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In vitro_pharmacological assessment of pulmonary arterial hypertension by atomic
force microscopy
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We established primary culture lines of pulmonary arterial smooth muscle
cells (PASMCs) from a patient of idiopathic pulmonary arterial hypertension (IPAH) and a healthy
control PASMC from donor lung. We analyzed their cellular mechanical properties by using atomic
force microscopy. We administered the clinical available pulmonary vasodilators, then analyzed the
cellular rheology of PASMCs. Sildenafil, a phosphodiesterase 5 inhibitor, could reduce cellular
elasticity of PAH-PASMCs. Macitentan and riociguat could also reduce the cellular elasticity and
could increase cellular fluidity of PAH-PASMCs. The combination therapy of macitentan and riociguat
could effectively reduce cellular elasticity in lower concentration of the drugs, suggesting that
the usefulness of combination therapy in PAH treatment.



Pulmonary Arterial Hypertension: PAH

PAH
PAH
combination therapy
-cGMP
in silico
in vitro
in vitro
Atomic Force Microscopy: AFM
AFM
AFM
AFM (

Hiratsuka, et al. Ultramicroscopy. 2009)

AFPM ]Z

Cai et al. Biophys J. 2013;

detector

P A
TN\

sample

XY,z
plezo

laser




.............

: 2.200 Hz
ARM x 100m ] |'||l‘y

a 5 | e
J 1 1
AFM 4 2 3 4 5 6 7 0 502 :.\ f ? 6 7 B
""""""" SCED — Amplitude sf 100z § | | 40l 100 Hz
AFM :. Amplifier Phase Shl"@é § :
o e ST TG () \ ";.}';;;.I,; o
5 100 200 HZ ——m\gumd Hpme *
Young‘s modulus
100" 200
F : loading force
E : Young’s modulus canllaver
— im 52 o half angle of the cantilever tip
\ﬁi(l.—-vz) v : Poisson’s ratio of the cell
5 :indentation depth
PAH AFM
invitro
combination therapy
PAH
15118
CC-2581,; Lonza
P5
- 12
10cm dish

AFM
AFM
PAH PDE



cGMP
combination therapy

Cells from Donor PA

(f % A FB ki RR)

Vimentin
smooth muscle myosin heavy chain
()
(€)) N-PASMC
PAH-PASMC
N-PASMC PAH-PASMC AFM
PASMC topographic image
Young' s modulus
AFM
PAH-PASMC
A B el
laser light _ s Force curve
objective "o
UU-‘
3 2 ZPD;\LDn [pm}o !
cantilever e
cells n'si f Stress relaxation curve
£ o J\hl
Xyz-piezo scanner TS J
0.0 DEIWS(::U 08 08
Topography (Height) Young's modulus
:I high stiff
\ow soft
PASMC  Young's modulus
00 B ARM Force curve Stress
relaxation curve C ARM force curve
topographic image  Young’s module image scalbar: 30 y m

@

AFM

Cells from Recipient PA
(PAHEE & H SR HRD)

N-PASMC PAH-PASMC

N-PASMC
PAH-PASMC

N-PASMC

PAH-PASMC
*

untreated DMSO 10puM 10pM
Sildenafil Sildenafil

N=29 N=13 N=27 N=26 N=26 N=18

untreated DMSO

(N-PASMC)
PAH-PASMC

(A) N-PASMC
log EO
B PAH-PASMC
logeO



PAH-PASMC

PASMC
NO-cGMP combi
250 M
10u M
Cardiology Research. 2021;12(4):231-237.
I Macitentan | I Riociguat |
A D
1 1.5 15 log E, / log Ec
* * * * * 15
'ff‘:n 1 1 *
o
: 1
N % I ) % I
=1s]
=] E 05
0 0
| 0 10 15 20 uM 0 25 50 62 WM
N=1064 N=294 N=80 N=115 N=611 N=324 N=310 N=70 0
Rio 25uM  Rio 25uM
Mac 10uM
B E N=324 N=115
[ 04 04
*
0.3 * * 0.3
5| 02 0.2 PASMC
25u M
0.1 0.1 lOgEl
0 0 &
— 0 10 15 20 UM 0 25 50 62 UM

N=274 N=208 N=63 N=97 N=274 N=117 N=168 N=85

G F
] 4 4
* * *
3 3
wl 2 2
g
1 1
0 5 0
0 10 15 20 UM 0 25 50 62 HM
N=274 N=208 N=63 N=97 N=274 N=117 N=168 N=85
PAH-PASMC
() 10,15, 20 y M AFM
logEl  15u M
a
25,50, 62 g M AFM
logEl 62y M
a  62uM

P<0.05.

AFM

PAH-

nation therapy

combination therapy

a log £,
03 4 §
3
0.2
2
0.1
1
0 0
Rio 25uM Rio 25uM Rio 25uM Rio 25uM
Mac 10uM Mac 10puM
N=117 N=40 N=117 N=40
combination PAH-

combination therapy



1 1 0 1

Shinichi Katsuragi, Nao Tatsumi, Mizuki Matsumoto, Jun Narita, Ryo Ishii, Hidehiro Suginobe, 12
Hirofumi Tsuru, Renjie Wang, Shigetoyo Kogaki, Ryosuke Tanaka, Keiichi Ozono, Takaharu Okajima,

Hidekazu Ishida

Pharmacological Alteration of Cellular Mechanical Properties in Pulmonary Arterial Smooth 2021
Muscle Cells of Idiopathic Pulmonary Arterial Hypertension.

Cardiology Research. 231~237

DOl
10.14740/cr1282.

2021

(Okajima Takaharu)

(70280998) (10101)

(Ishida Hidekazu)

(50467552) (14401)







