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New treatment for pulmonary arterial hypertension targeting on
inflammation-dedifferentiation pathway

Mitani, Yoshihide
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Pulmonary arterial hypertension (PAH) is an intractable disorder, which is
idiopathic or occurs secondarily to congenital heart diseases, collagen diseases or other
conditions. Development of new therapies on the basis of the well-defined therapeutic targets is
essential for overcoming this condition. We recently uncovered the role of dedifferentiated smooth
muscle cells and inflammatory cells in the development of a human PAH-like rat models. We therefore

searched therapeutic targets on the basis of the differentially expressed genes related to
dedifferentiation and inflammation in such models operating under the endothelin receptor blockade.
We found that endothelin receptor blockade reversed pulmonary vascular diseases in the early
treatment, which was associated with two differentially-expressed genes. We abrogated one
unverified target in this model by receptor antagonists. We could found one of the compound
ameliorated pulmonary vascular diseases in this condition.



MCP-1

cGMP
macrophage
PAH

(Mitani Y. Circulation 1997, Mitani Y. Thorax
1999, Mitani Y. FASEB J 2000, Mitani Y. Eur
Respir J. 2000, Mitani Y. Eur Respir J 2001,
Mitani Y. J Appl Physiol 2002, Sawada H, Mitani
Y. Chest 2007, Mitani Y. J Thorac Cardiovasc
Surg 2008, Mitani Y. Int J Cardiol 2011, Sawada
H, Mitani Y. J Exp Med 2014)

Grade
1 Grade
2-4
(VEGF)

05 PAH

(Abe K. Circulation
2010)
(aaSMA+SM1+SM2+)
(CD68+macrophage)

(Otsuki S, Mitani

Y, YIA finalist investigator, American Heart
Association 2013, PLOS ONE in revision)

Endthelin Macitentan

(Shinohara
T, Mitani Y,
2014, Am J Physiol in revision)

Macitentan

. Bk HF TR A D L BEER FEE
(52 _genes)

52
( PDGF)
TS E TR ML DRI 3N REFFMEL .
in vivo TRIE-HDMEESERFOREXRIES . &

PAH
macitentan
MCP1(CCL2) (RS504393)
in vivo
1) macitentan, RS504393, in vivo
2)
52
in vivo
() PAH
VEGF
(Sugen 5416,20mg/kg, )(Sigma)
1/2 380 mmHg, 10%
5,500m
Sugen
(Mitani Y et

al. Circulation 1997)
()

TOSHIBA, NEMIO 35, 12.0 MHz

(Mitani Y et al. Circulation 1997)
()



aSMA
1A4(Dako)
SM1(Yamasa), SM2(Yamasa)
CD68 (ED1, Millipore), PCNA
PC10(Dako), VWF (Millipore)
Iso-IHC DAB kit (InnoGenex) ABC

(Mitani Y. Eur Respir J. 2001)(Mitani Y, et
al Thorax1999.)

( ) mRNA
total RNA  TRIzol reagent (Invitrogen)
cDNA
PCR

Laser microdissection(ARCTURUS, AB applied

biosystems)

mRNA (Sawada H, Mitani Y et
al, J Exp Med 2014)

(5) In silico

miRNeasy Mini kit RNA

RNA (Low Input Quick Amp Labeling Kit,

Agilent Technologies)

Agilent Technologies, SurePrint G3 Rat 8x60k
ver. 1 color 8
Science Co. Ltd)
RankProd

(Hokkaido System

Pathway Studio 7(Ariadne Genomics, Rockville,
MD, USA) pathway
(Umemoto N, Nishimura Y, Shimada Y, Tanaka T
et al. Mol Biotechnol. 2013;55(2):131-42.)
() PAH

protocol

macitentan, RS504393, in vivo

Osmotic pump

3-5 protocol

( Zhang
E)
52

(Mitani Y. J Thorac
Cardiovasc Surg 2008)

0-3
protocol
macitentan,
RS504393, Imatinib
in silico
1)
Sugen/Hypoxia
50pm
PH  0520.3% PH  55242.1%(p
0.05 vs PH ) PH
05+0.2%p 0.05vs PH )
PH  6.140.9% PH
14.94+05%@p 0.05vs PH )
PH 6.1%+11%p 0.05vs
PH )

r=0.420 p=0.009 r=0.504



p=0.001 r=0.499 p=0.001

Collagenlal
PH 144401 (p 0.05vs
) PH  1.4240.1%(p
0.05vs ) PH
PH

Fibronectinl PH 1.48=+0.08 (p
0.05 vs ) PH
1.13+0.06 (p 0.05vs PH )

Am J Physiol Lung Cell Mol Physiol. 2015

)
SuHx
427
102 ERA 102
24 78
endothelin
validation
2017

5
1 Comparative  Transcriptome  Analysis
Identifies CCDC80 as a Novel Gene Associated
with Pulmonary Arterial Hypertension
Nishimura Y, Sasagawa S, Sawada H, Mitani Y,
Maruyama K, TANAKA T
Front Pharmacol. 2016 Jun 7;7:142. doi
10.3389/fphar.2016.00142. eCollection 2016

2: Detrimental Impact of Vasopressin V2
Receptor Antagonism in a
SU5416/Hypoxia/Normoxia-Exposed Rat Model
of Pulmonary Arterial Hypertension.

Goto |, Dohi K, Ogihara Y,, Mitani Y, Ito M.et al.
Circ J. 2016 Mar 25;80(4):989-97.

3. Sarpogrelate hydrochloricde, a serotonin
5HT2A receptor antagonist, ameliorates the
development of chronic hypoxic pulmonary
hypertension in rats.

Zhang E, Maruyama J, Mitani Y, Sawada H,

Maruyama K.et al.
J Anesth. 2015 Oct;29(5):715-23.

4: Macitentan reverses early obstructive

pulmonary  vasculopathy in rats: early
intervention in  overcoming the

survivin-mediated resistance to apoptosis.

Shinohara T, Sawada H, Mitani Y. et al.

Am J Physiol Lung Cell Mol Physiol. 2015 Mar

15;308(6):L523-38.

5: Otsuki S, Sawada H, Mitani Y et al.

Potential  contribution of  phenotypically
modulated smooth muscle cells and related
inflammation in the development of experimental
obstructive pulmonary vasculopathy in
rats.

PL0S One. 2015 Feb 25;10(2):0118655.



9
1. Mitani Y. Early Detection of Pulmonary
Arterial Hypertension in Apparently Healthy
Children by School

Electrocardiography Screening: A Japanese

Mandatory

Nationwide Survey

World Symposium on Pulmonary Hypertension,
Nice Feb 2018

2. Mitani Y, Sawada H, Hirayama M.

Differentially Expressed Genes in Early and Late

Treatment for Occlusive Pulmonary
Vasculopathy in  Sugen/hypoxia  Models:
Molecular Basis for Early Treatment

American  Heart  Association  (Anaheim,

California) 2017.11
3: Mitani Y. Fundamental insight into
pulmonary vascular disease: Perspectives from
pediatric PAH

The 8™ Takao Symposium (Mtsue, Japan) Oct
2017

4. Sawada H, Ohashi H, Mitani Y . Lung Biopsy
Findings in Children with Severe Pulmonary
Hypertension Which is Associated with but
Unexplained by Coexisting Congenital Systemic
to Pulmonary Shunt; Implications into the Role
of Acute Vasodilator Testing in Operability
American Thoracic Society (Washington D.C.)
2017.5.20

5. Mitani Y. The use of EKG as a screening tool
10" International conference of neonatal &
Childhood Pulmonary Vascular Disease

(San Francisco, March, 2017)

6:

10.2.2016

7: Mitani Y. How does macitentan work in

occlusive pulmonary vasculopathy?

15" International PH forum (Barcelona, Spain,
3.18-20, 2016)

8. Mitani Y, What is the Cellular Target in
Occlusive Pulmonary Vasculopathy ?. New
Insights

Immature Smooth Muscle Cells

American Heart Association (Orland, 2015 Nov)
9: Shinohara T. Sawada H. Mitani Y. et al.

Macitentan  Reverses Early  Obstructive
Pulmonary Vasculopathy in Rats: Early
Intervention in Overcoming the
Survivin-mediated Resistance to Apoptosis
Association for European Pediatric and
Congenital Cardiology

(Praph, 2015 May)

1: Mitani Y

Diagnostis and Treatment of Pulmonary
Hypertension-From Bench to Bedside.
(Chapter 15, Pathophysiology and Genetics:
BMPR2), 115-124, Springer, 2017

236
2:
Eisenmenger —

, 32-38, 2017

( 159 )
3: Mitani Y
Kawasaki Disease (Functional and
Structural Alterations of Coronary

Arteries Late after Kawasaki Disease
and the Risk of Acute Coronary
Syndrome in Adults), 421-426, Springer,
2016.

552



1)
(MITANI Yoshihide)

60273380
)

(SAWADA Hirofumi)
() (

30362354

(MARUYAMA Kazuo)
() (

20181828

(TANAKA Toshio)
() (

00135443

(NISHIMURA Yuhei)

() (
30303720




