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Abstract

AIM: To explore the mechanism of intestinal
epithelial barrier disruption induced by tumor
necrosis factor alpha (TNF-o). We detected the
expression of the tight junction protein claudin-1
in Caco-2 cells with TNF-o treatment.

METHODS: Caco-2 cells between passages 20
and 30 were cultured with DMEM including 20%
fetal bovine serum and 2 mmol/L glutamine for
7 days. Cells were then treated with different
concentrations of TNF-q, (0, 10, and 100 pg/L)
for 24 hours when they became fused. Protein
was extracted from cells to prepare NP-40 de-
tergent-soluble and insoluble protein fractions.
Western blot was used to measure the protein
levels of phosphorylated and unphosphorylated
claudin-1. Indirect immunofluorescence was ap-
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plied to the localization of claudin-1. Real-time
quantity polymerase-chain reaction (RQ-PCR)
was used to detect the mRNA expression of
claudin-1.

RESULTS: Immunofluorescence showed that
claudin-1 was distributed around the cell mem-
brane and presented scrobiculate linear fluo-
rescence. A 10 pg/L concentration of TNF-a
caused weakened fluorescence signals that were
abnormally distributed dentately. Claudin-1
has two molecular forms: one is the nonphos-
phorylated form (20 kDa) that primarily exists
in NP-40 soluble proteins; the other is the phos-
phorylated form (25 kDa) that only exists in
NP-40 insoluble proteins. TNF-a did not affect
the protein expression of 65-kDa claudin-1 but
decreased 80-kDa claudin-1 protein expression
in a concentration-dependant manner compared
with the control (10, 100 pg/L: 0.31 £ 0.02, 0.24 £
0.05 vs 0.43 £ 0.09, P > 0.05, P < 0.05). Real time
PCR demonstrated that the mRNA expression
of claudin-1 in TNF-o treatment groups with
different concentrations (10 and 100 pg/L) for
24 hours, or a different reacting time (4, 8, 24 h),
was not significantly different from the corre-
sponding time normal groups (P > 0.05).

CONCLUSION: TNF-a does not affect the
mRNA expression of the tight junction protein
claudin-1 but decreases the expression of func-
tional claudin-1 in Caco-2 cells.

Key Words: Tissue necrosis factor-a,; Tight junction
protein claudin-1; Caco-2 cell; Immunofluores-
cence; Western blot; Real-time quantity polymer-
ase-chain reaction
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P>0.05, P<0.05); PCR
TNF-a(10, 100 pg/L) 24 h
TNF-a (4,8 24h)
claudin-1 mRNA

100 pg/L

Z5i: TNF-o Caco-2
claudin-1 mRNA ,
claudin-1

3= ALK

claudin-1; Caco-2

. TNF-a
. 2007;15(16):1788-1793
http://www.wjgnet.com/1009-3079/15/1788.asp

0315

I 0 B o I 453 5 0 DAy e 9 T W e 1)
BRI, T 5] N N e T 1 R, AT
HE UL AN REE I (5 PP v . A it
NBEE, 5 9% S0 M. 48 M40 IR T TN F-ofE
X R R A E, AR I RO
PE 55 5 TN - 0 88 v, R Bl i 286 5 g
i 0 325 P 1R 48 s, N TN F-au 44 ] DL AR X
S R M B e (VS D, (R TNF-a 5 i
V0 o B o 10 35 e 184 e () EL AL AN 1403
FE. GORENE 05 IR 0 R0 T o e A 7 2 1 s PR A
ST M L S AN 1 5% B T O B A, T bR

www. wjgnet.com

20 5% K R EE M T S R . R
Beth 2 PSS IE B A4, claudin-1e G 5%
() — T B R R 1, 0T D B T e (1 4 R A
SRR s LA R AR,
claudin-13¢1k 5 1 Al b Bz 40 s b Bz 4 i
Hi FH (transepithelial electrical resistance, TEER)#%
%, AR IE AV =, I BRATR T TNF-a
X R E H claudin- 1R A 52, DL
TNF-ou84 11 1 Bz 240 i o i 308525 1 Fr) L

1 RT3

1.1 DMEM i b 55 77 2, FCSIW H 3% [
GibcobrlA H], FFLIZILIR . A EHRR A 1H 55
= Hyclone/~ ], A2 Wik FHN TNF-ol 53
Sigma’A 7, fudiclaudin-122 vaEHURIG H 35
ZymedA ], FITC. B Al R L 1) E 5T
HlgGIY H 3 [ESanta Cruz/s ), PCRiXFA &, T7
AN AR I E P CRIAFI &I [/ oKX
B TR R A .

1.2

1.2.1 Caco-241 fd . H 547200 mL/Lfi
A 10 g/LAFR AL . 4 mmol/LA %
T Jie A 5 7 25 - B R 3 AU I DM EMEE IR,
7E37°C 50 mL/L CO4F F TR I, fF7 R 4%
12 2 bR AR. ARG 7 dZc 4 dn e A= ik 3
i, IR [ I TNF-0(0, 10, 100 pg/L)k;
7724 hjm, BT SO, It Caco-241
JROHEEUER 11 M2 MRNA, -130°CAR-FFEARH]. AR
5 1) 1 MY 3 4 A R AR 4 gk AT

1.2.2 R e dh T ez g v b, 45
AN A AR S 70% A A INANAE B A 2R, HCH o 33
J, PBSTEE3 VR (BRI 10 min) &, FH40 g/LZ R H
1 [ 52 15 min, PBSEYE, IS g/L Triton X-100
ALFE10 min, PBSEEVE, 100 mL/L/NF 1ML (&
F = 130 min, JiAclaudin-1904k(1  50),
4 CIE, PBSIESEE MAFITCARE —i(1 -

200)EILFFE 1 h, FHPBSEYE, ZIM/KMEEH
Hd ), POt EMEE F L. PBSHAAE L
(S EMEPO Y

1.2.3 NP-40 4
Jf HUKPB SYE3, 48 J5 FINP-40 2K [ 22 (25
mmol/L HEPES, pH 7.4, 150 mmol/L NaCl, 4 mmol/
L EDTA, 10 g/L Nonidet P-40, 25 mmol/L NaF, 1
mmol/L Na;VO,, 10 mmol/L sodium pyrophosphate,
1 mmol/L PMSF)JK_Zi# 41920 min, 4°C, 12 000
225030 min, FiERIGNP-40R R 1, #£55
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B 1 SBERBRICRELER(x 400). A:
o TNF-o

ZHiMicrotube . FIARYTIE L. H SDSH 144 fi#
(25 mmol/L HEPES, pH 7.4, 4 mmol/L EDTA,
10 g/L SDS, 25 mmol/L NaF, 1 mmol/L Na,VO,, 10
mmol/L sodium pyrophosphate, 1 mmol/L. PMSF)
VK FZAEANHI20 min, A ERIES sXSIX, 4°C,
12 000 g/#0230 min, i3 L35 ED G NP-40A 75 1
A, WA ARIESWRY B E A, RAIBCA
PO R TR A EAT 2 5, F 2R MRZIORE SRR i
FSCAH TR FE, IOAAH [FARR ARG P, Wh/KA&S
miniE 17 85 AR

1.2.4 Western blot HAMEAIN A &8 A (2950
ug) #4780 g/L SDS-PAGEREILHLIK, HLIE100 V,
2.5 h, HIKJE KR O BRI b, Bk
50 V, 2 h, g @k 4C a1t 7, TBSYES min X
3, N2 7l e ficlaudin-1HT4AR(1 © 500) = i
2 h, TTBSUES min X 37K, SR J5 I NG 19 1R g b
AP R-TIgGPUAR( 10 000)= 2 h, TTBS
YESmin X 31k, ECLY. (1. LLIH—FEAHB-actinff:
WS, g Bl R e U BT R ST 0 #T
claudin-12E H & & = #EARclaudin-158 H K FE{H
/IRl —FEAB-actin K JEAH.

1.2.5 PCR HITRIzol— 5k HEHL 41 iy
HFRNA. RHSYBR Green [ %GHEHRGTE
Frillclaudin-1 mRNA. 45 2 Sty H iR
(claudin-1JE ) FIE Z AL (GAPDH) RN AR

: B: TNF-o

T, TVEARAE 2, R ARAE 2 B ah i
IR DS R K e R 43 R AT o . Tl K
BRI IE, Kl &40 K i 2t claudin-1 H
[ HE IR IR AR S 0k . Claudin-1 mRNA A%}
FiLfE = claudin-1FE K3 D15/GAPDHAE KN #%
%L PCRIX N AR RIMA S Ui BT, &
N A R 10 HE 53 [ Wi42°C 10 min, 95°C 2 min,
PCRY™1595°C 10 s 1/MEH, 95°C 55, 60°C 20 s
452G, Claudin-1FIGAPDHS| 47440 R
Claudin-151%: 5-~AAGAGTTGACAGTCCCAT
GGCATAC-3'(_Lif), 5-ATCCACAGGCGAAGT
TAATGGAAG-3'(Nif); GAPDH5|#:
5-AAATGGTGAAGGT CGGTGTG-3'(_Li%), 5-
TGAAGGGGTCGTTGATGG-3'( N ). Claudin-1
P B 133 bp, GAPDH™ ) 1 Bt 144 bp.

SEIG 45 I Dlmean + SDR R, K
FHSPSS10.04¢ v #1575 21 1) B 4h kAT PR IR 2=
T ZE 53 W, A b S0 35 356 B3 A0 s 3347 40 AT

2 #R

2.1 X 2 claudin-1 25 [ 3238
WA Mo A1, S SUIRZME S, IMATNF-a
10 pg/LAJfiiclaudin-15 A 5O0ME 555, I 2500
YRR A, BEINTNF-ofR & 2100 pg/L &k Hiclau-
din-1ER FI9OGME T HE— 200889, iR A 5
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858, FLAE MR oy DB B . L) I 25 4 NP-40 NP-40 .
RTNF-a 115 iclaudin-1 5075 53, HiETzG 25 koa _
TR R ERS, 3 FATHRRERRIE (). 20 kDa _C"’“"'"'1 . TNF-a
2.2 Western blot -2 B FE 5L 4 NP-40 claudin-1
W SNP-AORHE I A HE S WIEAT 2R o
2AE, GER R BINP-40 T W PEFR AL AE20 kDa mRNA
Rb L SRR 4, R T e >
SRS Alclaudin- 1B (AL B 2R, [ a TNF-o
NP-4ORHE b A TP 4 B A, B | ﬁ
20 kDafl125 kDa, X #4507 KE DT KIL o ‘ w w w w !
FABEA20 KDally & 15 LS % 5, I

FEXtF25 kDalf) & 175 &, TNF-ol 2486 HE 41
R R S A (0.3140.02, 0.24+0.05
vs 0.43+0.09, P>0.05, P<0.05, [€2).

2.3 PCR HL vk 45 RAODME 45 R B
7, F 3 A claudin-13% I FIGAPDHAE A RN A KR
YR BERKC R 4300 4358 bp 11043 bp. i |
UF, FTaRAS I AR TE il 2 AH O R E0CH 0.998, itk
FRRAF, Rl 4 Wos R e R, R b it
LR FE A ) claudin- 135 KUFIG APDHEE K HEAT
R, SRR IR E TNF-a 4l 5 1E % X 4l
te#claudin-1 mRNAR KA Giit 24 7 57(0.63
+0.1,0.6140.06 vs 0.6+0.07, P>0.05). #t—L&
AL T TNF-o 100 pg/LAEH AR ] (4, 8, 24
h)claudin-1 mRNAZKFHIARAL, 55 1E 5% ATAH
MITE] S AHE, claudin-1 mRNAKEARE S 58
T ZE5(0.940.4, 1.0240.6, 0.9240.3 vs 0.94+
0.4, P>0.05). X 2645 AR TNF-obf claudin- 1111
AR KT (K3).

3 11e

TNF-o CL A IE 51 A% JERE 1 9 B 5 e Ji 8% i g
B Iy R 45095 1) B2 B DR, 3 T LA R TR L A
TERT: (1) RAETE 9 B TN F-o /K P 5 19,
I-5 W R AR 5 IR & FLREAE M, (2)BITNF-a
U T SOV B Y, (3)TNF-a
Af 5|k A 40 i K F it L-1, -6, -8, -12. CSF
SN, XN R PR S S T RN
1995 1 % AR TN - | i 266 6 ot o 3 o
PESE R PR AR+ 203 28, SNF«Bil A
P MLCK, MAPK, PKCZi5 5812 %5 51K
AU ST R (RIS R W, TNF-aun] LA
B4 W bz 2 W fe S ) e R, BRI R
A0 BB b R BB A X R TNF-o8 |
I e B s 75 8 v 1) S R S DR T I A
BN W b Rz 0 P A 5 1) RS RO 2 A At
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B 2 TiAWestern blot4ER. °P<0.05 vs

VAT, L g5 T B () L S % 1% 2 (tight junction,
THEY BiEgh M EREREAS 74
K, IR IR E Hclaudin-1+ claudins. ZEFEZE
B 4> (junctional adhesion molecule, JAM)F1JI
i EE 1 Zos. AF6. TH6%. Claudin-142 %
e B SR TIES A 1, 73 F1: 520 kDa, J&
JSC 5 1 40 L A A BT T (1 40 1 P B, A AR 4
JR AL Ik AR FR DL “REBE R g5 A e AR A 55
B, Claudin-1485 FAXET b R 40 i b B 2y R 1)
YRRV R BOE R ) e R R A
TR, Flclaudin-14E JLL-2F 4 REGH (L= TT)
Jii, AR AN T AT LATE BT IRE S5 R, 5 4hE
MDCK(R B b 52) 4 g s 38 Jnclaudin-17& 18 7] A
B F R A TEER™ S, Mudesfsid b in b,
N Z e gk i claudin-1 5 BE AT AR B R T
BEPY. XA Rclaudin-UETIM LB IR R M, 3
55 BB Dh e Y. DR R ATTHE N TN F -2 8
b5 M RGBT R IE, TR R 5
BN e R, S0 I B (R E B 1. Ok T 3R
X — e, FRATTASH T TNF -t T 5 5 %
15 155 25 1 claudin- LZRIE RUE AT (52 m. FRAiT
56 N 9 96 Y e €% claudin- 185 1 1) 52 i 3k
ITHFSE. IEH LR, claudin-1 A7 48 4 M i 15
s, LU IR, IMATNF-0)5, claudin-1 75
i 0] R e B, R I 965 T B IR o A
HATHWTEL L. XYW TNF-a. ] LL5]Eclaudin-1
WO, AR M fE B Bk
FEDIRE, M5 B2 EB KA. X 5Han
FiSappingtonft-Caco-24f fiH (I 5T 45 R AH—
B2 Claudin- 147 fEBERR G A SRR TR A4 5 Fh
TEX, B IR B, EATPEES %
S5 R BT T 412 R T B E R 1K T AT 6t
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claudin, claudin-1

Zo-1,70-2,

Zo-3 ,

100 100
10 10
1 1
0 10 40 45 0
claudin-1 GAPDH
0.75 1.2
0.6 1
< % 0.8
GEﬁ 0.45 €
£ % 0.6
T 0.37 3
3 S 0.4
bt o
0.157 0.2
0 0
0 10 100 0 4 8 24
TNF-o  (ug/L) t/h
TNF-a 24 h TNF-a 100 pg/L , claudin-1 mRNA

B 3 HBELMESPCRER.

Fclaudin-1 BRI MR, GHFTE
IR W claudin-1EALAETI b, T AEBE R 10
claudin- 1R IL RN 73 A, I BB IR AL 2 AT
claudin-12) 78 i IF A TNP-40™, )] ix
— P TRATT A T NP-40 1] 5 1 A PE 2R 1
FEZE, 23 Wit Tclaudin- 128 FAZ%AC. 45 R IRAE
NP-40 1] %5 & FAEZL )y UAF 7 — Rl A1, &
FHE20 kDa, TNF-a/RNAEsE M ILRIE; M
NP-40APE R HESE A AAAE IR ER 1, — ik
20 kDaft)IERE Rk claudin-1& A, —Fi425 kDa
MRt claudin-155 (1, TNF-oi] LR 534 11
TR AR, Xt — DR T %
JE 9 TNF-a N il & 51 claudin-185 (1%
A 55 - TNF-adil /b claudin-145 (A B R 10 (1) 45
B HRHIE D, TNF-otfclaudin-1E A S &
(PR AEAE A A 85 3, AR W TN F-aik 4
MR IR A (TNF-a. IFN=y. IL-1p)n] A/
claudin-128 x5 AT A TNF-a
Sfclaudin-14K .58 B3 5230, AT s o
KRILTNF-a A% iclaudin-185 A &=, HA] L
/D claudin-1 25 (1 BERR AL, IXLLE5 R i 2
AT B85 35 (1) 40 B 2R B AN B R 1 1 FH st ) A7
o, WG R T R B A IR (24 h)ANS |
#2claudin-185 B B 2. HIRIEFRTNF-o1]
DL R 7 b % 40 I HT-29/B6 claudin-13E K3 5
THIRIAP foRclaudin-1 88 R IA RS2 1 5t

AP BT, BRI BRATT R FH 52 B 2 fEPCREEAR
Kl 7 TNF-o% claudin-1 mRNAF) 5200, 45 L
BTG FIR BE BI TNF-o 38 A fE5 | #claudin-1
mRNAACEAAL. T8 Ao TR, sk
KA R 9 55 8 K IR BAT — € (1IN AR
P, R BRATT SR T TNF-a 100 pg/LAYEFIATA
I} 15)(4, 8, 24 h)claudin-1 mRNAZKF- 4514k, [
FERAT RIATAT B PE 45 5. $7R7ECaco-241 i
o1, TNF-atfclaudin-1 13 15 & A7 5 EIKF,
AR R KT, X—45 584 5 Western blotsE
% claudin-1 25 (A S B R0 — 30 A
S R, BATIE I TNF-ou ] LY /D 56 i 42 47 1
claudin- 1Rk, M H N5 ER: LR, B
R, I AN IX ETNF-o8 0 g b 5 57 i
FPEAE R AL A E— D TNF-adf ) 1
JZ 440 i R B 3 2 11 23 T B LB AR S,
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