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[(HE] BHY Hit R RAURE A T AR 1K 40022 5L 5 0%k s (p38 MAPK) . A4 /&% & 8 9(MMPY) 49 %
REFBEAEANREZ, % SNHIBRBARBAEN. RE LM TIRINERGANHK N & @it (HUVEC) A#E B#
BT AR, £ A RT-PCR 7 485 & 34 28 it P38, MMP9 mRNA #4 £ B 46, A %95 5038 3l £ MMP9 & & & &
B, R MEEN G efe i BRI K | EF T R R SR A A T, R I R KRR ALK T A RN |
A 30 mm Hg 24 h Z05% 4 % ; P38, MMP9 mRNA & ixfs MMP9 & & A% FHME AN SHARIZH (P<0.05) . it 4
$hm/E HUVEC &, P38, MMP9 mRNA % MMP9 & & # iA Lifl4E 52 P3SMAPK 12 53818 7T £ 45 FK-FAF MMPY L B, &
Rt IFRE 8 -4, 37 P38 MAPK-MMP9 BB B 5 2 [ #kE D RSB AN TR F0E,
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The regulation and significance of P38 MAPK and matrix metalloproteinase-9 in cultured human umbilical vein endothelial cells
by mechanical pressure

[Abstract] Objective To study the relationship of expression of p38 MAPK and MMP9 and liver regeneration by HUVECs
under the mechanical stress.Methods The HUVECs: in vitro cultured were observated under different pressures and different
times conditions by inverted microscope. To detected the cell MMP9 mRNA expression using relative quantitative RT-PCR method and
MMP9 protein expression using relative quantitative RT-PCR. Results With the increase of pressure and time ,the normal vascular
endothelial cell morphology gradually changed, showing the cell shape into a spindle-based or irregular shape , 30mmHg 24 h group is
the most obvious. The expression of P38, MMP9 mRNA and MMP9 protein were significantly increase (P <0.05) with the elevated of
pressure. Conclusion The increase of P38, MMP9 mRNA and MMP9 protein of HUVEC in vitro after mechanical stress indicate
the P38MAPK signal channel MMP9 gene regulation at the transcriptional level and ultimately to promote liver regeneration, suggesting

that P38 MAPK-MMP9 is an important signal of liver regeneration by portal vein pressure.

[ Key wo rds] mechanical pressure; vascular endothelial cell; cell culture; MMP9
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UESE KGR 90% A% BRI T86 ik 7 >C 45 FL G R AR I IE B AR I E 3 5
I KE A % Y dHIANIE R (EOM) FA ST 4 70 2
JHF AL R E SR IR, AR R E A BE -9 (MP9) I
DL ARVE 22 IR R AL FE 2 S ( IVRUR R ) « AR TR A4tk 1 YR
JF % VAR, 7E BOM B E AL AR T R AR B R Y
p38MAPK (P38 Mitogen—activated potein kinase) i %=
— b SLBOROE R BN, ARt A RSN E TRIBUE SR
BN EAZN, SR RINGAEY) S N (Gngn e s
OrAb. EEAR R TIAE ) O AT TR I A A N K P
UM CHUVEC) i 3 FR AR 404 P 1 T35 Jik R 70 v one IfL 38 P 2
0B I HLARE T, BRI P9 B 40 B p38MAPK. MMP9 R 1A
WG S®A, RITEIKE s SRR R G S5 S
LI AL K B
1 #EFEE

L1 NJBrs ik A R 20 ff

B Ik P R 4. CHUVEC) W 15 9 )1 K 2 e 122 g B AR
WA S A0 = . 2w AR KRS RiF HigtER e .

1.2 GG

6 4 I & (fetal bovine serum, FBS,Hyclone) .
RPMI 1640 %% 3% 3 (Gibco) . J§ & [ B (Sigma) . RT-
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PCR R (TaKaRa) « BIWSHE (LAY TEARA
%) . dNTP (Promega) - FTC2000 SE i 2% 6 8 & 5L Rl 3 4%
CINZERNIE AT . GeneAmp PCR System 9600 PCR 414
1 (PE) . Gel Doc 1000 #E/iZ k1% & 48 (& E BIO-RAD 2
H ). FE B KA RS (Olympus ). CO, 41 M 15 7246
(Forma) . Flexcell 40 /1IN KRG 6 FLok MR 8%
Fi (Flexcell) .

1. 3 HUVEC MRS KR FRE7%

# HUVEC £E & 10% i 2R Mg . HHE 1000/ml. HEE
100U/ml f¥) RPMI 1640 $572H, FHE T 37°C. 5%C0, F5F=4
thI% IR, WL AR VR LR £ 80%~90% IRF, LA 0. 125% JiREE A
LI 1 2 (B4R, BUGE 5 AR41HEd% 2X 10"/ LI 4 i 25
PERRNT 6 LI SRR TR . I E 10%FBS 35 75
3ml $5 9% 24h, FEANMANGRE SR R TR, PN 1%FBS
HIES 3R 3ml. BENL N 5 4, FHEH 146 FLoik 3R E
BEIE . 0: A. BRASEE R4 CHIR4D) ; B. 15mmHg JE /7 (B
WA FRS T ITE BKIE 7RZS) 120 85554, C. 15mmHg /& /7
24h $5374H; D. 30mmHg 7 CREHUL & ik OIRAS ) 12h K573
2H; E.30mmHg /& 77 24h ¥23%4H. UL F 15mmHg A% 30mmHg /& /7
SEIRZH 6 FLARPE R RS FRAR Y B T Flexcel 1 40 E J1mEk
ZYih, HENERGIFLES 37°C. 5%C0, 40 A% 7% A AHE LL
W E SR e AR TUE (MK BT 55 7% 40 M 08 21 752 I 1) J5
AT B WY I8 S I0AIE S HAFIE KT 90%.

1. 4 95652t sE & PCR (real-time PCR) 4 ilI4H fig P38,
MMP9 mRNA ik

- AN B IA B TRE 15 FR I R S, M 5% FRARCAE T B 4R A
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7R AW 2016 4FE 5 H 25 HHR

TG 1 FLLL 0. 125% REE AR AL SS, DATA R $h 2
MR 3 Wk, VAT 4°C TRIzol, #HBIR A& Ui e 1545 H
MURNA. WiV HEAT real—time PCR. Wi%4 5% ] Taqman %%
SRS ETERE cDNA, T —20C. ST E 1. SR
A F 9 50mL, GFE: 10X F& PCR &M 5mL. ImL cDNA
B B (100ng)+ lmL 10mmol/L deoxy—-NTPs. 7mL 25mmol/L
MgCl2. 54 & 0.8mL(20pmol/L) & 0. 1mL & & Taq B & K
(5U/L), SYBR Green I (Biotium, INC.USA ) (1: 1 000 #&
) 1ImL, 0.2mL ROX W ZYekl (Invitrogen), FZETFIK
AMEZ 50mL. PCR FEASHON: 94°C AR 3min, RJ5A M
94°C 30s, Bk 53C 30s, ZEfH 72°C 30s, 50 MEHY I,
BB 3 AR FL. B Ja KA E &, BL B -actin /R
NNSIR, R CALIE & X R 4 4 i o kv
%1 Real-time PCR HI3|H/7%1

1.5 |HENZEE (Western blotting) Al wh 3] 5% 55 W
tH R MMP9 2 30k

AN B IR B T e By SR )5, B RS SRR T B A
T, WA 1 FLAR TR LS, 7E 1000X g %4 N B0
Smin, W4 EIETIEE, P 5XSDS A% S i B I AH [F]
HIWE, 529 dmin. HL 50mg M HLL 10% SDS-PAGE %E/ik
kB, TR EBREAZMRIFERE L, WELRA
TFSREER NI, EEERTH % HIETME A, AR5 5 MPI
KERBITEDUA ACIE R8I, H— P A BRI Ak
YIREE) PR, WEROBRE S, . B IURER A
EI1& 5 F MG 2 B 3R Guks Dol 5 5 B AT LR A A X 2 &
Mro —¥u: MMPO $ufk 1: 500 #kk, —Pi: Pt 1e6. W
B 16 ¥ILL 1: 5000 k.
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Tab. 1 Primer sequence for quantitative real-time AT S B E I X +£s £on, KH SPSS15. 0 Gt ik b ab
PCR FEAH G H IR, BT ¢t 5. I /KH#E «=0.05. P<0.05
R EAT G L
I 5w FBO Gp) g R
. N A
Bractin IEXEE  GCCAACACAGTGCTGTCT 114 2. 17K FE 9 % 61 6F 15 9 242 40 5 345 P38 WP
JUEE AGGAGCAATGATCTTGATCTT RNA 23 [ B
\ o
P38 IEXEE GITICCTGGTACAGACCATATT Sy L P38 WMPO, JHiDSH R MIZE . nRNA
o 128 A CtMEHE = (CREM x-CtRER B actin)- (Ct B x-Ct
X FHE B-actin), (£ 2. 3) .
X2 ANEIFE LS N R ) P38 I FRIAAIHME L (X £5)
ZH 3 Ct g Ct g aetin A Ct AN Ct g Anl
it 4 21.2640. 25 16. 72+0. 22 4.5340. 32 0+0. 28 1.01+0.21
15mmHg 12h 41 20. 7440. 19 18.26+0. 18 2.48+0. 28 ~2.05+0. 19 4.14+0. 28°
15mmHg 24h 41 21.36+0. 28 17.36+0. 25 3.9940. 26 -0, 54+0. 27 1.45+0. 26
30mmig 12h 41 21. 74+0. 22 18.72+0. 17 3.02+0. 31 ~1.51+0. 32 2.8440.22°
30mmilg 24h 40 19. 62+0. 30 17.18+0. 28 2.4440. 19 ~2.08+0. 26 4.2340. 35°
VE: SRR * P05
23 RIENE] AR AT B R 40 M A MMPO PR R IAAEXHE LA (X +s)
2051 Ct o Ctp wcin A Ct AN Ct PR
it 4 24. 68+0. 36 17.15+0. 25 7.52+0. 29 040.39 1.0340. 25
15mmHg 12h 41 23.46+0. 31 17.04+0. 22 6.4240. 33 ~1.10+0. 28 2.1440. 33°
15mmilg 24h 41 23.4440. 30 16. 68+0. 20 6. 7640. 34 -0. 76+0. 30 1.68+0.31°
30mmig 12h 40 22. 1840. 26 22. 1840. 26 5.1940. 22 -2.33+0. 25 5.0540. 47 *
30mmig 24h 41 24. 4740. 29 17.27+0. 17 7.1940. 28 -0.33+0. 23 1.23+0. 28

i EXIRALRER: * P<0. 05

2.2 Western blotting ¥ ill MMP9 ik

ot FE ZH A) L MMP9 3 [K R JE (10D 4 0.382) . 4 &
15mmHg 12h & 30mmHg 12h Jii & J& MMP9 & [R 214 BH & 7+ %5 (10D
2 H90.672, 0.763) ; 4 15mmHg 24h % 30mmHg 24h jn &

5T L MMPO 3[Rl 33642 B (TOD 435124 0. 501, 0.496) . (E 1)

B-ACTIN

A B E D C

K1 Western blotting &l MMP9 ik
(A: XIE4H; B: 15mmHAg 12h 4H; E: 15mmHg 24h 4H; D:

.2.

30mmHg 12h 2H; C: 30mmHg 24h #H)
3418

O K& HEA B 7 R 1) #0028 Ak 5 I 350 40 VI B
AR BRI 2 45 4L AR SR (AT A B s R o 7 Tl
R “TTHBk# 2”7 (Portal vein embolization, PVE)
I ALPPS (associating liver partition and portal vein
ligation for staged hepatectomy, ALPPS) M AR J7 =
ST IEAL R KR T T s R AR A T A, AT O B4R
w R R AT UIRR R OR ¢ RRARAR T AT e & A R O
T LT 5 B2 W PR R FH 249 3 B 1) ik s 0 - v o PR3 2 D Bk I
P K oy S LG IR . I BRI RO B s, 1] # ik
EARAEERBEREEERR, AREH N HET g K
B 90% AR PR 171 ik 7 3 &8 FLAR IR 2 171 i ok s 0 78 1k 5 T ik
P AR HERR R DA O P, (ET 92 P LA P R 4 i ] i 5k
Z M8 A R 1T B B R AE 015 5 5 S LT AN IE 22

2 HFEEAE A (Mitogen—activated potein
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kinase, MAPK) Bt REMNEEMESHERGE L — ",
PERIE D 4 5 MAPK 3B % 4 4ME 508 2 8 A e (
extracellular signal regulated protein kinase, ERK)
W, c—jun &I AR IEE (c—junN-terminal kinase, JNK)
8B, p38/MAPK i % DL f% ERK5/BMK1 38 B% . JL ' p38MAPK i@
PR VTR G| RN E QMR POE K, 1ZE%S 54
KL RE R AR ThRE [R5 46 2 i A= 1 2 i 72,
TE AN TR0 9% 5 R T B B8 1 77 %54 A p38MAPK 4 1 /i
Ak, I 38 I T R A S 1 B SR DR 1R 4 A R R I 3Rk
P55 AL AME S B AN AZ, 0GB B 22 P i 3%
PR 1 M A S 00 7 A 2% A s 2 s TR AR T (EOM) A
A2 20 ot LA A A7 13 i, T LR 40 B S 4 e 2 TR i
ST LA Ay, HANZEREEEA
g (MMPs) FNZHZA4 8 2 A eI 1) (TIMPs) RO . TR
WF, MMPs %2 [ f# BCM, TIMPs 3 B4k MMPs O3 1, M
M) ECM M. JEM & B E A (MPs) 55068 & H g
) (TIMPs) 23 [P 1 48 — & 4k 7 15 % R4 4 ECM &
B B R B A T 0 oG ke . BT AE I RE R B OE, R
TR S AR I 2 £ B A R R AR BRI A A R A1, SR IR R
FiEEA, WG — RIIEFMHREEE AR, P MP9
AT A R B A M. 011e 25 K B MMP9
B IR /N B R AE AN RE IE kAT s

A Sz iR RS2 g E B PCR I 270 2 ik, FFBIANE
FIER B-actin fEZ M, M &I 15mmHg 12h 41, 30mmHg
12h #H . 30mmHg 24h ZH41)f P38 mRNA ik B & F1 = (P<0. 05) ,
15mmHg  24h ZH 410 ffd MMP9 mRNA 23k U 75 B & 48 1k 17 MMP9
mRNA [] K IE 7E 15mmHg 12h 2. 15mmHg 24h ZH. 30mmHg 12h
HAp R TR (P<0.05) , 7E 30mmHg 24h 4 EHI B A1k,
X T R 5 B R I B R T S U A IR R O oG T AR
FE IRV AR S AN TR] ) &5 SR 00 ] g 5 2 b1 2R A 5 R 7 1T A S TR )
BB A <. NT ST WP EREXEM LRETRS
B AR, S2IE T Western blotting A2 5]
FEFRWH 0 MMPO BT, IE SERE S RS A 3 AR [A] 1) F MMP9
FE AN MMP9 mRNA [ 154 A0 [ s

B AT IR 45 BRI A A1 hn E HUVEC f&, P38, MMP9
mRNA Bz MMP9 &5 [ 3R i b i 1iF SC P38MAPK {5 5 Ji 1 A 7E % 3%
AR MMP9 R, S ARt IR AR, 1278 P38 MAPK-
MMP9 5 S S22 1) & ik s 7 {1 i P A ) 5 A5 e
SEH :
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