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A

T, HRIZBWT, RFAZOBPRLATEEEORMCKIZ X 0 FEIRE. &
MESE, JEE R FE 2 SR S 2 A6 B BN B B 1T IMEmICH Y
EER &I TW S, AEEERIZEIRE(LIEDEE /R X7 7 7 7 X —T
BV, BARANDFEIK D EALZ 5D DM E R, DERER EOEERFE
(ZERDTD, ZDOFRBIORRICHT THA FT7 A4 OWET 72 & DR
RIRPED TN D,

IREELIE L, BIRO NN (77 v —AME) 77— 7 ORI Hil
DIEMEIIEMIRB TH Y [1-3]. TOWRHEIZI T DK L LT, & N RIS
=z OHEKO~vI a7y =T~k BILIRBEE Y R HZ )78 (oxidized
low-density lipoprotein, oxLDL) 72 & OELf LDL OE VD IARIZ L D~ o7 mn T 7 —
T OIIRI[4-6]. ME - AL O B HGE EAVRD B H[7,8]. T DY
REFEIE D —1H OWFRIT BT, ZEOTEMEFHETE (reactive oxygen species, ROS)
WELEIND ZLENMESNTE V9. £OWFIEALPIEE DI, # 2
JEDOENE, BEEDORIE E B X L, MIEANKR A S AZ ¥ X Z e S+
5 L TCHiA DOFREAZFGIT 5[10,11], £7-. BRENZEA Sz ROS ZHET
DR DIFEN TR A b L 2T 225 S8, 2N S bR D0k
B 2 enRESNTEY . EERNO L Ry 7 REFEE MR 2 2 &
DENIRTEALIE Z 4660 & L7cHli 2 OB OFIE - EROMENIEN D EEZHN
W5,

ROS ZHET 2L LT, EERNICFEST DA —N—FF L FPRALF —
Y (SOD), W ¥ F7—¥, FNZF AL ~vtx o X —8 7 EOFibizs N m
bITEY ., TOEMFREAN L Ry 7 ZEFEEOMERHICHE 2B 24H - T
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5[12,13], ZOHTH, SOD 134T OFMRRICHIL L CTWDPELEEEZE TH D |
% < @ ROS FEAERIGIZHIT 5 —WREM T D A—/3—FF R4 H0;, & 0,12
RILSAHT D2 LI, B(EA PV ANLAEEREZHHL TS EE R
B TWS, — BRI LB O M A I1Z1X. copper and zinc containing-SOD
(Cu,Zn-SOD , SOD1) . manganese containing-SOD (Mn-SOD , SOD2) .
extracelluler-SOD (EC-SOD. SOD3) ™ 3 fE® SOD 7 A VA LADIFENHE S
NTEY, TN Table LITRT &9 RFFHEALTNL ZERMLATND
[14-17], Cu,Zn-SOD, Mn-SOD I N ZFNEICHENOMIRE, X ha> K7
IZAFAEL TV DTkt L, EC-SOD X SOD 7 A Y A LD H THE— MM H

ETB0wHAEY R E L TCRIESNLTW D,

Table 1 Properties of human SOD isozymes.

Cu,Zn-SOD Mn-SOD EC-SOD
(SOD1) (SOD2) (SOD3)
Molecular mass 32,000 85,000 135,000
Subunit a2 a4 a4
Metal atom/subunit) 1Cu,1Zn 1IMn 1Cu,1Zn
Rate constant (vs+) ~2x10° 1.25x10° 1.25x10°
Location cytoplasm mitochondria extracell
Carbohydrate -_— -_— +
Affinity for heparin —_ —_ -+

Table 2 {Z EC-SOD ® 7 X / [igkd5 % 7~ 9, EC-SOD (% Cu,Zn-SOD & [FIARIZIE
P Hild KOS 2 A L TRV, W SOD 07 X /il & ik L Th
SRR L TWDT X VBIER—Th b Z &R b TV 5, EC-SOD 13
C- KU IMET R VIR TH LT A= R) BLONY U Uik (K)
SR L TN DAY RS R AL v ((PPRKKRRRY:) 244 4720, Mz



MIAFAET DT U7 a7 A7) hreay RaAd FUmgra s 47
UhomEnr7 ) ay 7)) B AT 52 & CHlEmICRET S L
ZZHILTWD, EC-SOD IR ERE IR /3 A d 5 & RIRFIC, M ECHE L2
BRI S @RI OM LD 2 ENMLILTWNA[18], €D, M
PN R AR O IR (2 /743 % NADPH oxidase (NOX) <°PN R MR mlc s L
e EMERZR E B MEENITHH SN D A—R—FF T FE2IRISHEETD
ZEIZkY, MERY Ry 7 RMEFHEOMHEFFHIIRESFLELTND EEZ LN
T2,

Table 2 Amino acid sequence of human EC-SOD. Arrows show the amino acids
which bind copper or zinc atom. Under bar shows the sequence of heparin-binding
domain.

WTGEDSAEPNSDSAEWIRDMYAKVTEIWQEVMORRDDDGALHAACQVQPSA
TLDAAQPRVTGVVLFRQLAPRAKILDAFFALEGFPTEPNSSSRATHVHGFGD
LSQGCESTGPHYNPLAVPHPQHPGDFGNFAVRDGSLWRYRAGLAASLAGPH
SIVGRAVVVHAGEDDLGRGGNQASVENGNAGRRLACCVVGVCGPGLWERQA

REHSERKKRRRESECKAA

UTARE . BRREALIE O FIE I I L OVRIEO Z — 7 > F & L THEKS~ 7 r >
7 — U, FIETIE A & SR AR IS 1 B B LR O R BLOHIEI A EH X
NTWD, BUEETIZ, FHENITET D585 Tl EC-SOD FEHL 7S FER R M
kU937 Mifan~ 27 v 77—V ~OGEHERICEW TR T2 2 L 2MmE L T
B BREECIEERIEFR T H EC-SOD FIL & HERD /b & OB EMEZ R
ML TWaD[19], ABPR2REEIZRE LT, EC-SOD / v 7 7 ¥ b~ U XA Tid
B~ 2 L LT, @RS E T TOAEFRMET T2 Z £[20]. MRz
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FHEEBRIZB O THAA BB ZERA A KT 2 2 EnmEsnTng
[21], —77. EC-SOD ZiaFIFE I S 7 BRI Z W T, el KB IRAE . 1% o>
FBEZESAL DI [22], BEEI 5538 € 7 S BT L B o O IEIGH#EIE R F-o
(tumor necrosis factor-o., TNF-a)) Z F e RIEVEY A B A & LUV OIR T ANV
SNTWDH[23], ZNHDZ b, BIfREELAEDFIE - #REIZIS\\ T EC-SOD
FBLDW AN L DIFREIHIZKRESFLG L TWD EEZBND,

HERO~ 707 57— ~O0 bl b NI~ 7 1 7 7 — UMM T i Al o~
7 oXLDL DLV IAZITIER T 5 L Ry 7 AfEH R ORGHE S B RAEVAE 2 (2 1
HENVIBIIVIRE->TETEY, ZOFRKE LTROS ODIEEEH S WK
PEDHURALIER OIEMELS LR MR EGEINTE 2 bW E 72 £ o
MEBRSNTWD, IF, @EEEMHST U AL M EoERIZED ., HKO
FIE A RN S HRER NI BRI T NIRE->TETEBY, ZHEZERLE
MOFERENRHEN TN D, TOHRTH, RRHKILEMLT A T, vV
RTIAVRELZLOBMICEEND 7 TR/ A RO—FETHY |, fifgk, Hik
JE, PLS v, U7 LR —1ERe EL < OERHE ST 5[24-28], 72,
PR LER RS . RN TEASIN D ROS 2B HETHZ LIT L VAR
DL Ry 7 AEEEOHEFFCHEIRRL TWA Z BB TS, L, 77
WA R EORMBROTUIRIEE DS TR B I W THRIEMEH 2779
Z LB HEERE SN TV D b D D[29], NIRMEG IR LEESR O FBLFHEIREICE R L
TCHRETDOTNTH L, ML~V TOHEREER, FrICBREEDFIE -
HERICKE B % EC-SOD OFBMAB M-I 5 Z &id. BIREELAE TP

[ 72 A B ORRICARRIGREBIETE L L EZBND,

Z 2 TAMIIE T, EC-SOD & % — 7 v b+ & LT, BIREELIE D FREIER K
OHERICRE BEPDHER (B FEECRMIAK THP-1 Mill) o~/r/n 77—



~O TR (5 1 &), THP-1 fifldhik~ 27 v 7 7 —70 oxLDL BtV IAZIZ K
DRI ER (552 %) 1210 2 ABESE ORBIAE) & 2 OISO 72 5O
(ZEWRAELAE DFEIE « HERIZXI T 207 A4 U o OMfEhE (GF 3 E) 25\ T
A L7c, BLTICARMIIE TR b A2 7R~ 7,



F1E EMERRERBOTIOTI7—IOADOHEBREIZETS
EC-SOD SEIR:R HitiE

W1 WS

I, BIREEGIED PRI L OVER S —7 > M & LTHEB kR~ 17 7 —
UHER SN TWD, P ORI, EE S i E N EGHEZe £ 6 pEA
X 715 monocyte chemotactic protein-1 (MCP-1) 72 E kMY A v A v 7a 8D
FlM A, MERNBEICRBEL, ~27 v 77— 120kt 5[30], MbLic~”
17 7=V, & 62 oxLDL RO LDL 2 BV AT Z &2 L W faikfk L,
TNF-072 EDORIEVED A b U A » Z2 i U BRBHIE 2751325 2 L3 b i
TW5A[31,32], £z, 7 u 77—V biHSiud ROS b L4 & O TE P

BT 5 2 Enb ., BRENZPEA 72 ROS OVEE S EhREELAE DOFEIE - 1
JROMENCBN D Z EAHFS D,

SOD 7 A V¥ A LD H THE—H/IlaSMIJRIET % EC-SOD 1, MERDL R
7 ZHHIZ R ES LG LTS Z ERHfESNTWD, 21X, EC-SOD 23 ifi
% OAAREE 2 D NI ZEEOILR A IG5 Z &2 m 6T 5[22,23,33],
X512, EC-SOD 1Z, #EFWB{twEThH s~ 4%+ A 74 F (ONOO")
DEAZIHIT 2 Z & T, BRI X D MEILRR EOERZHE L Tn
HZELHEINTWA[34], HEK - ~7 07 7 — V& RICBW T, SGER
BRI LIE 22 £ Bre R BUSIZBD > TR Y | EERIZ, Bk~ Rr T 7
— VOERDPIRE TR O v, BREELIE O E L 2 ) T 5 [35,36],

BIfEE TIT, Y0P Tl HERKR MR ThH 5 & b U o3l Rl sk U937



MO~ 27 17 7 — <5 LmFRIZ BT EC-SOD HEMNME T35 Z & & A
HLTWD[37], Tk, U937 ALz T, e A —/S—F %
YRR SRV Mast L Ry 7 ZMEEMEOBEE N FE ST < R D ERME A
ARLTEY, HEK - v/ n 77 —IC81F % EC-SOD FELAHI#ET 52 & OH
B RIE LTV D, 70, b MAMEFERME B s BRI AERR THP-1 /A & U937
M & FARIC R CTH Y . HERRMIOET L & LT < OFZEIZEEH
SNTWD, Ll 6, EC-SOD S DM s BIED s B L TIIRTEAH
IRRBIZ\, 72, EC-SOD BIME R L Ky 7 ADMEFHEHERFICRKE S FHFE LT
W5 ZEND, BREEGIEDRIE - ERIBRICIIT H EC-SOD DI B H) 4 fif
9% 2 & 32iE REE OGN M CTEEREROEMICEN L L EX 6N
2o

% 2 CARETIE, BIREE(LGE & EC-SOD FHIAE) & OREME A2 fRIFT 5729
12, B FEEGRHIIEEE THP-1 iz AW T, v~ 7 v 77— ~0ObifkicE

7 5 EC-SOD ORBIEH) & # OIS I W TRET L=,



B2 EBRME ROk

F1E RAE

RPMI1640 £51, U > EafRdE A= BRI /K (phosphate buffered saline, PBS) |3 H
KGR A, ~=v ) v A ML T h~A U3 gEskiatt, v
JR IR (fetal calf serum, FCS). TRIzol®# 3, M-MLV itz 5%, Taq DNA
polymerase . RNase PH 2% #| . KOD Fx I B ¥ # & ¥k X & # .
12-O-tetradecanoylphorbol-13-acetate (TPA) % Sigma-Aldrich ff:, mitogen-activated
protein kinase (MAPK) BHZEH|T& 5 U0126 & PD98059, protein kinase C (PKC) [H.
EHITH D GF109203X. actinomycin D (ActD) I Fin il 38 T 2 Rk A& 4
5-(and-6)-carboxy-2’,7’-dichlorodihydrofluorescein diacetate (carboxy-H,DCFDA) (X
Molecular Probes 1. NADPH oxidase (NOX) BH 2 #I| < & % apocynin &
diphenyleneiodonium (DPI) (£Z #1411 Calbiochem £, Enzo Life Sciences fi,
biotin-conjugated goat anti-rabbit or -mouse IgG (H+L) |3 Zymed Laboratories £,

THP-1 Mifidix ATCC tEBREA LTz, & Ot ORI B O Rk ih 2 AV 2,

B2 AfaREE

X 10%FEM@) (L FCS, 100 units/mL 2=V >, 0.1mg/mL A h L7 h~A
U % E T RPMIL640 % VT, 37°C, 5% CO, 54 T ChiaE L7=, THP-1 #ifig
% 3.5 cmdish (2 2.0 x 10° cells/dish & 72 % X 9 1Z##& L 7=# . 100 nM TPA % ¥%/IN
L. 37°C. 5% CO, S T I THlifln & pfb S B 7z, btz Mila A& < H Y | PBS
T L72th. M RNA OHI, 7 —% A NA RN — V=R Z o TavyT g
> 7 &AT o 12, PKC BLEHI T & 5 GF109203X 33 L O MAPK [HEA T & 5 U0126,

PD98059 /% TPA ZLEE D 30 43 Az, F£72. mRNA Gk EAITH S ActD B L O
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NOX [HEHI T3 % apocynin I% TPA LLELD 1 BERIFTIZERMN L 7=,

# 31 RT-PCR

THP-1 #fifid & 3.5 cm dish (Z#EFE L 7212 56 2 BHIC R4 515 CTHlla 2 Juef L 7=,
% RNA O 13 1 mL TRIZoI®iA 3 Z W THT - 7=, FliH L7-# RNA 4 pg % M
VT, 200 units M-MLV ##iz 5f#3% . 5 units RNase FLZE#]. 10 mM dithiothreitol
(DTT). 0.6 pg 7> # L7 T4 ~—, 0.5mMANTP & &Te 20 uL O SRS T,
37°C, 1WA > F 2~— K LT cDNA Z{ERL L 7=,

EC-SOD i&{mx+ D HgiEIL EFE o cDNA 1 uL % v T, 0.4 mM dNTP, 12 pmol
v AT T A ~—_12pmol 7 T AT T A <—_ 0.4 unit KOD Fx polymerase
ZE1e 20 ub ORI, 94°C T2 434 v F aX— k L7, Table 3 |Z/”7
T PCR S EAT -T2,

EC-SOD LIA DA+ D iEE % EFE o ¢cDNAL puL % T, 0.2 mM dNTP, 10
pmol Z> A7 J 4 ~<—_ 10 pmol 7> F &L A7 F A ~—_ 0.63 unit Taq
polymerase % & ¢ 25 pL O, 94°C T 2 43R A > % = ~_X— h L7=1%. Table
3R TR CPCR BUGEI TS T2,

PCREMIX, =F Y vL7u~vA REMAT2% WN) 7 Hr—RA7 L TER

PkE) L 7%, Multi Gauge (Fuji Film) % W CHEARIT 21T - 72,



Table 3 The conditions of amplification of each gene.

Genes Sequence (5'to 3) Cycles | Annealing (s) | Elongation (s)
i CAAGAGATGGCCACGGCTGCT
Bactin  [ooc PIME 18 | 60°c(30) | 72°C (30)
antisense primer |TCCTTCTGCATCCTGTCGGCA
i AGAAAGCTCTCTTGGAGGAG
EC-sop  [STeePIImer 35 | e0°Cc(30) | 68°C(60)
antisense primer |ACCGCGAAGTTGCCGAAGTC
i GCGACGAAGGCCGTGTGCGTG
Cu,zn-sop [SES€ PIIMe 2 | 60°c(40) | 72°C (60)
antisense primer |TGTGCGGCCAATGATGCAATG
i CGACCTGCCCTACGACTACGG
Mn-soD 20028 PIIMeT 22 | e0°c(40) | 72°C (60)
antisense primer |CAAGCCAACCCCAACCTGAGC
i CCCCCAGGTCACCTTCTCCG
CD11p  |>ensepnmer 32 | 60°c(60) | 72°C (60)
antisense primer |GCTCTGTCGGGAAGGAGCCG
i CGAGGACCTAAAGATAACCGGC
cpl4  peeepnme 28 | 60°C(60) | 72°C (60)
antisense primer |GTTGCAGCTGAGATCGAGCAC
i TGCCTCTCCAGTTGAAAACCC
CpD3s  [Tepnmer 25 | e0cc(e0) | 72°C (60)
antisense primer |GCAACAAACATCACCACACCA
i GGAGTTTCAAGATGCGTGGAACTA
Nox2  [PErsepnmer 25 | 60°C(30) | 72°C (30)
antisense primer | GCCAGACTCAGAGTTGGAGATGCT
i CTCAGCGGAATCAATCAGCTGTG
NOX4  [SENsEPrIMmer 25 | 60°Cc(30) | 72°C (30)
antisense primer [AGAGGAACACGACAATCAGCCTTAG

WA UTRETuyT vl

THP-1 Al 2 5 2 THIC /R 3 FECRBL L 7%, Sk L7z PBS & WGl %
Peig L7z, MAPK O HIZIZ, 1 mM EDTA, 1 mM EGTA, 1% (w/v) Triron X-100
%G e 20 mM Tris-HCI pH 7.4 (lysis buffer A) % N THINE 2 AIEsAl L 13040
(10,000 x g, 54%) %, &F oz EiEa Az, U Bk PKC 38 KU pd7™"™ o
H1ZiE, 2 mM EDTA, 10 mM EGTA, 100 pg/ml 2% k= % & ¢e 20 mM Tris-HCI
pH 7.5 (lysis buffer B) % MV CHllMR A ¥ L 7= 12008 (12,000 x g.543) L.
Bonz BiEA2EI L, fEmE S & LW, £720 iYW & 1% (wiv) Triton
X-100 % & ¢e lysis buffer B H1 B & e flbe L 7= %% 12040 B (12,000 x g.547) L.
Boniz EEERIR L, MRS E L CHW., ZRENOEETE LN
iR (¥ > 37 BE & 20 ug) % 2% SDS. 10% 7' VU o —/L 50 mM DTT,
0.01% bromophenol blue % & #e 62.5 mM Tris-HCI buffer pH 6.8 & JEF1 L 5 /54
WL, 10%H L<1E12% (Wiv) SDS R Y 77 U L7 2 RESKIKENCHBkEL .
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PVDF A>T 7T 0y T 47 Lic, A7 7 % 1% BSA # 5T PBS T 1
i~ 1w &% > 7 L7=1%. anti-phospho-PKC antibody (Cell Signaling. Cat. # 9371).
anti-phospho-MAPK/ERK kinase 1/2 (MEK1/2) antibody (Cell Signaling, Cat. # 9121),
aniti-phospho-extracellular-regulated protein kinase 1/2 (ERK1/2) antibody (Cell
Signaling. Cat. # 9106) = 7= /% anti-p47°"™ antibody (Millipore. Cat. # 07-001) (\ 3
Nt 1,000 FAR) & AT T % 4°C TG 3872, £D%k. 0.1%
Tween 20 % & ¢ PBS (PBST) T 3 [FIYEH L7-1%. biotin-conjugated goat anti-rabbit
or -mouse 1gG (H+L) (1,000 {E#7 ) & AL 7 7 o 2=RET 1 G S8z, £
D%, PBST T3 EIEMH LIk, A7 7 % ABC 3K (5,000 54 ) <, =
BT 30 /3G S8 7z, FEL 87 OfHIE, SuperSignal® West Pico % U 7=
{BSFEIEIENT THT o T, IR OfFHTIE, Multi Gauge V3.0 % H W\ THT 5 72, Actin,
MEK1/2, ERK12 O, A7 T 0D 7Fa—T%1To%, ZhEh
anti-actin antibody (Millipore, Cat. # MAB1501). anti-MEK1/2 antibody (Cell
Signaling, Cat. #9122). anti-ERK1/2 antibody (Cell Signaling, Cat. # 4695) (\\ 9 4L

t, 1,000 fE#R) & W CRIERIZIT - 72,

#H5IE MAN ROS DEABDHEIE

THP-1 #fia % 55 2 THIZ R 735 TR L 7=, 37°C IZ/INE L 7= PBS CHifid %
Yevg L=, =0k, #il% 10 uM carboxy-H,DCFDA % & ¢ 1% paraformaldehyde
(PFA)-PBS T 37°C. 5% CO, 5 NI\ T 20 sy fIALEL L 7=, ki L7= PBS
C 3 [AYEY L. 1% PFA-PBS |Z F-EE) L 7=, B0 EE 1 X FACScan (Becton Dickinson

1) & W CHEIE Lz, fi##ri%. BD CellQuest Pro Software % A T47 - 7=,

# 61 CDI1lb B XU CD14 OREEDHIE
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THP-1 Alifa A 55 2 B~ 595 T L 7=, 37°C SNl L7z PBS Tififa 2 ¥t
& L7-, D%, % CD11b-PE antibody (BD Biosciences, Cat. # 555388) ¥ 7-
I% CD14-FITC antibody (Miltenyi Biotec, Cat. # 130-080-701) % & ir 1% PFA-PBS
T 37°C, 5% CO, 5 I T 20 43 [MALEL L 7%, Ok L7= PBS C 3 [AIai
L. 1% PFA-PBS |Z fJ¥& L 7=, =265 1% FACScan (Becton Dickinson 1) % H

WTCHIE L7, fi#8T1Z. BD CellQuest Pro Software % FiVTHT - 7=,

BTH REFERNT
F—Z%, FNENOERE 3EPMSL L TITV, P + BEEREEE LTHEL
=, T — X fEHTIE. ANOVA I3 X O Bonferroni test (2 C{TV), p<0.05 TH D4

(CHFIFRICHE TH S LI LTz,

12



BIE FR

FIE TPALEIZE D THP-1MED~I 07 7 —V~DsrbiEE

THP-1 AR TPA LERIC L W ~ 7 v 7 7 — URRHIIRIC b3 5 Z L B E b
TEY, M boET LV E L THIILTUWA[38], Cluster of differentiation
(CD) 77U —7T&% CD1lb, CD14, CD36 |Z~ 7/ 17 7 —I ~Difb~—7
—LLTHMLATEY, 26 CD 77 X U — ORI KOBPEIXHERN G~ 7
077 = ~OEOFMEICA M TH D, £ 2T, THP-1 M3k Z 5F A3
%7281, TPA ALEE 24 F§fii#% > CD11b, CD14, CD36 ® mRNA %84 RT-PCR
/%, CD1lb, CD14 # v R RBlE&AZ 7 —H A M A M) —Z HWTHIE LTz,
EFRETIZ CD 77 IV —OFBEUXT L A LRO LN h o Ton, TPA MLH
12 XV ALHEE R RIS mRNA SEE AR L 72 (Fig. 1A), & 52, CD11b B k&
N CD14 O F LR 7 FEH L%, TPA ALH 24 B ICABEICH K LT (Fig.
1B), LA EOFER S TPAMLELZ LV THP-1 fllfidiz~ 2 v 7 7 — UERfia ~%
fELTWa &2 6T,

>

=
o

CD11b CD14 CD36
20 10

k 3k %k 3k

(0]
o

o
o

MRNA (fold)

o

0 6 12 24(hr 0 6 12 24 (hr) 0 6 12 24(hn



B CD11b CD14

120 160 200
1
160 200

O Ct
: B TPA

120
il

Counts
SIEI

Counts
20

107 10! 102 10? 104 107 101 102 w? qd

PE FITC

* %k

PE
Fluorescense (fold)
H
FITC
Fluorescense (fold)
[N

o
o

Ct TPA Ct TPA

Fig. 1 Expression of CD families mRNA and protein during monocytic differentiation.
(A) THP-1 cells were treated with 100 nM TPA for the indicated time. After the cells
had been treated, RT-PCR was carried out. RT-PCR data were normalized using p-actin
levels (** p<0.01 vs. untreated cells). (B) The cells were treated with (closed histogram
and column) or without (open histogram and column) 100 nM TPA for 24 h. After the
cells had been treated, the expression levels of CD11b and CD14 were measured by
flow cytometry (**p<0.01 vs untreated cells (Ct)).
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2 HLBRITRITS SOD 74 VA ADORBEES

ZHETIZ, FH DI THP-1 Hifid & FAE O HECR MUK TdH 2 U937 Mo
TPAFHEMED~ 7 1 7 7 — T ~DO5LifRIZ BT, & SOD FBL & i 4 5
F5Z EERELTWA[L9], & 2 TAE], THP-1Hilao s kiafeiz ki) 5 SOD
TA Y YPA LDOFRBOER) Z RT-PCR 1£4 VW CTHIE L7z, EC-SOD DI BLUIE
HIREETIXIZ LA ERBD B0 723, TPA AR X 0 3 U < AAERRFRMK AT
HICEE R L7= (Fig. 2A), — 7 C. Cu,Zn-SOD D FEBLIHERMKIFRICIR T L,
Mn-SOD DFEHLIT 12 IRefi] & & — 7 I —@ P K L7223 & O A BE)iE X EC-SOD
2N E o2 (Fig. 2A), S 512, mRNA Gk EAITH 5 ActD (2 THikg
EFAMLEET 5 2 L2 X0, TPA ALHLIC 1 % EC-SOD mRNA OFEHLIE KIZAEIC
Pl & =72, EC-SOD F B T IT mRNA OARRHEICEEINT 5 LB 2 b

7- (Fig. 2B).
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>

EC-SOD Cu,Zn-SOD Mn-SOD
60 *x% 1.5 2 ok
=) *% *%
o 1.5
240 1 xx .
= *% 1
x
EZO 0.5 0.5
! ===

0 6 12 24 (hr)

B

0 6 12 24(r) 0 6 12 24 (hn
15

*
0
5
T s

*
TPA — +
Actb — —

EC-SOD
MRNA (fold)
[EEN

#

+ —_
+ +
Fig. 2 Expression of SODs mRNA during monocytic differentiation. (A) THP-1 cells
were treated with 100 nM TPA for the indicated time. (B) THP-1 cells were pretreated
with (+) or without (-) 0.1 pg/mL actinomycin D (ActD) for 1 h, and then the cells were
treated with (+) or without (-) 100 nM TPA for 24 h. After the cells had been treated,
RT-PCR was carried out. RT-PCR data were normalized using B-actin levels (**p<0.01

vs. untreated cells (A) or vehicle (B), #p<0.05 vs. TPA-treated cells).
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% 3IH TPAMLHEIZ L3 EC-SOD EHMA~D PKC DL

TPANPKC DT 77 F_X—H—L L THILILTWD Z & 5[37]. RIZ.EC-SOD
FEBLTHEIZ BT 5 PKC OB G- ZFt L7z, PKC IXEFIRE FIZHB W T Vb
SR CHIEICAEL TR0 | MIRBEICBITT 2 2 & TIEM(L L. MAPK
72 E ORI S 7T IRZEDIEMALIC KR E S BAET 2 Z L3 Mmbn TV 5[19],
FIOIZ, TPA LIERIZ % PKC DIEFMALARFT 272D, v=xZ Ty |k
2T PKC OERAT 2 it Lz, THP-L iz TPAIC TR L= 2 A, U
f2fb PKC DIFEEITNEED H vz (Fig. 3A), RIZ, TPA ALFRIZ X % EC-SOD %31
R ~D PKC OBE- %2 L7=, PKC OBELEH] GF109203X (GF) (2 CHliE % i
PR % Z L2 X b, TPAALPRIZ X 5 EC-SOD mRNA OFBUE RN 2 b —
LUV E THEICIE &N (Fig. 3B), S 52, Mb~—A—T&® 5 CD11b
MRNA ORBUER G [FEICH BEICIS S 72 (Fig. 3B), LA EOREFE2 G, TPA
RLPRIZ X % EC-SOD mRNA FEEIE K ~D PKC DR G- 3580 biiz,
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A B EC- SOD CDllb

Ct TPA = 0
C M C M S 2
WY R <
PPKC | s — 2 L
] — — X
AACTIN | S—— =
— _
TPA — — +
GF — — - -

Fig. 3 Involvement of PKC in the TPA-triggered induction of EC-SOD. (A) THP-1 cells
were treated with or without 100 nM TPA for 10 min. After the cells had been treated,
the membrane translocation of phosphorylated PKC (pPKC) was determined by
Western blotting (C: cytosolic fruction, M: membrane fraction). (B) The cells were
pretreated with (+) or without (-) 5 uM GF109203X (GF) for 30 min, and then treated
with (+) or without (-) 100 nM TPA for 24 h. After the cells had been treated, RT-PCR
was carried out. RT-PCR data were normalized using B-actin levels (**p<0.01 vs.
vehicle, ##p<0.01 vs. TPA-treated cells).



HA4TH TPALEIZ X % EC-SOD FEHMKR~D MEK1/2 8 X WNERK1/2 DRI
FEH OIILIAT, HECRMIE, FiEmMini X O IRME REMIIC TS
EC-SOD & Hi i HitkiE ~D MAPK DB 5% 4 L TV 5[19,39,40], & Z TRIZ,
TPA ALPRIZ 1. % EC-SOD F B KIZXx T 5 MAPK OG- Z#Ef L7z, £3T410
2. TPALFEIZ L5 MAPK DIEMHbE T =22 7 m T ¢ U ZIEICTRET L
7o, MEKL/2 38 L OVERKL2 D U b 358 vz (Fig. 4A), —J7. TPA
JLEEIZ X % c-Jun N-terminal kinase (JINK) 35 2 OF p38-MAPK @D U U ER{LIZER®D &
L7272 (data not shown), 712, TPA ZLEEIZ L % EC-SOD ZEiH K~ MAPK
DG ZZh 6 OREAIZ AW TRE Lo, MEK BREAITH S U0126 38 LY
PD98059 (= THifd Z HIALEE L7 & Z A, TPA KLHIZ L % EC-SOD mRNA FEHiH
Rpay br—LLb~LE THEICIH Sz (Fig 4B). S 612, ofb~—7
—Td % CD1lb mRNA OFBIHIK & kR ICA B ISl &7z (Fig. 4B), KIZ,
ERK1/2 OIEMAL~D PKC OG- ZMEIT 5720, VAL Ty T 407
E4T- 7=, PKC BHEHI GF109203X, MEK HEF] U0126 35 X 1 PD98059 (= T#l
JUZHiLEE 35 Z L1k, TPA #EME ERKL2 O U U ERLAMIH] S 7= (Fig.
4C), LI EDOFER MG, TPA ALFIZ L% EC-SOD mRNA ZEEiHIK~D PKC,

MEK1/2 3 X IXNERKL/2 DR 5N -,
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Fig. 4 Involvement of MAPK in the TPA-triggered induction of EC-SOD. (A) THP-1
cells were treated with (+) or without (-) 100 nM TPA for the indicated time. After the
cells had been treated, phosphorylated and total MEK1/2 and ERK1/2 levels were
determined by Western blotting. (B) The cells were pretreated with or without 5 uM
U0126 (U) or 50 uM PD98059 (PD) for 30 min, and then treated with (+) or without (-)
100 nM TPA for 24 h. After the cells had been treated, RT-PCR was carried out.
RT-PCR data were normalized using B-actin levels (** p<0.01 vs. vehicle, ## p<0.01 vs.
TPA-treated cells). (C) The cells were pretreated with or without 5 uM GF109203X
(GF), 5 uM U0126 (U) or 50 uM PD98059 (PD) for 30 min, and then treated with (+)
or without (-) 100 nM TPA for 15 min. After the cells had been treated, phosphorylated

and total ERK1/2 levels were determined by Western blotting.
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F5IH TPALHEIZ K% EC-SOD FEHIHR~D NOX2 HX ROS DR 5
HIROD~ 707 7 =V ~ORRICBWN T, A—/"—FF T ROEAR
Ho0, DEFENBERT 5 Z L NEI BN TV 5H[41,42], F Z TWIT, #MIEA ROS 7
HrET7a—H A4 b A MY —ICTHE L7z, THP-1 #ifiZ TPA IZ CHLEET 5 Z &
[2& 0. 24 B ICHIIAAN ROS PEA D TTHEN RS H iz (Fig. 5A), TPA ALFE
(2 X % ROS FEATLHEIZ, NOX DIEHELNBE G425 Z L nmbnTnd, £Z T
WIZ, TPA ALERIZ 11 % NOX2 mRNA 35 TN NOX4 mRNA O FBIA B & Mt L7z
& 25, NOX2 mRNA DFEBLUTH IR UL FRIICA BITHE KR L7223, NOX4
MRNA ZHL L~V DOZEENIFRD LV hro 7= (Fig. 5B), L7235 T, TPA ALB
(2 &% ROS FEAEIZ NOX2 23535 Z & ARIE S uiz, NOX2 OifPEIzix
HIE S AFAET D pa0P"*, pa7P"* 35 L I8 p6 7" DIERATAME TH 0 | HiIka
(ZIEET D NOX2 DARIRTd % gpal 73 p22P'™ L AR & U T 5 2 LIk v ig
MibEI, BENPOA—N—FF L RZEAT DL ENMHLN TN S[42,43],
pATP" |3 T OIREETIL NOX2 ~DFEAENIA~ 27 SPTWDHS, U ik
BIZ L > TEDOREBENL N T 5 Z & T NOX2 IZfEA L, £ OIRE(LIZH S
LTW5, #ZTRIC, TPA MR L5 pdT"* D ITE2 = A X 7 ay b
FAZ TP LTS R. RO OEBATRFE O b7 (Fig. 5C), —J . MEK/ERK
FHEEHITd % U0126 35 L Tf PD98059 |2 CHIME A HIALER T2 = L2 L 0 . pd7Ph™
DOFERBATRIE S 7z, WIZ, MEK1/2, ERK1/2 & NOX2 & D BEfRMEZ B &2
29 B 72, NOX2 iEM: L EHITdH 5 apocynin (Apo) DORTALFRIC X 5 ERK1/2 D
B fbE V=22 7wy MECTHRE Lz, LaL, THP-1 fifldZ Apo (2T
RITALER L C %  TPA RLERIZ & % ERK1/2 DV U Rk i3dmi & u7e2s» 7= (Fig. 5D),
T DORERD D, TPARELZ X 5 NOX2 DiEMALIE, MEK1/2 3 X OVERK1/2 OF
MCEEDZ PRI NT, £ I TRIZ, MIdA ROS FEA~D MEKL/2,
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ERK1/2 3 L U'NOX2 OB h-# 7 m—H4 A h X U —{Z TS L7, THP-1 #ilfd
% MEK/ERK [ 34 U0126 5 X OYNOX2 BHZE A Apo (Z CRIMLEE T 5 Z iz kv |
TPA ALEEIZ X A IR ROS FEAEDN A EISHNH S v7- (Fig. 5E), £7-. KIT TPA
JUERIZ X % EC-SOD FEHIHE K~ NOX2 D5 % RT-PCR IEICTHFT LT,

THP-1 il % Apo |2 CRILEEG 2 Z L2k v, TPA ALFLIZ X % EC-SOD J¢HitH
Rz hua— )L L~YLE THEWICHN &z (Fig. 5F), L EDOFERG | TPA
RLPRIZ K % EC-SOD FEHIHE KIZ NOX2 iE Ak IZ & 5 ROS FEAE N 545 Z &7

ANV/3Y (Wi
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Fig. 5 Involvement of intracellular ROS in TPA-triggered induction of EC-SOD. (A)
THP-1 cells were treated with or without 100 nM TPA for the indicated time. After the
cells had been treated, intracellular ROS accumulation was measured by flow cytometry
(**p<0.01 vs. untreated cells). (B) The cells were treated with 100 nM TPA for the
indicated time. After the cells had been treated, NOX2 and NOX4 expression was
measured by RT-PCR. RT-PCR data were normalized using B-actin levels (**p<0.01 vs.
vehicle). (C) The cells were pretreated with or without (-) 5 uM U0126 (U) or 50 uM
PD98059 (PD) for 30 min and then treated with (+) or without (-) 100 nM TPA for 12 h.
After the cells had been treated, the membrane translocation of p47""* was determined
by Western blotting (membrane fraction). (D) The cells were pretreated with (+) or
without (-) 400 uM apocynin (Apo) for 1 h and then treated with (+) or without (-) 100
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nM TPA for 15 min. After the cells had been treated, phosphorylated and total ERK1/2
levels were determined by Western blotting. (E) The cells were pretreated with (+) or
without (-) 400 uM apocynin (Apo) for 1 h or 5 uM U0126 (U) for 30 min and then
treated with (+) or without (-) 100 nM TPA for 24 h. After the cells had been treated,
intracellular ROS accumulation was measured by flow cytometry (**p<0.01 vs.
untreated cells, ##p<0.01 vs. TPA-treated cells). (F) The cells were pretreated with (+)
or without (-) 400 uM apocynin (Apo) for 1 h and then treated with (+) or without (-)
100 nM TPA for 24 h. After the cells had been treated, RT-PCR was then carried out.
RT-PCR data were normalized using B-actin levels (**p<0.01 vs. untreated cells,
##p<0.01 TPA-treated cells).
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BAE B

HERDO~ 717 7 =V ~Oopfbid, BREAVED IR bivd 7 rt R
TH Y., BREIED TRHIZAIT AT NE R E L O EER 28D TN D
[43], THP-1, U937 5 L TN HL60 72 & D HEK R MAaRK I, TPA., all-trans-retinoic acid
(ATRA) F7-1% 1,25-dihydroxyvitamin D3 {2k -~ T~27 v 77> —I20fbT5 2
EMH LTV DH[38,41), HEKR~7 v 77—k T DR8N T, CD
77 IV —ORB LV RERT D E L BT, FEMR S EEME~DE
FALDTRD B AL D AT TH  THP-L M~ TPALLEEIZ L ¥  CD11b,
CD14 BXO'CD36 RHNF LA LTEY (Fig. 1), ¥~/ 77— ~D%
{2358 54172 [19,44-46],

EC-SOD %, M RIAFET HEFE/RSOD 7 A VA LDO—DTHY, A—
N RRORIEMES A b I A > OBFPEE IS L AR I < = &
T, PIRIE - FLEREE(LIER 2773 2 E A LT 5 [47-49],  IIE RARAE D
TEHHEAERF I3 T, EC-SOD N HEERZF 2RI O 5T, BB IO
v~/ R7y—UIZBIT 5 EC-SOD RHLI L O OFMEIHEMIXIZ L A CHmbT
WRVY, HBFEE TR, BHECRHIIEK TH D U937 Ml D/ (kiR IC U T,
EC-SOD #HME T2 Z & 285 L TV DA, THP-1 i o /Ll fe c &AL
T3 TR X TRy, REECIE, THP-1 Milia o /bl fE iz 350 T, EC-SOD
BENEFELIHERT LI L, TOEBEWRNTBEGE L~V THIEI S TnDs Z L
ZH ST L (Fig. 2), —7. Cu,Zn-SOD 35 L T Mn-SOD D3 Hix, U937 #
faDgA L REEDZE 2R Lz (Fig.2), 2 HORER LY HERO LBz
BT, MaFEAIC EC-SOD ORILNHIE SN TWD Z & BRI T,
EC-SOD ¥ F#%iE X, EC-SOD 7 1 & — & —fflfk~D Spl 35 L T8 Sp3 DfEA T
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KOHIE S NS Z &ERHE S TWBH[E0], L7zA3-> T TPALLEEZ X 5 EC-SOD
FEHKIZITEE TR 05 ZE 2 biIvd,

HRNVR— VT ATV THDH TPAIL, PKCOT 7 F_X—F—L LTHLILTE
D [37]. MAPK =° NF-kB 72 & D Fifi D 7 F L & &AL SH 5 [51], 2460
TH FFIZ MEKL/2 3 L OVERKLR R 1T 0 Ic K& S BAE L T b, £,
T2 OAIFIZ I T, EC-SOD D FHLD MAPK IZ X W filffl 415 Z & 3t S
N TV 5[19,40,52-54], AAFFEIZIBVT, TPA MLEE L 72354 PKC OIFEBITIC XL
DIGMEAL AR H AL, PKC FLEAITH 5 GF109203X OEAELZ L Y | TPA #iH
P EC-SOD FEBLUE KA S D Z LB LT~ 7= (Fig. 3), TPA ALBHIZ X
V. Ras OFE Y VLR FESND Z ENHMOBNTEY, PKC O FHICFEET
% c-Raf 73, TPA THE SN AN Y 7 F 20 L CliG R ZHIE 2 &
EZ BN TWA[B5], FEESIZ, TPA ALFIZ L% ERKL2 @ U ki PKC 23R
53252 L E2MERLTEY (Fig. 4C). PKC, MEK1/2 38 X OVERK1/2 D 7 )v
MEHEILEND EEZBND, —TT, WMEITER LIRS L7z U937 MilaTo
EC-SOD ¥z k15 5 NF-«B @B 5-13[19], THP-1 Ml D /3 bidFR I 5\ TIEER
» B> 7= (data not shown),

NOX2 [T, HERB L O~/ r 7 7 —VIZE LS BB L TWAHIEX VXV BETH D |
RN A—NN—F X REFEATHZ LIZLY, HESCTA VAR ENGE
KEBHEI LTV 5 [6657], —H T, A— 3—FF L RROMWEELAZE & Ol
N ROS FEAZMIGIT 2 Z LI2 kY, HERRMKO~ 7 v 77— ~D b
rmFx =82 OFEBIE S D T L RHE ST\ S[58], AW
TIE, PKC, MEKZ1/2 3 L OV ERK1/2 &8 % /1 L 7= NOX2 DIEMEAL 2 B 5 7>
7= (Fig. 5), & 5|2, PKC., MEK1/2, ERK1/2 X" NOX2 H3k ROS 73, TPA

JLERIZ X% EC-SOD FELFEICE 5425 Z &2 6 L (Fig.5), LAk, K
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WFEDfE R A2 F L 0D & THP-1 fllfino TPA ALELIZ X 5 EC-SOD J&HH KX,
Fig. 6 IC T V7 T IMBIEENTHEEZ 2 LND,

TPA

PKC |—— GF109203X

U0126
v MEK1/2 = pnggsg
another
pathway? ERK1/2

NOX?2 }— apocynin

ROS

EC-SOD

Fig. 6 Hypothesis of the mechanism of TPA-triggered EC-SOD induction. EC-SOD is
induced during monocytic differentiation through PKC, MEK1/2, ERK1/2 and
NOX2-derived ROS.

AMFFETIE, EFAIRAE T EC-SOD FHMFE & A 7B LAV THP-1 flifa (B
NHSEHMIE) DLl 3s1F 5 EC-SOD FBLREME 2 figi] L 7=, [ UH
B R AL Cd D U937 Ml (1 7% /L) Tix, EHIRAET EC-SOD @
FEERRD B, TOEWOHEO 22, HIHREC/OL DOFHEDE WA E 2
bND, E7o. FExRBRERTN, DNADAF IR EDOT Y 2 XT 4 v 7
IRHERE A L C, MR A TS Z EHE SN TRV [E9], Y = X T
4 v 7 72 DNA Efifli x# DIRREOFIEICE 532 Z L BMbnTnd, FE D
(X9 TIZ, THP-1 M3 L OV U937 Mifidiz s\ T, EHKAED EC-SOD F Bl —
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Y23 T 4 7 ADHIEEZITTND Z L EHE L TEBYI60], 4. EC-SOD
RHEFIEHEE L L Ty =327 0 7 AHIENCE B LWF2EiE, ShREE(LIE
TRHE R X ONRESRIERICHT TOFH LG 0Lk b B2 b5,
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¥ 2HE EMERRMEEEAEIIOT7Z7—T0 oxLDL BREICK S
EC-SOD L NILDER) & £ DA S

HIE S

ABRY w7 v Rur—aE, NIRRT 2 ol & U CmifbE, TR
R, miELZEE L THTL2WETH Y, BIRE(LIEREORTBRER & S
NTW5D, BIIREELIEASEIT T2 &, M DOIRERZRD S, K&

IZ &0 HEES DI EN S EREZ SNDERERH D, v/ v 77y —UF
JRREIZ DT R TOAT —VIZBb o> TR Y | LI b QNS B REELIE
DIEIE 2 (et STV 5 [61], LDL OHRIRLP~D LV JA Z-  TENAREEAVSE DFEIE 2
KELBEHb-oTHY, BRIV CTEA S 4L7z LDL 338 HiL5H[3], *F
12, OXLDL [FA IR v — 75K (scavenger receptors, SRs) (Zifik 4L, ~
77y — VIR EVIAEND Z ENMHLNTWS Z E2v5[1,2], oxLDL

BT L DIIRACTE R 2 I3 5 2 & DS EYIRRE(LIE O RIE TR ISR D LB %
b 5[62].

Z DIFRERIE D —H OB THEA SN D ROS 23, B2 DRHEDE(L AT
—J7 TEC-SOD [ZZ D ROS Z%hHREIHETHZ LITED | WEOHEST
Z4MZ TV 5[10,11,16,47-49,63-65], #F 1 FCTiX, b NHERRMILLE THP-1 Aify
® TPA JLBRIZ L 0 | EC-SOD FELAHIR T 5 Z & 3] 53272 0 [66], HERD~
7aTy—=U~OEEOV Ry 7 ZMEFEHEMERHICRE S FE L TNDL Z &N
EZ b,

T, EC-SOD BN, TV ¥V Rr 7 4 7 Al 22T T\WD Z ERME S

29



TV 5[60,67,68], —E Y =T 17 A &L, DNA EREESIOZAL % LD /2R
KEGBIE T RBGIFEIOE 2 7 TH Y, DNA O X F AL B A R ASHIZ K] S
. B fOIEEZEEZITAICHBEIL TW5, £/2. 5K+ TH D Spl/Sp3
3, EC-SOD Dz 7 v & — & —FANCHHAAEM T 5 Z LI k0. T ORI A
T2 Z &b HEINTVD[B0,69], ZD X I, ZNHDRFIZ KD EE 5
B L~ TOHIE A B AR E O ERIBREIZB W T HRBO b0 ER S
T3,

fam Tk ~7-23, EC-SOD [I#fust® ROS Z{HETHZ Licky, mERL
K 7 ZOEFEHHERF @I\ T 0 [22,70]. Z DOFRELOAF ) in vivo (2T,
EREE LR OTE I EE KE L TWnD, £7-2. EC-SOD DOFELAS LDL Ozl
FO&zIEd 5 Z LN SN TV AH[71], OXLDL OBV ARIZ L D~r a7
7 — Y OIEKRIE, NOX JEHEALIZ LB A — 38— % RO bkFER &0
ROS O ZTUE S, LA M L AIZxT |2 S EDH 2 L1280,
EREEACIE D B 72 5 AL Z N T WD, L7eno T, WBEREBRICKIT D
EC-SOD OFELZ B H 2T 5 2 &%, BIREEALIE DIEIE A T = X L DRI 72 5

(ZENRIEAVIE OB T BIEE DTN THN D LB B D,

Z 2T, AWFZETIE, BHEKHR~ 7 07 7 — 2 Djaik{k & EC-SOD DIEHIZE
B OBEMEEZA O NCT D0, v 7 a7 7y —U A~ oxLDL BtV iA#IZ LD
TAIRILIEFE 23 1F 5 EC-SOD 3 BIZA®) 2 it L7,
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B2 EBRMER UL

F1E RAE

Lipofectamine® 3000, Lipofectamine® RNAIMAX [ Invitrogen #£. Oil Red O I%
Sigma-Aldrich £, 84k VU 7 A (NaBr) (% Nacalai tesque £, B3> o=
(bicinchoninic acid, BCA) % Thermo fisher scientific #:, 12PC 7 = — 7' |X Hitachi
Koki t. BHTIE (4 84y - 12,000~14,000) (% =Rk =44 EcoRI, ECORV
¥ L OV Hindlll 13 Boehringer Mannheim £t anti-acetyl-histone H3 rabbit polyclonal
antibody (Cat. # 06-599), anti-acetyl-histone H4 rabbit polyclonal antibody (Cat. #
06-598) % Millipore -, anti-Sp1 rabbit polyclonal antibody (Cat. # sc-59). anti-Sp3
(Cat. # sc-644) rabbit polyclonal antibody /3 Santa Cruz Biotechnology f1:, siCD36 (Cat.
# AM16708, 105940) (X ambion 22 HHEA L7z, £ DML, 5157, 52

Hi, HLEIORLTEY ., dilkOFRlkin 2 v,

B2 AfaREE

1, E 2. 2 TRTHIET THP-L MlEOR R 24T - 7=, THP-1
14 3.5 cm dish (= 2.0 x 10° cells/dish & 72 % J 9 \2#K#E L 7-#%. 100 nM TPA (2T
Hif % 37°C, 5% CO, 5ft 7 C 24 REFALEE L, fifaz ok S ¥ 7=, %D PBS
T2 [\ L, 100 pg/mL oxLDL (27T 24, 48 F7-1% 72 KBt ¢ L < 1% 100
ug/mL native LDL (Z°C 72 IRpfEJALER U7, AR Z R & H D . PBS T L 7%,
W RNA O, Vo2& T avT 47 %F7F -7, mRNA G LERITH 5

ActD X oxLDL & [AIFRFlCEsin L 7=,

% 3T LDL ®4yHE & oxLDL DR
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b MEEE N X VK 50mL DI A BRE L, 4~5 R =R ChE L 72t . =059
B (3,000 rpm, 15 min) % 2 [AIfTV M 25 mL D i (B 1.006 g/mL) Z457=,
% 12PC F = — 7124 45 mL 37 (44) L.LDL D (FE 1.019 ~ 1.063
g/mL) &7¢5 8K 512 NaBr TR L7-lbER A(1.032 g/mL) #EENZ 28L&
OmL & L7z, ZD%, 4°C 54T Tl LB (45,000 rpm, 24 h) #17\, E
JBoxnuI s arBXOBEREEY Ry 878 (VLDL) 45 mL ZrE L7,
SlEfix, LLEW B (1.107 g/mL) =&z, FE 4°C &I T Ol LBk
(45,000 rpm, 24 h) Z17V>, LDL (k{E) 0 L7, 55472 LDL >5 NaBr
ZFr< 72, LDL @ 100 {5 &£ ™ PBS (Zxf Li#T (4°C, 24h) % 3 [alfT-7=, =
Z T BT LDL % native LDL (nLDL) & L., BCAIEIZTH U/ BE@mEITH
776

LDL (% 100 pg/mL @ % > 237 #E2, Cu?HiE 10 uM & 72 % X 512 PBS (2Tl
U RIEM L, 37°C RIF T TAREA > F 2_X— 95 Z & ToxLDL Z{FH
L7z, T D% Cu 2 R< 7202, EDTA %2 03 mM & 725 X 912l A 72, oxLDL

DK XY B A BCAEIZTHIE LT,

# 41H Oil Red O Y1t

TPA #55ME THP-1 filai>k~ 7 v 7 7 — % nLDL %7213 oxLDL 100 pg/mL
(2T 37°C. 5% CO, Sefff T CHLEL L 7=1% ., PBS T L. 10% PFA (2T 10 43 f#]
Aifia 2 [E & L7z, Oil Red O T 20 /rfHIgLta 21T - 7z, MIAAN~DIEE DY A

FRTIC BB TBLES LT,

BW5IE MENzZ L 2T o— L HIE

AN = U A7 m—/UffiiLX, EnzyChromTM AF Cholesterol Assay Kit (BioAssay

32



Systems, Cat. # E2CH-100) # HWNTHIlE L7z, TPA #5384 THP-1 Mifladi sk~ 7
17 7 — % oxLDL 100 pg/mL (Z THLEE L, PBS T4, PBS 100 pL & Fi%
WL, BRI (Vibra Cell™ VC100) % FHVNTHI 2k L (amplitude 30,
1.5 s, 3[a]), /O0508E (14,000 rpm, 10 min) #%. EEEEIRLS 7L L,

7 ks a— LIt THIE LT,

#61E RT-PCR
THP-1 i@ & 3.5 cm dish IZHEFE L 7214 55 2 LA/~ 3 5 15 CRllfa 2 LB L 7=,
DIF., B1&E, F26. F3HETRLI-IFTET cDNA OFERLE L8 Table 4 TR

F &M T PCR RS ZAT 2 T2,

Table 4 The conditions of amplification of each gene.

Genes Sequence (5'to 3') Cycles | Annealing (s) | Elongation (s)
i AGAAAGCTCTCTTGGAGGAG
EC-SOD [SreePrImer 35 | 60°C(30) | 68°C(60)
antisense primer [ACCGCGAAGTTGCCGAAGTC
i GCAGTTCTCATCCCTCTCTCAATTGGA
SR-A  [TSCRTIME 30 | 60°C(60) | 72°C (60)
antisense primer |ATTCCCATGTCCCTGTGGACTGAG
i TGCCTCTCCAGTTGAAAACCC
cD3p [ e PIMeEr 25 | 60°C(60) | 72°C (60)
antisense primer [GCAACAAACATCACCACACCA
i CCTTGCTCGGAAGCTGAATG
Lox-1 [Enseprimer 30 | 60°C(60) | 72°C (60)
antisense primer [CAGCGCCTCGGACTC
i CGAGGACCTAAAGATAACCGGC
18S rRNA [*Sree PrImer 18 | eocc@s) | 72°C (45)
antisense primer | GTTGCAGCTGAGATCGAGCAC

B7H bR MR

THP-1 flld % 3.5 cm dish (ZHEFE L, 55 2 TN 575 TRl 2 ALt L 721%
K LTz PBS Z VTR 2 P L 7o, BEV 1% . K¢ L 72 histone i1t buffer (0.15
M NaCl, 1.5 mM MgCl,, 0.65% NP-40, 10 mM NaF, 1 mM Na3VO,;, 20 mM
B-glycerophosphate, 1 mM DTT 35 X T8 1 mM PMSF % & ¢¢ 0.1 M Tris-HCI pH 7.5)

Z 100 pL ML, MifEZ B L, 10 FP[H] vortex mix 21T > 721%, 10 43 [FKMm
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L7c, S HIZ, 10 Fo[] vortex mix L7=1%., /057 HfE (12,000 rpm, 10s) Z4T70),

FiEEBRE L, RIZ, 0.2 M HS04 100 pl 2 00 L vortex mix L7-&. 10y
B (12,000 rpm, 20 min) 47572, L&, 100% kU 7 2 o FEEE 25 ul A H 5
MUBHASTe 15 mL Fa2—7IZ E{EZRML vortex mix L7, =057
(12,000 rpm, 20 min) 4T\, FiE&BRE LIz, RIS, 7 k500 b % H
LEBIEFI L Ch B DB (12,000 rpm, 5min) 2470, EIEEBRELZ, 2
LUy b &SR CREEL%. 1 x SDS buffer (2% SDS. 6% 2-mercaptoethanol 35 & O
0.01% bromophenol blue % & ¢ 0.05 M Tris-HCI pH 8.8) 100 puL Z¥#A1 L, 95°C (Z

T, 50fA Fax—hFLT,

W8I vxTREUTuyT 4V
BTHEIORTHETEONEY U FLve, B 1E, B2, H AR
JECPVDF AL 7 TNl T7ayT 4T Lic, A7 T % 1% BSA % &1 PBS
TI1Wf 7 v v %7 L7214, anti-acetyl-histone H3 rabbit polyclonal antibody %
L < I anti-acetyl-histone H4 rabbit polyclonal antibody & * > 75 % 4°C S F .
— RS ST, E D%, 0.1% Tween 20 % & ¢e PBS (PBST) T 3 [EI¥E#E L 7-14.
biotin-conjugated goat anti-rabbit IgG (H+L) & A > 7' J > 2SR T 1 REIES: LK

S STz, WIT, RIE TR BT 37 OB Z2IT o 72,

FTOH Ju~F B EERE (chromatin immunoprecipitation assay. ChlP )

THP-1 il % 5 x 10° cells/dish & 72 % & 912 9 om dish [Z#EFE L 7= %, 55 2 THIC
IRY L TR A ALEE U7z, e IR EEAS 1% & 725 K D 1T PFA Z RN L 5 4y [l
JETA ¥ a_— h Uil z [EE L7212 &R EE2Y 500 mM & 72 5 K 5127 Y

DU ETML 5 MR TA ¥ 2 _— b LT, Ml A EINGE ., =058 (1,200
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rpm, 3 min) =17V EIEZFRE L, RV T PBS (IS CHifa Z2 i Lz, & D4,

w053 EE (1,200 rpm, 3 min) AATV, [AIERIC NP-40 buffer (10 mM NaCl, 0.5%
NP-40 % & #¢ 10 mM Tris-HCI pH 8.0) 1 mL THlaZ a[is bk L7z, £ D, &=Ly
B (3,000 rpm, 3 min) 17\, EIEAEBRZE L. SDS &% buffer (1% SDS. 10 mM
EDTA % &¢e 50 mM Tris-HCI pH 8.0) 100 pL THllfn % f##% . ChIP AR buffer
(167 mM NaCl, 1.1% Triton X-100, 0.11% deoxycholic acid, 10 mM NaF, 1 mM
NagVO;. 20 mM B-glycerophosphate, 1 mM DTT, 1 mM PMSF % &¢e 50 mM
Tris-HCI pH 8.0) 400 pL Z ¥ L7z, T D%, B (Vibra Cell™ VC100)
Ze TR 2 flgA? L (amplitude 40, 12's, 6 [A]), =048 (14,000 rpm., 10 min)
#%. EiEZ BN L ChIP 78R buffer % 500 uL ¥R L 7=, M ALER L 7= DNA
FIZHOWT, 7=/ —/b-ZaaR) Vi, =% 7 — /L ik 417\, 150-800 bp
BEOREITHDLZLEZT T — AT )VEKIKENS CTHER Lo, #EiR%. 0.6
mg Dynabeads® Protein G 4 PBS 3 J UFRIPA buffer | (150 mM NaCl.1 mM EDTA.,

0.1% SDS. 0.1% deoxycholic acid. proteinase inhibitors % % %¢ 50 mM Tris-HCI pH
8.0) TWeis L7, HME B L7~ DNA A (1 x 10° cell #H4), ¥ L7-
Dynabeads® Protein G {Z%f L. 2 pg @ anti-acetyl-histone H3 rabbit polyclonal
antibody, anti-acetyl-histone H4 rabbit polyclonal antibody. anti-Sp1 rabbit polyclonal
antibody, anti-Sp3 rabbit polyclonal antibody % L < (& normal rabbit IgG polyclonal
antibody % 500 pL @ RIPA buffer | 1°C, 4°C §:fF ., —BufR#EL7=, ZD%,

RIPA buffer | 33 X O RIPA buffer Il (500 mM NaCl, 1 mM EDTA, 0.1% SDS. 0.1%
deoxycholic acid, proteinase inhibitors % & ¢» 50 mM Tris-HCI, pH 8.0). TE buffer (1
mM EDTA % &¢¢ 10 mM Tris-HCI pH 8.0) T Dynabeads® Protein G Dy 217 -
7= V&% L7~ Dynabeads® Protein G 35 & ONinput & L TR IHALER L 72 DNA (1 x

10 cell #H4) (= ChIP ¥ buffer (300 mM NaCl., 5 mM EDTA. 0.5% SDS % & e
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10 mM Tris-HCI pH 8.0) 100 pL 3 Z O"RNase A1 ug Z#shn L., 37°C & F. 30
YA ¥ a_X— R &{T o7z, % Z~proteinase K 15.3 ug ¥ L. 65°C &4
T2 A ¥ aX— N EITo 70, KA % 2X— MHIX 10 43412 vortex mix
BiToTm, TDk, 7=/ —)b - ZuaR/L i, =% 7 —WiLEEITO,

5o R % TE buffer 20 pL (2% fF L 72, & D% Table 5 127”455/ T PCR

B %47 - 72,

Table 5 The conditions of amplification of each gene.

Genes Sequence (5'to 3) Cycles | Annealing (s) | Elongation (s)

sense primer GTGGAGGCGAAGCAATTCTA
e TN P ——— ~{ 35 60°C (60) 72°C (60)
antisense primer |CTGTTAGCGCGAGTGCAGGA

EC-SOD

%10 RNAFTHZHNZCDI6D) v 7 XD

THP-1 #lfa% 3.5 cm dish (2 2 x 10° cells/dish (272 % & 5 &L L, TPA 4LEE 24
IRf [ % 12 . control & L < (£ CD36 small interfering RNA (siRNA) (sense,
5'-GGAAUCCCUGUGUAUAGAULt-3'; antisense,
5-AUCUAUACACAGGGAUUCCHtt-3") % Lipofectamine® RNAIMAX 53K % H v
ThrI7o A7y ar L, 88EHAFaX—F L7, £DO%, PBS Z W

T L. LDL B XN Act D I CTALFE L 7=,

HIUE FIRI NER

EC-SOD % 7=1% Cu,Zn-SOD &5 71Xt N4/ A DNA %85 & L C,PCR J&IC
THYME X ¥7-, EC-SOD 3'-untranslated region (3'UTR) 35 J 0% Cu,Zn-SOD 3'UTR
DO YEHRLL KOD-Fx polymerase % FHV T, EC-SOD mRNA @ 3'UTR % —#B/KHH &

H727 7 A K (EC-SOD A3'UTR) O {EHd|% KOD -Plus- Mutagenesis Kit (Toyobo.,
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Osaka, Japan, Cat. # SMK-101) % v 7z, EC-SOD 3'UTR, EC-SOD A3'UTR % 7-
IZ Cu,Zn-SOD 3'UTR @ DNA Wi J7 1% Table 6 (27”777 A ~—% A CHiIE S &
7o. EHZE4LD DNA B fid, pcDNA3.1 -~~~ % — (Promega, Madison, W1, USA)
4 EITERL L7 pcDNA FLAG vector @ EcoRI/ECORV. EcoRI/EcoRV 5 LN

EcoRl/BamHI iz 77 —=2 271, 75 A3 N&/ER LT,

Table 6 The conditions of amplification of each gene.

Genes Sequence (5'to 3) Cycles | Annealing (s) | Elongation (s)
sense TTGAATTCGGCCACCATGCTGGCGCTACTGTGTTC
EC-SOD 3UTR ; 40 60°C (30) 72°C (60)

antisense [CCGATATCACTGAATTGCTGAATTTTTA
sense TTGAATTCGGCCACCATGCTGGCGCTACTGTGTTC

EC-SOD A3'UTR - 12 60°C (30) 68°C (360)
antisense |CCGATATCCGTCTCCTCTTCGAGTTTCC
sense TTGGATCCATGGCGACGAAGGCCGTGTG

Cu,Zn-SOD 3'UTR 40 62°C (30) 72°C (60)

antisense [CCGAATTCTTATTGGGCGATCCCAATTA

#12I3H EC-SOD Y7AIRD IV RT3 ayv

THP-1 4% 3.5 cm dish 12 2.0 x 10° cells/dish & 72 5 & 5 |2 4% Ff L 7-7%.100 nM
TPA |2 T 24 IR fEJALER Ui ia 2 431k & E 7=, & D%l % PBS C 2 [H]%E¥ L FCS,
R=V VA ML T b=A &G £ RPMIL640 % V=B 504 T,
Lipofectamine® 3000 Z# W\ T2 ug D 7IAI K& hF v A7 27 a v iz,
8 FfEI 7 > A7 =7 v a Uk, PBS C2[RIBEH L, 100 ug/mL oxLDL & 100
Hg/mL ActD (2T 24 BRJALEE L 7=, # RNA Ofifitix 1 mL TRIzol® 3K 4 VT
fT>7-, cDNA ERLZ 1L, EC-SOD A3'UTR H13k mRNA f B2 77 4 ~—L L
T 5'-CAG AAC TGA GGG TAC ATG CTG CAG AGG AGAAGC TCAAAC G-3'%,
FRELSAA DT T 2 I Rk mRNA #5172 77 4 ~— & LT 5-CAG AAC TGA

GGG TACATG CTACTG AAT TGC TGAATT TTT A-3' & v T,

2B 13H  HREHFROMEMT
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F—Z%, FNENOERE 3EISL L TITV, P+ BEEREE S LTEL
7o T — A EMNTIX. ANOVA 3 X U Bonferroni test |2 CfTV, p<0.05 TH HHE

R FHICEE TH D EHIWr LT,

B 14E MEBLIOESEOEST

OXLDL fFERUTIE, I RAER R EMfm R B ORRB 2SR T
T4 7 X 0B U R 2 L7,

R TR X ERRIL, ERIERIRFEAL A —T T 4 —FBROEKREH

TiT1-o7,
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BIE FR

FIE  THP-IMROMEBRICBIT DRI Ty —ZFEORBL L MIEN
~DIEEDELY AR

OXLDL IZIMENEEIZIB W T~ 7 1 7 7 — U MAE FRHICI Y IAEND Z &

D TR DT A AT D, —J57. oxLDL (ZMlaRimiZ/FAET 5 SRs

IRk S A, B2 ORIIEN Y 7 A ORI D T ER BN TWS, SRs Th
% CD36. lectin-like oxidized LDL receptor-1 (LOX-1) ¥ LK O SR-A O3 ELIL, Hi
RO~ m 77— ~O R M iRm0 b B W TR T 5 2 &2
W SN TEH Y478 THP-L Mk~ 7 v 7 7 — Y ORIV T, SRs
LD IAENT. oXLDL DB EZZ T HbDEEZ LD, £T, TPAFHE
PE THP-1 M D43 L FRIZ 31T 5 SRs FEELDZE AL & f it L 725 4L. CD36, LOX-1
BILOSR-A OFBENEZICH K LT (Fig. 7A), KIZ. oxLDL BEERIZ L 5 SRs
DFEBLIIE 2 5t L 7o fk5. CD36 38 LUV LOX-1 DR BN S HIZAH EICTLE L,
SR-A ORI TLET HHAICH > 7= (Fig. TA), ~27 17 7 —IZEBW T, SRs
(ZF8Tk S AU72 oxLDL 1%, MIRNICERD IAEND Z &I ko THaikfb 2 &K 5
ZEPMEINTWD [72,73], £ 2 TWIC, JWiKMbOFRIEEL LT, w77y
— U ~DOIRE DR AR Z R L7z, OXLDL I##E#% ., Oil Red O Yeta %47 - 7=
R, MIEBAN~OIREOEZMNRO L7z (data not shown), F7-, fMla= L X
Tr—VT v A EITo kR, oxLDL I 72 RefZ N ~OH B 725 Y
DOERPAE O LT (Fig. 7B), Z OFEHEM S, oxLDLBEEZIZ X VW . THP-1 #ffla
HR~ 7077 —UBIEEORY IABZIT->TND Z BRI N,
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Fig. 7 Expression of SRs during monocytic differentiation and uptake of oxLDL during
foam cell formation. THP-1 cells were treated with or without 100 nM TPA for 24 h and
then washed twice with PBS (-). (A) After washing, the cells were treated with (+) or
without (-) 100 pug/mL oxLDL for 24 h. RT-PCR was then carried out. RT-PCR data
were normalized using 18S rRNA levels (**p<0.01 vs. untreated cells; ##p<0.01; N.S.,
not significant). (B) After washing, the cells were treated with or without 100 pg/mL
oxLDL for the indicated time and then cholesterol levels were detected (*p<0.05).
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B2 THP-1MifgHR~ 7 v 77— ~0 oxLDL BRF&IC X 5 CD36 4L
7z EC-SOD HIUKT

FEHIX, L EICB W CHEGRMILME THP-1 il ~ 7 v 7 7 — U ~D 53k
R IZISUVT, EC-SOD BN KT 5 Z & =B 5T L7Z[66], & Z TKICZ
Z @ oxLDL Bg#&(Z & % EC-SOD FEHAHE) 2 M L 7o . THP-1 i o> o3k
FEIZIBUWTHEKR L 7= EC-SOD FHLAZ D 0 oxLDL MR 12 X - CHREE I RIKAT
AR L, oxLDL Mg 72 REfijfzicid=> hr— L L-ULE TR T L7 (Fig.
8A), 7=, Z?® EC-SOD FHHK F723 SRs /" L TW D& Matd 572912, SRs
IZFBF 720 native LDL (nLDL) ZH W T, R 21T o7, £ DOFERE,
OXLDL BRFE Cid = b r— /L LUV E TREMET L7722 b 2030 563 nLDL
BREE 2 L D EC-SOD R BUK FIXHFEE CTHh - 7= (Fig. 8B), F7=. IEEDHEY A
% Oil Red O Yefa CTHpt L7-fE S, nLDL IRFE CIXIEE OV AT & A EN
D BT Do T=DITXF L, oxXLDL TliX, & OBHE 7RI iIAA DGR 7= (Fig.
8C), 2D Z &b, oxLDL BRI L % EC-SOD HEML FIX SRs /L CiEE& 5
ZEBIRMEE T,

Z TR, ED SRs T 20 & MEt Lic, URTOWE D, THP-1 #ifg
Hk~ru 77— ~07 71 LA Ak LDL OERY IAZITIE, —E CD36 DB
ENRHREINTWD Z ENB[4]. CD36 % siRNA #HWT /v 7 # v L (Fig.
8D). oxLDL MFZ|Z & 5 EC-SOD HIUK FiZxf9 % CD36 DR G- st L7z, £
DFEF, CD36 O/ v 7 X7 2 XY | negative control (NC) ¥ & Fh#iE L, oxLDL
WREZ 12 L 5 EC-SOD FEUK T A B <47z (Fig. 8E),

UL EDOFERNS THP-1 fifdfisk~ 7 v 7 7 — 2~ oxLDL # W& L 755,
#7912 CD36 A 4T L C oXLDL 23 ¥ JA £ 41 EC-SOD FEELME F 5 Z & 3R
Ry gV
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EC-SOD # 4

>0 o * % #i EC-SOD
5 407 16 * % o
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§ ” @12 #ﬂ
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Fig. 8 Change of EC-SOD expression during foam cell formation. THP-1 cells were
treated with or without 100 nM TPA for 24 h and then washed twice with PBS (-). (A
and B) After washing, the cells were treated with (+) or without (-) 100 pg/mL oxLDL
for the indicated time (A) and were treated with or without 100 pg/mL native LDL
(nLDL) or 100 pg/mL oxLDL 72 h (B). RT-PCR was then carried out. (C) After
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washing, the cells were treated with 100 ug/mL nLDL or oxLDL for 72h, followed by
Oil Red O staining (arrows show lipid uptake). (D) The cells were treated with 30 nM
CD36 siRNA for 48 h, and CD36 expression was determined by RT-PCR. (E) The cells
were treated with 30 nM CD36 siRNA or negative control (NC) for 48 h. After the cells
were treated with siRNA for 48 h and washed twice with PBS, the cells were treated
with 100 png/mL oxLDL for 24 h. RT-PCR was then carried out (E). RT-PCR data were
normalized using 18S rRNA levels (**p<0.01 vs. untreated cells; ##p<0.01 vs.
oxLDL-untreated cells; $$p<0.01 vs. nLDL-treated cells; 1p<0.05, $1p<0.01; N.S., not
significant).

43



85 3IH OxLDL BRSEIT &% EC-SOD #HUE T ~Dt X h T F N LDOEE
b A R AEMIZIZ. ERA M TEFIUE, ATFUUEB IO Uz S0
TRV, 2BV =T 1 v 7 RBIFRBEMEICRE <EE L TVW5[67,68], LA
EHOIL, THP-1 Mla D3 LRIz B\ T, EC-SOD %323k X h D7 &
FIURIZ L D HfE S D 2 & 255 L72[60], & Z TRIZ, oXLDL BgfEIc L b5 b
A2 KT EFLE EC-SOD BE T 7 rE—% —HIBHTICB T A T
T F AL LV OEB Z KRG LT, TORE, THP-1 fildo~r e 77—~
DIMEEBFUZENT, B A by H3 BLO HA O T BT LR vz (Fig.
OA), D%, oXLDL ZIREE L=, b & kv T F L L~ Z TR &
nigho7- (Fig. 9A), £7-. EC-SOD Ein 7 mE—F —fhIlZkiFHE A K
YTEREFIMEL NV EREI LT E A, T r—sLia ke X R T BTV,
BREITRD b h o7 (Fig. 9B),
VL EOFERD G, oxLDL M2 L % EC-SOD #HUK Fide A h v H3 B I

H4 OT7 B F AL L L DEIZ L DD TIX N2 EDRREB I T,
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B Input PBS oxLDL
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EC-SOD
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Fig. 9 No involvement of the acetylation of histone H3 or H4 in the expression of
EC-SOD during foam cell formation. (A and B) THP-1 cells were treated with 100 nM
TPA for 24 h and were then washed twice with PBS (-). After washing, the cells were
treated with or without 100 ug/mL oxLDL for 24 h. (A) After the treatment, acetylated
histone H3 and H4 were determined by Western blotting. The loading of histone was
monitored by Coomassie staining. (B) A ChIP assay was then carried out. Relative
binding to the promoter region was expressed as the percentage amount over input (%)
(N.S., not significant).
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% 4ATH OxLDL BRFEIZ X % EC-SOD FEIHUE T~ Spl B LT Sp3 DR 5

G K CTd 5 Spl <= Sp3 1%, EC-SOD i+ 7' 1t —% —D-195/-210 DFE
TR A L. EC-SOD DOFRBUIRE SO L Z L AIE STV 5[50,69,74],
% Z CIRIZ, oXLDL BgFRIZ X 5 EC-SOD FHUL T~ Spl 5 LN Sp3 DR 5%
Rt L7z, THP-1 Mifafisk~ 27 v 77— % oxLDL (ZHg#E S#7=23, EC-SOD
7 E— X —fEA~D Spl BLO Sp3 DFEAICEITERD - 7= (Fig.
10),

DL EDOFER S oxLDL BRFRIZ X 5 EC-SOD R IUK MG A 1 Spl B LW

Sp3 @ EC-SOD 7'mE—# —fH~DFEEDOENIZ L Db D TIERNZ & DR

e <47z,
Input PBS oxLDL Input PBS oxLDL
PBS ox lgG Spl 1IgG Spl :IP PBS ox 1gG Sp3 IgG Sp3 :IP
EC-SOD EC-SOD
0 8 N.S.

g 03 N.S. g U —

= E— S [J TPA+PBS
T e - < 0.6

= 3_0.2 == Il TPA +oxLDL
2 c 2c04

oS oo

za0l 3202 ’_L-

< <

x — % 0

19G Sp1l 1P 19G Sp3 1P

Fig. 10 No involvement of Sp1/3 in the expression of EC-SOD during foam cell
formation. THP-1 cells were treated with 100 nM TPA for 24 h and were then washed
twice with PBS (-). After washing, the cells were treated with or without 100 pg/mL
oxLDL (ox) for 24 h. A ChIP assay was then performed. Relative binding to the
promoter region was expressed as the percentage amount over input (%) (N.S., not
significant).
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% 518 EC-SOD mRNA OZEMEIZXT % oxLDL BREEDEE

Fig. 9 B X O Fig. 10 OFEFE 25, oxLDL BE#RIZ L % EC-SOD L~V DK T
LGB T OB IRERD B Rino Tz, £ 2 TRIZ, EC-SOD mRNA D% ENE
(275 H L. oxLDL B2 2 W EC-SOD mRNA LUK 95 alREME 2 st L
7oo F9. BERERTHD ActD 2 HV T, EC-SOD mRNA D72 E M % 7 L
Iz R, oxLDL BREZHE Tl oxLDL JEBRFEERE & bt L. EC-SOD mRNA L1783
BRI A BIZIE T L7 (Fig. 11A), S 52, SRs TéH 5 CD36 % siRNA %
HANWT /) v 7 F &85 2Lk b, oxLDL E#EIC X 5 EC-SOD L~UL ik
TOE B 7z (Fig. 11B), ¥KRIZ., EC-SOD iEf=F O FIEREEL & 3'HIFER
ARAENK 3'UTR 413 1e EC-SOD 3'UTR Ein A /F# L (Fig. 11C 3 LU D). THP-1
MlRpk~r 077 =V FAI RE VT AT 27 g Lc#k, oxLDL
ZWRiE L. EC-SOD 3UTR B IZHIKT 5 mMRNA DL EMEZ it L7k R,
oXLDL BRFERE CITIEBRERAE & bl L. mRNA OZEMENAEIZIET L= (Fig.
11E), L7223, oxLDL % EC-SOD mRNA D43 fif i L TN % ATREME 2R
e X7,

— A, MRNA O iR, JUTR DR Y ASEONRNHIEED Z LR
N TV 5[75,76], mRNA @ 3'UTR (21X, mRNA D72 EM: % HfH9 5 Be 5 DS IEE
LTHEY, ZOVAT LAY FOEFNZ L > T, mMRNA OLEMEDKE 4L
THZENRRESINTND [75,76], 7. RNYU ASHOGEDL, mMRNA 73 fRDH:
WEEE L 7> T DT, FHH L, 3UTR IZ EC-SOD mRNA O 43 fiflZ B % Fid
FIRd 5 LB z7-, &2 TRIZ, T ED EC-SOD 3'UTR #EIET D JUTR # X
B I H7-#E5 T (EC-SOD A3'UTR {51, Fig. 11F) A /E#I L, oxLDL M#FZIZ &
% EC-SOD A3'UTR MRNA O EMR T ~?D 3UTR OG- ZME L7z, £ D

.. oxLDL Hg#E|Z X 5 EC-SOD mRNA D22 EMEE T3] S 4u. oxLDL FErgE#=
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BE&E MRNA L-ULICZEITRR D HivZedvo» 7= (Fig. 11G), L7=23-> T, oxLDL #

#5122 % EC-SOD mRNA OZEMIRTIZIL, JUTR 235 LT\ D Z & AR
SNz, £/, FUTR D5 % S HITHFT2729DI2, SOD 71 YV H A Ld—
ST % Cu,Zn-SOD &EnFDFIFRFEIZ EC-SOD #Eis+? 3UTR ZHfiA L,
Cu,Zn-SOD 3'UTR #Efx¥ (Fig. 11F) /L7, 2O FAI RE N T U AT =
7 v a Uk, oxLDL Bg#Z 2 X % Cu,Zn-SOD 3'UTR & 15 1-H13E mMRNA OZE M %
fRFt L7 & 2 A, oxLDL BEFERE CIXIEBEEREL Lt L, mRNA UL EIC
KT L7= (Fig. 11H), Z DOfEER2 5, oxLDL BgFRIZ X 5 EC-SOD mRNA D% 7E
KT IC 3'UTR OG- 23l S iz,

PLEDOFERD S oxLDL Mg#ZIZ & % EC-SOD #HUE Fid, mRNA OZEMER
TICERTLZHDOTHY | TOREMHKTICIEL IUTR BRELSEET L &M
R I,
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Fig. 11 Destabilization of EC-SOD mRNA by oxLDL and involvement of 3'UTR in the
stability of EC-SOD. (A) THP-1 cells were treated with 100 nM TPA for 24 h and were
then washed twice with PBS (-). After washing, the cells were treated with 100 ng/mL
ActD in the presence or absence of 100 ug/mL oxLDL for the indicated time. (B) After
the cells had been treated with TPA, CD36 siRNA (siCD36) and negative control (NC)
were transfected in THP-1-derived macrophages. After the cells were washed twice with
PBS, cells were treated with 100 ng/mL ActD in the presence or absence of 100 ug/mL
oxLDL for 24 h. RT-PCR was then carried out. (C) Construction of the plasmid
(EC-SOD 3'UTR gene). (D and E) After THP-1 cells had been treated with 100 nM TPA
for 24 h, they were transfected with the plasmid for 24 h and RT-PCR was carried out
(D). After being transfected, the cells were treated with 100 ng/mL ActD in the presence
or absence of 100 ug/mL oxLDL for 24 h (E). (F) Construction of the plasmid (EC-SOD
A3'UTR gene, Cu,Zn-SOD 3'UTR gene). (G and H) THP-1 cells were treated with 100
nM TPA for 24 h and were then washed twice with PBS (-). After washing, the cells
were transfected with the plasmid EC-SOD 43'UTR gene (G) or Cu,Zn-SOD 3'UTR
gene (H), respectively and then treated with 100 ng/mL ActD in the presence or absence
of 100 ug/mL oxLDL for 24 h. RT-PCR data were normalized using 18S rRNA levels
(*p<0.05, **p<0.01 vs. 0 h; ##p<0.01 vs. oxLDL-untreated cells; +p<0.01; N.S., not
significant).
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BAE B

HERRMIH R~ 7 v 7 7 — 2 O llE NIE~ORE RSB IREELIE O FIE - 1
JBIZKRESBEEG LTEBY, ROSEADITLHEL & HI2, CD 7 7 I U —oRIEMY
A NIA > ORBIERIPFBD 5TV H[19,66], /=, v7 1277 —E SRs
ZJr LT oXLDL ZHR VW A, Jalkf{b 352 L T, 77— Bliafett L T %
ZEMHEINTND[2,77].

EC-SOD (&, SIS ED BN A—/—FF  REHET 5 EE i LiERE O —
DTH Y | BIREECIE £ 46 & 3 5 & SRR B ORE ZMfl+ 5 2 L3 m b
NTU5[22,39,47,70], U#FFE=TlE. ~ v A 3T3-L1 sfbiEifilas KOV 7
U1 RU YLk COST MifldicisnT, Bk A ML AL /MERZ F L2 &
WMEEER 72 EOffix DA KL AIZL Y| EC-SOD %/ Cu,Zn-SOD X° Mn-SOD
DFBUHARELS LB TLHZ L HmE L TEBY . I HIZ EC-SOD #ELEH 1%
DO TF IR LV HE SN TS Z & EHLNIC LT EZ[40,52], LIz
T, EC-SOD |ZJR B HGBREIZF W T, flix DA R L AT K- THALH 2%
FTRTWEIETFTHLEEILND,

OXLDL |%, =7 77— 2B\ Ta L AT o —/LOMEAN~DOEREL L O
RIEMET A DA v ORB EARESE DL ENWMEINTEY, ZOBS
PEVERTEE & D 2 LT k0 EIIREEALER O TERL MR S AU DT ZE D FEIE )
A7 DKRICEND EEZ BN TVWAH[61,78], T d 2 AFETIL, b hHEERRM
fakk THP-1 Milafik~ 27 v 77—V &2 HWT, & 1 ETRZHEKkO~ 71>
7 = ~DEIBFEIC IV THIK L 72 EC-SOD L ~ULiZ%d" % oxLDL D84
FEA L7z, THP-1 Ml kil Ic 3 1F % EC-SOD FEHLHE KX, ROS PEAEIZ K
LIEALA N LA G M Z BT 2@ 035 5 & B % b, EC-SOD FHLDOHERF
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(%, BIREE(EIAEDFIE - ERTIHICRESERT 2 LE 2 b D, AWFETIE
THP-1 gk~ 7 1 7 7 — 12 oxLDL 21§ % = & 12 X Y \EC-SOD mRNA
VAL ISR FICIR T35 Z L 2 R L7 (Fig. 8A), S HIZ, HEKDb
WEREBLO~7 07 7 —VOWRIKMEIBRE THERT LA D v —Z KK
CD36 7%, oxLDL M##&(Z L5 EC-SOD X FIcR 575 2 & &# R L7z (Fig. 7A
BLOBE), = CD36 # & Teflix DAN NPy —Z K ~D oxLDL DOFEA
ck . 47— A % (interleukin, IL)-10. TNF-o, IL-8 72 EDHA kA A
Y ORBE X O WNTHEI STV D Z ERRESNTVH[79,80], = HIZ,
nLDL & fbifs U C,oXLDL [ZfE % DA TR ¥ v — S F IR 2 L CERIR 72 < Filf
IZHLY JAE U, nLDL LL_EICEIREEAVIE DO RIEIC R E < BT 5 Z L HgE S
TWb, EBE. AFFRICBW TS, nLDL BEFE Tl O EC-SOD mRNA 1K
TEIOBEEOEVIAHLNGEO T DIZxt L, oxLDL g Tlx, K& <
EC-SOD mRNA LUK R L, NEE OBV iAZE nLDL BgEEHRE & bl L% <
B b (Fig. 8B B LTRC), 2D Z & H 5 oxLDL BEFEIZ L % EC-SOD mRNA
KX FIZIL, oXLDL 8ik=FIRD 9 % CD36 DR G- RKE W EPRB S Lz,
% HITLIAT, EC-SOD #Hi2%, DNA O A F b EZixt A b H3 BL O
HA OT7 B F LR EDT Y =T 4 7 ZADHiliHl 22T % Z & 28 L7-[60],
Z 2T, AHFZETIL, oxLDL MEFEIZ K 5 EC-SOD JHA~Dt A kv H3 B LW
H4 O7 v F /LD G Z i L2, B R B 7 F /b L~1Zid oxLDL
ALER D BB IFR D HivZe o 7= (Fig. 9), £7-. LIETOMHE LV | Spl 35 L ¥ Sp3
T2 DB FOT mE—F —II(FET D GC U v FREINIHET 5K
TELTHMHLENTWD, B R EC-SOD v E—4 —fElkicix, — 785
FICREO BHAILD TATA Ry 7 ABFEET, RV IC CAAT R v 7 ARSI 2
DHTFET %, 45 EC-SOD 72 & OFfa 121, BRERAAS O Ltz Spl/Sp3
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it B PR NFAE L, Spl/Sp3 28 TATA 7R > 7 AfE& 4 L 737 & (TATA box binding
protein, TBP) =° RNA KU X 7 —EDMOMEMRESRE & HEMICHAEIERT 5 Z
ECEEEEMHE L L TV D Z B mb T 5[81,82], & Z T, HH 1L, EC-SOD
TuE—4—~0 Spl B LU Sp3 DA D oxLDL MEEZIZ X 52 &) % ChIP 1£(C
THET LN, ZTOREAEICEITRED Lo 7= (Fig. 10), Ziub e A B
7/ F kI L O Spl/Sp3 fiG DfE R 5. oxLDL I§EEIZ L % EC-SOD F&Hi
KT E L~ L THIE STV DD TIERL . ZOMOERNS D EE XD
i,

% Z T X, EC-SOD mRNA OZEMEIZAE B L7, EC-SOD mRNA @ 3'UTR
1L GC U v FRESN DL RO BV, T ORI mRNA Z 2 ELSE TV D
EEZBLIND, FEBE, TPA WERIZTH{R L7= EC-SOD mRNA X, TPA frZ 72
REf#% £ CHRE L THRIL TS (Fig. 8A), L2 L7235, oxLDL (ZHE#E L 7=
it EC-SOD mMRNA L)L (X oxLDL FFEIREERE &tk L CHEICIE T L, IREE
2 fRZICIZa s he— b L~ULICE TR R L7z, 72, Figo IABXIUBIC
AT K DI ActD LB D% oXLDL BE#E 12 K % EC-SOD mRNA 23 BT T L,
ZOWIECDI6 &) v AT 52 Lickvmfil sk s, CD36 &

4 L CTHUY iAE 4172 oxLDL 23 EC-SOD mRNA O ZEMIR T2 b7 b &8 2 5
i,

% Z TIKIZ, EC-SOD mRNA ZEHAR T OEER 2 MEt LTz, Ak L7z & B0 |
EC-SOD mRNA [ZEFIRETITLEMENEm <, ZOEK L LT, UTRIZGC V
v FREFINEENTWDENRZET b5, AFETIE, IUTR 2 RBIET
EC-SOD 77 A X REMER L THRET L7 & 2 A, 3'UTR % EC-SOD mRNA D%
EPEICRESEE LTS Z &2 AH L7 (Fig. 11C. D, E. F, G BXL UV H),

L7-73> . oxLDL Igg&lZ X % EC-SOD HE X, x5 L~ )L TCOZELTIX
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72 <. mMRNA O eI R 2 2 L AR I,

VL EARFETIEL, EC-SOD LUiZxt4 % oxLDL Ol {/EH 23 EhiRak{bIE D 9w
REFEAIC R & < B3 595 AlEetE 27~ L7z, EC-SOD ZEBUK T 23l 4 D fEIC B -
THEEBEZOLNDT-WD, oxLDL IBRFEIC L HMIEN S 7T WISV TO X 5
(ZERM7R TR A D D BN B D
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FEIE b MEXRMAIK THP-1 RO ZMEICHT HILTA ) D
R

B S

HEKDO~7 07 7=~ BWN T b~ —h—TH5HCD 7 7 2
J —CD11b.CD14 ¥ L U* CD36 M FEHIE R FEH b, ~ 7 1 7 7 — 7% oxLDL
RT R b=V AR E AR AT Z & 23, BIARGE(LAE OFIE - ERIZEN S
& SN TVWSH[83-85], FEio, BIMREE(IEIZISVTIE, CD 77 X U — D38
MICHE L TV 2 ERIFFC, ZEOMINE Z OIas ROS AN TLE L TV D
ZENHBNTVD[B6,87], €D, HIRD~ 7 17 7 —U~D53{k= ROS
PEATUHEZ 95 Z & 28, BIREELIAE DFIED TIHIZEN D LB 2 bivd,

HERCRAMIR Cd 5 U937, THP-1 35 KON HL6O fllfalL, AR —nxz X7 1
ThDHTPAR ATRARIRIZ LY, w777 — 0k T 52 EnmbiuTn
% [38,41,58], HERD/MLIEFRIZIUVT, NOX OIEMHALIZ L W ROS 23 FlFE A
S, BAEA MUV ANRFIERZINDHTEH, T T, MilaNy 7T
BERIGTEDE 22 &2 L CHIRRE X Ok O TH MR35 2 & 2%, FikE
DRIE - EREFNTVD LB 2 51 5H[10,11],

TR, BERENO/OND RIRHRILEM T TR 7 A4 RPEEEERO T
Pt e b oL LTHEASNTWD, 7R /A FZZ DEBICEENL G
FRTHY, KY 7=/ —=n1DO—2L L THMENTND, RETIE, V7V
A FELTHERTE, ZOHELIIDTRN T & D DAEFEHERFCRIA TR~
DOAERMERER S TWD [91,92], £OHTH, AT 4 v yexd~</
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P GENDT7 TR /A RO—FTH Y, 5 F TITHBLIER. PLoIElE
. SIRAERSIT LA X —1ER e 82 < OB PRER R HE STV D
[25-29], F 7=, ZTOHERL - MRIEMEH ORI NG | BIRME(LIEZ 46D &5
1M RIEBOTPd L ORI AT T oA M IR 41TV 5[88,89],

Z TR T, AT AV oGS 572D, VT A Y LR BT
ZzOFELEEMTH D7V vy TEF=BLONIEF U2 AT,
THP-1 MDD S Ak %9~ 2 0l 20 SR A A SIS VA RS & vy 5 BLes DRRET L Tz,
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B2 EBRMER UL

F1H HAEK
V7 AV > (Luteolin, >98.0%) X0yl T3k, 7 U 2 (Chrysin,

>98.0%) (X Cosmobio #:722HHEA L7z, 7 S = (Apigenin), VU t&F
(Tricetin) (g iR 52 T 22 EB A dn B REA B 528} sERET 2 L v G- S
[90], 25 2 FEEHOLEMOMEIL, HPLC 2 H\WT 95%LL ETH D = L 3k
BINTWD, 4FEED 7 78R /4 Kix. 2-phenylchromen-4-one % FEAH#E (7
FRER) L L ARZGUEENRFRI L TH L2, BRIAIML TS E e
FUEOHDENT, ENENALT AV JV v TES=VEBRORY
tF LS TND (Fig 12),

OH O OH O

OH O OH O

Apigenin Tricetin
Fig. 12 The structure of four flavonoids, luteolin, chrysin, apigenin and tricetin.
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ZTOMORIITFE 137, F28., F1HEBIOE 2=, F248 ., FLHEIRL

TR, HHROR L Z VT,

B2 AfarrE

B 1, 28, B2 TRT HIET THP-L fifd 2 #FFE L 727, 20 uM D%
M7 ZR A4 REBEU100nM TPA ZiRIN L7z, R, MilldziE iy . PBS
TYF Ltz M RNA O, 7e—H A P AN — Uz XZ Ty T 4
YT EAToT, 20 M AT F Y 72Uy TES=VBIR N BEF R

TPA ¥ 1 BRI RTICEIM LT,

# 31 RT-PCR
1, 2. B3 TRTHIET DNA ERL L 7%, Table 3725 ONTH

2% 26, 6D Table 4 TRd 5 TPCR KT -7-,

WA vxREVITuvsr oy
Fl 2 DA T THP-1 fIR 2408 L7=t5, 55 1 2=, &5 2 fi. &5 4 HIRT A

THREL 3T 2 Lz,

B5IE MEESOBE
THP-1 #fifid % 3.5 cm dish I[CHEFE L7214, & 1 &, & 2 #i. & 2 HITRT Hik
THIRZ B U=, b, KB L7- PBS Tl 3 [EI¥ed L7-, THP-1 fija

@ dish ~OPFH TN FIMEIIC THIZR LT,

#OE HMAN ROS DEABDHIE
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Fli 2 DS C THP-1 Ml 2 LB L7-1%, 5 135, 5 2 Hi, & 5 A TRT HiE
THIfN ROS FEAEZHIE LT,

H

BT AR FROMRAT

T2, ENENDOFERE 3B LTIV, B £ EREREE LTERL

=, T — X fEHTIE. ANOVA I3 X O Bonferroni test (2 C{TV), p<0.05 TH 54
HERIICAEE TH D EHlr LT,
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BIE FR

%11 TPALIEIZ LD THP-1MKEOMEIZRT 57 TR ) A4 FOMHIZhRE
£, TPARELZ L5 THP-1 Md D MEICk§ %57 TR /7 A ROMfilRh Rz
FRET L7z, TPA LERIZ X % THP-1 Mifld D3 kI kI3 207 4V - O R Z fet
L7oAESR. 20 uM V7 A U U RIALERIZ K 0 TPA ALBRIZ L 5 CD11b, CD14, CD36
MRNA FEBIE K 2 ko —/L LU & Tl S dviz, — 7, 02 B L V2 uM
VT AV ORTLEETIX, TPA I K 5 CD 7 7 X U —mRNA I K ~D
RN bV o 72 (Fig. 13A), KIZ, TPA LBEIZ X %5 THP-1 Mk Mk
BT D87 TR A FOMHNRZ M L7z, THP-1 #ifdZ TPA IZT
U5 Z LI K MRS DNRO TR, 20 yM o7 Vv TES =2
BIOLT AU A TRILERS 5 Z L2 kv | fiags 1 3imE < /- (Fig. 13B),
—J7. MU EBF U TR L7286 1%, TPA ALBRIZ X 2 flilaszas OB K3 #l
&7z (Fig. 13B), S 52, TPAIRIZ L% CD 7 7 2 U —3BUEKIZXT 5
7 IR A ROMBREZBE LIEHR, 7V BIOT B = ORiTLH
Tl £ CD11lb 35 L Of CD14 BEIG R 2 Ml L7223, b U B F ORI
HCIIMHEIR DGO biginole, —J5 VT AV ORI T, T
D CD 77 I U —3BH R IH X7z (Fig. 13C), F7=. TPA MLBRIZ X 5k
HeA L CD 77 U —HBWAKICHT 27 7R/ A ROMBIZEANZIZHRE
HZ ENER SN (Fig. 13B B L WNC), Loz &b, vT7F Vv 7V v
Y. TET= AL TPA R LD KT CD 7 7 X U —DORBIRICKT 5
MHIER 2/ U C THP-1 Ml a4 & Jil & 2 = & 3R Sz,
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Fig. 13 Effect of flavonoids on the TPA-triggered induction of CD families and cell
adhesion. (A) THP-1 cells were pretreated with 0.2, 2 or 20 uM luteolin (Lu) for 1 h
and then treated with (+) or without (-) 100 nM TPA for 24 h. (B) Cells were pretreated

61



with or without 20 uM chrysin (Ch), apigenin (Ap), luteolin (Lu) and tricetin (Tr) for 1
h and then treated with or without 100 nM TPA for 24 h. After the cells had been treated,
cell adhesion was detected using a microscope. (C) Cells were pretreated with 20 uM
Lu, Ch, Ap or Tr for 1 h and then treated with (+) or without (-) 100 nM TPA for 24 h.
After the cells had been treated, RT-PCR was carried out. Data were normalized using
18S rRNA levels (*p<0.05, **p<0.01 vs. untreated cells, #p<0.05, ##p<0.01 vs.
TPA-treated cells).
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B2 TPAAEIZK S ERKL2 DY VELIZXT BT F Y v OMEIZIR
EHEIL, B 1 EICBWT THP-L flilazd TPA B35 Z LICkV@BHOHND
ERK1/2 V VBt OTTHER CD 7 7 X U — DI HITHEN, THP-1 Mifldd~ 27 v 7
7 — VR~ DM EIZBE 555 2 & 2 5N L72[66], & Z T RIZ MEK1/2
BELWERKL2 OV U BALIZxT DT AV COMGEEZ V= A X% T a
T4 U TITHRR LIRS, AT A4V ORTELY, MEKL/2 3 X OVERKL/2 Y
VBT R R B 2 72 hh o2 (Fig. 14), L7eR-> T, 74U i MEKL2 3

FONERKIR O FHRDOY ZF a2 dEl+ 5 = LRI T,

TPA — 4+ + - TPA — 4+ + -—
Luteolin — — 4+ <+ Luteolin — — + +
PMEK1/2 —— pPpERK1/2 — —

Fig. 14 Effect of luteolin on TPA-triggered MEK1/2 and ERK1/2 phosphorylation.
THP-1 cells were pretreated with (+) or without (-) 20 uM luteolin for 1 h and then
treated with (+) or without (-) 100 nM TPA for 15 min. After the cells had been treated,

phosphorylated and total MEK1/2 or ERK1/2 levels were determined by Western
blotting.
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83T TPA QBRI X MMM ROS EEAR X O pd7”"* DEBATICHT AT
AV v OIHEE

NOX2 1%, fFHERB IO~/ r 7 7 — VIS BIE L TH Y | KISHEDOFEW A
—N—=F XL REEATDH LT, IROMERLT A VA0 B AR ZBE LT
WAI93), o, BV KA By =R EOMIENY 71 LTHE
RE L. ZEMROIEHPEAERH IS b K& <B5 LTy 5[94-96],

FITWRIC, B 1 ETRLE TPA WEIC K D CD 7 7 2 U —R B RK~D
NOX2 Hi2k ROS DBIH-AZ DWW T DI H[66]. NOX2 {HMAGIZ) T 5 /v 7 A
U > OMRRZ MG Lz, A2, Mg ROS EEAICKTT 57 A U o4
filEhRAE 7 —H A b A R —IZTHREF LIZRER, VT4 U CORTLEIC LY
TPA ALBRIZ X BN ROS BEAETUENAHEIZIHE S v7z (Fig. 15A), KIZ,
NOX2 mRNA #8i4 RT-PCRIEIC THET L72& 2 A, TPA HUZ % NOX2 %
BHARKBNATA Y CORMEIZE Y 2> ba— L L THECIH &z
(Fig. 15B), —J5C. TPAMLFRIZ X % THP-1 flflaofiaig ks L O'CD 7 7 2 VU
—FBLUZx L CER 2R & 72 0o 72 b U 2 F U OFTLELTlix, TPA AP
£ 5 NOX2 FBUH KIZ x5 2 Ml 1580 bz o 7= (Fig. 15B), S BT,
NOX2 DIEMALIC M D pAT"™ DIEAITA Y= A X 71 v T v BT
FMLizEZAH, ATH Y ORI L D, TPA QUBIZ K 5 pad7P"* DRSBTS
Ml ST Y BT 2R TR, £ OB RITERD bk o 72 (Fig.
15C),

PLEDZ &6, T F U 21k NOX2 mRNA ¥EB13 L O pa7""* o 1710k
K92 NOX2 {E AL Z 32 Z L1k v  CD 7 7 X U —OFRBEAZMHH L T
DT ENREE NI,
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Fig. 15 Effect of luteolin (Lu) on TPA-triggered ROS generation and NOX2 activation.
(A) THP-1 cells were pretreated with (+) or without (-) 20 uM Lu for 1 h and then
treated with (+) or without (-) 100 nM TPA for 24 h. After the cells had been treated,

65



intracellular ROS accumulation was measured by flow cytometry (**p<0.01 vs.
untreated cells, ##p<0.01 vs. TPA-treated cells). (B and C) The cells were pretreated
with (+) or without (-) 20 uM Lu or Tr for 1 h and then treated with (+) or without (-)
100 nM TPA for (B) 24 h or (C) 12h. (B) After the cells had been treated, NOX2
expression was measured by RT-PCR. RT-PCR data were normalized using 18S rRNA
(*p<0.05, **p<0.01 vs. untreated cells, ##p<0.01 vs. TPA-treated cells, N.S., not
significant). (C) After the cells had been treated, the membrane translocation of p47°"
was determined by Western blotting.
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BAE B

MR OEERIL, BN &2 6535 MCP-1 722 Sl2 kb | &
NEZFIABICFES], 25 L, IL-4, IL-13 B v H—T =a 42 EOH A k
A ORI K~ a 77—k T 5 2 &ML TWD[97], £D~
sm 77 —IIE, MER VA NVAZRBET DR ENL BB L, BRLE
& LTHERET & L FIRFIC, RN OEMEZR VD AT Z LIZX > T, EERDK A
AL AMERFIE K Z E RN BILTUVWA[98], —J7 T, oxLDL 72 E D
ERTDH B EiR#T 5 CD36, LOX-1<° SR-A 72 £ SRs DFEHLANZ <
P Hiv, oxLDL 7¢ & OfEffi LDL Z BRR72 <RV AT Z LI X 0 yaikfb+5 2
EMHBINTND[99], L7ehy»> T, BREEALIE DFEIEMT NI FE &4 5 HLERD
~ a7y —U~OObEIEIT 5 Z LI, TORIE - ERE T TEXDHEE
oD,

HIERkD~ v 77—V~ iz T, CD 7 7 X UV — (CD11b, CD14,
CD36) DI KNHD LD, TPA LBIZ > TH CD 7 7 2 U —DFH
RS T2 b B L OEE RO 5 5H[38,41,58], 1 FEICBWTCD 773V
—DH R FEBEB L OMRNA BB L~V TS 5 Z & 2o Loy, 32,
AREIZBWTS, THP-1fiflaisk~ 27 v 77— OEEE RO Hiviz (Fig. 13B),
ZOZEMNS, TPA IZLY, HERO~ I 07 7 —IU~O5ENFE S L, ik
I RESBALET 22N EZLBND,

T FV R, ZEOBRIBRPIRIE - FURLER O SUEREE(IER 263
HEEZLNTND, ABFFETIE, FOT AV > OIMHIVER 27 i+ % 729
NT AV OBEPbEw 3TEE (7 Vv, TES=, MIETFY) 2ET4
DT TR ) A ROEEEMMEZ R LTz, V7 AU 1% 20 uM DREET CD
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77 Y —OFBUIER A IET 5 & [FIRFC, TPA BRI X % THP-1 fila oz
WM Lz, 72, 20 vy, TEF =0 RUkFr L, v
TA Y NECD 77 U —FEBUK T 2 IHHEH 28R < 3 L < HER b A i

LTWhH EEZBND,

NFUoBIOI VBT AL, HTa—LBREALTWSZ LG, ROS &%)
REIEETHZENMOLNTVWA[L00], VT AU iE, vF oot T v
LIRIER, BT a— N EBREALTEBY ., FERZETFICL2EIMRHREIND,
EHIE B 1 EICBWTE MHERCRMa THP-1 Mildicdksid 5 CD 77 X YU —
FEFERITHIT 5D MEKL/2 3 X WVERKL/2 DB H-% B LTV b 03[66]. /T A4
U 12 MEK1/2 B KT ERK1/2 {EMEAGIZ 9 2 IHERIZEE O b g - 7
(Fig. 14), Z OFERIZ. MEK1/2 B X ERKL2 O FiIiZAT 4 Y o OFER A
HoHZEERELTND, £, THP-1 MO /LR FEIZ T, NOX2 FHH
RRNOX2 12k ROS FEAE TLEN TR O BT 3 VT A U ORI Z D NOX2
FeHLF L O paA7P"* DR T O & 4 L C ROS PEEZ i L 7= (Fig. 15), —fi%
HIZ, ROS ITAEMIEO bz Eie, Ma REMMERNCEES 22 7T 015
FE LTI Z R B TWVDA101-104]. AT AV iz s OERZH
Hl9 52 & T, MERERTRD LN HiEFZ ROS EAIZL D L Ky 7 A EH
PERIGHE LX) L TR 2R L B A 6D,

NTF Y O] IR BERACENRIER X, MEIEEMERE B x5 &, T
a—)VERKICERRNT A EB 2 6ND, TEF= L TLT 4 Ofik
EREM TRV DI, BERICTFET D H T a— VEENETOIERELICER L, &
Foa v ERERTRHAET AT T 2 ) VT VD NVOREEEED
HZlickdeBEZOND, —J, FPUEFUE. MU X OBENIERIC
RNEER T2 O 2 0T < FUREERDRIERFIZHWEEZ 2 b, £70.
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3OO0t FaFUERTBAXFUHL U RELTHIET I EbHEINTEY
[105]. A EIOFERNLH N U B F U OFILEETIE, CD 7 7 X U — ORI
NFINTBD BN o 7= (Fig. 13), VT AV NI T a—VEBEA LTV 5HT=
O, BLEOVX ) COBELRET, B ReXURIcRsZ ETHAMASR
o £, 7V y, TES=VIe R v ERDLRWZ ETALTHY D
EH LV BENE D EEZOND, LLEORERBIOERENL, LT AU U0
PUTFICRT7u—F vy — hoD X 910, NOX2 FBLE L O pa7™"™ D 7Ic L 5
ROS FEATLHEIC KT 2 2/ LC.CD 7 7 2 U —DORBZ T2 2 & 2R
e X7z (Fig. 16),
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TPA

\Z
GF109203X — PKC

0126 % Luteolin

PD98059 | ME'fl/ 2 l

ERK1/2
v % * Expression of NOX2 mRNA

Apocynin — NCiXZ - Membrane translocation of p47phox

ROS
\J
CD11b, 14,36

- .
Monocytic differentiation and adhesion

Fig. 16 Hypothesis of the site of action of luteolin. CD families are induced during
monocytic differentiation through PKC, MEK1/2, ERK1/2, and NOX2-derived ROS.
Luteolin has the potent activities of the blockage of NOX2 mRNA expression and
membrane translocation of p47°",
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X

EREECAE OHER - X, BARDIER D BN % 56D 2 it 2800 i 3E 72
EDBFEHIIRIRHE~D G| E@\270 5 T & BH B LTV 5, EC-SOD (ISR
T 2M— DI EER TH Y | ik, MiaRE-CHEOMIst~ U > o
ANHES LR, SRR 2L A L ANLBHL TS EEZ LT
%, EC-SOD 3t oofifdk & Fo~~, i R I FLip & i B I A7(E L ROS DiH
HIZHELTWAH 2o, HEk/~27 v 77 —I281) 5 EC-SOD F Bl itk 2
RIS 2 Z & BIOHEKROG L2 MGl T 26 EW 2 RFE T 5 Z &id, BIREE
RIEZ fG D & 5 8 RBEBOIIE - RIS M TOA M RIEHM ORI
BRLEEZBND, T TARIFETIE, b MHERMIE CH D THP-1 Hifa
ZHNWT, BERO~ 707 7 =V ~Opfbiiftks L~ 7 v 77— okl
WREIZI 1T 5 EC-SOD B HE) & D A J1 = X LDV, il ROS DR 5

$5 L UFEC-SOD mMRNA DZEME & W 5 BN B RET L, LU ISR 21572,

1. b MHRRMEO~I 77—~ LBRICEIT S EC-SOD I
itk

HERCR AR THP-1 AR D /3L IC 3817 D Hifg{LE%sE EC-SOD DR % |
IMERHEAITdH DAV R —/L T 2T L TPA % W CTHigS L7, THP-1 #lla & TPA
(T LTZE 2 A fb~—A—Tod % CD11b, CD14, CD36 D¥EIHI L
EC-SOD F&ELDHI K332 Hv7-, RIT, EC-SOD FHIH Kt 2 st L=, %
FTHIDIZ, TPA 28 PKC DT 7 F_R—=HF —L LTHLNTWD Z &M H[37].
EC-SOD % HLZH T % PKC DRI G- 2 S L7 R TPAZ LT 5 Z L1280 |

U Rl PKC DIERBITRO Bz, F7-. PKC BHLEHA] GF109203X D HijLLERE
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(20 TPAMLELIZ K % EC-SOD FHLAA BICHIHl S 7z, WRIZ, BERRMIE,
SR I R X OV R AN I M IZ 381 5 EC-SOD F& BLFHEI S~ MAPK
DORENHE SN TWD Z )2 5[19,39,40]. EC-SOD J 8~ MAPK DR 5%
Bt L7 SR TPAALERIZ L 0 MEKL/2 8 X OVERKL2 D U UL STE® BTz,
—J7 TLINK 38 X T p38-MAPK D U ki Zidsd biv/e o 7o, £ 72, MEK/ERK
PHEAI U0126 35 O PD98059 (Z THIALEES 2 Z LIk, TPA AFICKL D
EC-SOD FHUH KA EICHMfI Sz, 612, TPA LB L v Hiflay ROS FE
AEDTCHE L2y, £ D ROS EEATTHEIT, NOX2 FEELHE R I L OV NOX2 JEME(kIZ
WZAD pAT" DIERAT O TTHEIC LN T 5 2 L AVR S 4L, FEBE. NOX FHLEHIE
TPA LPRIZ K %5 EC-SOD RHUE R Z A2l Liz, U LEOREENS, & FH
BRI IAK O /(LB R 1235 1T % EC-SOD F8iHE KIZ PKC, MEK1/2, ERK1/2 72
5 ONZ NOX2 Hi3K ROS PEAETLHEIZ K B v 7 VRSB L T b & B 2 b
72,

2. b MHERRMIfHENR~/ 77 7 —T® oxLDL BREEIZ L 5 EC-SOD DFH
LB L OFEEE

HERH Sk~ 07 7 — P ORIk GRFEIZ 1T 5 EC-SOD F& Bl itk & it
T 572, THP-1 flifld sk~ 7 v 7 7 — 3~ oxLDL BEF&EIZ L ¥ in vitro JEIK(L
ETETNEER LI, THP-1 3k~ 27 17 7 — U2 oxLDL # IR L7- & Z A, TPA
M EC-SOD FEHLHY KN % OALPERF MK AFRC A B LT, £z, £0
FHBUL NIL SRs D—D>ThH D CD36 &/ v/ XU 452 LI iflshi
Z & h b, oxLDL BEfEIC X 5 EC-SOD % HUK Tic CD36 DR 5-7/RIE S iz,
RIZ, EC-SOD #BUK MHEZ Fgt L7-, Z4UE TIZ, EC-SOD F& Bl A &

LT, BEA Y H3H4 OT EF LI L OUREK ¥ Spl/Sp3 DREE- 23 X
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TUW5[60,74], £Z T, ZNHOEGEBFT 5720, & A hAAilitds L O ChIP
BEEAT o TS, oxLDL MEFEIC X 5 EC-SOD UMK FHtEIlce X o TEF L
b3 L OV Spl/Sp3 DEFH-IXFR D By T2 S5 G L~L Ol 2 % 1 e 2 &

« RIZHHBIRFE CTHRBUE K L7 mRNA OZEMEIZHE B L7z, OXLDL M
£ 0| ActD OJRIFFILEL T 231 T EC-SOD mRNA LU 8RR AF IO A =L
KT L7=Z &2 5, oxLDL BE§EIC X % EC-SOD mRNA L ~UL D& T iZ mRNA @
ANEZEACOIREITEX T2 Z &L AVRIEE 72, MRNA @ 3UTR (21X, mRNA @
ZEMZ ST 2EABFELTEBY, ZOVAZL AL FORSNICE 5T
MRNA OZEMENRKE S BT 52 ERME SN TWD Z & 5[75,76]. oxLDL
##Z1Z L 5 EC-SOD Ik F~D 3UTR OG- ZMEf L7z, DR, 3UTR XX
{8 &7 EC-SOD &+ (EC-SOD A3UTR) Tif. oxLDL BE#E(Z L % EC-SOD
3'UTR mRNA i F 2340 & 7z, & 512, EC-SOD i#fs 1 3'UTR % Cu,Zn-SOD
(ZHH A L T oxLDL BEHR I & D22 et L7k, 777 A X FH2E Cu,Zn-SOD
MRNA L ~UL73 EC-SOD Dk & FIFRIZIR T L7z, ZHh 6 DORENS, oxLDL
wIgEE L7 %4a. 3UTR 241 L C mRNA OARLE(LERMET 5 ST 2 &
MR EnTe, UEORERNL, b FHREREBCR~ 7 17 7 — Yokt
23T, EC-SOD mRNA O3 Mt &5 Z & 12 LV | EC-SOD L ~UL DK

TAhEEE L BRI,

3. b MEBCRHMIKIER THP-1 Ml DB 20T 4 Y > DMz R
HERDO~ 7 17 7 —U~Oopfbid, BRMAGIE DFIENIIZEER D b 5 A B
B ThY ., ZOHKROMMEZIMET 5 2 & ITEIREELAE DIEIE TIN5
EEZRBID, £ T, THP-1 Mk e7 V& HWT, BERSMEICk 3257
F R A ROMG R Z2HE L7z, AFTIX, CD1lb, CD14 72 & NI CD36 %
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HMEDFREE L L CTHWE, # 1 FEICBWT, TPALBIZESZ CD 77U —0D
FHIE R ~D PKC-MEK1/2-ERK1/2-NOX2/ROS D3 7 F /iR D52 B L
TEY[66]. ZD¥ 7 TR EIRIEIZT TR ) A4 ROMEIZNEZ R L7,

THP-1ifjdZz 4 FER DO 7 R ) A K (Z Vv, TeFr=r A7FV >, Y
TF ) ICTHIEES % Z &2k TPAGBEMED CD 7 7 2 U —HMANE
B L, 20FRTH, AT AV U RS FEE MG L, AiaEEE il
EORNTHBAERRO b, w2, v 7TA4 Y OMGWEHREZRFT LT, £
T T AV CORPLERIZ L D MEKL2 8 X ONERKL2 ~DIEH Z MG Lz & =
A MEKL/2 ®V U ER{bE L OVERKLY2 OV U FRLIZITR BTG D e o Tz,
W, VT AU CRTBLERIC &% ROS PEA~D B ET Lz & 25, TPAMLEE
(2 K DM ROS PEATLHEES A REICHIH S iz, £72, HildP ROS O REANR T
HD NOX2 DFRBE L WEMb~DOLT ) COERERG LTI 2 A, VT
U > OFALERIZ L  NOX2 mRNA D3 ELE L TNOX2 i HEALIZ M ZH D paTP™
DIEBAT M S e, L EDORERNS . b FEECRMIAK D kit LT,

T Y B E R T A D = XL EH SN Lz,

ULk, b NEBECRHIALIZ 3510 2 BhIREE LIE DO FIE - HERImFRIZ I 1T % EC-SOD
FELHE A =X Ak LOEREE(LIE D TRICA 2T AU o OIfiIfER %
B &M Lz (Fig. 17), HERO~7 07 7 — VU ~DMLBERICB W TERD B i
% EC-SOD DB KIZ, AL E &3 EA T 25 ROS 3 X OHMiIfast o ROS 1Zxf
TLOEIEZ D LT OIS TH D EHRTE S, —J7 T, Jaikfbis
FRIZIHBUWT EC-SOD L~ UL MR T4 5 Z &3, Miflash L Ky 7 ZEF PO fkfE
WZERY | BREE A RESE L —RICR2 LE2 b5, FERIC, ikl

HIREIZ IV T, BRIRZe < LDL Z BV IATe R, =7 077 =Y TOT R b—
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AMBIR A OFB e L HEROEAEZHIRETHL Z MR TVD
[106], L7c3-> T, w7 v 77— DOiaiRMb 2 RIRIZE < TRIER X OVERE
DRENEBE THDH, AFETIE, KO~ 07 7 — U~k &2 IHlI+ 5
WTHYV U ORAMEEZR LI, LPLARRL, ~7u7 7 — U3 R CHE
REE R nD, b E AT F U COMBIER & DN U RAREHZD

REIZRD EEZEZBID,

The disruption of EC-SOD contributes to the development of atherosclerosis

- .
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Fig. 17 Mechanism of EC-SOD disruption during foam cell formation and effect of
luteolin on monocytic differentiation. The decrease of resistance against ROS by

EC-SOD disruption may induce the progression of atherosclerosis.
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