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[#ZE] HM T % 2 e k-5 bk i & 3E 33 ( continuous veno-venous hemofiltration, CVVH) Xt 22 i 5 ) fit 7 0
(multiple organ dysfunction syndrome, MODS ) £ 35 LI {424 75 5 4 FF i Jk P B2 4 0 93 1 B P J5 IO g 3 ) s i) B EE ML L 0
W 300 10 g R R S B I B 10 4] MODS f8 35 CVVH IEITHT JAYT 6 h JRYT 20 h iy LIS M T B ik B2
ZM il (human umbilical vein endothelial cells, HUVEC)24 h, TUNEL $E#l HUVEC 4008 T3, S 5¢ 6 M EL 41 g GRP78
H M FEIE, RT-PCR #4110 GRP78 ,CHOP [ TNF-o \IL-6 mRNA 335, Lb 2 harill fidt )3 2 JE 5 S CVVH A7 [l i [i] 26 il
1 SOD &1 MDA i, ELISA $EA Il AR 834 & CVVH Y7 AR [ 40 1M 375 P TNF-o IL-6 S &5 S
XTIEZHAH LG, CVVH JRY7 AT 40 i T2 B B 75 (P <0. 01) ,GRP78 .CHOP \IL-6 \TNF-o mRNA &35 it g 1 = (P <
0.01) . 5 CVVH JG¥F R HLER, CVVH 3397 6 .20 h A0t di 1238 8 F B& (P <0.01) ,GRP78 .CHOP ,IL-6 \TNF-o mRNA 3
KBS (P <0.01) 7897 20 h ZHALIRYT 6 h HF— L/ (P <0.05)  FpEs ot o n @ 4] GRPT8 31k
R/, CVVH JRYT 41 GRPT8 & [ 15 8 W = TR X BR 4 897 6 h AL BIA Y7 A4 B B -b , ¥ 97 20 h HERYT
6 h HE—u> . ST R g, CVVH IGI7 AT 4L MM 7 SOD 15 PEHA & R [ (P <0.01) , MDA & & W] i3 & (P <
0.01) , Ifi & TNF-o \IL-6 Fr B34 & (P <0.01) , £33 CVVH 347, S0D i& B T (P <0.01) , MDA & &R
TFE(P <0.01) , TNF-o | IL-6 i HEHE FFE(P <0.01) . g5 MODS B M iEA4MAER Y HUVEC 41 I8 15 P9 5T M i
WA 5, CVVH JRYT REDIR S RLIL , T BR S RE A 5T , D2 PN JoiE P9 o R 8, DAL T 0 20 P IS A DG AR T T
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Impact of continuous veno-venous hemofiltration on endoplasmic reticulum stress
and apoptosis of HUVEC cells induced by serum of patients with multiple organ dys-

function syndrome
Zhou Hongwen, Gan Hua, Du Xiaogang, Li Zhengrong (Department of Nephrology, First Affiliated Hospital, Chongging Medical
University, Chongqing, 400016, China)

[ Abstract ] Objective To investigate the effect and implying mechanism of continuous veno-venous
hemofiltration (CVVH) on endoplasmic reticulum stress ( ERS) and apoptosis of HUVEC cells which induced
by serum of patients with multiple organ dysfunction syndrome ( MODS). Methods Ten patients with MODS
who received CVVH and 10 healthy volunteers were involved in this study. This experiment was divided into 4
groups : healthy control, group of pre-CVVH, group of 6-hour-CVVH and group of 20-hour-CVVH. Serum of
healthy volunteers and the sera of patients with MODS at pre-CVVH, 6-hour-CVVH and 20-hour-CVVH were
used to induced HUVEC cells respectively in vitro for 24 h. The cell apoptosis was examined by TUNEL assay,
the intracellular GRP78 protein was observed by immunocytochemistry, and the mRNA expressions of GRP78,
CHOP, TNF-a, and IL-6 in the cells were measured by RT-PCR. The levels of serum SOD and MDA were de-
tected by colorimetric method, and those of of TNF-a and IL-6 of by ELISA. Results Compared with healthy
control, the group of pre-CVVH showed higher cellular apoptosis rate (P <0.01), the mRNA expressions of
GRP78, CHOP, TNF-o, and IL-6 in this group of cells were increased significantly (P <0.01), so was the
protein expression of GRP78 (P <0.01). Compared with group of pre-CVVH, cellular apoptosis rate was
decreased significantly (P <0.01) and the mRNA expressions of GRP78, CHOP, TNF-a, and IL-6 were
decreased significantly (P <0. 01) either in the group of 6-hour-CVVH or group of 20-hour-CVVH. The mRNA
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expression of GRP78, CHOP, TNF-a and IL-6 of cells in group of 20-hour-CVVH were significantly lower than
those in group of 6-hour-CVVH (P <0.05). Immunocytochemistry showed protein expression of GRP78 in

group of 6-hour-CVVH was significantly lower than that in group of pre-CVVH, and in group of 20-hour-CVVH

significantly lower than that in group of 6-hour-CVVH. Compared with healthy control, the serum level of SOD

was decreased significantly and the level of MDA was increased significantly in the group of pre-CVVH (P <
0.01), and the level of TNF-a and IL-6 was also increased significantly in the group of pre-CVVH (P <
0.01). After CVVH, the serum level of SOD was increased significantly and that of MDA was decreased signif-
icantly (P <0.01) , and those of TNF-o and IL-6 were also decreased significantly ( P <0.01). Conclusion

Apoptosis of HUVEC cells induced by serum of patients with MODS is associated with ERS. CVVH can
relieve redox state, remove inflammatory cytokine, and relieve ERS, and this may be one of mechanisms of
CVVH relieving damage of HUVEC cells induced by serum from MODS patients.
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T 2 P VK- K I W 0 3 ( continuous  veno-
venous hemofiltration, CVVH ) §E i i3 8 & . 1 7 . W [
SRR TRV T AT 1 () B 3 B & Rl A ™ 4
BV B A A B, 78 22 JUE 4% ) B 2 3 ( multiple organ
dysfunction syndrome, MODS) & ) 3t ki v A 4 &5
YEHI. MODS £ 35 i IfiL 8 PN B2 40 it )™ 8 32 44, CVVH
TRYT REMCE B 1Y LS N K 240 L D) RE , (H AL i ok
e WKL, MMET- S 5 T MODS ik
A RJRP D P 3 (endoplasmic reticulum stress,
ERS) J& 2y 19 20 M 0 1202 35 4F & LY —Fh JH T2 AR
ERS 2737t MODS B34 Ifil 4 A Bz 40 453 1 v % #54E
M, HATH AR . AP CVVH RS R MODS
SR MG A AF T N BE K A B 20 B2 (human umbili-
cal vein endothelial cells, HUVEC) , #2453} 9 I ) g
e MODS J875 IfIL 45 A B 20 i i 4 v 8 4 Y B CVVH
I K DA B A L A5 0 ) T REAIL AR

1 #R5FE

11 M4

L1.1 fmfiliesE 2008 4 12 ] 2 2009 48 7 A E R BT
CVVH {/J7 B9 MODS 4% 10 ], i F ¥ o855 1 AT CVVH iR
J7 . HA Bk 6 ], Pk 4 ], 4F Y 29 ~67(54.1 £13.5) %,
FURUR B SRR 58 5 1], FAE R 4 1], S VEAE YR T AT 1
ol 53 eI 10 {51 R RS S A Dby X B2, e B S o1, Lo
51, 4F0% 25 ~60(44.4 £11. 1) 8 . AR AR EAC I 512
A, 1) R AR S R R S R R &

L2 WHNAIT  BEXEIEUR BN 23 R AR T AE 3R L &%
B UIRE SR SO R SR SR A SRR ARYT

113 CVVHIRSF A7 ke s o ok A7 57 . A 3
%, {# A 1= [& B. Braun Diapact CRRT 1% 4%, IE #% 4 Fresenius

endoplasmic reticulum stress; hemofiltration; multiple organ dysfunction syndrome;

AV600S BN K ; B e (fic 77 4 Na® 147 mmol/L, C1™ 115
mmol/L, HCO; 36 mmol/L,Ca’* 2.4 mmol/L,Mg** 0.7 mmol/L,
Glu 200 mg/L,K*2.0 mmol/L) jfitt 3 000 ~4 000 ml/h, DATiHi
BT A L 200 ~ 250 ml/min; JFFE HUEE; MR 4 B & B
ARG 0 VR R Uk L 5 YR IE] 20 B YRYTAR 10 /N A IR RS
1.1.4 IfiFH4  MODS #% T CVVH 547 RT ) CVVH 34
J7 6 h JGIT 20 h 3 ANAF ] A 43 A IE RS B ki B Az I 5 ml,
B R B A R A E #IKI0 5 ml, 8.0 )5 (3 000 r/min x
20 min) YR MLIE 5307 T - 70 C KA+ .

115 F2H HUVEC i 5 K BB} R 2 S 28 — R B
SEE ST O R S AR S DMEM 35558 ( Gibeo) S5 4 1l
T (BUMPIZES ) | &) B AL A (SOD) (TR i (MDA ) 45 U]
TG (R R ), bt A4 BE 85 8 11 78 (GRPT8) £ 3
BEPLR (Lt AR ) , 2O FEARIE E P i 1gG (bt B 2R) |
RNA Jli#2 3£ 7] Trizol ( Invitrogen ) , RT-PCR i % & ( K i F 4
Y) , A0 A T A IR A (BRI 4 ) (DAB a5 & (R
W A48 ) |, Triton X-100 ( 3% [# Amersco), A TNF-a, A IL-6
ELISA 25 & (RBUELE) .

1.2 7k

1.2.1 4Rffs3s &2 55 %) HUVEC 41 g & F 7% 100 U/ml
FH a2 100 U/ml 8585 2 10% 3 24F 1ML 3% 1) DMEM 1% 55 i o b
o WEFREMR 37 C 5% CO, MATREE

1.2.2 9286504 4% 2 x 10°/FLAY AN I Bl T 24 FLI% 3%
M B A AR Fr B ISR 24 h, SRR TR R SRR, A
TCMLE R TR NEE 24 h idnfa A K F2EAL S8 K dnia s 4
2 OfFEEXT R (n =10) , TCILTE 15 770 A fe o s S 2 1l
o @CVVH IBYTHIZ (n =10) , JC M ¥ 55 32 & T A MODS
B CVVHIRITRIA MG . @CVVHIRIT 6 h 4l (n=10),7C
MEFHFEW P IA CVVH IESF 6 h IfiliF. @CVVH iG¥7 20 h
41(n=10) JEMAEHEIRRTHIA CVVH IIT 20 b, 441
ML 10% , 155459 HUVEC 41l 24 b,

1.2.3 i MDA &4 (SOD 35 4k & TNF-o [IL-6 5 6



F32 &R o= F
2010 44 f 30 H

N
ACTA ACADEMIAE MEDICINAE MILITARIS TERTIAE

Vol. 32, No. 8
Apr. 30 2010 807

MDA &5 FIRA G L2 /R (TBA 1) ,SOD {1 ] B s
SAALRETE , TNF-o IL-6 5 ] ELISA 32, ¥ R4 0] F At
1.2.4 Skl GRPT8 £k BUH41IE A, ] PBS
WIRBELE 3 I, HEE —20 °C [ % 10 min J5,0. 1% Triton X-100
YEFE 8 min, 1E# LU= I 2= W3 A1 30 min, i 1 fadi A GRP78
Z YU (1: 100 k) AN 4 TR, REHMTEER
PRICFEPR TgG(1:20 Fi%e) , 156,37 CHEE 30 min, A 50%
Gewp i A, SE BN ZE SO0 AR T AR S5 R0 A, el
PBS U —Hi /0 FIPEXT HE
1.2.5 TUNEL £ I 4 g 7~ BB AR 4% 22 58 PR
IR EE 30 min 42 BRI TR 0] & B B B4R, T4
FIWTARAE : LAANMIAZ S AR B 6055 6 BN g 4 e, i % 0
A IR, BRI HS AT (% 200) 74 BOT- 8
Bz TR . DS T S S A IR T,
1.2.6 RT-PCR £l 41 itz GRP78 .C/EBP [&] i 4 ( CHOP) |
IL-6 'TNF-a mRNA #ik IR ERA= A B A0 B, 741 4% 40 A 45
5x10°/ml, 0T 6 LA, A0M A4l S Ab B 1. 2.2, dicdE
A ANHE , Trizol L EEEUE RNA, #2 #8 RT-PCR 57 & i 0 43 1F
TPt 5% W Wi e S R R 5 51 AT PCR OB, 51Tt
ZHOSCHR3 ], 51 i R TA . 519F s L& 1, PCR
PS94 CHIAEPE 2 min, 94 °C30 5,56 °C (B-actin) 60 C
(GRP78) .60 C (TNF-a) .65 C (CHOP) .65 C (1L6)30 s,
72 C1 min, 3t 35 MEI, LR AL 72 C10 min, 3 3 =&
2.5% BrRREMEBERE I KT , ] Bio-Rad BE AR 734 R GEEAT 43
HotBRA, LB R BRSNS ROLEEZIWE N B A B
mRNA B &

x1 ZEESIMWF

s Bk Y
= 1 =
e 31451 s e
GRP78  Lijf#:5'- CGGGCAAAGATGTCAGGAAAG-3'
; CCACCECOTEATACTACAC 60 C 210 bp
i :5'-TTCTGGACGGGCTCATAGTAGAC-3'
CHOP  L¥jf#:5'-GGAGCTGGAAGCCTGGTATGAGG-3'
. 65C 492 bp
FUiF:5-TCCCTGGTCAGGCGCTCGATTTCC-3’
IL-6 _3#:5'-TTCTCCACAAGCGCCTTCGGTCCA-3’
. 65°C 190 bp
FUi#:5'-AGGGCTGAGATGCCGTCGAGGATGTA-3'
TNF-a  _[i%:5'-TGATCCCTGACATCTGGAATCTG-3'
. 65°C 158 bp
Fi#:5'-GCTGGGCTCCGTGTCTCA-3'
B-actin |7 :5'-AGCGAGCATCCCCCAAAGTT-3’
56 °C 284 bp

Fii%:5'-GGGCACGAAGGCTCATCATT-3'

1.3 %5 o
HAELL x5 FoR%, R HT SPSS 13,0 et Heft 2 4 AT ¢
K, CVVH YR Y7 AN ) i (6] 20 Fe A 5 A PR 5 22 0 #

2 #R

2.1 & SOD #&H MDA 4% & TNF-o IL-6 4% &

H 3R 2 W] UL, MODS 35 CVVH JRY7 R4l s SOD it
B AR T X B4 (P <0.01) ,CVVH /Y7 6 h 41 [l & SOD
TEMEBORYTHIA B TR (P <0.01) ,CVVH JAYT 20 h A I 1H
SOD 1 M:# CVVH 3697 6 h gk — T (P <0.01) . MODS
B CVVH IRYTHTZLI0 % MDA & 4 & TNF-o | IL-6 & /5 T
THEFEXT BG4 (P <0.01) ,CVVH 3497 6 h 4110137 MDA , TNF-a
IL-6 Er B HBARYTRTA BB FE AR (P <0.05) ,CVVH 597 20 h 4
M35 MDA TNF-a \IL-6 2 8% CVVH 3597 6 h 20 iF— 45 F %
(P<0.01),

R2 HAME SOD iEFH MDA TNF-o IL-6 EE£3EWX (n=10, xx5)

2551 SOD(U/ml) MDA (nmol/ml) TNF-a(ng/L)  IL-6(ng/L)
fek R AL 129.14 +5.84  3.57+£0.35 24.45 £4.36  34.51 £4.46

CVVH J&77RiTA 66.99 +8.49°  6.81 £0.52° 124.95+9.82% 108.52 +13.522
CVVHIAJF6 h 2] 88.15+8.90" 6.29 £0.49> 114.60 £9.64> 96.49 +9.78P
CVVHAJr20 h 4] 98.83 +8.49% 5,68 +0.45> 98.76 +7.77* 81.67 +9.00"

a: P<0.01, 54 st paabs; b: P<0.05,5 CVVH #8537 #j 4L
b4t ; ¢ P<0.01,5 CVVH 377 6 h 2Brb4

2.2 %E % k4w HUVEC Zufg GRPTS & & £.ik T4k
GRP78 #1335 T4 i B3 v, (8 5% B2l GRP78 # 1 3&

kAR, CVVH YT RTZL GRPT8 25 4 23k 1 W g o T fe FRE Xt

a2, 23 CVVH JRYT, B IR BRI IE K, CVVH JAY7 6 h

21}z CVVH 3597 20 h 4] GRP78 Rikziid /L. WK 1,

2.3 ZRdbiF e HUVEC mpe /A — 4 %

J6BE N TUNEL Yy (0 21 i A2 5L A5 £k BH P, BEE 40 A%
TEARARHLIN BB 40, DB 2, fd R X B 41 40 i 08 1 SRAR K
(9.79 +1.74) % ,CVVH JAJ7 BT 4L 40 M 7= (66. 17 £3.84) %
AT IR S 2 A (P < 0.01) ,CVVH R Y7 6 h A1 4 i 4
T-%(53.68 +£4.75) % W AR TARYTRTAL (P <0.01) ,CVVH i/
7 20 h ZHERMA TRt — A5 I (46.37 £5.39) % ik T CVVH
IT 6 h41(P<0.01),

®
A fest B, B: CVVH %7440 1. GRPT8 &Rk FaAf; C: CVVH %95 6 h4i; D: CVVH %57 20 h 21
Bl #AMmFERHE HUVEC 402 GRP78 B RAREBHER (LA FE =x400)
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ATl A BT B CVVH 7

e

454, C, CVVH 77 6 h#8; D CVVH 747720 h 41

B2 &AMFRHE HUVEC AAT R (TUNEL x400)

2.4 A48 iF R sk HUVEC Zm i GRP78 ,CHOP .
IL-6 .TNF-oe mRNA %&ik

fdt JE % BB 41 CHOP , TNF-o. mRNA 335 4% /), GRP78 | IL-6
mRNA />4 % ik, CVVH 57 /741 GRP78 ,CHOP ,IL-6 , TNF-q
mRNA &5kt e % B 20 8. 84 m (P < 0.01) , CVVH 3397
6 h 41 GRP78 ,CHOP IL-6 \TNF-o mRNA ik @i/, 5497
AT AL, 2R A E X (P <0.01), CVVHIARYF 20 h 44
L RFEARFIREIAYT 6 h A — 0,2 A2 R A St
FREY(P<0.05), WA 3,

700 bp—
500 bp—

300 bp—

«—CHOP 492 bp
«—B-actin 284 bp

100 bp—

700 bp—
500 bp—

300 bp— «—B-actin 284 bp

<—IL-6 190 bp
100 bp—

700 bp—
500 bp—
300 bp— —B-actin 284 bp

~TNF-a 158 bp
100 bp—

700 bp—
500 bp—

300 bp— —B-actin 284 bp
<CRP78 210 by

100 bp—

~
w
[\
=
S}
w
~

AB.C.D:RT-PCR #m £ % M:DNA 44, 1. 42 FE - e,

2. CVVH:& 77 #7483 :CVVH 7455 6 h #8;4.CVVH ;457 20 h 28

3 &AIMFESH HUVEC 4t CHOP GRP78 .IL-6 . TNF-o
mRNA HyFik

3 g

IS PN R A A U 1 B O A B L AT e
ML LR ST B 55T T K 4 22 o A BRI RE , 78 4 R AL

RNRa e IRAS PR EEAE A . FFIE R, 08 P
AN B DD REAR S HE SAE SO 25 G AE AR A i e H rh ke o
FVEFIT, P B 400 SZ 45 S MODS () 9% 3 3 ik ©
Matsuda %57 % B7E 5 i 45 4L 55 £L 3% ( CLP) 5 3 /9 1
ILAE PR 5 A B RY T, L4 P9 B A P A 3, AR S
U0 R B, SRR RE AR Eb , MODS H5 1L 7 75 5 1R IF
K A B 200 L 1 3R Y R
DAL JBT O 2 LA 200 b AR A, TR IR R
WA R B SRR, B R AR R S
SO (UPR) il Ca®* S48 S 38 , Bk A P9 J5 I )3 334 ( endoo-
plasmic reticulum stress, ERS) , ERS & 4H fifi () — Fh H
FRARS AL 38 8 1) IO 382 0 AT ) T A AE 45 o Ab
SR 2R BT A AR N R e e (R] 5
KUk ML A 40 B 7 A 951 405 4 R O 2 A R T
GRP78 SN it (W 1 20 T A14R 2 S B ERS 1575+
BhR o IE EARIET i GRPT8 ki 22, 9 5 Py i
W R RIS AR YT & A 4 5, KO A Y IR
W%, dE s IR BRI RRE . Hayashi 457 4 8 K UK
B AL AT 355 GRPT8 ZE 3R 3A , Xl 22 2 i SE 3R
PEBR AR 7 A PR VE . B GRP78 3 i 33k %
RAMMIPAT . CHOP SR AR K A2 S DNA 45 475 55 [
( growth arrestand DNA damage inducible gene 153,
GADD 153) ,J& ERS 455 5 s K 7, 2 ROk 28
T, ERRIBACEARAL, M7E ERS B 3Rk i KKy
hne WF5EEE W, CHOP g B 3¢ ik w] S 4 g 8 =, i
CHOP e P i 53 /0 B X A BT D90 A O 1) 8 7272 A 3%
(i CHOP 7276 AR Y , 72 ERS B4 1L
el AR, 22 N Bel-2 SRk e 2E 40 i
JRTZ AR SR P ek B X IR 4L 1 T 3545 HUVEC
i, GRP78 /b it 33k, CHOP # /b 3K 3k , 2 i i 12 %
WARAK, 1 H] MODS & 3% i V& 5 5 HUVEC 4f jifi,
GRP78 .CHOP 3k . 7175 , 2 B ERS $5 3l, [a] i
HUVEC ¥4 1~ 0] & 34 in ; [/ i % B CHOP  GRP78 f1
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Fik 5 HUVEC (4 T3R8 L a4 —%L, 28 CVVH
IRYT, M IR YT I ] B 4E K, GRP78 ,CHOP 3R 3K 14
FEAR, 2B ERS FEEWkEE , 0 240 B 08 1~ 0 B R AR,
VLA T- 5 ERS #12%,

F 1977 4F: Kramer Z&548 9 I FH 7% 20 1 VB 0k
FRIGYT (CRRT) J5 ik LUK, Bl 2 15 2% 19 AS W7 2o gk R 4
AR v, HL R P PRl 2 8 B R 0, b B
fEERRNE MODS i B Z T Btz —, MODS 22
PRMLAA S8 00 Js2 Iy 46 45 BT 2 800 2% B #0005, 22 b 8 E A
iS5 R KR, TNF-o F1 IL-6 85I K 2 & %
R HR R R B R Al P CVVH W R 4
JIE A IO T2 AR S R o6 RN X6 3 9 Fb O 2, CVVHL
AT A U, AT R U8 o I BRSO o B 46
FEAT R A B, DA A N RRE SO G o F 5 IR 52
CRRT J5 5 % IfiL 3% 1 ) TNF-o IL-1B . IL-6 . IL-8 7K F-
AT Asss @R, 24 CVVH 37
J7 ,MODS & 1M TNF-o 1L-6 KB & R % ; [,
MODS & # 1L 7 Fr /5 5 /9 HUVEC 40 ffd IL-6 , TNF-a
mRNA & k45 f e xof A 2 g & 48, 40 CVVH JRYT,
TEVRYF 6.20 h i}, IL-6 \ TNF-o mRNA £ ik §& i F
B XU CVVH IGYT BEA AU R 45 A T, D% R
JEFUNE . Gargalovie 257 41058 48 5 /v o A 36 1k K - 5
YT N R R E IE M G, Ak
GRP78 .CHOP ()3 ik 5 41 ifd 1L-6 \TNF-o mRNA 7451k
A —E, 5 fE X 4L AH e, MODS £ I i
SOD {4 i 2% T B, MDA & & B i A&, $2 75 MODS
S TR N A7 A AR B, 5 SCHER [ 18 ] 4T A AT
MODS & 25k CVVH JRY7 , A 1A Y7 I TE] 1 2 1
15 SOD i % & ¥ Ft =5, MDA & 1 & ¥ [ I, & W
CVVH 897 Al AR08 % MODS J 35 E b, A
WA N2 3 ERS BB N Z ", CVVH A7 T L
TR AL N R T R R RE A T, R ATTIA X 2
CVVH J#%% ERS U ZEFE A ,

25 TR, MODS H 3% I35 1A AM75 S 10085 179 e 41
L, Ja2h T ERS, CVVH IGYT REIAR A ALV I, 1 Bk 52
FEA T, U ERS R EE , M6k 2 i 9 B2 40 iR 1
XTREZ CVVH Jd 4% MODS fH 3 I 45 P9 Bz 20 it 452 47
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