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[ ABSTRACT ] Aim  To explore the possible mechanism by which probucol influenced cellular cholesterol efflux,
and observe effects of serum from the mice pretreated by probucol on cellular cholesterol efflux. Methods Male
C57BL/6] mice (n=16) were randomly divided into two groups and treated with either vehicle or 0. 5% probucol for 4
weeks respectively, the serum was collected and the lipids profile was detected by enzymatic method. ~ Macrophages were
loaded with ac-LDL and labeled with *H-cholesterol, and treated with different concentrations of probucol, then the efflux of
cholesterol was quantitated using the serum mentioned above as the acceptors. mRNA and membrane protein of the treated
cells were extracted and used to evaluate the mRNA and protein expression of ABCA1, ABCGI and SR-BI. Results
More cholesterol efflux from the cultured macrophages was mediated by the serum from the mice treated with probucol for 4
weeks than those from the control mice.  Probucol dose-dependently promoted cholesterol efflux and up-regulated the mR-
NA and protein expression of ABCGI in macrophages, while had no effect on the mRNA and protein expression of SR-BI
and ABCAL. Conclusions The serum from the mice pretreated with probucol markedly promoted macrophages choles-
terol efflux.  Probucol maybe promoted cholesterol efflux from the macrophages through increasing the expression of AB-

CG1 but had no relation to the expression of ABCAl and SR-BI.
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F ( ATP-binding cassette transporter, ABC) Al AB-
CGl X BI&ET ﬂ{%iﬁjﬁ%ﬁg( scavenger receptor class
B type 1, SR-BI) 45 i W5 41 Jitd JIFL [ J 3 o, Heop
ABCAT 5 L7 7 2 4585 8 11 AT, 1l ABCGIL 1 SR-
BI F%2 5 b A B2 A 5 2% B2 BB 25 11 (high density
lipoprotein , HDL) £ &, X I [f] i it 250 % e 5 8 22
VEFT, &2 A5 5 3 ABCAL A5 (1) 240 6 fIF 1 e 37
H X SR-BI B 3 45 47 76 i 7 5, T X ABCGI
AIVEIIA RrEoe ., 5 2 A 5 R A v 2% B i 22 A AR
[ % (high density lipoprotein cholesterol, HDLC) IfiL ¢
VR RE T (E AR LA 5 0 40 A L 3 4
S BT XN [RE AL HDL A4 5 98, $2 i 1 HDL
AR, LA 5 25 A 25 8 7 290 i AL 11 0 A
W 2 HER 8 11 AL 503 HDL b 1A, Hig
RS Herh — PR A2 O ROCR MR ) 175 B 2 3
A4 7% T 14 075 A 5 20 % LTI oy, 3
ATTX LT B S B AL 1 R 58 05 28 IRAS A5
IRARTE SR TP o L) B AN, SO WS
T 82 A1 25 b B A /0 BRI AR D 20 I A1
A ARSI X e 240 i AL 31 7 O o ) 8 e, WE R
Ivi) ¥ J 35 9 A 2 1 06T Ik 40 M R T s 9 o R 4
LA ABCG1 B RIFIEE 2K ARSI, AH X 4 T 3 S
T 2 A1 25 52 M) W 4 L i P e %) ] BEAILAR

1 #RTEE

1.1 Wz 5iKF

16 72 10 JA # & B 4 £ SPF % C57TBL/6) /ML,
RE22~25 ¢, 1 B AT A0 E A K F 850 4
o, RAW264.7 Evin otk & & FH e B il i B
LB AR 55 Jig 2 A (acetylated low density lipopro-
tein,ac-LDL) & & & & ¢ th Fn 4 b #F 5 B H-JE &
B2 SR-BI % %1 il — LW @ Sigma A 7, ABCG1 , AB-
CAl &% 8. — W & Santa Crus 2 7] ,HRP 4738 ¥ 47
RGBT R & Taqg DNA
% & B RNAsin 37 %] 71| & AMV 471 %] 5| % & Promega
/8], Trizol Reagent i B Invitrogen /A & ,DAB .
A E R EE DT RARAT,

1.2 /NRFTFn i &

FER 1 E R AT, 4B 4 A R
H0.5% 5 ZAE R mEAR, 25 TLEE0 H 4
FIRME, KRB RERI ML, oK ERE, RO E
WEdflg, HAUMIRESR, TERFELA
1.3 PEEEERHRNE

LA ac-LDL(50 mg/L) %’ H-fA E B (0. 5 mCi/L)

HATHRA G RARE; AR RARE S Z A (2
F 40,1050 & 100 wmol/L) th 55 7 i i & 7 Jis 40
M2 h AA&RDNRMERTRTEEM6 h UAF
FEL ] B 9 5 OB BT b R R AR L 3R BUE
B2, 25 2 WALLACI1409 3[R %0 U 3] 3% 2% i Ao
28 807 H oy 3 4t 58 JE 4 4 8 ik R 0 (counts per mi-
nute,cpm) , 5 8 E B FE = F R cpm H/
(3EHH cpm 18 + 4 48 cpm H) x100% ,,

1.4 5|¥igit

ABCA1 # F 5% 5 [ NM_013454 ], F i 5'-TCT
CTG CTA TCT CCA ACC TCA TC-3', T i# 5'-ACG
TCT TCA CCA GGT AAT CTG AA-3';ABCG1 % i
F 5 [ NM_009593 ], Fi# 5'-GAA GAC CTG CAC
TGC GAC ATC-3'", T i## 5'-GTT GCA TTG CGT TGC
GTT AGT C-3';SR-BI Z F k% & [ NM_016741],
J##5'- CCG CAC AGT TGG TGA GAT CC-3', R 5'-
TTC TGA CAA CAC AGG GTC GGC 3'; FrH 3l 4
EERAED T REARARSHRAE A K,

1.5 RT-PCR #1 Western blot MEEEE5ZE QW
Ri&

S JE Trizol X 7] & #2 B 40 L & RNA, Fl 3 4 %
KA &P ATH 4 F A R cDNA, UL GAPDH % i xt
P PEATH € & RT-PCR,

WAL T AL R E M, R R
HHRE G ,Bradford E 4 &R, MEREWNE A
AT SDS-PAGE ®. 7k 2 ¥, F T 4% E Ja # 1 3 h,
#1: 1000 Am N &AL R —30,4°C H A FF 37,
TBST ¥ 3 &, 3% 1: 1000 By % B 4 4m A HRP 47
CFHEA A, B H 2 h, TBST Z bk ik B E AN
DAB 4% & )5, |l Bio-Rad Bk R 2 5 % & A
A, Bl Quantity One 27 2k 14 Il € & 4 47 % E L
1.6 SZitFEHZE

Pir 7 52 36 3048 Hr N SPSSI11. 5 3 47, #E 4T 4 it
A EERRHFATEARSD, LT B A Z L HE
Al JE BBk B 4T ¢ A 30, & A one-way ANOVA 4>
MroRH#ATAMLK, TEEZRRFELREI RELE
T Dla+s £ ,P<0.05 £ R HEITEE L,

2 # R

2.1 EFmETHEMRMASRIEEZERAKE
0. 5% &% 1 2% 11 4 J& J5 & IH 5 B ( total cho-
lesterol, TC) \HDLC 7K1 X} R 20 AH Lt Bt FEAIK (P
<0.01) , FE0R 433K 47% \55% ; (1% B2 g 2 A 0
[ (low density lipoprotein cholesterol , LDLC ) Fl H
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7 =i (triglyceride , TG ) 7K - H BEFEAIL (P <0.05) ,

RAME AT M 32% 30% (1),

1. T HENMABMEEEQKERFM(x s, mmol/L, n=8)
Table 1. Effects of probucol on the levels of blood lipids and lipoproteins

e E | TC HDLC LDLC TG

PRt 2.71 +0. 43 1.60 +0. 10 0.47 £0. 06 1.16 £0.21
0.5% % B4 1.43 £0.20" 0.71 £0. 14" 0.32 +0. 08* 0.82 +0.07"

a N P<0.05,bJ P<0.01, 5% B4 i,

2.2 v 4R R EEST HE MR ABCAT 099bp

55 A 2 T T I 3 AR % A I 3 B R v A
Jit L P37 3 TR A I 355 L 4 O M R
BEBTIMIELH (P <0.01) ; A 69 B 3% % 15 %
ST AR P M T R A0 AR R R (P <
0.05) ,{H 50 pwmol/L 5 100 wmol/L 3% % 5 % 2H J¢
DEERGR2),

F2. LEFHENAEEEERHEAZM (v s, %, n=8)
Table 2. Effects of probucol on cholesterol efflux rate
TR B T i I
0 pwmol/L 5.00+0.06 20.00 +0.03" 38.00 +0.03"
10 pmol/L 5.20 £0.05 25.00 +0.06™ 45.00 0. 06**
20 pmol/L 5.40 £0.05 29.10 =0.04™ 50.00 0. 06"
50 wmol/L 5.50 0. 12 34.10 0. 04™ 54.00 0. 04"
100 pmol/L 5.40 £0.09 34.90 +0.08™" 53.90 +0. 08"

T AL X HEZH il i

a N P<0.05,50 pmol/L HXMHHZHILE; b N P<0.05,5 10
wmol/L B AT L HH; ¢ ] P <0.05,520 wmol/L B 1% 4H Lt
By d R P<0.01, 5HMIEHLLLE ;e N P <0.01, 5% I 1M1 7
38

2.3 EFTHETFIE ABCAL, ABCG1 #1 SR-BI
mRNA HIRIE

ABCAl mRNA 7 % B 20, 10 pmol/L. 20
pmol/L 50 wmol/L & 100 pmol/L 3 %5 £ % £ (1) 3
SKEM A2 0.52 £0.04 0. 55 +0.01.,0.54 £0.03
0.53 £0.02 £ 0.52 0. 02,SR-BI mRNA {EX}FEZH |
10 wmol/L .20 wmol/L 50 pmol/L 52 100 wmol/L
B % Rk A B )& 0.43 £0.02,0.45 +
0.01.0.44 +0.04.0.42 +0.01 }20.43 +0.02, fi 2l
A CEEME2Z S (P >0.05), ABCGl mRNA 7EXf
BRZH . 10 pmol/L.20 wmol/L.50 mmol/L £ 100
pmol/ L 35 %7 7 2 21 f 22 38 52 700 S A A 1 33 o, 4333
J£0.52 £0.04.0.75 £0.03.0.94 +0.03.1.18 +
0.02 }21.22+0.04(P <0.05) , i 50 wmol/L 2H 5
100 pmol/L T EMZF (K1),

SR-BI 550bp

ABCG1 905bp
GAPDH 346bp
Concentration

(umolly O 10 20 50 100

1.4 [spogcticl

m10 ymol/lLEFHEA

1.2 020 pmol/LE B #hEE
T . 050 pumol/lLEF 7 EA
Xl 1.0 m100 umol/LEZHEA
#® a
oy 0.8
Z 06
<Z( 04
£ .
€ 02

0.0

ABCA1 SR-BI ABCG1

B 1. ¥FHEZT WG ABCAL SR-BI 1 ABCG1 mRNA BI&
i%£(n=3) a N P<0.05, 5XF LA b P<0.05,5 10
pmol/ L B AHH L HE ;¢ P <0.05, 5 20 pmol/L & 2 i % 4
s,

Figure 1. mRNA expression of ABCA1, SR-BI and ABCG1

after probucol treated

2.4 EZHETFTIE SR-BI,ABCAl 1 ABCGI &
HRIE

ABCA1 A TEX AL 10 wmol/L .20 wmol/L .
50 wmol/L K 100 wmol/L & % 7 % 41 i F 15 & 43
S 0.43 £0.02.0.45 +0.01.0.46 +0.04 0. 44 +
0.03 52 0.47 £0.02(P >0.05) ., SR-BI & {4 7E X} I
24 . 10 pmol/L, 20 wmol/L., 50 wmol/L A 100
pmol/ L & 11 %5 41 119 22 35 #4392 0. 53 £0. 02,
0.55+0.01.0.56 +£0.04.0.54 +0.03 2 0.57 =+
0.02(P >0.05), ABCG1 #H [ F A fEX 4] 10
pmol/L 20 wmol/L 50 wmol/L £ 100 pmol/L %7
M L Ry Feak 2 A AR I I (P < 0.05) , 43 5
$£0.49 +0.04.0.68 +0.03.0.85 +0.05,1.17 +
0.03 J2 1.19 0. 04, 1fif 50 pmol/L 205 100 wmol/L
HIATC R EMEES (P >0.05;/812),
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pmol/L W B A ZH ;¢ P <0.05,5 20 pmol/L % B 7 % 4
Hs

Figure 2. Protein expression of ABCA1, SR-BI and ABCG1

after probucol treated
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THAT L 3 LCAT 4.5 4517 i K RAL#E T 1l
-5 HDL 75 S IR EE 3 9 i
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A0 A 2T A A 3 0 e i s R R R
F AT A SFRAIRAR B il F5 bk R F— 4%
WA WHE U P A E T ABCAT A1 JH [
i BB RIS B 1 AL X &84, TR0kl 205
FH AL, RITEBACFIE A T ABCAL 5%
RENRE I AL 454 A SR M, ABCAL &2 XT
I 20 L OEL [0 et 1 1 P 52 B0 0R BE . HEE AB-
CA1 £ [H 5 £ BB A4/ BU HDLC 7K 8 35 BRI 24
80% "', /N ABCAT JE R # B /IN BR A9 HDLC 7K
FAR 24 309 ), T 55 0k 240 e R s of, &40 S g o ik
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AL EEMEH], B2 ABCAL (15 W40 AT 9K 7
AH Y E i ) AR 21 B HDL A AN i v
ABCA1 X W5 44t JIEL 1 e 3t 11 19 5 A F 8 7 it
e N =N ) DA S R B Y s i
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ABCAL 5 SR-BI W 2k i 42 75 [ 10 200 Fta AL 11 B2 3 11
oh i o F AR N, 3 BRI S AR 70% ~90% 1)
JHE R A . B, ABCG A S0 U 1 ik A% ok it
RN FERR T A I B 40 1) 3
IRANML B Ak, ABCGL 119 2 35 BH 8 3% in 5 IR i /i 72
Mg, E LI ABCG1 mRNA K 26 7K1
TR ABCGT &R Bl ok AL 1 237 i 28 i
P HDL A2k BB, 15 g 200 it AL ] e LR O



148

ISSN 1007-3949 Chin J Arterioscler, Vol 21 ,No 2,2013

5 ABCA1 AN[EIY 2, ABCGT i fif i I 20 it 75 5]
R U HDL fokz e, K o HDL o i 85 i B 2
7= ABCGl 52456 Frabh i 19, 11 8 0 34 () HDL
FENMLAE S HDL 5 TARK L], 32 e 25 AR 2008 25
Al Fir 2, X85 RAL/R, ABCGl B4R 7E B W40
JH VL e g b RT R A R A ML, A XS T AB-
CA1 5 SR-BI, 5 20 Jifd JIEL 61 /2 0 H A6 1 FH T i
Yo RE, WP TS MLYE B HDLC FEIK, U
/U () S HE [ 58 45, B HDL, vai/b | it BoA 5 12 Th g
() HDL, [ i £ 1T, Bt LAFRATTRE % ULEE 31 AN [R) ik
JEE 2 A 2 R AT TS WA M fS |, £ R ABCG1 K35
FEE ARG B o % ) B 40 6 DL [ P R Bt 2 b
Fr, HLMERRFEE S L, RATEA F 2% 2 A
X ABCA1 5 SR-BI ik B8 77, HE5 2 1 5 2
HE B WA AR [ B AT g5 ABCA1 5 SR-BI 11
R TR N PR TE AR 2 A 2 ) L A
JIFL [T P P AR, FRATT32 P i 3 4 A I [
i MY S LR 33 2 A 2 TS Y I T
g%t R A I Y A S A T A R A RE O B A
JIFL [ e AL AR 2 2%, FRATT A 592 A it — 2 R
5 I 00 6 JIEL T e s ML A SR AR T 53 %) A0 4 A L e

[ 3% 30k ]

(1] KT, # &, 005, MR /N LA P E s 5%
BRI AL [T]. P E o ks e Ze a5, 2008, 16
(4):261-264.

[2] i3, BOKF, SaE R, Rp B Mg AR IR A4 AH [
W) e ds BRI 7k (1], b 3l bk B A 2R
2007, 15 (12): 937-939.

[3] Yamashita S, Bujo H, Arai H, et al. Long term probucol

[

treatment prevents secondary cardiovascular events: a co-
hort study of patients with heterozygous familial hyperchol-
esterolemia in Japan[ J]. J Atheroscler Thromb, 2012, 15
(6) : 292-303.
[4] Johansson J, Olsson ACS, Bergstrand L, et al. Lowering of
HDIL2b by probucol partly explains the failure of the drug to
affect femoral atherosclerosis in subjects with hypercholes-
terolemia. A Probucol Quantitative Regression Swedish Tri-
al (PQRST) Report[ J]. Arterioscler Thromb Vasc Biol,
1995, 15 (8): 1 049-056.
Panzenboeck U, Balazs Z, Sovic A, et al. ABCAl and

scavenger receptor class B type 1, are modulators of reverse

[5

[

sterol transport at an in vitro blood-brain barrier constituted
of porcine brain capillary endothelial cells [ J]. J Biol

Chem, 2002, 277 (45) . 42 781-789.
[6] Tall AR, Wang N, Mucksavage P. Is it time to modify the

reverse cholesterol transport model [ J]? J Clin Invest,
2001, 108 1 273-275.

[7] Adlouni A, El Messal M, Saile R, et al. Probucol pro-
motes reverse cholesterol transport in heterozygous familial
hypercholesterolemia. Effects on apolipoprotein Al-contai-
ning lipoprotein particles[ J]. Atherosclerosis, 2000, 152
(2) . 433-440.

[8] Goldberg RB, Mendez A. Probucol enhances cholesterol ef-
flux from cultured human skin fibroblasts[ J]. Am J Cardi-
ol, 1988, 62 (3). 57B-59B.

[9] Favari E, Zanotti I, Zimetti F', et al. Probucol inhibits AB-
CAl-mediated cellular lipid efflux[ J]. Arterioscler Thromb
Vasc Biol, 2004, 24 (12); 2 345-350.

[10] Tsujita M, Yokoyama S. Selective inhibition of free apoli-
poprotein-mediated cellular lipid efflux by probucol [ J].
Biochemistry, 1996, 35 (40) . 13 011-020.

[11] Timmins JM, Lee JY, Boudyguina E, et al. Targeted in-
activation of hepatic ABCA1 causes profound hypoalphali-
poproteinemia and kidney hypercatabolism of apoAI[ J]. J
Clin Invest, 2005, 115 1 333-342.

[12] Brunham LR, Kruit JK, Igbal J, et al. Intestinal ABCAI1
directly contributes to HDL biogenesis in vivo[ J]. J Clin
Invest, 2006, 116: 1 052-062.

[ 13] Haghpassand M, Bourassa PA, Francone OL, et al. Mon-
ocyte/macrophage expression of ABCA1 has minimal con-
tribution to plasma HDL levels[ J]. J Clin Invest, 2001,
108 1 315-320.

[14] Duong M, Collins HL, Jin WJ, et al. Relative contribu-
tions of ABCA1 and SR-BI to cholesterol efflux to serum
from fibroblasts and macrophages [ J ]. Arterioscler
Thromb Vasc Biol, 2006, 26 541-547.

[15] Wang N, Lan D, Chen W, et al. ATP-binding cassette

transporters G1 and G4 mediate cellular cholesterol efflux

to high-density lipoproteins[ J]. Proc Natl Acad Sci U S

A, 2004, 101. 9 774-779.

Kennedy MA, Barrera GC, Nakamura K, et al. ABCGI

—
—_
[@)}

[

has a critical role in mediating cholesterol efflux to HDL
and preventing cellular lipid accumulation [ J]. Cell
Metab, 2005, 1. 121-131.

[17] Schmitz G, Langmann T, Heimerl S. Role of ABCG1 and
other ABCG family members in lipid metabolism [ J]. J
Lipid Res, 2001, 42. 1 513- 520.

[18] Favari E, Lee M, Calabresi L, et al. Depletion of pre-be-
ta-high density lipoprotein by human chymase impairs
ATP-binding cassette transporter Al-but not scavenger re-
ceptor class B type [-mediated lipid efflux to high density
lipoprotein[ J |. J Biol Chem, 2004, 279 (11): 9
930-936.

(MCHHE SCEI



