HAERO IR AIRSRAEENTEEER
FREBEE

I EAER
WIIEPARIRES © (HARE) ZRAY Rho %7 — B RLE RO MiE i EAEEHA (23 1) 2 ARGz fIRe & 9% =
S = BT DBR
(% FB) Development of a companion diagnostic agent that makes it possible to evaluate the efficacy

of selective Rho-kinase inhibitors in patients with pulmonary hypertension
WFFEPHFE MG - 2015424 3 1 H~2018 423 H 31 H

MFFEBRSs A EE K4 - (AAEE) ek A
(£ FE&) Kimio Satoh

WHIEPHRENERE B - E - Bk
(AAGE) mEEERAT - FAESHREN RRETR =/ RIER b - TEERE R

(¥ §&) Institute for Excellence in Higher Education /Department of cardiovascular medicine, Tohoku University

IT WFEBRFE DOBRE

i M ELE (R & L TP RARDKRETH D, FE, H LD FERENEHTE 2 X912 -7
B, ZNEDOIEANOFGIZ L VA RETE L2BELTOMDFEITES . ZAPFH L TH LR
WoH, Flo, OO FREEIIHFEFRICEMTHY . LAz RETE 2BERIREFEHTE
DANMEDFTHIITIEN LI L SN T WD, Ho T i A O B BRI HAN A LR AT D 2% DF2
W DBAFE L, FEAIDGNIEDBILFT TR ATREL 72 0 | & EGHZROAZME M S TREL T 5, LA ED
HEIDZI, BAEA DLV AMERERY A 717 ¢ U AICER LICRES v PR ZED TS 2, &
BT, AMFEREFERIC LD T4 77V — (kS KREDMid (L EE S RO MG - M - B
faze FIvy, FESHEEL o To A 2R a — MMEMToRT 7 Y — Lt 2 HFEICAT © 2 & T, Zmr7R
WARZWHERCTR RN R DT T IEF R IR DR A 7 ) —= 2 72 E i LT,



1. Y4004 0 ADRENES

b MEFTOH A 707 0 U A (CyPA) DFEFITHOWVTIL.
RIBAD B HE L, SHRHLMERBICET HHE L OMEL
R 2 EEITE V. AFRIZE T DIREER
BRI L TV 5 @i DA 2B 1B D ERIE RIS
DNTHRIEIToT & 2 A, DARES CIHMEFE I L il
man (1),
EEE. OARRBEDBMEMEEL D LIEFICTFHRABND &R
T oTNDZ EMnD, MAEH CyPA ER T TR O/ NSA A~ —
H—E LTHITHAD ZEDRBINT, £ T, 1754 D0LAR
EEREORMTHRIGHRENE L, TR THROFOAZITo72E 2

2. miEFPCyPAREIIDAFALEE
DFERZFHTSH

—RIVFRA Y b 2. DFL2AR

HEh CyPA IRENEHIZ EH L TWD Z &M

A, MAEH CyPA JREED GV (10 L) B
HECIHMEVEERICH LT, EMAaTER
FZLLLENZENHALE (B2), £/, D
REDONA F~—T1—& LRI ST
W% BNP & DL Z4T 572 & Z A, Hazard

ratio {22V T, BNP 23 3.0 THHDIIX L

T, CyPA Tl 3.8 LIEHITEWT & HIB

L7 (B2), 51T, CyPA & BNP ZflAA
b5 Z & C. Hazardratio 8.6 £ T EH L.

FEFIZENTHTIEELA T2 Z &R
iz (B3), ZMXIIiZ, CyPA & BNP % fif
HT5ZLT, &<FH LG DDLAREE
FEOTHTROTZODNAA, F~—h—E LT
B CTHDZENghotz, bk, DEEREE
TERFICBIT DIMEFR CyPA OEFROMFEIC X
V. ZAVE CHEEHR TV R o 72872 7095
RIS 2 EEMEZ MR T 5 2 LR,

DR DT, %

1. DA E£HBETIImEE

thCyPAMD LR %EZE&HT-,
50 P<0.001

T 404 .

2 301

%_ 20 -

‘% 10 1
,| === |

- DFRLBE

Event -free survival curve

(%)

100

80 1

60

40 -

20

P<0.001
04

CyPA

CyPA<10 (ng/ml)

CyPA210 (ng/ml)

" Hazard ratio, 3.8 (95%Cl, 1.9-7.9)

Event -free survival curve

o 1 2 3 4 6 (years)

= BNP
100 BNP<100 (pg/ml)
80 -

60

40 | BNP2100 (pg/ml)

20
Hazard ratio, 3.0 (95%Cl, 1.7-5.5)
0 J P<0.001

o 1 2 3 4 5 6 (years)

H3. m#FhCyPAEBNPIZLSHA R R

—RITFRRA D b 2T, DFA2ARR

Event -free survival curve

(%) CyPA & BNP
100 N30 CyPA<10 and BNP<100
Pl
80
60
40
CyPA=10 and BNP2100
20
Hazard ratio, 8.6 (95%Cl, 2.7-27.9)
o 1P=000"

0

1 2 3 4 5 6

: CyPA<10 (ng/ml) and BNP<100 (pg/ml)
: CyPA210 (ng/ml) and BNP<100 (pg/ml)
: CyPA<10 (ng/ml) and BNP2100 (pg/ml)

Il : CyPA>10 (ng/ml) and BNP2100 (pg/ml)

2. fimmEEEERERABEAVEA I v I XHEHT
it v AL A OO TR RE D ARV, HENIR M - 38 A D J S R BEREPEIC B D 8. DA T = A LIFIAHTH
Do £ T, MENRILAE FIEFHAIEORREARSLTWMEADA X v 7 AT 2D R E ORI 72
A V== T hFEMTDHE L L, BEHROMIERIEE AW BRORGEEE . BHAEA T ¢ 1L - A
TN 7t (ToMMo) D7 F w b7 4 —LhaHWER L-, 7o, MaB itz ZE L, EBREO
SR FROR OO T B R M1 7 -3 A A O RS R\ 2N 2 T AR FOR I & il 8 7 VBV OO iSRS D

T, TNENAZ R — N £l LTz, ThZNOBT CHEEZ b > TEB L T\ TOERY
BVEF L, 2TOV TV THEEZ > TEE L TWoFIER L, fifim i e B 45 i

2



DAL E BT BT AT o728 2 A, M IEIED Z A ZHIZE b TRE L + 5 &< H LW 2 R
HEn &z, S5, MM EERE ORMIMY A bAoA > ORI 2 FEiE L7z, 20X, #
FEFH DKM A N B A T —H « RATIRRD BT Y — MR T — 212, RKEDOF I v 7 ART
— X EMZ, &FT — X OB LEMNT 21T 5 2 & T, IR0 B2 W E 78 oo SR SR plh L

=, A% Bohley VT — 2 22 AN T 52 LT, R A ~— D —IC&T L7 7 7 ¥
—DMAE DR A L TIT<EE2ER L T\,

3. MEmEEREIZHITHE exome B T—432 DERKRIER & O LLEARHT

i v L EIE B DBV 7OV TIE, 4 Exome fIfATIC & » CT—HiHEZA (SNP) DA —=>
7 % FhE L=, ToMMo DR A/SF /L E DHBIZE T, AEEEZ AT 5D SNP N — ADBFELT-VK
4000 & 5 Z & D330 T, ToMMo O N4 7 A3 vk, R fifis i EiE B & [W— ok (=
ICHBEAR) NOHBERINT S RE R /SR TH Y, R E L CoORYMEL T — X FENRIERIC
El . INETHRICTHITON T IR IEE OB WA T RETH D . 2 <H LU SNP O ¥ 73
END, EE, ARIFERLIZRIOAZ ) —=2 7128 > T, &<H LSNP BMEE A S TE T,
A/ VBB TR ONTIEFEDORFI TH U 235, 2 E TICHE I T &L 9 Z8BUEIR & A 23 o
MYIEDTWD, ZOXHIZ, HADOHEMEERF IO THLZERBENEREAT 5 2 L BRI
THERT D 2 LRk, 29 LEEBENERICNAZ, SFEOERBERT-OHRPKIC L > TRIENMEtE ST
FEhRVERT & M ESED T T 5 Z LAl o3, FNERORTFNED L Sy N —27 BT 5
ZET, ZORIEEHREL THDONIZHONTIE, &< 0> TWH7eL,

4. SHEOFEEEAMME

TEAT U 7 il v ifn T AE £ F S 0D At h JUR I8 ST A0 A e L e L D B % 7R 3 7 D LA NI B AREE oD IS
I L. WEOP/IMEDSEIT L, M@ mEEORIEICE D, FHxITRIOBIE T, R 2E H ko s ki
BRI & B RS O B s TR B OB L 21TV AR ZEZ R T 1858 MO BB - DA
fbZHER LT, AHFFETIE, mRNA LU 5 X 52D T, RBIE TR A4 v 7 AT L D -
AWM O RN GE LN, I, B R (SNPs) (ZHOWTHREDT —X 2157, Bt
VI AZDNTIL, ToMMo & OILFEIRFZEIZ L > T, BV YV —AffT 7T — 2 BNFLICH D, WRREET
BFRICMZ T, MIFEFYA "NIA Y - T oA T =X BT —T M XD MATEETE b 5 o 72 HAEE CIR
WESOGHEEDRFIR T — 2 DD SNTREBTH Y | H 6 HHWTHIRIT S FTRE /R N > 72, — A D
BEDHT-D . exome 7217 TH I 4000 O SNP DFFAENH SN/ »> TE 722 20D, S%ITERER &
DRFEAILLEBIAT 2 D TV, 2O XD IZ, BRBIKE RO y 77— 2 2 ZEIICIT L, £ bR
BT 23y MU — 7 WA fRERNT LT, KV EEZRRRE O BR & 5 R 72 2 EAR B 76 2 D T
<o KKROHWNE, —2DX—7Fy "y F VA7 40U ADFy "X EAHNE LI-BEHKT A
TV —DBETH ST, BRI O BEE TH % ORIBAI R TR AL T 57O D KREDIFH A
155 Z EnKz, Sk, ZOEREEEZFEDRA L, &<H LOREHZECEANRET O 7= H D A
F~—T—DA7 ) == T DTN,

Pulmonary arterial hypertension (PAH) is still a disease with poor prognosis. Recently, we can use new molecular-
targeted drugs. However, it is difficult to know patients who can demonstrate their effectiveness before
administration of these drugs. In addition, these drugs are very expensive, and thus it is necessary to select a patient
that can demonstrate more efficacy and a method for evaluating reliable effectiveness. Here, selection of a patient
with PAH and development of a diagnostic agent for evaluating drug effectiveness makes it possible to predict the
efficacy of a drug before its administration. For these purposes, we have been developing the measurement kit

3



focusing on the oxidative stress-augmenting protein cyclophilin A (CyPA). In this project, by using blood samples
and primary-cultured pulmonary artery smooth muscle cells (PASMCs) from patients with PAH, we also conducted an
exploratory screening leading to the development of next generation diagnostic and evaluation methods of the
therapeutic effects.

1. Pathophysiological Significance of CyPA

As to the significance of CyPA in human plasma, it is crucial to elucidate the relationship with pathological condition
in several cardiovascular diseases. In the present study, based on the increasing elderly heart failure patients, we
investigated the role of plasma CyPA in those patients. As a result, in the heart failure patients, plasma levels of
CyPA were significantly elevated compared with those without heart failure. Here, it is known that patients with
heart failure have very poor prognosis when they had with pulmonary hypertension. Thus, we next performed
analyses on long-term prognosis of 175 patients with heart failure. Importantly, we found that long-term prognosis
was poor in patients with higher plasma CyPA (>10 ng/mL) compared with those with lower CyPA. Furthermore, by
combining CyPA and BNP, the hazard ratio rose up to 8.6 and had a very high prognostic potential. Thus, by using
CyPA and BNP in combination, it will be effective to predict prognosis in patients with heart failure.

2. Omics Analysis Using Samples Derived from Patients with PAH

The essence of the pathology of PAH is excessive proliferation of PASMCs, but its mechanism is still obscure. Thus,
we conducted advanced screening of candidate substances by promoting the omics analysis of expressed protein and
secretory protein from PASMCs. Comprehensive verification using plasma specimens derived from patients was
conducted using the platform in Tohoku Medical and Mechanical Banking Organization (ToMMo). Additionally, in
consideration of reproducibility beyond species, metabolomic analysis was performed on plasma from PAH patients
and plasmas from animal models of pulmonary hypertension in addition to culture media of PASMCs from PAH
patients. We evaluated the overlapping of molecules that changed with significant differences in each analysis.
Then, we focused on the molecules which changed with significant difference in all samples and analyzed to confirm
the change in plasma concentration of PAH patients. Here, several completely new molecules have been found
which make it possible to diagnose based on the type of pulmonary hypertension. In this way, by adding the Omics
research data, we have established a system for comprehensive comparative analysis of all data. Now, it is possible
to discover the world's first early diagnosis technology. From now on, by analyzing the obtained big data diversely,
we will carry out the task of extracting combinations of factors that contribute to the next generation biomarkers.

3. Comparative Analysis of Clinical Information and Total Exome Data in Patients with PAH

For genetic samples of patients with pulmonary hypertension, single nucleotide polymorphism (SNP) screening was
performed by total exome analysis. In comparison with the healthy panel of ToMMo, there was about 4000 SNPs
with significant difference per patient. By using the system, it is expected to discover a completely new SNP in
patients with pulmonary hypertension. Indeed, several new SNPs have been found in the first screening conducted
up to now.

4. Future Direction

PASMCs harvested from advanced patients with PAH show cancer-like proliferation, causing thickening of the
pulmonary artery wall, progress of narrowing of the lumen, and the development of pulmonary hypertension. In this
study, further progress was made from the mRNA level, and results of the molecular / protein coverage analysis by the
omics analysis described in the previous section. Furthermore, a large amount of data was also obtained for genetic
background (SNPs). In addition to enormous genetic information, clinical data such as serum cytokine / array data,
hemodynamics data from catheter examination, therapeutic reactivity etc are linked, and it is a base on which all
cross-sectional analysis is possible. In this way, by analyzing big data derived from clinical specimens in a
multilayered manner, we will further understand the detailed pathology and develop diagnostic technology. In the
future, we will use this information infrastructure effectively and screen biomarkers for completely new early
diagnosis and evaluation of drug treatment.
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