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Mechanism of interferon-gamma production by GM-CSF dependent macrophages stimulated
with myeloperoxidase: Role of glyceraldehyde 3-phosphate dehydrogenase
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1) REARGRAERL A PRI 2 TR E 2 A
2) RERehfsert

Interferon y (IFN-y ) ZEIIREEL DHEZ 21T interferon-y (IFN-p ) HS5RIEH L, BhIRAE
LI E R e fe# 2 38 UC\ b, Myeloperoxidase (MPO) 13UFHERICZ ®ICEHEENTEB Y,
DOWEFEDORETH Y, T, KMEEOLMERLLEE L2 TLI2ERLFATFTH D, FHIER -
~z7u77— YK T (granulocyte-macrophage colony-stimulating factor: GM-CSF) X&)
MREEALDFFH & b 7% b0 AREFFTIE, BIIRALIC BT 5 P ERO TG & OB %2 M) L 72,
IFrp Bk Sl S D MPO I3, 2077 —=YDv /) —2AZEK (CD206) %4 L CHINEHN
~YiAEh b, GM-CSF THERD S L7z~v2 27 7 — V% MPO THI#$ 5% &, IFN-y
DFEADEm L7 L2 L, CD206 siRNA KO ERK2 siRNA #B AL~ 7 07 7 — I Tid,
MPO HJ#Z X % IFN-y O AN ZISHH S 7z, 72, GAPDH siRNA 2B ALz~ 271
7 7 — U Tld MPO #il#12 £ % IFN- y O #EADH FIZHH 2 v7zo GAPDH 138151 @ AU-
rich element (2454 L mRNA OZELEHZ A LTHB Y, MPO FIKIC X 5 IFM- y @ AR
|2 GAPDH @ mRNA ZEALA S LT A 2 LAVRIRE N7z,

F—U—F:3IxAN—#FFx>45—-¥, (>42—7x0O>-y, GAPDH

I. ¥5

IR L DFSAE - AT AP ERBERE 2SR < B 5
LTWwa o YT X D IHHAL S N2 ERAH 5
@ DNA % granule proteins % & & H AR O ED)
 He By M I Bl 3 5 Bl & 2% neutrophil
extracelleular traps (NETs) & L CHifr s 2%,
T/, Wi~ a7 =V REEILL, RIEE
Hanh LB IRAE L 2 BHE X2 5, NETs (2 & V) i1
Mo oru 7y —VIEKHEOY A Mh A v EER
LERAEALASHEIR S %%, F72, EASNDEYA MY
4 O TYH, interferon- y DSEIIRFEL O F 2 LA

D—DTHbHEEZSLNTWASY, NETs Tl elastase,
proteinase-3, cathepsin G, myelopaoxidase 72 &
DKED granule proteins 2SI SN b, ThHo s
YNGR (TaT T —E) OHTYH, elastase
X, BANREL, B A Y O5ER chromatin
decondensation % 5] Zif2 Z L NETs O #F 71 HE %
RIEEZHE U TS, 72, myeloperoxidase X%
DHFERNRE DB T°,

% 72, myeloperoxidase & DI & O%iE %
B s S e BIRIEALIZE)IREBE~ D~ 7 1
77—V OWEGE - BEICIEE 5 #EITHEORETH D7,
B X% Interferon (IFN) -y X6 PN o FE A
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EAHELY, RIS X BRI EET 2,
WRLER - ~ 27107 7 — VRN T (granulocyte-
macrophage colony-stimulating factor: GM-CSF)
TENIREE BRI EILL TB Y, BRELOZERD—
DTHbHEEZLNTWAEY, KiFFETIX, GM-
CSF R X Y HigkA S b Lizvrzua 7 7 — 3
\2B1F % IFN-y pEAERRE 12D W TG L 72,

I. ik

1. b FREMEIEOSBE

EEBRAR T ¥ 74 7 £ )~ IR % $%
WU 72 (REARPRAEFL 22 K7 g PEER A @ 2015-03) 6
Ficoll % Fv» 72 %5 B/ i U5 e 12 C HiRS Bk 45l %
L 72

2. XREMEBEHOHME

Recombinant GM-CSF X Tocris Bioscience
(Bristol, UK) & DAL 7z0 #5 N 7- KRS MLHER
53 W {2 RPMI1640 (Thermo Fischer Scientific,
Waltham, MA) %Mz T, 1500rpm T 5 43Rl
L Bl % B2 LT RPMIL640 2mL 2Nz T, 05%
MUY T =R TR LI B2 Gl L 72, B
R BER2 1 RPMIL640 + 10 % FCS #IMx T, 1K
B2 L7z B & Bk L, RPMIL640 + 10 %
FCS (Thermo Fischer Scientific) T 2 [l 3% %
1T - 720 RPMI1640 + 10 % FCS + GM-CSF (10
ng/mL) ZfMCTHELZ, 3 HHEIIHERRZR
F: L, #7z7% RPMIL640 + 10 % FCS + GM-CSG
(10 ng/mL) Z#FEML 72, HrEIHHO Y7 1
7 7 — % GM-CSF-dependent macrophages (day
9) & L THEBRIIHW,

3. Wester blotting

MM 8% B W % e-PAGEL (5-20%) (ATTO
corporation, Tokyo) % il \» T, SDS-PAGE & &
KB 2 AT o 720 BAIKEIZM30 mA, 55 min & L7z,
iBlot” 2 Dry Blotting System (ThermoFisher
Scientific, Waltham, MA) % H\» T Nitrocellulose

membrane Nz 5. L 72, #xE #, PBS (R & D
systems, Minneapolis, MN) + 10 % skim milk
(Wako, Osaka) ZHWT1HHEEHI LTTay
FrUERERLI, TayF* 7%, PBS + 10 %
skim milk % w7221, PBS (R & D systems,

Minneapolis, MN) + TweenR 20 (Promega,
Madison, WI) T10 Zrf#k& 9 L7zo PBS (R & D
systems, Minneapolis, MN) + TweenR 20% &3 L
i E AT o720 COWEFE =MD R Lz, PRk
1% Pt 7K mouse anti-human CD206 IgG (Santa
Cruz Biotechnology) % PBS + 3 % skim milk {2
#i B L, Nitrocellulose membrane & &2 1 IR [#]
& Lz IRE DB, Lid& FBRICPES L7z U
% 1, 2R ¥R guinea pig anti-mouse IgG (Santa
Cruz Biotechnology) % PBS + 3 % skim milk T
7i B L, Nitrocellulose membrane & 312 1 ;[
RE D L7zo IRE ) RIIVEFZ AT o 72D HITHOLHE
B2 TR MR L 727,

4. small interfering RNA (si RMA) DA

GAPDH siRNA, ERK-1 siRNA K& O CD206
siRNA % Santa Cruz Biotechnology (Dallas, TX)
X 0§ A L 7o GM-CSF-dependent macrophages
B:487 HHIZ, Lipofectamine (20x10°ul/L) % H
VT GAPDH siRNA (50 nM), ERK-1 siRNA (50
nM) K 0¥ CD206 siRNA (50 nM) ZHilgicBAL
720 [RBFIZ, Lipofectamine % ¥k 5 L, #ilgsE
BT & R L7,

. #&=XR

GM-CSF Hl3#Z & 0 HixkAH 5 530k L 72 GM-CSF-
dependent macrophages (day 9) T & mannose
receptor (CD206) D F B AWk L7z (K1),
Myeloperoxidase (MPO) H#i] # (& X » GM-CSF-
dependent macrophages (day 9) (2 & 5% IFEN- y A%
MRARSF B L 72 (K 2). GAPDH siRNA,
ERKI1 siRNA, CD206 siRNA ## A L 7= GM-CSF-
dependent macrophages (day 9 day) % MPO T
Hil¥#3 % &, GAPDH siRNA U CD206 siRNA %
BAL~Z0 77—V TIXIFN-y FEADNAEIC
Ml (M3), KIS, GAODH siRNA %A
L 7z GM-CSF-dependent macrophages (day 9
day) % MPO ## L C, tissue factor (TF) D
e L7c, €ORR, INF-y OREA L I3R
7 1), GAPDH siRNA O A2 X % TFEA O
B ooz (IK4),
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1. GM-CSF-dependent macrophages (C$ (T
% mannose receptor (CD206) DI

1. GM-CSF-dependent macrophages (0 day)

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

(a) Western blotting (b) Arbitrary units

V. Z%

GM-CSF f i CHIR L W b Lz~ u 77—
TlZ, mannose receptor (cluster of differentiation
206: CD206) DOFEWAMERT 5 Z LAVIHL 72 =

717 7 — Y@ mannose receptor 1%, & EMNLAT,

BEEREARO K % BT 2MaEmL 75 —D
OEDTHb, WERORMIZIZT Y ) — AR -
TVHUPEAEL, =707 7 — BT 525
Re EETHIENTESL, L2L, TO~70

7 7 — ¥ % myeloperoxidase (MPO) THI#d % &,

interferon-y (IFN-y ) O 4D HEAARLTE 2B 58
L7z 7 ADOERBRTIE, hEky» ol sh
myeloperoxidase (MPO) @ #J75% & mannose
receptor (CD206) IZ#E& L, BAKN~NIY AT
HZENHEINTWASY, KIFFETIX, CD2060D
small interfering RNA Z# ALz~ u7 v —7
% MPO THI#3 % &, IFN-y OEADH B H0H]
ENze ZTHZE XD, MPO & CD206% 4 L CHll
FAWNANY 7 F NV EAZEL TW 5B 2 LD HEL S 7z,

F72, ME CBWTHEERERE LTHRET S

120 -

100

a0 4
20 4
o
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2. Myeloperoxidase flIC L5~y 0O7 7—
2 @ interferon (IFN)-y OE4L

1. MPO (0x10°’mU/L)

2. MPO (20x10°’'mU/L)

3. MPO (50 x10’'mU/L)

4. MPO (100 x 10°’mU/L)

MPO: myeloperoxidase Data=mean *S.E. n=3
“P<0.01 **P<0.05

[FN vy (pgiml)
&

glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) siRNA 2B AL7zxrsu7 7 -V %
MPO CTHI# 3 % &, IFN-y O A A ZIHH] S
N7z. GAPDH 3% < oMk Mg cdtE L <—
EEFEBT HEIETF, 2%, N"IAF—E U THE
21T, MlOKMER:, WA RZEETFTH 5,

AU-rich element (ARE) &, FIZ mRNA ® 3
-UTR ZHFETHT7 7=~ (A) £ Z v (U)
\ZE AZHIETH %, endonuclease iM% A3 5
RNA #% & % ~ 7% 7 ' (RNA-binding protein :
RBP) 25Z OGS 5 Z & T mRNA D5 f#
DG E N %,

A4 bh A4 Y% 3—F32%mRNA IZIE, ARE
MEMEIAET 5 2 EPHSNT WS, Z DR
DIFAEDOHE &L mRNA ORNZEME L HBHET 5 S
EHMEIN TS, ARE % EHIEEIZ D D mRNA
BEYVHELSDHINDLEEZEZLSNTWDY, —T],
» %D RBP X ARE 124546 L, endonuclease @
77 A%MET DI L TEN mRNA OREEE
3 2",

GAPDH X, ARE D& HEHD—2ThbH T L
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160

IFN-y (pglml)

) '
0

3. MPO & (C & % IFN- y E 4% & GAPDH
siRNA, ERK-1 siRNA &K1 CD206 siRNA
D3HR

1. Lipofectamine (2.0 x 10* x1/L) +MPO (50 x 10?
mU/L)

2. Lipofectamine (2.0x10°ux1/L)+GAPDH
siRNA (50nM) +MPO (50 X 10°'mU/L)

3. Lipofectamine (2.0x10°x1/L)+ERK-1
siRNA (50nM) +MPO (50 X 10°'mU/L)

4. Lipofectamine (2.0 X 10° ul/L)+CD206 siRNA
(50nM) +MPO (50 x 10’'mU/L)

INF-y :interferon-gamma

MPO: myeloperoxidase

GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase

ERK: Extracellular Signal-regulated Kinase

CD206: cluster of differentiation 206

Data=mean+SE. n=3 *P<001

S SN, GAPDH O£ 2 b7 5 HkE (DNA
B4, RNA &AM, (RNA %7 mRNA %
EAb) WS osze AREEHA WAL VD
BEAEIZ O WTHRGE L 725 X T, IFN-y # {510
AREZXR{EL7/ v 27727 b~ ATlE, IFN-y
DIRVEN 2 A A Z ) B CRER B DFERER £ D
HEAFIESCHES L TWA I ERMEIRTnEY,

B 12, GAPDH %% colony-stimulating factor-1
(CSF-1) @ ARE 2454 LT mRNA O %@ bz g
HELTWD ZERWmEINLY, KBFZETIZ,

TF (pg/mL)

4. MPO %l # (Z & % Tissue factor 4 &
GAPDH siRNA XU ERK-1 siRNA D3R

1. Lipofectamine (2.0 x10° u1/L) +MPO (50 X
10°'mU/L)

2. Lipofectamine (2.0 x 10° ul/L) +GAPDHsiRN A
(50nM) +MPO (50 x 10’'mU/L)

3. Lipofectamine (2.0 x 10° u1/L) +ERK-1siRNA
(50nM) +MPO (50 X 10°’mU/L)

INF-y : interferon-gamma

MPO: myeloperoxidase

GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase

ERK: Extracellular Signal-regulated Kinase

TF: tissue factor

Data=mean=SE. n=3 N.S. not significant

GAPDH siRNA OB AIZL Y, MPO HIEIZ L 5~
a7 7 —=YOIFN-y EADPHEREICHAST LT L
AL, IFN-y mRNA O E1biZ GAPDH %%
CHG-LTwa ZepvRmahiz, 72, BIIRAEL
WA TIX, GAPDH 25 < BH L THB D™, iR
WAL ISR L7227 27 7 — Y1 mRNA @ﬁ
EALITPE W IFEN-y 2 KEIZEAEL, WEDE
WEIZFEGLTWL I EREZ BN,

V. ¥R

GM-CSF IZ & W Bixkr oMb L7e~x 707 7 —
U% MPO CTHI S %5 &, INF-y SEEA SIS, L
7L, GAPDH siRNA ZBAL7zx7u77—¥
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Tld MPO #3142 & % IFN-y O BEA G A =2 Pl
X M7z, B o T, GAPDH 7% IFN-y mRNA O
ARE IZ#AE L TZOREADEHZH L TW5E T
EAMEREE N,

Rf7E2#ED B 12H 720, THEETHW 2

£ (Western blotting), IARREHBIEE (MPO Hl#),

MERE G4 (sIRNABA), BWH=EA (e
LB, INETRERESS A (BRZERLS) (CEREEL $9
T 72, ARFZEISREA PRAEFRL 2R A FJE H 27-A-0112
L0 S hize

ABFZEIZ BT B FIGEAHAIAAAE L 72\
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Mechanism of interferon-gamma production by GM-CSF
dependent macrophages stimulated with myeloperoxidase:
Role of glyceraldehyde 3-phosphate dehydrogenase

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

Interferon (IFN)-gamma is highly expressed in atherosclerotic lesions and may have an
important role in atherogenesis. Myeloperoxidase (MPO), the most abundant protein in
neutrophils, is a marker of plagque vulnerability and a possible bridge between inflammation and
cardiovascular disease. Granulocyte-macrophage colony-stimulating factor (GM-CSF) has also
been implicated in the pathogenesis of atherosclerosis. The present study investigated the role of
neutrophil activation in atherosclerosis. GM-CSF enhanced macrophage expression of the
mannose receptor (CD206), which is involved in MPO uptake. MPO increased IFN-gamma
production by GM-CSF-dependent macrophages in a concentration-dependent manner.
Pretreatment of macrophages with small interfering RNA (siRNA) for CD206 or extracellular
signal-regulated kinase (ERK)-2 attenuated IFN-gamma production, while siRNA for ERK-1 did
not. Interestingly, pretreatment with siRNA for glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) significantly reduced IFN-gamma production.GAPDH stabilizes IFN-gamma mRNA by
binding to the adenylate/uridylate-rich element.
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