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actin, «=SMA) 5 Sp1 ity 3 5 £ 7K SF W & 98 20 (P=0.002.,0.005) , UAAS+Spl 40 £ 3 ik . T 3h Ik A2 F1 =5 s ORO BH H: i FR
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Role of Sp1/ABCA1 signaling pathway in uremic atherosclerosis and

its regulatory mechanism
Huang Ningchuan ,Ma Hui,Ma Peng

(Department of Nephrology , The First Affiliated Hospital of Guizhou University of Traditional Chinese Medicine )
[ Abstract] Objective: To investigate the role of specificity protein 1(Sp1)/ATP-binding cassette transporter A1(ABCA1) signaling
pathway in uremic atherosclerosis and its regulatory mechanism. Methods : Mouse vascular smooth muscle cells(VSMCs) were divided
into control (Con) group, indophenol sulfate (IS) group,IS+Spl group, and IS+Sp1+sh—ABCA1 group. The Con group was treated with
0.1% DMSO for 24 h, while other groups were treated with 250 nmol/L IS for 24 h. The protein expression of Spl/ABCA1 and lipid
accumulation were analyzed by Western blot and Dil-labeled oxidized low—density lipoprotein (Dil-ox—LDL) staining. Eighty ApoE™
mice were randomly divided into four groups: sham group, uremia accelerated atherosclerosis (UAAS) group, UAAS+Vector group,
and UAAS+Sp1 group, with 20 mice in each group. Aortic lipids were measured by oil red O (ORO) staining. Results : 1S promoted the
fluorescence intensity of intracellular Dil-ox—LDL in a concentration—dependent manner (P<0.05). Compared with the IS group, the
IS+Sp1 group had a significantly decreased fluorescence intensity of Dil-ox—LDL(P<0.01). The fluorescence intensity of Dil—ox—LDL
in the IS+Sp1+sh—ABCA1 group was significantly higher than that in the IS+Sp1 group (P<0.05). Compared with the Sham group, the
UAAS and UAAS+Vector groups had significantly increased ORO—positive areas in the aorta and aortic root and arch (P<0.05) and sig-

i nificantly reduced colocation levels of alpha—smooth muscle actin
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WX2022P306) . cantly reduced ORO-positive areas in the aorta and aortic root and

(a=SMA) and Spl in the aortic sinus tissue (P<0.05). Compared
with the UAAS+Vector group, the UAAS+Spl group had signifi-
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(2024-12-12) a—-SMA and Sp1(P<0.05). The protein expression levels of Spl and
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ABCAL in the aortic tissue of the UAAS+Spl group were significantly higher than those of the UAAS+Vector group ( P<0.05).

Conclusion : Uremic toxin IS may induce lipid accumulation in the VSMCs by inhibiting the Sp1/ABCA1 signaling pathway , thus accel-

erating endothelial dysfunction in uremia and promoting the progression of atherosclerosis.

[ Key words ]specificity protein 1; ATP-binding cassette transporter A 1 ;uremia;atherosclerosis ; lipid
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2t O WUBEBE (o0 7 3 3 LG IE SR A2, 1 TR 4
i B Dk s A B A B R 1) B Ry 2 — , T
HIL4H fifd (vascular smooth muscle cells, VSMCs ) &7k
SRR F2 BRI, R T VSMCs 1Y S 40 iR
Z: 5 5 B ORI T, AR M 2 i T BRSO i A
o AMTFERYT, IRFFAETE R , WX Y 193 4 R £ 11
A | PR 193 47 iR £ (indoxyl sulfate , IS) 5 I\ A 42 a1 Jik 55
FERE AL Bt ST AR Y AR A IS GE 1 IS5
SPGB L PN B ) BERRAS A VSMCs 34 5 1 15 5
Jhk o3 R BEE A 4 S ML P o B AR S (HE G T
IS J2 75 1 58 ) Jok ok A B A v g Joi 0 AR ATS SR 5 2
— . AR — R B PERE DNA 255 45 1 1)
B AR SR, R PR B F 1 (specificity protein 1,
Spl) © &9 i 5y 2 5 56 R e S R T 1 i A
T BRISpliid 5E 3T X E & GCRILFSs &
SR R 7 B PR 1) LA RN O S A SR o BFSRAIESE
Sp1 4 VI 2 I [ P o T Y o (RS R R
S L AT ST e IR 1S T MM 375 A S8 A v 80 I R
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1.1 Zafi3fidfe o2

2 JRSCHR 7 1 8 3k B Ak CSTBLY6 /N B i 3 3 ok
il £ /I B VSMCs™, I 4k 45 A6 #b FT A 10% )i 48 1M i (35
Gibco 2y ) i Dulbecco R K Eagle Fet% 7 3 (€ [ Gibeo 2
CIDLEE

Sy TN IS X VSMCs 119 Spl/ =M IR 1T 25 & Gf% 6 8
H Al (adenosine triphosphate—binding cassette transporter A1,
ABCA1) 25 H K35 IG5 AR BT AR SR 520, o 40 it LA AL 5%
10° (4% BE HRR 2 96 FLA T IMAR [FIVEBE 1S(0 ~ 250 nmol/LL;
3 [ Sigma—Aldrich A7) WEH 24 h, 8¢ 125 nmol/L ISHEH
AR5 [E] (0~36 h) o IS I A 7E 0.1% — H 5 M (dimethyl
sulfoxide, DMSO, 3% [ Invitrogen 2 &) ) , % I8 20 }g F 0.1%

DMSO 4b 3

TSR Spl L 1 X IS 75 5 VSMCs ) fiE 20 AR 1) 52
Wi, K 20 43 R XoF I8 (Con) 41 IS 41 \1S+Sp1 41 Al IS+Sp1+
sh-ABCA1 #. Con 21 0.1% DMSO 4b B 24 h, IS 240/ A
250 nmol/L IS ZL 3 24 h, 1S+Sp1 £H F1 1S+Sp1+sh—ABCA 1 ZH 4
0 AE FH IS b B8R, LipofectamineZOO()( X H Invitrogen N
F) ) ¥ Spl i ik R F/ak, sh-ABCA1 B4 YL 41 fitd 48 h, SR 5
P43 B i 5 250 nmol/L IS —E I E 24 ho ¥4 Spl FEF vk
F| pLent—Puro 12 45 22 24 (_L WA MEA PR ool ) Hr DU
FERL F IR Spl Bk . 2 AR (Vector) FIAVE B XTHE . sh-
ABCA 112955 75 AR M X IR (shNC) 15 75 b A e A= Wy Rk
HrpuotE, sh-NCIWJTH18 5’ ~-CCGGCATTTCTCGAA
ACGGTGACACGTTCGGAGAATTTTT-3'; sh-ABCA1-1 1 I
514 5'~ATTTGTAGACTCTTTTGATCCCCCTTCAATTGAAGG
GTTTTTTA-3';sh—-ABCA1-2[%J¥51°1 5'-TTGAATCTCTCAC
TCAGATTGCAAGTAGGATCTCGAGG-3',,
12 Fi
1.2.1 40t sgites 78 5—- L pde -2/ - B R (5—ethy-
nyl-2'—deoxyuridine , EdU) 1238 , K 41 M G 75 12 FL AR hJf:
Ok, 48 hi , 47 EdU 43477 ( 1 Beyotime 23 7)) LA 43 H7
N3G G . A0 10 wmol/L EAU MRS E 2 h, ] 4% £ 5
FH % ] 22 , 1 0.5% TritonX—100 YE % 1. % F K, /1 100
RLIXDAPLY A A AT €5, FHBERR £5 2% v (peptone
buffered solution, PBS) Pt %% 3 K& , I\ 5% ) i 1% 1 A5 I 1%
I ARSI
1.2.2  Dil A5 ic % Ak BUAIR %5 B2 i 25 11 (Dil-labeled oxidized
low density lipoprotein, Dil—ox—LDL) 4% i i Dil-ox-LDL
O INAE Fn A= B A7 BR 23 R K DU VSMCs X ox—LDL 9 4%
B, K VSMCs 5 25 wmol/L Dil-ox-LDL 7£ 37 ‘C#% & 4 h.
FH PBS YEH AN 3 UG , FH 4% 2 5 B [ 5 408 15 min, A
4',6— K FE -2 K FE 5| Wk (4', 6—diamidino—2—phenylindole,
DAPI) (_Iif§ Beyotime 2 5] ) ¥ 4 i 4% Y €610 min. 4RJ5 , fii
FHEIE 26 W AUBE W AN, AT DIl DGR .
1.2.3 ORI HT A Gy UTE IR 00 R 2% PR
( ¥ Beyotime 22 ) ) FP 24 VSMCs F 3£ 30 ik 2H 40 DL $2 B4
LR 5T R SR Y 2R BTN 3 10% SDS-PAGE I+, 84
Ja iR B PVDF I I (32 [E Millipore Corporation A ]) . 7EH]
5% BiNEFLEF 2 h )5, # PVDF K 5 4%+ Sp1(1:8 000, 35 [
Abcam A #]) (ABCA1(1:8 000, 3£ [E Abcam 23 7] ) Al GAPDH
(1:5 000, 3¢ [# Santa Cruz Biotechnology 2 ] ) 055 — Pk
4 CCWEE R, B A 5 AR T S i 45 5 PR
(1:5000, R =B AEMBARARATME . HHLFL
67 W (2E B Thermo fisher Scientific 23 7] ) K ] 40 358 2 v P
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HEH
1.2.4  sh¥) LB RAIRE ABESE A ApoE™ /)
B 6~8 il iy , M BT 2 20~25 g 80 HHEPE ApoE™ /)N LI
I b T 2 A A S 56 3 ) B R A BR 2 B [ RTHIE S : SCXK
(51)2021-0011]c SR FRAE— A 12: 12 h /05 35 AR
JE R E AR AFTE 55% .23 “CI RS 78 4 B AR SR 2 A i
RIBCEYAK . w8 KR (40% N8 7 , 40% Bk K AL 591
20% 3 11 5 Al 1.25% AR [ B 5 D12108C) g A K [ Research
Diets A H] o #4480 H ApoE™ /NERBHMLSY K 4 4, R4 20 H -
R TFAR (Sham ) 21 . JRFFAE )N 8l ik s A 45 Ak (uremia acceler-
ated atherosclerosis, UAAS) 41 . UAAS+Vector 41 . UAAS+Spl
o BR Sham ZHA1, AR AE S UL IR 73 2 24T 516 W
PIBRARS S FEF ARG R, /N BRAE T 1.5% 57 Rk o ik
£ 0,1 N,(50%/50% ) (R, i 34 0.9 ~ 1.0 L/min] (Y
JRRTE 28 P AERR IR o 7255 — B B, EAT ZE MU0 10 B BR A
B LSk S B0 O i PRAE R B AR SRS AR A DIBR B R AR 2
Ja , HEAT AT DA EDIERR o Sham 217855 — B BLEAT
ZEMUBEMIY) O, SR )5 7E A B R ARG OB M) O, 2
JAJGE AT AT OS85 AERE A S Sk E SCHAI T A
B DI AR S5 2 JE SR AR AR | 26 1M 3 R R AU/KSF->20 mmol/L
(Sham /™ B (4 1L 75 JR 3 ¥ BE 2 7~11 mmol/L) iE 55 JR & HE A
RUFES NI o &2/ BRIE SR e T B IR SR 14 ] , UAASH
Vector 41 Fll UAAS+Sp1 2H 75 45 10 J& R4 12 Ji 28 )22 5 Ik i
BF 5%10° pfu ¥ Vector o¥, Spl i 3 ik Fikr . 45 414 e Ji —
IR 5 2 h AR BN B, DA R R 3R 3B it , oK 1l Vi A 5
0.4 mL 4% EDTA-Na, HUEEH 11,250 x g #5.0> 10 min, 53 £ 1l
B A BIARIC T 5 F-20 CORFE P75 H
125 Aot @il 7060 8 A S AL (H A H LA w])
iy 00 5 1003 S AEL [ 8 (total cholesterol , TC) K2 & G 25 H
AH & i (low density lipoprotein cholesterol , LDL-C) | H il = ig
(triglyceride, TG) \FR 2 A AL K-
1.2.6 /NRESIIKIMLL O R t0.(0il Red O, 0RO DA 53
INERFEFIK, 10% t /8 EARE E 72 ho A FEBIBRAR A0 MEAR
W R 7 wm BEELE VKR YT o WOEIE A E Sk ES
Abey 78 5 E KA 490 wm £, i# i ORO(FE [H Sigma 28
F R BT . SR FSX100 5 {85 ( H A Olympus 23 7)) 4l
U B R AR L, LVE 3 (%) F0R
127 Hpeydege  EshksE N oCcT WMIFII A 4
FTE 5% 4 100E H A F T 30 mine ESkUI A5 o F
W WULsEE H (a—smooth muscle actin,a—SMA ) Fll Sp1 BY—Z%
PiARAE 4 CMEF 7% . JH PBS k)5 , ¥4 Alexa Fluor594 4%
AR Alexa Fluor 488 254 B9 1L 2EHT/NER, IgGﬂz Al-
exa Fluord88 F &ML FEH R IcCERR TMWE 1 h, HiLi%
S B T (T Carl-Zeiss 28 7D A G RE D
1.3 “%itsr&

I SPSS 21.0 BE i HER A X B BEA T 437 o A5 B IES 4y
A BT H i R AR = RS (v 2 5) Fom . LI AR
FHEAIR 27 225001, R FH =I5 Dunneu 8 30 34847 99 79 LB AR, 2
ZH 18] AR FHRUREAS ¢ K56 o 4G 36 7K TE 2=0.05

2 & B

2.1 IS v VSMCs # 34 50 5IS i AR TR

EdU 43877 22 1, 1S ¥ J3 40 36 1 LA i2F VSMCs 34 5 (F=
24.860, P<0.001) (& 1A) . # i WEE VSMCs 55 Dil #5ic (1
oxLDL 7 5 J5 5615 5 M2 1k, & IR TS Vi J5 400 61 14 b 2 ik
A1 L N Dil-ox—LDL %¢ 65 i (F=48.530, P<0.001) (& 1B) .
S A 7] e BE 1S Ab B 24 h 1Y VSMCs (1) 25 11 5% B0 385 43 B %6
B, 1S REAE #E VSMCs 7 Spl L ABCA1 2K A F635 , IR FE MR E Ny
125 nmol/L A 35 B WA , Bl 5 7% 250 nmol/L B FEAK (] 1C) .
JH 125 nmol/L 1S 4b FRA [F] B5f [A] {2755 , VSMCs H? Spl . ABCA1
T [ R A5 B 1S T BF ) 284 I it B, I AE 24 b Bk B
i, Bl )5 75 36 h B FEAG (B 1D) o 3k #e2E BRI IS Y
VSMCs 34 51 FRR B FR R , ol BEAIL I 2415 5 Spl/ABCAL {55
TS L R, BIFSE e B 250 nmol/L IS 4L BF 24 h 1E R 5
LEMFRMRBE (B 1E (1F) .
2.2 ISi@it#p4] Spl/ABCAL4Z 5 i@ A% 3t B AR B

ARG — 4R 0] Spl/ABCAL {5 Sl I B2 5 T 1S
VIR FUURRYVE T . A&l 2A TS, Spl Bk AT A3 % 1S
V5319 ABCAL 3K T I, 8 Sp1 /4 ABCAL 9 F- i35
B, 0 DR ABCAT 93635 Rk, £E VSMCs i 18
BRI ABCA L, FF3 33 28 11 B B3 43 B e S5, K 3 ABCAL
FERANSE I VSMCs 1 Spl 2R3k, 324 Sp1 1E A ABCA 1Ay _L-1iF
P& AT (1 2B) . Dil—ox-LDL Y 3K 0y 5 R W, &4
YL N Dil-ox-LDL 2GR 22 S A Gei 2% 5 X (F=122.400,
P<0.001) , 5 ISZHAMI HE , 1S+Sp 1 ZH AN P Dil-ox—LDL %%
J¥ B A (P<0.001) . IS+Spl+sh-ABCA1 ZH 2 Jiil N Dil-ox—
LDL %638 B 125 T 1S+Sp1 41 (P=0.015) (K1 2C.2D) . %k Ltk
SRF W 1S 0] L@ 07 Sp1/ABCA L {538 A A2 i 1 5
T LD A R R .
23 Spl it UAAS BRI F e if e = F 64 F vk

W21 R, UAAS 553 2 5, UAAS /)N UK 2 I T
Sham ZH (F=5.460, P<0.05) , T IfiL 35 bR 28 20 AL e 32 o
Sham 2H ( F=45.860.50.730, 3% P<0.001) , H. 1522 3| 524645
PERZAS AR AN ) . UAAS/INERUNLTE TC TG . LDL-C 7%
F Sham 21 (P<0.05) . UAAS 2 \ UAAS+Vector 44 Fl UAAS+
Sp1 4 7E A o | Il 375 R 2 &R LI & B A TC . TG . LDL-C
K2R TSI L
2.4 Spl 2 UAAS /I & £ 3 Bk VSMCs P Spl/ABCA1 42 5 i
S AL

97 BB Spl J2 55 5 UAAS /N E 8Bk VSMCs Hr i)
HE BT AR R, 2R F UL ER i 9 ' e 435 K oo -SMA 1 Sp1 7K
Vo B TEFPRELHL T a-SMA F Spl B2 5E K24 5
G5 X (F=104.300, P<0.001) , 5 Sham ZHAH L, UAAS
2 F UAAS+Vector 2] T 51 ik 52 4141 a—SMA 1 Sp1 i 3k
A7 7K S /D (P=0.002,0.005) . UAAS+Spl 41 5k 3E4H 41
B o—SMA 1 Spl 194 5 17 7K -3 UAAS+Vector H 3G fin (P=
0.008) . WA, 8 o) & T BN IE S UAAS+Spl 41 E 2 ik 2
41rfr Spl I ABCA1 2K (22 15K V-5 T UAAS+Vector 4 (F=
100.400.,95.240, P<0.001) (K 3)
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IS ( nmol/L ) 0.8+
62.5 125
— c
< 0.6 -
< b
9.4
i 0.4 _tll_
=
% 0.24
=
0.0 T T
0 62.5 125 250
IS (nmol/L)
M
A. EAUSM T VSMCsHEFE 7 0 B. VSMCsH4B (13 4007
IS (nmol/L ) s S 30 c
4#"(
625 125 250 = g0
= c
= 40
g
= 20
a
."5_(‘ 0 T
= 625 125 250
IS (nmol/L)

C. Dil-ox=LDLY A 53 Hrox-LDL % i D. ox-LDL& 5 12 B br

IS (125 nmol/L ) IS(nmol/L)
Oh 6h 12h  24h  36h 0 62.5 125 250
spL | P S 8 e . e o2
ABCA1 S - . 52 kDa ABCA1 -—— ’ . - 52 kDa
CADH | s S s w— - |37 k0a GAPDH W — — — 7 D
E. Spl/ABCA 1B 15Ri5 F. Spl/ABCA 1 133k

¥ :a, 5 0 nmol/LAH ., P<0.05;b, 5 0 nmol/LAH L, P<0.01;¢, 5 0 nmol/L A kL., P<0.001
1 ISt VSMCs Hy187H  AE A5 #1 Sp1/ABCA1 BERIEH

i . sh-ABCAI sh-ABCAI
ConZil 1S4 1S+Sp141 ConZll sh-NCZL — _jzf 241

8l 62 kDa
sl [N R -—mna . !
GAPDH | W S - | 37 <Da GAPDH 37 kDa

A. Spl/ABCA1ZE A%k

B. Spl/ABCA 1K 15515

100
b
I1S+Sp1+sh- iy 80
Con# 1841 IS+Sp14H ABCAI4H X6 c
’pﬁ 40
s a
Z 2
1 Hml
\,\/ \ “// 7/
& & ISR
e \%ﬁi&
>
C. Dil-ox-LDLY /3 Hrox—LDL D. ox~LDL & I E 0 #r

i ra, 5 Con A H, P<0.05;5b, 55 Con A ., P<0.01 ¢, 5 IS HE , P<0.01;d, 55 1S+Sp1 4 A He , P<0.05
B2 ISi#Eid#F Sp1/ABCA1 {5 518 B Rt B FAREE
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®1 SpIXUAAS/INRIERE. . MFEENMTE TR (x+5;n,%)
e Sham 2 (n=19) UAAS#(n=13) UAAS+Vector 4 (n=14) UAAS+Spl1 41 (n=14)
UAASIE AT
Wi (g) 22.94 +0.55 22.63 £ 0.60 2244 £0.71 22.71 £0.65
UAAS 555 28]
i (g) 25.02+0.77 22.66 + 0.58" 2228 +0.60" 22.13 = 0.68"
PR A (mmol/L) 9.80 = 0.92 25.44 +1.25 25.62 +0.93" 25.69 = 1.04"
JUEF (pmol/L) 8.48 +2.46 23.61 = 1.49° 2375+ 1.14° 23.53 + 1.33"
JET 2R 0(0.00) 4(30.77) 4(28.57) 3(21.43)
UAASTE5J5 104
i (g) 26.58 + 0.65 25.24 +0.59 24.90 + 0.67 25.16 £ 0.70
JRZE A (mmol/L) 11.04 £ 0.79 27.62+0.81" 26.67 + 1.03 27.49 + 0.96"
WLEF (wmol/L) 9.15+0.85 20.32 + 1.20° 19.73 + 1.04" 18.85+0.93"
TC(mmol/L) 11.83 0.77 14.55 + 1.02° 14.41 = 0.89" 14.50  0.92*
TG(mmol/L) 0.87 = 0.08 1.12 +0.05 1.14£0.07" 1.12 £ 0.04
LDL~C(mmol/L) 4.59 £0.48 6.84 0.36" 6.64 +0.33 6.70 + 0.38"
FETH 1(5.26) 2(15.38) 1(7.14) 2(14.29)
UAAS IR 14 )8
Wi (g) 27.22£0.68 25.83 £0.65 25.52+£0.59 25.71 £ 0.62
PREZ A (mmol/L) 11.04 +0.79 27.10 +0.92" 26.43 +0.84" 26.65 + 0.90"
JLEF (pmol/L) 9.52+0.92 21.54 + 1.05" 20.32 +0.94 20.85 +0.93"
TC(mmol/L) 11.95 +0.71 14.66 + 1.10° 14.71 £ 0.95" 14.59 + 0.99°
TG (mmol/L) 0.94+0.11 1.16 £ 0.05" 1.19 + 0.06 1.13 +0.04"
LDL~C(mmol/L) 4.64 +0.47 6.83 +0.35" 6.62 +0.33" 6.68 +0.39
FET R 0(0.00) 1(7.69) 1(7.14) 1(7.14)

1 :a, 5 Sham 4 F 4%, P<0.05, b, 5 Sham 2 b 4%, P<0.01

ShamZH

UAASZ  Vectorf] Spl4l

UAASE UAAS+VectorZ] UAAS+Sp14] i
b
Si=
=5
1513

3

A. FEIKFE P o -SMA (L) FMISpl (L1060 ) WEGREFILYLE
UAAS+ UAAS+ B. ot ~SMA/Sp 1 M 5E v 5 i 4 Hr

Spl T S ——— — . — oy | 62 kDa

m ShamZH
= UAASZ

)
K B UAAS+VectorZH
é ’ S UAAS+SpIZH
ABCAT | W_—— e S s S mm— - 52 kDa =
Bo
GAPDH| (P P D S S SR - 3 D)
Spl ABCA1
C. EHIKALPSpI/ABCAIE 1355 D. Spl/ABCA 155 [ ik 5 4 HT

T AL TR E Y a, 5 Con 4l HL#E, P<0.05;b, 5 Con 41 L4, P<0.01 ¢, 5 IS LR, P<0.01;d, 5 1S+Sp1 4 Lh4% , P<0.05

B3 Sp1¥tUAAS/IMREZNRK VSMCs 1 Sp1/ABCA1 {5 518 & 841

2.5 SplxF UAAS /s A3 BB AE LA 09 7 2L UAAS 41 F UAAS+Vector 21 = 3l ik . 2 3 ik AR #1155 1 ORO

ORO Je o 1) 32 gl ok 2 T S S R o, 45 21 B 8 ik L 32 FE 2 17 AR 3 0 (P<0.001) . UAAS+Spl 21 3 3 ik #1 32 3 ik
KA RS o ORO FHM: 1 L 22 5 A 4o it 22 B X (F= M. 5 ORO FH A 18 FR %5 UAAS+Vector 4 3 /> (P<0.001)
105.000 56.540 . 41.820, ¥J P<0.001) ., 5 Sham #41 #H H , (F4),
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UAAS+ UAAS+ .
ShamZH UAASZH Vectord]  Spl#f §
g
=R
H
s
=
&=
»@-,é:»
R
H
A. EFPKIEROROYL o B
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