REFEEFAREGDE
ERESAEEENRER

DigA T —TIILREDEREERSZMIEDR S
—WRIREERACICR T - EHRASN R EDRF —

TR 2 AGEE BEFRGLE

MERKRE K F

FERk25. (20 1'5) £ 51



B 1

BT BB SR B &

=R A PR R AT T 2

L 7 — 7 /IR DIRR BRI WL D B %
— PR E R 17 7o RIS RS TR oD B 58 —

MEAERE Kk F

¥rk25 (2013) & 5A4



1. BEMRETHE



BIHE 3

BAEGBRFEEE S (BRI HEENTIEEE)
MFEMT R R T I &

DBA T — T VREDOERBEAREDEIEORR
— SRR BERA LI 1811 7 EHTHO 51 M I DB S —

WoaehEE #k =
BRI E AT o U% ¥ A FIHESBIE B

WREE

AL TN 7 — 7 MVREICRE T 2 REEREZNEORRE L2 BT, gy 7
— T NVIREDHRIIERFIROF THERO HOD—2TH Y | ZOEEILBRD b T
W5, EEIRERO ZRBEETH DI T —F VIEEE TR 18]~ SEFRE ORES] TR
722 (FPERITHENFEET 2V LIRS E UTORET HB88) BRIET
HREERVWLIBR RS 5, BREOTHZ B E LIIRET A ADWBRER I,
BEREABEEA TV MBMEDILTWABRIEIZB W TS, REIZIERE O BE OK1E
WCESZENE U D, BIREEZ TAT B HIENRWIZ D, IBEEERICHE B T —T
N % FhE LR OFBEFMT 2 MNERDH D0, RENEZLELTIRETH
V., BEMFELEREOE) L b MEREEOREEORREIISE Th oz, HOEIC
B D UNEH T — T MEFEERIITON 2 REMHEITAERRN26. 251 HEE) TH D,
HTF—F VEE 1E 2L OFIREIIFT. 5nSvTh ¥V (OB # 2 B ERARE &
OB LB~ +%) « K930 HOBE AR N5, RBREEOBRIC L Y g BEE
(B, gL bio) EEREHIBbLAREL 25,

BN 7 — 7 WRRE O BREL KT 52 R CHDTONS, F~v—H—%
BITBA%E Lz R L HREER) . DRV T —T VREICRETHHIEL LTI oS
Fe—D1—%AN5Z L THREDERBILEZX S, 3 CIZEM L 7216061 TOXERE
THEEEORKRM & THICB W THRREEL00% & ThEEOMRES R Lz, AKX, D ERE
RRZRFRANCRB T H2EABE DT U U LFIRATF R (BNP) 5> b8 L R M A
CoRRRT vy VENEEESIE CRET 2 HIETH D, AFRBPICHREED
BRMEOHSI Z B, TFROEE (FR4EE) XS O 21TV, FREDR
SheliE L LT oM (AR & NS FHIRE) ZMREE L7 (BEWT25861, HEwre4s)
THEEGLEFEE Y ICERZ Ei (BEBT306M, MERT9E) | AWk R AN A REE L
oo BB I LSEE ERIZ T 7o RTALEE VB S ORcEL % B8 LT 2 Ef§ 5,

M TRIIIEEERORGE, RFEARBFELBE T, HREORE(L, KEFRED
TR MRS R BT AT, [REE O BRE OEED S B O IR TR R
BERRTIMEL LD LOLHFELTN S,




A. HFEBH

DA 7 — T VRE O HIRILEREIR O T
BERKOBDOD—2TH Y, ZDEHILI KD b
TW5, S DOUBA T — 7 MEEZRWTZRE -
BREDERIZ L b2, HEIRERICKT 55
FERIRERNE R Liz—K , BE ORISR EREE
DI E & HIZ, ANBECHIREMEREIR TREZ2 &

DOWHFIZRB T REBEELRSIND, 207D,

X BEHER LR WEEIREEOZBED BRI
MEE ZNTND,

ARFZETILDED 7 — T VR EICRET 5K
REMEZMIEORFE L BT, BRI DIE
AT —T IR ERFERICHEREORE % B
BN TN B DD T — T VIREICRET S
HBE L THA PR LEZZH AN A ~—T—%
AWBEHETH D, BEIRERICHT 20T —7
JVIRER O E 72 RIRER 2V LIRS, 915 ~35| 0
FEGICHEIZAE (R ERICRENHEEEITRVL
TRIFICHT ORINE U THRAET D) BRIET
LZEnHIToND, BUE, BIRELZTFMTDH
B2 IRFHERICHE DR 7 —T v
RAEZ M L, FREOFEL LT 2 BER b
%, EEPROKE., ZEMET-EREOE?DL
b MR A S O LI 72 2 WTE D BR R 13805
Th b,

Bz Ty 7T — T VIR O BRAE E R
THHRTHD TONL F~—T— % B B%
U7z, DD 18R I F 12 2 & 31 5 BNP D R 572
TV SEMIER L, BIREEZ R LD D
UWNRIESRENS R THER] CTlE, & D7 F RANES
ZEEHRTHD TRWE L, 160612 i
HIBRE TR DgD 7 — 7 MRS O FRZE D
B E =TI B TARIEIIRFRE100% & HREE
OYEREE R LT, FRFbRERS ThH D, A5

BRI REIE OB RO E BT, B48
i, BRI - MEWTROICREBIZ A B8O L. 34ER
T1, 000451 (HEETBIS00fI, HEWTHI2004) % BAZ
ETBHZETREELE LTCORKRESERD
W ERR 728 FME 2 HESL T 5,

WFSEE T IR EE R D 38 AR R R
BT, HREOEREL., KEBROERGZE
a2 BT DR, (KEBRENSBEORAND
R OD I EEH IR RIS LR T 25t L
RHLOLHFLTND,

B. W5k

Fox BBAR LTz, LB 7 — 7 MREOREE
& e BARINSA Ao —J—iX, DM BRI R R
FIZHBRTL2ERETHLT M U LFRT
F FBNP) 225, BHERMFFICAE L 28R T a

RIELRE

ERRRIRGE (ML &)

> s BNPERHK %
: nn$\\J i?

B1. e RE

L TE BRI CTRIET S Z L&
EFEE LTS (K1) , BNPILOLBRE M, A%
DIFREIC BV TR CTREAMIZAR S L, £7210
Pz SN D Z Sk D B mE 21X U



& DIEERIAER L, WEIIRZ2 WV LRIRIEAS
DA B L THATERRORZEMEIZEHET 5. F
DETHRR S o Digi kO ABYEHERLVE
TH D, MMFBNPREDREIE %8 LIz D AREOBE
IX10ELU BRI SERIREA S 1, BIEITER T
H o & HIAEL EDOILTW A LI E fEHEk D2 K
NAF=—=H—DOEDTH D, ik L7z L 21z,
o (BRI 2 D BNPORER 2 7
VOUEMIER L BIREEZTR LD DV
SHNRTERI T, ZOXTF AR L%
RZ L7, 160 COPEIBRFHIRB VT, LI
AT =T REEOBERZEDOREE - FMICE
UNTAYEI IR R EE100% & SRBE OMERR 278 LTz, FF
FLHBFLTH D,

BARRZ2EHE & UC, DD T —T VREOR
BiEE LTOBWRER X -BIROA AEL
ST BRI, fimEakr— MILBRIEE & b
(2., HEBTRRAT 2450 B, ERE. BIEPIEEN D -
FERTIT TOFREEE ML, JREEE L O
BfRZ = BITIRET L7, Z ORBBHEDMERRIX

FR23%E FR245EE FH25%E
I | ! L
] SOHHR:1.433
B

BIEDLFIEES DI/ M/ ZFHER - DRBERELEORERE

BRI BEOBERELDE

258BID A THE
EEERE 86%
(3E#E258/5 EI300) |

B 200510 A4 |

201341 B AT IO AE T EHKD70.5%
* B (R 5645 B ES00H)

HEMTARAT - HEOBREETH

AR D ST FH 99D HTE
FEEERE 1% EEERE110% Big40610 547
(EHE64/5HE70)

(RHEIO/EHEO0)

~2m%ﬂﬁﬁ§?éﬁ§%ﬁ®ﬂt%i#ﬁmm5%
FTRE (BE16341/B4Z20040)

®2 SiOEBIKR

HEFRFSN TS Z L HBA LT, 41, BEREA
~DE—HE LTERED AN, F~v—H—L L
TORRAMEMILT 5 L & bIC, SERERBE
B89, REEL LCOBRKRNZRAEREN RSN
U, REOERILER S Z L2 X0 gD T
—TIRROZEMNEEmD 5 L L b, kY
A7 OFHlEE L TRRIERRICbHFET D L
LTV,

T CICAIHIREHT T, 130BIFEEE ORI A 7272
B UNT30BIFREE DRl & iad & b L7203, At
ZETIE. S HIZB00BIFRE OREWIRIE 24TV, &
72 200 BIAREE OMEWTIRRS 21T O . HFHIRI IR,
000/ % I E 35, BFFRIC B2 MR IXIE 22 ER5T
BB R AR PR & MDY T — T VA
FEGIOMR R ANFT 5, IFEAIFE CPR23EE)
IIEHENR Y AT ATV R ORABIIE L L
T OMERE (BRHIREZR & DNTTFHRIEE) 2 MREE L7 (B
Wr2ssfil, #Ewreasl) . WFFE 4 b FHENE D 1T
flzEarz (BEWT306M51. MEEroodl) | Bk
TSR E R ) T BT, BRHIE S O Rl e &
B L7t & = s 2,

(REE~DEE)

ABFTE CREKRFEFE MR RPiEsR 2R
TEBRBR B CTARE LTER S X ORBERZE 2
ZRLTREFICT 5 7 a7 A — AMEFTIC X
LHRZWHEDRRS) 13T TIC SR OmEER
DA (FR214E6 A 198 &R, AGBE 5448
(2) ZHETEY  SBREOMIREICHE> TEITL

-
—o

e

C. R
M HEEH (Ek24FEE) IZtEED ., =51
ﬁ%ﬁﬁ%ﬁW\WEEKﬁaﬂtﬁﬁﬁm%%



ZHE L LCOMERE (BRHEER b NS TFHIRE) %
FRAE U7, KI2ICEHRAEE COOITEBIRIN Z T,
WFFERIEEEE (CERL234EEE) DT A iET25811

w645 T o 7o, AEEE (BWISE_4EH) OO

WS B RS =
N 5.0 : P=0.0012 -
§4.0—
o)
E J
Z 3.0 hokdTiE
P~ ° 1.41
& 2.0- WRE
g 97441 1 % 100{¢j
© 4.0 i = %
n=46 n=15
BERELGL | | BEEHY
ME2FEBER TR
N 5.0 | P<°0.0001
S ] :
@ 4.0
ek 0
s ] ° hybtfE
5 3.0 ° J1.73
8 - ¢ HRE
204178 | @ L i
) -
@ 404
BEELGL || BEZEHY
FHERRES | WZR2EBKT
gL 46 200
BEE 15 35
PiE 0.0012 < 0.0001
AUC 0.782 0.730
hybFADiE 1.41 1.73

3 1SR AT —TILAREROBIREDH

BUIIHERT30641, HEWTOIBIThH o7z,

BARERER L LT, BREORINRER T
B HEWIRERT . T2 b T — T VIRER SR
ERBE R COFRRBOFEL DT D2HD
RERIILUTOEY Th D, MEEZFH (Frk24
) \ZEMEFHDIIB06BID 5 B LARE -
BEAREZEDORIMAEICE Y 3 DIER bR & FEE
SRR T2 Lz IR 15400 T o 7,
BRI Z2BAHEIIUTO®Y Th o, BHRE
PETFTLTWAEERF (7 L7 F=fE 2.0 mg/d
LELE) | DAREERF (BNPE200 pg/mLLLE) |
IR EZ £ U TOTER, 53T DRREERR S
UT DDy 7T NVBRHAR T o 7RI,
WZDOWTHEHEN 2> BRI LT, T OFEEHEYE
i e L7 s Ml % 2 4V E T ORBRBHRYT O 4547
BB, SEHET 21T o7z (K3) . 208
B, BREORICE N TIERAERE & PAEHD
He et 2 (ofE) ILRTAEE 00, 0001 K7 % #E
B Lo, $7o. 2WitEREE R T 25 E BRIERE
i (ROC) oD iR T i FE (AUC) fEIZ0. 730 & | 1EIE
BT LR UKEEZHER LT e, ZoZ e
b, AEEICHITEEZ NS ETHARBZEED
PWIBE I D HERF STV B Z R S T,

—J . MEETRIRRAT, b bUBA T —T v
TRRETIC IR R OBIRZE L Ta3 520N, 8l
FEEED 21417 b EF86HI & A HTERAS I L7223, p
fE130. 0218 & FEHHIH B/K R MEfRr L7 (R14) .
F 72, AUCTEIZRTEREE & el L C0. 689 & 00/
XL lpo s, 1ZIER UKEERHRF L, 20
KO CAREE IR EE M L TH TR
WrRE N2 E D D DENZ L B3R ST,

CHVE TS, BTN L Tl ntse i ol

TETEMERDT0. 5% E TEIE L (BE5641/ BEES

00f1) . #EWTHIZEE L CI381. 5% CTRIEZE L (&



16361/ BER20061)  (K2) . BUEE T, O
EELLTH INETOZBIMHRELZMERL TV
DT Ldbipot,

PlEn X iz, IR TSI OFERY O

. A2 B RS o
. P =0.0367
[ 1
R
&33.0
o
o kA TiE
Z “ias
=204 e ° SEE
S 100%
s 1145 2 "
z el E‘iﬂ -
m 1.0 °
n=23 n=7
BRELL BEREEHY
o BEEEETER
‘ P=0.0218
=} ° |
& 3.0
L
[ vkt TlE
% T > J1 .50 =
& 2.0 ® BEE
© 100%
S A0 e -
s O § —
M 1.0+ i S
n=71 n=15
BRELZL | BEEHY
ATERAE S BMR2EBRT
B
MARmL 23 71
BkE 7 15
PiE 0.0367 0.0218
AUC 0.767 0.689
hubATE 1.45 1.50

B4. HEERERIT hT—TIVAEREOBIRET R

EAETLTEY, PRBYORELHRONT
WD,

BAREEL, EOIIafiEzER>D, A2
BIREDEER~ORFEL BT, Thbb,
SRR AT o ATLER, HVEE O RGE(L A B
BT 2 E_mT2 L L bz, 7'a ha Vo
MEITD.

FERANZITAABWIEE L U TR —MRICHRAE
TXAEHEEZ 5720, BIRKETHRICITEE
EROHGE., REARFFLAET, AL
A7 B RETIHET 52 & T, HREOKE L
D Z LKV LES T — T VIREOREME
ZrEH D LRI, FBREY 27 OFhiZE L
T, IBREBRBRA~OFELHIFL TN D,

¥, DB T —T NEE RWTCRE - 1REE
g KX L, 4 B CIXER46. 05 NDBE R
T—TIAE R 26. 25 N\DBER I T—T Wik
B oz T T D (2008FIERERE B R ERERE
WEEIZL D, £, ZOREOELERIIENS
MERX DAIA0RD T2, EBITIT T N EFH 5 L
B) . BT —T VRIS OFRAEIIGEIT LT,
TBFREER ICHE DB 7 — 7 VIRE S EhE &
N5, T72bb, 26. 25 EOHER BRID O
T =T NVREMTON TS LHEIND, £
7oy DRI T —T VR D 1EH T Y OB EIX
7. 5mSv, EE AT —TFT VIR TSV TH Y |
BIE, ERERRECH I HROP TRRObDOO—
DTH D, FlziE. CIEOZE BROMOXHRBR
2 (0. 5~1. 0mSv, HHEENSHEREN04T 105)
L L, BREIIESE A~ RE N, T —
TNREDOERIT 1 #3005 M TH 508, L E
EETISEADEREDOAHEL Lo TN S,
ARREDFE R Z T 145,000/ ERFE L THI
TR E 720 . BREEAIXERICmZON, FO



ZIXEIZTEHBEMM E 725,

DA T — 7 MR T E M S 5 B

FBIATON 2R B DO.OED T — T AR
WCREBT 2 MBEBRELHEXE T 2L T, LD

X9 ITHRIR BRI, EREER O M E O

BIHFFIIREVIRBEIFTE D,

D.

RYEL,

E.
1.

1.

R MR IR

MREFER

LR
Fujimoto H, Suzuki T, Aizawa K, Sawaki D,
Ishida J, Komuro I, Nagai R. Processed
B—type natriuretic peptide is a biomarker
of post—interventi restenosis in ischemic

heart disease. Clin Chem, in press.

Enokoku K, IkedaH, Kato R, Kume Y, Yoshida
H, Ono T, Aizawa K, Suzuki T, Yamzaki T,
Yatomi Y. Inverse correlations between
serum ADAMTS13 levels and systolic blood
pressure, pulse pressure, and serum
C-reactive protein levels observed at a
general health examination in a Japanese
population: a cross—sectional study. Clin.

Chim. Acta, 2013 in press.

Garrido—-Martin EM, Blanco FJ, Roque M,
Novensa L, Tarocchi M, Lee UE, Suzuki T,
Friedman SL, Botella LM, Bernabeu C.
Vascular injury triggers Kriippel-like
factor 6 (KLF6) mobilization and
cooperation with Spl to  promote

endothelial activation through

upregulation of the Activin Receptor-Like
Kinase 1 (ALK1) gene. Circ Res, 2013;
112:113-127.

Sawaki D, Suzuki T. Targeting Transforming

Growth Factor-beta signaling in
aortopathies in Marfan Syndorome. Cric J,

2013; 77:898-899.

Suzuki T, Bossone E, Sawaki D, Janosi RA,
Erbel R, Eagle K, Nagai R. Biomarkers of
aortic diseases. Am Heart J, 2013;
165:15-25.

Bossone E, Suzuki T, Eagle KA, Weinsaft JW.
Diagnosis of Acute Aortic Syndromes -
Imaging and Beyond. Herz, 2012;

38:269-276.

Di Eusanio M, Trimarchi S, Patel HJ,
Hutchison S, Suzuki T, Peterson MD, Di
Bartolomeo R, Folesani G, Pyeritz RE,
Braverman AC, Montgomery DG, Isselbacher
EM, Nienaber CA, Eagle KA, Fattori R.
Clinical presentation, management, and
short—term outcome of patients with type
A acute dissection complicated by
mesenteric malperfusion: Observations
from the International Registry of Acute

Aortic Dissection. J Thorac Cardiovasc

Surg, 2013; 145:385-390.

Ishida J, Suzuki T, Aizawa K, Sawaki D,
Nagai R. Comparison of Analytical
Performance of Two Single-step
Measurement Devices of B-type Natriuretic

Peptide. Int Heart J, 2012; 53:320-3.



2.

FRR
Evangelista A, Pyeritz R, Voehringer M,
Myrmel T, Ehrlich M, Peterson M, Pape L,
Suzuki T, Jondeau G, Ballotta A,
Montgomery D, Isselbacher E, Nienaber C,

Fagle K, O’ Gara P: Influence of Family

.History on Acute Aortic Dissection: An

Analysis from the International Registry
of Acute Aortic Dissection (IRAD). The
American College of Cardiology 62nd
Annual Scientific Session (San Francisco,

USA). 2013.3.9-11

Zhan H, Suzuki T, Aizawa K, Sawaki D,
Ishida J, Son BK, Miyagawa K, Komuro I,
Nagai R: Ataxia telangiectasia mutated
(ATM) —-mediated DNA damage response in

cardiac fibroblasts plays an important

role in doxorubicin-induced
cardiotoxicity. Gordon Research
Conferences;  Mammalian DNA  Repair

(Ventura, CA, USA). 2013.2.10-15.

Son BK, Suzuki T, Sawaki D, Aizawa K, Zhan
H, Ishida J, Matsumura T, Nagai R: KLF6
Modulates Aortic Aneurysm Formation by
Balancing Between Inflammatory and TGFP
Signaling Pathways. American heart

association scientific sessions 2012 (Los

Angeles, USA). 2012.11.3-7.

Mizuno Y, Suzuki T, Kohro T, Ilimuro S,
Yamazaki T: B-type Natriuretic Peptide
and Subclinical Atherosclerosis in

Healthy Population. American  heart

association scientific sessions 2012 (Los

Angeles, USA). 2012.11.3-7.

Sawaki D, Suzuki T, Aizawa K, Matsumura
T, Munemasa Y, Ishida J, Friedman S, Nagai
R: Cardiomyocyte Regulates Cardiac
Fibrosis through Cell to Cell Interaction
Mediated by KLF6. American  heart
association scientific sessions 2012 (Los

Angeles, USA). 2012.11.3-7.

Bossone E, Harris KM, Suzuki T, Fattori
R, Hutchison S, Ehrlich MP, Pyeritz RE,
Steg PG, Greason K, Evangelista A,
Voehringer M, Montgomery DG, Isselbacher
EM, Nienaber CA, Fagle KA: Stroke and
Outcomes in Patients with Acute Type A
Aortic  Dissection. American  heart

association scientific sessions 2012 (Los

Angeles, USA). 2012.11.3-7.

Ishida J, Suzuki T, Aizawa K, Sawaki D,
Matsumura T, Friedman SI, Nagai R:
Kriippel-like Factor 6 Promotes Obesity
and Glucose Intolerance Through Adipocyte
Differentiation. American heart

association scientific sessions 2012 (Los

Angeles, USA). 2012.11.3-7.

Suzuki T, Isselbacher EM, Eagle KA,
Nienaber CA, Sawaki D, Hagan LM,
Montgomery DG, Froehlich JB: Effect of
Medical Treatment for Aortic Dissection
on In-Hospital Mortality and Follow-Up
Aortic Expansion in Patients with and
Without Marfan Syndrome; Observations

from the International Registry of Acute



10.

11.

12.

13.

14.

Aortic  Dissection. American  heart
association scientific sessions 2012 (Los

Angeles, USA). 2012.11.3-7.

Bossone E, Korach A, Fattori R, Hughes GC,
Tsai TT, Montgomery DG, Eagle KA, Nienaber
CA, [Isselbacer EM, Suzuki T: Racial
differences in acute aortic dissection:
insights from the International Registry
of Acute Aortic. ESC CONGRESS 2012 (Munich,

Germany). 2012.8.25-29

Suzuki T: Biomarkers of aortic disease

ESC CONGRESS 2012 (Munich, Germany).
2012. 8. 2529
Sawaki D, Suzuki T: Cardiomyocyte

regulates cardiac fibrosis through cell
to cell interaction meiated by KLF6. FASEB
Science Reserch Conferences {Colorado

USA). 2012.8.5-10

Suzuki T: KLF6 in cardiovascular and
metabolic disease. 2012 FASEB Science

Reserch Conferences (Colorado USA).

2012. 8. 5-10

Zhan H, Suzuki T, Aizawa K, Sawaki D,
Ishida J, Son BK, Miyagawa K, Komuro I,
Nagai R: Doxorubicin—induced
Cardiotoxicity is Mediated by Ataxia
Telangiectasia Mutated (ATM) in Cardiac
Fibroblasts. 2 77 [6] B A{EERESFEHME -
FifiEa (K 2013.3.15-17.

Aizawa K, Suzuki T, Zhan H, Sawaki D,
Ishida J, Komuro I, Nagai R: Histone H2AX

is Important in the Regulation of Cardiac

15.

16.

17.

Hypertrophy. % 77 [l B AERBFERE -
FhiES (BK) 2013.3.15-17.

Son BK, Suzuki T, Sawaki D, Aizawa K,
Matsumura T, Ishida J, Zhan H, Komuro I,
Nagai R: KLF6 Modulates Aortic Aneurysm
Both  of

Formation by  Regulating

Inflammatory and TGFbeta Signaling
Pathways. 55 77 Bl A ABRIFF MBS - %
fhifes (B 2013.3.15-17.

Ishida J, Suzuki T, Aizawa K, Sawaki D,
Matsumura T, Nagai R, Komuro 1I:
Kruppel-like Factor 6 (KLF6) Promotes
Glucose Intolerance and Obesity. & 77 [H]
AARRGBEERE - ZINES (BiK)
2013. 3. 15-17.

Matsumura T, Nishimura S, Manabe I,
Suzuki T, Ogawa S, Eto K, Komuro I, Nagai
R: Platelet Surface Molecules Regulated
by KLF5 are Critical to in vivo Thrombus
Formation and Angiogenesis. & 77 [/
BREFIHRE - FIHNES (BER)

2013. 3. 15-17.

. FRIPABEHEDHIRR - BRI

G

BT, ARESHRESHT BRER f,
FEAK AT 4 AR EAE - DRBZ kT~ —
J—  FERFHIRE2011-175982 (HFEH 2 0 1
18 A11RH) HEA : HERA®, NE
C. TKAT 4 v

SOART, BEAERME - MREREHE O T
EmREZFMT 2 5E EEHE
PCT/JP2008/65444 (2 0 0 84£8 A 2 8 H)
A« BN RFEARREKE, et



SERERUERT

2. EZRAHRBG
BMUEL,

3. =DM
ML,



[[. ARAROATICEAT H—KER



B 5

R DOTATICE T 2 —BE&

RRE KA WMXFA MVA IR BE R= HRRAE
Fujimoto H, Suz[Processed B-type nat{Clin Chem RIE K E 2013 (in pres
ukonali T, Aizalriuretic peptide is s)
wa K, Sawaki D,|a biomarker of post-

Ishida J, Komujinterventi restenosi
ro I, Nagai R |s in ischemic heart

disease.
TR fE—, SRORPET LVWENIREE(L 0D/ A [ BR 2% B E[20 (2) 237-244 2012
= F——B%¥ 5 RGBT

LW erd— AN FEraEME

Z VT (3. BhRAE (LjEs

DA < — 7 — D

RAIE &, FFE>FET6

[B] H AR ER 2R 2

)
IR fE—, AR A F~ — B — D Heart View [16(12) 306-310  [2012
= T FR-REDOR (5.

B DNA F—T—

DR, R . ERH

DN A~ — T — 1

- ek HERE)




[II. SIREROFITH- AR



Papers in Press. Published May 13, 2013 as doi:10.1373/clinchem.2013.203406
The latest version is at http://hwmaint.clinchem.orgfcgi/doi/10.1373/clinchem.2013.203406

Clinical Chemistry 59:9
000-000 (2013)

Proteomics and Protein Markers

Processed B-Type Natriuretic Peptide Is a Biomarker of
Postinterventional Restenosis in Ischemic Heart Disease

Hirotaka Fujimoto,’? Toru Suzuki,’>" Kenichi Aizawa,' Daigo Sawaki,® Junichi Ishida," Jiro Ando,’
Hideo Fujita," Issei Komuro, and Ryozo Nagai’

BACKGROUND: Restenosis, a condition in which the le-
sion vessel renarrows after a coronary intervention
procedure, remains a limitation in management. A sur-
rogate biomarker for risk stratification of restenosis
would be welcome. B-type natriuretic peptide (BNP) is
secreted in response to pathologic stress from the heart.
Its use as a biomarker of heart failure is well known;
however, its diagnostic potential in ischemic heart dis-
ease is less explored. Recently, it has been reported that
processed forms of BNP exist in the circulation. We
hypothesized that circulating processed forms of BNP
might be a biomarker of ischemic heart disease.

METHODS: We characterized processed forms of BNP
by a newly developed mass spectrometry—based detec-
tion method combined with immunocapture using
commercial anti-BNP antibodies.

RESULTS: Measurements of processed forms of BNP by
this assay were found to be strongly associated with
presence of restenosis. Reduced concentrations of the
amino-terminal processed peptide BNP(5-32) relative
to BNP(3-32) [as the index parameter BNP(5-32)/
BNP(3-32) ratio] were seen in patients with restenosis
[median (interquartile range) 1.19 (1.11~1.34), n =
22] vs withoutrestenosis [1.43 (1.22-1.61),n = 83; P <
0.001] in a cross-sectional study of 105 patients under-
going follow-up coronary angiography. A sensitivity of
100% to rule out the presence of restenosis was attained
ata ratio of 1.52.

CONCLUSIONS: Processed forms of BNP may serve as vi-
able potential biomarkers to rule out restenosis.
© 2013 American Association for Clinical Chemistry

Percutaneous coronary intervention (PCI)* proce-
dures are widely used today to treat coronary artery

disease (1, 2 ). Even with use of drug-eluting stents, re-
stenosis (as defined as renarrowing of the treated lesion
at approximately 3—6 months after the procedure,
which often requires another intervention procedure
to treat) still remains a limitation and occurs in >10%
of patients. The pathology underlying restenosis is
complex, involving a multitude of processes (inflam-
matory response to endothelial denudation and subin-
timal hemorrhage triggered by angioplasty followed by
vascular smooth muscle cell proliferation and migra-
tion, extracellular matrix formation, and vascular re-
modeling) (3). The mechanisms of restenosis are not
yet fully understood, and, therefore, targeted medical
intervention and biomarkers reflective of the process
have yet to be developed to improve management of
the condition and risk stratification. Clinical algo-
rithms for the identification of patients at risk for this
condition have not proven reliable, making clinical as-
sessment of the condition difficult (4—6). Owing to a
compliant medical care system, patients undergoing an
intervention procedure in Japan are generally given a
follow-up angiogram at approximately 6 months to ex-
amine for presence of restenosis, but in most countries
a follow-up angiogram is still limited to symptomatic
patients. A surrogate biomarker that could help iden-
tify patients at risk for restenosis would therefore be
welcome.

B-type natriuretic peptide (BNP) is a bioactive
peptide that counteracts hemodynamic stress induced
by various pathologic conditions through actions such
as natriuresis and vasodilation (7, 8). BNP is released
into the circulation in large amounts during heart fail-
ure, allowing its measured circulating concentrations
to be used in diagnosis of this condition (7-10). BNP
concentrations are also moderately increased in ische-
mic heart disease, but their diagnostic potential in this
condition is less well explored (11, 12). BNP is synthe-
sized as a propeptide, preproBNP(1-134), that under-
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goes rapid removal of a 26—amino acid (26-aa) signal
peptide, resulting in the formation of a 108-aa prohor-
mone, proBNP(1-108). Subsequently, proBNP(1-
108) is cleaved by proteolytic enzymes furin and corin
to release 2 processed peptides, the biologically inert
76-aa amino-terminal portion NT-proBNP(1-76) and
the biologically active 32-aa molecule BNP(1-32) [see
(13) for review]. Recently, other processed (proteo-
Iytic) forms of BNP [e.g., BNP(3-32), BNP(4-32), and
BNP(5-32)] have been shown to exist in the circula-
tion, but the clinical implications of these BNP pep-
tides remain poorly understood (14-16 ).

Protein processing via proteases is central to the
metabolism of many peptides. In the heart, myofila-
ment proteins such as troponin have been shown to be
processed under ischemic conditions, which may lead
to myocardial contractile dysfunction through effects
on calcium-dependent muscle contraction responses
(17 ). Measurement of processed troponin peptides re-
leased into the circulation from damaged and/or ne-
crotic cardiomyocytes has been suggested to be of po-
tential use in risk stratification of patients with
coronary syndromes (18 ). There are other clinical sit-
uations in which processed proteins/peptides serve as
diagnostic biomarkers, such as the use of amyloid
(AB) peptides in Alzheimer disease. The Af peptides
generated through sequential proteolytic processing of
the amyloid precursor protein by 2 enzymes,
B-secretase and y-secretase, have been shown to be re-
flective of Alzheimer disease pathophysiology [see (19)
for review], with lower concentrations of AB42 (as aratio
to AB40) being associated with cognitive decline (20).
Protein processing is also the target of therapeutic inter-
ventions such as use of dipeptidyl-peptidase IV (DPP-1V)
inhibitors, which inhibit protease processing of glucagon-
like peptide 1 and glucose-dependent insulinotropic pep-
tide in treatment of diabetes (21-23 ). In the present study,
we hypothesized that processing of BNP might have value
as a diagnostic biomarker for ischemic heart disease and
found that it is associated with restenosis.

Methods

PATIENTS AND PROTOCOLS

Between June 2007 and November 2011, we examined
a total of 105 consecutive consenting patients with
mildly increased BNP concentrations who underwent
PCI with follow-up coronary angiography (CAG) ap-
proximately 6 months after the procedure. Patients
were excluded if they had acute myocardial infarction,
unstable angina pectoris, congestive heart failure, or
chronic renal failure [serum creatinine >2.0 mg/dL
(>176.8 umol/L)], because of confounding effects on
BNP concentrations. Patients with BNP concentra-
tions >200 pg/mL were excluded because of possible

2 Clinical Chemistry 59:9 (2013)
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confounding heart failure and other heart disease as
described. Coronary angiograms were assessed by 2 ex-
perienced angiographers who were unaware of the re-
sults of analysis of BNP forms as described herein. Sig-
nificant stenosis was defined as >50% narrowing of the
coronary artery as determined by quantitative coro-
nary angiography according to American Heart Asso-
ciation guidelines (24 ).

Blood samples were obtained at time of follow-up
CAG after PCI. Samples were transferred immediately
into tubes containing EDTAate-2Na and aprotinin
(Neotube NP-EA0305, Nipro Corp.) and kept at 4 °C
until plasma was separated by centrifugation within
6 h, and then stored at —80 °C until analysis. We mea-
sured plasma total BNP concentrations using a con-
ventional enzyme immunoassay (Rapidpia, Sekisui
Medical) (25).

Nonstenotic  concentrations of BNP(5-32)/
BNP(3-32) ratio and BNP in this study were measured
using blood samples from consenting patients diag-
nosed to not have coronary stenosis on diagnostic CAG
(n = 66).

This study was approved by the ethics committee
of the Graduate School of Medicine, the University of
Tokyo, and written informed consent was obtained
from each patient.

DETECTION OF BNP FORMS
We developed a mass spectrometry—based immunoas-
say (MS-IA) procedure (as described in detail in Sup-
plemental Text, which accompanies the online version
of this article at http://www.clinchem.org/content/
vol59/issue9) to measure circulating BNP peptides.
Briefly, after capturing BNP peptides with an antibody
raised against the ring region of BNP(1-32) (an anti-
body routinely used in a commercial BNP assay avail-
able from Shionogi) (26) bound to magnetic beads,
captured BNP peptides were eluted and then detected
by MALDI-TOF mass spectrometry (Axima CFR Plus
and Axima Confidence, Shimadzu Corp.). Results of
coronary angiograms were not made available at time
of measurement. The analytical measurement range of
the assay was approximately 20-3000 pg/mL. Within-
run reproducibility as a measure of analytic precision
showed a CV between 7.4% and 8.8% (see online Sup-
plemental Table 1).

STATISTICAL ANALYSIS
We analyzed continuous data, expressed as median
with interquartile ranges, by the Wilcoxon rank-sum
test to compare medians of values and discrete vari-
ables with the Fisher exact test. We used multivariate
logistic regression analysis to determine variables asso-
ciated with restenosis. For multivariable models, a
stepwise variable selection was performed starting with
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all of the variables from the univariate model that had a
P value of <0.2. The final model was generated with
backward stepwise logistic regression (P to leave: 0.05)
(note that a forward stepwise model gave the same re-
sults). The final model included only variables that had
a P value of <0.05. We determined ROC curves, stan-
dard diagnostic sensitivity and specificity, likelihood
ratios, and predictive value to evaluate diagnostic per-
formance. All statistical analyses were performed with
JMP version 8.0.2 (SAS Institute) and MedCalc version
12.3 (MedCalc Software). A 2-tailed P < 0.05 was con-
sidered statistically significant.

Results

MASS SPECTROMETRY IMMUNOASSAY FOR DETECTION OF
CIRCULATING PROCESSED FORMS OF BNP

Because currently available conventional immunoas-
says cannot discriminate individual processed BNP
peptides, we developed a mass spectrometry—based de-
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tection method combined with immunocapture by
commercial anti-BNP antibodies to detect processed
forms of BNP in the circulation, as shown in Fig. 1A.
The assay consisted of 2 steps: the first involved immu-
nocapture in which all forms of circulating BNP
were captured by anti-BNP monoclonal antibody
bound to magnetic beads; the second step involved
analysis by mass spectrometry in which captured
BNP was eluted from the magnetic beads and ana-
lyzed with MALDI-TOF mass spectrometry (further
details on the methodology can be found in online
Supplemental Text 1).

By use of this method, we detected 3 major forms
of BNP: BNP(3-32), BNP(4-32), and BNP(5-32),
numbered as amino acids from the amino-terminal
end of the 32-amino acid BNP (Fig. 1B). Of the 3 forms,
BNP(5-32) was pursued further, as initial measure-
ments showed reduced concentrations of this peptide
in patients with restenosis (Fig. 1B). An index peptide
to serve as an internal control to quantify concentra-
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Factors associated with restenosis (cross-sectional study)

Age, years

Diabetes mellitus

Laboratory values

Ratio of total cholesterol to HDL cholesterol

L

HDL cholesterol, mg/dL

LDL cholesterol, mg/dL

lic blood pressure, mmHg

%DS by QCA (%)

Lipid-lowering agents

Drug-eluting stent 79 (75)

@ Data are median (IQR) or n (%).

©%DS, percent diameter stenosis; QCA, quantitative coronary angiography.

tal

68.0 (60.0-78.5)

14.43 (10.26-25.54)

b P values were determined by the Fisher exact test for discrete variables and the Wilcoxon rank-sum test for continuous variables.

50.5 (41.5-65.0

65.52 (59.22-70.54)

88)
69 (83)

10 (45)

tions of BNP(5-32) was needed, but because the full-
length peptide, BNP(1-32), was detected in only min-
ute amounts in contrast to BNP(3-32), which was
present at higher stable concentrations, an arbitrary in-
dex of the ratio of BNP(5-32) to BNP(3-32) was used
for further analytical purposes.

DIAGNOSTIC IMPLICATIONS OF PROCESSED FORMS OF BNP
Of the 105 patients enrolled (Table 1 and online Sup-
plemental Table 2), 63% were male (n = 66) and the
median age was 70 years [interquartile range (IQR) 63—
76]. Comorbid coronary risk factors included hyper-
tension in 90 cases (86%), diabetes mellitus in 65 cases
(62%), and smoking in 71 cases (68%). Serum creati-
nine was 0.83 mg/dL (IQR 0.70-0.94) [73.4 umol/L
(IQR 61.4-83.1)]; C-reactive protein (CRP) was 0.5
mg/L (IQR 0.3-1.2); HDL cholesterol was 53.2 mg/dL

4 Clinical Chemistry 59:9.(2013)

(IQR 44.5-68.6) [1.4 mmol/L (IQR 1.2-1.8)]; LDL
cholesterol was 88.5 mg/dL (IQR 78.3-103.5) [2.3
mmol/L (IQR 2.0-2.7)]; and BNP was 51.9 pg/mL
(IQR 37.5-83.7). 75% of patients (79 cases) were
treated with drug-eluting stents, and angiographic
outcome at follow-up CAG showed 22 cases of de-
fined restenosis (21% overall, 13% for drug-eluting
stents).

The BNP(5-32)/BNP(3-32) ratio was signifi-
cantly lower in patients with restenosis at time of
follow-up CAG (restenosis 1.19, IQR 1.11-1.34, n =
22, vs without restenosis 1.43, IQR 1.22-1.61, n = 83;
P < 0.001) (Table 1 and Fig. 2A). Notably, total BNP
concentrations as measured with a standard commer-
cial immunoassay did not show association with reste-
nosis (Table 1 and Fig. 2B). Reference median concen-
trations of BNP and BNP(5-32)/BNP(3-32) ratio in



New Biomarker of Restenosis

>

P <0.001

25 o

20 -

BNP(5-32)/BNP(3-32)

%é
¥
®

Restenosis

0.5 T

No stenosis

w

300
200 1 f

100 -
80 1
60 1

40 1

BNP (pg/mL)

20

oc o oYY BFoo oo

No stenosis Restenosis

the present study were 57.5 pg/mL (IQR 39.5-94.2,n =
66) and 1.43 (IQR 1.28-1.72, n = 66), respectively.
ROC analysis of the diagnostic accuracy of the
BNP(5-32)/BNP(3-32) ratio for those with presence
of restenosis showed an area under the curve of 0.775
(95% CI 0.683—0.851), and the optimal cutoff value for
discrimination of stenosis was 1.41 (sensitivity, speci-
ficity, positive likelihood ratio, and negative likelihood
ratio were 91%, 54%, 1.99, and 0.17, respectively) (see
online Supplemental Table 3 and Supplemental Fig. 1).
Sensitivity and specificity as well as negative and posi-
tive likelihood ratios in addition to positive and nega-
tive predictive values are shown in online Supplemen-
tal Table S3. Of interest, a negative likelihood ratio of
<0.1 allowing for reliable rule-out (27 ) was attained at
a ratio of 1.52, with both sensitivity and negative pre-
dictive value of 100%. Thus, measuring BNP processed
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forms as the BNP(5-32)/BNP(3-32) ratio had diag-
nostic value for ruling out restenosis.

We used univariate and multivariate analyses to
examine the association of the BNP(5-32)/BNP(3-32)
ratio with restenosis, taking into account the measured
concentrations of other laboratory blood tests (total
BNP, serum creatinine, CRP, ratio of total cholesterol
to HDL cholesterol, total cholesterol, HDL cholesterol,
triglycerides, and LDL cholesterol), risk factors (age,
sex, hypertension, diabetes mellitus, smoking, use of
lipid-lowering agents, and antihypertensive treat-
ment), systolic and diastolic blood pressure, lesion
length, and drug-eluting stent use for PCI. The BNP(5-
32)/BNP(3-32) ratio [odds ratio (OR) 0.63; 95% CI
0.45-0.83; P < 0.001] and failure to use a drug-eluting
stent (OR 4.20; 95% CI 1.40-12.99; P = 0.011) were
significantly and independently associated with reste-
nosis (Table 2). OR analysis showed that there was a
1.59-fold reduction in likelihood for restenosis with
each 0.1 U increase in the BNP(5-32)/BNP(3-32)
ratio.

Discussion

Peptide processing has become increasingly recognized
as important not only in metabolism of peptides but
also in regulation of various pathologies, particularly
since peptide processing has become the target of ther-
apeutic intervention with pharmaceutical develop-
ment of protease inhibitors in treatment of disease
[e.g., DPP-IV inhibitors (22, 23 )]. Recent studies have
also focused on the possible exploitation of peptide
processing in diagnosis of Alzheimer disease (20) and a
potential role in ischemic heart disease (17, 18 ). In the
present study, we focused on the bioactive cardiac hor-
mone BNP, whose circulating concentrations are re-
flective of pathogenic activity and have been clinically
used for diagnostic purposes, and showed that its pro-
cessed forms are strongly associated with the condition
of restenosis in ischemic heart disease. Methods to
measure these peptide forms were developed using
mass spectrometry—based detection combined with
immunocapture, because conventional immunoassay
methods are not able to discriminate the different
forms. Our initial experience shows that measurement
of BNP processing with this method is of potential use
to diagnose restenosis.

We found that 3 major processed forms of circu-
lating BNP—BNP(3-32), BNP(4-32), and BNP(5-
32)—in addition to minute amounts of full-length
BNP(1-32), were those primarily detected in the circu-
lation in ischemic heart disease. Markedly lower con-
centrations of BNP(5-32) were seen in patients with
restenosis at time of follow-up CAG. OR analysis
showed that there was a 1.59-fold reduction in likeli-
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