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Effect of hemofiltration combined with hemoperfusion on serum TNF-¢ in severe acute pancreatitis patients

with lung injury and on RhoA serine 188 phosphorylation in endothelial cells

ZHENG Qian', DU Xiao-gang'* , CHEN Xue-mei’, LI Zheng-rong', GONG Ying', HE Jun-ling'
1. Department of Nephrology, The First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China
2. Department of Emergency, The First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China

[Abstract] Objective To study the effect of hemofiltration plus hemoperfusion (HF+ HP) on removal of serum TNF-q
in severe acute pancreatitis (SAP) patients with lung injury and on RhoA serine 188 phosphorylation (p-RhoA) in endothelial
cells. Methods Totally 35 SAP patients, including 28 with acute lung injury (ALI)/ acute respiratory distress syndrome
(ARDS), and 20 healthy subjects were involved in this study. All the SAP patients were treated in ICU, and the 9 combined
with ARDS underwent continuous veno-venous hemofiltration (CVVH) and HP therapy (HF+ HP group). The serum TNF-«
in SAP patients with different degrees of lung injury and the serum TNF-¢ in SAP patients with ARDS was determined by
ELISA at different time points during HF+HP. For in vitro study the human umbilical vein endothelial cells (HUVECs) were

[WKREH] 2013-02-26 [(#EZHH] 2013-06-08

[(EE€WB] HWRWHEROTBBHE (KJ100318) , 5 PR 11T R 22 B8 B I H (cstc2012jjA10136) , 1 JR 117 T4 Jsy 1 BT B T H (2011-1-016).
Supported by Program of Chongging Education Committee ( KJ100318), Program of Chongqging Science and Technology Committee
(cstc2012jjA10136) , and Key Project of Chongqing Municipal Health Bureau (2011-1-016).

[EE®mMN] A .8 +4. E-mail: zqghnyxy75@163. com

* M 15 fE# (Corresponding author). Tel: 023-89012316, E-mail: dxgexm@163. com



ST WL AR IR IR U I T TR SRR AR 2% Ak R I 45403 AR LT TNF-o K N B A Rho A BERRALIEMi (R » 739 -

treated with sera from SAP patients with ARDS during HF+ HP, and those treated with recombinant TNF-o were taken as a
positive control. The changes of p-RhoA and total RhoA were observed by Western blotting analysis. Subcellular distribution of
p-RhoA protein was observed by immunofluorescence staining. Results We found that, compared with SAP patients without
ALI/ARDS, those with ALI/ARDS, especially those with ARDS (about 7 folds that of the normal control) had a significantly
increased serum TNF-q level (P<C0.05). The serum TNF-¢ level began to decrease in the 9 SAP patients with ARDS 6 h after
HF+ HP treatment, with the decrease reached maximal 20 h after treatment, closing to the level of the normal control group.
Meanwhile, the arterial blood PaO,, HCO; ~ and PaO, /FiO, ratio were significantly elevated after HF+ HP treatment in SAP
patients with ARDS(P <C0. 05). Western blotting analysis showed that p-RhoA level was significantly increased in HUVECs
treated with the serum of HF+ HP-treated SAP patients with ARDS (P<C0. 05), and the total RhoA protein expressions were
not significantly different among different groups (P > 0. 05). Immunofluorescence indicated that p-RhoA was largely
distributed in the cytoplasm of HUVECs, and the changes were consistent with the data from Western blotting analysis.
Conclusion SAP patients with ALI/ARDS have high circulation TNF-a. Treatment with HF+ HP can effectively remove the
excessive TNF-q in the blood of SAP patients with ALI/ARDS and inhibit activation of RhoA, subsequently decreasing the high

permeability of endothelial cells.
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WFoE R B, 3% 22 Pk 1l WK AL VR 9T (CBP) 78 46 f 4 Fh
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1.2 HF+HP %57 %% AW T.9 il SAP 4k
& ARDS B 45 T 3% 22 1 k- ik i 8 5 (C V-
VH) B4 HP 67 (HF+HP 41), HF+HP i4J7
i JH 4% [ D1 B Diapact CRRT L, 5 i bk A 2
A7 L7 B, B8 48 SR FH Fresenius AV600s 58 0 J& 38
WMOAMEEM 1.4 m”, LR 220 pm. I8 R
250 mL/h) , ¥ i # 5R FH ok KL IR B A il (HA-
330, W E ZRIEAEIL) , R IE T R IR 4% Z A, WEW
Frek 2 h JE BUR HE AN Ak AT I R BE A, B ad 4 R
AT 2 h W, HFWRIFT RATIHFE .5 30
min T 200 mL A4z B AR /K wp Pk i o A Db e, &
R T B Rk Bt 2~3 L/h, ML
O 200~ 300 mL/min., #2458 E Y HL A 17 &
HIER, BUGAIFIE 20~24 h, FIRITHIEIC S
R LR AR AL, O SR 4R Bl K il #E AT 153 AT

1.3 & TNF-o K-FHnl RS
IBIT R T R @A A I 5 mL, 9 BT HF+
HP 3577 1) SAP 4 If ARDS & TI8J7 T IRIT 6
h YT 20 h B350 AU % 3 ki il O 1l 5 mL b
A, ML 1 000X g B0 15 min WA BJZ M.
LIRFRA LG S 4r %, — 80°C R AE . K RUHL AR S 0
ELISA ¥4 i 7 TNF-o /K°F, A TNF-a ELISA
I3 500 WA PR A R B A BR S T A
B & U] R AE

L4 AE@mBRERF »4AKLE  HUVECs
(ECV304) By T IR B2 B} K 2% Pl i 80 27 2 g =5
P&, HUVECs K F& 10 % FBS(Gibeo 2 F 1)
RPMI 1640(HyClone 22 ") H 2 W . T 37°C 5%
CO, 1H R B FRAE R % . 7 4 LA WIS L FHO. 25 %
[ -0, 02 % EDTA (Sigma 23 7)) 15 £k 5 34> 41
AR 3% L WO B0 K0 40 i E A7 92 56, ¥ HU-
VECs BEHLAT 2y 5 241 . 1F % % B4R & 10%6 13
Xof A 2L i 35 A3 AN i HF -+ HP 387 R4 . HF + HP
G976 h A HF+HP 697 20 h #4351 HF +
HP JA8J7 1Y SAP A JF ARDS B & IRITHTIRYT 6 h
SIAYT 20 b A I I R AN M, S 56 R IR A LA 100

ng/mL B4 N TNF-«(RayBiotech 2% 7)) il # 41 ity
1 A BHAE X B2,

1.5 &G RPPE oA Ak 4a ke RhoA & p-RhoA
Kk HMIZRTAR AT 6 h J5 Y PBS BE 2
ULFUK A 0.8 mL 7K& 1 1< 40 it 24 f# W [ 20
mmol/L Tris-HCl (pH 7. 5), 150 mmol/L NaCl, 1
mmol/L EDTA, 1 mmol/L EGTA, 1% Triton X-100,
2.5 mmol/L sodium pyrophosphate, 1 mmol/L B-glyc-
errophosphate, 1 mmol/L. NaVO;, 1 pug/mL leupep-
tin, i F A #MITA 1 mmol/L PMSF A1 1 mmol/L leu-
peptin,aprotinin, pepstatin], B & 5 min, &8 5H B ECT
WERRANNE 6~7 WK, TEMRIRE.OHLH, LA 10 000 X g B
> 30 min, ] FIEW A BCA I fTEAE®., 15%
SDS-PAGE # ik i ¥k , i PVDF Bt 5% B i 05 4%
HEA 2 h, 20 50m A R $t A p-RhoA £ 5 B 41 1K
(Santa Cruz 24 @) . Bl A RhoA B 7% & H1 1K (Sigma
ATFDE BTN B-actin P& GRBFE Y H ARG BRA HD
ACHRK ., SR E Y i (HRP) A7 iC 19 =40 (£
itk IeG T R 1gG KB E M HE ARG IR A D W H
J& s FH ECL Ab2= Rtk 8 H 9 450 R I R it
FIH Quantity One #5341 H 19 55717 19 IR BE (B, LA
55 Bractin MK EEMHZ LUAE N B B FIARXS Rk &,

1.6 &R EFE EME p-RhoA £ 2 A&y o
A WHUVECs R e & T 24 FLAH ML B S0 b iy
TC T T B b R AR AT 50 YO R A I 2RI 43
6 b 20 HTB BT Y 4 00 2 5 ] g
15 min, PBS ¥ 3 ¥ ; TR 15% F MG T 10
min Ji , IR — 0. RPN p-RhoA Hiik (1 -

100), 4°CHWFE LR ; B IR In—H0, A%t
FEhRiC ZH0 FITC ARid i £ Hi e 1gG(1 = 100) &
R 1 hGED , B LB 0. 01 mol/L PBS
(pH 7. O FA V¥ . HPUH G K& Rl fr L F
WG IR AR W B N RS AL,

1.7 %t Fam 2R Excel Ml SPSS
19. 0 A AT G it 2 Ah B S AR L v+ 5 R,
ZHGEREBCR HT LR R T7 22 3 B P RE AR 8 1
BORH ¢ K55, K567k (o) M 0. 05,
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ARGk A St 1 SAP JBE A TS, 4k & ALT/ARDS
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B (2 0 1E % X ERZE Y 7 F%5)
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Fig 1
patients with different degrees of lung injury

SAP: Severe acute pancreatitis; TNF-¢: Tumor necrosis fac-
tor-a; ALI: Acute lung injury; ARDS: Acute respiratory
distress syndrome. 1: Control group (n=20); 2. SAP with-
out ALI/ARDS group (n=7); 3. SAP with ALI group (n=
12); 4. SAP with ARDS group (n=16). * P<{0. 05 vs con-
trol group; “P<C0. 05 vs SAP without ALI/ARDS group;
A P<C0.05 vs SAP with ALI group

2.2 HF+HP &8/ SAP &5 ARDS & & A &
PRAE B OB o Ak 89 AL 9 il SAP 4% & ARDS
HAT HF+HP G971 5 HF 3 30 ik R Kot 38 1
ZR G FE X (P>0.05), 5 HF+HP AI7 i
g5, 9 Bl 8 VR YT IR MR PR IR — s B EE R
. 2R A ST E X (P<0.05), HF+HP JAJ7
B9 BB I PR 1 35 3R 80y 04 7P A 4 1l 5 A ]
T BE (R I W 38, 350 43 J8 T AT B4R L T B B
BIHLWGE SR YF . HE+HP JAYT 5 . 9 1 B 3 3 ik
M4 43 FE (PaO, ), HCO, ~ K-, & & 18 1 (PaO,/
FiO,) BRI 81 A Bt BT+ (P<<0. 05) , {H g ik il pH
fH AL TR (PaCO,) £ F KBS 2E L (P>
0.05), W& 1,

2.3 HF+HP &7 ¥ SAP &5 ARDS &4
# TNF-o K-Fo4 %4 BT B8 HF+ HP IGY7 4
SAP &9 ARDS & L7 TNF-a 52 M, F6 AT

T 9 4] SAP &1 ARDS 3 HF+HP JRI7 I A
[Fi) B5F ) 53 0L %5 P TNF-o W25 fk L 25 5L & B, 5 1F &
Xf B2 L, HE +HP IRYTHT SAP & JF ARDS &4
ML TNF-o KB 2 7t (P<<0. 05) , HE+ HP A
J7¥ 6 h J5 Il % TNF-o KV 8097 /i U 2 F B%
(P<20. 05) ,fHAR & F 5%t B4 (P<<0. 05) ; HF + HP
1BIT 20 h 5 M TNF-o /K — B AR, 51671
KARIT G 6 h B 22 A Gt 2% 5 L (P<C0. 05) , 1M
R IE R AR, L 2,

& 1 HF+HPEJTHI/E SAP 8% ARDS B¥&
EaFEREAEHENEW
Tab 1 Changes of vital signs and arterial
blood gas in SAP patients with ARDS

before and after HF+ HP therapy

n=9, rts
Index B?forc Aftcr
HF+ HP HF+ HP
Mean artery pressure p/mmHg ~ 97.00--17.03 90,485, 63
Heart rate f/min"! 112.89422. 32 107. 44424, 34
Respiratory rate f/min ! 28.4445.25 23.8944.7"
Body temperature §/°C 36.9440.59 36.6340.62*
pH 7.334+0.09 7.39+0.05
Pa0; p/mmHg 58.78+24. 80 98.00437. 15"
PaCO; p/mmHg 33.68+7.42 35.6143.85

HCO; ™ ¢p/(mmol « L™1) 17.4844.38 22.574+4.50"

Pa0, /FiO, 170.24415.57 203.33446.50"

SAP: Severe acute pancreatitis; ARDS: Acute respiratory
distress syndrome; HF+ HP. Hemofiltration with hemoper-
fusion. 1 mmHg=0. 133 kPa. * P<C0. 05 vs before HF+HP

2.4 HF+HP %57 *F &% R & e F RhoA &
p-RhoA#g#a  Jy 1 #t— L5k HF + HP A7 2
7538 1 A U B TNF-o 382> RhoA 197 4k, F A1 [l
WFEE T HE+HP 337 % HUVECs H1 RhoA &
p-Rho ARy 5 Wi, &5 5t & B, 55 1F % Xt B8 41 L 4% .
HF+HPH G 7 Hi FIGJTF 6 h BF HUVECs 1 p-
RhoA FiA W B (P<<0.05), 5 HF+HP 434
JPRIA L IGY7 6 h B HUVECs H' p-RhoA F ik JF
TH A i (P<<0. 05), MR Y7 20 h B H p-RhoA
FRTHEE B (P<<0. 05), 45414 RhoA &
TR 25 BT 2EE L (P>0.05), 1EH
X4 HUVECs ' p-RhoA 2 /i & RhoA & F1HY
—2F 9k HF+ HP 46977 HUVECs 1 p-RhoA
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B RhoA HEAAE] 15% 3877 20 h if p-RhoA 5 2.5 HF+HP % 5 st A & @ 8 p-RhoA & 49 %

A RhoA H A L2 55 AU AH L, WLI 3, " A T HFSE HE+HP G721 p-RhoA 407
1400 Ak FRATH e 9 6 B B 4% T HF + HP 397
o 1200 s AN[EIHE] 5 SAP 4 IF ARDS #5155 5 /9 HU-
glggg VECs H p-RhoA & [ B 40 g 40 A . 458 (| 4)
S ol " 7R TE 9 A I AL p-RhoA B 4 A 7 4 o M
; 400} M HE -+ HPAIAT7 i p-RhoA M B 4 €2 0k 55 , HF + HP
~ 200} ™ ’—L‘ W7 6 h Rl 20 h B p-RhoA Y {5 47 Ff 384 3 , 4% 4 75
' 2 3 7 Tl 305 2 11 TR R 3B 4 BT 45— B
E 2 HF+HP &7 A E B iE = SAP

&3t ARDS B & 155 TNF-o BT 3w i
Fig 2 Changes of serum TNF-a in SAP patients SAP 11 TR IE5 2 P K i S A TR
with ARDS during HF+ HP treatment 30%’\/60%5"]‘%‘{ %EE‘E‘H EI]EJ%ZE ALI %§ ARDS\

SAP.: Severe acute pancreatitis; ARDS: Acute respiratory

S DR AR O RAE K R R 50 K
i f1e 9 22 DL, R W R A A R R JE 1 IR IR DR 42 R
BT, R LA AR R R BT AR A B R
2 LURAUROE A 25 T BOt AT ia oy R — EK

distress syndrome; TNF-¢: Tumor necrosis factor-a. 1:
Control group; 2-4: SAP with ALI group pre-HF+HP, 6 h-
HF-+HP, and 20 h-HF+HP. * P<C0. 05 vs control group;
£P<C0. 05 vs SAP with ARDS group pre-HF+ HP; 4P <C

0.05 vs SAP with ARDS group 6 h-HE+HP. n=9, =+ B MODS, SAP 9% 5 2 A5 5135 50 % LA 1,
g
Mr 1 2 3 4 5 £ 10 2 s
23 000 —| M - SN—_— | —pRioA & &
5 A < 10}
E £
22 000— WP E —ou-Roa £ 05
- z * £
. Q * 1%
BRI ——— ] I
g g
= g
07753 1 s g 0 1 2 3 4 5

3 HF+HP BT AR E R SAP BE MiF % S H N K4 RhoA & p-RhoA EARENEL
Fig 3 RhoA and p-RhoA protein expression in HUVECs treated
with the sera of SAP patients before and at different time points after HF+HP treatment
HF+HP. Hemofiltration with hemoperfusion. SAP. Severe acute pancreatitis; HUVECs: Human umbilical vein endothelial
cells. 1: Control; 2-4; Pre-, 6 h-, 20 h-HP+ HP, respectively; 5: 100 ng/mlL TNF-q. * P<C0. 05 vs control group; © P<C0. 05 vs
pre HF+HP group. n=38 (control group and pree HF+HP, 6 h-HF+HP, 20 h-HF+ HP groups) , n=3 (TNF-a group), x=£s

.

4 HF+HP &7t H SAP £E M5 1% 5K HUVECs p-RhoA #H I E L
Fig 4 Distribution changes of p-RhoA in HUVECs treated with the sera

of SAP patients before and at different time points after HF+ HP treatment
HF+ HP: Hemofiltration with hemoperfusion; SAP: Severe acute pancreatitis; HUVECs; Human umbilical vein endothelial
cells. A: Control; B: PreeHF+HP; C: 6 h-HP+ HP; D: 20 h-HF+ HP. Original magnification: X2 000



ST WL AR IR IR O I T TR SRR R A% Ak R I 15403 AR LT TNF-o K N B A Rho A BERRALIEMi (1M » 743 -

TNF-o f& RAE SN 33 B2 o B e | 5 5 B2 Y
RAEA T, 76 SAP 19 4 B R AE S B o il O A
B RETE rh MR A B R T A Ak A A B
it 38 I 200 RS 2 A ARG B IR L7 R LA P B A e
3 375 1 3 ) R At 4 R R T A R (L) AR Y
H RSB AR IR B, TNF-o Al -
I fii 40 B 18 86 BEE 20 1 (ICAM 1) /1L & 40 it 286 B 43
T 1(VCAM 1), fff vk 20 i 3R 4 78 il 40 2, 5] ik
it 05 2 A A S Ak R 38 S I 5 TNF-o 55 48046 R 38R
PIME 8BS AEDR PR , BOR 28 E 27 3 i 2 il 41 20454
i, BEAh  FE ARDS HOE Y I T L S AR il i
VEIR i TR] T K bR R Y REAG I B TNEF-o ', A
ST K B SAP 4k % ALI/ARDS H 3 55 A 1 8 fiti i
it SAP 35 A6 2 b A7 A 5 5 /K P 1Y TNF-o, H.
Jiti T B3 45 B TR L I 7 TNF-o 7K 7 L IESE TNEF-
a T SAP B It & ALI/ARDS H &8 =2 AEH I
HAE/R SAP B 1ML 7E o TNF-o 197K 57 A1 L) 1 7
718 it F8 458 443 1 7 R

LI ¥ 4K 3A 7 2 3 AR R B I K 4 R SAP
SR — FRORT B B B IR T B BRSSO CBP
AL RLAR R S M b T R 4 B A E N 25 G AR (SIRS)
BAERN T E L ZWHTR A BRAGE RABT
T U090 08 3 ) B8 A% TT DA 0 B MR B TNF-o. [\
R 8 P ARSI R A 4 A T LA 78 4 W B R RE A YL B
W AR B T FRAT 1A 2 8 L VR 108 o R AT S 1B A
(HF+HP)RY7 SAP 4k % ARDS # 20~24 h,
216 3 5 X O R R 1 T T A S T B R L
W) TNF-o, @REATRIIAIT 6 h J5 8 F G
R JE R F TNF-o B8 F R, B3097 20 h BiF FRE
5 R B G R EEIR YT G AR B N W T AR AR B —
38R HE -+ HP 3497 A] BE 38 i A 20 7 B TNEF-
a, B E T SAP 4k % ARDS H & A1 2
fiE
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