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(HWE] B# WERLENFTy THER TNF-o B4 4E X B LR R R 665 Rt
SFHLf.  HiE BT A BN Caco-2 R MMIEFER, 4 BIA T AL B 24 LI 5 6 4L
WP K] DMEM 353 B 55558, 4 2 S Rbrh A IS RBR A 0T BA (FMEHR) v T
MEH(MALEE R 10 ng/mL vy T E R ) . TNF-o 2H (M AL M E H 10 ng/mL TNF-o $E3%) .
y THE + INF-o HOIMAKKEHH 10 ng/ml i) vy THERE TNF-a $i35) . 24 FLARAMIALFFO h
(BIZ) e 6.12.24 36 .48 h, A e BELII 2 ARG 0 Py b B2 A AR 85 b Bz W BEL(TER) ;F 48 h 43 BRI R B
FMEAE- MR RAREESRETE AU R AREEER EFEERAEANSG Y
AN, 6 fLARAMAE 24 h i, FEAFBEERNRAES BRIV RE S EE (pMLC) |
MEREH MM (MLCK) EHRE, MRFEHTREARFTEZHMS 8K, #HR (HXMEAH
A A LR TER KRB (F =0.86, P >0.05);y T EH 5 TNF-o 41 TER 5 & #i %
K, ES5LEFEOLRERBMTFEUFEEL(FESAHRL1.69.2.47, PEH AT 0.05) vy THE +
TNF-o il TER A 24 h B B E TABFE 0h(: =4.97, P <0.05) , HHBKTFHLIH(F =
11.54, P <0.05), (2)y TH#E + INF-o HEM - K AME B (1197 £215) pmol ) BF & T X B
0.y FHEEH S TNF-o 20 (303 £93) (328 +76) (797 +177) pmol, ¢ {H4> 5% 4.8.5.0.6.9, P &
BAF0.01], (N2 hHEHAREEARZIELHBAL(F =0.26, P >0.05), 48 h & %F 4
BAEEHFIHM y FREL R INF-o ARKAEAHAAAN T vy THRE + INF-a AR EHEOH
PIAESE, REVBENF WEADFHBIE M, (4)y THE + TNF-o 4 pMLC HERIKE(0.95 +
0.05) BEB TR .y THEHYS TNF-a 41(0.57 +0.12,0.56 £0.07.,0.59 £0.10, F =17.97, P <
0.01) MLCK BAEKXE(1.57 £0.36) L B X5 FH A 3 41(0.85£0.18,1.04 £0.23,1.00 0. 07,
F =9.05,P <0.05), & ~ TiE5 INF-o B4 1R M MLCK & pMLC & AR5, 51&
L RERERE.
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[ Abstract] Objective To investigate the effect of combination of interferon-gamma ( IFN-y) and
tumor necrosis factor-alpha ( TNF-o:) on intestinal epithelial barrier function. Methods The Caco-2
monolayers were cultured in DMEM nutrient solution, and then they were inoculated in 24-well or 6-well
plate with Transwell inserts. They were divided into control group (ordinary treatment) , IFN-y group ( with
addition of 10 ng/mL IFN-vy), TNF-« group ( with addition of 10 ng/mL TNF-a) , and [FN-y plus TNF-o
group ( with addition of 10 ng/mL TNF-a and 10 ng/mL IFN-y). Monolayers inoculated in 24-well plate
were collected for determination of transepithelial electrical resistance (TER) with an ohmmeter at post treat-
ment hour (PTH) 0, 6, 12, 24, 36, and 48, the permeability of monolayers with fluorescein isothiocya-
nate-labeled dextran ( FITC-dextran) tracer method at PTH 48, the distribution and morphological change of
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tight junction occludin with immunofluorescence assay at PTH 48. Monolayers inoculated in 6-well plate were
collected for determination of protein expression of occludin, myosin light chain kinase (MLCK) ,
phorylated MLC (pMLC) with Western blot at PTH 24. Data were processed with one~way analysis of vari-
ance and ¢ test.  Results
(F =0.8,P >0.05). TER in IFN-y group and TNF-a group were gradually decreased during PTH 648,
but showed no statistical difference as compared with that at PTH 0 ( with F value respectively 1.69, 2.47,

and phos-

(1) There was no obvious difference in TER in control group at each time point

P values all above 0.05). TER in IFN-y plus TNF-a group was significantly decreased from PTH 24 as com-
pared with that at PTHO (¢ =4.97, P <0.05) and that in each of the other three groups ( F =11.54,
P <0.05). (2) The permeability of monolayers in IFN-y plus TNF-a group [ (1197 £215) pmol ] was sig-
nificantly higher than that in control group, IFN-y group, and TNF-a group [ (303 £93), (328 +76),
(797 £177) pmol, with ¢ value respectively 4.8, 5.0, 6.9, P values all below 0.01]. (3) There was no
statistical difference in occludin expression at PTH 24 among four groups ( # =0.26, P >0.05). The oc-
cludin in control group at PTH 48 was regular in arrangement, while that in IFN-y and TNF-a groups was ir-
regular in arrangement. The arrangement of occludin in IFN-y plus TNF-a group at PTH 48 was interrupted ,
with obvious redistribution in cytoplasm. (4) The protein expression of pMLC in IFN-y plus TNF-a group
(0.95 £0.05) was significantly higher than that in control group, IFN-y group, or TNF-a group (0. 57 +
0.12, 0.56 £0.07, 0.59 +£0. 10, respectively, F =17.97, P <0.01). The protein expression of MLCK
in IFN-vy plus TNF-a group (1.57 £0.36) was alse significantly higher than that in control, IFN-y, TNF-a
groups (0.85 +£0.18, 1.04 £0.23, 1.00 £0. 07, respectively, F =9.05, P <0.05).
Combination of IFN-y and TNF-a can induce intestinal epithelial barrier dysfunction by up-regulating MLCK

Conclusions

protein expression and promoting MLC phosphorylation.
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DMEM 3% 37 # (£ B Hyclone 2\ 7] ) , & (1 B§
(%E BBI A7),y FHE.TINF-a (£ H R&D 2
B, RWARKICE (FITC) -H B (X4 F &
B4x10°) BEBRE A B NshEAHKE A
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Cell Signaling 24 7)) , A 33 & ALY B (HRP) #7019
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il Z4X (2 B Millipore 23 6] ) , Transwell ¥ 3% 47 ( &
B Comning A H] ), TCS SP5 ME AL RER M
B (EE Leica A ]),
1.2 s a5 e

A DMEM 3 3¢ B35 55 AW b B2 45 i #k Caco-2
(%E ATCC Ad])" KM LL 5 x 10 A/em®
2 24 FLAR K Transwell R5RBR B IR (B AE AL o/L
EBRFEAR) X 6 fLAR KR LH Transwell i8R
el b, 452 REH | RS, fm e
R E ML # b B2 i B (TER) 1 3K, 7§ TER F @ Bt
AT TR LR,

¥ 24 FLi S 6 FLik 2 b B 0 M 3 % bE
VB FRES AX A oy THREL INF-a .y T
WE + TNF-a 4, %t HBAH DMEM 3557 2 8 3%
y THREAMAZREKES 10 ng/mL v THEEF;
TNF-a Qﬁﬂﬂ/\ WM 10 ng/mL TNF-o 3555 ; v T
PE + INF-a AR MA v THEM INF-o 555,
LIRS 10 ng/mL, 24 fLAR 40 T TER Fiil
BYEWRE AR o R A SRR AT 5
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6 FLAR 40 FE B R IE T
1.3 R+ H5
1.3.1 B A48 TER 434k ZRROCER[34],
M ESHAMMALIES O h( BIZ]) & 6.12.24 36 48 h
B TER, Jf8 T [F] b vk [\] 56 e 45 JF L %%, TER 44
RUFHRBENEIBERR. TREH S K.
1.3.2 5 h 4R ME BN A AL AN AL 3 48 h
I, 2 BCHR (4] % T FITC-3 B8 9% R B B i 47
B, i D-Hank  F 37 C, {5 ¥E Transwell TR E
FEEL 1 K,EZEMA D-Hank # 500 pL, THZE H1
A 100 WL FITC-%# B85 (1 mg/mL) ,F 37 C JEFl4
B S5%CO, M TIEE2h, BUREWEE, HEZI)6E
BEARAX (ZF 22 Thermo 24 &) ) LA R J6 I K 480 nm |
KA 520 nm W & FHRE G R G . HAR
WML E & FITC-H BE T /R E, L R
W bR RN, LREES K.
1.3.3 BHLEMMEREREREGBEON M SIE
AL £ 4L 40 AL B 48 h i, SR B 9 Ok
EURI . R 10 g/L 2 5 B 400 30 min, B
1 mmol/L & 4k4% PBS ¥ 5 min, I A & 50 mmol/L
FACE W PBS, FIRIEE 15 min, FEWGMA S
25 /LM iE 4 E M K FL4# 0. 1% Triton X-100
/) PBS, M E 30 min, A 1:50 FBEH Rl
ARG E AP S0 pl,4 CWE K. 1 PBS Bk
3%, YK 5 min, A 50 pL Alexa Fluor 488 #5iC
i (1:100) ,EREOLIEF 1 h, PBSEWR 3K, &
K5 min, PIBORKMREEEE FHEHEH L, 548 a3
Fo RS RE BB WA I A,
1.3.4 jj b4 4% H . pMLC \MLCK )3k
B4R AL BE 24 b, SR A B R ED kY
R, L4 CHive PBS SEURAH M, i B AESE vk 3
ff AR A AR, LA B0 48 82 mm, 12 000 r/min B
> 10 min, B FiEW F 100 C/KHEE S min, HE
FE AR &N E R OSSR AT T i m -8
P B BERS VK 5 5% % = PVDF X, L4 50 g/L i
FEY R =R A U h, 43 B AL A MLCK MLC |
pMLC . BE & ZE E PR (R E X 1:1000) F1 g AL
HEEBR(HBEE R 1:5000) ,4 CHEFIER. &
IR Y = FR R A W e 4% v VR (TBST) PR AR 4 1k,
JA$1: 5000755 B /) HRP FRic 41, EHEIFEE 1 h,
TBST YR 4 Yk . M8 ECL 5050 & W&, BG40 bt
BEFRELNES, YL Quantity One B4 17 K E
s, BMEAS B EAKERMENENED
X RIXE(pMLC EHRZE UL S MLC K

HER), LRELEK 4K,
1.4 Hileabs

BAELL x = 5 Rom , R SPSS 13.0 GEith A4S
ZH A B R R KT Z a4 PP LR KR

2 #R
2.1 fi5 B TER 4840

XTERZH B b A A TER TCHH 8484k, & i AH A5
BB, 2R TET¥EL(F =0.86, P >0.05),
v TIHEHYS TNF-a 4 TER B EEEREIEB@E
FEMEASAHEEO LR, EREILHKITFER X
(FEA21.69.2.47, PEH¥ KT 0.05), v F
&K + TNF-a 41 TER 1 2 % 87 A0 8 B, RIS E
KFy FIHEHS TNF-a 40,24 h IfB{ B/ F 0 h
(t=4.97,P <0.05),36 48 h TER F|[&F B 2% ( ¢ {§
SrHlh 7.32.7.41, P HI/PNF0.05), HEHES
/N,y THE + TNF-o 41 TER 24 h B B & (& F H 4
3H(F =11.54, P <0.05) ,f54£F 36 48 h( F &
Ay9h 12.31 8.35, P{E¥I/NF 0.05), WE 1,

F1 KHpERMKE ERAHEHIEE (%, 2 £5)
b B 5 B 1B

N Y S PTY)
. bs 1002+ 1034 107.05 1047+ 102.5+
0.7 1.8 3.4°  4.4*  5.8°
98.2+ 98.3% 100.2+ 98.2% 87.7=x

yTREL 25 1.6 2.0 4.0° 4.3*  6.1°

5 93.3+ 92.1+ 89.5x 84.4+ B84.6=
TNF-« £ 25

s 3.7 1.8 3.3*  5.6*  5.1°
v FIE + 90.7+ 82.7+ 73.5% 66.8+ 64.0z

TNF-o 41 2.7 6.3 4.6° 4.1 4,9*°

o AERSENZ (O h) S4TSR B BHY R 100.0% 5 v T
2 + TNF-o 2 85 ,*P <0.05;5 0 h [L#,°P <0.05

2.2 Ji bR A E A T

M H y TIEL TNF-a .y TIHE +
TNF-a 2140 48 h B, %F FITC-% 5 0% 38 & & 7 5
(303 £93) (328 £76) (797 +177) . (1197 +
215) pmol, vy FIE + TNF-o 203 5 2 55 %) B4 9
EHM( =4.8, P <0.01) , 21X B4 K 4 151
BESTFyFHEHS TNF-o H( ¢ HARH 5.0,
6.9, P ¥/ TF 0.01),
2.3 L EARREEORNI M SEELEL

MR R BN, 4L H 48 h B, X 4
M LR SRR AR EREIEA RS A,
B L HEFIA (B 1a) 5y TR KL K TNF-a
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ZRAMBEFREBRMBLRT, =& 0 gt Bt
AERHS S5 L EREDRREN A S

MR EE LM CEAREES R
FEER M BREBEN EERENEDT, BAT
WS vy THES TNF-o 8BS BI B L ER
REITHREH E AV EE A -, P ST T3 2 i 40 B X 4
R EEEBERAEANE N, SREH,y T
WES INF-o B RBHABERH MIREEEAR
R TCHA B (H 2 R AT R T g A A R HE
FESSAAA—EEm, AR ERSEAGE
SlERGEAERAREEM M, R RER, T
EBEFEEHRAESMAURERE y THES TNF-o
KEsEl LERENEREMEENMNZ —. B
ZREREQESAN,y TMEE TNF-o 51EH
FRERED R FE VLGRS AT B % E
HEN mRNA 5SEARAWEMR. BB EERE A%
B AL 2 LA B 4 i Bl R IR 2 o A ke s 0 &
Ty THES INF-o BUNMSIBEFEBEEALR
AESAE, MABAH, ARIAE,y TIRERE
Rho- 5 =B B B, /5 5 Rho M3 ¥ A (ROCK) &
5 B, 4 RhoA/ROCK 5 5B RFI B EFEHE
HBERE, RAEEST" . HIEFHRIAN, INFa
MEIEEA 5 REBEEERAEAGNATRE
Sy A, TR W B R A R TR o

B MLCK ¥ /) pMLC 7Efip b BB & B iR
e P AR B EEN/ERD MLC &£ L5
BRALJE T 5] A2 WL 3h -3k 2B 13 2R 45, 40 M 1R] R AL
BEEERENERE. A, RMH#E-EHET
vy T ES TNF-o B4 VE XTI B 41 pMLC J%
MLCKBEHRBME WM. REXH, vy T ERX
TNF-o B 4E X% b 2 40 i pMLC & MLCK ZE F
REHXBEL W, H_FKA/EHANSE pMLC
K MLCK ZE Rk B &R, 56 TER G#E 5 HL
REFEERAEAESMNERMEY S, ARE
HE Ry THELHBRZG L2405, 5K
v P EH TINF-o 4070, MR vy TR EBELTFS
TNF I %122 6k %55 , Wl TNF-o B|# MLCK J pMLC
BEHFEAWM, S8 E ERREIgERE, B
SCHRHR 1 , TNF-o 38 53 35 16 NF-«B 8 EHE A 1,15
§ MLCK % % g3, A ifi 5| &2 MLCK 2 [ 3%k
st MLCK-pMLC {5 5B B vl B & v T &
5 INF-o BRE/ERG B E R ENERENE
BEAFHE . REREHMEWMER, ESHE—F
WP |

ABTRERE R,y THEE INF-a B&EH
@ % MLCK EH &L, 5l MLC BERfL, %
B bR RIhRE I E . Xxbit— 2 TR
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S & STk
[1] Finnerty CC, Herndon DN, Chinkes DL, et al. Serum cytokine

differences in severely burned children with and without sepsis.
Shock, 2007,27(1) .49.

(2] =EA HGE BASH.% HEREHNF mRNA £ F &
BRBAB P RER B ECHPR. PEBEIEpEIR
4 7,1996,12(3) ;:163-166 ,3FH 7 9.

(3] EH.BEH, 28, % IIREQSEMBNFREFR LE
BRI REZEEL A BFSE. PR 2 K ,2009,25(1) :57-60.

[4] Wang F, Graham WV, Wang Y, et al. Interferon-gamma and
tumor necrosis factor-alpha synergize to induce intestinal epithelial
barrier dysfunction by up-regulating myosin light chain kinase ex-
pression. Am ] Pathol, 2005,166(2) :409-419.

(5] X457, ERE. EEERBEA SR EHERBED) EREMUIE
FERE. PR ,2010,26(5) :351-353.

[6] Amasheh M, Grotjohann I, Amasheh S, et al. Regulation of mu-
cosal structure and barrier function in rat colon exposed to tumor
necrosis factor alpha and interferon gamma in vitro: a novel model
for studying the pathomechanisms of inflammatory bowel disease
cytokines. Scand J Gastroenterol, 2009 ,44(10) :1226-1235.

[7] Turner JR. Intestinal mucosal barrier function in health and dis-
ease. Nat Rev Immunol, 2009,9(11) ;799-809.

[8] Al-Sadi R, Boivin M, Ma T. Mechanism of cytokine modulation
of epithelial tight junction barrier. Front Biosci, 2009, 14 .:2765-
2778.

[9]7 Li Q, Zhang Q, Wang M, et al. Interferon-gamma and tumor
necrosis factor-alpha disrupt epithelial barrier function by altering
lipid composition in membrane microdomains of tight junction.
Clin Immunol, 2008 ,126(1) .67-80.

[10] Cui W, Li LX, Sun CM, et al. Tumor necrosis factor alpha in-
creases epithelial barrier permeability by disrupting tight junctions
in Caco-2 cells. Braz ] Med Biol Res, 2010,43(4) ;330-337.

[11] Utech M, Ivanov AI, Samarin SN, et al. Mechanism of IFN-gam-
ma-induced endocytosis of tight junction proteins: myosin I -de-
pendent vacuolarization of the apical plasma membrane. Mol Biol
Cell, 2005,16(10) .5040-5052.

[12] Marchiando AM, Shen L, Graham WV, et al. Caveolin-1-de-
pendent occludin endocytosis is required for TNF-induced tight
junction regulation in vivo. J Cell Biol, 2010,189(1) :111-126.

[13] Wang F, Schwarz BT, Graham WV, et al. IFN-gamma-induced
TNFR2 expression is required for TNF-dependent intestinal epi-
thelial barrier dysfunction. Gastroenterclogy, 2006, 131 (4):
1153-1163.

[14] Ma TY, Boivin MA, Ye D, et al. Mechanism of TNF-{ alpha |
modulation of Caco-2 intestinal epithelial tight junction barrier:
role of myosin light-chain kinase protein expression. Am J Physiol
Gastrointest Liver Physiol, 2005,288(3) :G422-430.

[15] Graham WV, Wang F, Clayburgh DR, et al. Tumor necrosis fac-
tor-induced long myosin light chain kinase transcription is regula-
ted by differentiation-dependent signaling events. Characterization
of the human long myosin light chain kinase promoter. J Biol

Chem, 2006,281(36) :26205-26215.

(U Hs B #9:2010-11-17)
(4= SC4R % Ak 4T )



