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[ ABSTRACT] Aim  To investigate the effects of IL4 on ATP-binding cassette transporter Al ( ABCAl) expression
and cholesterol efflux in human THP-1 macrophage-derived foam cells. Methods THP-1 macrophage-derived foam
cells were treated with different concentrations of IL-4, different time, and liver X receptor a (LXRa) agonist T0901317.
Semi quantitative RT-PCR and Western blot were used to detect the expressions of ABCAl, LXRa mRNA and protein re-
spectively.  Lipid accumulation in cells was observed by oil red O staining.  Intracellular cholesterol efflux was detected

by using liquid scintillation counting method.  Total cholesterol, free cholesterol and cholesterol ester were determined by

high performance liquid chromatography. Results 114 significantly decreased the expression of ABCAI in a concen-
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tration- and time-dependent manner, and inhibited cholesterol efflux in the THP-1 macrophage-derived foam cells (P <

0.05).

hibites cholesterol efflux in THP-1 macrophage-derived foam cells.

4 on ABCAL.

R IR 45 A & 452K A1 ( ATP-binding cas-
sette transporter A1, ABCA1 ) 7F JH [ 5% 0] % iz i 4%
S R IEE EEAE . ABCAL JE R %
ARET | S 75 JR 9 (Tangier FCHR) 5 FF 35 2K 0 2 LA
HDL B HH [ B0 RR T I e 40 0 o 7 ) 7 A= 3
kRS AL (atherosclerosis , As) AHFfE, ABCA1
DA SRS TRRENNR As , 31X -5 5 sl K BE T B w20 i
JOEL T st ek o5 | B 2l JDkBE S I B AT O, JIEL [
FIHF X ZAK (liver X receptor, LXR) B 15 fk RE W55 1
ABCAT SRHRIER ik KF2  FIAIIE A 3R 4 (in-
terleukin-4 , 114 ) /& 98 i J2 I of e H — b 8 22 19 41
M T, 25 As WIEAL, L4 A il B v i
S RRAE S A T A B2 200 i 2 R I K 40 L FE
BCIITE As A FEMER), TL4 J2 75 5200 50 41 i
JE[E R s A ABCAT 13 3K B IR e A 0 11 3 AN
HH IXRa £ 55 114 4 ABCAT ik 785 th
W AR DL PR AR 26 = SR IL-4 X 41 i AB-
CA1 IR FNH [ 1 Y 5 me) Bz HAIL

| MR

1.1 Zymniks

Trizol & 7| 1§ & % & Gibco /A 7 ; AMV % — 4%
cDNA 4 kX & B Promega A 7 ;Taq B B b
ERAFRNE ;AT W E Lkt TN SR,
FIA ABCAL fr LXRo #R AR 1f A 1L 4 B8 470 & 470
¥ Z 91 # = [# Santa Cruz /A | ; Blue Ranger T %¢
EERFENFE, Z %% ¥ B (bicinchoninic acid,
BCA) & @ & & M| = X 7| F1 Western blot 7% 4 M| 1%,
7| & 1 B Hyclone-Pierce /] ; )% By 41 O F2 T
44 B K |l W A Sigma A 7 ; LXRa ¥ 3 A
T0901317 W # Cayman 2 & ; H i | 35 4 #F 0 5
] 7= A 4
1.2 REEREZEANSE . SUBHREE

KA BAEBCESHAMKKEEE A (low
density lipoprotein, LDL) ( % /£ :1.019 ~ 1. 063 kg/
L), 23 ek Er A —&ad®, % LDLET
4 10 pumol/L CuSO, Hy # Bt 2 % » i ( phosphate
buffered solution,PBS) % & (pH 7.2) #,37C & &
24 h, &1 EH LDL & T4 200 wmol Z Z % WM 7.

T0901317 reversed the effect of 1L-4 (P <0.05).

Conclusions [L4 decreases ABCA1 expression and in-

LXRa activation can reverse the inhibitory effect of 1L-

B2 B PBS % 3% AT 24 h, B Al PBS # AT 24 h, 1 & Ik
HE4CHhEF, EANTAP,LDL ¥ 8 g 4
B GedbRECTILAGE, HEERLKD
AR E E g & A (oxidized low density lipopro-
tein, ox-LDL) By %, kit # 3% % B T Rk & (19 LDL,
1.3 HRakAIEESF

JH 4 10% B 4 i ¥ B RPMI-1640 ¥ 3% 5 &
THP-1 %0}, % & T 5% CO, B Fh i, HEHH
AT E KM BAT L B, A B A A 160
nmol/L # J% B8 % & THP-1 4 i 24 h, % % THP-1 %0
ML BE Ry B v 4 e, F 4R35k 2B fm N ox-LDL %
B 48 h,fH B v 40 A 4% AL R R 20 8, B O\ & TR
HHE,
1.4 PEER-BEEHERNKEN L4, LXRa mRNA

W B wk B 4 A 5236 40 4 ML, B Trizol R 32 AU
ALK RNA, A T AR BEL BB A, Kook
B E Ay, /Aso o LT 1.8 ~2.0 2 [, B
& RNA 2 wg, A Promega /A 8 3 53X 7 & & A&
cDNA, B B # 7= 4 10 pl 347 B & B 4 K6
(polymerase chain reaction, PCR) &%, ABCA1 5|4
5% (177 bp) k¥ :5 -GTATTTTTGCAAGGCTAC-
CAGTTACATTTGACAA-3", T J%: 5'-GATTGGCT-
TCAGGATGTCCATGTTGGAA-3"; A LXRa 3| 41 7 71
(232 bp) £ 3 :5-GATGTTCCCACGGATGCTAATG-
3, T ¥#: 5'-CAGGAATGTTTGCCCTCCTCA-3"; A
GAPDH 3| 4 )7 %] (496 bp) t # :5-CAAGGTCATC-
CATGACAACTTTG-3", T ¥# :5'-GTCCACCACCCTGT-
TGCTGTAG-3';PCR 9" 3 7= 4 K /£ % 308 bp, PCR
KR4 47 :94°C 4 min 1% £,94°C 45 s & M,
60°C 45 s 3B K ,72°C 45 s #E 14,30 ME I, 729C 10
min 4k £ ZE {3 4 KR A B4 RN (reverse tran-
scription polymerase chain reaction, RT-PCR) % % J& ,
B AR 1. 2% B9 3E A6 BE B A P L ok, AR E N
10 pL, B 24 fefe, Wk &4 K A UVP ALE IR
B AT & G0 €, 2 A £ 1 3 B mRNA % 3£ 8y
=5,
1.5 SEENFEKN L4, LXRa EAKRIZE

W B 2 B, 2 PBS WE & 3 ok, dm N B AR B A
4005, T 4°C 12000 g B8 A # % 7 min, NG R
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W EW#E®R,H BCA E3#TE AR EE, TS50 pg &
B/, e N 1/4 R AR 5 x SDS % IR A% &% wk
#,100°C K7 10 min fE&E G H, 60 V R E K,
120 V 2 B e, Bk o B 4 B B R, B R R TR R
P60 ~100 mA 2 1 h, {5 & AT % = &
PHREIE b WAL BN EEBBR, 5% K0
FREM2h 5, BN —3,4CHFH 6 ~12 h; TBST
(tris-buffered saline and tween 20) % &€ 3 %k, & %X S
~10 min; Aw N FRAR 3 E AL 4 BE AR 0 B9 Z 40,4°C
H4~8h;TBST 3t 3 K, HX5~10 min, %5 A
Western blot 7 4 M R F| ¥ 2 K A, BT X o8
FLB%,E% R EKRGERAIATEGI,
1.6 M4 O FEIME THP-1 ARHAER

KapERTHRAFEESZH N6 RN
W, AL EE 5 PBS ¥ 3 K ,50% T B E
I min, 2 O 2 EKEE 10 min, K EFLES
min, 1% HCl & FCR G, KEHFFH A, 8%
BETWE WA RENE AHEZEEE, BE
AR AR E R MR TER,

1.7 BURHEGEIWHARANSEERERESE

R dm AL 3B 45 R 5, A3 3 35 PBS I 3 iR, dm
NG FE 2 AR 200 mL, ROE R gk 3 K B,
BCA R EEHE,7.2% =4 LB ILEEH,800 g
B8 A B8 10 min, B FFHATEEEAN, LT
B2 AR, B 100 mL B3, m N 8.9 mol/L A4
b, 47 ¥ 7 200 mL, A A B [ B2 B8 J5 O 40 B 9 KR E
BaNEL, £S5 ARRRES, AEDK
FMEKZEHEE,1.5 mol/L = A4 34T A1
FTHEFE =T, 100 wL 7.5 -5 7 B (80: 20) ¥ fif
BE, EETERORMEEEN, KA C-18 4, &
4°C 7 1 mL/min,250 nm % 5h 60 | AB R B2 DL
KERZE, ARKRE HEENARE AL E
KIE,

1.8 PEEIEEH H K%

THP-1 %0 8 76 4 10% f& 4F L 3% 8 RPMI-1640
B A 0.2 mCi/L[ H] JE H B £ 5 # & 24 h, F
PBSHt k@M, FaWeE THHEES AL
(apolipoprotein-Al, ApoAl) T & 4 f 4 1 & 8 RP-
MI-1640 5 7%, 3£35 3% 24 h, PBS vk 7, I 4k
TR, e R TR TR MR T AR I R R e 4
B B [PH]ARIT 6 8 B B, BH B R R
T B 4 91 38 2 ( counts per minute, CPM) [& DL B
CPM (3% 2= % CPM + #1 i CPM), F % DL 100% %k

1.9 Sit=4biE

BIERHx+s 0, HE LR KA T Z 00K
¢t R %, B SPSS 19.0 4 it 8 E &, P <0.05 K =
RHAITFEXL,

2 # B

2.1 AREREE L4 3t THP-1 E I 20 B 5 1 38 3 4
Bfl ABCA1 mRNA 3%k HI0E

T WEE T4 X ABCAL (KA 50,
fITE SERIBURIFIREE (0 .4 .16 .64 ng/L) i1 IL4 2 F
EL W20 M PR E M IR 40 24 h, 8 5 >F 2 & RT-PCR Il
FEANAPY ABCA1 mRNA 284k, 250 R, TL4 Sk
FEMHE /> ABCAT mRNA AR (&1 1) ,

GAPDH

ABCA1

1.0+

0.8

a
0.6
a
0.4+
a
0.0- 1 1 1
A B C D

El 1. RERE IL4 3 ABCA1 mRNA RiZHI#ME(n =3)
AHNO0 ng/LIL42H,B K4 ng/LIL4 4 ,CH 16 pg/LIL424H,D K
64 ng/LIL4 4, ay P<0.05,50 pg/L IL4 4 ILE:,

Figure 1. Effect of different concentrations of IL-4 on the
expression of ABCA1 mRNA (n=3)

Relative mRNA abundance

2.2 AREREE IL4 %t THP-1 E I 20 B 5 1 36 3K 4
B ABCA1 EBEFRIEHIF M

B FRAT OISR T ARV B 1L4 X TH-1 E g
AN IEPE IR AT ABCAL 2 1 2B IR, West-
ern blot 455 0 7~ . IL4 IR AE &2 40 B AR 1 id A1
ABCAl FEHMFRIL(E2),
2.3 IL-4 AIBARE B E] X THP-1 B I 40 B iR 148
REARE ABCAl mRNA REBRIZHIEIN

SELSEAN [V BE L4 X6F TH-1 I 40 At 5P
K20 ABCA1 mRNA Rl IR 052 5, B 3K
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MIXWEL T 16 pg/L IL4 AEHUR[E I E] XF THP-1
I 210 A R P YU TR 4 B ABCA1 mRNA FIEE 1A 5200
S5 R RE & B T4 BRI E I /> ABCAT mR-
NA BRI MRIL(E 3 E4),

. W — 3 —acCtin

S S c— e — ABCA1
A B C D

1.4
1.2
1.0

0.8 a
0.6 a
a
0.4
0.2
0.0- s s s
A B c D

2. AN[ERE IL4 3t ABCAl EARIEHIFI(n=3)
ARO ng/LIL441,B R4 ng/L1L4 41,C H 16 ng/L1L4 41,D K
64 ng/LIL4 41, a3 P<0.05,50 pe/L IL4 4 IL#,

Figure 2. Effect of different concentrations of IL-4 on the

Relative protein abundance

expression of ABCA1 protein (n=3)

2.4 IL4 Xt THP-1 B4 f iR ek mpmis RE
R0

h T2 1.4 XF TH-1 B W20 PR
IKARML RS2, 7R B 28 2% Oy T, AT a2 O 4
(O EEARRIHR JE TL-4 kb B 20 i I 200 g I ) 5 R
0L, SRR, HEE TL4 9 BE R, B8 i 25 A
mncEs)

%‘ R > : .

& 3 b - . - -4

P el b :%:g‘;

Y - - e 4 q" *

- f b 'z..
ROk .E ™ B <

5. AERE IL-4 412 THP-1 B4R B R ABAHa O £ ( x40,n=3)

20 .16 pg/L IL4 41 64 ng/L IL4 4,

GAPDH
ABCA1

0h 6 h 12h  24h

o 1.07
2 0.97
§ 0.8-
5 0.7 g
@ 0.6 a
é 0.5-

0.4-
€ a
S 0.3
-% 0.2
E 0.14

00-—0h ——6h —12h  24h

E 3. FERE IL-4 3 ABCA1 mRNA RiZHIZNE(n =3)
aN P<0.05,50h 45,

Figure 3. Effect of different treatment times of IL-4 on the
expression of ABCA1 mRNA (n=3)

— — c— . 3 -21CiN

A — e ... ABCA1
_ O0h 6h 12h 24h

0.7
q) -
06
(0]
2 054 a
3
] 04
co a
£ 0.3 a
5‘ -
202
3 0.1
m 1 1 1

00"0oh 6h 12h 24h

B 4. IL-4 S EARFE R E X ABCA1 EARIA
aj P<0.05,50 h #HILE,
Figure 4. Effect of different treatment times of IL-4 on the

YN (n=3)

expression of ABCA1 protein (n =3)

HZEZEA MO0 pg/L IL4 4 4 wy/L L4

Figure 5. Oil red O staining of THP-1 macrophage-derived foam cells treated with different concentrations of IL-4 ( x40, n

:3)

2.5 IL4 Xt THP-1 E M 20 Al 8 14 361 3 £ B B B B2
it H AR

ABCA1 75 IH [ B2 396 1) 5 3z N 24 4 4t A o JIE [
Mt R E AN, FREEERNC KA
T4 52 3 B AR S 1 R B ) 4481 P 7 R 9 THP-1 B

I 240 L M Y TR 41 i ABCA1 mRNA FIZE [ ik,
JF [ s 3 1) 2 ds HE rh g O B — AP R B SRR Y
ApoAl T & ¥E/EH], ApoAl J& ABCAL FCAA, 4k i
S ABCAL M AR I EE 3 . R T — 2R
IL4 %I ABCA1 Zfig sz , FATR AR N ARk
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RGN o JIEL T P 30 8 52 00, D e OB €0 3 (S AG:
0 200 i AL T P R ) 5 e, 2 SR RN RS TL4 Mk
AR08 T 2 A JOEL T 7 R AR L A sk (1 6) o A
X V7 240 JH PR UL T P 3 S D20 00 R P L R 5 sl
XN (R 1) o

187

16
14
12+ a
1g_ a
6+
4
24
0 1 1 !
A B C D

6. ANEKE IL-4 3t THP-1 B I 40 A5 14 6 3% 48 A AE &
ERHEEmE(n=3) ANO ug/L IL4 241 .B Jy 4 pg/L IL4
4,CH16 png/LIL441,D J 64 pg/L1L4 4], ah P<0.05,50
pe/L L4 4,

Figure 6. Effect of different concentrations of IL-4 on cho-

Cholesterol efflux (%)

lesterol efflux in THP-1 macrophage-derived foam cells (n
=3)

F 1. IL4 ¥t THP-1 EAMEME AR ARNEERRERESE
BIRNE (n =3)
Table 1. Effect of IL-4 on cholesterol content in THP-1

macrophage-derived foam cells (n=3)

% OH 0 wg/L 4 ng/L 16 pg/L 64 ng/L
L4 4 IL4 4 L4 4 IL4 4
TC(mg/g) 469 51 500 +48 667 +57° 762 +49°
FC(mg/g) 178 +38 201 £41 286 +45° 302 +44°
CE(mg/g) 291 =30 299 +46 381 £52° 460 +32°
CE/TC 62.0% 59. 8% 57. 1% 60. 4%

TC ; S AH[E EE (total cholesterol ) ;FC. WiEs e [ % ( free cholesterol ) ; CE ;
Hﬂl—ﬂ@@'ﬁ( cholesterol ester) , a & P <0.05,50 we/L 114 4 W,

FIREFRA TR WL T 16 wg/L TL-4 AbFEA [ i)
X} THP-1 5 103 20 60 54 6 A 40 e AR 81 5 3 o %) 52
i), 285 5 7R, T4 IR A S s ) A 1 o ol L [ e
W (7).
2.6 1L4 %t THP-1 EMEZAE 1L XRa RIZRIEM

5T, ABCAT /& LXRa AUFBIEIN 2142
eI T4 REE 1 B0 LXRo MM R 3 ABCAT KA #E
As MERAERE, L4 EE BRI E T LXRa 1Y
Feik, NI & HEXT ABCAL BOTETT1E 7 R FRA &
WL T AN[EHR B B AR I] TL-4 %F THP-1 I 4 iy
TEPEWS VR 41 B LXRoe mRNA K 25 1 i 26 1k 19 52 i
BT ANTUEE A R HEE (0.4.16 .64 wg/L) IL4 X
THP-1 F 4 L 5 M Y PR 40 i LXRa mRNA 323511

SEN RT-PCR 45 S 6 W1, T4 52 vk J3 4 081 1 1) ik 2>
LXRa mRNA AYZRIA(P <0.05;48)

N
o

Cholesterol efflux (%)
o o o o
-
!m

7. REIRE L4 XEERRHEREME(n=3) kP
<0.05,50 h 41t .
Figure 7. Effect of different treatment times of IL-4 on cho-

lesterol efflux (n =3)

GAPDH
LXR«

1.2

1.0

a
0.8 a
0.6 a
0.4
0.2
00— % ¢ D

8. AERE IL4 3 LXRae mRNA Rz M (n=3)
AHNO0 ng/LIL42H B K4 neg/LIL4 4H,CH 16 pg/LIL4 24H,D K
64 ng/LIL4 4, ay P<0.05,50 pg/L IL4 ZHILE,

Figure 8. Effect of different concentrations of IL-4 on the
expression of LXRa mRNA (n=3)

Relative mRNA abundance

AR, FRATIEE T AN [F R B 1.4 Xt THP-1 F g
YA R A0 M LXRa 28 3R IA 052, 15 5] 5
ABCA1 —E 045 5 ; Western blot 45 5 I/~ , IL4 fig
LR PE ARG (AR LXRa 85 134 (1 9)

2.7 T0901317 Xt IL-4 432 RY THP-1 EREZRAE AB-
CAl FRiZHIF M

THP-1 W5 4 A I M i IR 4 A 7 LA 16 pe/L
IL4 4bEE AT UL ABCAL 85 1 FRR K R0 BT BH i
U/ 114+ T0901317 (10 pmol/L; LXRa ¥ #h 51 )
LU B2 ABCAL FGRTR > (P <0.05) ,{H 1.4
+T0901317 4% 1L4 20 ABCA1 & 132 3k 7K AR Xt
HM(P <0.05), VLA T0901317 REFHE 4330 % 114
XF ABCA1 BVER , N5 — 7T W] LXRa AT HES: 5
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T IL4 i ABCA1 B9k (18 10) .

—— — e [3 —2CtIN

e ——— - | XR o
A B C D

2.0

1.5+
a
1.0
a
0.5_ .—l
00— B C D

9. RERE IL4 3 LXRa BEERIEHFM(n=3)
AHRO pg/LIL42H B K4 wg/LIL42H,CH16 pg/LIL4 4 DK
64 pg/LIL4 4, a  P<0.05,50 pneg/L IL4 4 LL#L,

Figure 9. Effect of different concentrations of IL-4 on the

Relative protein abundance

expression of LXRa« protein (n =3)

B -actin

T ABCA1

0.9
0.8
0.7 ab
0.6 a

0.5
0.4
0.3
0.2
0.1
0.0

Relative protein abundance

A B C

10. T0901317 5 IL-4 %} ABCA1 RiLHIEIH (n=3)

A HXTIRLL B A IL4 41,C N IL4 + 0901317 4, a A P<0.05,%5
XL HEAE b i P <0.05, 5 T4 A HE

Figure 10. Effect of T0901317 and IL-4 on the expression of
ABCAL1 (n=3)

3 3

M N B S RE R ALIE As &0 145 P
ESh AR R, RIESS As 2R, N4
AE AR B A A 125 D I Ak DR 3 S s
IR X=X 5 = R R e R 7 A [ YR e
FEAL O W U206 ) 38 56 RN [ N S 1 A S, 5
TV BGR AT 4 2SN, Ak 252 B i A R DR -l Py R34 5
T RIG RBEE | T2 As BA"

ABCA1 &S A, 2 A 78 T4 N 2
e/ = = [ ) DA e VA S 211 R = |
ATP g, {2 2 240 M P 3 25 00 s o 76 35 BR

OB [ it 7 T R A L BEAE ], R ABCAL DI RE R i
ot As &L RD

ABCA1 fFiK52 Z2 N Z I, A6 5 KA
SRR AT . Z R R A0 P, an g 3K
B F o (tumor necrosis factor o, TNF-a) \IL-1B . C
SRR VIR v e oK F3E T LXRa T
ABCAL AYZEIK , NI AH R BEAY 3 ), BE £ bl
(lipopolysaccharide , LPS) | — il T4 R 55 25 11 1
VG 8 2 1 457 2 Si I /KPSl ol B IR ABCAT R
SEVE LR X SE LR AR RAEFE R T AB-
CAl WFREZZH R,

L4 L IREME R F T, 1 15-8 A A B (15-1i-
poxygenase , 15-10 ) f2 5 Bt S AL , 38 o8 {2 2F 9 2
M 9 AE AL TR AN M TE BT E. As HP & # 25 B EAE
. Lee 25" ¥E NN B UM 7T & B0 T4 BERE(f
SR F 6 WG T 2  GATA 45 &5 RN 7
1 ZHEF 1 LA REE A L ISR 15-L0 #ik
VL BEEERT L 15-L0 @it p38 Al INK2
WA N ABCA1,iE52 ABCAL/ABCG1 7 IH [ fis i
mfiah R A EEAE M, 5 40 T 1
(vascular cell adhesion molecule-1, VCAM-1) BEfZ ]
17 LSRR R A BT, U TL-18  TNF-o F11 LPS , 3] 3%
VAR L 200 R B AT 2 B A I N e e, fR E As
(%A K R L4 it B VCAM-1 1 5 22 1
7 T Ak B 2 M A P Bz, TR T4 BERS HIRR] TL-18
TNF-a \LPS 755 L4858 B2 41 il VCAM-1 35 1M,
TEIMLAE N e A L4 ] 3 Bk p s’ |
TE As FRIUIES BEAG I 21 24 41 M F4 1k 3 1 1 (mono-
cyte chemotactic protein-1, MCP-1) )ik 5  MCP-
1 = BE WU/ LDLR ~ /N As 578, T L4
A LA PR 4 MCP-1 B R 5 20, 1L-6
R—ANZUREE R A T, KA 212 DR SRR
o TEANME WA L4 REiE P A TNF-o 1L-
18 F1 LPS S 774k 1L-6'1"; 1L4 "5 1L-6 Fik
R

Dai 251" & B LXRa #4305 T0901317 BE#E 1L
HE ApoE /N Bk PR/ H ABCAT JE K Al
FEEFIR, W 30 A JE v 20 i R A 9
AT KBTI E v o LhidE i JAK/STATI/LXRa
1553 U8/ ABCAT 235 K I [ By ) A
FEHIRAT AL, L4 fefe W] W 4 | THP-1 F g2 il
TR IR0 ABCAT A9 RIK SR E Bt 1

LXR B 0% 5% S F 8 T IR0 LA
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