA07879C

Amano Y, Kikuchi M, Sato S, Yokoyama S, Umehara T, Umezawa N, Higuchi T 25
Development and crystallographic evaluation of histone H3 peptide with N-terminal serine 2017
substitution as a potent inhibitor of lysine-specific demethylase 1

Bioorg. Med. Chem. 2617-2624

DOl
10.1016/j .bmc.2017.03.016




Ehara H, Umehara T, Sekine SI, Yokoyama S

487

Crystal structure of RNA polymerase Il from Komagataella pastoris 2017

Biochem. Biophys. Res. Commun. 230-235
DOl

10.1016/j .bbrc.2017.04.039

Shinohara Y, Koyama YM, Ukai-Tadenuma M, Hirokawa T, Kikuchi M, Yamada RG, Ukai H, Fujishima H, 67

Umehara T, Tainaka K, Ueda HR

Temperature-sensitive substrate and product binding underlie temperature-compensated 2017

phosphorylation in the clock

Molecular Cell 783-798
DOl

10.1016/j .molcel .2017.08.009

Osada N, Kikuchi J, Umehara T, Sato S, Urabe M, Abe T, Hayashi N, Sugitani M, Hanazono Y, 9

Furukawa Y

Lysine-specific demethylase 1 inhibitors prevent teratoma development from human induced 2018

pluripotent stem cells

Oncotarget 6450-6462
DOl

10.18632/oncotarget.24030

Yoneyama Y, Lanzerstorfer P, Niwa H, Umehara T, Shibano T, Yokoyama S, Chida K, Weghuber J, 7

Hakuno F, Takahashi Sl

IRS-1 acts as an endocytic regulator of IGF-1 receptor to facilitate sustained IGF signaling 2018

eLife e32893

DOl
10.7554/eLife.32893




Nagano-Shoji M, Hamamoto Y, Mizuno Y, Yamada A, Kikuchi M, Shirouzu M, Umehara T, Yoshida M, 104
Nishiyama M, Kosono S

Characterization of lysine acetylation of a phosphoenolpyruvate carboxylase involved in 2017
glutamate overproduction in Corynebacterium glutamicum

Mol. Microbiol. 677-689

DOl
10.1111/mmi 13658

Niwa H, Umehara T 12

Structural insight into inhibitors of flavin adenine dinucleotide-dependent lysine demethylases 2017

Epigenetics 340-352

DOl
10.1080/15592294.2017.1290032

36 4 5

Handoko, L., Kaczkowski, B., Hon, C.C., Lizio, M., Wakamori, M., Matsuda, T., Ito, T., Jeyamohan, P., Sato, Y., Sakamoto,
K., Yokoyama, Y., Kimura, H., Minoda, A., Umehara, T.

JQ1 affects BRD2-dependent and independent transcription regulation without disrupting H4-hyperacetylated chromatin states

13th EMBL Conference on Transcription and Chromatin

2018

13

2018




2018
4 DMP
2018
H3K14ac YEATS GAS41
41
2018
41

2018




FACT

41

2018

41

2018

GAS41 YEATS

139

2019

Umehara, T., Fujii, Y., Wakamori, M., Yokoyama, S.

Structural analyses of nucleosome core particles with pinpoint chemical modifications

EMBL Conference on the Nucleosome: From Atoms to Genomes

2017




Aoki, D., Kuwabara, N., Uewaki, J., Tochio, N., Umehara, T., Tate, S.

Phosphorylation-dependent structural and functional changes of FACT

EMBL Conference on the Nucleosome: From Atoms to Genomes

2017

Umehara, T.

Potent inhibitor of LSD1 as a treatment of glioblastoma

Japan Life Sciences Showcase at the New York Pharma Forum

2018
LSb1
12
2017
Cyproheptadine Set7/9
35

2017




LSD1

35

2017

12

2017

12

2017

FACT

40 90

2017




Niwa, H., Sato, S., Hashimoto, T., lkeda, M., Ohsawa, N., Wakiyama, M., Shirouzu, M., Matsuno, K., Umehara, T.

Structural and biochemical studies on inhibitors against FAD-dependent histone lysine demethylases

40 90
2017
40 90
2017
YEATS GAS41
40 90
2017
YEATS
40 90

2017




GAS41 YEATS

138

2018

Cyproheptadine Set7/9

138

2018

Umehara, T., Fujii, Y., Wakamori, M., Yokoyama, S.

Crystal structure of CpG-methylated nucleosome core particle

FASEB Science Research Conference on Biological Methylation: Fundamental Mechanisms in Health and Disease

2016

16

2016




89

2016

Umehara, T., Niwa, H., Kikuchi, M., Sakai, N., Kukimoto-Niino, M., Shirouzu, M.

Protein structure analysis platform for academia-based drug discovery

CBI Annual Meeting 2016

2016

GAS41 YEATS

39

2016

Di-nucleosome

39

2016




CpG DNA

39

2016

, Das, N.D., , , »

39

2016

39

2016

Kumarevel, T., Sengoku, T., Fujii, Y., Morita, S., Sato, Y., Umehara, T., Yokoyama, S., Kimura, H.

Structural analysis of RNA Polymerase Il CTD phosphorylation codes with its specific antibody recognition

39

2016




39

2016

CpG

137

2017

http://www.riken.jp/research/labs/bdr/epigen_drug_discov/
http://www.bdr.riken.jp/jp/research/labs/umehara-t/index.html




