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[ E] HI WRAAAIKEESEE G (ox-LDL) A T 3h Bk -F iF W4 jo ik 9 R BL (HA) & %0 %ok, 5F
M ERES>TF A, FiE AR RAZHIRLEFF NI T/G HAVSMC, 4% A R F 3K £ (10.25.50.75.100
mg/L) ox-LDL %} T/G HAVSMC %8 JeL 347 F 7R, 42 A CCK-8 Al 4m I 77 7& 5 | 3t AT > 20547, R A KA 4 25
F2 50 mg/L # ox-LDL F 1 T/G HAVSMC 28 & 48 h, 5+% & X % LDL( native-LDL,N-LDL) 28.(50 mg/L #) N-LDL) Fa
B8 2E 4%/ HPLC =2 HA 4%, /¢ 0 £ 8 £ % PCR 40l i 0 i 82 & A 85 2 (HAS2) A= i 8 Ji BR & % B
(HAS3) #) mRNA &3k 1% ]l Western blot 34 i 5 & # FAL AR E MR & 24K 1(LOX-1) KEE K&K a ;J)i:
%% G 1(LRP-1) B8 B & 09 75 18 Xk % 4k (SR-PSOX ) VA % fig W5 Bx #1586 (CD36) #9 A ik, R 4&F 100
me/L % ox-LDL 3 T/G HAVSMC %8 %0 B 2 i1 . 25 mg/L #7 50 mg/L ox-LDL 21 HA 4% HAS2 #= HAS3 %)
mRNA %1% 8% 2 & T N-LDL Z0 A= 3 JR 40 ( P<0. 05) ,N-LDL 28 )5 3 B 2820 1) £ F £ % F M (P>0.05) , 25 mg/L
#2 50 mg/L ox-LDL #2 LOX-1 %3k % 2 & T N-LDL 28F= 5 B 48 ( P<0.05) , % LRP-1,SR-PSOX #= CD36 & i &9 2
FA(P>0.05), 451  ox-LDL %% A £ 3hAk-F iR ML2m I HA 698k, AULH TR 5 2454 LOX-1 A %,
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Effect of oxidized low density lipoprotein on hyaluronic acid expression in human

vascular smooth muscle cells and its mechanism
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[ ABSTRACT] Aim To investigate the effect of oxidized low-density lipoprotein (ox-LDL) on the synthesis of hyal-
uronic acid (HA) in human aortic vascular smooth muscle cells (HAVSMC) , and explore its molecular mechanism.
Methods The T/G HAVSMC were cultured in vitro with different concentration of ox-LDL( 10, 25, 50, 75, 100 mg/L) ,
the CCK-8 method was used to measure the cell proliferation and grouping analysis was carried out. T/G HAVSMC were
treated with ox-LDL at concentrations of 25 and 50 mg/L for 48 hours. ~ Natural LDL (N-LDL) group (50 mg/L N-LDL)
and control group were set up. HPLC was used to determine the HA content, real-time quantitative PCR was used to de-
tect the mRNA level of hyaluronic acid synthetase 2 (HAS2) and hyaluronic acid synthase 3 ( HAS3), Western blot was
used to detect the protein level of lectin-like oxidized low density lipoprotein recepter-1 (LOX-1) , low-density lipoprotein
receptor-related protein-1 (LRP ), scavenger receptor for phosphatidylserine and oxidized lipoprotein ( SR-PSOX) and
cluster of differentiation 36 ( CD36). Results  After 48 h intervention, ox-LDL had no significant cytotoxicity on T/G
HAVSMC cells.  After 25 and 50 mg/L ox-LDL intervention for 48 h, the content of HA were significantly higher than
those in the N-LDL group and the control group(P<0.05), the mRNA expression levels of HAS2 and HAS3 were signifi-
cantly higher than those in the N-LDL group and the control group(P<0.05), and there was no significant difference be-
tween the N-LDL group and the control group(P>0.05). The expression of LOX-1 in 25 mg/L ox-LDL group and 50 mg/
L ox-LDL group was significantly higher than that in the N-LDL group and the control group(P<0.05), while the expres-
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sion of LRP-1, SR-PSOX and CD36 showed no significant change( P>0.05).

Conclusion ox-LDL could induce the

synthesis of HA in human aortic smooth muscle cells, and its mechanism may be related to the combination of LOX-1.
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(extracellular matrix, ECM ) UL FR i) 84 m, #5r 72 ml 1)
ECM 7E I BE A SRR 2 RS E X A kS
M fbBEs =4 % W AR (hyaluronan, HA ) J&—
T A4 R £6 0 W e R, 7 IR N HA AR XS 3 5
H7E S kDa 3 20 000 kDa Z A, J& ECM 1% 3 2 53
Z U0 AR M0 AE - W LA S 2 A
IEFARSORI AT HA ¥ T/ IS S
ECM 41 5% 3 W 7E 3h Ik ok £ B 16 BE BB m
AR HA o R IFTE M4 BE K HERR, 2 5 4
JRLIERS 145 R E 200 PR R B i 1 R R )
e &S E AL AR 2 G 2 1 (oxidized low
density lipoprotein , ox-LDL) J& 2l ik 45 4 i £k JE B A1
RIEDBEPEZE RN E, L5 HA W R AHC
P i AT B T IR ARBFSERIRSE ox-LDL 5
N F B ik i % F 3 UL40 M ( human aortic vascular
smooth muscle cells, HAVSMC ) HA 433 0% AH 5¢ P |
FERIL R H Bl

1 #RFTE

L1 EE##

A T/G HAVSMC 1 & w [ S B33 5 4y R
R, SmGM-2 # 7+ 2 (Gibeo, 3 ) 5 6 4 i 3% (AT M
W2 F); CCK-8 (M & ik £ WA AT ) KA
LDL( native-LDL,N-LDL, 4t %t £ 2 4 & IR A 8] ) 5
RNA R BUA M K LB € & PCR A & (AW T
BARANE) ;& A AR 4% R FE (Sigma,
FE);BEFFAMBMEEEEEA LA (lectin-
like oxidized low density lipoprotein recepter-1, LOX-
1) — L RARE Z e & B Z Ak & A 1 (low-density
lipoprotein receptor-related protein-1, LRP-1) — 7
( Santa, * ) Hg B B % AL B ( cluster of
differentiation 36,CD36) — 40 . & L. fis & & #h 7% 1 X
% K ( scavenger receptor for phosphatidylserine and
oxidized lipoprotein , SR-PSOX) — i, B-actin — 31 &
FHL R =4 (Thermo, £ B ), 20 fii 5 7= 4 (HEPA
CLASS 100, # [ Thermo Scientific /A & ) ; B 47 X
( MODEL 680, # & Bio-Rad 7 ); ® F K F
(FA2004A, FiHE R FOLE) ;& & A K Bl

(SK-30, % [ SIGMA A 7] ) ; 8] & 48 2= & % ( DFC-
259,12 B Leica A 7 ) ;4 B 30 8 K K& & 4
(GelDoc EZ, % [ Bio-Rad /A 7 ); LBt % b & &
PCR L ( LightCycler 480 1II , %% E Roche A %),
1.2 ox-LDL WHIFREE

¥ N-LDL & T B #h 2 b iR P 3B AT 24 h, R &
LMW 7%, M B T4 10 mmol/L i B 4R &y
PBS & & #,37 CAAMMEA 24 h, A MWEFE S
LDL & T4 100 wmol/L 7. — % 4 Z. % ty PBS 4 w
WAL LSRN, MERE FEEHNL D E=E LN
EEAKE,AEREAREATEE LE, B
SDS-PAGE #ift & &, AR E M ZRENER
TEHAE, YT _BIREA9.6~16.2 pmol/L T H
MBS, IE B AR T .
1.3 4patEsR

A T/G HAVSMC ¥ 7T 37 °C 5% CO, F7 100%
YA CO, R4 E A I 10% i 4 vk
By SmGM-2 B 573, FF2~3 R#E— K, YH M
A JE AT 90% B, 15 R R,
1.4 CCK-8:%#M A T/G HAVSMC {&4ME3E

o B Ak A K B g e, R R dE i B ROR E, DL
3.5 000 A48 8 By % E 4 T/G HAVSMC fm A %]
96 LR . 28l % T4 R E R E (10,25.50,
75.100 mg/L) #y N-LDL 2 ox-LDL &3 5= & | 3F %
B K #m N-LDL 2, ox-LDL By x4t B8 40, DL &= & 5L
FE,BHEIANEI, A8 h, BHRERE, ImA
CCK-8 iR 7| FF 38 3 3% 4 h, A B An LI E 4L
OD,5, 18, A7 7EHE = (0D {H sy —OD H.py )/
(0D ﬁ}ﬂﬁéﬂ -0D f@iz\r—ﬂt) °
1.5 HA 2ENE

W B Xt 3 A K de e, U AL 5. 0x10° AN
BT 6 FUAR #4513 0t B 21 N-LDL 21 # ox-
LDL 41, * B 41 %4 F 3 % & N-LDL 41 % T & 50
mg/L N-LDL #3% 75 #£ | ox-LDL 41 % F 25 .50 mg/L
ox-LDL #3554k % 3 ME L, 7 48 h, H R4
HE W R A, A HPLC = 0l E 4 vkt HA
EE,
1.6 WHEE PCR JAIE mRNA 7k F

MR AR HA 4Bl E, thitm e+
& RNA, A HE 5 wg RNA £ | Promega MMLV X
4 R B RO KA AT R AR R, R R & A 20
pL, B 0.5 wL RT 7= 4 # AT £ 6 & & PCR R L,
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% W J B 4 A B 2 (hyaluronic acid synthetase2,
HAS2) 51 4 & % % ki 5'-ACAGACAGGCTGAG-
GACGAC -3', T ## 5'-CTGTGATTCCAAGGAGGAG-
3';HAS3 54 )5 7| & £ i# 5'-GTCATGTACACGGC-
CTTCAA-3', T ## 5'-CCTACTTGGGGATCCCTCCTC-
3", LOX-1 814 77| % ki 5'- GCCATTCCGAAAT-
CAAGAAA-3', T i 5-AGGAGTCATCAGGAGGA
GCA-3'; LRP-1 3| 4 J¥ 7| y £ ¥ 5'-GTCATGTA-
CACGGCCTTCAA-3", T # 5'-CCTACTTGGGGATC-
CCTCCTC-3';CD36 3] 4 )7 7| &y L 5'- GGCTGAG-
CAAGGTTGACTTC-3', T # 5'-CCTCCTTATCCTTT-
GAGCCC-3";SR-PSOX 5| 4 F %] 7 L7 5'- ACCAC-
CAGCTACCTCATTGG-3', T # 5'-TTGTTCTCGCA
CTTGAATCG-3"; [A Pk %t & B-actin 3| 47 /7 7| £ %
5'-CTCTTCCAGCCTTCCTTCCT-3', T # 5'-ATGC-
TATCACCTCCCCTGTG-3', R R 4 # % 10 pL
SYBR Green Mix (2x) .0.4 pL ROX Reference Dye
0.1 pL Primerl (5 pmol/L) .1 pL Primer2 (5
pwmol/L) 0.5 pL # 4 ¢DNA 7.1 uL DEPC A&, 52
B & PCR 43 & % : (94 C 4 min—94 C 30 s
—50 °C 30 s—72 C 40 s) x40, % 74 %1 49 %F mRNA
FIKAKF = (% 25 mRNA K F/ 7 P8 4 mRNA K
F)x100% , VA3t B 41 mRNA AF & 100% .,
1.7 Western blot MEMHXEHRKIA

M AR ER HA B0 2, BHREX
F.EORBREE AR, WEEER,#EH 10%
SDS-PAGE Wik B E A& W , "B EHRBEHR
HHEFEL, FRAHETHHAZ M REREF 30
mln,ZEgﬁ%%;@%*‘%ﬁﬁﬁ4 %ﬁﬁ,%)ﬁg
&Y AR AR AN B R RE R
i H 60 min, %K KR R G AT L I 45 R B-actin
HHNBITE, AT B 4 & B kK KF N 100%,4%4 %
AAAMEEREKT=(4HA%ZAREKT/ XHE
4 % B &k KF) x100%
1.8 Sitx4big

f& il SPSS 16. 0 3 14 58 B 2 3 24, K Origin
8.0 UL HE WWENHER U vas X, ALK
KH 5, P<0.05 kT ERARITFE L,

2 & R

2.1 ox-LDLHIEE

el AR AR B bb 22 R 1 D T % 2, X ox-
LDL WAL 7R B #0470 % . N-LDL 1% Py o e i
9(2.1+0.5) wmol/L, % 10 mmol/L IR IR 5 & 1k

B, ox-LDL TN MR B =534 (15.8+1.6) pmol/
LOE 1), HE iR e A A FL A, UESE ox-LDL 44k
BRI

-
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B 1. ox-LDL K% 7E
Figure 1. Identification of ox-LDL

ox-LDL

2.2 AEIRE ox-LDL 3 A T/G HAVSMC HE3E K
A

AJRIHEE N-LDL F1 ox-LDL (10 .25 .50 .75 ,100
mg/L) AL BN T/G HAVSMC 48 h B}, T/G HAVSMC
FEIE B ox-LDL V& FE ST J5 B A, AT B ZH
EFIHG 72 L (P>0.05, 8 2), %8 N-LDL
1 ox-LDL XJ T/G HAVSMC B8 3% A B @52 .
I, IFEFE 25 150 mg/L A ox-LDL /E FH L T

—=—N-LDL
1201 ——ox-LDL

100

80

60

HRTFEE (%)

40

201

0 2I5 5[0 7I5 1(I)0
ox-LDLiR FE(mg/L)

E 2. N-LDL LK ox-LDL Xt A T/G HAVSMC f&5h 3858

BIRM (n=3)

Figure 2. Cell survival of T/G HAVSMC in vitro treated

with N-LDL and ox-LDL(n=3)

2.3 ox-LDL Xt A T/G HAVSMC %3iih HA HIZ2MA

N-LDL 1 ox-LDL Z: 3 A T/G HAVSMC 48 h
A, N-LDL 2 HA 435 A8 X %5 BE 20 25 53 06 b & 1%
(P>0.05),25 F1 50 mg/L ox-LDL 41 HA 43 i U B
B TR R ZH R N-LDL 4H ( P<0. 01,8 3)
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80 =M (P>0.05;8 5 FiE 6)
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& 3. ox-LDL Xt A T/G HAVSMC %y HA BRI (n=3)
a  P<0.01, 5% B4 L S b o4 P<0.01, 5 N-LDL 41 LA,
Figure 3. Effect of ox-LDL on hyaluronic acid secretion of
human T/G HAVSMC(n=3)

2.4 ox-LDL ¥t A T/G HAVSMCHA i% B R 8 & B
ERIEM R

N-LDL I ox-LDL £b ¥ A T/G HAVSMC 48 h
i, N-LDL 20 HAS2 F11 HAS3 ) mRNA 2k 7K F4H
XFFXF A 22 S I g L (P>0.05) ,25 il 50
mg/L ox-LDL 20 HAS2 Fl HAS3 ) mRNA %3k /K
DU B 38 75 T B2 A N-LDL 44 ( P<0.01, /8 4) .

Il HAS2
300 I HAS3
ab
250
5]\5“
iik" 200
s
£ 150
[S
&% 100
z
50
*THRH N-LDLZH 25mg/L 50 mg/L
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4. ox-LDL X A T/G HAVSMC & AR BE & M BB R 5 1Y
B (n=3) aj P<0.01, 5% M4 L& ;b 8 P<0.01, 5 N-
LDL 41 b5,

Figure 4. Effect of ox-LDL on the expression of hyaluronic
acid synthases of human T/G HAVSMC(n=3)

2.5 ox-LDL EiA T/G HAVSMC 5 LOX-1 BIRIE

N-LDL I ox-LDL 43 A T/G HAVSMC 48 h
i, N-LDL 20 LOX-1 ) mRNA Fl4& {4 2 15 7K SFAHXF
TX IR B4 B @ 28 (P>0. 05) ,25 F1 50 mg/L
ox-LDL 2H LOX-1 i mRNA FI%E (2635 /K S 0] 0
& TX R ZH A N-LDL 26 ( P<0. 01) 3 PUZH [i] LRP-1 .,
CD36 H1 SR-PSOX ) mRNA FlI#E 361k 2 S B

N-LDLZH

TERZE 25mg/L 50 mg/L

ox-LDL

& 5. ox-LDL 3 A T/G HAVSMC & LOX-1,LRP-1,CD36
#1 SR-PSOX mRNA RiEW N (n=3) ay P<0.01,5
Xt IR 45 ;b S P<0.01, 5 N-LDL 41 HeAs

Figure 5. Effect of ox-LDL on the mRNA expression of LOX-
1, LRP-1, CD36 and SR-PSOX in human T/G HAVSMC(n=
3)

ox-LDL
XfHB4H N-LDLZH 25 mg/L 50 mg/L

LOX-1 s s o s

LIRP-T oo S S— a—
SR-PSOX s S e —
CD36 wn s e aa—

B -actin

B LOX-1

_]LRP-1 ab

I SR-PSOX
CD36

100} !
50|
0

N-LDLZH 25mg/L 50 mg/L
ox-LDL

& 6. ox-LDL Xt A\ T/G HAVSMC & LOX-1,LRP-1,CD36
1 SR-PSOX EEAREMFMI(n=3)  aH P<0.01, 5%
ZHILE ;b S P<0.01, 5 N-LDL 41 b 4%,

Figure 6. Effect of ox-LDL on the protein expression of LOX-
1, LRP-1, CD36 and SR-PSOX in human T/G HAVSMC(n=
3)
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Bl bk ks A A Al 2 LA K | b 3l Bk I A8 BE P R 5T
ST K F TR AR Ry T BEARAE AY L4590 A2, S L4
JL P B2 40 9 L 200 R I 0 i 45 22 i 4 T 2
553kl B R AL A0 & A R ™) 7 £ B A9 B ik it
RERE N B 20 LA Y i A B K R AR A e AR
LR YR BRI B h A A, X AR S I 2 5
T ECM WFETE, BORIES 4 FLAAF T 3 Ik BE ECM
W ZAFAE HA (BAE S ko RE e AL B b, SE0E AIL
YL B A T4 WAL 46 HA 7E N ) 25 ECM 4>
5, HUUBL S 8 bl B HA thEEA T
S WLAHRRL IS AL TR AS | BB B ™ A AR M At L R T
PO HA A B RE S BEWT I 38708 LA i s il 258,
IFES HE T o Nakashima sl R g% % P HA
FENARE R AL B B b ) 2 3R 5K KO Wi ATo% 2# ot
5522, ox-LDL 2 2y Jik it A f £k o B2 Ay AU PR 3%,
H B KEEH ox-LDL A4 47 1 J2 3l ik BE 4 22 1 451
Bt E B R E 22—, Merrilees 55" B 5% i) 1,
ox-LDL RERASfEHE & HA 19 ECM UTFL, HA #E—2f
PR 40 A A S bk 589 AR A5 1k BE Bk ob i E 67, 1) B
ox-LDL 5 HA ik 1 AH e K AR FIBL , Be % 3h
Bk RERE AL iR T SR UL BRI R, ik AR LA T/
G HAVSMC AFFREXT 4, #R85T ox-LDL 5 HA & Wi
FHICAE B LI

LDL & K AL FR IR , 45 5 kA= E A& i
FPAE ox-LDL, J7 A2 TN U 4-F2 T 0 T 55 AR 22 2 i
ST, 2 B T A L | b R e P R A
PEJEPE D ABESE Xt N-LDL 47 Ak 1815 , i
#1320 ox-LDL 9 [ % &35 (15.8+1.6) pmol/
L, 7R ox-LDL AL AB M .y , il i SL 30 2R . A 3¢
BR#IE ox-LDL(50 mg/L) REGE 5T 14 F- 1 L2 Pl
S ARBFSE T ox-LDL (10 .25 mg/L) B
SR T/G HAVSMC B3 58 1% M, H SR T/6
HAVSMC 1§58 o B 5 Ml , ik Hovp 22 55 ml e 5 41 i
KA K, FE HA A RLHIRFIE T, ARTF5E & B ox-
LDL 27+ 7 HA &8 HAS2 F1 HAS3 135K,
B @458 T T/G HAVSMC 9 HA &%, HA 1EH
ECM [ £Z W25 g K A i AL BES 1T 1L, IF
LR 3h Kok A AL 175 1 2E J8 | I YE HA K5
P % B 0 R R A SIS AR AT UE 5K,
ox-LDL 7] G 1 fi 7F 1 45 - 5 240 ML /%) HA & B
HURAS . HA B9 AT HAS B97EH, Wil sh4
9 =Fh HAS 2358 HAS1 (HAS2 F1 HAS3'' | -3
ULARAE H HAS2 Fil HAS3 &4 AR, A 5%

ox-LDL %5 T T/G HAVSMC i) HAS2 #l HAS3 mR-
NA 3Rk L b — D AE R SRSk T HA &
HaE

AL — 2 WEE T ox-LDL 541 56 1 18 R
ZREFE . LOX-1 & ox-LDL 1 FEIHER 24k,
LRP-1 2% LDL M7 1E ) 22 R 8 11, SR-
PSOX & REME 25 & W Mg Ik 22 2 FR M1 ox-LDL A2 1 1)
#E T, CD36 ZA T ox-LDL $5 B 1 5 8O IR
AMMIE AR 14 32 B2 3 3 R AR AR 5T PR
WLAH L LOX-1 LRP-1 SR-PSOX 1 CD36 #/ #ik,
{EAVA LOX-1 A IATE ox-LDL 5206 T B W iR,
i LRP-1,SR-PSOX A1 CD36 HY3 ik JC I & 728 1k
X427 ox-LDL 7E I 45-F- 5 AILZH A o 9 2 3 55 LOX -
1AM HE =FMAEE 7K, LOX-1 5 ox-
LDL 255N RN, A &R MG IR kM
B AR5, T A0 B R T T T LA i 45 g 1
PARZ AN RGBT RE 0 AN 2R IE R T, S 4 1k 4 R R R 4
HEA AR RSP HRIE ox-LDL £ LOX-1
AR L A A A A7 A I AR ST A R RN
ox-LDL fiEf515 S HAVSMC H HA (94 1, HALHI AT
fiE5 [ LOX-1 FRikAH X,

ZE LTk, AP 78 T ox-LDL 7E HAVSMC
B BT A B AR, S AT T ox-LDL 1YE0%
BLA, DA LA Ry 8 5 3 Tt 3l ik ok A i Ak 1 245 4
PRt T I S
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