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Current Clinical Management and Basic Research
in Pediatric Pulmonary Hypertension
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Tokyo, Japan

At the 6th World Symposium on Pulmonary Hypertension (WSPH) held in Nice in 2018, PH classification was
updated. A major change in the classification was that PH and pulmonary arterial hypertension (PAH) were
defined as mean pulmonary arterial pressure of >20 mmHg. Additionally “Calcium channel blocker responder
for long period” was added to PAH classification. Furthermore, the subgroup “PAH with overt features of
venous/capillaries (PVOD/PCH) involvement” was added to the updated PAH classification. This manuscript
provides an outline of the Nice PH Classification 2018 and reviews the relationship between the genetic basis
and clinical presentation of PAH and the difficulty of treating childhood PAH. In addition, it describes the
author’s own research in this field.
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2018 4 2 Hlc =— X THifit & 7z 6th World Symposium on Pulmonary Hypertension (6th WSPH) @
AW, [ 12 HicgodbE Nz, Mg/t (pulmonary hypertension; PH) 35 &k Ui iR 4 ifi i i
JESiE (pulmonary arterial hypertension; PAH) DEFMN 2R O FNBIRIE A 20 mmHg 78 2
L0 LATENIT L, PAHOOBIC THV oy LESFERIC RIS Z 79 PAH A8
Infzc ke, MEREAZEM L pulmonary veno-occlusive disease: PVOD/IEAM M EiE pulmonary
capillary haemangiomatosis: PCH PVOD/PCH] »' [PAH with overt features of venous/capillaries
(PVOD/PCH) involvement] &EIEE N7 &L, il 5th WSPH DL EIC & & & &1 TRIEZ
N ENT.

ARETIE, (& U8HITT D Nice Pulmonary Hypertension Classification 2018 D EIC DWTHARZ2ZZ
BEWBERRT 5. & 5 PAH OEIRFITE R & T OMKBIGICE T 2 858, #E2NERZEH %
ETHEINEA, /N PAH B2HRICET B MENR IOV TN, RIZICES H S OHENIZEICD
WCRlI T & &9 5.

FHHHRSE 1 T060-8638 FLBEHALIKAL 155%75 7 TH  JuifipE KA N AL T
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1. Nice #iaDEIE

2018 4 2 JJIZ Nice THfi & N7z 6th World Sym-
posium on Pulmonary Hypertension (WSPH) T®
METNED, FF 12 Hlicgsdbsniz. TOENT
DERRDO Ry 7 A, feE->TEMimimE (pul-
monary hypertension: PH) DEFKD, LHEHRFD 11
Jifi B Ik - mean pulmonary arterial pressure: mPAP
25mmHg ML bJ 25 20mmHg 2822 & 0] N
LABENTLTHAS (Table D", TOLEHED
L LT, 50O mPAP AV 14.0+3.3mmHg Tdh >
722 & ¥, mPAP /» 21~24mmHg D4, 20mmHg
LUF D& R U T, EEHAREMMELS, HD AR
BBEICICEDN LA LG EI NI LR EN
RIFH5N % Y. 272U, mPAP 3O R cardiac
output: CO “PHfiEREL A pulmonary artery wedge
pressure: PAWP D2 #2235 2 L5, SE D
6th WSPH T (& i & Al 1fiL 15 1% fifi & 1fiL = pre-capillary
PHODEFK L LT, Eild mPAP>20mmHgIZ /A
T, Wi E ST pulmonary vascular resistance: PVR=
3Wood Units W85 5N, FEREE K & I3MEIRICC O
ERZMHT 2T L&ENTz. mPAP 21~24mmHg
D PVR=3Wood Units DIEHICHS 2 PAH iGHD
HBICOWTIHRS TR EZANHTH D, 5%
ENBENEHETH 5.

EHl, EBINMAMULEDONRIZBNTE, Hid
DA PHICfL, mPAP 20mmHg Z#Z % & D%
PH LiE#KT ST Lo lz. PVRICDWTIERLZ T
NE TO/NE PHFHIHICE D ANSNTWS, KK
FTHiIE L7z PVR Index (PVRI)=3Wood Units-m2
ZEHT 5 ENHLTDTHREINTVS. A
LAk, mPAP 21~24mmHg O/NEEZHADR IS

Table 1 New definition of pulmonary hypertension

DNTIEFHE SICHME 2 EHQLLEND 5.

PH D AFIC DOV TIEHETE D 5 BENEEE N
EDD, NPT OV TIEN L DL DBEN TNz
(Table 2).

1 8F [lEhAREM & S pulmonary arterial hyper-
tension: PAH | IZDWTIE, 1.5FE& LTHifzIic TV
2 LEHEKICENIRSZ 779 PAH (PAH long-term
responders to calcium channel blockers) | DA 51
fe. D5, Ml E L RRERIC BRI G2 R U e
PAH HEBHCHBWNT, 2L LR B S
HEArR BN EE R L OWMEMEHA TN TV 7.
PAH O F: 2 KA NERY €7V >/ THB T &
ITIEREN RN, — 5 TR E IAE & PAH IC W
TEELRKREHZH>THE T ENHEIHME Nz D&
EzoNb. EL, MifEihERBROMSgE LT
IPAH, HPAH & U drug-induced PAH O E W E X
L<, flido x4 7D PH, PAH TlEAERIEEID 5N
BNEBEEINTWS, Aoy LSSz LT
B Z D 3~6 M AR M TENRE D % 2 i RR 3
32k, UENRS NG TG E AR
BREZMED PAH SBF IS HIRHHIRIRICKITS 5 &
MEREEIN TS, BITLIERDS B, DixdLd
LA, Abey LSHERO B T TEIRED S L T
WZEEEICH LTI, combination therapy Tld7x < fiifi
MELAESE 1 FIOEANEE L EnTHE Y. il
MEHERFABR OB EGNE D NE DD, NRICEHENT
B KD BRGHERIDIRINZ WE ENTHED, /N
IPAH JEGI D 8~15% R LD & 72 % D TR
EHEEENTWS . ads, MME LSRR O R
IEREICIRIRE N TR W EDNH D, EENLETSH
%. {21/ IPAH/HPAH I BT, FIREDfif
LIRS M & BE RN 275 UTIERID 37% TdH -

Definition Characteristics Clinical groups

Pre-capillary PH mPAP>20mmHg group 1: PAH
PAWP=15mmHg group 3: PH due to lung diseases and/or hypoxia
PVR=3WU group 4: PH due to pulmonary artery obstructions

group 5: PH with unclear and/or multifactorial mechanisms

Isolated post-capillary PH mPAP>20mmHg group 2: PH due to left heart disease
PAWP>15mmHg group 5: PH with unclear and/or multifactorial mechanisms
PVR<3WU

Combined pre- and post-capillary PH mPAP>20mmHg group 2: PH due to left heart disease
PAWP>15mmHg group 5: PH with unclear and/or multifactorial mechanisms
PVR=3WU

PH: pulmonary hypertension; PAWP: pulmonary arterial wedge pressure; PVR: pulmonary vascular resistance; WU: Wood Units.

[Adapted from Ref. 2)]
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Table 2 Updated clinical classification of pulmo-
nary hypertension

Table 3 Group 5.4 Complex congenital heart dis-
ease

Group 1: PAH
1.1 Idiopathic PAH
1.2 Heritable PAH
1.3 Drug- and toxin-induced PAH
1.4 PAH associated with:
1.4.1 Connective tissue disease
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
1.5 PAH long-term responders to calcium channel blockers
1.6 PAH with overt features of venous/capillaries (PVOD/
PCH) involvement
1.7 Persistent PH of the newborn syndrome
Group 2: PH due to left heart disease
2.1 PH due to heart failure with preserved LVEF
2.2 PH due to heart failure with reduced LVEF
2.3 Valvular heart disease
2.4 Congenital/acquired cardiovascular conditions leading
to post-capillary PH
Group 3: PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other lung disease with mixed restrictive/obstructive
pattern
3.4 Hypoxia without lung disease
3.5 Developmental lung disorders
Group 4: PH due to pulmonary artery obstructions
4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions
Group 5: PH with unclear and/or multifactorial mecha-
nisms
5.1 Haematological disorders
5.2 Systemic and metabolic disorders
5.3 Others
5.4 Complex congenital heart disease

PAH: pulmonary arterial hypertension; PH: pulmonary
hypertension; PVOD: pulmonary veno-occlusive disease;
PCH: pulmonary capillary haemangiomatosis; LVEF: left
ventricular ejection fraction.

[Adapted from Ref. 2)]

7o BRI, EBRIC Sitbon criteria (mPAP ' 10mmHg
LKL, ZoffxtEh 40mmHg A& &0,
DOMAHENNE X I IN L a9 5.

6th WSPHIZHB W T&, /N IPAH/HPAH IC BT 5
Jili i 5 iR Ak BR D FLHE & U C Sitbon criteria & {# 9
BESHIRINT) Bl LTzDId 15% EfREED RS
NizLOWELH S V. ZOFRITONTIE, BHD
HEIR, FERBRICHW 2 MBI R E OFER, KISH
Holc b AETHRHER L ZED TIEREN TV B EIE
D PAH 711 R Z A i, 2B/ IPAH/HPAH &

ARNRBERSBSFRIME $£3B5EF F35

Segmental pulmonary hypertension
Isolated pulmonary artery of ductal origin
Absent pulmonary artery
Pulmonary atresia with ventricular septal defect and

major aorto-pulmonary collateral arteries
Hemitruncus
Other

Single ventricle
Unoperated
Operated

Scimitar syndrome

[Adapted from Ref. 9)]

EDEILTHEST, FREICK> TR Z > T
BT ENBFENTVD. £z, HiHROMEND S DR
ETHHAEIN TS VY LTS OHmENIEHIC
Z<, FARTRELIGEDERINEK FZ2#AL T,
AFETIFREICIE, PAHICXH UTHIV YD LESHiSE
ZHMCHHT S LRBIFREICHTHS. LArLED
5, M E LR 5 MR E T H - 7ERI Tl
ZOMHIIMFTINREELEZI SN,

il 5th WSPH TEDBNIMIR AT 1 REE &
N Tl REAZEME R pulmonary veno-occlusive
disease: PVOD//ifi &l Ifil = i JiE pulmonary capillary
haemangiomatosis: PCH, 4 Vi P i s ifiL =i 1
#if persistent pulmonary hypertension of the newborn
syndrome: PPHN I&, TN Z N 161, 1L7HEN &
ZHEINjz. TDS %, PVOD/PCH A, PAH with
overt features of venous/capillaries (PVOD/PCH)
involvement, 9 7%+ H [PVOD/PCH O T 7 Fi
ZH9 BHPAH| LZEEI N &IF, #ido PH,
PAH DEHRZLFLAFED, FEIXREZKAS T
HBEMAICIZTESZTWVWS GEIE 3 TN
%). EEMERLIED X 5 7% PAH ZH0i 9 2 IR EIC
BOTHIEIRCIEAINEICE HENAR SN S & D
LM BT &, PAH & PVOD/PCH D RIG01f17
BREMIERICHELIL T35 T &, PVOD/PCH DJFEA
IR T CH % EIF2AK4 2 572 £y D B4 THEIR Y €
FUYIREDENIZT &Y, I PAH O3Bz J5
KE{ZFTd % BMPR2 255872 R DF I B Cilif
IROFHPED €7V v I HRHENTT &N, Sl
DOFDFDORME 75> TV 5.

5 #£l& TPH with unclear and/or multifactorial mech-
anisms J5 KIANRA/AE B BEIRIC K 2 i s i e ] 1S elesd
5N, EHIC54HF L LT complex congenital heart
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[ Expert referral ]
v

[ General: consider diuretics, oxygen, anticoagulation, digoxin }

Positive

v

l

Improved
and
sustained
reactivity

Continue
CCB

No

Fig. 1

[ Acute vasoreactivity testing JT Negative

v

ERA or PDES5i (oral)
Oral/inhaled
prostacyclin/prostacyclin agonist
Consider combination therapy
(sequential or upfront)

I

[ Serial reassessment # }4—

J

=

Epoprostenol or
treprostinil (i.v./s.c.)
Consider early combination

v ’

Atrial Potts
septostomy shunt
! 3
[ Lung transplant ]

Paediatric idiopathic/familial pulmonary arterial hypertension treatment algorithm

CCB: calcium channel blocker; ERA: endothelin receptor antagonist; PDEbi: phosphodiesterase type 5 inhibitor. #: dete-
rioration or not meeting treatment goals.

[Modified from Ref. 9)]

Table 4 Determining factors of paediatric idiopathic/heritable pulmonary arterial hypertension risk

Lower risk Determining factors Higher risk
No Clinical evidence of RV failure Yes
No Progression of symptoms Yes
>350 6MWT (>6 years old) m <350
Normal Growth Failure to thrive
WHO FC 1, Iv
Minimally elevated Serum BNP/NT-proBNP Significantly elevated
Rising level

Systemic Cl >3.0L-min~"-m~2
Systemic venous saturation>65%
Acute vasoreactivity

Echocardiography

Haemodynamics

RA/RV enlargement

Reduced LV size

Increased RV/LV ratio
Reduced TAPSE

Low RV FAC

Pericardial effusion

Systemic Cl <2.5L-min~"m~2
mRAP >10mmHg

PVRI >20 WU-m2

Systemic venous saturation<60%
PACI <0.85mL-mmHg~"-m 2

RV: right ventricle; 6BMWT: 6-min walk test; WHO: World Health Organization; FC: Functional Class; BNP: brain natriuretic pep-
tide; NT-proBNP: N-terminal pro-BNP; RA: right atrium; LV: left ventricle; FAC: fractional area change; TAPSE: tricuspid annular
plane systolic excursion; Cl: cardiac index; mRAP: mean right atrial pressure; PVRI: pulmonary vascular resistance index; WU:
Wood Units; PACI: pulmonary arterial compliance index {[stroke volume/(systolic pulmonary artery pressure-diastolic pulmo-
nary artery pressure)]/body surface area}.

[Adapted from Ref. 9)]

disease, HHESLRIEOEHEENIN U CTHE S Nz,
T O 5.4 FHE XM PH (Segmental PH), H.OL=EB
X UZFofBEE, % LT Scimitar JEfEHEN 575 %

(Table 3)”. H#IC Fontan fEE3 L 75> TV B HLER
K UZOHBEERICOWTIE, B IEmENN
i L m>TH0, oIk PH Z5| X 3%
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BEFPISNITHRREN S5 5. PH OZWIRETH 2
mPAP>20mmHg Zifi7z 9 C & LHE T AV, Zh
W ZIC TNEK TOMIKRDFID 5 & Fontan IR IR
ENTWIED, TOMMERZENEFRICKE D
T lzEMHL, FHSEEPH LTSN %
O Fontan fEEIDMHME R 2 AL T 5 A A=A L%
IOV TR SGHOBERETH 5.

/IR PAH OIBHR 7 )V TV X LITDNTIE, A
PAH Z 55 & U e SRR ISR 6 B8 & LTl E
ENiz (Fig. D. Wil EERB CHMEZ > 25 E
BRIV LEGUEEZR G L, BTG
id Table 4 DFV AV HF2IR5 LEbYE, ZOHIE
&7 R Tt sitz iy 2 2L b 7k%. 20
U A7 7 8& 6th WSPH A Z AT T 4 — AT,
2015 45 O BRI Lo 7 22/ PR et 7 2 O il g 1T
JEHA RTA 2V ZDXRIXBELILEDLZ>TY
%8 NBREAY T F—ATDY AT DT
ZHRE L TR, KpoAROIHEDHIFRE NI
&, 6 A TEREE (6 L EDYE) MBhNE N
T &, DM I O B H IS =9 P N A 1A% B i
(tricuspid annular plane systolic excursion: TAPSE)
BRUL=EMMBEZLE (right ventricular fractional
area change: RVFAC) DX FAMA 6Nz &,
7 EHRE D IH H I IR & IR 1 B2 R A HT L (systemic
venous oxygen saturation: SvO2) X Uik >
7547 A%¥ (pulmonary arterial compliance
index: PACL. JfilfiLifi & 7% AKX MR 3 & T CRR
U, & 5T (I il 8h iR - sk A I Eh iR e ©
FRLTRDEND) MBS hizT EBNETFENS
(Table 4). HIHHOZHEMHH®ZDOREZBEZICDOV
T, BIED LT ANRRERAY T+ — A 5 3FFHIC
BEMENTWAEWA, PACHIZDWTIE, 2013 ED
Douwes 52 &%, #atEdD/ N PAH ICHU T PACI
D NYHA 7B LU TR E I SHBE L2 L Ot Z
FHLEbDOEEZ LN Y.

SEIO/NEPAH OiG# 7 )L 3 X1 (Fig. D I
DWTHEHTNEIE, i HE5R AR O #5 SR A2
MOARY A7 BEC & T2 B REBNS DUV T RE LIl
PLRHE 1 AT ORBMBZHRE L N5, RO
combination therapy (sequential & U < (& up-front)
MHHTHZnREMEZWRILIcc e THB. LHL,
EDXDTIEHITE D 5 2B SNENIAHATH D,
X 7z, sequential & up-front combination therapy ™
BRI TN TwaL. —75, BN PAH OiR#%
TNV ALTE, KY R T~ X7 BRI
LTI, 4800 ORI EILREZEAT 2

ARNRBERSBSFRIME $£3B5EF F35

Table 5 Potential role for initial monotherapy in
specific pulmonary arterial hypertension
(PAH) subsets

« IPAH, HPAH and drug-induced PAH patient responders
to acute vasoreactivity tests and with WHO FC /Il and
sustained haemodynamic improvement (same or better
than achieved in the acute test) after at least 1 year on
CCBs only

« Long-term-treated historical PAH patients with
monotherapy (>5-10 years) stable with low-risk profile

« IPAH patients >75 years old with multiple risk factors
for heart failure with preserved LVEF (high blood
pressure, diabetes mellitus, coronary artery disease,
atrial fibrillation, obesity)

+ PAH patients with suspicion or high probability of
pulmonary veno-occlusive disease or pulmonary capillary
haemangiomatosis

« Patients with PAH associated with HIV infection or portal
hypertension or uncorrected congenital heart disease,
as they were not included in RCTs of initial combination
therapy

« PAH patients with very mild disease (e.g. WHO FC |, PVR
3-4 WU, mPAP <30mmHg, normal right ventricle at
echocardiography)

« Combination therapy unavailable or contraindicated (e.g.
severe liver disease)

IPAH: idiopathic PAH; HPAH: heritable PAH; CCB: calcium
channel blocker; PAP: pulmonary arterial pressure; PVR:
pulmonary vascular resistance; LVEF: left ventricular
ejection fraction; RCT: randomised controlled trial; WHO:
World Health Organization; FC: Functional Class; WU:
Wood Units; mPAP: mean PAP.

[Adapted from Ref. 10)]

CEZEARELENEE, milmEvl MuErEy A
JU AR PAH &8, JERICEIED PAH E#7% L,
monotherapy D& 5 MW E L WATREMED B 5 JHAEIC
DVTHE LTS (Table 5)¥. AfI3/NE PAH I
B TE, monotherapy MEFX LV, DF DI com-
bination therapy %} 2 NEHIC DV THRII N E
RoltDTRBEVWHEEELLTIEATVS. Th
I REER B ERII70 5, Table 5 DHIHD M T EFFIC,
NRIZHBWTE, PVOD/PCH 7% EDBHEAEEDN S
U PAH JEFINO IS Z I IR L TV 5
eHTHS.

R IE LA K T I3 1.2 #f Heritable PAH: HPAH &,
1.6 fif PAH with overt features of venous/capillaries
(PVOD/PCH) involvement I FICfEm 2 M T3, &
BIC1%#IC B U TN EAE PAH IC 351 2 16 H kS
KOV THETZT LT B.
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2. PAH DEGEFHEREBEXRRZICEITEESR

Wh B XM PAH ZFRU Nz PAH O] 10% TH
REDNRD BN, OB PANERNEES L
TV B ATHEPER 30 4ELL B BIsf S T 19
2000 41, HPAH OFREF KB & LTI Einik
K EK T (transforming growth factor-beta, TGF-f3)
A==T 73V —IBT28EKEZ /37 (bone
morphogenetic protein, BMP) 7'} )URIERERIN D
2WEIER 2 > 787 %244k (bone morphogenetic pro-
tein receptor 2: BMPR2) /M Ush TG & h 1017,
ZDO#%IA U < TGF-B/BMP ¥ 7 F IVEERKICE T %
187 7 F € 25 kkk+ 7 —+ (activin receptor-
like kinase 1: ACVRLI), T FZ U (endoglin:
ENG), #x'53EiK 1 SMAD8 (SMAD9) MV Al
BET & UTHROTHE SN 52, & 512 2012 4F
IZARAY -1 (caveolin-1, CAVI) A%, 2013 4Tl
KCNK3 W R 5 & 7z 2. CAVL I, fifafs k¢
[ M43 72 7”9 caveolae DIERICHETH D, Fiz
eNOS (endothelial NO synthase) DOt/ L Tifi
BEMICBE5 92T L. E5IC, TGF-BA—/8—T 7
2V —z2BEL L OMAER Lt 7 X —7 caveolae
WICH D, caveolae XA TGF- 7 F VLR S
K5I 2EDMEEHZH T EMND, CAVI RN
TGF-f 7 F AGER BRI 2 5 2 T\ % il ek
MR E NS 2. KCNK3 I3 4 [ EEER A U w7 L
Fr INVDCEDTHY, b bEINREE TR 5
WU, M#E#ROBEHICES LT3 EEZLNTY
W, Fl, AVYLF YRGS THENS
KGR AR O Z ISR E A OMEITIC A E B2 S
NTVWB T h 5, KCNK3 Z S HlSE IR i i
DORFEICED > TV B AR H 5 2.

A [@) 5th WSPH @ B 1 1&, 1.2 Bf Heritable PAH
DFEKNEEFELTINS D6E LT, BMPR2,
ACVRLI, ENG, SMAD8 (SMAD9Y), CAV1, KCNK3
R Enen ), SE0 6th WSPH Tl ZhZFho
I TFYVALANICHED E 17 s FHR R K E G
TELUTHET 5N (Table 6)7. THOS LDV L
DT % TBX41F, 2013 FIC K5 O IIE /AL P
B, FEOELEE, 5 1~2 iR OLORIRSE 2R
e L, WREEREEEEEA%Z L 2/ NEE SR
#f (small patella syndrome, SPS)® DFKEELETF &
LTHIBNTHED, PAHRIEICEHGLTWEDT
BaRohEHEENTHE Y. 20%, KA PAH &
%0, NEPAHIZBWTIZ T D TBX4 £, ¥
KU ACVRLI ZEMIFRICZ S [AEES NS T &

Table 6 Classification of pulmonary arterial
hypertension genes according to level of
evidence that they play a causal role in
the disease

Lower level of

Higher level of evidence )
evidence

BMPR2; EIF2AK4; TBX4; ATP13A3; SMAD4; SMADT,;
GDF2, SOX17; AQP1; ACVRLT, KLF2; BMPR1B;
SMADSY; ENG; KCNK3; CAV1 KCNAS

Evidence includes de novo mutation, cosegregation stud-
ies, association with replication and functional studies.
[Adapted from Ref. 25)]

EMCE o722 F1, FEoO 17 8BTS
&L, ATPRIEEA Y D LF ¥ XV TH D, EA
YAV VMFEDFEHRBIEFE L TN TV S,
ABCC8 B TARMN 124D PAH & CHIEE 1
EHIC, @A YA VIMEDIBIRKTH STV FY
A RPBCTDERKL) T LF v FIVOBERERUEE ST
EDOWENRENTNS P,

NS OBEEFNELEFOREICKD, 2 14EMY
FHIE A 5 D PAH OYRREIC DWW T D BN 2RI
SHLTDEHFETHS. LL, PAHICH>/zC &
TRZRWVD, 7Y — Lt ORGSR O H THRR EE
Lz AET 2D EMTH 5. 7V — Lf#HT
BOBEHIEE T ORDIARDTFIEITITVE K X
NIZEDOMFELRW. ZL T, 7Y — LT TR
EFDAIHTH % variant (variant of unknown sig-
nificance: VUS) Z i U7zBRO%GIE T2 I TH
%. VUSIZDWTIREERZOREZEBAA, F
BEICE YRR ERD D TV BH5EERS H
nE, BEBXUCZORBIHRZ Tz L THEIHERERR
Wiz Hesd B g%, 5amn oiBIkE 2 —d11Hd
12, HHERE U TORERERBX S LT EMERELF
f£9 %. Fiz, BMPR2 D X 51C PAH D5 £ JF A E
ETE LTHELTWVSEERTTH->TH, TODEIE
T NOHTR variant D4 THIRI L IXIR 5 Rz,
COXIHHEEL—HI—FIEEICHIKT 5 08N D
3. BEZPNMEDOZFRIEEBEAADT b, M
FARKET B DORERRIC I\ T & BRI A fs 5 7 i
HAHIZET, KEFHKEIZ 2 American College
of Medical Genetics 3 X U7 TIRHI4E2S Association
for Molecular Pathology D11 R 5+ 22592 C
LRHEREL Fo 0 3P,

HPAH D# 20~30%, & T IPAH D#J 60~90%
T FRROBEFERIIRON > T 03530,

© 2019 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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Noncarriers
= "
2
c
?

2 P=0.0005
=
kS
£ _ nDean
3 02 - -=+ ALK1 7 2
—- BMPR2 18 8
7] — Noncarriers 29 3
0.0 — T T T T T T T T T T T 1

0 50 100 150 200 250 300 350

Time to death (Months)

Fig. 2 Survival of BMPR2 and ALK1 (ACVRLT)
mutation carriers and mutation noncarriers
with PAH
[Adapted from Ref. 35)]

¥z, BROBIETERE PAH OFFKIG L OBFRIE
TSN TN TE ST, FHT/NIE PAH IR
TR TH - 2. T T, FHESI/NIEIR
JE PAH JERNICDWT, B TFEROGE L EHRIGD
BGREIE U THRE LTz 7. /NIRHEARE PAH54 SE
%, 18 il BMPR2 28 ¥iRE, 7 il > ACVRLI %
FLRE, BHID BMP ¥ 7 F UARER N O s 72 5

DI 29 fEH] (DL FIEZSRED O 3 BEANE 0 HH
L, BRGEBRG LIz T A, JEZERBETIE S HEE
73R, 104FEEFEREBICIODTH > DI LT,
BMPR2 ZEBLEE T3 55%, 37% WAL MICTHAR
ThoTz (Fig. 2). JEFEN VIRV TeDICHRE AR
Mol DD, ACVRLI ZEREE AN MHED X
IWIEERBEOR 5 5L, TRARGEMCHZ T &
MR ENJz. BMPR2 28R XU ACVRLI 2 HEf
ICOWTI RO LR T 0 X7/ — VS DE A
g2 Z DTz, K OB RIGEOFER Z 5T
BRENDBEEZONS.

BRAFEIE PAH IC 1) 2 85 T AR L iRIc BT
LZMEIEEAAACT 20, K4 ORI REED H
% 30 B 5 ORFZRIE NI G O FBRAE L
TG U727z, BMPR2 ZELEEICI T % PAH 1T
MIEFITHEL, PRI REERTZDICEANICE S HID
<, BMAFIOMGhaIEEE IS WA E Z 5
N 3. 2016 fEIC Evans I X D E T N2 D
PAH JiEf 1,550 #1725 & U 7z meta-analysis IC & %
&, BMPR2EZTERZHL, DM OEFERHTHIEL
7ZPAH BE TR EODEIETH D, SEEE LM
FEICZE D) AT D ENT EDURE Nz, BN HFEE R

ARNRBERSBSFRIME $£3B5EF F35

WHLEE> TWVWAHETIEH 5D, TOHEITIERA
DNFAEREZHLS 26D TH5 P, FALL 2016
I Levy B B S T M7/ PAH TOMGETIE,
JRREAR T O A i & B RIROBIMRIZH S MCIZ R 57
Mo b, BMPR25fil, ACVRLI 4 fl, TBX4 3 {555
&, BROIEFIBNDIENT ENRERTIE R0V EH
A6N5°Y. HICHKBEE TR DBERERVET
IlE, /N PAH ICBE T 2 E BRI IRIER] T — 2 N — X
DOREREINEE LV,

PAH JEFNC 1) % BIEFHIMRE OIS DN T
B4 SRRV R ENTERD, BRldef TEIESN
MEZEREL, BHEICHSIANETLEOEANEML
T3 B TS5 2T, 2003 45K, PAH
BEea AR X CRBESTES O XM PAH %
&¢8) 1T, National referral centre ICI5UF ZBIEH Y
>tV > & BMPR2 ZZ B D E iz Hdm L T
% W, 6th WSPH T#%, IPAH, familial PAH, anorex-
igen-associated PAH, PVOD/PCH, CHD-PAH D5
WKRLTIE, ZhDEEMEEETHZ RN, BXT
BEDMOKNEN PAH ZiiL T AR 2R > T3]
BEMED S % T & ZHIHE S “medicolegal duty” Hd %
LLTV3B .

/WYL PAH R F I DWW T &, European Paediatric
Pulmonary Vascular Disease (PVD) Network 2% [i#
KIARB D/ PAH #4123V C, BMPR2 7% & D5
KR PRI, PO, THROTH, Mok
DFIEY A7 B TDICERHERD SIS £ LTHB
v % American Heart Association/American Thoracic
Society (AHA/ATS) &IAIED iRz Hi LTz .
%m0 6th WSPH /N A R 7 % — A TG T
DB RERT S L, N PHIEEFICBW T, Ein
FHIMEIL K 72 routine TITHINREL DT AN EE
Nz, £z, B EDHIEZR TELEAY V2~
FREMTNE LRI,

FEEANELTE, RITRLIEKSIC, BlEFER
DHEE L ZORENTRICKE S HET LD H
BT b, Piad EE/NRBFEE PAH BHICDOW
TIEF2HTH LT, BRPEIREDEZRICOWVT T
FHATZRETHBH L EZTVD. BEE L IIRHE
FHORFEME S NGB IIBIRPIREZITS . &K
FRNFEED RSN TWRICE D 5T, JEHERC
ZEIRFEL, HIMRIC KX DIZ T T PAH EHBAL 72/
BlCBEb - 7w B &, FREETERNAR D5
T BB ORI BT EFAEMNME S NI A ISR
IGEIEHANREZRITO OBNEE LN EEZ TS, &
51C Evans 5O & P H 5%, B AWIFESE PAH H
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FHicBWTd, Dl & BMPR2 ZHEOA ML A HE
HIRO 2 THETZ2DONEELNVTHAS.

3. PAH with overt features of venous/
capillaries (PVOD/PCH) involvement

PVOD (& A A il R D N AR D AR S0 HE AL DV ET T
95T & TPHZEKLT S, MTIRARGEERTDH
% 7 pyvOD OFHE LT, ThETIIZY AL
ABGED G HERAE, 7V F VLSRR & OB R
ENTWA Y. PCH I iffase v EEE, MliE Tl
TN % T 7 B E B NS O ERZEIC K o
TPHEEETHCIT, RIIOMTEIENEKETH
2 49)‘

BRRINCIE M35 & & PAH & ORIV NEETH %
TEMNZVEINTELDN, 1BTHRREZXSIC,
6th WSPH IZBW Tl 1.6 #f PAH with overt features
of venous/capillaries (PVOD/PCH) involvement,
[PVOD/PCH DL #7269 % PAH) & LTXF
tbbnt.

2014 412, FKEMEPVOD 13 %% 3 X Ot
PVOD 5 #illc 38\ C EIF2AK4 D EREIF & LTI
EENLEY. ESICKBEMNPCH O 1 KRB & U
FM PCH D 2 flic BT, [A U< EIF2AK4 h A
BEFE LTHEE N Y. ThE T PAH THE
TNTVBEKEBETERERD, TOERIIER
AL MEEEIER%E &%, PVOD & PCH O 2 Ji i
&, TNETHLDERELTELZENTERD,
FIETRERA-DART NI LCH B EEZLNTY
%. PVOD/PCH @ 20~25% C EIF2AK4 75 B3
ENB 0V Fie, BRI PAH DR 10% 135 P
91 PVOD TH - Tz L DMEHH % 5. PVOD/
PCH IC ¥} % EIF2AK4 2 6 E D XHkH S 252,
EHL, INFETIKHANOFRKEE FERDNEE S
NTWiah -7z PAH 74 SEFNCIHBWT, EIF2AK4 %
WEMRLUENEZRIIRE S N7, L Ui
3T, FEIREYIC IPAH/HPAH & N7z 864 4D S B,
9% (1.0%) T, PVOD/PCH DN EIET+TH 3
EIF2AK4 ZEBMNETEEN, TS5 B 14 TRi#k
INIEARHE(L & Bl IROAHEL D RS BN, 1RIF5ERIC
AfERIRDIEHZE U T WAL e RS Nz & OGN R
N, ThSOMRZE X, 5O 6th WSPH
ICHBUWT PVOD/PCH & PAH with overt features of
venous/capillaries (PVOD/PCH) involvement & L
THRICOEE NS kbt

IR, FEIAMICIE PVOD/PCH D 2 Wb i 1 i

INRTIZIFEICNETH S, TNETEEDED->T
A TE, BB o/NRIFIE IPAH & LTR
BEEN TR, JWHAEEC PVOD/PCH & il &
NIIEGIDMFAES B, Bl RS i & WIS /514 C
HBH, HilvPEM, EXERTEDIATNHD,
R TN TOARV. K, WADTEDEIIRD
KM D % PH BHFICHBNT, EYRERAID SRk
ZRINT DI TH . 6th WSPH Tld, HiifLEX
fie/] (diffusing capacity of lung for carbon monoxide:
DLco) DOFHEML T (FRIED 60% Al &L <&
JEBIRF O H L DKL MfiE (& PVOD/PCH %Z2/R%9 %
&0 & UTHERMGE L TW B A8, NETEITIH
AE-P BN ORI AE 72 8 Y1 Rl T & B IERIFR
EEND. mofRAE CT (high-resolution computed
tomography; HRCT) T/NERIFREEDALE G D /5
ARBZ AR ESAMBAR L ENTWS A, PVOD/
PCH DEHITZD &S B HMNRED SN2 DI TR
AN

PVOD/PCH IZ3xf U C I3l AaA e — D HRIE L &
NTWB—J5T, HWIRHMEM & 7237, PVOD i<t
LT, PDGFXZAEKD Y ¥V #{tZ %9 % imatinib
BERTHB & OWEDHAEN TS >, BifE
D & T A/NRISHS B EHHIDH TR0,

4, NROEIE “FHENARME" fimMELEICEHSIT S
AR

/NI HRFESE PAH & PVOD/PCH 7 overlap L T\
BIERNE, FEREDHEFELTVEDTHAI 0 ?
/o, TNSOIEMHERZEIETIRERDIZA S0 ? C
NS OMWITH LT, RS IZNEETH 50,
PAH DJEREDIEIL E 7Y, /NI FB U 2 i HE i
PAH DR DO —iiZzfil L 5 % &, FHEIEA T
5.

T T, RIS OIEHITFBRGENEFIHR 2 5]
9 %. 2017 4FIC Muneuchi 575, 238ICHEIT L7z
PVOD IZ & D FETC U 7z Trisomy21 OFL W2 His L
72 chuc & sk, BIIREREE RERRON
IR RHE 2 L T 7z Trisomy21 O A, Hifik
EPABIN 2320 718, % 4 D HIRFICZERMT IR AL,
WAANRGEZE /L, MigifEoOEE L HlrE h
Tz, DA T — T VR T ERIRBAZE X S E T
Holz. —BLEZR (nitric oxide: NO) WAL KD
AL, Wi EEGTAME T Ue 7z & r 48 PH
EFEZ 6N (Wt zaeE. WS IRl T EYE
L (BM3)). T D%, bosentan, prostaglan-
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The first lung biosy

Fig. 3 Discrepancy of histopathological findings between the first lung biopsy and the last lung autopsy

Left side: histopathological findings of the first lung biopsy at 60 days of age (Elastica-Goldner stain); Right side: histo-
pathological findings of the lastlung autopsy at 5 months of age (Elastica-Goldner stain); a: pulmonary artery; v: pulmo-

nary vein; b: bronchioles.
[Adapted from Ref. 57]

din L,(PGL) G THeE Nz DD, fiis -
ifi, OHERIEHETT U7z, 1% 2 D HIGO AR R 2
MRS (Fig. 3), PVOD Tld7& < PAH Ok E Y
s N, Sl EREEOR G NS hie. L
ML, EIRNET LIS, A& 5 M HRHISIET LIZBRD
JRERERI T, FiERIR O PERHEME IR 35 K TRl
AL, M/NERIREAZE 2308, PVOD & EE 2T S
nrzewvs (Fig. 3).

HH 3R, Muneuchi 5 OWE MY 27— A
% 4 JERIRRER Uz, 2 54N Trisomy21 CKBHR TSR
2 DEHRRIARE « MBIRPASESOF, 72 2RL0N
JESE RARAE « BIIRE BHAAAE « 11055 HBR RARE &
f6), 167 Trisomy18 (L2 FH bR RARAE » 0 b
REGIE « BIIRE FIAIE - 2 ZEATD, 75 141
7 VACTERL # & G0 HH bR RABAE « 857 fifi i Ik i
MEHEAUHD THO, 3HNLLEEENE (55
LElE~ A a7 5 AR 2058, 16I1IE RS VAV

BRNRBERSBFEME $£3BE F3S

ZIERALIC PAH O EZRED AN, 5 BT i iR
ZBAkG, BN S WIEEE Lh PHIGAZE LI
WL, o3 chiflatimzyéiE L, HD4a
BIChHti> -, FEMEMREEZSH Lz (Fig.4). 5
B2 BN DONTIX ICU TOHERBEREZEL, T5IC
ZD 550 1 FlFEHEMIEZ TANEYTY VAERY Y
077 —I%BD, MNEITFO—2 ZADOGH 2R
U7z, SIERNCH LT ATaA K2V, ZF0%O%
FERFEN LTz, 2D 2 BT M E AR o -
HIEL, 2 Bl Cid OB 2 4L S - G A R
INCHEfT L7z, S5 OXRIC K D 2B TREAEERR
RELX TR 4 ICEE L, PH HYERRIC 2 L7z KL-6 (R
il 1,987~6,273U/mL) &K M &z - 7z

A DR U T2 r — A CRIREMSR R iR TE TW»
BN OMEEZKIDNEETH 50, SR MBI E
9 PAH (congenital heart disease-PAH: CHD-PAH)
M L7286 0O &5 A2 i EIEEZ8Mmbd % )i
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Fig. 4 Chest computed tomography illustrating fibrosis and alveolar hemorrhage

The Trisomy 21 patient has aortopulmonary window, ventricular septal defect and pulmonary stenosis. Five months
after repair of aortopulmonary window, the patient developed severe respiratory failure and pulmonary hypertension. (a)
The computed tomography (CT) image shows honeycomb cysts involving subpleural area, alveolar hemorrhage, paren-
chymal opacification consisting consolidation and ground-glass opacities. (b) Follow-up CT after steroid treatment, ces-
sation of pulmonary vasodilators and pulmonary arterial banding shows that the findings were markedly improved.

HE U TASR, AffaHim, BliS - iz &7z U Ees
IREEDT L U7z &0 5 #Ralid, Muneuchi 5D &
Hi@ LT3,

W T2WA[IEE S o TWzDh ? T 5 DOFERIE,
/NREESE PAH N\OEY)E N2 E A 5 FTORERER
ROTHS. 3HBIXURMO ML LA 5
&, NI I % EAE PAH O — I Mk 7 PAH T
3L, MORELY V7 LTWE T EMEESIN
%. 4DDRA Y M TELT 5.

OFXEREERFOSH

Trisomy21 ORI FXGEPAZE, MR LTI,
W AREGYIEIC X B KR MEZ & /- Led <, £k,
A7, ARREVENREEN, i T O %UE S8
IR-FENIRYI & 75 E 0 BRHMETE 72 & 729 2 DA
NTV5 2 Fie, @& B2 LR 22
bl & o Wi A ek, PAZEL, i PR AV 4
%L PHZET BN ERD 5%, £ U TRERI
JiE S MmN S [ & U, PH OE(LZBIEL S
%. D, FiNEYTO—Y ZEFIOS B, 20%H
Trisomy21 TH D, E5HICZ DL LA PH 2 &0
LWzl s BIRROEE DB % . PH Z AL
7z Trisomy21 JEBITIE, FiiEAM M A 5 O MG 7 H
MAHBIEC TV S ATHESEL S 5.

Trisomy21 ClHBIIR-# il lld O FEED AL T2
DI, FEIARED -5 U 7z BRI R A AR R 47 N
BENEE AN ERE L, HIIC PAH D3 ETTY 2 D TId R
MheEZHNTERE™, UL Uik, JF Trisomy21
JEGIRE & Trisomy21 Ji G #F T, il B iR 22 D 1T

AE—FICHEZR G > T L OMEDAIN S 7%
TN TOW|EE, Trisomy21 ICH51F % PH O
22 TS BT, MEIRUA DK FICE HZmT %
RENDH B LR TWS. FENHITERT 2D,
6th WSPH IC W\ T &, Trisomy2l i 3 Bf TPH due
to lung disease and/or hypoxial O /)77 ¥, 3.5 #
[Developmental lung disorder] DUV &DEITNTL
% ?. Trisomy21 DEEA PH AL 5 5 E £ XE
BEKZHT B LREBEEBLITHTHSS.
Trisomy21 & iR % & IRAED il A fat A+
7 TCTHBEDD, DiGeorge i, VACTREL Jii {5
#f, CHARGE JEf##¥, Noonan JEfE#FR &2 G0 L
7z CHD {8\ TH, CHD-PAH LRI S
NRTVEETNTVE P, £, Trisomyl3 B&L T
Trisomy18 DB T, MiNEIIRONEIEEZ &7 L
RIFVATHENENH B T EMREETN TS Y. 2L
T, genetic syndrome 2479 2 R TIE T v > MED
PREEIC KB M ERZDHEIT N K D ZH LR D W
TEMEREN TV Y. Trisomy21 3 & 55 AD
C &, ZToOMo PH BMEELTWVIEEZ AT 550K
IR OB T 208N D 5.

@ PAH - PVOD/PCH - & 4i&EBD overlap
PVOD/PCH D@2 WiriEHEIC IS EIR AT A i 5R
(Y PRV 2R, RAKRVIATI—8
5 BHESE, A PGL) I X A5 - fi/fifizk il
) MIHE TN TW3 . PVOD/PCH % PAH £ 2
WL TLEV, MimERERzRE LGS, ek
DHZPERET % T & TSR A OB E, M7k iE
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B EITARENN S B . Tk PVOD/PCH T L
WFELUIRBREN 2R TH O, PAH & PVOD/PCH
DR OH L X ZY)EE-> T3, £, PVOD/PCH
FOWTIEHE T I X PRI AR ERIC A S Jifivas if EE 2 BRAY 3
BT EEINTVDD, REREIEMHRHERE S U 5 O T
FRHEREIC IV C PVOD/PCH BT RR OGNS T &N
S ENTVS 79 Kaflc, PVOD AfifdE
O 2R T 5 C L bigfich T3 Y. PAH
& PVOD/PCH D #7x 59, B MMEE L PVOD/
PCH O E, ThETEZA SN TWZLL RICERE
THHREEND D, EEEET S.

® PH E&28ElcE 1 BRiaHma ) X2

PVOD T (& Jifi 5 I PN I D Al 1 J5 &k O R 4 JIE
I, ERIROBHZE - Peg, HE#RL: DR TH
5. TOXITRENDIFHIMMEHEICAET, NEY
FTUYAEBRI QT 7—=YUMNENT % EhHSN
TW3 ™, 7, fiddlizkS1c, PAHICBWVTE
JEFIRFGZDHER E NS T EWROME TN TV S
M, ZTOXSHNREZ—=THHIMPNEY T VER
T r—IYhELHAbhEEENE Y. &5
iZ, s oMmdb CEAMMRHIMOEFENE XS L,
i 7z 189 % & I8 ORRHE(L 2 & 729 T hE
MhHB T EMRENTVE ™. 2 LT, Wi
EHEMSME MRS IR FEET S, D
¥TlddH B H, epoprostenol 5.1 & 0 filithifn & % 7=
L7z WS MG 7, epoprostenol AN & #: D
BERIC X D itV 27 & 83 L OMED
BH5 7. PGL WET %5047 75 i/ MR IR IR T
BGRLTWB EDEHLZENS 7. Sildenafil I2 DU
T, BE5%IchitimzEsd Uk & OMENMEBIFET
% 7880 PAH, PVOD/PCH D#ZHIC H 7= > Tl
HilfL, &SI 2 USRS 2 BEERREDY X7
WKHEETS20ELNDS.

@FMEHARSE & MEMMESR - PVOD/PCH
Epoprostenol DB MM R 2 S Lz & D
HHERRE SN TS, K Z Morimatsu 5 0
i Tld, epoprostenol AN 5 ME PR N 4E T
2ETIChbIM5HMEV S EHME DT & TH-
728, %72, Volibris® (ambrisentan) DN T
WBEKZRIEHE LT, BEMEMREORHE LI
I HEH TN TV 5. ambrisentan (& ARTEMIS &gt
BRIC IV THRETEME AT RRHEIE & 0F PAH SERI D fE 2 1
fbEgiis, FRBREFEHIEE RS> TV,
riociguat IC DWW T & RISE-TIP GABRIC 35\ THREFEM: R

ARNRBERSBSFRIME $£3B5EF F35

EEMIREDE PAH ICEB W TIEL I K UM IRAED B
b Ekc Lk RRBIE R Eh ),
6th WSPH ICEBWTE T D 2 AFZNFNOIREEICE
WTHZE XN, BimEmEROR5IC XD,
ERRIEMERENE 0N, & LLIRE LT3
DO, TORAAZXLZHSN TRV, 7 LIVF—
RED, HEHIORWER & UTHEMEMANELE N
D, FHRO K S I & 2 itz /v U ¢
T 5D, HEIC PVOD/PCH O&HHMNH 2D, i
OB E BADRETH 5.

DL7Zzfe®t&DMNFig 587%%. §5bb,
PAH, PVOD/PCH, [HIEPEMGE, i H i (& HH A
IKEBEL S ZIRETH O, ZTOFEICIZI R IER
BE, RS A )V A7% 81T K MR aRgyE, FAOE Rk
ENEEGT R EEZLNS. TNSOFERIIFHT/NR
HICHBNZ T ENEL, TOBIENDIZ, MAFE
PAH X 0 &/NREAFIE PAH DIZ 5 WK D 2 RRHE
ERTAREMNH B L 52 %. £, MiEER
PVOD/PCH JERI & L < & B BN I8 THlizk 72 4L
9 %DHE 5T, PVOD/PCH R E MR DFE
LB XUERICBERL TV REEN D 5.

T DA H =X LH4ETDPAH, PVOD/PCH, [
BYRRBICY TR EZ DI TRV, RAKO
PVOD/PCH I BTl ELARSE A T U Tz & O
Y, RSO PAH ICH U C sildenafil VA
MEATREMEDN B % L DML L H 5 5% UL,
BEHESIMED/ N PAH IS L CIE, e RBEHIERERE
EHLTWSAFEM, PVOD/PCH ORI 2R EIC K
% PHMWGH L TWSITHENEZSBE L, 1BEHEDEER
R OMEEICITIRENH D EEZONS. HEIEHIT
RSO A 7 — T VR 2179 DT Ic s WVh T,
ZOEANIIEF ICINEE L 725, FEEDRER U EGID
5%, PVOD/PCH, B MEMEE, Mifd o £ %
72 Hkrd % 72 & DI 77 fi#RE CT  (high-resolution
computed tomography; HRCT) D5 ® KL-6 D]
ED, BETHERET S ETOBECKELEELZD
N%. KL-6 EhMihEHEnz & 18 L
THBRMEES NS LAZHERATH O, MEMEME
BONAAR—I—L LTHIENTWSD, CEAM
ffBicBNTE ERHTZ T EAMBN TV S, 1K
AN TOMFTH 2P, KL-6 700U/mL UL EZERL
Fe O AR M OFEF] Tl ERTERMERICAR
TholzL DMEND S . FRHeD Fbh H K #Ex
FEFNC BT, BIIRO & 72 IRNCIERE E € %
it PERESR ORR IR IO 242, £
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PAH

Congenital anomaly
syndrome
Respiratory infection
Upper airway obstruction

———» CHD-PAH

PVOD/PCH «

Secondary

Sleep apnea
Pulmonary hypoplasia

|

Interstitial
lung
> disease

> lung
hemosiderosis

Alveolar
hemorrhage

>

Pulmonary

L cared

Fig. 5 Estimated mechanism of “complicated” PAH

vasodilator

PAH: pulmonary arterial hypertension; CHD-PAH: congenital heart disease-pulmonary arterial hypertension; PVOD: pul-
monary veno-occlusive disease; PCH: pulmonary capillary haemangiomatosis.

NO W AFREDAZITIE I NKDLZENIE LN
V. O E R & 13 5R D, NO W AFREIE Y
SRTE IS DARHS/ MR L D ERAL D M 1 s,
P/ MR L DI D IME Z LR T E 5728, =HD
MR MIED UGS HFNCH < (DR TRWAIET
& % iloprost % treprostinil &G XM E L&A LV)., &
512 NO M AFHEIC DV TIE, BIPEBRICIH W T
RO I 755 I MEROIMERTTZ EL FE L&D
WGP, AMEITREEE RO REIT BT, M
RS TR IEM IS E2 TS L OWMEND S
T &5, NO W AHEi% & PVOD/PCH I fif L
TEAEMTHSREMD R ENS.

PAH W EJEL L, MMEILEREZRSGSH 2 I3
BLTEHELRY, TLAREMNEELIZEWS IR
BT, Ml EIEREENAE L T % alReltre
FTEE <, MEROmM T S M, A > IfE iR
WZS, MSEERZZ OGO Retkic E -y 2587z
V. 7z, PAHREFNCBWCHIRELRT R 215 2 B2
MH o TGECIE, FFEEINZ, Tk Zs A fHEic
LEFEHLIEWE T ATHS.

LIHTEMBANTEL SIS, A PAH ZHRICH VT
combination therapy M 7¢ 4 i RMEZ1FTZHIG A B
%. UL UARHTOMN DI, SRR EEREE
DIHEP, PPHREERERHE D NHETH 2 T Lx EZBEE
Z % &, /NEPAHICFF % combination therapy,
K#IC upfront combination therapy DFfilc DT,
HEICHIHIIRETHELEEAS.

5. FEQRRIMmMERR

ARIDERIZIC, HEKERICERE W FEEE
ORI DOV TIHRE T & 2T 5.

KA E 72 I CHD-PAH OBE & AJER
TZFL, ZTLTHR@MTEah-7T & 23Iic,
2009 £ K D R FERRAIEER SR (B - 7
I« RAJERIECIRERD 1@V ah D PAH DORLRE
MERICEE ST Wl kot

A FIEB DO JH KB E RO > TR,
PAH (B EICHBNT, FREERE 2 E L,
AEAd 22 THo7. 91k, BMPR2, ACVRLI,
SMADS8 (SMAD9) FHORHDRENEE RT3,
TGF-/BMP > 77 F JUARIERR B N C 6 i 5 1 72 M
KT BHELZ, PAHOEREERKEME T LT
SMADS 7z Tk Ush TG S Nz Bk A o
RSO, MZRCHO AT, 2 FERITE EMNFEE
& N7z BMPRIB (ALK6) E{nTZEME LTEZ,
PEREMENT ZHED 7MY, western blotting 2 ML Tid
MO TlahhiahED SNTITHE LAR.

PAH DR NE 5 T A RO KZHU% 59 % BMPR2
BInFERDES, BMP Y75V VY IBME RS 5 C
ETMmEFEmMEOEEZ IR TRk, &
SITHM NS TGF-B 7V VI jiEdT 52 & T
& O 6 - EMEENZ EEZEN
Tz 20%9% &2y, BMPRIBZ %% BMP
T IREREOIEEK 28753 DTH A S
ETHUEED, £5 L TE BMPRIBZ Bik7%E A
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L7zl 5k Mo 2—7w N Thas U VL
SMAD1/5/8 Z 237 @ MiiEhTLES. Bl
HERD B> TEFHRLEI ME>oTEY
izt SMAD1/5/8 DN RIWMESHTLEVWET,
FELTEELEA, THKEAI & western blotting
DR EBRELIZETA, TV, ThEF--E LD
LT (TOZEFEIF) gain-of-function (HHE1E 15 1)
CiEWVWo?] L#EMIM, TOREEZELTH-T
Wi > TEEDIEE SICE W, FDOHED luciferase
assay " 5 & western blotting T DT FL 72 EAF 1) % #
BhEoniz. §5bb, LD TS THIE
L 7z BMPRIB &5 A RIZH S5 I BMP ¥ 75V
VIR EIETED, MADEIICKT BRERE
o572, —JT, BMPR27% /v 7 77 + Lt
R F 1 A AE & BMP2 « BMP4 I X % #I]i# C BMP
2T FIREREOTE K F 2R & DD, BMP6 -
BMP7 IZ KX 2 flI Tl Z O1H S Z £ 72 59 & D
550 % BMPR2 Z5 57 388 75\ PAH HE O Bk
SEHE ARG Tld BMPRIB ORGSR L TV
EDWENRDH D 7, TNB R AL OIFILHRE X
HI28DTH-T-.

VHNTEFHE D DFERZ BT EITATZD,
HWICBZHIRICBEFORETVANICEEDENT, H
DOHITHT > TV B HEFITHETHLL, HWrL, *
W2 KUY S ERELIZHKETH> 2. ZDH%
A PAH HBZICBWT BMPRIB%Z Z—7y b & L
TW % miR-23b, miR-130a DRHEH LHLTED,
ZOFRBFBMDEIEZICHEG T2 M RESNS K&
E Ak DU RZ ST 2 ME DR E N T
Ww5.

A PAH2 FERTRHITE L 72 NOTCH3 315 12851
B9 2 BEEEMRMT 21T - TeFIc & 2 < OBEICIE E Nz,
PR B WDIZ A FA NOTCH3 72| I X ¢ % &
Z DOHINAEMED 7= DITEH LINICHIFEASEA T L E 5
28, TR ENTNOLEMPEKZRBILELS & &
FIERTEERLIEDED, Thah) £ T
T, HIEA T ST BB IR LTz, oD
FERRIC & THIRR L I2D, ik TEiahoiz. ZDUH/:
Tl E B UlmKAEMN > FEY P B O E &
LTRIEHEL TSI L ZH> T LIz T A, JF
WICEAWNERE R W E, Z0BMI CHIICE
EMAOtk 2N U, BREfRfT25¢ %322 &N TE
7= 99)_

2012 Y IV A THIME X N7z, American
Heart Association Scientific Sessions ICiZ U THhN
U7zBg, UEHIZE Rt % ETON—F)L x> T\

ARNRBERSBSFRIME $£3B5EF F35

7z MEIREAD AT & Z N2V TgEn, vl
ONDOREETRIERTHZ T L%, RAZX—2Y
TRERZEEULNT TERYSHDO A F 1 A DR
RECHATE D oTz. M, FHRN ClBYVA Y72 i
HODOH oD, IO HEDZR L THIZNEEBWVIT
B, IREEGD S 2O THEE MR-, A
DIZNT EMNTEZS LR U TZHEBONMRIC, A—
IWCIEREERE X > THIzL T A [FD BMPRIB D
X, TOHWFmETHRATEEX] ElzlEBIic kg% <
X ot 7)) w VRN ZRNEL Nicholas Mor-
rell ZIZ DM R RBICHZ I T CWiziz{ T & ko
Fo. MEEOFTEEOR E, 1EME WS I TR
Hoteh, iPS HIFLORINT, ME MR - S E
fa~D b & BEREMNT, Z L CHE D REBIAATZIIZ
T DRI TIRO AT, WEENETETA
INED, TR AR—=Z 2 MOTEEICED
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