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REEMY 1 ~H A > tumor necrosis factor-a (& 3
BEAR L/ 7 —HEDOER

AR
TR AR T GBI S
E 0

BELEE, ABROEEEMIZFOLHOHN)T7-ELT
EELBEET5. LERMBRBICEET2EE#HETH
% tight junction (3, ERMABD/NY 7 —HEIZFEEIC
SELFREEE-> TV, RIRSOBEE, REZ, AE
LEDEEL 5 ICHEEEICHEEZRIZT. NIRRT,
RIEMY A4 MBH A > TH 3 tumor necrosis factor-
alpha (TNF-a) D & & ERZ /N 1) 7 —#E8BE, tight junc-
tion (T BRAFICHTIHES LU ZOHFHEEIC
DWTHRET LA, ZORR, ARELEMBRO/NY) 7 —i#
BEIX TNF-a DiBE S L UBRREFMICET LA &5
(Z, TNF-a |3 TJ#KkEBE T & % zonula occludens-1
(ZO-) D T]~NDFEEBAELA. —AT, ZO-1 DE
HERREICWFEERIES LD o1,

TNF-a |Z, nuclear factor-kappa B(NF-kB) #4133
DU FIVRERE ZEMIEL -, NF-kB &7 FIVin&E
RIEEEHE curcumin £z 3 2 &2 &V, TNF-a &
fN% 24 i%15 (late phase) ICH T3 AELE/NY) 7 — 1
BEET & 5 NS ZO-1 O T] BEANDEEFIFI S h 7=,
ChoDIERD» S, TNF-a FRTIREBEE R RIEL &£ I(C
SEARLIEEEDBRET, EELXRFELTEARALT
W3 ERB I N (HERSES 114 : 935—943, 2010)
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Molecular Mechanism of the Disruption of Barrier Function in Cultured Human Corneal
Epithelial Cells Induced by Tumor Necrosis Factor-a, a Proinflammatory Cytokine
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Abstract

Purpose : The corneal epithelium provides a barri-
er that is important for the maintenance of corneal
homeostasis. Tight junctions of the corneal epitheli-
um between adjacent epithelial cells are essential for
barrier function. The inflammation or infection
around ocular surface has influence on the structure
and the function of corneal epithelium. We examined
the effects of tumor necrosis factor-a (TNF-a), a
proinflammatory cytokine, on tight junctions as well
as on barrier functions in human corneal epithelial
(HCE) cells. TNF-a reduced the barrier functions of
HCE cells in a concentration- and time-dependent
manner. It also induced the disappearance of ZO-1
from the interfaces of neighboring cells without
affecting their overall abundance. TNF-a induced the

activation of the NF-kB signaling pathway in HCE
cells. The NF-kB inhibitor curcumin blocked the
effects of TNF-a on both barrier functions and the
subcellular distribution of ZO-1 at a late phase.
TNF-« induced the redistribution of ZO-1 from T
of HCE cells and thereby disrupted the barrier
function of these cells in a manner dependent on NF-
kB at the late phase. This action of TNF-a may
contribute to corneal epithelial damage associated
with ocular infection and inflammation.
Nippon Ganka Gakkai Zasshi (J Jpn Ophthalmol Soc
114 : 935—943, 2010)
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ENA VR EDER M AT AR T & AL
D& L 7R E A M R i B & o335 e AH BRI A
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T 2 ORTHREBEE AL D RAEIC & 2 AR E O & 7
5 A LR EEORFFEHICI) MATE . AfT
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FHREINDLIIEET A b4 X AMIE RN T —
~NOVER 7 5 N2 D5 FAEHBERF 12D W TIE 217 -
72D THERT 5.
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X1 AELEMAREOMBEESESE & /N 7 —H#EE.
A : Tight junction # % 4>¥ [(zonula occluden (ZO)-1, occludln], adherens junction 1 % 4> ¥ (E-cadherin,

B-catenin) [FEHE A1 R o M g —Hl e TS A
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(SCHK 15, 29 & 1) A& f3 Ciifl, —&P&)
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2 Tumor necrosis factor (TNF)-a (C & 3 AlE FEMBED/NY) 7 —~DIEA.
A ER RN T — RS2 5E L 72 IREE T TNF-a 2l 2, 24 B:f# TNF-a O EER 11 TER 28
KT L72(A). TNF-a Z##hf%, TER OZALAE#EEEAIZHIE L7282 A, BERIKEMIC TER 29T L 72

(B). *:p<0.05.

R RN T — & L TR B4 DREED S A
FE S S IRk SR ZTH 2 12X D, AEOERE:
HEFRICHFG LT ah, AR ERMLo ) 7 e % %
A EE, BT A A ERMEEICATET 5 A
PEELZBEX 2T 5, — I MR IZIETER (apical)
THRTE, —RIRTER E O RMEZIER L, RS

(basal) TIZHIRIANIEE & DFESICH G- T 2 B R %2
L, fidEs LN mEEET 5. £ LT, api-
cal 2> & bRz iA—HIa R CHEE S E DD V) tight junc-
tions, adherens junctions, desmosomes @, 5T
% & F B SHEHOBEEBENGEAET S, ALK
2B VT d, tight junctions, adherens junctions, des-
mosomes D ETEDSIEMART 1 B V1T AALF 1Y FEIT
W CRROD LN TW5S, Tight junction flEEHE TH 5
zonula occluden (ZO) -1, occludin 8 £ O claudins 1%,

flE b o F B RAES 5. Adherens junction
R E Y @ E-cadherin, B-catenin (&, A 1z @
DB S HEEMIBIC T TEDENEY, &5,

desmosome &1 TH % desmoglein 1, 2B L
desmoplakin 1%, MEHEATICZDORIENRD SN
Y, ZoZ ik, AEEROK Y OMKE TR, 8
BB L OO b RELEED 5 VIZHHEL, EE
LUz BN 7= LCOEER R LT 5
TEERREL TS, — T, HEREE L /ALK
ZBWTY, ZO-1, -2, occuldin X E-cadherin, f-

(3CHK 29 & U 7T & f TR, —8Pc%)

catenin 7 EASMIE—MTL R ICBAE L, AL %I
LCwaW9 "9 (1A), 22T, HEREELL MY
bR S, EBEIN) 7 —HEfe R H S D RE L
7z, BN 7 —HEREE, B ESIKPUE (transepi-
thelial electric registance : TER) (2 CEifi L 7z, #fass
J&2% confluent DIKRETHEME L, TER OZH) % fEHAGIZ
WLz, ZoME, AEEFRERZ4IRATS L
TER 14 200 ohms * cm*f31 C plateau (Z3# L, ¥
N AR E RS2 E LN ) 7T EE R AT A 2
H5NER-72(K1B).

I A BRI B B SIEVET A S A4~
TNF-a (2 & % LR 7 —~DFEH

BIRREERAE 2 TR BIZBWT, A DY 1 b A
Y, TENA O, FEBAHIML TW5 I & A
ENTWRY ™ ZNSORTH A RN 7 —
BRI LTS 20mB e RIZLTWE EEZ LN,
L2 L7056, EORFISHEE LN 7 —I128d 50
EERDDHBHDD, S5IZED L) RIEHET TRz
KT OPREZAFDHEN L\, FKIEET A S A 2 D—
©T& 5 tumor necrosis factor-alpha (TNF-a) 1%, i
Bole Lot %29 —F—7 2 2251 5 KIS
LTWw2EZZHNTWEY ™™, EEE, TNF-ald, #i
MREAME, B3, TLLVF—BIUOTRIATA R ECE
WO R MR E 0, BEOTTENRED 5
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3 AELEMEICE TS TNF-a (Z & 3 nuclear factor-kappa B(NF-kB) 3 7 FIVEERIEDEMAL.
A A ERAIC BT, TNF-afll# X ) IkB-a @ VL7 & N2 1kB-a D EDMEE S . B :
NF-.B (&, EFIRETIIAEERMBOMEIZEICREST S5, TNF-ald, ZOMBEIZRET S NF-
kB BN ERITEE72. NF4B ¥ 7 F IR EREE HER] (curcumin) 1X, 275 TNF-a lZ X A21EH % H

BEZHIHI L 72, Bar : 10 gm.

(3CHK 29 & 1 7F ] % 15 CHsii)
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4 TNF-all&L2AELERE/N)T—ETADNF-£B ¥ JFIVRERIEOES.
TNF-o 2 & % late phase (24 B¢, [ ) COME EREMIEO TER DI T 25, NF«B ¥ 7 IV inERE
B (curcumin) AN X Y #Pfl &7z, —J7 T, TNF-a 12X % early phase (2 B, ) (=517 %

TER O Tl s e o7z, * 1 p<0.05.

N, TOLH LIRREIZBIT LRI ZILICEE
BxzLCTwbeEIONEY ™, 5|2, TNF-ali,
ZIEESAE AR EMIEIS/ER L, interleu-
kin(IL)-6  IL8 2 £ D E LIZLKfEXZMET Y4 M7
A, TENA VOREE, FEITESELTY,. £2
T, B PAE EEMBONY T RIS T 2
TNF-a OEH %2 Mt L7z, flix OJEED TNF-a & 5538
v AR EERIC AL, 24 K& TER = illl%E L
72, APEEEEE HXT, 0.3ng/ml Bl k@ TNF-a &I
Ly, FEICEREe M LEMEO TER KT L7
(2A). €512, TNF-all X sE#E Yy b AE EEH
fa TER AR TEH & &R AYICHGET L 72, TNF-ar X,
b AR AN 2 R 2 5 F I TER &

(SCHik 29 & 1) 7] & 45 TR )

BT, wmintk 12 H&ERT 5 & ZOERIERKE
%5 (K2B). IS OERIE, TNF-o (& EKFENE
B L OB BRI C B B e AR RO N ) 7 —
BEALT X822 LE2RELTWEY,

NV SJEEY A4 A4 Y TNFallkd
B ER N 7 — BRRRIC T OB

1. TNF-a (Z& 3 NF-kB ¥ 7 FIVmEREROEME

TNF-a 1378 % OFE T Z DR RN B HAEE A LT,
mitogen-activated protein kinases (ERK, p38 MAPK,
JNK), nuclear factor-kappa B(NF-kB) % &% /9 % &
7 FVEERE R LT 2%, 2 Th, NF.B ¥
TP RERRIIRIE, KE, MlaEs, 7RV X
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5 TNF-a |Z & % tight junction 8 2F ZO-1, occludin DFENDFE,

TNF-a fliIc £ b,

tight junction #55FD—>Tdh % ZO 1 @ tight junction ~DJHEMAE S /2, —
77T, Mo tight junction #4577 T 5 occludin DJHTEINTHE Z RIT S hholz. E51C

2, NF«kB ¥ 7

F IR B EH] (curcumin) FINC £ 1, TNF-a I2 & % ZO-1 DRFENOFEEEDHE X7z, Bar : 10 gm.

TNFDa

TNFOa O Curcumin

(3CHk 29 & 0 #Fn] % 45 CHmik)

6 TNF-a|Z& 3 NF-kB & 7 FIVERERBKFHED tight junction B2 F ZO-1 DBENDEE,
il B A TNF-a iz 5 2 &1L, ZO-1 @ tight junction ~DJHTEDRIEL 12 BRI A 5 F &=
WCHHE SN2, TNF-a il &% ZO-1 DRBFENDEED NF-£B ¥ 7 F IR ER I ER] (curcumin) (2 CHE
&7z, Bar : 10 gum. (3CHK 29 & 0 70T % 443 Cinifi)

B X O saht 2 & oOfE 2 O LYy 7 a2 ACE L B
L Twa? ™ NF4B LN THESFTH S

T5HIET, FEBIC

Ikappa B (I-kB) £ #i& L, BHANORITZHE ST TNF-a Zi&Md % &, 1IkB-a D) VAL, e
Wh, LA LaDS, MIAHE 4 ORI % 20 T LEHEPMET L72(K3A). 2, Bige AL
ENDEIkBan) YRILE N, FlEHEVT 4B DO Mg 2 TNF-a THIES % &, #leEIZ/AES %5 NF-

VR F AL FEEND, BRI IeB-ao & FVE A7
EIUNF-kB MEWICRATL, A OEWEEIZES T
BP0 7z, TNF-a &8 v b s Rz s

KB WA RBIIERATT A 2 L HRIEHAR 012
o7z (X 3B).

NF-£B > 7 F VARERE B A G
SNTWE el L7z, BiaEe b AR

&2 &
CHZ L, TNFaldiEzEr hAE
FRMIIBIZ BT, NF.B ¥ 7 F A5 & i AL
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TAHIEERELTWAD, #HHWT, TNF-all X b NF-
kB ¥ 7 P VRERE b HE S 5 7-9, NF-kB ¥
7P IMuERROMEEH D& % curcumin % W HRET
L 72", Curcumin (%, BVEPIZEMMEE, MEIZHED
ROBIIECTUE LR RIS L DS 2 EORIET T IV T
MAEEEREAT 2 2 el s hTw ™ 2o
#EHE curcumin X TNF-a & % IkB-a ®) »E1t, 1kB-
a DR % B L, NF-kB OZRAT S A =230
L72(143).

2. TNF-a (C& % NF-kB &Mt & LN 7 —

HEREET

T, TNF-all k285 AR LEMED N
7 —HEREAC ISR 5 NF-kB ¥ 7 F WG ERIK O B 5
%, curcumin & W THEE L7z, Ai#id X 9 12 TNF-
ald, Hlts 2 M2 5B 22 TER 2K T S+, 121
MTZ2OERIIRARLE %S, £2T, flix DRED cur-
cumin fF7E FIZBWT, ¥#Ee AR EFMIE%E TNF-
a \ZCHIEL L 7214, 2 B¢l (early phase) B & U8 24 B fid
(late phase) ® TER #{#ll% L 7z. Z®O#ESH, curcumin
I3, late phase |28 W CTIEEKRAENEIC TNF-a 12 & %
TER KT Z#i| L7z, —7 T early phase T? TER &
TIEHHIL o7z (M4)., ZhbDRREPL, late
phase I2B1F 5 TNF-a |2 X 538 Mg Rz i o
N1 T — KRR TS, NF-kB ¥ 7 F VEER I 0%
BV ETH L EPRRBEIN. —FHT, early
phase 12817 % TNF-a (24X %5 TER K FIZIE, NF«B
T FVARERBE DAL D MAPKs ¥ 7 F W ER )
M5 LT REMEY S 5.

3. TNF-a |C & 3 tight junction 2 F Z0-1 ND

1EH

Tight junction # 5% 7-1%, F IR E B! occlu-
din, claudins, junctional associated membrane proteins
(JAMs) &b oo T L MIBECHET 2MIER
FEMD 7Z0s(ZO-1, -2, and -3), cingulin 2 EA3H Y, Z
NOHDRHWIZHAASEH L tight junction D HERE % M4 L
Twa", INETOMmEDPS, KEETA ML
TNF-o (F5538 ¢ b A FEMo N 7 — R 2 T &
LI EPHLNERST, FTT, RN 7 — R
MEFRICEZE @) & £ 3 4 tight junction IZEH L, Z0
W+ CTH A Z0-1, occludin D JFGFEND TNF-a D
BrtEt L7z, Z0-1 B & W occludin &, FrasMME Fiz
MR /31) 7 —FEREASHERF S N TV B IKEETIL, Mifle—
RS> £ 1 tight junction (BT 4. TNF-o $ll 8
T ClE, ZO-1 @ tight junction ~® JHTE X FHE X i,
Z L CZ ORI curcumin 12 & > THIHI &2 (X5).
—75, occludin @ tight juntion ~® F 7%, TNF-a |2
Lo TEBE»Z T aho7z. 8612, TNFallL b Z01
@ tight junction ~ FFEIZ /T 5 B AL 7 & NI
ZFRUZKI T B curcumin 12 X AEHZERE L2 L 25,

HIR&EE 114% 115

TNF-a (2% 2~4 BEfTld ZO-1 @ tight junction ™~
DJFENNT B % RIT E DS, 12~24 R Tl tight
junction I2817 5% ZO-1 OREXHET 5 Z L L 2
Loz (M6). 72, AidOFEEFERE, curcumin i
TNF-a 12 & % ZO-1 @ tight junction ~® R TERRE D1
HAEEHI L7, ZokE2D, 12~24 FEE o late phase
I2B1F % TNF-a |2 X % ZO-1 @ tight junction ~® F71E
FHE X, NF-kB ¥ 7 FIVn#EREEZ L TWb 2 &8
RSNz F 7, % 2~4 B @ early phase 12
BT S TNF-a 2 X2 M EE N 7 — O T, tight
junction 2* 5 ® Z0O-1 D JFTEZAL & 1EBIFRD 22 W HI O
PGS L TWAI EERIBL TV,

T, TNF-a ® ZO-1 B &£ U occuldin D& F'E 58
Bt 282 L., 2of%R, e ML
AR BWT, TNF-a i, ZO-1 B X U occuldin DI
I L CHEEL RIS - 72(KT7). ZThFET,
41k, TNF-a & B KIESET A M A4~ IL-1B %
BiRFE R CORTFIC L R MR RO N 7 —
BEEDMR T 42 2 & 2 LC &P, IL-18 Ml
HAE T T, ZO-1 B & U occuldin D&EHEHII 1T 7%
ASE R RITE h o7z, £ 512, adherens junction
DORERLSTT-CTd %, E-cadherin % B-catenin DFEHIZ D
R R\T S ol —HT, KEERFETCe MR L
Beife 2 Be 229 % &N 7 —IREEIL T 2 B 7. [FIRFLC
7Z0-1 O FEHERHOET, B X Z01 & tight junc-
tion ~NDORFEHE L B SN2, ZhbnZ &g,
MM O L) IS R0 N ) 7 —EREIC R
BE 52 LIENGTFRZOVERBFENR LD 2 L 2R
LTwahrd Lz, F£72, ZO-1 B L U occuldin LL
4@ tight junction R T~ DS S HMET L T\
SUBENRH B ERDNG.

4. TNF-aDT7 77 I F42RNDIEH

Tight junction 3 % &EHEBE AL, MILEHK
ThHDHT 7T VI ERE L, tight junction D%,
BEREDSHERE, b SN TWA, B3, fMoMiERIc
BOTERERICES TS MOy EiE, T2 F vEED
FiREERL, T7F YA ML 7 7 A4 NN—DOFE% i
S, N T AT S STV SY,
X512, MERBEDT 7 F VDWW, T FI Y
v OYHEIZBA 59 % myosin light chain(MLC) ® 1) >
{LOTCHEDBHS L o T A, T2, LAV
T LEEE ORISR myosin light chain kinase (MLCK)
DIEEAL b tight junction DIHMEFF IZHE L RIT L,
N T —HERER R &Y. Fa i, v b AR
fo 2 EESE T ORI A 2 810X ) BN 7 — Hipkis
SN, FEIZT7 72 F 2 AP L AT 7 A4 N— DA TLE
THILEHRELTWEY, &51C, TNFa 2EML
7R e AR EEHIIZ B A MLC ) Y ER{LASTT
HL, ZDV YERILAS curcumin I THIHIE N L Z & %
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Phosphol MLC ==

MLC = e
Actin - ——— ———

TNFJa O 0 O O

Curcumin(] ] O |

8 TNF-a (Z & % myosin light chain (MLC) D 1) >
BN DFEE,
TNF-a Nz 52 &5 ) MLC @) Y ERALASTCHE
T 5DIZHR LT, NF-kB ¥ 7 F {7 3% #5 i BH 2 %)
(curcumin) & FREIZRINS % & 2D 1) ¥ BRG]

IS 70, (SCHk 29 L 0 ZF0T % iR Ehte. (3CHk 29 X 0 77T 2 15 CHEIR)
3.0 1
8
§ 2.0 4
5 I
< 1.0 4 T |—I—| l ‘ \ | |
0 1 L 1L 1 L
N & N N 2
O S \Q S @\ § § & N >
oo& %Q% && %Q% 4\& $ § S Q@ Qo(” oé’\
Ot <O O o9 S
CoT 0T %% %

K 9 TNF-a DFEEFMIZICH T 2 MIEESHORKRE.
fifi 4 DIEFED TNF-a0 %5 & %\ & NF-kB ¥ 7 WU ERE IR IHEH] (curcumin) I £ 2, AR LR

B DM BE EVE LR SN h o 72,

O LZ(XE)., Tok) akErS, TNFad
AREER N T — ORI T 7 F VB O FER R ATE
TRREZRLCWL I EAURBENS. MIFENIZEBT
BT 0 F 2 EHEO RS RS A AR 2 D5 TI2 X o
THIE SN TWBEA, ZhTHIES T2 GTP HEa&EH
B Rho 77 IV —R3EELBX 232", %K, Rho
77 ) —OWEMWALDS, T4 OMFLT/NY) T —HEREDH]
CREST 2L 0) 2 EPME SR TWDTY, Hge
N _E R A BT B TNF-a 12 X 2 M EREZ S
7 — D& T2 Rho 7 7 3 V) =S 5-§ 5 04t oME
WYL Bbis.,

5. TNF-a ®# %t OMAEE 4 DR
TNF-a 13, T4 QML THGE, Sibevozdfr s
FFRVEFBLTWSE—HT, TRMVALFLEL)
00 sz N R A 7 ©TlE, TNF-a 2k 27
A= AP EEN) 7T —HERBOKTICES L Tw
5% TNF-a l2 & B33 MR R332 5
JaE s s X - C, MR NY 7 —HEEET L Tw
LR ZZSNDZ LS, HEMBELEFEhD
lactate dehydrogenase (LDH) % fll%€ L 7=. [ I 57

(3CHK 29 & 1) FF T & # TR

faTix, TNF-a 2k LDH FHEBO SN D -7
(9., 2oz &id, TNF-a 2 X 2 HlinkEE 2 {5
W&o THELRR ) 7 =20 L TWw 2D TiE WS
EERLTVAE, L2LaAS, TNFallk b7 F
M= 2R EFMBOBEL2 /2532 L1285
T, AB LR AN 7 —BEOERTAFEINR VLI L
ZOFEBRRATEEEIETETE R\, 201220
T, EORABHAPLETHL ELDNS,

V Bb i

KHFTIE, BIIREBSSE IS BT A M L EED 2 H
ZALIONT, FICRKEEY A M A A Y TNF-a Off
& LRz ) 7=~ B L O F 05 T4 7 % F 0 i
WL FF2T—F— T AFPYEBEEICBITS
RRETIL, #Z12DH 5 resident cells EiZH L TL 5 in-
filtrated cell, & & IZJ&YE CILERIEMA W S H L I2H
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