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ANBETESIMEREIZ BT S

FARREAN LT F 27—

Y 1RIEDFEE

SRR RER R ARG Iﬁi[&‘ﬂ S ULELINAE 58 AR SR IR 2

(HaEHE % © /NRR)
CEE © /Mt #2)
SEE I

AL FF L4 — ¥ (heme oxygenase, HO) 1~ 4 B H N
Y, HO-LIZHi4 DFLA F L A& - T I AE, HOE—

IBUAHHEMHETHY, HONIHDT AV T+ —4DH
ML (CO) BEA % A U C LIS T o (L5 BE A I <o gl

HEMAZHE-TH Y, Mw)«umuwhmm@rw %‘-Lrwéiutl'-lww‘!mbnfwza F-HO-1IM{E T 70 E— ¥ —1i

o GTIBALHI o %Rk, HO-1%

= M LR 4 o MUAE R 2858 E & BT 2 2 EAURIE ST WA, AR T

Fi 4 ONiEs ESRE (pulmonary hypertension, PH) {233 O THITHLAE HO-1 78 2= ) 11 Ob"d'iﬁi L7z, SISm0 PH
39, BREPEMIES LA 160, LEE PR ACHUE (ventricular septal defect, VSD) 22, Lo il lf/lJ BLOHO I KAGELH & L
7. DA A % Vs T HO-1 S Ak et 2 75y, VSD BT HO-ImRNAZE Bk % V) 7L ¥ 4 LEWtWPCR#:1Z T
B L7, 8 5IIPH &M VSDHICHE, HO-1 70— —{iilfioo DNAZ T & HO-1 98l & 0>|).=l #Mi% Gene Scan i 12 TIHHF
L7z, HO-1/KEHE TN 12 HO-1 064 4 ISR S ALl v o 729, IR T AGE Lk e ille~ 7 o 7 v — S o
HO-1 M EATED AL MAF RRIPE D PH TR~ 7 02 7 7 — 20> HO-LSBLIEITH L & 5 |2 GO IH %2 Ml IR BE L2 i

THwra 77— Y2 HO-1 A AR S i,

L TR, SO IR B IR 12 HO-1 e 2 0 1 i 70
SO HO-1 A AR L, WS BLHE 222 @S i A RSB0 ¢ HO-1 5
FTOE—F — IO GT IEEFI O % E DIz JHI}JL&..L

ANV AERRELTEY, Aokl

—J3 WU ST E TN~ 2 T 7 7 — YO HO-1 5 BLE R %2 1
fpdr -tz PH &M VSD G Cldlliflas N olili~ s a7+ —
"lild)“'il‘«‘ﬂl'lllll'/‘)‘zbof_g M HO-1 Bl & HO-1 iz
dro o, ZALS O L D BFHLERIC BT A HO-1 A LA
*,mf},'e'c&)é CEARMENS. £ NOPHIZBWTW, ik o

77— YH#HO/CO Fh PH O IEF N HAEMIZ MG L T 2T HEEASRE & e, LaL, PHOBINIZ & - THO-1%
HOWBMAFEHTHY, ZOHMLTEROMEPLETHLEHFR LN,

Key words heme oxygenase-1, carbon monoxide, pulmonary hypertension, alveolar macrophage

& MLERE (pulmonary hypertension, PH) oG5 54l vs
MLESE (primary pulmonary hypertension, PPH) 245K I’l LRI,
Te NI o Ao g SN mf LA G DT 30 DR 55 00 e o 2 3 &
5. PPHIEZER & 4 2 JEREE S 4 C PH & 32 L 228 BBl
SNBH, BITUL DAY THO TTFRAROELETHS.
F o RMEOGERICAE S PHI, AT s X ONERIT Iz B
DFHEEAETAERATO—2TH2Y. WTHEHAREME
HLEMIMAIIZ &5 PH % &0F T 2.0 EBIEHIES N, 20
MR PIHREDILIBIIEHE % 2 A LCTHRETH A, THEILL

TI=RLl A 7 — T VR TGS A S b S L AT

LA, BB ICMEL D DER R, FilFMETH->Th
PH mrﬁfﬂﬁ?&ﬂﬁ 2 TR E R AR I O TR A BB 5 7

iz hﬁi*ﬂ S A LB H b, = ]llllﬂlUILL £ A PH @;ll]
%EILE’I":EHEEIIILE,F Z0E, MRS I o TR EhIR & %o Al

FROI64E2 A 27 HEfT, FH164E4 A 13 B%H

/J TR AP IR, I o 85l <2 P o0 edie e v L B 98 ATHE

1T LG L L ClEikm2e (plexiform lesion) DI % fL5 &
b‘b?ll. TWAY, PHOWMEILE OGO MRHIT 204 E U s
WAL TFHSN R LAV TE L DM B LN, LS
TWa, Thbbh, MENKMED/ YT E L TOBERER ;L
~g{k2E (NO) x> F41) » (endothelin, ET) & & @il
PET L D78 7 A WdE, U S IR T 40 5 o0 e
FERARA RO I & S 4 BIRIEMEAISEA TV B Y

NO b3 1M 38 PRz A SeslfR IR -7 & L TR f‘rmf%ﬂ’/ s AT
W AT D A ARGEBDHTH B A5, IEENO LML
MhETANGREDS WL LT—MLRE (CO) A4EH &
NTWwab, NL+F L7+ —+ (heme oxygenase, HO) &~ L4
B|HEFRBIZE) W PIIORT B RS T, oG
TETCONEEZNS. HOWEHIEIDDT 4 V7 +— 4 (HO-L,

Abbreviations . Aop, aortic pressure; ET, endothelin; GAPDH, glyceraldehyde—B -phosphate dehydrogenese; HO,
heme oxygenase; MPAp, main pulmonary artery pressure; PH, pulmonary hypertension; PPH, primary pulmonary
hypertension; Qp/Qs, pulmonary to systemic flow ratio; Rp, pulmonary resistance; TBS, tris-buffered saline; VSD,

ventricular septal defect
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HO-2, HO-3) 2o, #m 9 H HO-UEFHERCEm & Hil
e, KBRS, BRMEA MLV AL ESELTUTHFORBHENIFES
L, APLABHO—DIIFHEESNTN2Y Y HO-LIZIFE
PR S LEESRY, COZAMLTLMERICB VT
EHOE(EH, SEMMEE) LRI ATVAYY HO-112CO
EEFAMALTHOLERIIBOTLME M- X A5 B SEEH
FUZPEH L, PHOBREIZME LTV RWEEIELONS.
[AEHEREHET v MO LHO1 254 3¢5 2 LI2k > TPHH
EABHENE VI HEFHLHY, & FOPHIZBITAHO
DIFEZOWTIRIZ L A EHE R, 22 THRIOWIETIE
T4 OEBERICERT 2 PHEGIZIEL, 215 DEMD
iRk 0 HO-1 IR O FFBU DV TlE L 7=,

E7, REOBKEYE LG FRIZEORRBIZLY, ALl
ETOERPBEOEBROTHRRERFTH A Z EHHL M
SNTWwW3, ¥ PHOI#ETFO SO~ ¥ —$HIZIE GTRIE
BAAFELELTEY, ToGCTRMEMITMEEKRIZL - THRAITERL
ADNAZH 2RI ZEDPBEPIZL->TWVAYY ZFL T,
FOERDEELA L ATOHO-1EAFUREHE T2 2 &,
MM 4 OMBEREDBIEL BT 5 2 L ATRE S IL T
B Lm R TIE, PH %S L kR E
(ventricular septal defect, VSD) {2351+ % HO-1 M 3 Bi4 & Mgt
To &3, GTREAHI DL E & ORI DV TIRT L 7.

HREFE

I. &%
19994E9 A /5 20024E9 H £ T FﬂE] WEIRRE DR B LT
EEAFERER Td 5 BIRIRIEIZ T, AEEHEA L &z VSD
BE0H L, FHHL rl*z'?ffafﬁﬁ‘ﬁ"ﬂlﬁ*ﬂ ECHor22% %N
Ll FlfboPHEAEL LTPPH %1%, MERKICHIE
LZAZPH#%3%, o bu—n& LTI LEBRE2L Obl
B HO-1 RIBHE) ZHRITINZ 72,
INLBED—FHITEEREHETH o228, AR rELLT
BT LETHIRERIBUEBTSICEEL5ALVIIICEEL
oo FAEABRIIOWTIIERICECRBE LT, HiEsh
T3, LEDSII oW TIHERKFEESHEEOHEERS
DRFEH: GREFSH155).
I. 7%
L. #E
VSD B #2350 THEL PSS ORI PH O FF B 0912 il 4
HEiTe, HMREDNRIN S F 7L EHIXK & 0 HGA
FRILL7:, AR TIEBIHERAEDORTE O ERERO—
THEE LA &4 DMMBERICIOVTION L) Vi
WCTEELHE/ T 7 ¢ > TBYK 2R L, F7:-80 CHlltk
TR (ER L, o BFIZ oW TIEIRRIZ THE S Lzl
MDD ST 7 1 G & .
2. Wi mE o ZE Al
VSD BE TR I IRREE T CUB A 7 — 7 VIR % AT
L, EM#IRFE (main pulmonary artery pressure, MPAp), KBl
T (aortic pressure, Aop), MiilflHKIT (pulmonary vascular
resistance, Rp), HlifKM ittt (pulmonary to systemic flow ratio,
Qp/Qs) mlllE L7z, VSDIIRIBILONMIEIZ X - TKirklin 548
FRAVCTHELE. FAAKREMNICEEE/ 77 1 » BBk
THVWTHESE B X UTHEEMME (elastica van gieson) 4t %
TV EREZEE L. PHREOMMEMERERE L LT

H

W, TS A S K kR BT T A IR IR AL 0T,
Wi ZNEIIR O R IEDOIE D 513 U F D) R0 8RR & TS
2 & L Tgrade I 705 grade VI # T4-3 & 17- Heath-
Edwards 03 % MWV T L 722, %2 BHESMIC PHORTR
D3 H o 7o3 4613 Normal (N) & L 7=,

3. Hhﬁ'ﬂmﬁkt_i&ﬁé HO-1 5B oA

1) RIEMMGE

Wi S5 7 4 P AMMYK R85 7 1>, BT ALa— i
Hzfrvy, MNJAT I/ A8 AR AEK (Tris-buffered
saline, TBS) (pH 7.2) {2T54, 3MI¥EMH L. EOHEEMED
MG 1L B A912 10 % Target-Retrieval i% i (DAKO Corporation,
Carpinteria, USA) 2 &I &R L, 65M~1 70y 2 —7I8
5 (S00WHETFL > V) THBMIEFT- 72 BT, Wik
L7-10 %Target—Retrieval TR LA F F IR 30 9 M
L 7=, TBSIZT54%, 3MMukE L7, 4% IE%E v Filih
(DAKO) ’i’bﬂx_f TBS T3040 7T v ¥ > FULEfL, 2004447
o4 Fiie S HO-1RY 71— Wik (SPA896, Affinity
Bioreagents, USA) # —Jffifik& L T4 T C L2 BUE S 72,
TBSICTH54, 3MBEGFHRT VA 74 A7 7 & — EEGEYF
Poy 4 F - ey A M5 (DAKO) % ZAdifk & L CEiiiiC30
SHBUG S &7z, TBSIZTS4r, 3EIBEE#, 0.1M Tris-HCI#k
i (pH 8.6) 9.8ml - Naphtol AS-MX phoshate (Sigma, St
Louis, USA) 2mg, ¥ 7w A (Fastred TR Salt, Sigma)
10mg, L /33— (Levamisole, Sigma) 2.4mg % ¥/ L 724
DEERELTHEB S, BOBERKNTHIEE LD,
Mayer N7 b ¥ 3 VI THGR 21TV BIEE L /2.

HO-1 BB ik sk e L TR Lk, iliwso7y
— D HO-1%31 % none, weak, moderate, intense @ 4 FT
L7z, BRIl s 7 s —-YizonTided s hdk
WHDEROH, RLHLCETIES IR EINZ L D% 1A,
WK —IZRBEENDILNE2HEED, MILK20HIFH2Y
o~ 7 r—I %A, S5HLL CTpoint & 2 ) /%
BH LA (). SEMIE3HTTY, BEE®RE NS shy
IZHEAT L, Z D) % point & L 72,

) AL 381 5 HO-ImRNA 0 J 3100 5 1 F:Al

i. RNAOHH

Chomezynski 5 ™D iEH# DT LI IR L THro 7. 8
HEMALA: 100mg (2% L T TRISOL Reagent (3 4 75 v ¥ #
sy B, HE) EFIml &M THMSRED A4 AL,
99.5% 7 T T FIL L 200 12 A THIEL 72, 855T 5 2 M
& L7k, MEE O EHIC T 15000 MiE/ 4, 4°C, 15 \[“r]’CJ.L‘L‘
DHEL 7. EREIERM LSRR A v 7 a8 — L EMARN
L-20CT 12ijF“i HHE L 7=1%, 15000 EIIE/4r, 4°C, 20 %M
L7z, RilERFEL, 80% Ty / — L% ImlNA T %
B LISOOOIEH!K/% 47C, 59 MELkktE, LiFzEels
frE LEIR TS50 HIME L &2 7-. 1 XTris-EDTA (TE) ##
i (10mM Tris, ImM EDTA, pH 6.8, 1 X TE) 26, [1Z#&# L,
260nm DURLE % L THRRNABEAWME L. o
260nm, 280nm DPEEN L% ME L TRNADHEN S # &
L, SO L7H25200RNAZHEHL 7.

ii. cDNA®D &KL

ERICL > THONZERNAZGFHE LS vy TIT1~
—IZTcDNAZMER L7z, RS RIS LT o Z BRI THT o
7o, ETHBZHRRNA2,g %2 BT LI IC1XTE (pH 6.8) 12T



Bl MR (S BT A AN L F 27—V 158 25

AWML 235 LZRKIEREME L, 5512 80uMT ¥ ¥ LAt
¥ 27 L4F F79 4 ~— (Random Hexanucleotide primer, %
s, K %154 1A 7. GeneAmp™ PCRZ A 7 4 9600-R
(Perkin-Elmer Applied Biosystems Division, Foster City, USA) %
BT, 65°CT100MREEHR20 M T T25CTE THIBET S
ZETRNAOEHRE T I AT—DT == ¥ T efforz, §l
& X SUIEERESE RAV-2 (i) (218 o0 flin 5 B P RRAl g
(5 X RAV-2 Reverse Transcriptase Buffer) {2 % 1mM dNTP
(Pharmacia, Los Angeles, USA) & N X 7= #%7i{ 24.5,. 1 & RAV-2
0541 (10 HAT) %R T GeneAmp™ PCR & A 7 4 9600-R % 17l
W, 42T T0MEEL, cDNAZ AR E¥/42#%90T, 24
BTRAV2 Zif a7, RIS THRIXTE (pH 7.0) 50 1%
MACHE 10018 L7,

fi. U7y A LERMPCRIEIZ L B cDNANE

TNy 4 L5ERPPCREFE TagMan DNAKY) A 7 —ED
5Ly FX 7 L7 —EiitE AL, TagMan 72— 7 & 04E
MBI T T — T OESEMEE DL Il L, 185052 PCR
WIFREYORBEB IR LOTH LD, MM L
cDNA @9 b5, 1 & fHHE LT, W02 MOKT T {1 v—,
% 120nM @ TaqMan 7 @ — 7, Tagman Universal PCR
Master Mix (Applied Biosystems, Foster City, USA) % il 4x ik
50 1TY TN 4 LB PCRIIGE T 72, 77 4~ —Id
Y A 7514 v—& LT TGAGGAACTTTCAGAAGGGCC-3',
TrFErATT 4 v—& LT TGTTGCGCTCAATCTCCTCC-
P EEEL, ATy B ) (CBEIEL /2. TagMan
70— 7145 -CGGCTTCAAGCTGGTGATGGCC-3" iZ LR — %
—faFE L LCFAM%, 720 Fv—diE LTTAMRA %R 7
NVTHEHEEL, ARIETFIIY (M) ~NBIL L.
PCR K 1 ABI PRISM 7700 Sequence Detector & JiJ V>,
MicroAmp Optical 96well Reaction Plate (Perkin-Elmer) 5 & OF
MicroAmp Optical caps N TfTo7:. KIEIE50CT X240
AmpErase uracil N-glycosylase 23, 95°C X 10430 #H%M: 1,
95CX 153, 60CX 13D+ 4 2 L T40[EBIIHL 7. PCRIK
BEFTH B, FEHIBMED ¥ =4y b o - FoEmdEy o
TNk B cDNAE FVTHUEM R MERL L, fmoiko 2
—¥EFHE L. S PCRIUEEE — kT 3 17 %570 %
B L7z,

HRNAFNH SR BT 2 MR O R 0 Tl 0% & % 290
B LT L TIVFL F-3-1) LIk 3 fig 4
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH) i {#¥-
DE T FFIIET L, %4 HO-1/GAPDH O It % $EHI LIt
BREBEOWMEZIT - 72,

4. HO-LIBETF 70 E— ¥ — o GT A Y £ 1 & lifiE

M= 92 ) B 3

1) DNA DI

VSD B Cld, ##EMi#Ak L » AquaPure Genomic DNA
Isolation Kit (Bio-Rad Laboratories) # fdifH L DNA # Jlith L 7=.
ELEFRRBE LR DR NE X Y A1) VR
IR % 8727, 74 23— 43— 2 (Ficoll-Hypaque) It
EROEICL ) BEEREZSMEL, 3 ofh b U aEIck Y
DNAZ#MH L7z, M5 X 1078 & 1) > BRI i 200 0 102 53t
L, I+ )7 L3 (7.4M Nal, 16mM EDTA, 32mM
Tris-HCl (pH 8.0), 7)) 2 —#% > 40 g/ml) 2504 1, 30% N-5
TUANFNT Y JEEF N Y ASA 1 FINATHEEELATT

ISR L2, A V7O EL T a— b 450, 1 %00 2 Hilf
L, ZERIZ159MiE#, 15000 @EizE/47, 4°C, 155 MHE L L
oo TOHREETRE, 33% AV TIELTL I~ N400u ],
35% 4V 7aENT VI — V750 I T2MMESEL, LikTdET
Wolt, 1 X Tris-EDTA#ERH (10mM Tris-HCl, 1mM EDTA,
pH 8.0) 50 L2 L DNA L% {ERL L 72,

2) HO-UMI{ETF 71 & — ¥ — ko KEE T O fF4T

s U7-DNA#88 & U TPCR%® 4T L7z, HO- 17T E—
¥ — IO GTRBEN &L L I T T4 7 —I25 Ry
FmFEEFAME I NILENEyATFS4I7T—L LTS5 -
AGAGCCTGCAGCTTCTCAGA-3", T>Ft o ATI4v—&
L T 5 -ACAAAGTCTGGCCATAGGAC-3' # kil L Az 7+
I () ~EEEL. PCREGIEHB L ZZDNAD ) B3 1%
HRMELT, K04 MDTT 17—, %200, MO 4HIHO
ANTP, PCRIZIGHEE i (10mM Tris-HCI, pH 8.3, 50mM KCI),
MgCl,2.5mM, AmpliTaqg DNA £ * 5 — + (Applied
Biosystems) 0.75 M7 & M2 TA& k30, 1 T o 72, G
Gene Amp™ PCR System 9600-R & JTJ x5 43+ [i1] X 94 °C & #) ] 4
4%, 94T X20H—+60TX 10H—72TX20f% 1494 s L&
L35G L 2. f5 S5 AL PCREEH O 14 X434 1L, ABI
PRISM™ 310 Genetic Analyzer (Perkin-Elmer Applied
Biosystems) % M\ T Gene Scan il T4 L7z, 9000 &b iE
F 7Y —1E47cm X 50 m, K< —lkPerformance
optimized Polymer 4, LM 15kV, &+ ) —ilEIZ60°CT
& 4. ABI PRISM™ 310 Genetic Analyzer &80 54040k %
19 A7F L TONAZEGEL Tw R HLIREE L —F -2 &
W L, B S S LobdoTubdY L XAy v ¥—
N & RE DT 2 TN A RSB SEIKE)T 5 Z LS & o TSI
RAHTNORERONWERTIZ LN TES, LT T 1
Y& HVTPCREAT» 724 ¥ 7 1 LiZH L ROX™ size
standard (Applied Biosystems) %= 0541, 44 > HL AT 3
N 12u1%MA 95T, 290 MIMBEME Lok, R iZifE L&
¥ L7:. Z4i% ABI PRISM™ 310 Genetic Analyzer % v T
Gene Scan {E\ZTHRAT L7z, 18 S ALA3E 5 L 0 GT RIHALHY
DIkt dfd 2 L5 1T GT KBS Eok 5L L 72,

5. FERETALELE:

MiHE BT Bhiila~ 7 07 7 — Y O HO-1 5% point O # &
B L HO-ImRNAD BB O B WG Tld 2 » 85 2 M)
7 {0 Mann-Whitney #i5€ # flva 7. £/4-HO-1 70— 4 —
T3k GT RAEHTNC I L Tl y i 2 v 72, P<0.05 & 4%
BRI EEH Y & L.

157 &

. BfifE#EC &7 5 HO-1 RIMO R IESEHRI0EE

Wi BT A HO-1 BBz 2 W IR LR BB % & HO-1 k48
FERE IOV THE L7z, HO-LRIBRETIZRE LE, N~
707 7= D0TILh HO-1DOBHIZEMETSH - 7225 (224,
B), JELEBBEONMEMTIE, Al EERaersa 77—
PIZEEOHO-1BIMATED Hbir7: (M 2C, D).

MV 212 HE s L7z PH T, Wil EbIR Iz e o 0 5 &
AR OETE I & 5 MU PO B/ ML % R0 — BRI m g % 50
OFc. BB T, Wavs97 7 - OHO-15EHI
B L, SSICKEEFHECHmIREE T s~ra 77—
JIZVVHO-1 BHATHE S L7 (" 3A, B, C). PPH ORI
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Fig. 1. Immunostaining of alveolar macrophages. Alveolar macrophages were graded into different points as follows: (A)
grade 0, no staining; (B) grade 1, weak staining; (C) grade 2, intense staining. The number of alveolar macrophages was
counted per 20 high power fields and total points were calculated. Scale bar indicates 5 ;. m.

Fig. 2. Immunohistochemical staining of HO-1 in the lung. The bronchial epithelium stained for HO-1 in a HO-1 deficiency
case (A) and in a non-cardiovascular case (C). Alveolar macrophages stained for HO-1 in a HO-1 deficiency case (B) and in a
non-cardiovascular case (D). Scale bar indicates 20 ;. m.
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Fig.3. Immunohistochemical staining of HO-1 in the lung with PH. Alveolar macrophages stained for HO-1 in a
subject with PH associated with vasculitis (A) and in a subject with PPH (D). Bronchial epithelium stained for HO-1
in a subject with PH associated with vasculitis (B) and in a subject with PPH (E). Pulmonary artery stained for HO-
1 in a subject with PH associated with vasculitis (C) and in a subject with PPH (F). Scale bars in A, B, D and E
indicate 20 mm. Scale bars in C and F indicate 50 ;. m.

Fig.4.  EVG of pulmonary artery and immunohistochemical staining of HO-1 in the lung with VSD. Pulmonary
artery stained for EVG in VSD without PH (case 4, A) and in VSD with PH (case 13, C). Alveolar spaces stained for
HO-1in case 4, (B) and in case 13, (D). Scale bars indicate 20 ;. m.

27
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Table.l Clinical features of VSD

h i

’ Diagnosis MPA Ao R Heath-Edvards
Case  Age Sex (Kirklin's classification) (mmng) (mml—gg) (Unit/pm’) Qp/Qs classification
PH(-) 1 2m F VSD( I )+inf-PS+v-PS 24/12(m16) 85/52(m68) 0.7 25 N
2 2y M VSD(I) 22/10(m15) 90/55(m75) 0.8 1.9 N
3 6m M VSD( I )+inf-PS+v-PS 22/10(m10) 86/48(m64) 0.4 1.3 N
4 7m M VSD( I )+AR(SellersI’) 25/13(m18) 69/41(m53) 0.5 2.6 N
5 ly M VSD( I )+AR(SellersI’) 20/10(m15) 84/54(m68) 2.8 1.2 N
6 14y F VSD( I }+AR(SellersI’) 18/ 8(m12) 106/72(m88) 1.0 1.2 N
Moderate 7 4m M VSD( II )+MR(SellersI”) 44/15(m30) 70/40(m55) 2.0 34 I
PH 8 3y M VSD(II) 50/16(m32) 95/55(m75) 42 1.9 I
9 Im F VSD( I )+ASD(II) 48/18(m30) 86/50(m74) 2.0 44 I
10 Im M VSD(I) 55/15(m35) 96/55(m82) 2.8 2.6 1
11 2m M VSD(II) 68/30(m50) 92/45(m65) 5.5 23 1
12 2m F VSD(I) 52/20(m38) 73/44(m58) 2.9 2.8 I
13 2m F VSD(I) 60/38(m45) 104/72(m88) 2.8 4.2 I
14 2m F VSD(I) 40/14(m26) 64/45(m50) 2.4 2.1 1
Severe 15 2m F VSD(II) 60/20(m35) 65/40(m50) 1.3 8.0 1I
PH 16 Im M VSD(II) 72/21(m48) 79/40(m65) 3.9 33 i
17 ImM VSD(I) 81/35(m54) 77/34(m54) 6.1 2.6 II
18 SmM VSD(II) 60/30(m48) 75/40(m55) 6.9 2.1 [
19 Im F VSD( I )+ASD(1I) 70/25(m45) 86/53(m75) 4.7 3.1 I
20 2m M VSD(II) 55/19(m35) 69/39(m49) 94 3.0 I
21 2m F VSD(II) 66/28(m50) 80/52(m70) 59 1.9 I
22 4m M VSD(II) 94/44(m70) 100/60(m80) 8.3 2.4 I

m indicated month, y indicated years, Pressure value indicated systolic/diastolic (mean) pressure.
AR, aortic regurgitation; ASD, atrial septal defect; MR, mitral regurgitation; inf-PS, infundibular pulmonary stenosis;

v-PS, valvular pulmonary stenosi

S.

Table.2 Expression of HO-1 within the lung in pulmonary hypertension

Diagnosis MPAp R X HO-1 level HO-1 level .
Case (Kirklin's classification) (mmHg) (Unit/pml) Qp/Qs (bronchial epithelium) (alveolar macrophage) Point
1 VSD( I )+inf-PS+v-PS 24/12(m16) 0.7 2.5 Weak Weak 15
2 VSD(II) 22/10(m15) 0.8 1.9 Weak 32
3 VSD(II )+inf-PS+v-PS 22/10(m10) 0.4 1.3 Weak Weak 24
4 VSD{ I }+AR(SellersI’) 25/13(m18) 0.5 2.6 Weak Weak 20
5 VSD( I )+AR(SellersI’) 20/10(m135) 2.8 1.2 Moderate 192
6 VSD( I )+AR(SellersI") 18/ 8(m12) 1.0 1.2 Weak 15
7 VSD( I )+MR(SellersI®) 44/15(m30) 2.0 34 Weak Moderate 156
8 VSD(II) 50/16(m32) 4.2 1.9 Weak Moderate 194
9 VSD( 1 )+ASD(II) 48/18(m30) 2.0 44 Moderate 120
10 VSD(1) 55/15(m35) 2.8 2.6 Weak Weak 42
11 VSD(II) 68/30(m50) 55 2.3 Weak Moderate 188
12 VSD(1) 52/20¢m38) 2.9 2.8 Moderate 148
13 VSD(1I) 60/38(m45) 2.8 4.2 Weak Moderate 144
14 VSD(II) 40/14(m26) 24 2.1 Moderate 60
15 VSD(II) 60/20(m35) 1.3 8.0 Weak Moderate 94
16 VSD(II) 72/21(m48) 3.9 33 Weak Moderate 123
17 VSD(I) 81/35(m54) 6.1 2.6 Weak Moderate 144
18 VSD(II) 60/30(m48) 6.9 2.1 Weak Moderate 153
19 VSD( 1 )+ASD(II) 70/25(m45) 4.7 3.1 Weak Moderate 91
20 VSD(II) 55/19(m35) 9.4 3.0 Moderate 156
21 VSD(II) 66/28(m50) 5.9 1.9 Moderate 171
22 VSD(Il) 94/44(m70) 8.3 24 Moderate 177

Pressure value indicated systolic/ diastolic (mean) pressure.
AR, aortic regurgitation; ASD, atrial septal defect; MR, mitral regurgitation; inf-PS, infundibular pulmonary stenosis;
v-PS, valvular pulmonary stenosis.
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Fig.5. Relation between PH with VSD and intensity of HO-1
expression in alveolar macrophages. Point was compared
between VSD with (close circles) or without PH (open circles).
Mean values were indicated as horizontal bars. *P<0.05
(Mann-Whitney test).
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Fig.6. Quantitative analysis of F1O-1 mRNA expression in the
lung. The levels of HO-1 mRNA and GAPDH (internal control)
mRNA were quantified by a real time PCR method in each of
samples from VSD with (close circles) or without PH (open
circles). The ratio of relative quantity of HO-1 and GAPDH
expressions (HO-1/GAPDH normalized) was compared in
each type. Mean values were indicated as horizontal bars.
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Fig.7. Distributions of the number of (GT) n repeats. (A)
Normal control (n=143). (B) VSD with PH (n=20).
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Table 3. Distribution of genotype and allele frequencies

Number of patients(%)

Control VSD with PH
Alleles
S 122(42.6) 26(65)
M 117(41.0) 8(20)
L 47(16.4) 6(15)
Genotypes
S/S 26(18.2) 8(40)
S/M 49(34.2)] 101(70.6) 6(30)] 14(70)
M/M 26(18.2) 0(0)
L/S 2104 4(20)
L/M 16(1 LZ):I 42(29.4) 2(10)] 6(30)
L/L 5( 3.5) 0(0)

S, £25 repeats; M, 26-31 repeats; L, =32 repeats.
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Abstract

Heme oxygenase (HO) s function as the rate limiting enzymes in heme degradation. Among three different isoforms of
HOs, HO-1 is rapidly induced upon stimulation with various oxidative stress. It has been suggested that HOs exert potent
vasodilatory and anti-inflammatory effects through its production of carbon monoxide (CO) and affects circulatory systems in
various vascular tissues. Furthermore, it is recently suggested that length polymorphism of GT repeats within the promoter
region of HO-1 gene is closely associated with the severity of various vascular disorders, by regulating the transcription of
HO-1 mRNA and controlling the production of HO-1 protein. In this study, the characteristics of HO-1 expression in the lung
tissues of childhood pulmonary hypertension (PH) were examined. Included in this study are 3 cases of PH associated with
vasculitis, a case of primary PH, 22 cases of ventricular septal defect (VSD), a case of non cardiac disease and a case of HO-1
deficiency. HO-1 protein expression was examined by immunohistochemistry and HO-1 mRNA level was determined by real
time PCR. GT repeat length polymorphism within HO-1 promoter region was analyzed by Gene scan program. HO-1 protein
was not detectable within the lung tissue in HO-1 deficiency. Bronchial epithelium and alveolar macrophages from normal
lung tissue showed low, but detectable levels of HO-1. In PH associated with vasculitis, HO-1 expression was significantly
enhanced within alveolar macrophages, and within macrophages infiltrating the peribronchial tissue and pulmonary arterial
walls. In contrast, HO-1 expression was only moderately enhanced within alveolar macrophages and it was not detectable
within the peribronchial tissue or the pulmonary artery in primary PH. Among VSDs, cases with high pulmonary vascular
resistance and high pulmonary blood flow tended to express higher levels of HO-1, suggesting that association of PH leads to
enhanced HO-1 production in VSD. There was no significant correlation between GT repeat lengths within HO-1 promoter
region and the levels of HO-1 expression in these patients. These results indicate that lung tissue is constantly exposed to a
certain level of oxidative stress even in normal individuals and that HO-1 within the lung tissue plays significant roles in
maintaining the functional homeostasis of the alveoli. Furthermore, HO/CO production by alveolar macrophages may exert
important protective roles in the development of PH. In the future study, further investigations are required to disclose the
reason why the levels and the patterns of HO-1 expression differ significantly among PH cases of different etiology.



