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12 24 h, RT-PCR 340/ MMP-9 mRNA 7K, Western blot B4 40 it MMP-9 & 14 361 , ELISA B0 20 M 4% 559k b 35 v
MMP-9 & /K125, BEn A$TE L NAC(10 mmol/L) FI NAD(P) H & ALEFMH 5] DPI(10 > mol/L) W% 1 h J5
AR B2 1) NE 43 51 B0 24 b, S EERER LA 41 9 ROS A9 4E i ; A RT-PCR ¢ ELISA 45 I 241l ffd MMP-9
mRNA FIEE 05, 450 NE i Br i [R50t b 0 5 05 4 e MMP-9 mRNA (1077 mol/L NE g%t BEZH 1) 4. 65 135,
P <0.01) K& 11077 mol/L NE NXFHALLH) 4. 14 %5, P <0.01) ik ; b NE WA T+, ROS 19 4 o ) Ay %ot HE 401 £
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TH AR SE RE RN, e HE AS W kA VR

(&R LHT LIRE; B 204 e 5 L -9 ; skt ke aiifb

[HEESES] R963.21;R394.2;R543.5 [ XEkARER] A

Norepinephrine induces expression of matrix metalloproteinase-9 in human macro-

phages and its mechanisms

Li Ming', Sun Shoubing', Zhou Yue', Pang Xiaoming, Xi Juan®, Jin Taiyu*, Yao Wenping’ ('Department of Pharmacy,
*Department of Acupuncture and Moxibustion, Lianyungang Hospital of Traditional Chinese Medicine, Lianyungang, Jiangsu Province,
222000; *Faculty of Pharmacology, Xi’ an Jiaotong University School of Medicine, Xi’ an, Shaanxi Province, 710061 ; *Department of
Operating Room, Affiliated Hospital of Jining Medical College, Jining, Shandong Province, 272029; *Department of Pharmacy, Second
People’ s Hospital of Lianyungang, Lianyungang, Jiangsu Province, 222000, China)

[ Abstract | Objective To investigate the effect of norepinephrine (NE) on the expression of matrix
metalloproteinase-9 (MMP-9) in human macrophages, and to explore its pro-inflammatory and pro-atheroscle-
rotic mechanisms. Methods  Murine U937 macrophages were cultured and pretreated with antioxidant NAC
(10 mmol/L) and NAD(P)H oxidase inhibitor DPI (10> mol/L) for 1 h. Then the cells were treated with
different concentrations (107", 107", 10~ and 10" mol/L) of NE at different time points (0, 1, 3, 6, 12
and 24 h). MMP-9 mRNA level was analyzed by RT-PCR. MMP-9 protein expression was measured by
Western blotting. MMP-9 protein level in cell supernatant was detected by ELISA. Intracellular reactive oxygen
species (ROS) generation was observed with fluorescence probes, and intracellular MMP-9 mRNA and protein
expressions were detected by RT-PCR and ELISA. Results The mRNA expression level (4.65 times that of
the control group in the 10 " mol/L NE group, P <0.01) and protein expression level (4. 14 times that of the
control group in the 10 7 mol/L NE group, P <0.01) of MMP-9 in macrophages were increased by NE in a
dose- and time-dependent manner. The levels of ROS were 2. 18, 3.22, 3. 64 and 4. 50 times that of the
control group in the 107, 107", 10 ® and 10 " mol/L NE groups, respectively (P <0.01). NAC and DPI
significantly antagonized the effect of NE on MMP-9 mRNA ( DPI group was 75.2% that of the control group,
P <0.05; NAC group was 50% that of the control group, P <0.01) and protein expressions ( DPI group was
69. 8% that of the control group, P <0.05; NAC group was 67. 1% that of the control group, P <0.05).
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Conclusion NE upregulates MMP-9 expression in U937 cells in a dose- and time-dependent manner, and

induces ROS secretion via NAD(P) H oxidase, which mediates the pro-inflammatory effect of NE to promote the

formation and development of atherosclerosis.
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(TL-1) \IL-6 g SRAE IR 7 3 57 4 )& 2 F -9 ( matrix
metalloproteinase-9 , MMP-9 ) #1 C & i & (42! ', 1
 MMP-9 1) 53 3R 3K 5 B0 I A48 9 0 XU /) 38 I A
FHRAKHE, MMP-9 X R EG B, & MMPs 5%
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FEHE -1 M Toll ¥E3Z4K 4 (toll-like receptor, TLR4) )55
UYL WRIESE 6 B A P B A AL Y 4 4
WoEiERE T TLR4 (43, I H G FERE A% 1 2 4% 51| R
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1.1 A5 A

NN/ B W Ak (U937 ) g B 25 [# Cascade Biologics 23
F), RPMI1640 #5375 K A6 2F 1l 3% W8 B 32 E HyClone 23 ], NE |
P4 R (NAC) (NAD (P) H %k g 410 il 5] ( DPT) Ity H
Sigma /37, Trizol & RNA $2BGRF & A Invitrogen 23 #] , 350
iR & DNA FRUEFIER FIARMENS A 78 E Fermentas 20 H] ,
HLN MMP-9 ZFifEHTIAN) 5 Abcam 23 #], HRP FRic 1 5T
IgG W B P2 A F .
1.2 SRR AR

L1107 1072 .10 7% 10 77 mol/L NE 4> BIiES 4 24 h J5
W SE A S 1359, 437 F RT-PCR 1 Western blot 2Kl $2
Hry RNA LS. BL107°.107° 107 .10 77 mol/L NE 434
WA 0.1.3.6,12.24 h J5 5.0 E AN 35 W, A ELISA
AR B (. LA 107" 1077 10 7° (10 7 mol/L NE i
T 24 h JEELO YR AU, G ET A 4t i ROS #Y
AR BUEIMABTUEAT] NAC(10 mmol/L) F1 NAD(P) H &4k
FiF 17 DPL (10 7> mol/L) %% 1 h,#kj5 5 10 ~° mol/L NE £
[ & 24 b, WOAE 40 i X 3 &, 43 50 A1 RT-PCR 25 Fi ELISA
A TEREUY RNA FIEEE 1,
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1.3 %7k
1.3.1 4ujfks3% & 10% Ji5 4 13 19 RPMI1640 % 55 &
B dnp, T 37 €& 5% CO,MEE AP H .24 ~48 h )5,
PIEFRMAR LRGSR, B 2 ~3 RAGAU T W, O B A=+ 40 48 i
FEL00 . FHTCIME BRIk S5 5% 24 h B IREG .
1.3.2 RT-PCR 41/l MMP-9 mRNA /K 45 Trizol X
F G UL IR I RNA AT A G B T A7 ik J3 B i o
FE U RNA 2 pg w5 5 A cDNA, | 305G 5724 2l ifE 47
PCR 753, H K MMP-9 5| ¥ )% 31 i 5'-GATGCGTG-
GAGAGTCGAAATC-3', F JiF 5'-CACCAAACTGGATGACGATG-
3,478 Bty 337 bp, WZ AN GAPDH 5| W 7 %1 . L iF 5'-
GGATTTGGTCGTATTGGG-3, F i 5'-GGAAGATGGTGATGG-
GATT-3' 4 38 j= W J& ly 205 bp, HU PCR =4 80 V Hijk
30 min, FEREMG AT R G AHERE, 438 MMP-9 J2 GAPDH
FERR BEAA
1.3.3 Western blot ¥l 41 i MMP-9 &[4 ik FERR
T FRIEVEE I A 20 M B AR R AR A . E K L 20 min
VIEEH,12 000 v/min 4 °C B> 15 min, B EIEWRINA 1/4 1K
FRAY S x EARZE v, B 5 383 7 min, #0288 1 4% IR &
UL REAT . HE EAERY 20 e, SDS-PAGE HiyK /3 B8 1, R
R T AR SRR 3 1 h J5 4 1:1 000 A fRHt A
MMP-9 £ sefediih—4i,4 CHEF T, TBST Wik 3 x 15 min,
$¢ 1:7 000 Jin A HRP $Ric I Edi e —ht, ZiRIEF 1 h, TBST
e, ECL ARG T X 2 v, I TSI R 73 A R 48 %o
B R #EA T A AT A IR
1.3.4 ELISA JU 5 40 e I35 W MMP-9 2 [ % ik e 4 2
M, BB W, 3% ELISA U3 & 15 B I 5F MMP-9 /K 5,
£ 450 nm KT RGBS FLOGE BEE [ D (450) 1, 3H5HL
22 PR AE 2R IR 4A AR B, DL pg/ml TR o
1.3.5 SECREHBM4N ROS WA, Bo a4, i
F B4 10 ° mol/L f) H,DCF-DA 1 ml WKHIAHIMI, B A 6 FLE5
FEM P ARELEREFR 20 min, FCIMEEEFEEE 1000 v/ min B0 3
YRR S min, LAk R E A 1P AY H,DCF-DA 488 nm i
BWAL 525 nm ZHHEAC KT, 900 BB IAR I IR
RS N ARFIRE 5 AL 5 20 ~ 35 M 20Md. F Image-
Pro Plus #4453 M 4RSS GOR BE
1.4 %itsam

BARLL v+ s Fon, R SPSS 13. 0 S il 4k 4, 4T Z 4 )
PP LB I B R 3 7 22437 o

2 HR

2.1 NE 24 U937 E v 4m i, MMP-9 mRNA 7K -F ¢ %%
RIF M EE R NE il U937 B NG 24 h J5§, MMP-9 mRNA
KRl NE MBS I I &, IR B (B 1) ,
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2.3 NE 2+ U937 E v 2m i MMP-9 £ ik &4 B 8] 4R B
76 10 ° mol/L NE 33 U937 E 15201 3 h i}, MMP-9 /K-
RUBH 3, 528 FO RAL Ui LR g 22 5 (P <0.01) 5 4

GAPDH(205 bp)—
@
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# 24 h i, MMP-9 ()4
F<H],NE g8 EHm U937 B I

kB, Mas AR R 1. 40 15
Ve 2 MMP-9 (77 4

F 1 NE BiE iR B kit th 3 U937 E R4 = 4 MMP-9
(n=3,x%s)

1h 3h 6h 12h 24 h

3.54+1.31 3.3720.60 3.68+0.71 3.86+0.56 4.12+0.93
4.11+1.028 5.00+0.82b 5.35+0.64D 6.13+0.92b 6.47 +1.20b
4.41£0.24 5.72+0.37b 5.76 +0.84b 6.81 £1.19P 7.16 +0.35b
5.24+0.29b 6.54 £0.31b 6.98 £0.43b 7.75£0.36b 7.85 £0.38P
5.54+0.38b 7.65+0.41b 7.82+0.22b 9.65 +0.35P 9.99 +0.20b
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Z300-
:Zfzoo
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S EALTEAL 100 10° 0% 107
e & (mol/L) 2.4 NE % U937 B

A:RT-PCR # 1.5 @s+884,2:10  “mol/L NE,3:10 ~° mol/L
NE,4:10 ® mol/L NE,5:10 7 mol/L NE;B: ¥ % 44 a:P<
0.05,b:P <0.01, 5% &3t ALk

E1 AREKE NE %S 24 h MMP-9 mRNA Fik3E4L

2.2 NE »f U937 E v 4mfe. MMP-9 &% & #9% "%
AN LI NE Jal U937 B4 24 h J5, MMP9 HH
FIKBEE NE WA I mmgom , ok BE RO (18 2) .
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A:Western blot # 1.2 g ®B48,2:10 "“mol/L NE,3:107°
mol/L NE,4:10 % mol/L NE;5:10 "7 mol/L NE;B: ¥ & & 5 #7
a;P<0.05,b:P<0.01,5 % &g stmaki
El2 FERENEES24 h MMP9 EARIETH

500+ A -
. =3,x %5
i Oh 3
ZREXIRL] 3.23+0.22 3.54x1. .37 £0. .68 £0. .86+
- 10 =10 mol/L NE 3.47 £0.34  4.11 +1.028 5.00 £0.82b 5.35+0.64b 6.13 +
10 -9 mol/L NE 3.57£0.11 4.41 0. .72 £0. .76 £0. .81+
10 -8 mol/L NE 3.77+0.10 5.24 +0.29b 6.54 +0.31b 6.98 +0.43b 7.75 +
j 10 =7 mol/L NE 3.90£0.15 5.54 +0.3 .65 £0. .82 0. .65+
0 a:P<0.05,b:P<0.01, 5% &R E

4 4m ie, 7= 28 ROS #9708

YE W AMBE S WK, 9EGHRER H, DCF-DA #7101y U937
E 20 M A O 2 ROS A2 i, 5%t R 2H (96. 03 +
17.96) # E, NE (10 ~° mol/L, 309. 99 + 43.36) I 2 1 iy U937
F I 200 0 ROS 1 A= B I 5 B0 e 3 AR i 1 (1070 (107°
1077 mol/L NE 435124 210. 14 +14.08 349. 90 +39.72 435.42 +
23.22,P<0.01,K3),
2.5 ROS 5 NE #-% U937 E v ZmftL £ % MMP-9 mRNA

O

RT-PCR #5275, LA AL NAC (10 mmol/L) JL-F-5¢ 4=
HH T NE i 5 U937 E 4 ile MMP-9 mRNA [ 3635 (P <
0.01),7fi H. NAD(P) H 4L 301 %] DPL( 10 > mol/L) 1 —
FEEEHAIE T MMP-9 mRNA (3855 ([&14) . Ui, ROS {5538
A5 T NE 55019 U937 B 41 MMP-9 mRNA [k,
2.6 ROS 5 NE -5 U937 E * 48 Lk 2 MMP-9 &

EEE A

ELISA 4600 40 s /b MMP-9 25 [ (1 3Rk, 525 1 X B4
(3.68 £0.45) # Lt 10 °mol/L NE 41 (7. 13 £0. 83) I . 7+ 55
(P<0.01) ;NE + DPI 4{(4.98 +0.55) % NE + NAC 4{(4.78 =
0.18) 5 NE 2] LA 8 Z FEAR (P <0.01) s HrE AL 51 NAC Fi
DPI #f— @ F2 B2 HuBH T T MMP-9 25 335, ‘%Eﬁ ,NE 75519
U937 E g2 il MMP-9 335258 T ROS 55l H -2

3 itig

MMP-9 225 F BAZ/ B A T, JHGmT ik sl ik
SR RERE AL BE R T AR T 2 5 AT BEBIE . AT 10H
PR MMP-9 7K - 15 Sy Jik o83 A8 s 4 b i A 6 14 56 2% AR ¢

o
. Ld
(A) (C] (D] O

A:E G RE4;B:10 " mol/L NE;C:10 ~° mol/L NE;D:10 ~® mol/L NE;E:10 7 mol/L NE
3 NE F5 U937 EIZHAE =4 ROS MR 558 B
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1.2 a8 4;2:10° mol/L NE;3;NE(10~° mol/L) + DPI
(10 7% mol/L) ;4 :NE(10 = mol/L) + NAC(10 mmol/L)
A:RT-PCR #;B: £ 2 & 44 a:P<0.05,b:P<0.01,%5
10 =% mol/L NE 41 }b3%

E 4 NEiFS U937 EE4ARIE MMP-9 mRNA 5 ROS X &

2% T REH P, MMP-9 7K S FF & hn s 7 3 Jik hs
e R kR, 5 P B 24 e A AR AL, 1 2P i
FEFEHE— A2 3 MMP-9 f 3", ABF5E & B, NE
O BV AR, 1 MMP-9 mRNA FIZE [ (9 ik,
H R[] Ak B, Ui B , NE 38 1 i) 3% MMP-9 1
FEATIE S U937 W A1 M 1 98 A 5L, X A44SR 3
T NE 0 As MR AHLH

WFFE B, ROS JE A PR N 7= A= & P & Atk &
YRR, BB EHE T S EAR A HE A
RS, RIE R ROS AT 540 K 4rF A ki,
ol ROS 11 ML &5 F AT e RS M 25 5 41
T EME Y= R IEEEEM . AT KB, NE
RENZ I U937 B g4l it /= 4= ROS, 3 H. ROS )ik
Rt NE VB 3Gm i, S Bk AR 1. BL 4t
NAD(P)H S AL i 7] DPT i — & 72 B Hu 90 il 1
MMP-9 mRNA FI8 K- 328, 1B X > 1o 7 v]
Revy . T NAD (P) H H ARG, 5 3CHk[ 9 ] B —
o ARUFEE LB, BrE AL NAC JLF-5¢ 2 BH KT NE
7310 MMP-9 mRNA FIE (1) 3%, t 5k & 156 ROS
I3 T E RS MMP-9 (1) 7= A=, B} NE 51l 38 51 46
Jid =4 MMP-9 J&if it ROS {55 & Ao BL4h
5T a g s 1) 8 R ek R LGS N i 40 i 3k
CRP JZif it T ROS B/ SAE X — L —2, HAN R
HJ2& CRP ) 35 FF R ¥ M 3] NAD (P) H A 1k il &
U A R 25 SRR B g F Ak I S RE TR
[, W7~ T MMP-9 K ROS A9 3 15 19 40 i 4 55 An
TR . AN i R T 0 A o R R R R R
IRZREZRRD o F1 B 32K, AT BE 4 7P b 5 AH 7 A i

PRGSE T A4 25 BEAE T o P B IRER S A B0 DA
& NE FUHAE As FERAR I Z A9 — A S B #F
7o M B SIS WA & ROS B 1Y L
FlFo AT B, NE BERS 3G B W20 i %15 TLR4
it T R Rz A

ZE LT, ARSI IR, NE 3t o FI(E0) B 2
PA——ROS {5 518 % , 4013 5 W40 i ™ A= MMP-9, A
25 HE As BIRIENL . AW EHRA IR
NE 7ESR K2 As it R I T 2k, 2T
MMP-9 [ 3RIKIE 755 RALE % MAPK A 5%, DAL i
RSP FIER DT L 5 Z i — P IR
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