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AC-264613, a protease-activated receptor 2 agonist, suppresses interferon regulatory factor 5
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EERTTHHA ¥ —7 20 YHAFIKRT5 (interferon regulatory factor 5 : IRF5) &, <7
077 —=YICBI5 IL-12EOEELZRTO—2>Thb, 72, IRF 1 Toll BiZ %4k (TLR)
VT IRERKBIE L Twb, T2, po3ll & D BEAHMRT A EIETTLH b, AWFFETIE,
7077 —EEWEZBEROEEL 7 T A M X 5 IRFSX IL-12p40DFBIx 3 A5 R I12D
WTKGES L7zo BIRER - v 2707 7 — VRN ToMb L7z~ 2707 7 — U Tid, IRFSOFESL
DBETR L7z, LrL, 27077 —YREFPIRTS 2 ¥ — L THIIMT % & IRF5% p53DJEHi &
M L7zo p53 sSiIRNA # ALz~ 27 07 7 — U Tld, IRFSOFHIEA Lo 72, Ufrh
R Ay —¥E2BMKEG$ 5L, HIZIRFS2SRA L7z, B arrestin 2 sSiRNA 2B ALz< 2
077 —=7TIiE HHERTI XAy XYl Ty IRFSOFEH &3P L% h - 720 PAR-2
agonist TH 5 AC-264613%~ 27 17 7 —JIZHIMT 5 &, IRFS5L U pob3D I A BAZHIH]
7zo Lipopolysaccharide (LPS) Hli#iZ X v IL-12p40@ i ERs88 L7z LA L, AC-264613
DR G-#12 LPS THITL S % & IL-12p40D EEDSE ZICHH s 7z LaL, THhICKLT,
WHERT I Ay —E TR L~ 07 7 —T T, IL-12p400 FEAH ZISHIN L 72, Mk
X, PAR-2 agonist TH % AC-264613i%, LPS HIFIZ X 5 IL-12p400 A % A = ACHIHI$ %
ZEDVHIBL 72,

*—7J— K FhEI S5 X4 —+, interferon regulatory factor 5, p53, 7’05 7 — &ML=
=k

I. #8

4 v %—7xur (interferon: IFN) S #Ef&T®
FEHPHHIBIIRET 2GR & LTESh
@ %3 IFN #H #i 4 7+ (interferon regulatory factor:
IRF) TH b, & b~< ATIXIRF12*5 IRF9 &
W) 9DDRA Y N=OIERENE T 7 I — %]
L Tw 5, IRF-1% IRF-51% DNA RO 7K
b= AFHELHBE R OREERICE Y, 2541

ORI H G L TwEEEZLNTWD, Tz,
IRF O#(ET AR /KT 72 1ERFEIU, e o5
BOFIEIZB D> T 5, IRESOBILT LA G
I 7% b —7 X (systemic lupus erythematosus:
SLE) 23L& 354 O HOCRIEREB DRI L
ME LTk, v 17 7—Y0IRF5E Toll B4z
AR (Toll-like receptor: TLR) ¥ 7 F WimFEIZIK
Je U, IL-12%° IL-23% RSS9 %, £ 72, IRFS
7RI =Y AOFHEITERIHEL TV EH I LS
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wESINTWwBY, FEEEIZ, IRF5IE Fas (CD9%/
APO-1/TNFRSF6) #4135 7 & h— A &
THIEDPHHEEINTWSY, —J, pb3b T H b —
VAEFETHNTTH S, IRFOIGHILEL & 7
K=Y ZAOMMITB T, poIMEAENE F 7213 p53
IRENVEDVER 2 40§ 5 2 LAVREhTw5b, £
72, p53% AT ML (MCF7, NHDF) Ti& IRF5
BT E BHH, pb3AKIE L A-MilE (H1299) T
X IRF5Z BB TE R VW & L), IRFSOFHICIZ
PS3DHEAEDNAT R TH 5 Z LGS hizY, —
W, Tar 7 —EiE b2 %K (protease-activated
receptor-2: PAR-2) Oifitk{bC, U8T7 cells ® p53
DEBFRAL, TR =V ADHH SN Z L8
HBHLTWwWEY, £2 T, A% Tld, PAR-2
agonist T HUfFhEkT T 2 ¥ — ¥z X % IRF5
DFBIFHEIZ OV THE L 72

I. H&

1. b FRIEMEBEIRD 3 BE

WREEAR T 7 4 7 X ) ~s%) ViR I % R
HL 7z (REARPRAEFL KA PR A @ 2015-03) 6
Ficoll % I\ 72 %% BEa) iUy 75 Bl v C BiA% 2Rk 1 %
R 72

2. KWMBEEEOME

Recombinant GM-CSF & Tocris Bioscience
(Bristol, UK) X DA L7z f 5 4172 A AN i HLER
75 M 12 RPMI1640 (Thermo Fischer Scientific,
Waltham, MA) %0z T, 1500rpm CT5% .0 L
720 L3 & B L T RPMIL640 2mL % hn 2 C,
05% ~ VXY T — TRt LTI B &2 5Hl L

720 HLERSMEERIE RPMIL640 + 10 % FCS Z Mz <,

IRERE2E L7z, B2 B L, RPMIL640 + 10 %
FCS (Thermo Fischer Scientific) T2 % 17T -
720 RPMI1640 + 10 % FCS + GM-CSF (10 ng/
mL) ZMATHEE L, SHHEICHEEREZREL,

727 RPMI1640 + 10 % FCS + GM-CSG (10 ng/

mL) ZRML7:2", ¥BIHHO~ 707 7 —I%,

GM-CSF-dependent macrophages (day 9) & LT
FERRIAET L 72,

3. small interfering RNA (si RMA) DA
p53 siRNA K O IRF5 siRNA % Santa Cruz

0.6 -

0.4

IRFE (ngiml)

1 2

1. FHERIZ X4 —EFEICK S interferon
regulatory factor 5 (IRF5) DR 3hHE

1. GM-CSF-dependent macrophages (day 9)

2. GM-CSF-dependent macrophages (day 9)
+HNE (50 uM)

GM-CSF: granulocyte-macrophage colony-
stimulating factor

HNE: human neutrophil elastase

Data=mean+SE. n=3 *P<0.01

Biotechnology (Dallas, TX) X Y HA L7z, GM-
CSF-dependent macrophages ¥ 2 7 H H 12,
Lipofectamine (2.0x10°ul/L) % JH\W T p53 siRNA
(50nM) MU' IRF5 siRNA (50nM) # siRNA A
WM L 720 [IERIZ, Lipofectamine % HUM# 5 L,
HIRZE DS N2 & R L 720

4. Wester blotting

A % e-PAGEL (5-20%) (ATTO corporation,
Tokyo) % H\C, SDS-PAGE EXIKEI% 17> 720
TR KE) 530 mA, 55min & L 72, iBlot*2 Dry
Blotting System (ThermoFisher Scientific, Waltham,
MA) % f v T Nitrocellulose membrane x5 L
720 HEE %, PBS (R & D systems, Minneapolis,
MN) + 10 % skim milk (Wako, Osaka) % H\WTC
TEfRE S LCT7uay * v 72 FEfiL 7z, 70y
* 71, PBS + 10 % skim milk % B\ 72212,
PBS (R & D systems, Minneapolis, MN) +
TweenR 20 (Promega, Madison, WI) T10 7%+
L 9 L7s PBS (R & D systems, Minneapolis,
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2. WHERI S X2 —HERIBICK S p53DiEkd
R

1. GM-CSF-dependent macrophages (day 9)

2. GM-CSF-dependent macrophages (day 9)
+HNE (50 uM)

GM-CSF: granulocyte-macrophage colony-
stimulating factor

HNE: human neutrophil elastase

Data=mean+SE. n=3 *P<0.01

MN) + TweenR 20% BrZ: Lk E T 72, S OB
e =W ) R L7z, hiE#IE1RPUEA mouse anti-
human IRF5 IgG (Santa Cruz Biotechnology,
Santa Cruz, CA) % PBS + 3 % skim milk (277
L, Nitrocellulose membrane & #1121 K i 4z &
) L7zo IRE D, Lit& RBRICTES 1T - 72 Tk
HH, 2 RPUIA guinea pig anti-mouse IgG (Santa
Cruz Biotechnology) % PBS + 3 % skim milk C
7 L, Nitrocellulose membrane & 3£ 1 I
e L7z, IRE D BRIIVEF 21T 5 2D HIZHOLSE
il 2 W TR a2 MR L 72%,

. #&XR

GM-CSF mmic X 2% 9HHO~ 07 7 —
Y (GM-CSF-dependent macrophages) % frhEk
TIAY—F¥ (50uM) THIES 5 &, HWE 6 I
1 H o 4 il i o IRFSI3A A L7z (1
1)o FERIZ, MHfamEmH o ps3db A RIS L7
(K 2)s % 72, GM-CSF-dependent macrophages
(day 9) 12 p53 siRNA & BB AT % & po3D B &=

Arbitrary units

1] I
o - -
2 3 4

3. p53 siRNA RUMFHERI S X 2 —EIC &
% p53DFEMIMHIZHR

2. GM-CSF-dependent macrophages (day 9)

3. GM-CSF-dependent macrophages (day 9)
+p53siRNA (50nM)

4. GM-CSF-dependent macrophages (day 9)
+p53 siRNA (50nM) +HNE (50 xM)

GM-CSF: granulocyte-macrophage colony-
stimulating factor

HNE: human neutrophil elastase

Si RNA: small interfering RNA

a. representative western blotting

b. arbitrary density units

WA L7ze €L T, BRI A5 —¥ (50 uM)
ZEMIEGT 5L, HIZ ph3DFEBIE A L 72
(K 3)s & 2, PAR-2? agonist T & % AC-
2646130 ) FAZ DOV THET L 720 T DKER, AC-
2646130 ¢ 5T ps3D FEBLE A BAHIH S 7z
(B4), £/, WhERLI Ay —ERBIZ L2
IRF5D AR IHIR R 2o T, MBNY 7 vz
ERMIZE T NS B oarrestin 212D W THEET L 726
FOFER, B arrestin 2 siRNA O AIZ X Y IRFS
DEAZEZICIR SN (K5). #IZ, LPSH
B X B IL-12p40D FEAE 2 G L 720 RO~
7077 =KL TLPS G2 L ) AREICIL
~12p40D BEEBEAHEM L 72o LA L, IRF5 siRNA
EBALI~Y70 77—V TlE, LPSHIEIC X %
IL-12p400 FEA B AH BICHHl Sz (M6). &k
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Kl4. PAR-2 agonist TH D IFFERI S X4 —+
KU AC-264613IC & % pS3HIMIMFIz R D
Jid 27

1. GM-CSF-dependent macrophages (day 9)

2. GM-CSF-dependent macrophages (day 9)
+HNE (50 M)

3. GM-CSF-dependent macrophages (day 9)
+AC-264613 (10 uM)

GM-CSF: granulocyte-macrophage colony-

{(UdmL)

ot

stimulating factor
HNE: human neutrophil elastase
Data=mean=SE. n=3 *P<0.01 *P<0.05

2, LPS #I#C X % IL-12p40D PEEIZ % 5 PAR
-2 antagonists DRFZ MG L7z. AC-264613D i
Be 5 LPS #ill#1c X % IL-12p400 BB 13 A 3
WEhs, LaL, FhEkTs 25 —E2hi&kE L
lexrm77—Y T, LPSHlEIC X % IL-12p40
OREERPEEIHMLZ (M7),

V. Z%

GM-CSF ¥ & h Higkh 60k L-~x 7 1
77— (¥#EIHH) Tid IRFSO I AR
DoM77, GM-CSFHID X a~27u 77—
WETHHEAE LMl S h 328, A,
Coomassie Brilliant Blue ¢t l2 & ) 7 H HIZ K
LTOHHDO~Y 707 7=V CREASINLIEAD
WAL B L TR LERELLY, 22T,
A7 TR 9 H H ® GM-CSF-dependent

700

IRFE (pgimL)

1 2 3

K5. tFRERIS XX 2 —ER#HICEK B IRFSE
EMHFHR E B arrestin 2

1. GM-CSF-dependent macrophages (day 9)

2. GM-CSF-dependent macrophages (day 9)
+HNE (50 uM)

3. GM-CSF-dependent macrophages (day 9)
+f arrestin 2 siRNA (50nM) +HNE (50 xM)

GM-CSF: granulocyte-macrophage colony-
stimulating factor

HNE: human neutrophil elastase IRF5:
interferon regulatory factor 5

siRNA: small interfering RNA

Data=mean+S.E. n=3 *P<0.01

significant

N.S.: not

macrophages (day 9) #fiH L7z, BIEDH 5 Z &1,
HHERLT T 2y —¥T6REEITT 5 &, IRF5D
y ooy B EPRYT L EHYL 7,

IRFSmRNA D5 IE, pb3AIRFOD XV ¥ 2 D
p53 binding site (p53BS) IXHEETAHZ LICX - T
HHELE NS 2 &2 SNTED, RBIZETIX
IR ERT T X 7 — ERRRIZ X D ps3DFEHL &AM T
T2 EDMFHINE- T, T, MRk I 2y —¥
RIS & % ph3D FE Bl 2 Mk L 7oA, k=
FAZ—EREIZE V=07 7 — T D ps3DZEHL
HIZABICKT T2 EAHBH L7, KIZ, pb3
SIRNA K OBk 7 A ¥ — ¥HlEIC & 5 IRF5D
53 & % western blotting % V> THES L 720 pb3
SIRNA OB AL X ) IRFSOFEHmAML T L7z, B
2, WHERT I Ay —E RS54 5 &, HIZE
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0 ——
1 2 3
6. LPSHIBIC K B IL-12p40FE £ 234§ 2
IRF5 siRNA O #HI%R
1. GM-CSF-dependent macrophages (day 9)
2. GM-CSF-dependent macrophages (day 9)
+LPS (50ng)
3. GM-CSF-dependent macrophages (day 9)
+IRF5 siRNA (50nM) +LPS (50ng)
GM-CSF: granulocyte-macrophage colony-

stimulating factor
IRF5: interferon regulatory factor 5
LPS: lipopolysaccharide
Data=mean+SE. n=3 *P<0.01 *P<0.05

DOFRMEIMET Lize ZOKRE, ke A5 —
LRI L Y pb3AMET 35 2 & T IRFO 5B &
DETIZOhMo7zb o LfEg sz, ifhEke s
A % —¥ & protease-activated receptor-2 (PAR-2)
AL CHIRHNIZY 7T VERET 5 2 &0 5,

PAR-2 receptor agonist T& % AC-264613T & [F
OEHZH %02 Ma Lz, ToOfiR, AC-
264613%5- & 0 pb3DFEBIPHIK K AFED S N7z,

DEofER L), IRF5SOF BT IE p53Aasi < B 5
LTWbZ EAHB L7245, PAR-2% 43 A #lllg
WY 7 FIURERBE O T, LD X5 %y 7 F s

IRFSDFEHUC D o> TV B & MG L7z. £DHIT,

HEWICHET 25 ERE (B%EH) 0o—D
TdH A f arrestin 2 DFRICOVWTHGEEL 72, G ¥
YN BRI 25k (GPCR) Td % PAR-228

14000

12000

10000
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2000 - .
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7. LPS R & % IL-12p407 & & PAR-2
antagonists DR

1. GM-CSF-dependent macrophages (day 9)

2. GM-CSF-dependent macrophages (day 9)
+LPS (50ng)

3. GM-CSF-dependent macrophages (day 9)
+AC-264613 (10 M) +LPS (50ng)

4. GM-CSF-dependent macrophages (day 9)
+HNE (50 uM) +LPS (50ng)

GM-CSF: granulocyte-macrophage colony-
stimulating factor

LPS: lipopolysaccharide

PAR-2: protease-activated receptor-2

Data=mean+SE. n=3 *P<0.0

agonist IZ & D IEM L E N 5 &, B arrestin 27°
GPCR 12454 L, GPCR @ 2 &ML 2 ¥t 3 %
L»L, B arrestin 225G % ¥ 237 BIMRAGR 22> 7
FIEER AL T A EBHS N E o TWVDY,
2% ), PAR2Z N3 AHMBN Y 7 F VR=ZIZIE,
G# NI BN Y 7 F vin#E L B arrestin K
Y 7 F MREDIAET B0 AWFZETIE, Bk
I I AL — ¥R LY IRFSOFEBIAH BT
L72%4% pB arrestin 2siRNAZ B AL~ O
77—V TE, HPERIIAS-ETH#MLTY
IRFSOFEHEIMA LT & L), IRFOEIM
#lZ B arrestin 225 BG- LT B 2 EAVHIBHL
72

IRF5i toll-like receptor (TLR) ¥ 7 F W il
e L, IL-6, IL-12) O° TNF-a 7 & O SREME Y
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A MH A YDFEFRT o IRF-5IF Toll £k 5 % 15
(TLR) ¥ 7 FNDT ¥ 75 —TdhbMyD8E &
& L, MyD88-TRAFOMKAFMEIZIHMEAL S T 48
MWy A v AhA4 2 THB TNF-a R IL-6, IL-120&
R RMEFEICHEE T 52 L, T/, IRFH#EET
KRIE~ 7 AT, IL-120AEDPHHI S NS Z &3
mEIN TV, £2C, LPSHIIZ X % IL-
12p407¢ 4= 5 12 % 9 A PAR-2 agonists T 5 If
BRI Ay —+E L AC-264613D N F A D W TGS
L7zo ZORE%E, AC-264613H1#%5-12 X ) LPS #l
W X B IL-12p400E B 1A B ICHHI S v ize L
L, Ik 25 — LRk Tix, LPSH#K
(2 & % IL-12p40D A IE A BACHIN T % & v )
T BERDFED iz, LPS13FEIZ, TLR4AZ A
LCHIRBNIZY 7 F IV ERET 5. —F, PAR-2
(3 TLRADTEEAL 2 58§ % cross talk 23FAES 5
TEDPHEIN TR, ZOMERIZOWT, &F
BRI 25 —¥ T, MAZER LTS NK
Ui T T FEHAOEE R CUI S AL, B L AR S
7z N K rE A tethered ligand & L C GCPR @
MBS 2 Vv —TIHEET 52 LI2X o T, PAR-
2 IEM AL s NS, —F, AC-264613131L &
WKENTZZWET, FAT77FINMA4 7Y =)
(phosphatidylinositol) DHNAK R 71V > 7 AT
BAEHY 72 5 5 PAR-2 agonist 28 3 5 25,

tethered ligand 12 & 5 PAR-2D{EMEAL & v ) 1T,

PAR-2 agonists TH AUfHEkTL T A ¥ —¥ & AC-
264613 LRI ¥ 27 F AL SRR VA 2 S AL
THWHEEDSD L. ZOHIIOWTIE, Bk sHE
BEERbNS,

V. #ERE

PAR-2 agonists TH A UFHIRL T Ay —E RV
AC-26461312 & D~ a7 7 —TIZBIT 5 pb3D 3
BLE DS S, pb3MRAFIE D IRF5D jE Az 73 P il]
SNizo T72, LI XY —EIZX 5 p53%EBL
OPIFIFERFIZ B arrestin 2255 LT 5 Z EAUR
M S M 7zo AC-2646134% 5-C LPS M & % IL-
12p40FE AL DS BACHIRI & 7z LA L, GfFpEkT
T A — LR TIEZ TIL-12p40 A= I3 H E I
BinL7. ZOERNIZ—>L LT, PAR-2¢ TLR4
® cross talk DETEDE 2 b7z,

AHE

K ED B I2H72), THREHW A ILIE%
£ (Western blotting) , JAHE BLAS 64 (HNE )
B, WEEE I (SIRNA EA), MWtE=EGAE
(GEEtLsl), D HEREEAE (WFZEfcs) (iR L
9. T/, KRR REARLRER F R A TR E27-
A-0LIZ X D FERiE N7z,

AT BT B BERAUIAAAE L 2\
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AC-264613, a protease-activated receptor 2 agonist, suppresses
interferon regulatory factor 5

Takatoshi YAMAMOTO, Rui YAMAGUCHI, Arisa SAKAMOTO,
Shinji NARAHARA, Hiroyuki SUGIUCHI, Yasuo YAMAGUCHI

The transcription factor interferon regulatory factor 5 (IRF5) has a key role in the production
of interleukin (IL)-12 by macrophages. IRF5 is also a central mediator of Toll-like receptor
signaling and is a direct target of p53. This study investigated the influence of human neutrophil
elastase (HNE) and PAR-2 agonists on expression of IRF5 and IL-12p40 by macrophages
stimulated with LPS. Granulocyte-macrophage colony-stimulating factor (GM-CSF)-dependent
macrophages showed upregulation of IRF5 expression, while HNE reduced expression of p53 and
IRF5. HNE also caused a decrease of IRF5 in macrophages transfected with small interfering RNA
to silence p53, while silencing of beta-arrestin 2 blunted the reduction of p53 or IRF5 by HNE.
Incubation of macrophages with PAR-2 agonist, AC-264613, caused a decrease of IRF5 expression
and also significantly reduced p53 protein expression. LPS caused upregulation of IL-12p40
production, while silencing of IRF5 blunted the increase of IL-12p40 in response to LPS. HNE did
not affect this response to LPS, but AC-264613 significantly reduced IL-12p40 production after
stimulation with LPS. In conclusion, the PAR-2 agonist AC-264613 attenuated IL-12p40 production
associated with IRF5 signaling in macrophages.



