EESBRFMRERIE (EaTRBEERMFREE)
DIEAFTHREE

SIRFTIEER(C X 2 AEh AR Ab 7S T AE DFFUEBRERIRTR

WwRIEE NIETF
B RbeEE L ERT > 5 — - BRIRIATTED - 2FK!

b

EARER

¢

RES

fBARIERSIVERE (PAH) (& MEIRORENRR EQRD, BOARECEDIEEHKR CHD. EHRDA
BEMRFRESNIOAF TS 3 FEFEEH 60%ESN, FFAFEEORENIFFSNTNS. PAH T(3hb
BiRTEEE (PASMC) OBRIETEIC KX DHEEENRBETOEREZEZ SN TS, FMEIARDOIARAC
Bail# 3 ECKDFROB(LZINHTED EEZASNDN, MEAROTIRIEEZ in vitro TBIRTE
DEEREST)LOWIINEE TH o IZfedC, TNZENE U THRFESNITIEERERFR.

AT T, F9 PAH IEHINSERELTZ PASMC Z=Rt(3DMEEIT DT E(CKD, COfvERTFIRIEE
REZHBREANTHIRI D ECHKIIUEE. &5(C, PAH (CBWTHEIMRFIRIEEZER I D EEZ SN T
W\ DMV MRERIESEEIF (PDGF-BB) &, B UCEIRFEETILICINR D Z ECKDEHDEML, A
BIRPIRIEEZBIRT D E(CRIILIZ. MR T, D 3D PAH FtElRPIRFEEES)LZFA LT, PDGF
PREFRA Y F 2T, RRICERTCHASN TODIZEERCKDBENRSMER =Nz ENS, FETIL
NEEEFOMNRHECANDCENTEDZEZRUZ. AETIUI, PAH (CH I DEFAVEEERRAD
BBk, TONRFERKFOFHMOMAR, FESMOHM/RE(CBISATEDZENS, FFGBEERFEN
DEBDEIFF NS,

HEAKRE :
HHTE, OB, BEFRA, RERDA, IUARMS:, WRLCS, FTEFE

A. TRRBN

fhEpRIEASINERE (PAH) (& MBIROEENER ERD, BUARCEDIBTEHR CHD, BEDAE
BENHRINIIRETSE, 3 FEEFXEN 60%E N, FRAERORENHFINTND.

fhEARES U > (&, FEIREED 3 BLVTNICBVWTERCD I ENREINTLD. 1 TE PASMC
DIETE(C K DFIREE (S, REBEIT(CHRONREEIZRIZT EEISNTHED, BFEENE U TEEHRIN
TWBH, —AT, in vitro DEYIRETILFE URWZDIC, BEEDR I - AEJgEgTdD
Jz. SO, BREEE5E, RS- AMMEE WS TERIFEER T D ENRESN TS PAH BERER
PASMC Z{EF L C, PAH OFEIBEET L EERI D EEZBNEUE.

B. HARAE
PAH fEFIN S, Stk DU\ (A8 HERF (ChiEf =5 /c. AR RAN GIEEEEESDFAREEIE,

BIEFSDVNIREENSERZE CREIT o> 2. MRS PASMC ZEEE - I5& LIz, ZdD PASMC
(Z, T« JORTFCSFoH2I-FT1>200, 24 DI TL— ANV F v —1 2P —
L(C1DT)Léf=D 5.0 x 105 ffa=iBEL, 3 RaiEExiTo>/c. 3D PAH M#iR-pIEES)L(C PDGF-
BB & ZFEPHERIZNNX, SYTOX Green (Molecular Probes/Thermo Fisher Scientific)ZRU\ TR E%
7V, HESTEMEE (Nikon C2+ confocal laser microscope) &MU\ T Z-stack EHRZEEUSL, NIS-
Elements AR version 4.30 software (Nikon)Z B\ TCHEBEEEHAIUTE.
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Ffz, BEE Uiz Kie7 Fiik (Abcam)& SYTOX Green THRE L, MASENEAER S HMEI L7z, In situ
Cell Death Detection Kit (Roche)ZRUWLTI7/R b= XDFHEiBIT Dz, &5I(C, 3D PAH fhEiR-PIRTE
F)LHS RNA Z#i U, CCND1 & ACTB 75~ —%FL\T RT-gPCR 470V, HASi&siEaE D Z4T
Sfz. HETEMMRET(E, GraphPad Prism 8 (GraphPad Software)ZFRUL\TiTo/Z.

C. IARRER
1) 3D PAH FEIARIRET ) LODIBEE
24 )L — MADEILHIILFv—o 2P —KLEIC 1 DT)LeizD 5.0 x 105 @ PAH GEFIEE

PASMC =B LTIz & 3, 4—6 BDEBE®EEY S 20-30um ED 3D PAH F#IRFEET)LAMEER TS
Iz.
2) PDGF-BB (C &% 3D PAH FhEiRFEESTILODIES

PDGF-BB (&, PAH EGIDMAEENBTNC EMRESNTHED, Fo, TEIFHRPAH EMET /L=
FAUWEARET T, PAH DRREERHEL TUL\D Z EMRESN TV DIIEIEEAF THD. D PDGF-BB =5 [EHE
R U7z 3D PAH FEhARTAEES)LICINZ =& B, Kie7 BRI &I UERENEM LTz,
3) ANF I (C L DIETEINHI & 7R h—2 ZFE(C KD 3D PAH fiEhiRPIEIEEES )LDk

2)THEEE LTz 3D PAH fhEifRPIRAEE €S )ILAVEEED IO —Z— > J (CfERTgEMMERET I D28 IC,
£9, PDGF DIEERI THDIANF_IZNMA TUBFERITOIE. ANFZIZHNMUTZ 3D PAH Fi@hfiRe iz
EF)UIEHFDEA U, HIREEiE<—H—Td3 CCND1 @ mRNA EIRMET Uiz, &z, Ki67 B
WAL, PRM—2AY—H—T3» S TUNEL BEMRZAMEI L TUVE.
4) PAH SBEE(C KL D 3D PAH ftEhiRFIREEEEST )LDRE R

FELNT, EFR(C PAH FEBICER SN TLDEEEN, SEHEEE L/ 3D PAH MEIR-FIRAEEES) (X
U TRENRNG DDMNCDNWTHREE LTz, PAHEEER(C(E 3 RHiH DN, BFRMICNATDESRIZE 1EIT
DERLE. I REUCEBHENETHIREI S, TORGTA OV D SERMEEETHI L+
=)\ D DiEMREY) MRE-269, RARSIRFTS—CE5HERTHDIIFISI«ILD 3 BlxALE. T
NDEEIS 3D PAH FBIRPIRIEEET)LDEA# ZERE Uz, RE>25>, 95T 1 IILOREHRN LD
<, CHICHEBILT CCND1 @ mRNA RIREER(CIK T B, 3B EBICERBLE(CKD, Ki67 Bk
fAREIR L, TUNEL BRHEmREntEmm Lz,

D. B8

FREIAR) ES U > (3, FMEREED 3BV I NICEBNTERIDZEMNMRESNTINS. PASMC DigjiE
(CKDHEIEE (S, RASEST (CHODRIMEEIZRIZ T EEZASNTHED, BRFENE U TERRSNTLS.
SEOINONOIER Uiz PAH OFRIEEET) LIS, BFIEE, 7/K b—> M & Vo IeRiiF e 93
ZEMMRESN TS PAH BERNK PASMC ZERA LTS ENS, PAH DOIRREAEZIBSHTARSERIDERER
(CRBIRETILTHDEERBND. RESETICEEIMEEZRIZT Z EHRSNTL\D PDGF-BB DN
(CKDEBRICETIVDEHFNEREL, SSICANRFIILZIITRL, ERICERICASN TVDRIEZEAIC
KDBEHIRMNERSNIZC ENS, SEIFFRAREOERRDTOMRAEREFOF MO, EXISED
B ECEBINATED ZENHFEINS.

E. fam

3RFTEERAMZANWT, INFTHRELEMNDTE, in vitro TD PAH FIRREEEF /)L ZHH TERT D
ZEEHINUIZ. COEFTIVE, FIRIEEZINE T= 25 PAH EOIRMHERIOFHE (CFIF T2 a8
n'&s.
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3D in vitro Model of Vascular Medial
Thickening in Pulmonary Arterial
Hypertension

Chiharu Morii'?t, Hiroyoshi Y. Tanaka't, Yasuhisa Izushi?, Natsumi Nakao’,
Masaya Yamamoto3+, Hiromi Matsubara?, Mitsunobu R. Kano'° and Aiko Ogawa?*

" Department of Pharmaceutical Biomedicine, Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences,
Okayama University, Okayama, Japan,  Division of Molecular and Cellular Medicine, Department of Clinical Science,
National Hospital Organization Okayama Medical Center, Okayama, Japan, ° Department of Materials Processing, Graduate
School of Engineering, Tohoku University, Sendai, Japan, * Graduate School of Biomedical Engineering, Tohoku University,
Sendai, Japan, ® Department of Pharmaceutical Biomedicine, Graduate School of Interdisciplinary Science and Engineering
in Health Systems, Okayama University, Okayama, Japan

In pulmonary arterial hypertension (PAH), excessive proliferation of pulmonary artery
smooth muscle cells (PASMCs) causes vascular medial thickening. Medial thickening
is a histopathological hallmark of pulmonary vascular remodeling, the central disease
process driving PAH progression. Pulmonary vascular remodeling causes stenosis
and/or obstruction of small pulmonary arteries. This leads to increased pulmonary
vascular resistance, elevated pulmonary arterial pressure, and ultimately right heart
failure. To improve the survival of PAH patients, which remains at approximately 60%
at 3 years after diagnosis, the development of novel PAH-targeted drugs is desired.
To this end, a detailed understanding of the mechanisms underlying excessive PASMC
proliferation and the medial thickening that ensues is necessary. However, a lack of
in vitro models that recapitulate medial thickening impedes our deeper understanding of
the pathogenetic mechanisms involved. In the present study, we applied 3-dimensional
(8D) cell culture technology to develop a novel in vitro model of the pulmonary artery
medial layer using human PAH patient-derived PASMCs. The addition of platelet-derived
growth factor (PDGF)-BB, a mitogen known to promote excessive PASMC proliferation
in PAH, resulted in increased thickness of the 3D-PAH media tissues. Conversely,
administration of the PDGF receptor inhibitor imatinib or other clinical PAH drugs
inhibited this medial thickening-inducing effect of PDGF-BB. Altogether, by using 3D cell
culture technology, we report the generation of an in vitro model of medial thickening in
PAH, which had hitherto not been successfully modeled in vitro. This model is potentially
useful for assessing the ability of candidate PAH drugs to suppress medial thickening.

Keywords: pulmonary arterial hypertension, medial thickening, pulmonary artery smooth muscle cell, 3D culture,
PDGF signaling, imatinib

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a devastating disease. In PAH, pulmonary vascular
remodeling causes stenosis and/or obstruction of small pulmonary arteries. This leads to increased
pulmonary vascular resistance, elevated pulmonary arterial pressure, and ultimately right heart
failure. The survival rate is approximately 60% at 3 years after diagnosis despite decades of
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