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TLR4 j&it Tif ABCAl Ri& 7 IR 3L K 4 B T A
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[#Z] HM T Toll K214 4(Toll-like receptor 4 TLR4)%1E¥F%HM? PR IR 41 A TR R 5 5 = IR IR - 25
& & 545381 A1 (ATP-binding cassette transporter, ABCA1) ik i A/, Jiidk  2H 200G Heyde 55 5% e A0 I 45 S 18 WL 40 e
(vascular smooth muscle cells, VSMCs ) ; 2l 53 > B A= 7 ( Wild type) 25 X HRZH \Wild type EALAK % B IG 2 H (oxLDL) 4H |
TLR4 % (TLR4 ™) 28 A X BB ZH Al TLR4 ~~ oxLDL 41 ;71410 O (el VSMCs P B B 545, 1 S R BE2E BG 2L O )
FE G BEH s RT-qPCR  Western blot #:ll VSMCs #1 TLR4 | ABCA1 . IL-18 Jz TNF-o mRNA FIZE [ 3 357K ; 40 i G e 95
Peta S w7 R VSMCs B M A% % 3 K F-kappa B(NF-kB) 5, 458  OWild type oxLDL 41 H W41 i P K 1 i 1
J LT O S8 EE(E R Wild type 25 (AR BRZLAY 2.3 £5 (P <0.01) s TLR4 ™"~ oxLDL 41 rft H WL/ VRRR R TURL T 40 ML N , 41
O Y% B 5 TLR4 ™~ 25 (% BRZIAMT HLIC I 251k (P >0.05) . @Wild type oxLDL 41 ABCA1 mRNA % & [ %35 7K - 4%
Wild type 25 IR HRLL 405 TR 61% (P <0.05) ,44% (P <0.01) ; TLR4 ™'~ oxLDL 4 ABCA1 mRNA J% 7 [4 3% K 43 3
S TLR4 ™~ 28 (AW BRAL I 2.3 £%(P <0.05) ,1.7 f%(P <0.05) , @Wild type oxLDL 41 VSMCs 1 NF-xB #Z & B @i % |
IL-1B F1 TNF-o mRNA 5% Wild type 23 Exﬂﬁéﬂﬁj\ﬁuﬂm 3.9 (P<0.05),1.7 (P <0.05) ; TLR4 "~ oxLDL 4
VSMCs FRJEH i NF-xB A% %647 , ¢ IL-13 mRNA Fik%; TLR SN IR 1.2 45(P>0.05), &5  TLR4 RH:
VT I SE N Z 5 0 LG YL VR 20 M J o B P ABCAL 3K 5%

[RER] IR ; 0518 LA ;s Toll K% 324K 4 ; ZBERRIRTT-25 G & fkia 1 Al
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TLR4 promotes VSMCs-derived foam cells formation via down-regulating ABCA1

expression
Guo Lu, Zhang Lili, Cao Xiaojie, Liu Yun, Liao Shaoqiong, Li Binghu, Pi Yan, Yin Yanwei, Li Jingcheng ( Department
of Neurology, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing, 400042, China)

[ Abstract | Objective  To determine whether Toll-like receptor 4 (TLR4) promoting VSMCs-derived
foam cells formation is related with the abnormal expression of ATP-binding cassette transporter 1 ( ABCAL).
Methods  Vascular smooth muscle cells ( VSMCs) were isolated from male C57BL/6]J ( TLR4*'*) and
C57BL/10ScNj (TLR4 =~ ) mice respectively, and primary cultured and identified. The obtained VSMCs were
divided into wild type blank control cells, oxLDL-treated wild type cells (50 pg/mL oxL.DL), TLR4 ="~ blank
control cells and oxLDL-treated TLR4 ™~ cells. Neutral lipid inclusions in the VSMCs induced by oxLDL were
assessed by Oil Red O staining. Lipid accumulation was quantitated by isopropanol extraction of Oil Red O from
stained cells and optical density determinations at 518 nm. The mRNA and/or protein levels of TLR4, ABCA1,
IL-1B and TNF-a were determined by Western blotting and RT-qPCR. The NF-kB translocation was identified
by immunofluorescence assay. Results  Oil red O staining indicated that a large amount of lipid was accumu-
lated in oxLDL-treated wild type VSMCs, with the OD value increased by 2.3 folds compared with that of blank
control (P <0.01). Only few lipids were found in oxLDL-treated TLR4 '~ VSMCs, with no significant
difference with the untreated cells (P >0.05). The ABCAI expression at mRNA and protein levels was
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reduced by 61% (P <0.05) and 44% (P <0.01), respectively, in oxLLDL-treated wild type VSMCs than in
untreated cells. However, in the TLR4 '~ VSMCs stimulated by oxLDL, the ABCAl mRNA and protein
expression were 2. 3-fold (P <0.05) and 1.7-fold higher (P <0.05) than the TLR4 "~ blank control , respec-
tively. The translocation of NF-kB was activated by TLR4 in oxLDL-treated wild type VSMCs, and the IL-18
and TNF-oo mRNA expression were 3.9 folds (P <0.05) and 1.7 folds (P <0.05) respectively of wild type
blank controls. However, in oxLLDL-treated TLR4 knockout VSMCs, NF-kB translocation and the expression of

TNF-a had no significant change, but the expression of IL-1B was enhanced by 1.2 times (P >0.05) when

compared with untreated TLR4 =~ VSMCs. Conclusion

TLR4 and its mediating inflammation are involved in

the abnormal expression of ABCA1 during VSMCs-derived foam cells formation.
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YL TR 200 SR A 2 B Ik ok A BB A b T B B RRAE, 7
rH G I S J o E A 1 9 7 e, L g 4 5 1P 6 R A
24 k5 30% , T F- VB WL e 4 9 O 200 M s ik 459%
L I 200 L 5 P 0 A 4 AR BB 2 A8 R s o, T -F-
T L2 AV Y6 TR 20 AT UM TR P B AR 2D

WFFTUESE , ZE SN ks BE A AL BE S, Toll A 5744 4
(Toll-like receptor 4, TLR4) ik & I & I B
Hb,FE TNF-o TL-1 T, 35 5% 09 7 9 JUL 48 A 45 B
AcLDL 43513811 32% K 98% , J i V-3 LI 16 R 4
M R, TLR4 BEAREF i ILYR 60 A 240 M 1 T
B, (HR BRI 7 i — 2B

A MURR I i A T i i AR = BRI IR 17 -45 & S is
¥ Al ( ATP-binding cassette transporter, ABCA1) fgfi
e %) L[] A 3o 25 A B A AR AT A- 1 (ApoA- 1)
T A ) 5 %5 3 B A 11 (HDL) 7 3l ik st A Ak
AR TN B PN I S 15 L 48 ( vascular smooth
muscle cells, VSMCs) 1 ABCA1 A& ik VSMCs 1
IR RN K, IFPEA ApoA- T 455 54 [ HDL JE
BT, A N i T i W 3 22, R ] ABCAL (3%
IR IS 5 PR Vi FL A0 52 6 T 4 L A T
THAWIIIESE, LPS (IR 24, TLR4 BLiA) BB IR B
WA fS , ABCAT 3K R FEZ) 50% . & A PPN+
IL-1B8 1 TNF-oc AT 3 1k NF-kB A 4 i A2 B
Al ABCAL [y 235, W/ IR B w8
I, FRATHED, TLRE I H A T 0 Rk O 2 5 T
ABCA1 Fik , A #E Jg BT LA T VSMCs Hr, JE BiF
T LR IR 4

1 #RE5FE

L1 A

1.1.1 sEszhy 3 ~4 J# C5TBL/6) HEYE/NEL 20 H,

10 ~15 g, SPF ¢, 1l B 7 5 K= AR . 3 ~ 4 Jig
CS7BL/10SeNj ( TLR4 J R ) Atk /NBL 20 2,10 ~ 15 g, SPF
9, H 2E1E Jackson SLEGE . ST AR o6 Bl 0O AL B AT A
S B RRE
1.1.2 FE] Jit 4 1L 35 (FBS) . DMEM 41 jifd 3% 55 W W
A 3% E HyClone 24 A, H &R BW L FEP R Zdt L4
R AL E R KA F . oxLDL W B RZEFEAY A F.
ABCA1 .q-SMA , SM-22«, TLR4 — $i 1 [ %% [E Abcam 23 ),
RNA $2IR 50 W) B H A TaKaRa, RT-qPCR i ] & W H H A
TOYOBO, HAx st ¥ 2k [ 7= sl 1 43 #réli
1.2 Fik
12,1 MM TR e SRS ek
HEFT/NERM B ik VSMCs AR 3%, T DMEM (& i 15 572 2 o
FEFE IR 2 ~ 6 AR RAFH4EM A T35 50 .

HUEE 2 4% VSMCGs, LA 1 x 107 3260 T 191 B 55 3% 4 B9 24 FLAR
o RE JS ,4% 22 B P[] 5 20 min, PBS ¥ 3 ¥%;0. 3% Triton
X-100 1EH 20 min, B0 EE ZE P, PBS Bk 3 WK ML =
F41 30 min; il A BRAT SM-22(1: 100 Fii ) FAR BT o-SMA —471
(1:100 #i#%) ,4 CHRIMEF SRH, 7 —H0, PBS ¥k 3 W MA
Alexa Fluor 488 FRiCASHI A IeG(H + L) —Hr(1: 100 Fke) =3
WEEIRFE 1 h,PBS 3 3 U FMIA Alexa Fluor 647 ARic R
IgG(H + L) ZHi(1: 100 # %) R MOLMEE 1 h,PBS 3 3 1%,
Hochest 33342 #3%:444% 5 min, PBS 2k 3 W Prod Y K 1t A5
A, OB R E BAUE T WA AR,
1.2.2 /NREFRBYEE  SEUNREHZUINA Trizol $2HL
Total RNA, B RNA 1 pg, W5 [#1 (3% 1) i#47 PCR &3, &1
PG 2% SRR IR LUK , BEAMT T G 4R
1.2.3  SERpeH SAaEst SE8esr o Wild type 25 X HR
2H  Wild type oxL.DL £H . TLR4 ™"~ %3 {9 %t B& 2H F1 TLR4 ™~ oxL.DL
2H,0xLDL(50 pg/mL) i35 VSMCs S (g BiiiAR T4l o
1.2.4 ML O Yo o, % 2 - ¥ UL VR 00 1K 240 VSMCs LA
1 x 10° el T 190 36 % A9 24 FLACR, W BE S, 1 5 0. 5%
FBS ) DMEM % 3% 12 h, T 3 I JC IfiL i DMEM 5% % oxLDL
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(50 wg/mL) G FR 48 h, 4% Z R P EEREE 20 min, JHIZL O
Yeik 37 C YA 20 min, Jp ARG IR Z G 3 min, 515 85T
P 238

1.2.5 JHZ0 O P/ttt VSMCs B2 x 10°/4L
FE R T 24 fLA T, T 10% FBS () DMEM 3% 5% 12 h,
P 2 0. 5% FBS [y DMEM 5 3% 24 h, 5 J5 # F JC 175
DMEM 5( % oxLDL(50 wg/mL) Jl# 5557 48 h, ML O a5,
THAL A S EE 300 pL AL AN A AL O JL i, IR
100 pL JA 96 FLAR H, F 518 nm I I %5 B2, a2 A
BN AR BT & =

1.2.6  SZH 3% 9% 2 & PCR (RT-qPCR) VSMCs LA 1.5 x
10°/FLEEFRT 6 LA, A& 10% FBS () DMEM, 2 40 Jfd 2
K% 80% A5 , B4 0.5% FBS () DMEM 535 12 h, ik
FATE ML 7% DMEM 5 7 oxLDL (50 pg/mL) #1355 5% 24 h 5
48 h, Trizol YEHRIA AN AL RNA I 1 pg & RNA 422 iR
B VLA WL S 5 B cDNA 20 pl (R R o 3B S PF T
37 C 15 min,98 °C 5 min, B 1 L 335 5% 57 ) A BEAR 3R 47 55
W5 1 PCR, SN IR Z2 Ry 25 plo 71 SOBL A5 FF 4 :95 C
30 s FWiAFME;95 °C 15 5,60 C 20 5,72 C 10 s,40 PEFF;65 ~
95 CHE EFF 0.5 CREFO G, LG, MBI Co A H
O3 A1 A X 26 3K i ACE = Clygy — Clga, AACE =

A2 22, SR L,

®1 ERESIMF3I

P FU#EI(5'—>3") TGP (5'—>3")

TLR4 GCAGTTTCAATCGCATAGAGACAT TGCTTCTGTTCCTTGACGCACT
ABCA1  TCAGTTTGACGCCATGACAGAG ACCAACCTTGCCAACTTCCTT
TNF-a TGACAAGCCTGTAGCCCACG TCTTTGAGATCCATGCCGTTG

IL-18 ATGAAAGACGGCACACCCAC  TCTGCTTGTGAGGTGCTGATGTA
B-actin  CATCCGTAAAGACCTCTATGCCAAC  ATGGAGCCACCGATCCACA

1.2.7 Western blot AMMIALPEFE] 1.2.6,0xLDL(50 pg/mL)
G SR 48 h 5 AR 20, RIPA AR R AR BLE R 1, Jowry 5
AR ML . #E4T SDS-PAGE #E I HL VK , HLEE IR, 5% BB 954
ZEURE 1 h, A TLR4 (ABCA1 5§ B-actin —477 (1: 500 i #)
4 °C WE . TBST PERE 3 ¥k x 10 min J5, il ABAR T A1k
YIEEFRIC A WL AE BT R LB R SR IEBEE 1 h, TBST %
JEE 3 IR x 10 min Ji5 , 2R b2 & 1L B S , Image Lab 3K {443 7
1.2.8 NF-kB &R VSMCs L 1 x 10°/FL3%/0 T 24 7L
Wb, F4 10% FBS (1) DMEM %35 12 h, B4 0. 5% FBS
i) DMEM #% %% 24 h, £ J5 # FJ JC Il 7% DMEM 5f % oxLDL
(50 wg/mL) G FE 24 ho 4% Z 5 FEE S E 20 min, PBS ¥
3 ¥k x 10 min;0. 3% Triton X-100 /£ 20 min, 34 1 558 375 14 ;
PBS ¥t 3 ¥R x 10 min; 3 [ 2 iR 3 AT 30 min; A S bt NF-xB
—3(1: 100 #BE) ,4 Cid R, F—Pi, PBS P 3 ¥ x 10 min; Jjil
A Alexa Fluor 488 FRic X #Hi %k IeG(H + L) —H1(1: 100 ##f) &
TRREEEIEE 1 h,PBS ¥t 3 YK x 10 min; Hochest 33342 kG YL 4%

5 min, PBS % 3 YK x 3 min; FLHE I KB B A WOR SR
5 BT B NF-B R A% 17 S A1 IR
1.3 it F o

A SPSS 13.0 Ge it 4 A HEAT A0 0T, T REVERI DL & 25 %
T 2L ) HL AR B R 7 220 H

2 HR

2.1 TLR4 A3k REZ AR VSMCs %2

RT-PCR i 45 I i 7 (&1 1), B 2 B/ B (CSTBL/6)) 1E
150 bp &b — £, {H TLR4 73 [ /1 Bl ( CSTBL/10SeNj ) 7
150 bphh A W45 , Ui B TLR4 1% 3L 52 4 i bR b o SR ALY
Yl P s 3%/ UK E 8 ik VSMCs , 558 4% (18] 2) Mottt
BAEBMET T (E 3) W VSMCs 24Pk =M EB L, «-SMA
1 SM-22a ZARic VSMCS [ HILBHEE [, & S 5O MR e (45
T, AN ) S BRAR (658 (a-SMA ) LT a5 (SM-22a)
WESESE SR AN A VSMCs, H H M 20835 95% L L, fF & 50 5
ZR,

500 bp—
400 bp—
300 bp—
200 bp—
150 bp—
100 bp—

50 bp—

M:DNA A7 551 ~3; 5 & A& ) R (C57BL/6)) B 41 2% DNA;
4 ~6.TLR4 & M 3% & (CSTBL/10ScNj) &.212% DNA
E1 RT-PCR £EEH4E/NNE R TLRY BB /INR

B2 REUREFRETRERODEFBUMAME (x100)

2.2 k4 O &M Wild type F= TLR4 ™~ VSMCs
Jig Ji AR
oxLDL #i| # 1% F7 4 My 48 h, Z3h 4 O Y4, Wild type
VSMCs H L K 4 B 20 68 UKL, il 20 O 3 €8 B AR 0
TLR4 ="~ VSMCs H{U WL VRIS L1 ki ([ 4) o
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Hochest 33342 o-SMA SM-22a Merge

Wild type

TLR4™

25 wm
—

3 MRS RIEARIRRELERE VSMCs

Wild type TLR4™
¥ 3
% 2 B0

25 AT R4

oxLDL AbFf4]

4 HL O fEINZE Wild type K TLR4 ™~ VSMCs
BEEUTAR  ( x400)

2.3 kR E EE EA N Wild type A= TLR4 -
VSMCs ¥ fig i &%

oxLDL F#3% 77 40 48 h, 4T O Yeta)n , 2 N MEEE I,
£E 0L R Wild type oxLDL 4] VSMCs #1365 & 2 Wild type 2%
FIXTHRLLRY 2.3 £, A 432225+ (P <0.01) ;TLR4 ™"~ oxLDL
41 VSMCs HRBEE 5 TLRA ™~ 58 (O IR L B4 12 22 57
(P>0.05),
2.4 ABCAI %A T % VSMCs g Ji 2

oxLDL 21 | 3 X5 32 4 i 48 h J5, Wild type VSMCs
ABCAT mRNA F R [ 3Rk Wild type 75 B % BEZH 4330 F K&
61% (P <0.05) ,44% (P <0.01) , 5511222 5 ;i TLR4 ™~

VSMCs H' ABCA1 mRNA K 7 4323543531 TLR4 ™~ 25 i % 1R
2.3 /5.1.7f5(P<0.05) , FaitaE25, W S,

1 2 3 4

B-actin(43x10°)— — —— SE— S

1:Wild type % & *F 18 48;2 : Wild type oxLDL £8;3: TLR4 =/~ = & #f
F84A;4.TLR4 '~ oxLDL 48
5  Western blot #7ll Wild type 5% TLR4 ~/~ VSMCs
ABCAl EBERIE

2.5 TLR4 B HAF 69 KPR M AL ABCAL £k F%

oxLDL (50 pg/mL) 21333 35 Wild type VSMCs 48 h J5,
TLR4 mRNA K25 H3R5 5051020 Wild type 25 FIXTRRALRY 1.4 4%
(P<0.05).1.5f%(P<0.01) (K 6), A5t #25R, I,
oxL.DL il #3532 4 g 24 h J5 , Wild type VSMCs A NF-kB #Z% %%
{3 % TLR4 ™'~ VSMCs P JGH] i NF-kB #5507 (%40 &
b DR d 5 0,5y NF-wB #5547, 18 7) o [Alif 48 RT-qPCR
K, Wild type oxLDL 41 } TLR4 ™~ oxLDL 4] VSMCs H IL-18
mRNA 2353512 Wild type 28 AT FRZAAY 3.9 4%, TLR4 7/~ =%
FIATIELIAg 1.2 % (P <0.05) , Wild type oxLDL 41 VSMCs
TNF-oo mRNA ik 5 Wild type 25 (I X HRZH A 1.7 £%5 (P <
0.05) ,7fij TLR4 ™"~ oxLDL £ VSMCs 1 TNF-oe mRNA 3% 3k #%
TLR4 ™"~ %8 (0 IR TG ok 2 (1 7) o

1 2
TLR4(93x10°)— e—

GAPDH(37x10°)— " <

1:Wild type = & 2+ #8482 . Wild type oxLLDL 21
B 6 Western blot # il Wild type VSMCs f1 TLR4 B & %%
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Wild type 25 FAX BB ZH Wild type oxLDL £H

Hochest 33342

20 pm

NF-«kB

20 pm s
— g

Merge

TLRA™ 25 X B ZH TLR4™ oxLDL 21

20 pwm
e

E7 fEEietseLE Wild type & TLR4 ™~ VSMCs f1 NF-kB #2%{i

3 itig

)G S 20 A A S R N N A S 1N
YRR , tE A Z R0 RAE(F 5 B B0OE MR IE
I HYIE 22 S S B AR Bl Ik ok A A A e O I i A 2
LT SR . A 1976 4F Skt FERE AL IE 1
IR EINSR & BT - =R AR & g NP ) ) 1 i
FEREALIY 2 A FEASG A o YR IR 20 A2 B B e 2 i s
BT LA L B BN Jo 7 o3, B o T AR T 4 i Y i
BT/ IMAR (A5 400 i A0 U0 222 B PR AR 2 o iR N e
ATTURRUR: B0 DK A A A 1 i AR A, 2 ) B A
P F 2R o AR P 3 80 A Jo g o B A Y TR 4
TE ) ML, X — R, A b s B i
A ABCAL 75 JIH [ i3 i vy 25 J 22 FR €6, el
Ik 60 %) L ] T DA A0 Y PN e s AT Ah . ABCAT JE A
g ] 5| 2 Tangier” s Y A1 5 G AR 0 2% T i 2 1 IR

IR IMAE . oxLDL A] 1] VSMCs 1 ABCAL [ ik,
SECAN N P RE i B T . TERRATTISE R,
oxL.DL 20 %38 335 F: 40 ifd 48 h J5, Wild type VSMCs Hr
ABCAL # 2K 50 0 IRZH T Wi a5 44% , 2839041 O e
{5 WA N NS TR B, D6 1 g W IR 41 2.3 3%,
HE—HIESE ABCAL 263K T 145 - Y WL 3 ok 4 i
IR

H AR ST IESE , TLRA 2 J5 31 G5 SO A AE
W ERZ 1K, 2 5 KRB R A 5 R R, T
TLR4 {5l 55 I o] 76 L 1002 ApoE ™~ /N BRUIfL 45 i IR 17C
ik 30% ', TLR4 i£% 53445 VSMCs 1) 22 Fft s B
SR 7E SR RERE AL 8 B9 VSMC o TLR4 53k 2
ETVE . REATR I A DR SORHE R, TLRG A F
VSMCs FHSCs Akl G 267000 S0 s KA g 40
H PR TR A A 5, 4 IL-6 DR T A ek
1 MCP-1 25 i1 T 98 i 78 R A1 3 5y 30 48 5 I 1
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VSMCs (14 & 8 %% 45 0 o 5 45 JIRL ] 1 7 2 A 6 UK
AFHY . TLR4 34 4 vk BN 1 — AN B T,
i1t MyD88 375 NF-kB, 5|t NF-kB & A 55, 34
A 4% I 28 1 200l PR 41 TL-1 . TL-6 \ TNF-or 25 (1 R i
Wiz (EEWEAN M f, LPS Ko FR I i 48 0 ) Al R
8 ABCAL B 2 3k, 74 46 0 [ me o 7 >l st it
W, TLR4 R HLRA 9 98 1 52 0 RE AR 1P P AL A 6 TR
A AT B, (H I ELAHL & 75 R R 40 H ABCAT
i 20 UL SCHRARGE

FEFR AT Y L5, ff A Wild type VSMCs il
TLR4 ™'~ VSMCs 2 Fft 41l g 1 17 2455, |5 £ IE 52 TLR4
F LR A A S S 15 55 -1 LTE 20 B ik
FEH ABCAL Fik oy o BEA SCHRHRIE , oxLDL fE I3
MJER A F TLR4 2215, mmLDL A 13 F 40 i
Hi TLR4 #6310 FATHY LI 45 5K B R, oxLDL 41 ]
BRSNS, Wild type VSMCs 1 TLR4 2R [ 355
XFHRZH TR 1.5 5, TLR4 ik RS NF-«B 5507
BB 2 S8 RE A BT TNF-o IL-18 KB BT, {H VSMCs
i ABCAL FikHH 8 R4, M2, TLR4 ™~ VSMCs
2 oxLDL il 45 & W.BH B NF-«B #5407, H TNF-a |
-1 % ik 6 W1 & I} &, {H ABCAl % [ % ik
TLR4 ™'~ 73 (A0t IR S it TH s 1.7 4%, Beam i o ok
DLAMLT O et BHvEHUR . DL EWFsE st i TLRS 3
PRI B J g 338 2 ox DL 753 1) ABCAL 33k N i, g
A IE VSMCs 5 3 VR 41 M B9 B 1% 92 I 45 R
UESE T 2 Hif A5

25 PR, ARBFSEIESE TLRA R Hu 7 i 6t
25 PRS0 WUIE P R 4 ABCAL 3k, 3X N 3
Jkol RERE AL B Bl A TS T BT AOSE . 7R3 FOR IS
TAEF K itt— 5T TLR4 i VSMCs o1 ABCA1 i)
B
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