EEFSERFRREME EaRBEERATNESR)
DIBARIRES

<o 077 —>0 Regnase-1 (C Kk HiHIE

AzEoiEE KEF [
EIARAREAELERSRRAR T Y— WEREAER - ER

RES

FhEh A ADS I AE (Pulmonary Arterial Hypertension: PAH) (RS IMEED—DTH D, ETHETOA
DICEDIFEARDATCTH D, MEILEREORE(CHWFROEENHFONDE. RITEERNGE - F&
AROEFINFIEL. RREAEIA EFFUAEEN RO SNTND, AAKRTIE. RECREETDIHDFEI—R
FBAYETZ+—RNA (MRNA) ZHDfET D ETRERIGZINZ D Regnase-1 7>/ \OBCEBU. fif
BEIMEEEE DRI (CEH T D Regnase-1 B FORIREZHFHIT Uz, TDIFER. Regnase-1 M
[EE. $F(C. BRoREMiaE S 2 E T MR CHIBIRKECEHT D PAHBBIRHEMSE PAH)DRAE (R
SUTWBaEENRE SN, £z, NOXZAVWEEERR(ICKD., Mg~ o027 7 —2(CH1FD Regnase-
1 W >&—0O-1F>- 6 (Interleukin-6: IL-6) 4 Y>M/\MRESERKRE T (Platelet Derived Growth Factor:
PDGF) 5 £V /e o>/ (0B %I— R DAY TS T+ —RNA (MRNA)DSEZ N L T PAH fiEE= & (T
HLUTWBDENWDZENBASHCTIRD Tz, CNODIER(E. 51, Regnase-1 DREIREVHEZFIEH TS
& T PAH OFIFEESE(C DI D RIREMEN S B

A. TARBE®N

BN ARDIMEEENE < IRDAENE S RDCENER TR DMEMEEDS &%, BT T iE
(Pulmonary Arterial Hypertension: PAH) &0 WY, RERREDE LT, R PAH &, REHENABECSZ
WE T IRR CHIBERICEHT DRBERME PAH HZEIFS5NB, PAH (FETHDRER T, KAEBETIEIARE
NECEDRR CTHD. IEFEDMENEEEDMFE(C KD FRIFWMELE UL, BERICEDIEGERIZICT
BIARTH D, WEHFPNRDOSNTVET, 1FICBIERFME PAH (&, FEIIMRZEDHIRST . AliE#imko B
EJDRR ChDIMERMEAETES CMODERRICKD PAH ELEERUTFEARTHDZENMBNTULVET,
UM URAS, EEDRBERE PAH OREEIET DETILN IR IHFERT . TOREEIKRAFADEETH
Do

PAH DARE (L, FBIATZEER S DHIFANERE (CIBET D2 & T, fMEIROMERENZE RO, mMEDAEN
WL<IRBCEDD, RIEFEASNTOVDIMEILRET(E. CNSOEEMIEIEZINZ D ENTER,
C DK S REmEARIER AR DR FEIBIEDFIAE « ERIBIE(C(FEBHENRRENES U TWB T EMNEREINTL
2. BIRIE, 1>F—0O-1F> 1 (Interleukin-1, IL-1)¥2 IL-6 IR EDRAEMT 1 - > H PAH BE DI
[CBNWTHIETHDZENMBESNTND, UNURBHS, EQOLDSRMRENRESED 1 M1 > ZEEL.
PAH JREEICE S L TLVRDMED D TLVRL, T THL (E. SEMigEE CoREZINZ 2T L —F
ELTOEZEEED Regnase-1 EVWSHFICER U,

Regnase-1 (&, IL-1 2 IL-6 IREDKRIEMT 1 b >Z(E U E Uz, REliaESECCEET 25> )(
DB%Z1—R9I2D MRNA Z0fE9 DERE U CHEEEL . RBICEZIH T35 /OB TH D, ITFEDIAR
T. & MNEBMARBXAD FEHIIET Regnase-1 DIEEEIESZERNRE DM D TULVD., Fio. FERMEMMIRMEE 10
BESADINEXAMIRFRRP T, FRHEE(CREET MR TH D 2 BBRY >/ EK(ILC2) DE L. Regnase-
1 OFIRE L DB (ICEDOEREZRSD. ILC2 (CHIRY B Regnase-1 W AHRHMEDIEE XS SHEZIF D &S
BASMMIIRDTLD. LIEA DT, & FORIEREIR/SC Regnase-1 A5 LTV ENEZ SN,

41




Bl EXD. #FH4 (& Regnase-1 WREZIIHI T D ET PAHREBZHIFHIL TLBDTIFRVLWNEEZ, K
DESRBFEERWNTHRZIT DI

B. ARGE

FI. MESMEAERE(C Regnase-1 S UTVINESIMRETBEHIC, MEMEEERE
CEFEOMBMAIRICH TS Regase-1 ELFRIREZILB UL, PAHRECEFSIDILEEXS
NTWD IL-6 ©IL-1 REDKRIEUY A O EFREMRO-—ETHIBEMIRME TSN
BDIEMMBENTED. BEERMAZICH (S S Regnase-1 DHEBEZIRET LU TT.

C. IRRHER

fii /S M /£ iE & & T (& Regnase-1 RWENBEEB LLEXTET L TWEZ, ¥z, Regnase-1 OF
WECL>THEMEEEEZ 2B (CDITD E. Regnase-1 REAENF VB LR T D LR VEE
DENEEDODFENBVWCENBESMNICRDIZ. CNSDERLD E NS MERE DRKERE(C
Regnase-1 NS LU TWBAIEUNAEZEZ SNIE, €T, isMEEDOY I JIL—T TH S PAH
FBECEHUTCHFEHCRISLIZESS., FICBEBRE PAH BE(CH UL T Regnase-1 BIRE & PAH
DEEENAICHBE L TEHS D, Regnase-1 MNiEMEE. 1F(CBERHBME PAH DIRREICEAS L TWL
DO EENEZ ST,

B RMIB(CHS LT Regnase-1 ZRIEIT D2 RMONIRZERUIEET S MRAFDITR
NN PAH ZBRREELRE, =5IC. RIBARTIE. BEDPAH EFILY IR TBRIBZCENREET
HDOICEME PAH BB THESNDMEMDFBIRFZE (Plexiform lesion)Z2 Ui, o, BEKRE
BlCEHIDIZEDZ ., MEEMEAZEED LEORMIEEESHLTHED., EXEDOBERKEY PAH Z
BRIDETILNIREEZEZSNE. 2FRRONIATHEBEIDIAG. MleaxoOTJ7 -2 BT
% Regnase-1 RIETH DI, AN oOOT 7 —2(CH TS Regnase-1 RIEHNBIRF M PAH IK
BBZEEIZERIULTVDHREENE X S5SNI, Regnase-1 REXYDAICHWNT., U JERIKF N &
D> JNERSEMRFE DR IEN PAH IREEKICES L TWVWDZ EMNBESMNICIR DTz, Regnase-1 X188
NORChHRYoIOT7 —>ZKEID2RRANZR[EN(CKSITDE PAHRENRELZZ &N
5. e~ o077 —>(CH1FD Regnase-1 I PAHIREZFIH U TWB Z EMNBASMNICRD T,

RIC. Regnase-1 REVIIAMNSHRY IO 7 - E#@kzEzBMOB L. MBEBOELTHRIR
EHBNICHEFTUBEAFEDES T ET. Regnase-1 ZREULEMRETIOI 7 —HEDLDIR
RFZT U CRigRERMIEDODRBERIBIEZEITRHRILTVDIDONZRFTUIE. TDFBER. IL-1.
IL-6. PDGF i EDIEI=F M Regnase-1 [CLo> To@EFlHEN3d3CEMNDMDEFLRE. PDGF (&
MEFEHMERZEIEIEDICENAMSNTULNET, €T, Regnase-1 REYIXXZERHWT.
CNSDARFZHEEITIERZLEECS. IL-6 W PDGF ZHET D& T PAHREBEDHENH
S5nfz. MEDHERKLOMBEY-IOT 7 —>(CH1F D Regnase-1 (& IL-6. PDGF @ mRNA 73 f#
ZNUTPAHREZAGICHBUTWDEWDS ZEMNPESHICRD I,

D. 8

AT TER LTz Regnase-1 RIBY DX (L. BIFD PAH EFILNIRATHBIRI DI EDTERMNOIEE
fE PAH 2EFDiBiRIEGEBIR L. BERM4E PAH BE (CEHT D 2 DL\ \IERIREAZERE Y/ Ol OARE(
EEHUTHO. EE PAH, 1FICRBERME PAH ORERER(ICERRBIHETILNIOREEZ BND. 5.
CONIRZRAWTEERMYE PAH OREAES(CHRATSND EEX TWND, FEBFOMEILRETI(E. Al
BB RO R E/MREIEZHIH T D L (ETE T ILVWVAERORRNEEN TS, SE. KEE
PAH DERICEEB L. Regnase-1 BNRAEZHNIFHI T D% ERD PAH mEZFIHIT D ENDS T EERUTH

42



D, 5[ Regnase-1 OFIEMEEZ ERIN(CHIE T B2FEERAR I D EEE(C. PAH OFFTEEC DR
FTWLWEEWEEX TS,

E. f&im

Fis £ E B E DOMEHERICH 1T D Regnase-1 B FORIREZHNTU I, TDFER. Regnase-1 Ml
MEE. $C. BOOREMIENECZRET DR CHIBERICEHIT D PAHRBERE PAH)DRRE(C
5L TCWSaEEENRE SN,

F. BRRFER

1. i@

Yaku A, Inagaki T, Asano R, Okazawa M, Mori H, Sato A, Hia F, Masaki T, Manabe Y, Ishibashi T,
Vandenbon A, Nakatsuka Y, Akaki K, Yoshinaga M, Uehata T, Mino T, Morita S, Ishibashi-Ueda H,
Morinobu A, Tsujimura T, Ogo T, Nakaoka Y, Takeuchi O. Regnhase-1 Prevents Pulmonary Arterial
Hypertension Through mRNA Degradation of Interleukin-6 and Platelet-Derived Growth Factor in
Alveolar Macrophages. Circulation. 2022;146(13):1006-1022.

doi:10.1161/circulationaha.122.059435

43



ZTOZ ‘81 Joquiana( uo Aq S1o's[ewmo feye//dyy wog papeojumog

Circulation

ORIGINAL RESEARCHARTICLE

Regnase-1 Prevents Pulmonary Arterial
Hypertension Through mRNA Degradation of
Interleukin-6 and Platelet-Derived Growth Factor
in Alveolar Macrophages

AiYaku, MD; Tadakatsu Inagakl, PhD; Ryotaro Asane, MD, PhD; Makoto Okazawa, PhD; Hiroyoshi Mori, MD, PhD;

Ayuko Satol®, PhD; Fabian Hial, PhD; Takeshi Masaki, MD, PhD; Yusuke Manabe, MO; Tomohika Ishibashi®, MD, PhD;

Alexis Vandenbon, PhD; Yoshinarl Nakatsuka, MD, PhD; Kataro Akakit®, PhD; Masanor Yoshinaga®™, MD, PhD;

Takuya Uehata, MD, PhD; Takashi Mino'=, PhD; Satoshi Morita, PhD; Hatsue [shibashi-Ueda, MD, PhD; Akio Morinobu®@ MD, PhD;
Tohru Tsujimural, MD, PhD; Takeshi Ogo, MD, PhD; Yoshikazu Nakaokal, MD, PhD"; Osamu Takeuchi®, MD, PhD”

BACKGROUND: Pulmonary arterial hypertension (PAH) is a type of pulmonary hypertension (PH) characterized by obliterative
pulmonary vascular remodeling, resulting in right-sided heart failure. Although the pathogenesis of PAH is not fully understood,
inflammatory responses and cytokines have been shown to be associated with PAH, in particular, with connective tissue
disease-PAH. In this sense, Regnase-1, an RNase that regulates mRNAs encoding genes related to immune reactions, was
investigated in relation to the pathogenesis of PH.

METHODS: We first examined the expression lavels of ZC3H12A (encoding Regnase-1) in peripheral blood mononuclear cells
from patients with PH classified under various types of PH, searching for an association between the ZC3H 124 expression and
clinical features. We then generated mice lacking Regnase-1 in myeloid cells, including alveolar macrophages, and examined
right ventricular systolic pressures and histological changes in the lung. We further performed a comprehensive analysis of the
transcriptome of alveolar macrophages and pulmanary arteries to identify genes regulated by Regnase- 1 in alveolar macrophages.

RESULTS: ZC3H 1 2A expression in peripheral blood mononuclear cells was inversely correlated with the prognosis and severity
of disease in patients with PH, in particular, in connective tissue disease-PAH. The critical role of Regnase-1 in controlling
PAH was also reinforced by the analysis of mice lacking Regnase-1 in alveolar macrophages. These mice spontaneously
developed severe PAH, characterized by the elevated right ventricular systolic pressures and irreversible pulmaonary vascular
rerodeling, which recapitulated the pathology of patients with PAH. Transcriptomic analysis of alveolar macrophages and
pulmonary arteries of these PAH mice revealed that #6, #7b, and Pdgfa/b are potential targets of Regnase-1 in alveolar
macrophages in the regulation of PAH. The inhibition of IL-6 (interleukin-6) by an anti—IL-6 receptor antibody or platelet-
derived growth factor by imatinib but not IL-1B (interleukin-1§3) by anakinra, ameliorated the pathogenesis of PAH.

CONCLUSIONS: Regnase-1 maintains lung innate immune homeostasis through the control of IL-6 and platelet-derived growth
factor in alveolar macrophages, thereby suppressing the development of PAH in mice. Furthermore, the decreased expression
of Regnase-1 in various types of PH implies its involvement in PH pathogenesis and may serve as a disease biomarker, and
a therapeutic target for PH as well.
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