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Elucidation of various pathophysiology of refractory pulmonary arterial lesions
in PAH rat model with lung transplantation
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Refractory pulmonary arterial lesions against vasodilator drugs were
confirmed in PAH rat model ( i.e., Su/Hx model). After a successful single lung transplant in normal
rats, we tried a single lung transplant in Su/Hx model. However, almost transplants failed due to
high pulmonary arterial pressure and right heart overload. In a very few successful cases, pulmonary
lesions ameliorated. Subsequently, there was no successful lung transplant n Su/Hx model. Now,
together with it, a single lung transplant between male and female rats was tried to elucidate
pathophysiology of vascular lesions. Data about bone marrow derived cells in medial and intimal

lesions are accumulated by using FISH analysis.



¥ L C—19, F—-19—1.

1. WFZERG S PO 5

m%%ﬁ%ﬁmrr<mm WZX 1T 2 Al
RU €T VU > Z02iE, BT ORI f 5 ik
%%T%%fﬁéﬁ%%#iﬁﬁwfﬁf
%o Loy UHEFTH] PAH JEB]~F FliRAE 23 72
SIVTWZRHR, BAEIC X 2 Bl Br Eh AE i
BICEAFE R OIZIET X CoOM#ERY £
FU U ITNRELEEORENH-T-, OF
O B - K BEAAT OFRER Z Z D IRFRIREUNE
IR W ESE L ARENER S 5,

2. OB

AWFGEO B X, [AEEOIHIE Z I TH] PAH
Ty FETFTITHILLBMIC LY LU
BUNRE OB & 4y TR BRI S
THZETHD, 6T, BUTHEANIEREK
ﬁﬁ%%#ﬂ%U%?uyﬁﬁﬁébk%
R 2 R 5 & 3T HRIGRERER D 2 —
Ty NELTRBEBRIZDIGHTAZ ETH D, £
7-b b PAH JliFRHIE 1 D Fif H P BT % FR st
L. BTSNV CORRELHERT 5,

3. WHEDTiE

OFEAERF IR DOMERR « VEGF KL
3 (SUSs4l6) #eh-+ikmeF £ 7 /L (SwHx
model) (ZHLAT O EPR AN M LR 3K 2 & 5
L. Heath-Edwards 7338 I~1V (I HEAEE,
IT ARPEPNBRIEE . T SRAETEZE b 2 £ 5
JarETEENIEARE . IV LA Plexiform lesion
7o PEAIRE) OO HIEARPTIERRZE % #eR
T 5,

QR WBAEIZ & D2 RmeiR - TR O FETR
JEHE Su/Hx model (2 il HE & fifT L. —
[ 1% BBl RE A% A7 & A 7 993 BT 2 FE A IS i
HLUZZREMEBELBMICI Y %XELL
R E RS D,

Ot/ INREEZEAL OFESE - A i A% O fififiE
BRENAECLEC K A kAR N R 2 b &,
a7 A4 — MIENT, Bio-Plex fiffr, v x &
Tuay MENT R S XD EAERE(T
BT 5,

FERCR

OFEAIBHUIER Z O MR - T~ 1%, SuwHx
model [ZRINAIMGMEIEE CH L= M i
VORISR, Ty T Ve s oS
L, ZOMREMRE LTz, JHEIBOMER & I
THHMTRBERZRE T OEFELEREG L
7Bt (T B #% 57 : Prevention study group) &,

FEBERORKRIZHE T THREN D DR L
TR E G Lo (FIHINERERE © Early
studygroup) @ 2 HEA LG L7, HOHT—
TRAEIC K DA SIEEE, AT TEY
SROES R AR L (K1) CE 2 s N
DPAZEIZH T HBER S, HiE TEMLTH
-7z (X 2). Heath-Edwards 7738 [~IV D5

Z—19,

CK—19 (d:m)

ZED D HRBRZE D U~V 1% e T )
BROLN (K3).

== Su/Hx group

80 60 l . Early
JE: “ 1 1/"\* -« treatment
1 group

E a0 w . -« \;i
7. # % w Prevention
2 ' . study

20 gl"oup

10

0

dw 6w 8w 10w 12w
Weeks

Bl Fi5% 58 (Prevention study group) & #1184 M 8% (Early studygroup) IZ& [+
SZELHT—TILBEIZLEEZIURIE (RVSP) D Z1E

Su/Hx group (S) / Prevention study group (P)

s p 5 P s P s P
- ¢ S E EE NE PR WH
LY
» s 0
a o i1 | | "
P [ K.,
-~ N 3n 20 Bg
dw Gw Bw 10w 12w
Su/Hx group (S) / Early treatment group (E)
woow S E S E S E
80%
o MH
“HH
20%
o M

B2 FiHi%E5 8 (Prevention study
EORECHTIRENR

Su/Hx group

8w 10w 12w
group) EFNEAES MR (Early studygroup) 2815 MERN

Early treatment group

B3 #HAEAEE (Early study group) IZE 1T B FUEMIERE
Heath-Edwards 5 48Il~IVDI5, IVREXHEL, BEREII~NDOKEETH-
ZEUEE.

f=. elastic van Gieson (EVG)I

Heath & Edward O 45 T

I~V OIRZEEX

FRIFAOICHETT L, T OIRZ F TH RN &
IV BRI ETH L G L. &
AUZ L0 RO 7 TlX, BATORRA A
M PEIRIE T & IRATT D IR B AL
IV OB ERE & PR LTWE=., Lo,
W1EHRRE & B 12 Plexiform lesion 72 & TV LA
DIRBITLEL, FRFET D DIE I~ OHE
J5 2 C & - 7= (Histol Histopathol. 2016
Dec;31(12):1357-65) .



Q@R MR X 2 2h Hesd

7 v MZEBT DA TIEIEFITE
Hfrm g & 70 5. ILFEIAFEE O Y BERE 2R
ABEARFZWEOFE IZ T, T BHEEMND
BHEEZES L. FT20TRERT. LY
B b Ty bE 12%A Y7L L D
MEMEEE T & L, A% 3 I CR L=k A
AP O iEh R, Fdf R, AU S oD JE PHAR
k2 bR U RENIR S T CTRUE &R R
YT 2, NF—7 v b bHEIFEE T2, #7i
fgEE 2 Gk U AN FY o B PG 2 UIBrtk . &
SN E R T 5, EEOBAEIIMERIRS
K OWHEhIR 2 8 ifE o L. fEERE LD 7= D
M 1 & iR bR LRUE XA E1T 9.
FERATRROIT S, AL 27 4R NI il
PSS ORTENIRY & £ CIERIBE & 2 o 7228, Aifi
FRCEE XA DR FTRE T - 72, Fohk 28
FREIZZ DN LZE L, FERELIVLE
BICIER 7 v &2 A7 A 23 L Eh 3
PR ASoY

SERK 29 4R X W Su/Hx model & V7= il
Btz B L7, Loy LERE(E L7 PAH 7
VT, BENARIE D ER-3 X O DARIC &
0, BT v MTHEAMEIRSCRE XA 5
Wt THo7-. Z< %D PAH 7 v b T
FEAEEN LTy, 2 DRITEE L T ifihE o
BHENRNETH  BED HifoZEkicm
TR A kR L TN A, DTS B,
JREAERED Z » N TIE A ifEHEIZ L 5 shear
stress DELFET L 0, Heath-Edwards 2328 I~1V
DIFENLET HAREMEN RSN (K 4
preliminary data). L)L, ZDHZOFHENA
AIRER T DFEM R BEHIRTE I ST
A%

O NRBEZEAL DO HERE.

Suw/Hx model % AV 7= BN 22 BRI
B TX 72\, BIEZ ORGHI W
hCThD.

WHIEHE E BV I F RV OX R E LT
AWFFERE R O TALTIL,  F R I I 5 41
IRERE IR 2 R TR AT, IV LA OE
BIRELEZTW, L, WiBEEL D
{Z Plexiform lesion 72 & IV LB DIR A 1Lk #
HE 2R L, FBRIFT 5 OI% I~ O HNEFRZE
Tholo. DF D IREEL OFAFN & M+ 2 #
ELTWDDIE, Atk s b 1V L
BEORECITELS, kL Ebihs -1
DOIFEOAREMED R ST, FTIE, 111
D5 25 T PR il 1. 45 1 9 A2 mT M & R
IR &, RAUPEDNRZE TIHA BN R22 5 D
MNP FNEMRATH-D, £THNEFRLEDORK
SAEFEIZOW TR L2, FFRICRRZISAIF(E
THHDORIEZHEND DN ENH D L&
X 1o, & ZCHAx BES LT R o Bk
VT, BT O SR 2 R A T
FADT >y MIAADHEBIL, A ADK

FEC 31 2 A4 Ao & B % FISH 75 CThg
T AHEREZEL TV, BREMICHEIT A
s K OV IRR 2812 30T 5 B A i o B
HizoWT, BIET— 4 2L L WD, 4
BEORERD, RKRGEREDOKE L L TR
THTETHD. S HITAHIZE GG LT\
5.

5. E7pFEIGm L
(WFFEFRAE . WHIE5 8 M ORI IE4 |12
(=S

CMEREHIE) (37 )

1. Kato F, Sakao S, Takeuchi T, Suzuki T,
Nishimura R, Yasuda T, Tanabe N, Tatsumi
K. (2017)  Endothelial  cell-related
autophagic pathways in
Sugen/hypoxia-exposed pulmonary arterial
hypertensive rats. Am J Physiol Lung Cell
Mol Physiol. 313(5):L899-L915. (IF: 4.281)

2.  Sekine A, Nishiwaki T, Nishimura R,
Kawasaki T, Urushibara T, Suda R, Suzuki
T, Takayanagi S, Terada J, Sakao S, Tada Y,
Iwama A, Tatsumi K. (2016)
Prominin-1/CD133 expression as potential
tissue-resident vascular endothelial
progenitor cells in the pulmonary
circulation. Am J Physiol Lung Cell Mol
Physiol. 310(11):L1130-42. (IF: 4.72)

3. Takeuchi T, Sakao S, Kato F, Naito A, Jujo
T, Yasuda T, Tanabe N, Tatsumi K. (2016)
Pulmonary haemodynamics are correlated
with intimal lesions in a rat model of severe
PAH: attenuation of pulmonary vascular
remodelling with ambrisentan. Histol
Histopathol. 31(12):1357-65. (IF: 1.88)

4. Kato F, Tanabe N, Ishida K, Suda R, Sekine
A, Nishimura R, Jujo T, Sugiura T, Sakao S,
Tatsumi K. (2016) Coagulation-Fibrinolysis
System and Postoperative Outcomes of
Patients With Chronic Thromboembolic
Pulmonary ~ Hypertension. Circ .
25,80:970-979. (IF: 4.12: 1 cited)

5. Sakao S, Miyauchi H, Voelkel NF, Sugiura
T, Tanabe N, Kobayashi Y, Tatsumi K.
(2015) Increased Right Ventricular Fatty
Acid Accumulation in Chronic
Thromboembolic Pulmonary Hypertension.
Annals of the American Thoracic Society
12:1465-1472. (IF:---)

6. Kawasaki T, Nishiwaki T, Sekine A,
Nishimura R, Suda R, Urushibara T, Suzuki
T, Takayanagi S, Terada J, Sakao S, Tatsumi
K. (2015)  Vascular  Repair by
Tissue-resident Endothelial Progenitor Cells
in Endotoxin-induced Lung Injury. Am J
Respir Cell Mol Biol. 53, 500-512. (IF:
4.08: 4cited)




7. Nishimura R, Kawasaki T, Sekine A, Suda
R, Urushibara T, Suzuki T, Takayanagi S,
Terada J, Sakao S, Tatsumi K. (2015)
Hypoxia-induced proliferation of
tissue-resident endothelial progenitor cells
in the lung.Am J Physiol Lung Cell Mol
Physiol. 308(8), L746-758. (IF: 4.72: 6
cited)

(Fs®] Ghi6 )
(g 44)

FeRllehis - SR U A - BORRIHSE

1. Sakao S. (2018) Current Management and
Molecular Basis of Pulmonary
Hypertension Due to Lung Disease. 2018
Taiwan pulmonary hypertension association
(TPHA) Annual Scientific Meeting Invited
lecture 2018.4.21-22 Taichung, Taiwan

2. Sakao S. (2016) Molecular basis for
remodeled pulmonary vasculature and
hypertrophied right ventricle in pulmonary
hypertension. The 122th Conference of
Korean  academic  tuberculosis  and
respiratory  disease (KATRD) Invited
lecture2016.11.17-18 Seoul, Korea

3. Sakao S, Miyauchi H, Jujo T, Sugiura T,
Shigeta A, Tanabe N, Kobayashi Y, Tatsumi
K. (2015) 1231-BMIPP fatty acid analogue
imaging as a novel procedure to detect a
metabolic disorder of right ventricle
cardiocytes in patients with chronic
thromboembolic pulmonary hypertension.
ATS 2015 International Concerence
Mini-Symposium  2015.5.15-20  Denver,
USA

N

B4 Su/HxZvk~Difi#4E (preliminary data)
SUS4 163 5 &ICHEREREREL:. TOERSAMEATTEEL, TOBAT
EifiiEEwaTL:. CAMEICLEIUrOEME B LREERICET L.
Hematoxylin-Eosin (HENZ kU E8.

—RFER

1. Kato F, Sakao S, Takeuchi T, Suzuki T,
Nishimura R, Yasuda T, Naito A, Jujo T,
Tanabe N, Tatsumi K. (2017) Endothelial
cell-related autophagic pathways in a severe
pulmonary hypertension model. TS 2017
International ~ Concerence 2017.5.19-24
Washington DC, USA

2. Sakao S, Daimon M, Voelkel N, Miyauchi
H, Jujo T, Sugiura T, Tanabe N, Kobayashi

Y, Tatsumi K. (2016) Right ventricular
sugar and fat in chronic thromboembolic
pulmonary  hypertension. ATS 2016
International Concerence 2016.5.14-18 San
Francisco, USA

(E W)

B EGRTR

1. BB —ER.(2017) 2017 4R H AKRI, &5
NGRS AR E S EGRE - M
PEREREE & i M EAE « 3 RERE T D AR A
EFBUREIEOR B BIELC. B 57
[E N E N e e = S (i R e
(2017.4.21-4.23 H )

2. HURFHREE.(2016) 2016 4EFE H AR 55
FRFIGEES  FIEESEEE (3
fhEsH) #FE CTEPH HBF 2B
5 A NN EL © 3A Fx & il 5 BR BhRE
FEAM. 2556 [B] H AR SR AN E T
2 (2016.4.8-10 HU#R)

3. BRI ER.(2016) 2016 4FEE H A I
JE - BifasR it s BESER
T RS REREEE 7 & T 7= il L ESE O
I BERE R B 3 X OSHT R TB IRIE D B %S
51 5] H Al i - G BR s AN AR
£ (2016.10.1-10.2 FH0)

KRR « VR T L - BB S

1. WEH B 2017) o FartvI5—
(LS24) : APTE or CTEPH? — R0 2af}
E N7 D Nl AeZERIED DZW 7 1 &
ZNTOUWNT. 57 [A] H AR gasf o
el S (2017.4.21-23 )

2. WEHFH . (2017) Y ART UL
(S2-4) : Jilid M EAE S 31T D A5 =0 h
MO I by B 7HERERE H 2 [
H A fifi & i & - B9 BR - = R il dE =
(2017.6.3-4 FLWR)

3. BEBHL. (2017) NPT 4 AT v v
= »(PDI1-5) : i MIESED 7 ) LFRHT
ZDYe~. PD1-5. 55 2 [8] H A& i
£ - BifEER T i Es (2017.6.3-4 £L
73]

4. BRI EL. (2016) ZE I < M REA
SEIE /il B A1 % EAE (PVOD/PCH) . 55
56 [A] H A B W 45 5 2 5007 5f 1 =
(2016.4.8-10 HT#R)

5. WEB—ER. (2016) V—2 v a v 2
Jii v L S SR (2 8 1T D A SO A
ORHFEREL L. 25 1 [B] B A & if T -
iR S (2016.10.1-2 HUR)

6. WEF—BE. (2016) > KRT 7 A S1-2:
Jii v L S SR (2 8 1T D A SO A
DHHEREZ L. %5 53 [B] B AEGPE A
P4 (2016.10.28-29 HAT)

7. WEH—BE. (2015) 4 T =7 ® I F—

7 BRI M E JEERIR O RN S 1 BE

PAH & IIEE PH OJFEEZE X 5. 5 35

[E1 I E N 1 % e e = S Tl 5 e

(2015.4.17-19 H32)

W —BB, KFE T, EIRET, il

FHEZ, EEX T, HEEZ, SNFH1T,

*®



1.

ANHRIRTS, SRIE—RE. (2015) I =
R L KERG) S R CTEPH g
W BRI R O A DA, 5 35
[E1 I E N 1 A % e e = S (i 5 e
(2015.4.17-19 H3%)

(R GE14P)
Felty Q, Sakao S, Voelkel NF. (2015)
Pulmonary Arterial Hypertension: A Stem
Cell Hypothesis. In: Stem Cell Biology and
Regenerative Medicine, Lung Stem Cells in
the Epithelium and Vasculature, ed. Firth A,
Yuan J, Humana Press, Springer
International Publishing Switzerland, Part II,

289-306
(PE S PEME)
otk (&t 0 fF)

HFR
I
HEFIZ -
T -

HH
HEEEH H -
ENF DI

ofUfRIRTL (Rt 0 1)

HFR
I
HEFIZ -
T -

HH
BAS4EH H -
E N DR

(Z D)
R B

7L

6. WFIEER
(ORI ES
Y #—BF (SAKAO, Seiichiro)
THER: - RTFE BRI - SR
W5 80431740

Q) FE
8 IE—RR (TATSUMI, Koichiro)
THERY: « KEPBEEFAGERE « 2d%
&% 5 © 10207061

G

LA 7 (EMOTO, Noriaki)
R - S - R
Fge 825 : 30294218

(@Wtger s

A H I (IWATA, Takekazu)
TIEENAE o Z— (WFZERT) « MRk 2
SAEE - HE

&% 5 30586681

QUEriEa
M F% (TANABE, Nobuhiro)
T-HERE: - KFEBEEZLIERE - FHTH%
WFoeE%& 5 40292700

(OUE e

;mAR  Hil (SUZUKI, Hidemi)
TR - R B IRRE - SiAT
&5 60422226



