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FEEXZ LT X 1K o iIR123 RAW 264.7
ElE S ABCG1 FRi&BI 200 *

ZORD @ Y HAE? FRL? YHR? BEk
O IITHER S ERL R KR 030001; 2 Il HEERFKZES —BE RO AR KR 030001)

FE RN MR AL B kol A A Ak R 2R O S B IR Y, E ] 3 R JE mT CAB LR AN R K, ATP G5 A SIS 1k Gl
(ATP-binding cassette transporter G1, ABCGL)7ENH [l FEilfid% iz i i H IR B /EH, WK 4H B oy B [ B 02 2 vy % B R A 1
(high density lipoprotein, HDL). Jif X 54 o (liver X receptor o, LXRe) M ik 1 57 HL UL K] ABCGL 11332 2k 1 2 H [ ezt
iz, BEBCEAR)Z RO R, B RAW 264.7 E W41l ABCGL RIARISEmMANIE 2. ) T 5% Jg Bt & x5t
RAW 264.7 B4 il ABCGL ik IR ma S ML, K SEiy 968 & PCR. & A BV vEA Il ABCGL Fl LXRa 3K 1%,
AT PR PRV T 0O AR [ gt s 28, TR SIRNA T HRHE ARSI LXRa IR IESRAT ST LXRa 7E IR ZE T ABCGL 1)
PERL. S5 SREHT, TSIBEZE U I MO AN I 18] AR Ak B ABCG Al LXRa 1) mRNA MU [ 5T IR 263, (i 0f [0 4 Jf i

B . 22 LXRa SIRNA LbBIS, JRIBE2E i ABCGL FUVE RN 25, RH [ B 37 28t A N i

FEREIRITR, RS

LXRa 12 Lt RAW 264.7 AN il ABCGL ik FIPHE Rttt B \LiiR T i, s sh Bk kA AL .

XA JREEE, kBRI, IH[EREY IS, ATP 454 &fisik Gl

ZRHES R541.4, R589.2

BNKRPEREAL O™ F e T N, AL
IS, WEARZHE, WMRIE. SN EL IR
A 5w 4. P e AU S 5 AE Sl K A Ak
AL ORBEPREEER. Sk R AN, R
FZ A0 LI Tk P R A s R 4 B, S e A A R
W ENR R Y ORI, BNk FERE AL TE B
RBERTW, WFFURN], AL w2 5 8 11 (high
density lipoprotein, HDL)ZK 755 gl ik ik RE AT AL 1) K
Az AU SCE. 1T HDL 45 Bt 8 ik o #F B 4k 1) 5 32
BLWLHIAE T 2 5 H A B2 8 % 12 (reverse cholesterol
transport, RCT)iLFEF. FRIEALEPER; 24, Hh
U L A E[E B i HDL 4608 2 I I 04T 5
FEREE LU ER (1 T 2 R, PR Ay JIE ] e 338 2
i&. RCT {2 M4 A 40 SR i 40 i 55 40 f Py A [
BEIRTE B, PRAC LR IE [ A A, 2 AR 2
L[ P (e e — 3%, ] BHLSTV R 40 I T 1k, 2 H
HIA A R A BN KR FERE AL (1) T 2L 2 —. ATP
45 4 f H32 1K G1(ATP-binding cassette transporter
G1, ABCG1)/& RCT W HEZI AL I, W] F 40 e
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1.1 MR5iR

RAW 264.7 W0 40 g (7 [ R} 27 B b i 40
E); 16 #E (Sigma A ) fBZF s . DMEM 83
77 4 (Gibco &~ w): Pt ABCGL. LXRa —#i
(Santa Cruz A w); HRP FRic (F-EHi% 19G Hrik(t
KM EYHEARARAF) : LXRa-siRNA (B
HAEYIRIEE);  Lipofectamin 2000 %5 4Rk 71 & Trizol
Reagent (Invitrogen 7 wl); 0 # 3% iR /| & .
Real-time PCR i 7 i (TAKARA /A #]); PCR 1X
(ABI ~wl); HLIK{X(Bio-Rad 2 ).
1.2 {AREiESE

RAW 264.7 E 1 41 i H] JC W 2. DMEM 15 5%
FHFRE, T 10% FBS. T % % 50 mg/L FlE 5 5
50 mg/L, fE 5% CO,. 37°C [ FMHh 1%, 41
TR 1 Ik, 45 FH 0.25%J1: -EDTA W51k,
it 2x 10 AN M /O fEEFT A 25 cm? BE R
1.3 KIG54H

SR I 55 9510 RAW264.7 4l i, 4% 18 JIE
R AW BRI W, 43k 4 41: a. control 41,
RAW264.7 4 Jfl 1IE #1595 b, 1 mg/L IRHEEE A 21
4, 1mg/LIRIBR S0 fIL A F 24 h; c. 5mg/L
JRICZ AL I, 5 mo/LAREE S AL R
24 h; d. 10 mo/LRH AL EEA], 10 mo/LRIE S
AL IR 24 h. o FEOR [R) R P52 A6 25 o e i
ANFEIFTE], 43 5 4H: a. BSA 41, J5g/L BSA
St eEE 24 h; b, JRECEAFE O h 4,
10 mg/LARER %= S4B E 0 hy c. JREEE &L
F6h4l, 10 mo/LARIEE 5 40 M3k W 5% & 6 h;
d. JRBEZEALEE 12 h 41, 10 mo/LARTEE 2= 5 41 i St
FE 12h; e. JRICEARE 24 h 41, 10 mg/Lfi
B3R 5 4 3L [F]5 & 24 h.

£ 5 UF iR B 2% 2t 4 LXRa & 12 i 12
RAW?264.7 ELIE 4 il ABCGL Rk 52547y, #
BRI il £y 60%11) E M4 i JC s R 9% 24 h )5,
AN A RO HOMEE . SRR JRBE IR, ORI
To ML B IR WO B 4 AL (A% 1107 4 /
41): a. Control 41, RAW264.7 4l Jfl ¢ Ifi. 3% 1% 77 ;
b. LXRa-siRNA 4, # 4 LXRa-siRNA, X} J¢
24 h; c. Adiponectin 21, 10 mg/L R 255 41 i St
[A % & 24 h; d. Adiponectin + LXRa-SiRNA 41,
10 mo/L e R S a ML M 0% & 24 h )5, i
LXRa-siRNA, 537 24 h.

14 T RAEEZE PCR # ] ABCGl. LXRa
mRNA 7K

ERAL BRI IO, F2¢ Trizol 3R W $ B 4 it
RNA, RJaf il TAKARA, HA
i W] SB35l cDNA. PCR W B AAFR 20 pl, Hih
SYBR® Premix Ex Tap™ 1II (2x) 10.0 pl, PCR 'R
U519 (10 wmol/L) % 0.8 wl, ROX Reference Dye
(50%)0.4 MI’ cDNA 2.0 pJ, dH,0 6.0 MI‘ 5| M43
M B TR (&) AR AR & . ABCGL 514
A BS54, 5 GTGACGCTGACTATAAGA-
GA 3, TiUisl¥, 5 AGG TGATTCGCAGATG-
TG 3'; LXRa 5I#F51: L4514, 5 CTACAA-
CCACGAGACAGAA 3", Tiit51¥), 5 GGCGAT-
AAGCAAGGCATA 3'; GAPDH 5|# /541 : i
514, 5 CTAC AATGAGCTGCGTGTGGC 3', I
W59, 5 CAGGTCCAGACGCAGG ATGGC 3'.
PCR [N 4cfF: 94°C FiAe 1 5 min; 94°C A&k 30's,
60°CiE -k 30s, 40 MMEFF. %41 PCRIJEL 3 K,
DL GAPDH & A I AR, 2729 J7 kit Al
X
1.5 ZEARENEN ABCG1l. LXRa EHRKTE

AL BRIP4 M, 57 28590k, H TR 1) PBS
VB2 R, Mgl R R W, 4C i E 20 min.
12 000 r /min &> 15 min, H{ L3 K 1 BCA kit
TERANCE. BEAST HILMRY - RN
1% 4 4% Ji FiL vk ( SDS-PAGE) 4> 85 )5, #% % PVDF
JE,  F 5% M AE Wik £ 1A 2 h, B JS I B-actin.
ABCG1. LXRa FifA (1 : 1 000), 4C it#. H
TBS-T ¥t 4 ¥k, ¢k 10 min. A HRP Frid i) —
Pr(1: 1500), =WEMFHE 2h. ) TBS-T k4 %,
REK 10 min.  BURS PR 4T 4 25 B T B AR A
P s G . B 6 3 mil T I AT A 2 i )
wARM b, RS E A A, RIS,
TR AR
1.6 REREIEE HZEN E

£ 4 15% R 4 L3 1Y) RPMI-DMEM % 77
B 0.37x10° Bo/L[PH]FRICIHFE BE, 5 RAW264.7
MNpILFFH 48 h 25, I PBS yUcE4 2 X,
FEBFT B IR P 1.3 75902090 5l In N A ) 96 5 114 i
BXEREFR 24 h, FH PBS MMM, 7ETC I3 -
¥ 10 mg/L HDL MR R rh 4k 4555 6 h, INAR
WA AN M5, A DR VT BRI 15 5% RN
20 B P BH] b i JIE [ . A R = (B IR TR
cpm/(E5 773 cpm + 4i il cpm) x 100 %.
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1.7 LXRa-siRNA 5 3 RAW264.7 A2

RAW?264.7 4l i 55 % 42 80%~ 90%jfih 7. 37 2=
B, D-Hank's WPEE 4L 2 8. nA 2 ml
& EDTA J§ililf, V84, 37°CJE 3~5min. 3FF
JHEREE, o 2 ml £ 10% FBS () DMEM 1% 9%,
WO T 0 20 B . % 1.5%10° 41 ffl / FL IRk &
Befh 6 LM, JRAIJG 37°C 5% CO, K537 24 h. £
1.5 ml EP &+ i\ 250 wl Opti-MEM I, 5 pl LXRa-
SiRNA, Bt % — 4 1.5 ml EP &, Jn A 250 pl
Opti-MEM I, 5 pl lipofectamin2000 ¥&%], = i jiX
B 5min G HNEIRSG, FEilCE 20~30 min.
256 ALBUP IR, R G E R M 6 fL
B, RAE, XTI E 4~6h, WG
W, I 2 ml % 10% FBS f#) DMEM 15554, 37C
5% CO, 4k 83555 24 h Jo, HEATSEIN 5851 € & (real
time PCR) M2 (4 Jiit E[ 728 (Western blot) £l
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expression
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expression
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t(Incubation)/h

1.8 FitFESR

K SPSS 13.0 B A% pr A7 SE U B ds 2 AT 4t
IINT, SRR BRI LI B A UE T (v = s) RN, K
R 25 2= i &35 i %= 5, P <0.05
HESAGFE X

2 & R

2.1 BEEAZE{RIE RAW 264.7 EME4HAE ABCG1 HY
Fzik

G AT B R 2 RAWR264.7 I 41 i
ABCG1 mRNA HIH [ Fi &k 5w . 45 1L k0,
HxIRA B, M A W EE )N B T
RAW264.7 EiREZN L 24 h Ji, Bl A5 R EC 250K 1 1 44
J ABCG1 mRNA FlEE [ i AN, 2K
#iPE (K 1a, b). A 10 mo/L AR S 40 L R 9E &
ANTRISR), Rl A IR ZEK, ABCGL mRNA Fl g
P IRIA BB E I, 2 A A (I e, d).
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Fig. 1 The effects of adiponectin on ABCG1 expression
(a, b) The RAW 264.7 macrophages were incubated with 1 mg/L, 5 mg/L and 10 mg/L adiponectin for 24 h respectively. (c, d) The RAW 264.7
macrophages were incubated with 5 g/L BSA for 24 h or incubated with 10 mg/L adiponectin for 0 h, 6 h, 12 h, 24 h, respectively. (a, c) ABCG1 gene

was measured by Real-time quantitative PCR. (b, ¢) ABCGL protein expression was measured by Western blot analyses. Data are the x + s of three

independent experiments. *P < 0.05 compared with the control group.
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2.2 BREAZEIEIN RAW 264.7 E Ix 4 i &Y AB & 2
N
ABCG1 /S H[E EE 4R 4 HDL, [Kb3AT X
Kol T HEBE 2550 RAW 264.7 15 40 [ JIH [ 15 A1 i
GRemd. RIS AI bR, AR JREL

(@

Ratio of cholesterol efflux/%

Control 1 5 10

p(Adiponectin)/(mg-L™)

T T RAW 264.7 BG4I 24 h J5, Bl PRI ER
VA R 160 189 o UL ] T A G, AR A (1
2a) JHAH TR] 3 52 1 AR 19K 25 5 4 M 3 [ 6 7 S [ Bl

o BEAE AR, JIH [ 2R T, 5
aﬁlﬁﬂmﬁ KHEF)E

o

~

80

Ratio of cholesterol efflux/%

BSA 0 6 12 24
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Fig. 2 The effects of adiponectin on the cholesterol efflux
(a) The RAW 264.7 macrophages were incubated with 10 mg/L HDL and 1 mg/L, 5 mg/L and 10 mg/L adiponectin for 24 h respectively. (c) The
RAW 264.7 macrophages were incubated with 10 mg/L HDL and 5 g/L BSA for 24 h or incubated with 10 mg/L adiponectin for 0 h, 6 h, 12 h, 24 h,
respectively. Cellular cholesterol efflux from RAW 264.7 macrophages was analyzed using liquid scintillation counting assays. Data are the x + s of

three independent experiments. *P < 0.05 compared with the control group.

2.3 PEEXE(EE RAW 264.7 EIE4HAE LXRa FTRiE
T FSE IR IEE 25 0 RAW 264.7 FL W41 il LXR«
G2, AT PCR 1 Western blot 45 il LXR«
ek, SR AR AN R B I IR R 3R
17l RAW 264.7 EWEAN A 24 h 5, BlAE IRHCEE K
FERIHE N, LXRa mRNA FIE (1R RIESE I, 2
WL (B 3a, b). FAH AR B I AR ER 2 S5 41
LR E A FER ], B RTZER, LXRa mMRNA
G =g ST T v S iy | N 5 o T K
(4 3c, d).

24 MBEEZ LXRa R1ZREHE RAW 264.7 ELEZH
B8 ABCG1 RY3RiE & AB E B2

9 WE TR Bk 2 2 58 b LXRa 3% 152 R it
ABCG1 %it, ] LXRa siRNA T3 LXRa Ji il
R0 ABCGL RIAHI# M. 4 LXRa SiRNA
HJE, LXRa K I& & BE T 86% (&l 4a). &
LXRa-siRNA Zb 34 il )s, SRR, MREk
# + LXRa SiRNA 40 ABCG1 1) mRNA Fl 25 1151
FIEPEL(E 4b, c). $78 LXRa SIRNA T4t v] BH KT
NEHCZR AL ABCGL Kk MEM. [FIn, SHRHEE
Fb#t, HREE 2N LXRa-SiRNA 20 fIH [ B 7 H o 2
(& 4d).
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Fig. 3 The effect of adiponectin on LXRa expression
(a, b) The RAW 264.7 macrophages were incubated with 1 mg/L, 5 mg/L and 10 mg/L adiponectin for 24 h respectively. (c, d) The RAW 264.7
macrophages were incubated with 5 g/L BSA for 24 h or incubated with 10 mg/L adiponectin for 0 h, 6 h, 12 h, 24 h, respectively. (a, ¢) LXRa gene
expression was measured by Real-time quantitative PCR. (b, d) LXRa protein expression was measured by Western blot analyses. Data are the x + s of
three independent experiments. *P < 0.05 compared with the control group.
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Fig. 4 LXRa is involved in adiponectin up-regulating ABCG1 expression in RAW 264.7 macrophages

(a) The RAW 264.7 macrolphages were transfected with control or LXRa SiRNA, LXRa protein expression was measured by Western blot analyses.
(b~d) The RAW 264.7 macrophages were transfected with control or LXRa SiRNA, and then incubated with 10 mg/L HDL and 10 mg/L adiponectin
for 24 h. 1: Nomal control; 2: Negtive control; 3: LXRa-siRNA. (b) ABCG1 gene was measured by Real-time quantitative PCR. 7: Control; 2:
Adiponectin; 3: LXRa-siRNA,; 4: Adiponectin+LXRa-siRNA. (c) ABCGL1 protein expression was measured by Western blot analyses. 7: Control; 2:
Adiponectin; 3: LXRa-siRNA; 4: Adiponectin+LXRa-siRNA. (d) Cellular cholesterol efflux from RAW 264.7 macrophages was analyzed using liquid
scintillation counting assays. 7: Control; 2: Adiponectin; 3: LXRa-SiRNA; 4: Adiponectin+LXRa-siRNA. Data are the » + s of three independent
experiments. *P < 0.05 compared with the control group. *P < 0.05 compared with the adiponectin group.
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ABCGL1 & T ABC #ria s — i, ik
KA ATP il {1 5 R 12>k S0 25 B A I i1z
ABCGL1 K & 4 f vh () IH [ 1 .4 %% 12 2 HDL,
S8 0 0 P R AN A, AR T B A P T
B, B bV AT e, A0 Bk A A A AL TR .
NRIE 25 2 tH IR W A0 203 Wb (1) — PP L (0 A AR ) 240
PERIIEIT R 7, B0 T A AR Z R ER. 3)
K BEAEREAY B R s i R IR 37K FRAIRE. IR TE
] DLId I AMPK i@ 7240 B b e 2% s | 1)
Lo LA MRS, AT AR 34 I M B 3 ) e ek
U051 A5 19X 7 38 7 st O JUTL Bl L PR 3 405 A (R 9 A
UL 5341, RRIBEZEAE S Kok AL 5 Tt A7 (R 3
YRR JIRIBCEE w] LA g R AR R 155 5 1) = Bl ik
P Bz 4 LR B 2 7 IR 30K, JCRE ) ko8 A Al 44 95
AR RIE AL v] LA BRI SZ B A5 N S SR,
RPN TEANTRS,  RIEDISIIK AR )1 FHE,
TEATIEFEH I, I3 ] A FEE A At 0 k) 44t
PEHE 3 ABCGL [958 0A ,  1b 1M 4 JIH 8] e i H 14
s $EORBEIE 28 T LUl Ik (g 2R VA 40 i P 1 I ] e
it HE T B VAR A B R, BH LS R AR AL

JH XS24 o A% PR S A E 1 D 2R R D
B SR IR DA, LXR )5
Al DL b W 40 i ABCGL I £ ik, A
ABCGL RIAFE K 7. i ve 2% 4 A1
W7 g T ORE AT, R SGRA . TGR-B1
Al LUE R LXRe i 428, i THP-1 W3 41 i 95 1
(PR LN M ABCGL [13IA, I IH [ Bt 910
AN M . WFTR I, 25 S Tl
B AT YT LXR SRS g B AR L I ] o 308 3 A 3]
WEAER, i AMPK {55 5 Sl H .. MAPK 15
%%%ﬁ%\mwmﬁT%%%%ﬁ%%wm%%
ATHT BT s, M SRk 3R 1~ 7 Al ad 4
il INK F1 p38 MAPK 15 5% %, W& LXRa i&1%,
et ABCGL [1)3Rak,  13 i T 550 05 240 o 154 Jonn JIH [
By, B7IbIRIRGE BRI, DR S KR A S
AU ARSI, MR IDEZE TR S5 AR 2 B [ 4
A B I LXRa ) mRNA FIE A BT R0k, W
F SiRNA T4 R, 4 LXRa siRNA +#i )5
LXRa 35 18 IE PR 4 86%, Uil T RAFH T4k
B IRATEI T 45 F LXRa SiRNA T4 )7 ABCG1
()2 R [ Bt 2, 25 RORILZS LXRa SIRNA
Ab BT BH T AR Z AL HE ABCGL Fik (4], HDL

() BV AERT, 0] JIH ] s, R I LXRa
BN S, AR )RR AT, TRk
F WA LXRa Vi 15 5 e 5 00 % R EAT 2R 0
2 IR IE 2 0T AMPK {5 557 S 08 A B B
FIVET, JREEZE . AMPK. LXRa =# Z Al f)K &
W, AR

S, FAIBFR, JRBCE T LU B
LXRa ik, {EiF RAW 264.7 41 il ABCG1 (1)
=i 1 1b ) N I N (BN L7 TR we S I e 7 N )
TERk, sk kA1

S X X M
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Adiponectin Upregulates ABCG1 Expression Through Liver X Receptor alpha
Signaling Pathway in RAW 264.7 Macrophages

LIANG Bin?, BAI Rui?, HAN Yao-Xia?, GUO Xiao-Hong?, XIAO Chuan-Shi?, BIAN Yun-Fei?”
(! Department of Cardiology, The Second Hospital of Shanxi Medical University, Taiyuan 030001, China;
2 Department of Cardiology, The First Hospital of Shanxi Medical University, Taiyuan 030001, China)

Abstract It has been well known that foam cells formation is one of the hallmarks of early atherosclerosis.
Reverse cholesterol transport (RCT) pathway can inhibit the foam cells formation. ATP-binding cassette
transporter G1 (ABCG1) plays a crucial role in RCT and anti-atherosclerosis, which mediates the efflux of
cholesterol to HDL. Liver X receptor alpha (LXRa) can stimulate cholesterol efflux through ABCGL1. It has been
well known that adiponectin has cardiovascular protection. In this study, we attempted to clarify the effect of
adiponectin on expression of ABCGL1, and explored the role of LXRa in the regulation of ABCG1 in RAW 264.7
macrophages. The expression of ABCG1 and LXRa were examined by Real-time quantitative PCR and Western
blot analyses. Cellar cholesterol efflux from THP-1 macrophage was analyzed by liquid scintillation counting
assays. Our results showed that adiponectin increased ABCGL1 expression at both the mRNA and protein levels
in a dose-dependent and time-dependent manner. Consequently, adiponectin promoted cholesterol efflux in
RAW 264.7 macrophages. Moreover, adiponectin up-regulated the expression of LXRa in a dose-dependent and
time-dependent manner in RAW 264.7 macrophages. LXRa small interfering RNA completely abolished the
promotion effects of adiponectin. In summary, adiponectin up-regulates ABCG1 expression via the LXRa

pathway in RAW 264.7 macrophages.
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