CN 43-1262/R E Bk 425 2016 4F55 24 55 11 1Y) 1091

[XEHS] 1007-3949(2016)24-11-1091-06 - SLIGER -

g 2 bkt U8 SSAO 3G TESI B IAR NN ABCAT ik Al
P e am e v g ot & R

BEER, I, B =

WKy
(ZMPBIRFEFR, S48 EHT 232001)

kIR

[KBIA] M54, REGMBRMEEE, ZHRBRFLE6E6821EKAl;, BREMR
[ E] Br HKiT8s £ 4B (LPS) & %l id 8 ¥ R WRAR M e BALEE (SSAO) 7 5K o 4 -F 7B L 4 6L TR b
A Z BB R A A B AR R AL(ABCAD) B MM R A s AE R, ik BALRAIKE E K E G (ox-LDL)
5 F N R IR VURAR 2 ik B kAL R R AR E LPS A= SSAO Fp4) 7] R MR (SEM) 43R 4 6 6 h & | S 20%
A ETE AT a0 R SSAO M BN B BE i B LB B A L B B ES A8, W A B AL EE- L AL B A MR R AR B
W o, RS A AR L A A (H,0,) 4 F, iR Ak A 0k 403480 4m e, ) A2 B] B2 0% B, Western blot # )
ABCAl &G Ak eg T, BB LPS it ikt SSAO &4 AR R B 4B 4 A€, 3 4 H,0, &£ &, SEM 15 A /&
7 A A AR A LPS 47 40 i ABCAL & & J o RGA  sn e M 2 B BE i ol v, s i B2 ] B a5 ) BR 5 e ) B
5§38 SEM VE R JG 3f ) LPS 69 XA 4E M, #4518 LIPS T ABCAl Ba R AL MM AI A ERE
SSAQ E I mAn £
[HETZES] R363 [ X#tFRIZES] A

Lipopolysaccharide Inhibits Foam Cell ABCA1 Expression and Promotes

Intracellular Lipid Accumulation by Up-regulating SSAQO Activity
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[ ABSTRACT] Aim To investigate whether the protein expression of ATP-binding cassette transporter A1 (ABCA1)
and the accumulation of lipid could be regulated by the activity of semicarbazide-sensitive amine oxidase (SSAO) in vascu-
lar smooth muscle cells ( VSMC) derived foam cells treated with lipopolysaccharide ( LPS). Methods  Vascular
smooth muscle cells derived foam cells were exposed to different concentration of LPS along or together with SSAO inhibitor
semicarbazide (SEM) for 6 hours. The activity of SSAO and the cellular lipid accumulation were determined by high-per-
formance liquid chromatography analysis. ~ The concentration of glucose in the samples was determined in a glucose
oxidase-peroxidase method.  Fluorospectrophotometer was used to determine the intracellular or medium H,O, levels.
Cholesterol efflux was determined by FJ-2107P type liquid scintillator.  Western blot was used to determine the protein lev-
els of ABCAL. Results The activity of SSAO, glucose consumption, H,0, production were increased after treated
with LPS and these changes can be reversed by SEM completely. The cellular lipid accumulation was increased, while the
cellular cholesterol efflux and the protein expression of ABCA1 were decreased in vascular smooth muscle cells derived foam
cells but these changes can be reversed by SEM partly. Conclusion LPS can down-regulate the protein expression of
ABCA1 and promote the cellular lipid accumulation by up-regulating the activity of SSAO partly in vascular smooth muscle

cells derived foam cells.
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bk oks BE A5 4L ( atherosclerosis , As ) 5.0 L 45 IF
JERE A DL AR M 92 s — Ml Do S8 3 Bk R e
HEAREE v 1) LA R R M S AL
( semicarbazide-sensitive amine oxidase, SSAO) 7F B#
VRS HE A IR PP B T S R M T e
PRI IFRE R BB PR As ROBE PRI 85 SR B B
FIIY SSAO TEME . SSAO A T4 B AR
TN YRR SEEEERE (H,0, MR A e
HEARA R A A B0 038 N e, 5 0 i O 1
& IF K E % A L . & B WK ( semicarbazide,
SEM) ZFENNAN 2-9% L5529 29 SSAO 4 1 57
e R b 4R B s S8 o By i RR R | T 22 Ao D 2
Py e IR B =2 QB T ) S et v fiE i As 1 & A
K., HEZME (lipopolysaccharide , LPS) J2& % *% [
PER A RE Y 2y, B 207 IR EL As #UAE
FA S LPS A5 5 5 200 B V4 76 T 40 LT o, 18 2
SRR BB = A O (R AR 1 9 T A0 T 1 1 L A 1
AU, BRI A G &R A1 (ATP-
binding cassette transporter A1, ABCA1) ¥ 44 JIH [&] fis:
i [ % 35 ( reverse cholesterol transport, RCT) , 1T fd]
ABCAT [y e s A5 495 #1523 BEL A IR it vy 9 s 7
WFFEUESE, LPS T il RAW il il ABCA1 mRNA FlE
FT R FIAS B4, LPS J& 753 i 7+ SSAO i
A S 02 i 2 1 O 7 R AR I IR ) 8 T
Wi ABCA1 FTRE, BEMIfEHE As B ETE? I, A
WFE LA/ B 32 3l kP18 LA MY ( smooth muscle cells,
SMC.) TP L AR 20 B Ry WX 5 1) LPS /R,
SSAO {5 PEBCAE X IR 40 i ABCAT 2R 1K M 41 i P
BT PR SE | i — D4R 1T LPS XF As BEHRIE 1
HY AT REALH , S-HRAH TR TP HE A

1 ##FTE

1.1 ##E5iRF

8~10 J& # 4 ¥ SPF & C57BL/6] /MR G +
I b 3E 7 5 4 L DMEM $5 5 3 T % jg
4 i % W B % [E Invitrogen /A 8 ; LPS SEM 1 # %
Sigma /& ; & & Marker ¥ H % & Bio-Rad /A 7] ;
PVDF f& Il & # [& Millipore /A 7 ; ABCA1 %40 A —
FL B % B Novus /A 7 ; AR 3T £ 1L 4 B 4730 19
TR T RN HE A, R4L GAPDH ¥ &
Santa Cruz /A 7] ; Western blot 7% J& 4 Ml X 7 & W &
b A AN F MTIT BCA & A4 B0 2 R A
DCFH-DA 1 8 2 = X 4 4 8 K #F % BT ; Triton-X100
B Amresco A F , F#EAE TR EH A EN K&

BB R R AR R P Hw K N 8 B
Hr 4k,
1.2 MREFEKFEBINERAAELESF

C57BL/6] /N R A ML B 3030, B W 41 T B
FAABEH TS, BT IR, 2 o/L IR B H
6.1 h, m N4 10% s 4 1t 3% 87 DMEM 55 7% 71 (4
100 mg/L HEZH 100 mg/L #F %) #,37C 5%
CO, BAMTHERAI X, BN EH k&
8 AL 24 B8, ( vascular smooth muscle cells, VSMC) .
AP BEREE 3~8 K VSMC, Fa LK E
85% I & BF F #e 6 ML B SR R SR 4 24 h, B F
4 50 mg/L ox-LDL T M v 3 25 3k 4k 435 5% 48 h,
18 %% A 2 3 (high performance liquid chromatogra-
phy , HPLC) 49| 28 f7, 7 % JH [& B2 fn fH B B2 B & &,
L fE [ B g o % B2 50% DAk B 3K 4R /N B VSMC
TR VR R A, SR e N R 4L 3E B & 5F R MTT
&, 35 A T 28 LV
1.3 HPLC #&ZAAE SSAO &M

AR SCHR (9], K E @M, PBS 3 3 %K, &5 —
K PBS iR AE N % b Xt B AR 40 R R DURE R
2080, B 200 L 48 A AR, Ae N 20 pL A F R (1
mmol/L) E 18 # & 30 min DL # (R 3 A (b B v M
54 4] Am N 180 pL K F % (1 mmol/L) ,37°C &
7 30 min, fr N\ 100 wL = 8 28 (20% ,w/v) % 1k K
5 ,12000 r/min % 2 8 min; B 300 pL by & T 5
mlL 3% BB OE, N S50 pl 2, 4-= 8 E KB
(3 g/L) ,40°C K35 15 min; #T £ L5 th =4 Fl 08,
B EBHA, B XK 1 mL,45C T N, kT, T~
4 1 500 L 2 fF-0.1% ¥ B KA (50 = 50,v/v) 7
# BT HPLC 4 4F ; % Al HP1100 HPLC % % A T
MW E K FEEAT £ 4, &35 2 B AL A Agilent Zorbax
SB-C18,4E i 45°C , WE N 1 mL/min, # M0 % K H
382 nm,
1.4 HEHESAB-ISUYBEEINEEFESS
e

LR RCR R A (B A RN TR
fo Ay B 4-2 H 2 A wbotk  Bh B 2h & o ) AR ] 2
(B R By o BR b 22 b o) R AR R 4510 pl
A AT (5.55 mmol/L) Am A\ 1 mL R AR A,
847 ,37°C KB 15 min, 10 pl 248 K1EH = B &,
PLE B E,505 nm A E A AR, T EA
HERE,
1.5 BHRSHREITRN H,0, KF

KN BJR AR VSMC A T 24 5L, & 7L 2x10°
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A2 B N ox-LDL 7o i & 3% 55 UK 1% VSMC IR
WK )G, 3R IR, PBS %k 3 K hn N A AL
B %, B B Jm N DCFH-DA 1§ % 4 Il H,0, 7 #%
000 A 3L R E A 15 pmol/L,37CHEH 1 h, K
R b 4 PBS ¥ 3 %% ;0.1% v/v Triton-
X100 Z## 10 min; 7% 8 2 K iF (& % K 485
nm, & 5T W K 530 nm) 4 5 4 0 _EE K 4a A 5 AR TR
MR E, ERULEL/ AT BET,
1.6  Western blot & B RTIE

W& 4 M, & PBS BEk 3 R, H A, 4C
10000xg B, B _EJE R, L BCA T & A £ &
A, E AR (20 ug KR A E/RKE) mNE
B 10%B-51 = 8 fn 5xSDS b £ % w0 i, 100°C &
# 10 min, 6% 2 10%SDS-PAGE 3k (2 i 80 V,
2B 120V) J& B 3 # (100 mA,1 h) £ PVDF &
b 5% ERE W 2 h, 28 w1 2 500
ABCAl —#t# # 1 : 2000 GADPH — %1 ,4°C & 1L
&, TBST 3% 3 2k, 4 % 10 min, Jm )\ 1 : 1000 #
Rt B EEATICE ZF0, £EBE | h, TBST k%
3 %k, 4% 10 min, Western blot % 42| X 7| & &
T X # K, Labwork %K F 1% 947 2 403t i | #
TREEEH, HhE 2 ',
1.7 “H-BBEEEEARIC i 46 M 20 i i BB B B2

ZESCH[11], F 0.2 mCi/L *H-JE F B 4 &
10% fi6 2F i ¥ 9 DMEM 3% 5% o £ Bl 8 & 40 0, 7
MK E 85% B, E 4 iF & & Y L fLiE DMEM 3 5%
BAER24h, PBS ki, W R A BAI G,
JR VAL MR 0 A T 35 % R 4 L o B H-JE B OF
AR E B E,
1.8 HPLC #2748 i 5 BB E] & | % =5 RE [ &2 0 A8 [
BEESE

SBR[ 12] 7 3 K &4 8, PBS 7 3 5k, m
200 L 40 B 3 AR, R B R R 3 R B A L, dm N
7.2%= 4. 7.% ,800xg &% 10 min, E 100 pL E#
W, N 200 WL AE A4 7 R (8.9 mol/L) , Ak i fE [E]
BEE M A L EEEANAER, SBELSHER
FR(ESE®)RA, NEL KM LK ZERME, =4
4 (1.5 mol/L) #ATEAMAT LS E = F W, T~
M 100 wl Z0E-57 7 B (80 ¢ 20,v/v) B, A T
HPLC 47, & i 2 % 4% % Agilent Zorbax SB-C18
A AER 4°C i 1 mL/min, 20 % K % 250 nm,
1.9 ZitESR

SERh BT AR AR Dlaks Rom, A R R A 7 £
DT Bt B P<0.05 h Z R A S EE L,

2 &% R

2.1 LPS #a SEM XK 408 SSAO & MR R0

/NEUEAR VSMC 28 50 mg/L ox-LDL JC Ifil. 15 15
FEMEEFR 48 h, 25 HPLC A8 0 441 i P AE [ B i 48 o
SR TE 589 LA 1, ARAS 1L VR A M, P28 [ vk
(0,50 F1 100 pg/L) LPS A1 500 wmol/L SEM 434l
L EALBR 6 h J5, MTT Ho (6 A6 I & 340 it 3%
Joi 3 25 5, 1 HPLC A6 & #8 LPS 34 i 41 it
SSAO I, SEM A LIMEIXFER (K 1) ,
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[ 1. LPS #1 SEM AbIE X it % 48 il SSAO iF R0 (n=
3) a i P<0.05, 5% AL EE; b P<0.05, 5 AR M LPS 41
HeL,

Figure 1. Effects of LPS and SEM treatment on the activity
of SSAO in foam cells(n=3)

2.2 LPS #0 SEM X381k 4R A B 2T #E i FE RO 220
ANEUJEAR VSMC Y5 30 A 40 i 28 A )V B (O
50 1100 wg/L) LPS F1500 wmol/L SEM 45 af
[FIAL3H 6 h 5, 7 250 W 450 Ak -1 ST 1y T A ) 355
FRIL A I R B, LIPS $88 111 200 i 6 2 i 0
FE, B SSAO WIS MERE SEM A, 5 25 0 A4 T4 #E
A K 2) .
2.3 LPS #A SEM i@k 4HA =4 H,0, K= NT
ANEUEAR VSMC Y5 30 A 40 i 28 A ) v B (O
50 1100 wg/L) LPS F1500 wmol/L SEM 45 af 3t
[FIAbFR 6 h J& , 50 3 O BE TG DU 448 At PN Fn 3% 77
BT H,0, o, 55 R B, LPS B4 i v A
KRRt LW H,0, 9774 SEM 7] LIl LPS (1)
XFYER(E3) .
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2.4 LPS #1 SEM XtiflikZABE ABCAl EABRERIEH
Al

/NI VSMC MR 428 50 pe/L LPS
1500 wmol/L SEM J3 il sl [m] 4b 3 6 h J5 , #2 4
MR 5, R FH Western blot /7] ABCA1 & [ &
FIZeik, LPS AbFES  4iffd ABCAT B RIE R
F/DFXTHRYL; SEM AL EEZ0 A, 40 ABCAT & 4
(23K 0 % A8 4k ; LPS 1 SEM 3t [ 4b # 41 ifd |, 41
i ABCAT & T (1 3 3k Wb 2 (IR T X B 4L i i3
LPS 4bFRZ  $27R%, LPS F#IK ABCA1 85 i %35
55 SSAO IH MR INA G (K 4)
2.5 LPS #1 SEM X7t 2 A BB & B tH A9 220

/NI VSMC MR 428 50 pe/L LPS
F1500 wmol/L SEM 43l sl AL [F Ab#E 6 h J5 , A N
SRS A 0] £ 6L P IR T B3 11 . LPS A B A
21t PN AR R A Y L X R A B S D 5 SEML A B 4
i, 200 P R 3 o G i 3 AR 4R LPS Al SEM 3t
[Fi] ALk SELEH L, 208 6 Py T T s 3 o A0 % R 2 i s
LPS AbBEZH . $E7R SSAO il 5 v LLER 438 4% LPS
XoF 240 A IR [ P s P R (LS
2.6 LPS # SEM X431k 40 B fg R & FR A9 %2 Mm

/NEJFEAR VSMC PR IR 428 50 wg/L LPS
1500 wmol/L SEM 43 il s LR AbFE 12 h J5 , 2R H

A 250
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150-
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[
?

H.O, production(% of control)

Q

[ 3. LPS 1 SEM 4 EXS K B A Fn3Esn & Eitth H,0, FAMEM(n=3)

B 200+

HPLC 50 210 e P A [ s F JIH [ B s 7 £, LPS Ab
FLZ A, 40 A L T R I e L HE 4 B
G0 s SEM A B 44 e phy JIEL [ s A I [ e S o
55 BRZH AH TG i 784k LPS i SEM. 3 [i] 420 34 441
6L, 200 Ay IR T s IR R g AU ) R L T
T LPS 41, R SSAO FEH: AT L4 4% LPS
S 40 R P R [ AR R R OB (R 1)
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2. LPS # SEM =3k MM EE EEREMN I (n
=3) a i P<0.05, 55 R4 HhAL
Figure 2. Effects of LPS and SEM treatment on glucose

consumption of foam cells(n=3)

o
b

H>O. production(% of control)
o
=)

A BRI A H,0, K, B B 8 7

H,0, /K, aly P<0.05, 5% B4 LLE ;b o P<0.05, 5407 LPS 4 Lh#K .

Figure 3. Effects of LPS and SEM treatment on H,O, production in foam cells and culture media(n=3)

s o B e L 5 20 R 2 i IS P 2 90 3R e
. I AR | STV L 40 L 4 L 6 5
As SEMERR I NI R — B ROE R A R A O B TN , SN R e
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ABCA1

Control LPS SEM  LPS+SEM

0.60
P
‘@
c0.40
g ab
2 a
% 0.20
o

0.00-
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IS SO S 4
@) Q%
N

B 4. LPS 70 SEM &b 32 % i ik 40 i ABCA1 & B JRRIEM
#E(n=3) a k) P<0.05, 5 A HE b Ky P<0.05, 5 LPS
2H I3

Figure 4. Effects of LPS and SEM treatment on the expres-
sion of ABCA1 protein in foam cells(n=3)

10.00 1
8.00 1
6.00 -

4.00 1

Cholesterol efflux(%)

2.00 4

0.00 -

[ 5. LPS #1 SEM Ab 3 %431 5% 20 A BB [ B2 37t tH B9 =20 (n =
3) a } P<0.05, 5% IRA1 L4 ;b y P<0.05, 5 LPS 414K,
Figure 5. Effects of LPS and SEM treatment on cholesterol

efflux in foam cells(n=3)

% 1. LPS #1 SEM itk 40 e i BE Bl B2 #nPE B EE B 2 210
i (n=3)
Table 1. Effects of LPS and SEM on cholesterol and choles-

terol esters in foam cells(n=23)

T H SPREZE LPS 4 SEM 41 SE;S;H
SR E B (mg/L) 512434 712+£49* 504+78 578+62"
UFEEHE R (mg/L) 213217 241+43° 215+33 221+58%
JIEL [ 58 ( mg/L) 299+22 471+26" 289+47 357+14"

E [ s/ SRR R 58.40% 66.15%° 57.34% 61.76%™
a N P<0.05, 5XHBY ;b A P<0.05,5 LPS 4l H#,

TEBL PR As BEE S BETEIAH ox-LDL i
FHE SRR As BEBRIE R Z A 2 EH A
U AT 7R A SRR 3l bk P RS ) 96 VA 40 i 2
KPETF VSMC R L AT 5T 3k R /N B VSMC TR
PRI R NSO S B0 X 4 WS LPS VBT LA 41
PRG35 AR A8 AL 5 SSAO W PEUE Y KL R, LU
WIT ff SSAO J& 75 5 W 4 MR B2 i %32, ilf— 4R
T LPS {2 As BEH & A 2 i A DAL,
LPS {2 As W R AR ZI7IH N, LPS 7] LI
% Toll FEAZIA—H% N T kB & 42, 72 A4 KRy R
S PR, 5 0 00 RE PR 5 T DA A W A
VR TR AN IR 15, o sl o6 A B B iy 7= A | {EL L
Hil AR e W, ARG, B (AR LPS Wk B i)
(<100 wg/L) , 2 MTT Fb (032460 20 o 36 4 76 20
(BTG i 3 2 5, Ir DL LPS B4R FH 5 40 B i 4 el A2 e
Ko LPS S SSAO JF M35 hin, i SSAO I 43 it
BRFREE L A A e O LD iR A A LS HL,0,
PR L SSAO A HRZE G T ¥ R FOE X B
LG R FEL A AE I FLSh 1 Y VSMC | PN B 41 it AN
JIR IV 4 v AT s BAEAE T ILAIE 2R, SSAO T B
DA TR 1A T i 1 T R A A B A R
(TR F ) 2o 480 fh B 80 0 5 | 2 1 T 28
B, 451097 1L A 2 AL, S SO PR s R 3 T B As R
PO s A 46 ot A AE T, BRIk, LPS AE T, SSAO
TP B VSMC 05 RO, BFgE kR,
/b iE SSAO FRIk T4 M N M i is B -4
(glucose transporter 4, GLUT4) i N /A& Hh | GLUT-4
£ SSAO JRYIIFERTT , T iz 25 240 R AR, 55 448 it Xof
T2 W (0 B O i T A FT HP 40 R 40 i A
H,0, 7£ LPS /5 1 T Bl SSAO i M g i 7= A= 1 %2
H,0, W2 SSAO AL H e 55 SIS B 7= , vl s
BIKJULEE I B 3 RN AR U B, 33X 9 Al g X A2
GLUT-4 S e e g v fE ™ . Bk, b
SSAO TEPE RGN 240 B K 5 T #E 0 280, (45 40 g
Wb TARXTERZ B SR T TR RS . H,0, 25
AL R B IEA 22 — | AT 3 Fenion K2R 72 A2 KR
FER 2, S 8500 A Y B 00, T As s 28 L Y e R
Z— 2 B Bk RE R 0, A WE S A 500
wmol/L SSAO #I|7) SEM B, i LPS 5[ i SSAO
TE PG S R S8 A 0 B A A A B FE RE RN HL0,
(A P2 A KT TE 3, T SEM U2 491 if 48 725 1 1) 115
1 H,0, B9 A 530 SSAO WP IARR . I,
SSAO il 370 (4 4 FHPKs A7 B F BBl 23697 SSAO 1L
= T 5 A 4 I AR
LPS AJ DU HE vk 200 it 500 3 2R 4 B T A, {2
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WL A 58 28 . Khovidhunkit 45" #F58 &
LPS R RFER F T4~ 1 nT LLUR 8 BUE g
4 ABCA1 BYFE35, ABCAT 78 AL 35 40 it P i 25 iH
[ BV i 1 O+ v R DG 3l S 45 RCT, 1T
DA IR AN N I BE B 35 AR, AP R 45 SR A I,
LPS T VSMC JE M0 7R 41 il ABCAT 25 1 Ay &
I8, I ABCAT JIH [ 5556 32 Dy fig , o 960 UK 40 b Al
J AR — A 1 o 40 v R AL R B i el
SSAO #lifil5%] SEM A LLEs LPS % ABCA1 £ 11 i
FEIR AN AR, 00 40 B o B B R, A AR b
TS A R 3 A Ak B 1 A T A2 FURE B 43 S
UL LPS 2 VSMC V514 16 7 41 it P4 g 52 &5 R
HFR T 5 SSAO W HEREINAT X AMAAELE HAB 1
MUk, A8 B9 2 W, SSAO 137 T B2 i 7 400 Jf 3¢
AT EA /N T 200 3 s /NI S 2 5 R R A R T
BUAE 5 40 L) SSAO Pl RES 5 T IR I N ml %32 ,
R BT LA FERF SR

ZE L ARBR ST HE— 25 B LPS 78 As BEHUE I
FUA & B &8 438 FHAIL, LPS v Ll id SSAO i
PR HG IARE 7 200 1t 7 P 2 RN HL, 0, 1Y A i
MAE N, T ABCA1 A BRIk, 804l i
JIFL T 3 o AR S 40 i i R R A4 v R
b, BEBEGIE W SSAO R PRI As 193G
SRR BT A B0 A 8 2 TR 4 09 TR FIIR YT As 1Y
HE,

[ &% 30K ]
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