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[ ABSTRACT] Aim To investigate the effect of hyaluronic acid (HA) on the expression of interleukin-6 (IL-6),

IL-8 and tumor necrosis factor-a (TNF-a) in human aortic vascular smooth muscle cell (HA-VSMC) induced by free fatty

acid (FFA). Methods HA-VSMCs were cultured and dealt with different concentrations (0, 100, 200, 400 wmol/L)

of FFA and FFA plus high molecular weight HA (HMW-HA) or low molecular weight HA (LMW-HA) for 24, 48 hours.
The effects of FFA and FFA plus HA on the survival rate of HA-VSMCs were detected by methyl thiazolyl tetrazolium

(MTT) method. Cell proliferation activity was detected by EdU staining. The contents of IL-6, IL-8 and TNF-a in cul-

ture supernatant were detected by enzyme-linked immunosorbent assay (ELISA). Real-time fluorescence quantitative PCR

and Western blot were used to detect the expression levels of 1L-6, 1L.-8 and TNF-a mRNA and protein. Results
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(1)FFA showed a concentration-dependent induction to HA-VSMC proliferation in the 400 pmol/L. (2) HMW-HA and
LMW-HA both inhibited the proliferation of HA-VSMC induced by FFA, and the inhibitory effect of HMW-HA was stronger
than that of LMW-HA. (3)FFA significantly promoted the secretions of HA-VSMC IL-6, IL-8 and TNF-a in a apparent
time- and concentration-dependent manner; HA could inhibit the above effect. (4) Real-time fluorescence quantitative

PCR and Western blot results showed that the expression levels of I1L-6, IL-8, TNF-ao mRNA and protein in FFA+HMW-
HA group and FFA+LMW-HA group were lower than those in FFA group (all P<0.01), where the FFA+HMW-HA group

was lower than the FFA+LMW-HA group (P<0.01).
and TNF-a mRNA and protein expressions in HA-VSMCs.

Conclusions
(2)HA can inhibit the expressions of IL-6, TL-8 and TNF-a

(1) FFA can induce the increases of 1L-6, 1L.-8

induced by FFA | and the inhibitory effect of HMW-HA is stronger than that of LMW-HA.

B DR o B | 30 DK oA B 4l 4L (atherosclerosis
As) BEPRIE 2 2 BUBE PR R IS 1Y 229 &
R PR A B8 R Bk i EE R A bR
9o LA 722 1Y) T B PR I As, Bl A B 400 i
DHEZE LA ML -3 L4H Y ( vascular smooth muscle
cell, VSMC) 3 A= 2 2 T FR A As i 2 Y i 2 g B
BILH A PRIIRZS T 08 e v W | v JBR B R IR
U R Wi IR (free fatty acid, FFA) J2& 2 RUBE K &
As TR SRR JE I B BUR N &R o FFA 51 18 1
T TP A& AE AR A I 0™ A T AR W i i 4
I RAE B A BT KB, FFA i id 2 fp ik
FEVE S BN B AR REZEALAN VSMC 384 2k, fid ik
As I RAEFRIE

B R (hyaluronic acid, HA) Ay 41 g 4 3 J5i
1) FEZ A Z— B — D HEBLRR AL 1Y D7 25 BH W R
I N-ZTt-D Hia Bl i B-1, 3 BOH B % 4% /Y
ERA YIRS 2B ULRL B RO 18 RRE I8 37 ik
KHEH ., RIESZFRAAIE HA RS R
AR ¢, 4R HA © B A AR 408 | 14
AR AR R R S R B 2 5 . HA
S5 HE A S R PR I R 3K | AR A0 L F R
AN IR - 1) B, I RE IR 55 RAE i FE , N H
B EALARA T ke ik 22 A RIE U 2 B 240 S
HA HA 73 7 8 R/AMKHEUE . = 5r 7 5 HA (high
molecular weight HA | HMW-HA ; >500 kDa ) /&4 #E 4%
PR FEEAAAEIE 20, BATBAF Ok S ORI |
b S A SORE T T A D RE 5 AR 23 5 R HA (low mo-
lecular weight HA , LMW-HA ; <500 kDa) /& #% Ifil 4 4=
JRI G 058 45 S5 4 . FFA 51 A F 3l ik vSMC
(human aortic VSMC , HA-VSMC) F) 4 14 )2 i Fll AL
NS BTz AR, SR T HA BE R X FFA 55 1Y
HA-VSMC S S5 57 A1 48 A 7 3307 A 82 T H Rifadk A
WA ARSI HMW-HA I LMW-HA XF FFA i
i HA-VSMC BT8R M RN B 2R ST AE 5T

1 M#EFTE

1.1 #E
E% HA-VSMC ( % [E ATCC %8 f % ) ; DMEM

3 A 4L E vk 1 (methyl thiazolyl tetrazolium , MTT) i
7| A% B ( Sigma A 7 ) ; Bs 4 i 3% ( HyClone /2
7);0.25% fE & A B ( Gibco /7 ) ; HIW-HA 5
LMW-HA (R&D A7) ; & FFA 4 fig & & & ( L
ETTNE ) 5- T -2 i AR % 9 A% H (5-ethynyl-
2’ -deoxyuridine , EAU) 2+ & X 7 & ()~ MELH A F ) ;
& %8 M/~ % 6(interleukin-6,1L-6) IL-8  Jif J 31 % &
¥ o ( tumor necrosis factor-or, TNF-o0 ) B % % & % Mt
LI A & (R&D A F ) ; BCA & & & R A & |
SDS-PAGE % fix 3 7| & ( 2 = X /A 8] ) ; B-actin , IL-
6 IL-8 TNF-ou 5 57 [& 41 ( — 470 ) Bt B #R AR
A A B AT B L F AR (D R) 1gG (= 40) (Pro-
teintech /A 7 ) ;1L-6 . IL-8 ' TNF-o , B-actin 5| 4 . 3 %
KR & LR of £ & PCR(real-time fluorescence
quantitative PCR, Real-time PCR) i 7| & ( Takara /A
8 ), Thermo ® RMK3 A B A7 L ( b AR A
WA K RARAE ) ;RIXT1-A12FL/PH A % 5t ]
& B % (Olympus /A ] ) ; LightCycler ® 480 % 7%
# & & PCR L ( Roche /A 7] ) ; ChemiDoc %+ F A 1%
% 4% X ChemiDoc™ XRS +BIORAD ImageLab #
(Bio-Rad A %),
1.2 ZHRatEsR

¥ HA-VSMC # # T & 10% fa 4F fn ¥ | 100
kU/L#E & % 7 100 mg/L % & £ t DMEM 3 57 3L 6y
100 mm %1 3 F= L |, F 37°C 5% CO, , 1 2 38 J&
AUTHERABEAREKRALE 1~2 REHRFE K
ALK, %K R R LB ] 0.25% i R B B
R, YmpE B AR, TER,
1.3 LEHASLIE

K34 T HA #n FFA 1B T4 00, L5 4 0
6 #41.(1) 3 ¥ 41 (Control 41) . m N\ % & #y DMEM 3
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Fr AL FE  (2)HMW-HA B 4. F 1 ¢/L HMW-HA
AR (3) LMW-HA Xt 41. A 1 ¢/L LMW-HA 4
72, (4)FFA 4. 400 wmol/L FFA 43 (5)FFA+
HMW-HA #1. | 400 pmol/L FFA+1 g/L HMW-HA
47, (6) FFA+LMW-HA 4 . Jf 400 wmol/L FFA+1
g/L LMW-HA 403 |
1.4 MTT iZH il 4ERaEE =

LW AT, 0.25% th i & & B 3 16t 2k 3
A K 2 e, F B R 2k 2% o W% ( phosphate buffered solu-
tion,PBS) " 4T M & T 15 mL B4 1500 r/min
B0 2 ming 3 £ PBS B m N4 10% M 4 i 7F &y
DMEM 3 35 3% , »k 47 B ¥ 40 Jf B 0, 76 o 3F 31 3k DA
1.5%10° AN/ Z FF 40 j % E 8 FF T 96 TR, % 5 M E
(=AM BA R i Rim MIT, — W W), £
28 JL 5 BE g, md A B R B FFA(0,25.50,100,200
300,400,500, 600 wmol/L) F1/5 4 A Bk & 1 g/L
HMW-HA \LMW-HA # 3 7%, i & 24 .48 h; & 7l
fn5 g/L MTT ¥ 20 wL, i & 4 h, 38 700, 7L
A Z B A 150 pl, & 3% 10 min, A B AT L
490 nm ¥ K 4 M K JE (absorbance, A) 18, i & 4
MEER ARFEX=(EZRAAE-TAHA
)/ (MHBEHAAE-ZaHAMH),
1.5 EdU 44 e tE 58 iE 14

96 FLAK B A A 4L FE dm LR “1.47 Fr ik, 50
wmol/L EdU #Ri2 48 . 2 h, PBS ¥ 2 X, % X S min;
4% % REEEE 30 mn,2 o/L HA B FH5
min; & 0.5% Triton X-100 # PBS % % 10 min, PBS
%6 1 K,5 min;Apollo ® 488 7 o vkl oF % I8 i
# 30 min, 4 0.5% Triton X-100 & PBS %% 2~3
W, 4 % 10 min;Hoechst 33342 X J i # % % i85
H 30 min,PBS W&Vt 1~3 %, AKX LR HE(EL
MA)MEFBILFER,
1.6 ELISA # 4 A E5F EiEH 1L-6,1L-8, TNF-a
-1

il

£ 37°C 5%CO, %1 T3 % HA-VSMC, 4 21
£ K E 80% ~90% - A B, W A R 3L 7.0x10°
N EFWEERAEEMNT 10 cm R,
from e £ KRS B A, % A & 0.25% fig 4 fn 7% 1
DMEM B x4k 35 % 24 h G H AT T W LB, %
J & % & FFA (0,100,200 400 wmol/L) F1/ 5 4~
BB 4 1 ¢/L HMW-HA [LMW-HA 432 40 1 6 .12,
24 48 h, & NET ] BT B4 (4 5 pl PBS) , 7 4
BLHY B B 8 4Rk 40 e Fn B SR BOE B & TR 4 R
P, 1% B K BT (enzyme-linked immunosor-

bent assay, ELISA ) i 7 & it W1 8 16, 2 7 40 I & 41
¥ IL-6 IL-8 TNF-a & & A F,

1.7 SEEPEHEEE PCR &Ml 11L-6,11-8 ,TNF-a mR-
NA FRikKF

(1)RNA #2 UM 3 4 3. TRIzol % 42 BU% 5 56
WATAL TR 5 09 48 1 % RNA, K Al i 3 R A &% B
RNA # A & cDNA F 2 F T -80C & A, (2)
5l 4 % it: 1L-6: Lt ¥ 5'-AAGCCAGAGCTGTG-
CAGATGAGTA-3", T # 5'-TGTCCTGCAGCCACTG-
GTTC-3"; IL-8: L i 5'-ACACTGCGCCAACA-
CAGAAATTA-3', T J#% 5'-TTTGCTTGAAGTTTCACT-
GGCATC-3'; TNF-a: [+ J% 5'-CCATCTATCTGG-
GAGGGGTCT-3', T i## 5'-CGTTTGGGAAGGTTGGAT-
GT-3';B-actin: t # 5'-TGGCACCCAGCACAATGAA-
3", T % 5'-CTAAGTCATAGTCCGCCTAGAAGCA-3',
3 BK 4 150 185 154 186 bp, (3) K
BARZ 25 uL M EALHE ETHIHE 1 pL,
¢DNA 2 pL,SYBR® Green Master Mix PCR X J 3
A 12.5 wL, X & K 8.5 pL, (4) 13 % 4.95%C
A M 30 5,95C M5 s,60%C HE A 30 s, #HAT 45 4>
B, KA B-actin 1E N WA B, M 27 st 2 &
HRIT M B 2 F mRNA 8 &k ACF,

1.8 Western blot # Ml IL-6, IL-8 #1 TNF-a & H
FKi&

HHEATERBAMEEE,BCA RN EE A
JEk £ s T %] 10%SDS-PAGE 4+ 8 I #1 5% 7% 4 J%,
AL EF 1S peg, 2 B E G H %3300 mA 70 V 2R
B2 h; BUE Y% PVDF B, B 5% 4 vk B & &
R E M 2 hy o A1 E DL IL-6,1L-8 \ TNF-« , B-actin
FUA (12 1000 Hi B ) 4°C 1 F 3% ; A PBS-T( & &
0.1%Tween-20 t PBS) ¥ ¥t 5 &, R4 — 30 K I8 Jw
ANHER LA BEARENFR A (DR) G
(1:5000% %), EEEH 2 h; H U PBS-T E it 5
KJa,fl ECL Plus BB AL XA B &~ MFH, &
ChemiDoc % F & % % 4 X ImagelLab %X 14 ( Chemi-
Doc™ XRS+BIORAD) T2 K 947 4 %

1.9 Sitz4biE

St 47 B SPSS 17.0 %k, 45 R Dhats kT,
41 18]t A% F ¢ A S F K J7 22 (One-way ANOVA) 4
#r,P<0.05 K 2 3 H At F &L,

2 & R

2.1 HMppfEiEER
FFA 1£ 400 pmol/L N 1] i55 HA-VSMC 15
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Figure 1. Effects of different concentrations of FFA and FFA+HA on the survival rate of HA-VSMC detected by MTT method
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2.2 EdU £f@#&M HA-VSMC 1858

EdU et g5 R R, 2R R 24 h 5 8504
TNTFER 3 AT 59 E A0 A5 T SR, 5 4L ) 3
iz M 22 5 A St B X (F=96.379, P<
0.01) . #5550 WY 5 EL A & 30, 4 FFA b3S
HA-VSMC Y345 16 PR b S5 15558, FFA 20 41 i 58 1%
P B 2E 58 T % B2 HMW-HA X RRZH LMW-HA %}
M, ZREF T FE L (1=-9.999,P<0.01;1=

-
SR RO RO 400, A XS BE4H B O HMW-HA XFHEZH , C o LMW-

HA %FHEZH D 4 FFA 41 ,E SH FFA+HMW-HA 41, F 5 FFA+LMW-HA 41, a & P<0.01,%5 Control ZH L4558 ;b S P<0.01, 5 FFA 4 V5,
Figure 2. Comparison of HA-VSMC proliferation activity after different treatment for 24 h (n=3)

E 2. RE4ALIE 24 h f5 HA-VSMC 83 E LB (n=3)

2.3 “MAmIEFE biE 1L-6.10-8 1 TNF-a RiE

ELISA 4558 /R, FFA 3 ¢ #F HA-VSMC 1L-
6. 11-8 I TNF-cu ()55, HLAG W Sk (%) B i) i 8 4k
it IL-6 IL-8 Fll TNF-a ¥J7E 6 h JFEATHEr 1 24
h i EE, 2 5 KA T T, FFA 41 FFA+HMW-

-12.263,P<0.01;¢=-9.694, P<0.01) , B¢4 HMW-
HA . LMW-HA At ¥ 5, FFA + HMW-HA 41, FFA +
LMW-HA 417 403 5 16 P 8 5 (KT FFA 41, 25 5%
HGit# 3 X (1=11.310,P<0.01;¢=7.336, P<
0.01), FFA+HMW-HA 41 f1 FFA+LMW-HA #1[a] 2%
S EHASH 8 L (1=-9.227,P<0.01) , H FFA+
HMW-HA #1355 40 Md %5 (35.33£2.52) B E LT
FFA+LMW-HA #H(94.33+10.79) (K 2) .,

w
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o

N
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o

100}
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HA 41 FFA+LMW-HA 4146 ] 5 1L-6 . 1L-8 \ TNF-«
LR A G E L (1 P<0.05) , H FFA+HMW-
HA HEEBH FFA+LMW-HA 4115, HA 4% 20 4 i)
(B A B IEAHIT , 22 S G 2# L, FFA FEMREE N
400 wmol/L B E H Fe i, 43 W 2928 3 > X fR 4 1)
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Figure 3. Regulation of FFA and FFA+HA on protein expression of IL-6, IL-8 and TNF-« in HA-VSMC (n=3)

2.4 TL-6.IL-8 #0 TNF-a mRNA FRik7KF
SER TG A B PCR RN 45 2R R, & 00 4l
IL-6 . IL-8 ., TNF-a mRNA &3k 7K #4155 F X%f B4 |
HMW-HA %FHEZH LMW-HA X BEZH  H 44 2% 534
BA S 2F 3 L (F =559%.723, P<0.01; F =
4511.586,P<0.01; F = 1141.028, P<0.01) ; FFA +
HMW-HA 4 FFA+LMW-HA 20/ IL-6(¢:=77.102,P
<0.01;1=52.920,P<0.01) IL-8(t=69.660,P<0.01;
1=52.461,P<0.01) Fil TNF-au(t=42.336,P<0.01;¢=
53.086,P<0.01) ¥ & E KT FFA Z4H; FFA + HMW-
HA 2] FFA + LMW-HA 40 /9 TL-6 (¢ = 77. 102, P<

0.01) \IL-8(¢=77.102,P<0.01) ,TNF-a (¢=77.102,
P<0.01) Z R WA 5% 5 X, FFA+HMW-HA 4
(3.2420.11 .3.52+0.19 .2.65+0.29) it K T FFA+
LMW-HA 4 (6.04+0.10.6.78+0.15,5.82+0.09) ; X
HEZH HMW-HA Xf R4 LMW-HA Xt B8 21 6] 22 5% G
giitera (K 4),
2.5 IL-6,IL-8 1 TNF-o EERIA KT

Western blot &Il 25 38 7 | #5256 21 1L-6 . IL-
8 \TNF-o £ [ FRIA7KF- 24 15 T X B2 HMW-HA X
JEZH LMW-HA X IR, H 4520 22 R ¥ B A it 2
X (F=175.920,P<0.01;F=55.968, P<0.01; F=
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109.745,P<0.01) ; FFA+HMW-HA 4  FFA + LMW-
HA 4118 11-6 (1 = 28.082, P<0.01;1=6.107, P<
0.01) IL-8(t=7.953,P<0.01;:=4.136,P<0.05) .
TNF-a(1=9.165,P<0.01;:=6.567,P<0.01) ¥ i
T FFA 41; FFA+HMW-HA 20 FFA+LMW-HA 41
B IL-6(1=-15.482,P<0.01) IL-8(t=-4.431,P<
0.05) \TNF-a(t=-3.001,P<0.05) 2= f: A G 112
B, FFA+HMW-HA 41 & & X T FFA + LMW-HA
2H  XPREZH HMW-HA XJRZH LMW-HA X i 21 [H] 2=
SEZEITFEX(ES) .,

ML e
12 B |L-8
10| @ TNF-o

Relative expression
level of mMRNA

& X X
P §§4 Q

4. TR K EE PCR #& il FFA & FFA+HA 1Al
HA-VSMC 1 IL-6,IL-8 1 TNF-a mRNA BR3IE(n=3)

a i P<0.01,5 Control 41 H#5% ;b 24 P<0.01,5 FFA 4 H#
Figure 4. Expression of IL-6, IL-8 and TNF-a mRNA in
HA-VSMC treated with FFA and FFA + HA detected by

real-time fluorescence quantitative PCR (n=3)
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Figure 5. Expression of IL-6, IL-8 and TNF-« protein in
HA-VSMC treated with FFA and FFA + HA detected by
Western blot (n=3)
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