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The Analysis of Expression Pattern of Claudins Family, E-cadherin, JAM-A and Occludin
in Periodontal Diseases

Miho YONEDA

Abstract: Tight junctions form the apical junctional complex in the epithelium and are essential for
the tight sealing of cellular sheets. They are composed of three major integral membrane proteins,
i.e., occludin, claudins, and junctional adhesion molecules. Expression patterns of claudins are tissue
specific and most tissues express multiple claudins. The combination of claudin proteins is thought
to determine the strength of the tight junctions of the tissue; however, the expression pattern of the
claudin family in human gingival epithelium remains unclear. The aim of this study was to examine the
expression pattern of the claudin family, E-cadherin, JAM-A and occludin, in chhronic inflammatory
lesions of gingival epithelium. Expression levels of mRNA in human gingival tissue from healthy
gingivae and inflammation gingivae (probing depth > 6mm, sulcular bleeding on probing) were
analyzed by RT-PCR. To determine the expression patterns of tight junction molecules in situ,
claudin-10, E-cadherin and JAM-A was detected by immunohistochemistry and in situ hybridization.
Sa3 (squamous carcinoma cell derived from human oral cancer) was cultured in the monolayer in the
presence or absence of TNF-o. and IL-13, and the expression of the claudin family and other TJ-related
protein were detected by RT-PCR and flow cytometry. To confirm whether inflammatory cytokines,
TNEF-o and IL-13, affect the functional integrity of Sa3 cell layers, transepithelial electrical resistance
(TER) and transepithelial cell permeability were measured.

RT-PCR analysis showed that claudin-1, -4, -7 and-12 were expressed but claudin-2, -6, -9 and -11
were not expressed in human normal gingival tissues. Of particular significance, the expression level
of claudin-10 was increased in inflamed gingival tissues compared with normal gingival tissues. In
situ hybridization and immunohistochemical analysis showed that claudin-10 expression was strongly
detected in the basal layer of the epithelium in inflamed gingival tissues. In a monolayer culture of
Sa3, TNF-o and IL-13 decreased the mRNA expression levels of E-cadherin, occludin and JAM-A in
a dose-dependent manner, and increased those of claudin-2, 3, 4 and 8. In addition, TNF-o and IL-13
decreased TER and increased the transepithelial cell permeability of monolayer Sa3 cells.

These data suggest that periodontal inflammatory response induces claudin-10 expression and leads to
modification of the function of gingival epithelium. This alteration in inflamed gingival tissues may
contribute to the pathogenesis of periodontitis.
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EERERTE, 79— 7 mOWEREEMRER TN
LOMEIEET HRERETF 2 RS LE % BB
L, SHICHEEMRIET L, ZORPTICETFHRER, <
ra7 77—, bW YSBREDOKEEMEANIRE
L, RERLB L PREFILEVERL SN, REIEHS
NBLEEZLNTV A, —f8IC, WEFREEME I,
LRMBEANOBR A0, HEEFIIEL OFE
FIEONY 7 E%5 EEMBE BRT HLESHD, T
DEH I EEMEBRD OB, SOICIEEETNL
HBBIRAEST LT CBRRICB T 2 ERETEER X &
SR LR AL, WEREE R 2% L R
fh-FETAZLICIYVERENS LEMBEOZEEM,
THRHLLREREEME ICL 2 LEMBHEERIBOR
ILREEBTLEVIBRIPEELEZEZONS,
BALEHEBCRBERCMENRE O LEFERE L Rk
[ EEMR R ERESEE T 59, MiaEEE, HiC
MR LOBEED AL b THMROBERHEE, E5%
DRfA 2 IAERR ICLBOZREZ R LT e L d
2, SR DMBERREBMEY, TV VRED
BAZFFCEBOYE/NY 7L LTEVTWED, E
BHlEOMBEEEBEL LT, 4 Vrx v
v(UTF, TEWT) LT RALYARY Yy o2 v a Yy
(LT, AT LB&ET) DSHLERBE 2 R LT 589,
TS EEMRICRENHMRBEEEETHY, BOE
IR OBEBEANIZIZEOICR A T CTHIRERL 28
ST, MREE Y-V L TWwAD,, BEER ISR
& X7 B TH A claudin R occludin XTI A T ¥ F &
MRS 5 MBS 2 U L, MM T zonula occludens-1
(LT, ZO-1 LBEy) LHAELTWS (K1) M9, TI
WEET A V878 & LT occludin 2341 THE
AN72DT, occludin knockout ¥ 7 A BT EEDORE
BIE, BMIE, B EEOMAERKOAIK/IER S
200, TIA N ¥ FREFBICHEERENEZ LD,
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occludin i B DN TRBEICHEE LWwT L 28 L H

AN, F7 TICRFLVWEESFTH A
Juncitonal Adherence Molecule (BA T, JAM L B&3) 258
LT3, AT, —FBCTIOTCTHICHEE
L, LEMBEOBRY #FRICRYBEATYS, £ICE
BHIBLICHEEE DS Vo2 EE LTH S5 E-cadherin 2°
AT ICHEDHEESTL LTHEELTEY, MKEETH
ALTw32),

TI DEBE#HSY /37 B TH 5 claudin 135 FEH23
kDD 4 HEEBR S VSV BOBESFTHY, BE
¥ T claudin (213202 X 5078 4 THEAMLNT
WwaW, K, FEOBBEILCELRLHAAGDLED
clandin BREBE L TWAZ EPBELPICR D), ZOHFHE
DBENZEY LERONY TOEBEFHETE 20T
Lkt EZbNTWARN, ZhF TIZHEA D claudin
& & F D knockout ¥ 7 A SHE ) H & 1, claudin-1
knockout = 7 A X—REFICETNTL 2795, 24EH DL
WIZEE DS OKGDEBREVERE IS V2DITHK
R, TRTHABICE 072 WIBEERDL, TIHFE
BICEENY) TICEELTWAZ LMD TEILEER
728, T, MERMEMZ SIS L TREOEFICD
BETHAILDETLEIN B, EniC, BT AVY
LAIME, BEEERE, ASBHEIEEAL Vo2 MR
B claudin BIEFOEENES L TWE Z LHES
ﬂ/LVC‘/}%Z4,3Z,33)°

WRRERETICIZY ¥ 58k Lik4 % R iE LR At
BELTWwRY, ChoofBRMROA%Z5T, ®E
AR A B L T\ AR IR s AR SR, R
BEMABEITA M4 V2 VI —2 2B, RER
BUICEEL TR b DEEZLNE, HERRIZEER
BEME I RAELEICHEL, TOMBEDOELET HH
BERFFEEEBACRETII LIS VBT L EER
bhd, BE, WEREMEICSS SN lELEME
WA —=12254 0285754 /2L bEADHETFDE

X1 LEEMREEESTROERAR
rEMERLOMBEHRESTM T, HERS
SLEEMIICHITTIIE ATOMBREEESES 75
PIEF LA TESEREEE L T %, claudin,
occludin BLX NJAM-A D MG VYV AFEAIZL D TI
P &N, E-cadherin D M T Y AFEAIZL D A
DB & B, clandin, occludin B & UF JAM-A
¥ Z0-1, 2, 3 #4 L T, E-cadherin & o- 7= >,
B-HF=V, 0TI/ FEVBITE Y F2) V%
HLTT I FVERLERLTWS,
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BeZ\F, fMEBEYA MU VREELTHFRORE

BERETHLIEIMEINTVARS, LA LEDS,
BALERICBT2RERFORERBIIAH R E1S
WV, £ZTABAETIE, BREOEEEICES LTI %
MR L T\ 5 claudin family % JAM-A, AJ Z#H L Tw
% E-cadherin, €N O DEITHHEETH 5 20-1 %2 &I
EHL, HARERFTICBITBINS OSFEDOREIRIC
DWTHRE L7, T7% %P5, claudin family < occludin,
JAM-A ® 20-1 O LI MEES FROWEREED
WEMABRICBIARBEEBELEIT TS L L0, BE
L7zt MR LEEMEEE BT, A M A A AR
FHEBEETFRCRSTRELBNTTAILICLY, &
BERORBERIC BT 5 LR MaEEES TROBREIC
DWVWTHET L7z,

MR EHE

1. b MERMEROIRE
EERZEWBREERARICRE L, £EEE S
IEMHEA L BRI SN EBE36E (205, KH16
%, FHERD6.35) 2O E/RHLE R PR L
BELL, TN IERPERTEEL L, MERROZE
¥L LT, 7O—EU7REH 6mm ML, RERZH
DERRIBEL 25 70— ¥ v FEOHIL (Bleeding On
Probing ; BOP) #"#R® LN B I L2 &Mhe Lz, 77,
EBEBIRCEAREE L2VEELRE (B34,
ZH 9%, FHERBIR) » HEMEEIRERIHES
NBEREDITEAERD SN WHAMARLHREL, 2
nz BRRERE RS & Lz, 28, AERIE
ERERERBEOBT 2 %72 L, HERALHE L
n, KETOREDOEBLN-BELHBRE L LTERKS
Nnize

2. fmpREEE

#1b £ M Bg T & % Squamous cell carcinoma cells
derived from human gingival cancer (Ll F Sa3 & B&¥) 13
RIKEN Cell Bank (0 { 1) 258 A L7z, BEHLIZ10 % (&
E/AE, DT els) FB5EMIE (Fetal Bovine
Serum : PAF FBS £ B§3), 100 ug/ml XA b L7 b A ¥
¥, 100 UMl R=3 ) Y&t ¥ Vv _y 2k S — 7
WVER/NLZERH (Dulbecco's modified Eagle's medium @ 24
T D-MEM & #3) (Invitrogen Corp., Carlsbad, CA, USA)
RHV, TRTOEEITS % CO,L95 %bZERDTAM
T, 37 CTAT, BEBIZ2 HEICRR L,

3. RNA &
ERABIIE B IC-80CTHHE, & 5\ i3 RNAlater
RNA Stabilization Reagent (QIAGEN Sciences, Maryland,
USA) ICIRE L7, RAIMICHENREHI2ARER NI,
Sa3 12 @YX § < IZ RNeasy Protect Mini Kit (QIAGEN)
% i\~ T total RNA $litH %47 o 72c DNA DB A% <

72 ¥ |\ H B |2 RNase-Free DNase set (QIAGEN) 12T
30 C T304 DNase LE % 4T > 72,

4, Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) i

total RNA i3 Nano drop ND-1000 (NanoDrop
Technologies, DE, USA) % F \» T & & %% 150 ng/ul &
%A X)L, Oligo (dT) 20 (10 uM) (TOYOBO
Biochemical Operation Department, AfK) 4 ul, dNTP Mix
(10 mM) (Invitrogen) 1pl %X 72 D %65CT 54
M, 4°CT 1% Thermal Cycler (¥ 51 5514 %, #%H&)
AT &R,

R 12 5 X First-Stand Buffer (Invitrogen) 4 ul, 0.1M
DTT (Invitrogen) 1 pl, RNase OUT (Invitrogen) 1 ul,
SuperScript I RT (Invitrogen) 1ul ZEAI L, 55T T60
5, 70 CTT15% M, 4°CT14H Thermal Cycler (¥
B G N F) B HWTRIE &€/, RNaseH (Invitrogen)
1w (2units) 29EMIL, 37 CT04H, 4CT145
4 Thermal Cycler (# #1954 %) #HWTKEEH,
¢DNA % fER L 720 % @ %, 1.1X ReddyMixTMPCR
Master Mix (ABgene, Epsom, UK) 18.7 ul £ 321 |[Z/RY
sense 3 & U antisense-primer % % 0.4 pl /il X, Thermal

#£1 54~ —OHBEEEFB XU PCR &4

T==Vvy HIEED

WIERRT EEEF| B (C) (bp)
GAPDH seqse 5-TGAAGGTCGGAGTCAACGGATTTGGT-3' 59 985
antisense 5-CATGTGGGCCATGAGGTCCACCAC-3'
smdna SR SAMGACTOTOKTCTGATGCCY =
sdna SN STCAGTTCCCAGMGATCTCOY & -
swdns e STroScGwoNTOTEOTOOY @ =
dmdns e SoNTOCASTOCMGOTOTACOS &
dadng SR SATOTACOACTOGOTOCTOGS w 2
cedna S SeMcGACTCTOGNTGMTTADS =
dadng e SACTATCTGTOACGCTOAGCCS &
dudnt e | SoTOCAMCTOCAMCGOTIOOS s
cmdnt e SToCTOGACATOCTONICCT =
dednts 0SS STIOCTICCTOTGTOGMTCOS s
Bcaenn S0 TAMTGTACHACTOCGTOCTOCY 5
cooudn e STSCATGTICGACOMTOCS s
JAM-A sense 5-GGTCAAGGTCAAGCTCAT-3' 56 765

antisense 5-CTGAGTAAGGCAAATGCAG-3'
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Cyclert (FH5N4%F) 2 AVWTERLELEDD LT
G- BB/, BHNPCREY %15 % Agarose
gel (FHT854F) RRHVWLEBERKIEICLIVSHEL,
gl LTV 7u<4 8 (FithE, KR) CTR&aL,
UV FIP VAL VI A—F— (TRENASF, BHH) %
BWwT)NY F2iH L7z, Polaroid Type 66 (Polaroid
Corporation, Waltham, MA02451, USA) TR ARAL & L7z
v NE#BE L7z, RIC NIH Image (National Institutes of
Health) Z AWCNNY FORBEZ YR L, WEREE
&= F & L T Glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH) 2R L, *0RFHEL 1 & LIHMEZ R
HTHEL 72,

5. IR CEAVBEMN
1) BYYIEOERE ZOHREE

B LR ARB O~ % 4 %85 "NV AT VFE R
(FIeHide) 2 T4C T—HBRER L2, BEKTHERE
L, BEIEVEK - 89740 VEELT, EX 5un
DEFBEIIF 2R L, OO EHR S 71410
7:%#, 0.1 % (v/v) TWEEN20 (F1t#0%)-TBS (UAF
TBS-T &BET) THIEL, 03 %BERLKREAKTHREME
NVFEFV T —ErBELIE, 5%AFLHI NI T
FETHY XU T ETo 1,
2) —REE

—Xk#E L LTHE b Ecadherin V¥ FE 70—
F W $L f& (Santa Cruz Biotechnology, California, USA),
L b claudin-l 7HFRY) 70— FVHM4E (ZYMED
LABORATORIES INC., South San Francisco, CA, USA),
fie b JAM-A ¥ F R 7 0 —FVH4E (ZYMED) %
iz, £HEPIEIZ TBS TLOOEICHERL, 4 CT—
ML 87218, DTOZBEDOHETHRE L.
3) Labelled Streptoavidin-biotin (LSAB) %

ZR¥IERE LTEAF VBB R F
A5 7a7Y v ¥ XFHEAMAK (DAKO, Corporation,
Carpinteria, CA, USA) % V272, < O R4 %1,000
BHRL, FiRICT0HERIC S ¥/24, TBS-T T
SEEHEL, N—FFVF-VEBAIN T ITEY
v (DAKO) % ZiRIZT605 HRIE & 72, D,
TBS-T T3k L, BBEZ (3, 3-diaminobenzidine
tetrahydrochloride, DAKO) %A I F L, =|IEICTS
DRRG &Sz, RICEIKBICEB L0 R L
B, NI hEFV) UTHBEEEITY, ) ka— ViV
(DAKO) TH A L7z,
4) EHREEE

TR & L T Alexa Fluord88 goat anti-rabbit IgG
(H+L) (Molecular probes, Invitrogen Corp, Carlsbad, CA,
USA) %1000 &M L, FiR 2 T60HERIG & ¢,
TBS-T T 2 B % ¥ L 72, 5| & #t &, VECTASHIELD
H-100 (Vector Labs, CA, USA) X TH A L7,

MEEE #2055 15 2007

6. in situ hybridization %
1) Probe DR

KEWH A A 5 BB L 72 claudin-10 @ PCR E# %
QIA quick PCR purification Kit (QIAGEN) % i \» T#%
B L7z, #ESL L 72 DNA 1%, T4 DNA ligase % FiV: T TA
cloning vector (Invitrogen) & 4 °C T — B @ ligation R
&% 47 o 72, Bl&#E & E.coli IM109 R~ DB #
(Transformation) %47 72, FEER#aAK (Transformant)
%100 ug/ml ampicillin, 80 wg/ml 5-bromo-4-chloro-3-
indolyl-p-D-galactopyranoside (X-Gal), 200 uM isopropyl-
B-D-galactoside (IPTG) < & Luria-Bertani ( 2L T LB
LHEY) EXRKEH (Invitrogen) (2T37 CT—HREE
L, BEan=—%28RL%Z, ERL-au=—%2K
¥ % B 50 ug/ml ampicillin % JJI X 72 LB ¥ #1 T37 T I
T—HiIEL IREL, ZDOREW L Y Quantum Prep
Plasmid Mini Prep Kit (Bio-Rad Laboratories, Hercules, CA,
USA) % H T plasmid DNA # 8 L7z, CORHEL
7= plasmid DNA % $5 & & L T, BigDye Terminator v1.1
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA,
USA) % F\>72 Cycle Sequencing & % 1T o 728, ABI
PRISM3100-Avant (Applied Biosystems) |2 “C Sequence
S E AT\, plasmid P IZHEA & 17z claudin-10 R F
DYEFFF % #EFE L7z, & 51T plasmid DNA % #il[REEE
Spel HBVIENeol (= v Ky V=) TR L721,
QIAquick Nucleotide Removal kit (QIAGEN) Z & % FE 8
%47\, T AU 12 DIG RNA Labeling Kit (SP6/T7) (Roche,
Basel, Switzerland) % i\ TR KL & € T, in situ
hybridization ? 72& ¢ RNA probe & 1572,
2) in situ hybridization

NG 74 EELUIEABEEDS 5 um BV 2 1E
(L, Biox7 742 L7k, 08% 7YY (DAKO)
TEBEZELELZ, =17 V—T70BEZKTT5IZ
WL, ERLVEBSN probe FHWTINA T F A
=g %37 CT—BIT o720 RIC, 55CD Standard
Sodium Citrate (SSC) TI105H DR EHREZ 2 HIT-
72 %, TBS-T |2 T ¥ ¥ L, Anti-Digoxigenin-AP Fab
fragments (Enzo, Mannheim, Germany) % F\» CZiR T
607 B RIE & €72, & 5|2 TBS-TIXT 3L, AP
Conjugate Substrate kit (Bio-Rad) = AW THAB & &7
%, ®&% % |2 DakoCytomation Glycergel Mounting Medium
(DAKO) 2 THA L7,

7. Sa3BERTOY A Mh1 L E

247 7 L — b 12 Sa3 #1.0X10Pcells/well IZ 7 5 &
HIICHEL, IV INIY MIETAITEREL,
0, 10, 100 ng/ml ® Tumor Necrosis Factor Alpha (2L T,
TNF-o. & B&9, PeproTech, London, UK) #5530, 1,
10, 100 ng/ml @ Interleukin-13 ( 2\ T, IL-13 & B& 7,
STRATHMANN, Hamburg, Germany) % 3 #IZ#M0L,
& 512128 B\ 324K RIS L7 Sa3 & BIZFREIT IR
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L7,

8. 7O—HA h4 MY —BRIR

6 R 7TV — bMIZSa3 #1.0X105cells/well 1IZ7% 5 & 9
WIBEL, a7V METHETERLZ, 0,
10, 100 ng/ml ® TNF-a & % \»i3 0, 1, 10, 100 ng/ml
DB IZEIN L2455 582 L 728, Sa3 % BD Cytofix (BD
Biosciences Pharmingen, San Diego, USA) 2T 4 CT20
SEEZEL, 02 %FIMET V7 I~ (Sigma, St Louis,
MO, USA) % & PBS B CHEL200B 7 uy 7
ZiTo72, PBSICT 2 HMEHR LR, 1XHMALLT
1,000f5 12 F R L 728 & b E-cadherin 7 % F K1) 7 10—
FVEAE, Lk b claudin-1 7 FRY) 70— F VPR,
e M JIAM-A TR 7 a0 —F ViR E EnEnm
Z, 4 CT0TMKICS e, Bl&%KE, PBSICT2E
i L7, B % Fluorescein isothiocyanate (FITC)
By ¥4 6 707 YHifk (DAKO) 2z
T4 CTIFMRID &L, BUPBS 2T 2 Mk
L7=t%, MR EEB)ETEE (EPICS XL-MCL ; Beckman
Coulter, Fullerton, CA, USA) % I\ T Sa3 D& FEHARK
TBHT R AT 2 726

9. Transepithelial Electrical Resistance ( Xl T TER &
B&9) AT

24/% transwell chamber (E#%F 6.5 mm, R7 % A1 X 04
mm ; Corning Coster, Rochester, NY, USA) #% F\>, upper
chamber {Z Sa3 #l B £ 251.0X 10% cells/well 12 7% % £ 9
CHBEL, MRS Y7V NCET S ETEE
L, 0, 10, 100 ng/ml ® TNF-a. & 5 \» ik 0, 1, 10,
100 ng/ml ? IL-13 % B ITRM L, 4RBEEEL 2
#%, Millicell-ERS (MILLIPORE, Billerica, MA, USA) 12T
upper chamber & lower chamber ] D BERIEFE % FIE T
5 Z & THilRMEER S 2R,

10. Transepithelial cell permeability BITE

TER HI%€ & F#\C Sa3 = #H7%, 0, 10, 100 ng/ml
D TNF-0. % 5\ 1& 0, 1, 10, 100 ng/ml O IL-13 %
BH TSN U248 55 2 L, upper chamber |C Dextran
Conjugated Fluorescein (Invitrogen) %10 ng/ml |2 & &
FRULBIMUA, EXDF F 2B MMER, transwell
chamber I Sa3 ML S — b % 88 L lower chamber @
B CBITLAT* R T % CORONA MTP-32
MICROPLATE READER (2 10 FE&AKAKH, Kik)
WCEHEIL, MBI 2 EBMORELRIE L,

11, #REtFRVERTIE

BoN7eT— 5 3FHLFEEFETERL, Student's
t-test ¥ 7213 Mann-Whitney U-test |2 & ) HFEERE 21T
v, p<0.05%2FEED ) LHE Lo

7 -
1. b MRIERAERZICH T3 LEMBREESSTFED
RIzFRE

KIEWR & EERRICBIT 5 LEMERESSFED
BIZFHE% RI-PCR % IV THAT L7z,
1) claudin family O ®&{zFFH

b AL ICBIT S claudin-1 2 5 claudin-12 ¥ T
DHEM L BEFREBROANZH2AICRT, & NER
T EC clandin-l, 4, 7 OREFRESARD S
Nize HEICIEIAL TR WA, claudin-3, 5, 8 D#
EFRERATDLTPICEDONLERN L H o7, Sa3 T
? claudin BIZFRE/ I — Vi M EHAEBRICBIT 5
BRENF—VEREB LT (KM2A)s RIZKREL
T RCOBEERA &L KIEWA BT 5 claudin-1 2* 5

A

claudin 12 3 45 6 7 8 9 10 1112

RIEH P

Ml (Sa3)

claudin-1
claudin-2
claudin-3

claudin4
claudin-5
claudin-6
claudin-7

claudin-8
claudin-9
claudin-10
claudin-11
claudin-12

0 0.2 04 06 08 1 1.2
claudin/GAPDH

B2 claudin family mRNA O3

A. v PERAMAEMBSB L USa3 i BT 5 claudin
family mRNA D%
v b AR S S total RNA %2 R H L,
claudin-1~12 mRNA D% % RT-PCR 2T
?‘T Lf:o

B. BE® 5\ I LEHAMMBKICBT 5 claudin
family mRNA DFIH
claudin-1~12 mRNA D BEHE I 2D W T,
housekeeping gene T& % GAPDH |ZxJ 3 54
R E & LT NIH image Z AW TEH L
T O EwRN %, BERERA L RS, (B
HE AR n=12, JREH AR n=36)

*p < 0.05 ; M5 B AHLEGEE & SO B AR A O R

THEERROI,
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A
e H
(BHEHY)

FHAERA
(1254

0.31

0.2t

o

0.1t

claudin10/GAPDH

0 = @
RE®A RIE A
M3 BEDLVITKERABELICB T S claudin-10
mRNA D5

A. claudin-10 mRNA DFEIRIX, AR AR T
BIZERFIVESIICERD SN, ZORERIT
A Thotz, BB, BEHRAMSETITISE
BIR DT 2EFCBTHIERBHIR
DHNT,

B. K3 ATRLZEZEFD claudin-10 mRNA O
Z5I B % housekeeping gene T& % GAPDH (T
34 A MR R E 2 NIH image # AW THE
HL, BEDBLUCRERNERZKICB) 23T
MEHEL KB L, (BE R MR n=12,
Y R PO A n=36)

*p < 0.05 ; H B POALREE & SO0 ol AR EE O B

ﬁ;ﬁqﬁﬁ % %"3\&5 7z 0

claudin-12 £ TORMETFERELZ LB L-ER, KEH
WIZBIT 5 claudin-10 DEEFREHEBIEERADOEE
FREBIVEZICLRE L TV, MO claudin iEIE
FORBEBIEEEAB L CAERAABECEERR
FoOLNEho7 (M2B). %2 T claudin-10 EEF
BEAEL MR LER, BERATIZSEMNF 2
FEFNI BT ORKIG 2 BETFRERPRD 5N T
B o725, REER TIXIZEFPILESICB W CRIEZF
BHRAPRDLEN (M3 A)o TRTOEFIDEEHRA
BLUREERIZBIT 5 claudin-10 BEEFRBRHEOTH
MzE3BIZRT. Z0/KE, RERATIIREWAL
HARTHIED claudin-10 BIREIED N iz,
2) E-cadherin, occludin, ZO-1 & & U' JAM-A O &=

FRIA

TR M % T 5 ¥ 5 E-cadherin, occludin,
ZO-1 BLUIAM-ADREWR &L BEWAICBITS
BEFRHEE® RTPCRETHER L, REEATO

MESRES 42055 1% 2007
A
REEA
RIEW A
B

Target Gene / GAPDH

occludin Z0-1

K4 BEDIVITHRERNMERICBIT S E-cadherin,
occludin, ZO-1 B £ UF JAM-A mRNA DOZIH
B W M #% A 5 total RNA % HliHH L, E-cadherin,
occludin, ZO-1, JAM-A mRNA ® % 3 % RT-
PCRICTHRE L7ze ZORBAEBIIDOWVTII,
housekeeping gene T3 % GAPDH 2513 % FHxf 8
FHEE L LT NIH image B\ TEH L7z, O2F
BEREAE, BPERERREZRT,
*p < 0.05, **p < 0.001 ; f& % R PIARMREE & RIEWE
AHEBEOR TEEZZRD

JAM-A

E-cadherin

E-cadherin, ZO-1, B X V' JAM-A ORHEIIEEHA
CRHBLT, AERETHERD LNH, occludin DF
BERMEERA L RERRTEIRD L2072 (H
4A, B),

2. b FRERAERICH B claudin-10 DFBE
REEBAIZ BT claudin-10 BIZF BRI S BH
LTWaZ LA RERR &2, b MEAMKRICBITS
claudin-10 ® B % in situ hybridization & FEAMRALZE
BT % VTR L7z,

in situ hybridization 123\, claudin-10 {3 RAEH K D
HEMBEE CTROLNLN, BREEATIEZOREBIR
BEAERDON ok (B5C, D). T/-50EH
LR GAIC BT D KERROEEMLRE & .0
claudin-10 D EHEARD SN/zAs, MBEHEZ T TE%:
{, MBEICABELTWE (KS5E, F),

3. b MRIEWALEEERIC $ 5 E-cadherin, JAM-A,
claudin-1D %R
E-cadherin & JAM-A 3 RFEBWAIZB WV TREEA &
) mRNA BHFEBIE,L o720, EERORERA
KBWT, FORBEPBITLTHE0LE ) PEERT S
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B 5 WD DI RIER AR IC B 5 claudin-10

mRNA 3B D H#
APMEEHR AN, BYSAENERMAREO HE
Yol % R T o

1) in situ hybridization ¥ C D EHT
C oM H ARG, DASRAER M0 Ym
BaRT o BEHHWIERAER MR L
e LD E0 & V%L L, in situ hybridization |2
£V claudin-10 Z#H L 720 claudin-10 (X 455E
BRI OZEEMILE TR SN2, BEEA
TRHZFORHIFIILAELRD N Hh o,

2) SRIEHLRRAL 7 00 AT
E 0w AL, FOSRESRWMRRD Y
BEERT, BED D WITHAES ML
D EAEE W ZER L, LSABHEEH W
728802 X D claudin-10 Z M L 72, in situ
hybridization {281} 5 &5 5R & FAICKIEE A
DREJKMRE TR S0, BEEA TR
ZOFEBRIFIIEA LR ON LD 572, F 72,
claudin-10 1M BB CTld R <, MY
WCBWTHRD LN, /N —1310 um % 7R T

7O RIBHRRFEIIRE 21T o 720 F DFEH, E-cadherin
FREEEATITHBEMEICBWTERIE L, Eo &
D RO LNTD, KAERATIRMBEE B 58
FEERE AL - 72 Z & B> 5 E-cadherin DRE L HS— kit 1
HBENIFBROBIITRI > TCwb LRl s (M6
A, B)o JAM-A ORI RIEHIRAL M GEIZB VT
b E-cadherin & FERDFE RSB O SN2 (16 C, D)o
%8B, RI-PCR DFERICBWTRE B L O RIERA IS
T AZEIBBEDENTED SN d o 72 claudin-1 13, KIE -

6 BEDDLVITREHRBMKRIC B S E-cadherin,
JAM-A B & U claudin-1 OSSR BT
A EEE S AMALICB T S B-cadherin $2f01%, B
SREH PALMRIC 51T % E-cadherin 42618, C : &
ARSI A JAMA g, D KA
WAL IC BT 2 JAM-A Befaf, E . EEHAM
I BT 5 claudin-1 Fefufs, F o JEH AL
BT % claudin-1 FeB(8 % /Rd,
BHHHVIIRAERAMEE L VEREDDE %
FEBL L, B|RHEEIZE D FNFNRO LG
BAEEBICAS T 55T 2 MH L7zs E-cadherin,
JAM-A BB fB12 B W CIHEE MM E i LT
SAEHR N OBRIET B & BB HRES
NTWELEPHRATE S, MBEEBEICERET S
claudin-1IZfEHE B L OHKHE IR 7 < G210
RTED, AW N—1F10 um 7R T,

REH OMEEIC BV O B O 5O IS RILITRED &
nWihroiz (R6E, Flo 2OXHIGEETFLAIVEHE
B, &S ELVNVTORERELSEL TR o7,

4. Sa3ilH 3 FEMIEREEES FEOBEFREIIC
RIETHA bAA > DFE

in situ (BT BHEHTIZE D, claudin-10 13 25 B A O
REMBEE CRBEL TCWAZ EXHLEN Lol F 70,
E-cadherin & JAM-A O IE BRI BT 5 FIUIRE
WOFNLYVEBEIED o720 FNONFED L S el
WKEDEBZEDEHLDIZTLDIEADTA M H A
> 7 Sa3 O B Ig MBS S TR O BT RHAICG 2 5
FHL invitro THE L7,
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1) TNF-a ¥ claudin family DMz FREBEICRIT TR
B4 DBED TNF-a (0, 10, 100 ng/ml) % 5 H#IC

WL, Sa3 #12% 5\ 32485 72 & & D claudin

family ® mRNA B#H # K L7z (B 7). claudin-1 D
mRNA 3 iE TNF-a DBEICHELZ  —E0REBR LR
L72o ¥72, claudin-7 ® mRNA &3 b TNF-o 2% %
CEEMICR SN2, claudin-2, 3, 4, 6 ® mRNA &I
I3 TNF-o IBERERIZHEIN L7z, & <12 claudin-2 DF
FE 13100 ng/ml TNF-o FELIC X 0 # 3 FEicHMmL 7=,
100 ng/ml O & B @ TNF-o T Sa3 % ¥ L T b claudin-
9, 10, 11, 120HBRIIBDONLE o7z,
2) TNF-o #" E-cadherin, occludin, JAM-A O & {5 F
ZRICRIZTEE

&4 DOBRE DO TINF-a (0, 10, 100 ng/ml) % 3 #b
IZIRINL, Sa3 % 12 B3 E L7z & & @ E-cadherin,
occludin, JAM-A ® mRNA HH 2 MK L7z (K8), 10
ng/ml TNF-o. FIF#IC & O B-cadherin ® mRNA FEI33E L
WA L7zo occludin B & U JAM-A @ mRNA 3 b &
T L72AS, FOEAVNE E-cadherin £ Y 3o 72,

5. TNF-o »* E-cadherin, JAM-A, claudin-1 D& > /X7
BEREARIITEER
100 ng/ml TNF-o. % ¥RI0 L 72353 5\ id Sa3 & R

claudin-2 12 Cc

TNF-ot (ng/mi)
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OB # T, Sa3 224FF M2 L 72 & & D E-cadherin,
JAM-A, claudin-1 DFEHEZ2 79— P A PY— 2T
M L 720 RT-PCR D#E R L 4|2 E-cadherin & JAM-A
DRBEIE TNF-a FIEIC X DET L7225, claudin-10%
BibThik EREmERDE (K9),

6. TNF-a, IL-13 A TERICRIZTRE

TNF-a & %5 WIEIL-13 2 B #ITHRMT 5 &, Sa3 D
TER 75ERHICET LA (K10A, B). 10 ng/ml TNF-
o WINTIE 8 KM LA, 100 ng/ml TNF-o 3% 1l C i 4
RHEURET, ERNMOBELHEBRLTARICETL
720 F72, 1ng/ml IL-13 #RH0T L6085 LARE, 10 ng/ml
IL-13 RN T IX48EE I DIRE T, ERMOB AL HEL T
BEIWET L

7. TNF-a #* Transepithelial cell permeability (R I ¥
2 ’

TNF-o # 3 #ICHRINT % £, Sa3 @ Transepithelial cell
permeability ZSHEREHIC_EHF- L, 100 ng/ml TNF-o {11 T
ZERMOBE L B LTI % LA L (H11A), 10
ng/ml IL-13 Z M L7235A1364 % EH L7 (M11B),

claudin-3

|

" A claudin-1 o028 B
AL e
14
gu
S
§u
o8
04
0z
N 325!
0 10 100 0 0 00 ° L4
TNF-0. (ng/ml)
12 hrs 24 hrs 12 hrs
12 D claudin-4 or E

1l

0 0 100 o 10 100 ] 10 100
TNF-0; (ng/ml)
24 hrs 12 hrs 24 hrs
claudin-5 o1 F claudin-6

] 0 100 ° 1 100 ] © ] 1 100 o " 100 ° 0
TNF-at (ng/mi) TNF-0. {ng/ml) TNF-o (ng/mi)
12 hrg 24 hrs 12 hrs 24 hrg 12 hrs 24 hrs
G ! H ! | !
b claudin-7 o claudin-8 o claudin-9
1 - oal os o
gu %u %m
08 08
=08 08 05
04 04
fu n, R
02 02 02
[ 2] o1
o = 1] °
0 1] 100 ° 10 100 0 10 [ 100 L 10 100 o 10 100
TNF-0. (ng/ml) TNF-a. (ng/mi) TNF-0. (ng/ml)
12hrs 24 hrs 12hrs 24 hrs 12 hrs 24 hrs
1 J claudin-10 1 K claudin-11 1 L claudin-12
(2] L1 1]
0z 08 04
g [X] gm gm
s 08 08
05 Tos Tos
slu 04 iﬁA
03 03 03
[ 1] 02 02
o 01 of i
0 0 L]
0 10 100 0 10 100 o 10 L] 10 100 0 10 100 ° 10 100
TNF-0. (ng/ml) TNF-0. (ng/ml) TNF-ot (ng/ml)
12hrs 24 hrs 12 hrs 24 hrs 12hrs 24 hrs

X7 TNF-o 2% Sa3 128F 5% claudin family BEFRERICRITTHE
A claudin-1, B :claudin-2, C .claudin-3, D :claudin-4, E :claudin-5, F :claudin-6, G .claudin-7, H:
claudin-8, I :claudin-9, J :claudin-10, K :claudin-11, L :claudin-12 ® mRNA SEIRBFDOEREZRT.



E-cadherin / GAPDH
e © o o
N w -y 4]

14
=

o

X 8

X10

HERERTICB T 2 LR MEEREICEES T 2 0 FRORTET (KE)

e
@

occludin / GAPDH
o
N

JAM-A/ GAPDH

o
o

' 0 0
0 10 100 ) 100 0
TNF-o{ng/ml)

10
TNF-a(ng/ml)

10
TNF-a(ng/ml)

100

TNF-o %% Sa3 {28 J % E-cadherin, occludin B &
U JAM-A BIZFRBRICRITTHE

A :E-cadherin, B :occludin, C :JAM-A @ mRNA
BHBTOEREZ T,

TNF-a X Sa3 {2 B I} % E-cadherin, occludin,
JAM-A O mRNA BHZET & €7,

*p < 0.05, **p <0.001; ERMa > du—stk
BLTHEEEZEZRD,
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5 E-cadherin

198 1898

18
FITC

K9 TNFoa#Sa3ilBiFA% VN7 ELRVTD

—e— untreated
- ® - 10 ng/ml TNF-&
~¥- 100 ng/mi TNF-&

0.8 8

TER (ratio)
o
o

TER (ratio)

o o
N b

24 36 48

KA (hrs)
¥4 bH A VAR TER KRITTHE
A. TNF-a 75 TER IZRITT HE

0 12

-
-

© ©
o N

o

c o =
© © o

E-cadherin, JAM-A B X ¥ claudin-1 BEIZ BRI+
-2

RN OIRRE % B W T, TNF-o H#EE IR
BE% BV T/RT, E-cadherin & JAM-A & TNF-
o BB X ) BHAMET L7225, claudin-1 DR
b EREmZ RO,

—o— untreated
-~ e = 1ng/mlIL-13

st 10 ng/ml IL-13
iy —a&— 100 ng/ml IL-13
12 24 36 48 60
K@ (hrs)

TNF-o % ¥#IZRINT % & Sa3 @ TER DHEERAYIZIE T L 720 10 ng/ml TNF-o 00Tl 8 Re I LLRE, 100
ng/ml TNF-o i1 Tid 4 R CTERNOBE L KB L THERIET L,

. IL-13 #STER (2 RIT ¥ B2

IL-13 % BEHICTRINT % & Sa3 @ TER 2SEREHICIET L 720 1 ng/ml IL-13 7N TI3608F I A%, 10 ng/ml
IL-13 I CIZ48RE M LA TR MOBE L LB L THBIVET L
*p<005; BRI Y P — VB L THEEEEREDL,
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A
210 800
B &
é 8 600 5
= X
o 6
s 400 E
S 4 e
D 1
E 2 200 LI-E
&
0 0
2 10 460
o] &
g 8 440
X
g 6 420 £
5 £
3 4 400 QO
© o
§ 2 380 E
®
2 9 0
IL-13 (ng/ml)

K11 4 A b H A ¥ 2 transepithelial cell permeability (&

Rz e

A. TNF-c. %% transepithelial cell permeability {2 %

TR

TNF-o 2 ¥ #i 2 %W 0§ 5 &, Sa3 D
transepithelial cell permeability 7% #% B B9 12 b
H 1725 100 ng/ml TNF-o 01 T3 RN O
BAELHBRLTERIC3B % BELA L
Transepithelial cell permeability % # 2 5 7,
EIREICF &M THlE L7 TER 33T 5
TIZTRT .

B. IL-13 %7 transepithelial cell permeability 12 & (T
TRE
IL-13 ZEMITHRIMNT 5 &, 10 ng/ml @ IL-13
WINTIRERMOEAE & B L T64 % EH
L 72, Transepithelial cell permeability (3 #& &
77, RARICEE L2 TER ZHFNE TS 7
WCTRT

*p < 0.05 ; ER/RMIT Y ba— L KB L THEER

ERDT,
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% &

T F I EEMRALOMEREERMLICRD bR,
KREESF 2 EHIEB SR WY 7THEEE, FHER
CEEMCHAMBEELRDY X ERIREDORELD
CTZVADREZE LTS, TTIZBWTIE, AV
A F VIFHREFEOBEE ST claudin 2SR EET
Ly VNI ETHA 201, 2, 3EHNLTT 2 F UMk
BRIGER L TWAYY, HIE, claudin <7 AR L b
TAREENHE &N, claudin family % fE L TV 5 7,
ERLFETHHRETIE, BHEBICERLL I SEE
L, D TIiZ claudin-1 & 4 DOEKY Lo TWBE T LA
MENTwvpss  Z LT, claudin-1 knockout < ™7 A
B—REEICETINTL 525, 4EBEHUHNICEEIS>D
KA DEREBVFREIILV2OHAKICHKEY, $-XTH
FICEAHZ &, &5IT claudin-1 knockout ¥ 7 A DFE T
WEN L2 N = —BEEPORNLE I DL, <7
ADFERIZBIT S TI DREDOEEMIHL MITENT
WrE, KFRTIE, ERRTLEARTH LN LK
D claudin BEIZDWTHRE L 72,

claudin family DEHFICE L TEELR I LIE22dH %,
%21 8, Zclaudin IEEOEBEE Y -V 2R
L, MilaDZ 4 712X o CTRBEFD R VI CRES
NTWBZLTHAHD, #]z2iFclandin-1 & -10 T FFH
ERMBOEZENEEICZF > TEEFR SN, claudin-7
R REMRMEOERNIEICH> TRASR O
5338 claudin-3 128 & KBy, 4 13/PBE KB, 5IEE
O ERMBEOAEICE > TRELTW5A%, claudin-10
REFEEMBEL RVIIBWT, BE, KSR, 'S,
REZBRD L) NG WBEOBREMBOBEIZE > TR
BHOBREINTnEHO, 2 ML, ZLALOMBT
EEE D claudin 2PF—HRICEBRLTWL I L THS
wal, $hbb, TTA NIV FIZIZE LR 5 claudin 758
ELTBY, HEETRAZEHE, clawdiniFEIZDIA
TUZHRETE, BENIERELZF - TWHY, R
e cix, B ERHEZRD claudin-1 3 5 clandin-12 ¥
T? mRNA %3 % RIPCR IZTHRERLLER, AL
AR 1X claudin-1, 3, 4, 5, 7, 8, 10 B X UF 12 28
RIELTBY, #0795 claudin-1, 4 B X U7 & mRNA
DEBREFHITHNZIE NI EFPEL ko7 (F2),
T/, A LEMRRII MM B L FERICA T
T7 claudin BE L TWAZ L 4R, AL
720 Sa3 IZB1F A claudin @ mRNA DRI/ XY — ¥ L&
ALERRBICBIIBZN L IETOHENTDLNS D
DODDEER claudin ZF U THo/zz & hd (M2 A),
W EEMBEORERT S cluadin D) bEELR D DX
claudin-1, 4 BLX U7 THAZ LITRENT,

R HAEBE ARG & B H o WHARIC B 1T % claudin @
BENXY - VERBLALER, ETEL claudin TH 3
claudin-1, 4 BL ' 7 OBEBEOBLIIRD O d o7z
A5, JAEHE AR I BV T claudin-10 DFEBRD L H A
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RHobNT: (H3). BAE, claudin-10 i3 FRBRFE O A
ERCERBEOENSHO— 71— L LTEHEHESNTS
N, ¥-HECEBREICEEGEZ LTS LOHED &
BEEOSE TOWEFEATVEY, REBRERIZBWY
T claudin-10 2SRRI S POE 5% 3 AW REHED S %
V) BERAFEFNOTTH 5,

RERABE CHEAFLE T2 LB L P E R
72 claudin-10 D FFE % in situ hybridization B & &
BEICHANE 25, claudin-10 (3 REW A - AR
DEEMIBBICZREL T I e REN (K
5)c TOMERDS, claudin-10 DEHEIFLET B I &
12L& Y, TJ @ paracellular permeability 254>, T2 bH
MDY —AoBafb &8N 2 Z L2k ) A LAY
LREGHBNORERMEOREL T, HEOEKE <
WEDLBFEROBEE R LTV ATEENIER S
NH, LPL%HS, claudin2 D L) IZHEBHEMNLER L
T, MI|T paracellular permeability DI ESD Sh
TWwaZ &, A D claudin it matrix metalloproteinase
(LFMMP & B&T) ZRATICY Zv—1F L, TN%EiE
EET AL OHBY SNTnwb, ThHDZ Ehb,
cluadin-10 DHEH LA E % &, MlEEHOBZEESE
ATAZLTRAYERZ L VEBEELY, RERF
ZBWT MMP 2SIEM L &SRB S LIk Y, R
BEVPET LT ARBEIELLONSE, LELEFS
claudin-10 DEBHEENCE L TRBEAELARABTH Y,
412 claudin-10 DBFEFMBE L /ER L, WERERBHT
2B % claudin-10 DEREFENTE T HLLEDVH B L Bb
b,

IR AL FZWBITIC XV claudin-10 O FFE % R
Lk zn, MBREBEZTTRAEL, MREEICLHE
FELTWE L) EREE (K5 F). claudin & —
BEICHBEBICEELTCVwAELDEEZLRTWS
2%, claudin-1 % claudin-10 2SFHBZICD FHEL T A
TEPFBREBEEINT VAR, 20T &k claudin 7Y
BT B BR IZ @ & FFE L T paracellular permeability % fll
WT2LVIRRELON TV L) RBSZIFTIR
%<, MMP ZIEHALT A BED X 9 %, & HITKRA
DEEZFOTRMEZRL TS, $7, KBBEMAER
2B 5 claudin-1 DEHEME LHETIE, BLiC
£\ claudin-1 OZEBAHRLE 2 S HRE B L UBAIC
BUTTHLHESNT2Y, XERALEMABKTE
claudin-1 {ZHHRBIE 1T IZITRRB S N T 7205, claudin-10
MR ERNICYBHAIFIRDOLON, COZ &, BE
WA DIRRED LI W EERMAR (T 5 S DB LsE
L, DR claudin-10 BSBHET AL L D2, 2DHEHR
PHRERIE D S MRE N BT 2T EERZR LT 5,
L7 o THERZEE D claudin-10 BEOFERLEILA
BRRXETODLEDOI— I — IR ATHREIEZ LN
5. L L7%&DH, 4ME), interferon gamma (AT IFN-y
LBET) % interleukin-lbeta (IL-1) R EDH A FH 4 ¥

R ERREME CTH 5 Porphyromonas gingivalis % Sa3
VR &%724%, claudin-10 ® mRNA HH % EH &8¢ 3
TLETET, BROBMEIHERTE L dol (F—
FIRET)o Sa3 W TARBMEFEEZLLILIZLY
Sa3 {2 BT 5 claudin-10 D mRNA BSFRDO N5 L 9 127%h
B D5, HIREEH 5 I BB RIRKE T Sa3 5
claudin-10 O mRNA %2 & T 5 Z L PEELROPE ) B
FHOPICTAZLIISRBROBETH S,

TJ 124 claudin PIAMIC D A V3o A A F VIEKREED
BESFTH D occludin ®, HEFTT) VY A—I8—
773V BT AEESFIAMBRIELTEY,
BATZO-1, 2, 3 &AL TWEBESN, occludin D4
HIBEBICOWTIZELPITER TV R WA, JAM-A
B EEMBROBEERICES L TWA I EFHL P
o TWA®, F7:, WEMAB LD JAM O EA
TBY, I oREMCIA, BEREE, M/MUEEL,
MEBRICB N TEERZE L BT LI REINT
VBB, AFIIH N T LA F VREBEICRET 2 Y Y
TRk T AEEDTF cadherin KEELRBEESTF &
LTHELTBY, 20MBRANERTE- 7=V, o
AFoVEEBREYFa) Y, a T2 F oV EREs
L Tw5A2), cadherin 2130V 7% 4 AN T
By, EEMEIZEIC E-cadherin 2EIE L T\ 5849,
SEORERD? L, WA EEMAEKICD occludin, JAM-A,
Z0-13 & U E-cadherin D IFER SNz, REWH
ERMEMIZBVTIE, JAM-A, ZO-1 B & V" E-cadherin
DEBITIMRNA LRV TE Y VN7 ELRVTHH
flahTnwiz (M4BLT6A~D), BEEEL:
Sa3 # RIEMY 1 P A > TH B INF-a THIET 5 &,
JAM-A, ZO-1 3 X UF E-cadherin ® mRNA L)V B X OF
HRBRETOY V7 BELVNVTORRMET L2 &
(M8BLVY) 26, WA LEMHEBOBNTHRHEL
TELFHRHRP~ I/ 07 7 — VEFEETARFICLY
R AR BB TR ASER B SR S B W BB AYR
3 (B A

BERIE ThI/Th2 /N5 Y ADBREIC L VAT S & D
EHNH L0, ThIMIEIPSBESNARBNRTA VD
AV TH5BIENy % Sa3 I(fEH &€ % &, TNF-a & ARk
|2 JAM-A, ZO-1 3 & U E-cadherin ® mRNA LX)V B &
UCHIERETD Y VS EVVTORBRAPET L
(F—FR&F) Z&vd, TRERIrLEESNEY
A MNHA Y THBIL-13 12X 5 Sa3 OB EAR T~
DEBERE Lz, TORE, IL-13 4 IFNy L ELE
B Sa3 ICH5 A2 ehs, FEMBEEEERTFORES
ICE LT, ThUTh2 /NT YV AHEDL 6 (SHE VT b #ifil
ENDBTEFHEL PR o7,

TI D81 THERE LMD Y 4 Ti2& o TKRES
Bp 55, TID/NY THELHHEICRDBREL (R
M3 2H55L LTTER DBEDT S %5, MRECER
EBHRESMBO TEVOIN LT, EBOLLEMRY —
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b O BRIEYUE I paracellular pathway DEF 512 & o T
B b, ZORBREMPSL, 42 VITxT % paracellular
pathway D EBME, ThbHE TI DN 7HEE % 5EH
TAHZ LTI R S, EEMBY - F0HERICE
), TERJEIZ 5Q X cm?*~5,000Q X cm? Pk b & # 4 T
HB%, EEOIVATICEoTTIA LSV FOBEY
LEMEICSBENS LI LSAMLNTEY, TIR b
5 Y FOEREE TEREICEHRMEENED S L@ESh
TWiB®, UL, BRI TIANS Y FOREE
B ERETH TEREFAKELS ELZGEND
Y, paracellular pathway O B EIR AT EFMEIC X -
TERBLVIFEERPS, TIIREBA NSV FORED
BUWUANCRAL OB R BEVDIFEET 20T
W EEZBNTWANT HE, ZOZRZEW,
ZERMBEOTIZA NS v FE#BRT 5 claudin ¥ 4 7
Dy POSHBIERRTEEEZONTVW S, &
213, claudin-1, 4 B, claudin-2 BEHED 4 X BiEH %
? MDCK #BZIZ claudin-2 ZFEFIFER I LIk >
T, TIANS VY FOBRIZITZEAEEELZIT VI
bbb 5T, TER A TFO—ICBIT L L LI,
paracellular pathway D5 A + ¥ BREP B T %9, —
7, claudin-4 % 8 2 EHIEHE I LD L, TERIZLFL,
A 4 VKT 2 BBEST 5205, B4+ VDEE
PEWIZIZ & A L EBEN RO BRI T claudin-1
DEBROBREICLY, TERPFIY PO —LERTWVAE
Z L ATHES ENTWB DY, Sa3 % TNF-o THRIE L T
TER % B4 S ¥7RBITBWT, Sa3 1281} 5 claudin-1
DEBOBAVEDO SN hdolZ &izk ), ALK
HAE T claudin-1 3B E B ICIZELZES L TY
B WE BB AR & L7z, Sa3 TlE TER D g 1
claudin-2 DR LR PAD S N2DT, HALEZMAEIC
BWTId, paracellular permeability (3 claudin-2 D FHIE D
BRAESLTWwaEELONS,

ZDEH, BEOMIEIE, —BOMBEIS 2 LHEE
LTRICGEBLTEDOLNTWAEY, ER LEICBIT A
FFEATVW RV, EBROEFTIIZEILRLER L
ErEZHBROKRENFTPOBEEL, T/, FoFng<L
DAVN—=PIRAV N D DICEERBE 2R/ LT
Wh, ECOBEZ2E) BREBRBANLERRELET
HY,FON) TEREZEBRDEFIILERTRTH S,
Tz, REBRICMHEA L Sa3 ikt A Bk OREMRLE
THoHIEPLIERE LEMBEE IEEIEL> TWAT
BEMERH D, 4%, EEL NERMBEEEWT, LEME
BRIZBIT 5 claudin ®° JAM-A % O EEE ICE S
T 25 FROBBEBBLZNITHE) M REER S Of)
HEBEEZRF LT L4 BOBEN—DOTH S,
2%, WERICBIT A LEMBEEEREC DN
THREEBIZDOWT & D ERICHBAT LT 2diid, e b
HAMARBICL 2 3RTBEL-ERLEEZHVE R L,
I VEERIGEM LEREF VE BWCRET 208
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BH5,

F7-, RRRBDPEETH o 7-7-DIREED LM 72 #7855
B ENTORWERERT v MESOHEA LB E IR
IZEH L, mRNA LV TREOBHAZ TV, KED
L) BREITOEBEEMS Z LI ) EELADOTHE
DRFEFEEENL, SHIHEERGRORKEESL L
THEEGE BELE L0103, FEMHICBETAE
BRI DA OBIEBRBOBITOAL ST, BESH
7o F AR DA MR OB A B OMEHE L LE
TH5b,

¥ & &

WERERATICBI 5 EEMREEA B CEEST 5
SFBEORBETT AL 2 HIE L T claudin family
% occludin, JAM-A % Z0O-1 O tRiIEHEESFEHD
WRERBREOWEMARIC BT A RELBEL RLPCR B
X T in situ hybridization &R RIFMBLFZHFELT AW
THRE L72. $72, ¥4 A VS LRSS F
BRI TEHEREFTT A72012, Sa3 #H\v, TNF-
BLUIL-13 2 EEMITAIN LR LB EO R ME
BESTFEROBRIZOVWTIRITL, UTOX ) 2R
1372,

1. b MERESICBYCEREOEECHED LT
BIZB VT claudin-1, 4, 7 DEEGEFREEITD L
7255 claudin-2, 6, 9, 11 DB EFRBEIZAD S
Nhahole, 72720, REWHIZBIT S claudin-10
DREFRABZEERNOBETREELIVEER
WCEH L Twi,

2. claudin-10 3 REEE O REEMPLE TERD 5 N7z28,
BEFHEATERFORBAIFLEALEDOL Do
725

3. INFoz BEHICHFEMLEET 5 &, Sa3TOD
claudin-2, 3, 4, 6 ® mRNA & 3 i TNF-o & E K
FENCHEI L Twiz,

4, INF-a # BB ICRMLEET 5 &, Sa3 TOE-
cadherin, occludin B & ' JAM-A OFERIFET L7z,

5. TNF-a & % VI3 IL-13 2 B IR N5 % &, Sa3
@ TER #° #% B B 12 & T L, Transepithelial cell
permeability HSERERYIC_EF L 72,

Doz &as, HERICERTLAIEICLID, T
RAIED LEHMREEERIECHES T2 ERS TR
BEPEALTHZEPELNE oz, S5 ICHEME
ICRIELPERIND &, WA LEOMBEMEERE, ¥
BN THEEAELT B ASR E N,

i i
RMERZBHICHIZY, RGHEEE, HEHZEo
BB KRR HBS AFZ0E0 MR 208 MEHE
BRICEEZIHFeRLITL LD, HEAMPHER
Wz E R PIE RS T KBERESRE, DERETN



WERERATCB T 5 LM MEEREICES T 2 0 FROEIET CRE)

RS RIL BERICBRH LI T, I, ERHEER
LEBE R TEV 7, WRHRFESE PILREBEIEIC
ELHALBELETE S, £/, BXBHBHEZEREV S

LS

BETICECHILE LETFEY, &R, H4DH

UR L HEE) 2 THW AR 20 B O E T TRH

L,

1)

6)

7)
8)

9)

10)

11)

12)

13)

14)

BHEEFTELTSCNAWRCEH LI T,

SE&XB
TR B RFEEIRS 1R, R, EREHR,
1994, 25-63
Socransky SS: Relationship of bacteria to the etiology of
periodontal disease. J Dent Res 49, 203-222 (1970)
Slots J: Subgingival micro flora and periodontal disease.
T Clin Periodontol 6, 351-382 (1979)
Listgarten MA and Hellden L: Relative distribution of
bacteria at clinically healthy and periodontally diseased
sites in humans. J Clin Periodontol 5, 115-132 (1978)
Slots J and Genco RJ: Black-pigmented Bacteroides
species, Capnocytophaga species, and Actinobacillus
actinomycetemcomitans in human periodontal disease:
virulence factors in colonization, survival, and tissue
destruction. J Dent Res 63, 412-421 (1984)
Hatakeyama S, Yaegashi T, Oikawa Y, Fujiwara H,
Mikami T, Takeda Y and Satoh M: Expression pattern
of adhesion molecules in junctional epithelium differs
from that in other gingival epithelia. J Periodont Res 41,
322-328 (2006)
BREZ BESFNY R T vy B, EE,
F{Ett, 2000, 175-179
HEREK 44 Vv sy avonN) THETHE
) AFHAE. L% 78, 601-608 (2006)
BHEEZ, =HF&HE.MEEE LRMRBCBYT
L EE L BME % P IC. Molecular Medicine 42,
1311-1374 (2005)
Farquhar MG and Palade GE: Junctional complexes in
various epithelia. J Cell Biol 17, 375-412 (1963)
Furuse M, Fujita K, Hiiragi T, Fujimoto K and Tsukita
S: Claudin-1 and -2: novel integral membrane proteins
localizing at tight junctions with no sequence similarity
to occludin. J Cell Biol 141, 1539-1550 (1998)
Furuse M, Hirase T, Itoh M, Nagafuchi A, Yonemura
S, Tsukita S and Tsukita S: Occludin: a novel integral
membrane protein localizing at tight junctions. J Cell
Biol 123, 1777-1788 (1993)
Stevenson BR, Siliciano JD, Mooseker MS and
Goodenough DA: Identification of ZO-1: a high
molecular weight polypeptide associated with the tight
junction (zonula occludens) in a variety of epithelia. J
Cell Biol 103, 755-766 (1986)
Itoh M, Furuse M, Morita K, Kubota K, Saitou

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

101

M and Tsukita S: Direct binding of three tight
junction-associated MAGUKSs, ZO-1, ZO-2, and ZO-3,
with the COOH termini of claudins. J Cell Biol 147,
1351-1363 (1999)

Hamazaki Y, Itoh M, Sasaki H, Furuse M and Tsukita S:
Multi-PDZ domain protein 1 (MUPP1) is concentrated
at tight junctions through its possible interaction with
claudin-1 and junctional adhesion molecule. J Biol Chem
277, 455-461 (2002)

Saitou M, Fujimoto K, Doi Y, Itoh M, Fujimoto T, Furuse
M, Takano H, Noda T and Tsukita S: Occludin-deficient
embryonic stem cells can differentiate into polarized
epithelial cells bearing tight junctions. J Cell Biol 141,
397-408 (1998)

Saitou M, Furuse M, Sasaki H, Schulzke JD, Fromm M,
Takano H, Noda T and Tsukita S: Complex phenotype
of mice lacking occludin, a component of tight junction
strands. Mol Biol Cell 11, 4131-4142 (2000)

Muller WA: Leukocyte-endothelial-cell interactions in
leukocyte transmigration and the inflammatory response.
Trends Immunol 24, 327-334 (2003)

Martin-Padura I, Lostaglio S, Schneemann M, Williams
L, Romano M, Fruscella P, Panzeri C, Stoppacciaro
A, Ruco L, Villa A, Simmons D and Dejana E:
Junctional adhesion molecule, a novel member of
the immunoglobulin superfamily that distributes
at intercellular junctions and modulates monocyte
transmigration. J Cell Biol 142, 117-127 (1998)
Ostermann G, Weber KS, Zernecke A, Schroder A and
Weber C: JAM-1 is a ligand of the B, integrin LFA-1
involved in transendothelial migration of leukocytes. Nat
Immunol 3, 151-158 (2002)

Bazzoni G, Tonetti P, Manzi L, Cera MR, Balconi G and
Dejana E: Expression of junctional adhesion molecule-A
prevents spontaneous and random motility. J Cell Sci
118, 623-632 (2005)

Takeichi M: Cadherin cell adhesion receptors as a
morphogenetic regulator. Science 251, 1451-1455 (1991)
Morita K, Furuse M, Fujimoto K and Tsukita S: Claudin
multigene family encoding four-transmembrane domain
protein components of tight junction strands. Proc Natl
Acad Sci USA 96, 511-516 (1999)

Wilcox ER, Burton QL, Naz S, Riazuddin S, Smith
TN, Ploplis B, Belyantseva I, Ben-Yosef T, Liburd NA,
Morell RJ, Kachar B, Wu DK, Griffith AJ, Riazuddin S
and Friedman TB: Mutations in the gene encoding tight
junction claudin-14 cause autosomal recessive deafness.
Cell 104, 165-172 (2001)

Furuse M, Hata M, Furuse K, Yoshida Y, Haratake A,
Sugitani Y, Noda T, Kubo A and Tsukita S: Claudin-based



102

26)

27)

28)

29)

30)

31)

32)

33)

34)

tight junctions are crucial for the mammalian epidermal
barrier: a lesson from claudin-1-deficient mice. J Cell
Biol 156, 1099-1111 (2002)

Nitta T, Hata M, Gotoh S, Seo Y, Sasaki H, Hashimoto
N, Furuse M and Tsukita S: Size-selective loosening of
the blood-brain barrier in claudin-5-deficient mice. J Cell
Biol 161, 653-660 (2003)

Ben-Yosef T, Belyantseva IA, Saunders TL, Hughes ED,
Kawamoto K, Van Itallie CM, Beyer LA, Halsey K,
Gardner DJ, Wilcox ER, Rasmussen J, Anderson JM,
Dolan DF, Forge A, Raphael Y, Camper SA and Friedman
TB: Claudin 14 knockout mice, a model for autosomal
recessive deafness DFNB29, are deaf due to cochlear hair
cell degeneration. Hum Mol Genet 12, 2049-2061 (2003)
Kitajiri S, Miyamoto T, Mineharu A, Sonoda N, Furuse
K, Hata M, Sasaki H, Mori Y, Kubota T, Ito J, Furuse
M and Tsukita S: Compartmentalization established by
claudin-11-based tight junctions in stria vascularis is
required for hearing through generation of endocochlear
potential. J Cell Sci 117, 5087-5096 (2004)

Gow A, Davies C, Southwood CM, Frolenkov G,
Chrustowski M, Ng L, Yamauchi D, Marcus DC and
Kachar B: Deafness in claudin 11-null mice reveals the
critical contribution of basal cell tight junctions to stria
vascularis function. J Neurosci 24, 7051-7062 (2004)
Gow A, Southwood C, Li J, Pariali M, Riordan G, Brodie
S, Danias J, Bronstein J, Kachar B and Lazzarini R: CNS
myelin and sertoli cell tight junction strands are absent in
osp/claudin-11 null mice. Cell 99, 649-659 (1999)
Miyamoto T, Morita K, Takemoto D, Takeuchi K, Kitano
Y, Miyakawa T, Nakayama K, Okamura Y, Sasaki H,
Miyachi Y, Furuse M and Tsukita S: Tight junctions in
schwann cells of peripheral myelinated axons: a lesson
from claudin-19-deficient mice. J Cell Biol 169, 527-538
(2005)

Simon DB, Lu Y, Choate KA, Velazquez H, Al-Sabban
E, Praga M, Casari G, Bettinelli A, Colussi G,
Rodriguez-Soriano J, McCredie D, Milford D, Sanjad S
and Lifton RP: Paracellin-1, a renal tight junction protein
required for paracellular Mg? resorption. Science 285,
103-106 (1999)

Hadj-Rabia S, Baala L, Vabres P, Hamel-Teillac D,
Jacquemin E, Fabre M, Lyonnet S, De Prost Y, Munnich
A, Hadchouel M and Smahi A: Claudin-1 gene mutations
in neonatal sclerosing cholangitis associated with
ichthyosis: a tight junction disease. Gastroenterology
127, 1386-1390 (2004)

Uchida Y, Shiba H, Komatsuzawa H, Takemoto
T, Sakata M, Fujita T, Kawaguchi H, Sugai M and
Kurihara H: Expression of IL-1f and IL-8 by human

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

WEEE $205%% 15 2007

gingival epithelial cells in response to Actinobacillus
Actinomycetemcomitans . Cytokine 14, 152-161 (2001)
Tonetti MS: Molecular factors associated with
compartmentalization of gingival immune responses and
transepithelial neutrophil migration. J Periodont Res 32,
104-109 (1997)

Guan X, Inai T and Shibata Y: Segment-specific
expression of tight junction proteins, claudin-2 and -10,
in the rat epididymal epithelium, Arch Histol Cytol 68,
213-225 (2005)

Gregory M, Dufresne J, Hermo L and Cyr DG: Claudin-1
is not restricted to tight junctions in the rat epididymis.
Endocrinology 142, 854-863 (2001)

Li WY, Huey CL and Yu AS: Expression of claudin-7 and
-8 along the mouse nephron. Am J Physiol Renal Physiol
286, F1063-1071 (2004)

Rahner C, Mitic LL and Anderson JM: Heterogeneity in
expression and subcellular localization of claudins 2, 3, 4,
and 5 in the rat liver, pancreas, and gut. Gastroenterology
120, 411-422 (2001)

Inai T, Sengoku A, Guan X, Hirose E, Iida H and
Shibata Y: Heterogeneity in expression and subcellular
localization of tight junction proteins, claudin-10 and
-15, examined by RT-PCR and immunofluorescence
microscopy. Arch Histol Cytol 68, 349-360 (2005)
Kiuchi-Saishin Y, Gotoh S, Furuse M, Takasuga A, Tano
Y and Tsukita S: Differential expression patterns of
claudins, tight junction membrane proteins, in mouse
nephron segments. J Am Soc Nephrol 13, 875-886 (2002)
Aldred MA, Huang Y, Liyanarachchi S, Pellegata NS,
Gimm O, Jhiang S, Davuluri RV, de la Chapelle A and
Eng C: Papillary and follicular thyroid carcinomas show
distinctly different microarray expression profiles and
can be distinguished by a minimum of five genes. J Clin
Oncol 22, 3531-3539 (2004) -

Furuse M, Furuse K, Sasaki H and Tsukita S: Conversion
of Zonulae occludentes from tight to leaky strand type by
introducing claudin-2 into Madin-Darby canine kidney I
cells. J Cell Biol 153, 263-272 (2001)

Oku N, Sasabe E, Ueta E, Yamamoto T and Osaki T:
Tight junction protein claudin-1 enhances the invasive
activity of oral squamous cell carcinoma cells by
promoting cleavage of laminin-5 y 2 chain via matrix
metalloproteinase (MMP) -2 and membrane-type
MMP-1. Cancer Res 66, 5251-5257 (2006)

Dhawan P, Singh AB, Deane NG, No Y, Shiou SR,
Schmidt C, Neff J, Washington MK and Beauchamp
RD: Claudin-1 regulates cellular transformation and
metastatic behavior in colon cancer. J Clin Invest 115,
1765-1776 (2005)



46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

WRERERITICEI) 5 LR MEARE ST 20 FROBHMBN CKHE)

Furuse M, Itoh M, Hirase T, Nagafuchi A, Yonemura S,
Tsukita S and Tsukita S: Direct association of occludin
with ZO-1 and its possible involvement in the localization
of occludin at tight junctions. J Cell Biol 127, 1617-1626
(1994)

Wittchen ES, Haskins J and Stevenson BR: Protein
interactions at the tight junction. J Biol Chem 274,
35179-35185 (1999)

Takeichi M: Morphogenetic roles of classic cadherins.
Curr Opin Cell Biol 7, 619-627 (1995)

Tanaka Y, Nakanishi H, Kakunaga S, Okabe N,
Kawakatsu T, Shimizu K and Takai Y: Role of nectin
in formation of E-cadherin-based adherens junctions in
keratinocytes: analysis with the N-cadherin dominant
negative mutant. Mol Biol Cell 14, 1597-1609 (2003)
Takeichi O, Haber J, Kawai T, Smith DJ, Moro I and
Taubman MA: Cytokine profiles of T-lymphocytes from
gingival tissues with pathological pocketing. J Dent Res
79, 1548-1555 (2000)

Meyle J, Gultig K, Rascher G and Wolburg H:
Transepithelial electrical resistance and tight junctions
of human gingijval keratinocytes. J Periodontal Res 34,
214-222 (1999)

Jiang WG, Martin TA, Matsumoto K, Nakamura T and
Mansel RE: Hepatocyte growth factor/scatter factor
decreases the expression of occludin and transendothelial
resistance (TER) and increases paracellular permeability
in human vascular endothelial cells. J Cell Physiol 181,
319-329 (1999)

Martin TA, Mansel RE and Jiang WG: Antagonistic
effect of NK4 on HGF/SF induced changes in the
transendothelial resistance (TER) and paracellular
permeability of human vascular endothelial cells. J Cell
Physiol 192, 268-275 (2002)

Powell DW: Barrier function of epithelia. Am J Physiol
241, G275-288 (1981)

Claude P: Morphological factors influencing

transepithelial permeability: a model for the resistance of

the zonula occludens. J Memb Biol 39, 219-232 (1978)
Claude P and Goodenough DA: Fracture faces of zonulae
occludentes from “ tight ” and “ leaky " epithelia. J Cell
Biol 58, 390-400 (1973)

Stevenson BR, Anderson JM, Goodenough DA and
Mooseker MS: Tight junction structure and ZO-1 content
are identical in two strains of Madin-Darby canine
kidney cells which differ in transepithelial resistance. J
Cell Biol 107, 2401-2408 (1988)

Amasheh S, Meiri N, Gitter AH, Schoneberg T, Mankertz
J, Schulzke JD and Fromm M: Claudin-2 expression
induces cation-selective channels in tight junctions of

59)

60)

61)

103

epithelial cells. J Cell Sci 115, 4969-4976 (2002)

Van Itallie C, Rahner C and Anderson JM: Regulated
expression of claudin-4 decreases paracellular
conductance through a selective decrease in sodium
permeability. J Clin Invest 107, 1319-1327 (2001)

Yu AS, Enck AH, Lencer WI and Schneeberger EE:
Claudin-8 expression in Madin-Darby canine kidney cells
augments the paracellular barrier to cation permeation. J
Biol Chem 278, 17350-17359 (2003)

Inai T, Kobayashi J and Shibata Y : Claudin-1 contributes
to the epithelial barrier function in MDCK cells. Eur J
Cell Biol 78, 849-855 (1999)



