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WFZeR R OMEEL (3530) : The pathogenesis of lifestyle diseases such as cardiovascular
disease is more closely related to environmental factors than genetic factors. In other
words, the changes in gene function and cellular phenotype lacking any changes in genomic
sequence, known as epigenetic regulation, is considered to be responsible for the
pathogenesis. Epigenetic regulation in the cardiovascular system, however, has not been
sufficiently understood. We expected that the changes in chromatin structure would lead
us towards a greater understanding of the mechanism of regulation of transcription in
eukaryotes and discovered the interactions between DNA binding proteins and chromatin
structural changes and their functional significance. We hypothesized that by focusing
on cardiovascular epigenetic regulation, this study will explain how transcription in
chromatin and DNA repair is regulated in cardiovascular disease and will contribute to
drug discovery. In order to address epigenetic regulation in cardiovascular disease,

we studied KLF5, a key factor of this disease, and discovered molecules, such as ANP32B,

which interact with KLF5. In addition to these interactive factors, we analyzed the
function of ATM and H2AX, the key factors for DNA repair that we considered were important,

by employing molecular biological and genetic engineering techniques (e. g. the generation
of knockout mice) and disease animal models (e. g. vascular senescence models). As a result,
(i) by examining the regulation of the histone chaperone family, we found a novel histone
chaperone ANP32B, and its structural analysis revealed that ANP32B regulates the amount



of histone in the promoter region of KLF5 downstream genes (Munemasa et al. 2008). We

also solved the crystal structure of (Tochio et al. 2010).

(ii) The analysis of the new

regulative mechanism of vascular senescence by ATM showed that ATM plays an important
role in oxidative stress—induced endothelial dysfunction and premature senescence

through the Akt/p53/p21 pathway.

epigenetic regulation in human pathology

Our research revealed the molecular mechanisms of
Importantly, it is possible that these

mechanisms may lead to new treatments, and new studies based on our results

SRR
(EHHAL : )
[ERESES MECTES ¢ & @t
200 84 5, 900, 000 1, 770, 000 7, 670, 000
200 9 4,500, 000 1, 350, 000 5, 850, 000
201 0% 3, 800, 000 1, 140, 000 4, 940, 000
% 14, 200, 000 4, 260, 000 18, 460, 000

RESYSE © PR HIRY:

BIftE 058 - B - WESRERIRE S - TEERas R
F—U— R OfFR:2 - SiE, @A LA, @QFEHE., OMvav-vatv-t-F, @7 a7 4 —A

1. WHFERHAG S ) DH 5

(I AE R R A D AT BB Tk, BB
FUL IR BRI DR RIE I 5T 5, &
ST, 7 LBBETOEII~DER /2N E
F B O D D W ITMIIEE ~DZ 1L
NHOLNDTE T = RT 4 7 AHIEH e
DOFIE LRSS T EE 26508, O
BEETIIo Y =37 4 7 AHE O T
ENTIE E 72 A TV,

v N7 AOFREFNET LT-BE, BiE T
FERE 72U LA IR T oD ) RS [ P 22 D 5
BRBY, ¥ RxT 4 7 AWFSEITER &
EHTND, LI, X7 LA Y=o
< T LW o T BRI AEMITRA 72 DNA O iR
s ORI DL 2585 (75, Hil, &
HE) ORIEORANR S > & bER I TH
5o TE = RT 4 7 AXEMOIE (X Y
BRDORIEMEAL) 0ok, R e & AmBLSR
IR BB, FEA ORI « A LA
WX VBRI H T SNk, £
5B 2 4h 6 &3 DI BE O FIEE T O #E
LB EEZLNTVD,

DX IITAEMBLITB W THD CEE
REEE R oY 22T 4 7 AfIET
OB, DNA—EHERM, EE—EAR,
DICEREOMRBEM D EMEICED > T
W5, AL D ORFZERIN 22 64 % BifiE 5 5 7=
WIZiE, DNA mEREE ORI Z e LZE
HE ORI 72T N EECTH Y | fiETIEED
MEE SO+ SN TZ e -2l
N5,

DIEER BN Y =% T 4 7
A i O B A R T 5 F BN B D
DD, BERT EIE, H LWIERIEDORR
W2 D e N T O RE SR AT 23 4 < i
A TWNW2NWZ ETh A,

DIEERZ X T, WEIZBIT ey
= RT 4 7 Al E R E LT T IR &
DENLIRY . B S TIXERN Tl e Tbh
TELT, ANFE AT THD, Fxid,
Ja~F UREEEBRNER AW ICRBIT SR
GG OMEROMHOR DI &5
Z. WHEEHRL, DNA fi8EAL 7o~
T R SRR 7 O FE BAE K OV DR RE
M7 BEREHLNC L TE -, DNA FEAHER
BERNFEMHEERTAZEICLY, ZJa~TF
VIBEERBERIIRED S v — 4 —
HBIND LW BEBER TG ORIRME, R
HHEEZTHLD 2H LW A= X L& ]S
L C&7=(Suzuki et al., J Chrom B Analyt
Tech Biomed Life Sci 2007 & Trends
Cardiovasc Med 2005 & ATVB 2005 & Gene Ther
Mol Biol 2003), &5z, &1, HRIKGD
bV LG DT HHENFET D, EERZ
X, 7 u~F UHER T EERERTF S 5
ZNH OFERZEAM I X DMAEERIE N
Ry U — 7 I HEBRIT TH &2
2L T&E -,

2. WtoHB

TEY = RT 4 7 A E AT S 5 2
T, 7 a<F o L~ULTOHIME AR X )T



ZLIFHEETH D, Bl TORBGAE O RE
ITERDOIFRE LIRS Bbo TRy | IRE B
(CBWTER - &M %%&4% v 7 727
ﬁ%xféoﬁﬁiw BT D EaE S & B
ﬁ%‘ﬂ“é?’_
DM%%&FAEE LhfRAT L7272 ¢
PFAERTX 2V, FOEMBIT, BEE
%@ﬁ HET A7 u~F L L) DNA &R
HEN Ny r— S-SR, IREITx
L CRIERHT DD TH D, Fxrld, i
WCWHREIEFEHL, DNA fiaEBE 7 u~T
VRS LR A O BEAEH OV ORERERY
REHREALMICLTCE 2, KTMHEEIEH
WZHRR B EM ARG OO D7 v
Y F DT = RXT 4 7 AFITIE, A~
H—=T 7 arvy TEENTS D 2 T,
TaT A I 7 RENERS o & b L
it EZLND,
ﬁlﬁn“(i7r177l‘ 7 AfEMT A8 LT
JREEIZBIT AT Y = 327 4 7 A0
m_o@hb B LWIRRIEOBISICERT 5

CTLEAEEMETA, Y RT 4 7 A,

LRI 7 a=F o LULTORIEN B LR
A2~ (OFROGFRRMIC) CTREBIC/A D &
Zz TWbH,

3. WHEDTTik

DIMEROTE Y = 1T 4 7 Al#E O]
END, DIMAEREBICBIT S 7 a~TF UiES
HME, & 512 DNA 1E18 O Hl RS 2 BF 5 2> (2
L. AIEEOAOICLIZNWEEZ TS,

DIERBO TS ) LEZ2 B 5 2Nz
TEHI-DIT, AEBORKFTHDH KLF5 12
HEHL, TOMAEEHNRE-Z &L
(ANP32B %§), ZHUOAHAELERKF7Z1 T2
<.DNA BEDODXF—T7 7 7 X —ThH D AN
H2AX 126 H L, o HHilaAEw =0, 8ot
TEMTE (Vv 70 b~ 2EK) . R
FETL (EELET V) & HV CHEREME
WradT o, BRI iAWY F T L
L Ti, GST-pull down 2L B b A b UFEE
&M, in vitro histone chaperone activity,
SiRNA Z W7z ) v 7 X0 N2 X BEREA~D
WA, Z7a~TF U aEikEick b7
7%/M%W%®WM®@ﬁ VT AK T
oy MZEVEAEY VB boXH), Uk
kM£ﬁ iéﬁ@x&%w%%@@m 7
YUFT Y 11 JIBRIC L B EE e &
ThD,

F7-. ANP32B 12D\ Tk, NMR 12 & 0 S7fk

LWtk T Fa—Fo Lk Hiz,

WG 21T 5, RAEREANLERKE
NMR perturbation 75_’ ? 5 NP T L/ R 7 S
FOTEMEZE S T XV BERET D,

4. WHIERCR

(i) BR Ry yo BRI X B EREH
& DREEIENT

155 V- ¥ 7 4 A oD 1 Bl 3 B R 20 2R oD E B
@X7/7T%D AETEEIE R E DA EER
WX uHEIND, Fex FERER T KLF5 23
COBEBEORENTTHDLZ EEHLMNTL
TWER, Z2IEBT 57 a~F U HlEER
HCThHoTo, MEFIEHAREEHEICE T 52
o~ F Ul A S22 5 7= 8, KLF5 fH A
YERIE % BUS L2 /5 5%, A OBEE R
FEES Lz, 2SI OWTHERER#T 2 L
FHRER. FEHe A vy Xoy (BRA RV
CEBMHAEERA L, X7 VA Y — AR ETT
9) ANP32B Z[EIE L., Ziuhd KLFS FitEfs
FOT7aE—F —fHEBICBVTE A Fr®&
EIZLT S Z LA SN/ 7= (Munemasa
et al. 2008),

Functional interaction: ANP32B-core histone-TAF4

Histone
.

Hisione

KLFS tylation

Cooperative
inhibition

\ b

Mutual stimutation of
binding to promoter

YA\
T

SOOOHOGOO0C0 +€;—
.

prnmmer

S HIT, ANP32B &fhiobe X iy to
TAF-1 ORERERIBEME ARG L= & 2 A, #n
EMENIZBWNT, 2 b A Ry to
U Z E A S Lz (in

preparation),



BLRIRNZ &1, ZRHDE A My
ok, R K%@%ﬁﬂﬁﬂbf@otﬁ
TG ETEHe<RFEEINTELT, &
SHE7eD =WiHEEHTEA MUy
A AAEME, KLFS & OFEA &0 ) B OREE

(A)

P 3 % & ® & ¥ & & W N W 0

(8}

(<

EREBELTVWDIENEZONTZ, ZOHRE
PEIZDOWTH ST T H 7201, ANP32B D B
A by Xmy RAAL O ZIRIGHEE %
B SN LERER, (1) mAa Y& Te LRR
RAAL IHRTHFEET H, (2) BERXA LY
FRRRIZ B 595 <IXA M 6 A D beta sheet
TR INDS, —BIICE A h ooy nm
AEMEZH S alpha helix 2MMANCEEH S 4
B A M URRERIZB L TR, Ens Tk
DB & 3272 o7~ (Tochio et al. 2010),
—J5. TAF-1 1% (1) 2E8EERIZE D~
N7 4 UG ZFF>, (2) EXA Moy

N fEME R A A X alpha helix I2X VB
Sivh, T ERFx OmEDOHIEIC LY I
M THo7m (Muto et al. 2007), Zi#LH
DN, &R “katEidErRoe
AR Ra Uik, JuvFUuEE
NSNS Z & T, NERESEIZHIE S
NTWBZ EDRHLMNI ST,

(i) ATM IT K 2 1L 5 &AL ) 1)

Feft A N L AT PN BRI o K RE et
BLO® 2O EHIET 5, DNA HIEERE &
ATM ZEtetbag s 7 VRN BR{b A b
VADOHILI RS E R 2 kﬁféﬂf
7=, LoL. ﬁﬂ%?ﬁﬁ& AR D AT &
TF VAR OBENT iT%T%otoﬁ
@\ﬁﬁﬁNmﬁMMvaxmibﬁﬁé
Nz i &N R OSEERES L O 0%
{baHfEd 252 &2\ L T Lz,

Akt/p53/p21 #EHEZ I LRI LD ATM
OIEVEL - VU UMb &@LU T, MLk A R L A
NEACEFET S, ZHODOKISIE, ATM %
RAR L7 AR T 238l s S v, FREAORA
EHNC XD FICL VG SND Z & 0H
LM o7, BT, T O DORIGCDOMMAEIZ
B 24 FREMEE, AT ) v 7T U b
~ U AET )N (AR~ AL T, K

A g @ B e o
2 2 E = 9 E
H £ 2 H
o — - -
17p = CAPDH
1 2 3 1 2 3
c E
osTz() 80 asze
WsSTZ(4) H W STZ(+)
A T
g
S5 400 =240 .
o 238 *
g E 200 e
2 @
a .
1 2 3 4 5 6 1 2 3 4
Wwild Het Hom Wild  Wild Hetero Homo
D wild
STZ
e Bty b7
— T 8
F 5 6 7
L o /
[ = -
SAp-gal activity (Blue)
. e
G 10 1 12 ;
- ifv M , o el Ty
"
e <
ﬁ;;mwmwwwﬁﬁgg.f
H v e
13 14 16 -
/.,..-" L M.._ 35 . =
P .
\ - I'" -¥
S ool Vs CREREEEE
" Immunahistochemis (ywlth p21 antibody
|
17 18 | r'd P 20
Py R - .
.'_ 5 P V\J : Y o
iz {7 =

Immunohis ;ohm stry with p16 antibody

.L.. .‘: - 1,‘1 ’f"‘lﬁ”ﬁ'”"‘u
' %?xmﬁ, J

RASA 2L ANFEIHE ZELL)



FhARIZ 35 0F 2 I PN RZ S oD K fE iwﬁ
%&%m#mﬂéhé)%%wt%%
Th., RSN,
:@i 512, AT™M IZ Akt/p53/p21 FRiK % 8
L BBEA P L RICK VBEE S NN
ﬁikﬁﬁ%m IRBWT, EEKEAH
5:&ﬁﬁH%ﬁ

A%, ATM & A U DNA $8E{EE R CHE
B AT 5 H2AX < 7 A TOMHT %8 U
7o @bt X O ARIE DT, 72 b NS, =
VFavatnA) v T U T A RN
7o o M5 R B 72 ATM DRSBEREMT 21T 9 T
ETHD,

5. F/RFRIEHm U
(WF7efRRE . ot
XA

3N

Gy K OSEEERT 24 1

[%mu uﬁﬂjzj (%1’ 14 14:)

(D Suzuki T, Trimarchi S, Sawaki D, Grassi
V, Costa E, Rampoldi V, Nagai R, Eagle
KA. Circulating TGFbeta levels in acute
aortic dissection. J Am Coll Cardiol,
AHA, in press.

@ Trimarchi S, Sangiorgi G,
Rampoldi V, Suzuki T, Eagle KA,
Elefteriades JA. In search of blood
tests for thoracic aortic diseases. Ann

Sang X,

Thorac Surg & #t A ,2010; 90(5):
1735-1742.
@ Suzuki T, Distante A, Eagle KA.

Biomarker—assisted diagnosis of acute
aortic dissection; how far we have come
and what to expect. Curr Opin Cardiol
HFeA, 2010; 25(6) 0 541-545

@ 7Zhan H, Suzuki T, Aizawa K, Miyagawa K,
and Nagai R. Ataxia telangiectasia
mutated (ATM) mediated DNA damage
response in oxidative stress—induced
vascular endothelial cell senescence. J
Biol Chem#Fif, 2010 285:29662-29670.

(® Suzuki T, Distante A, Zizza A, Trimarchi
S, Villani M, Antonio J, Salerno Uriarte
JA, de Luca Tupputi Schinosa L, Renzulli
A, Sabino F, Nowak R, Birkhahn R,
Hollander J, Counselman F, Vijayendran
R, Bossone E, Eagle K. Response to letter
regarding article, “Diagnosis of acute
aortic dissection by D-dimer; the
TRAD-Bio experience” . Circulation &
FiA, 2010; 121: e24.

® Tochio N, Umehara T, Munemasa Y, Suzuki
T, Sato S, Tsuda K, Koshiba S, Kigawa T,
Nagai R, and Yokoyama S. Solution
Structure of Histone Chaperone ANP32B:
Interaction with Core Histones H3-H4

Z72o 7~ (Zhan et al. 2010),

through Its Acidic Concave Domain. J Mol
Biol. #HiA, 2010, 401: 97-114.

D EARE B, KHR = Mo
WA F~—T—, EIZ'KW;H’%K%EM‘ N
S Vol. 99, No.2, 2010, 269-274

Suzuki T, Distante A, Zizza A, Trimarchi
S, Villani M, Salerno Uriarte JA, de Luca
Tupputi Schinosa L, Renzulli A, Sabino
F, Nowak R, Birkhahn R, Hollander JE,
Counselman F, Vijayendran R, Bossone E,
Eagle K; for the IRAD-Bio Investigators.
Diagnosis of acute aortic dissection by
D-Dimer. The International Registry of
Acute Aortic Dissection substudy on

(IRAD-Bio)

biomarkers experience.
Circulation & & A ,2009; 119(20):
2702-2707.

© Suzuki T. Cardiovascular diagnostic

biomarkers -The past, present and
future-. Circ J# % A ,2009; 73(5):
806—-809.

Suzuki T, Sawaki D, Aizawa K, Munemasa
Y, Matsumura T, Ishida J, Nagai R.
Kriippel-like factor 5
proliferation—specific roles in
vascular remodeling, direct stimulation

shows

of cell growth, and inhibition of
apoptosis. J Biol Chem & &t A, 2009;
284 (14) : 9549-9557.

@ %\7&?\ a7 A I 7 AFEE RO
ERIBALA N L AORTREMIA AR E TS
ﬁﬁ BN ERRE, I, 36 &,
2009, 97-103

@ $ARE, FORIE, iR IRAD, & O Rkfk
LERE. R A, Vol. 66, No. 5,
2009, 561-566

@ Suzuki T, Distante A, Zizza A, Trimarchi
S, Villani M, Salerno Uriarte JA, de Luca
Tupputi Schinosa L, Renzulli A, Sabino
F, Nowak R, Birkhahn R, Hollander JE,
Counselman F, Bossone E, Eagle K;
International Registry of Acute Aortic
Dissection Substudy on
(IRAD-Bio) Investigators.
experience with the smooth muscle
troponin—like protein, calponin, as a
novel biomarker for diagnosing acute
aortic dissection. Eur Heart J % 3¢
£,2008; 29(11): 1439-1445.

Suzuki T, Nagai R. Molecular markers for
cardiovascular disease: cardiovascular
biomarkers to proteomic discovery. Nat
Clin Pract Cardiovasc Med®&E Zt A, 2008;
5(6): 295,

Biomarkers
Preliminary

(FaxE) GrioM)



@ # K = : Epigenetic regulation of
disease biology — focus on the role of
ATM and the DNA-damage response in the
cardiovasculature. % 33[F A &S F4EY
FRES - H 83 FHAE L FEREER
KE (FF). 2010/12/7-10. (> RY v
2. Interface between nuclear dynamics
and diseases)

@ Suzuki T: Epigenetic regulation of
chromatin transcription - KLFs as a
model system. 2010 FASEB Summer Research
Conferences (Steamboat Springs, CO,
USA). 2010/8/8-13.

@ Suzuki T: Proteomic analysis of the
vasculature. 16th International
vascular Biology Meeting (Los Angeles,
CA, USA). 2010/6/20-24.

@ $nARF: M OBRERIE R I L D0
MAEFREDMENT. B AR B B 5
52 [MIR4 (JAK). 2009/11/11-13. (U —
7 a7 MREEE D B BT ORI RE
)

(® Suzuki T: The potential for development
of a circulating marker for acute aortic
dissection: opportunities and
challenges. Aortic Diseases Summit
(Baltimore, ML, USA). 2009/9/22-23

® Suzuki T: Genetics of fibrillinopathies.

Advances in Understanding Aortic
Diseases (Hamburg, Germany).
2009/9/11-12.

(@ Suzuki T: Biomarkers as a new diagnostic
option? Advances in Understanding
Aortic Diseases (Hamburg, Germany).
2009/9/11-12.

5 K= : Current approaches to aortic
dissection; from biomarkers to the
international registry of acute aortic
dissection (IRAD). %8 73 [B] A AIEERARTF
TS ORI . 2009/3/20-22.

© Suzuki T, Aizawa K, Munemasa Y,
Matsumura T, Sawaki D, Kada N, Nagai R:
Epigenetic control of gene
transcription at the chromatin level
with a focus on Kriippel-like factors.
15th International Vascular Biology
Meeting (Sydney, Australia). 2008/6/1-5.

Suzuki T. Epigenetic control of gene
transcription at the chromatin level
with a focus on Kriippel-like factors.
15th International Vascular Biology
Meeting (Sydney, Australia.) 2008/6/1-5.

(BE) G2
O AT, i, EwEHR, #H L WERLLDL
DORIESE. BEHEEZEE T - E20H
DA, DB~V TN, Fe—T— A K

F 7 Y—]. 2009, pp91-94
@ $AE, fil, HAMEAE, DNARIE & &S,
A, EARE—, HER, hE
[Annual Review 2008 ffiBeas|. 2008,
pp23-27

(PEZETY PERE)

ORI Gt 1)

A MLHRERRE 2 T A e LR 8 2 R A
ERAVRES

FRE  IAE, A

MERIE © [ESERZIE N R, BRalatt
S FERERT

TR - R

45 : PCT/JP2008/65444
HEEAH : 2048H28H

EWst o5 [E5t

ORIk (BE 0 1)
ZLFR

FHE

HEFIZ -

FHYH

F5

BAEHH B

EN DR -

(ZF Dfth)
R L= U
WHRFRFREFZR AR EX X 2T
[ 2= s
http://plaza. umin. ac. jp/upm/index. html

6. R

(1) WAt

$hK = (SUZUKI  TORU)
UK« R B EPL - R THE#dR
9% 5 90359620

(2) WFgEsy 4
mL

(3) LT T
mL



