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Passing of drugs across epithelial cell sheets and endothelial cell sheets is an obligatory step in the absorption of a
drug. The passing routes of drugs are classified into transcellular and paracellular pathways. The transcellular route has
been widely investigated and is used in clinical therapy. In contrast, drug delivery using the paracellular route has never
been fully developed. Sodium caprate is the only absorption-enhancer of drugs that uses the paracellular route. Tight
junctions (TJs) exist between adjacent cells in epithelial and endothelial cell sheets, and they play a role in sealing the
cell sheets. Therefore, we must modulate the TJ barrier for drug delivery using paracellular route. In this review, we
describe barriology, including very recent topics, and overview absorption-enhancers from the perspective of barriology.
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2. Barriology Ok
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MEREEZGELTHY, ZOMRBRERONIRREEIIHE
R Rl ol 1 | LN ANSRANY i DN = L ST Y 7/ k=P o)
DOFIfz &> THEFF SN TS, EEMEICH T
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route IZ KB S 41 5. Transcellular route TI& b 5
P AR—H —12 EDREBYE R I K DWW E LN T
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SEEL TS, —7, paracellular route 13, ¥'8
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fil g 2N 7 —& U THRET 2 2 &IT K D RN
BREOIZ)N—HF A2 MEEWD B E 2 H -
TWB EEZSENTWE, LML7EA S, Barriolo-
gy DERBICHEN Y FRBICHET HHMANRLICE
F& L, paracellular route \Z B 785> T-HEHE 2 B9
% Z EICKDEmICEOEZEHI#EZIT> TS
ZEDHLNIRDDDH B, T TETAETII,
Barriology DEIRIZD W TS 5.

MR 1213, adherence junction (AJ) %
tight junction (TJ) EIEIN B FEHEEBENEFEEL T
W% (Fig. 1). AJ Tl cadherin 2S5 0 E
EoTELUTHREL TH O, cadherin i3 Ca2* K7F
RIS EE I KD ST Sl 28 S E T\ 5.
Cadherin 1% 80 f%ELL O super family ik L T
B0 T OFEIUTIT ML RN B Z I N, E-cadhe-
rin 1% F &2, N-cadherin i3 =2 —0O >, P-cad-
herin |3 R ETHRIL TWS, =9 LnLRns,
AT BT 2l O EEES 15—20 nm IZfR72NT
BO, cadherin ZFH I THMEHRICBITS T
2/, EHEHOBEZMGIT L I ENTERN.
—7, TJ T3 MM omEEEN£ oiiaD
ZYEORNNELHMF SN TR, kEMaE
IZHEL TWD TI YRR E A O NEREREE 2 44 R ER
BN SRR HREEEE U THREL T D Z &E0VHIS
NTWs, ZOTIONYY —HEREZ D 57 H A
DFRIEIL 1990 FRICAD X5 RLKERERT DL N
HATz. BEEAHTH -2 TI BRERE DRI D
FERIE, 1993 FEIC AHA—BE LD/ )L —7IT &

Apical side

Occludin

Tight junction Claudin
Tricellulin
JAM
Adherence | = == \_
junction =1 Nectin
Cadherin
Basal side

Fig. 1. Composition of Tight Junction and Adherence Junc-
tion

D73IN, T8 65kDa @ 4 [AIEE &M E oc-
cludin PR N/~ Y L LN, occludin &
EFE /) v 7ML TH TIRMFINTHD,
TJ BERICBE 59 %2 E HE 13 occludin DAAMITETE L
TWVWBZEMRBINTWE.Y £/2, ZOD occlu-
din T/ v 7 7 hOWwE EAHEIHRT S D12,
TI EREAE &L THZ/REBY claudin 28 [FE
N9

Claudin | 23 kDa @ 4 R E#MEHE T, T %
Ferzrsn~ o e (L fife) CHBEIE2
ETINEREINZZENS, TIHERICHBIT S key
molecule TH 5 Z EMNFEHA TN/, Claudin (Al fE
i ETHRIRICEALTA NI > REBERL, BEET
HHEETHNNED 2ARKDANT > RPHET 2
ZERTXDTINEREINS EEZENTNS. D
Claudin {213 24 fE#E D family 2 E SN TH D,
claudin 2 b F > R Ox& ORRICIE family [ THRE
RUONTFORBFEEZEZEL D I ENERITRINT
W5, filz1E, claudin-1 FH L #iia & claudin-3 5
L MIROR, claudin-2 ¥ L #if & claudin-3 ¥
BL MR TI BRSNS DIk LT, clau-
din-1 8 L #iff & claudin-2 3 L #ifRICE T
ANT 2 RBERINEN. Y £/2, MDCK 11 #ifd
IZ claudin-11, -15 Z BB I 2 ENYU 7 —HEEED
FAMERINSDITH LT, LLC-PKI fifd Tl
ND 7 — BB I35 Z &M 5, claudin family
I3 family O 22 BRH L TR BREEE2ET 5
TINY 7 —2ZRREL TWDu[REENRE I N TN
%.9 X512, {4 @ claudin family @ HEEEIC D W
THHAEANEEL DDH . Claudin O FEIZITH
B B Y 50, claudin-1, -5 72 & TI3 A #i7z
M CTRENEDSNDDITH L T, claudin-2 13
g BRI BN TEFEB L TnD. 10 BREN
1T, claudin ©/NU Y —HEEEIC b FHARRR 2L 1R AYER
W53, claudin-1 RIET T XA TIEERZONY 7 —
HéBE, claudin-5 RIE~ U A TR MEMEIFT DN
7 —H6E, claudin-11 RIE~ D Z TR BB
ONY 7 —HRENZTNZNHE T L TR, 1D 4
RIITZ LRI E A O NERE N FEIEL T
BT EAEEZEET D E, claudin 78 24 FEEEH O family
EHERL TWD 2 EOAEBMNERIIZHEZI D )N—
FAYNERIZCHDLDITHZS.

& T, claudin 78 BLLART O & 5z #ifa g o W8 % i
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HIE R D AT, BED & O MEEICHEET 5 bi-
cellular junction B892 D Tho7=. LEME
[EOMEZEZ 5 &, MIEMICIZ#EET % 2 #ifuf
DIz 3 FIE DAL ST dh 5 tricellular junction I3 7F
EL TR, ZO tricellular junction {251} 5 W)'E
FEEHIENT LI L DD 8= R A
NMEICHZETH . 2005 4E 12 A, Z O tricellular
junction [IZBWTYEDIRNZF; </)NU 7 —HEEE
HS 4T & U T tricellulin 23 [F FE & #1172, 9 Tricel-
lulin 13, 7> F&E#) 64 kDa @ 4 [ EEEHE T,
FEF tricellular junction IZJHEL TW 5, Tricel-
lulin 2 RNA F¥#ICKD /w75 0§ 5 & R
fafg DN 7 —HEME R L2 &M 5, tricellu-
lin 1 tricellular junction 2B VF % Y)'& 1% 38 &1 % 58
U THIBR O NEBEREHERFICB 5 L TV B H D L #fER
N5,

ZDIETH X=X D12, occludin, claudin, tricel-
lulin EWo 7z T Z MRS 2 EHE O FEMNHEA L
T mE IR - 5. BifE, Barriology @
T, 05O T #RE T O AR R
TR DFRIAICEFZE NS 7 R L TH D, 5% D
BOHIRESNS.

3. RUN{RHEH & Barriology

WD EREICBNTS, EHELIERECH
TG D bR AiafE GREME) 2@ d 5 &
WX ORIERICEITL, mMENKMEEZERT 2
ZEICKDENETITEITT 5. LEMEE RN
R AR 12 BV % W'E % i1 transcellular route &
paracellular route (2 KPS 41, WiFEHE 2 Ff U 7= 38
YR EREN L HIKX ORI NTE /2 (Fig.
2). #Z TAIETIL, Barriology DA ZEEZ T
BEfF DY BB IR EN R 2 i 5.

Transcellular route Tl, ZBEEKDL KT 2 AR —
Y—EHALEY 7O0—FNRINTETVWS, Z
DHEME T, FERVERAL (RIWERAL) RREAICHEAEL
NN DEBLLITIIFEH L Tz GEF L <IEIFH
BV TERY) ZBERS T > AR—4% —2FH
925 EITKD, ENEROERR &2 HEMERED
IS ATREIC /2D 2 &S, ERRAICHEAEN IR 5T
MTHDHEZSAD. D L LEBNS, ZREDPNT
SAR—F —EFHT B7DIITEmN NS OH
RICERHESINDLEND D, ML bFHEEa L
TWARTIUIL B E T HENEL S, SRD

Apical side
Paracellular route

"
} Tight junction {
O

Basal side

Transcellular route

Transposi R(i:eptor

Fig. 2. Scheme of Transport Route within Epithelia

ZERMNS, ZOBMMIEMEEERICEEN N &
MHAETHD, EREBEICHEEEHEZZEL D
DXt Lz u/z 572w, F /=, transcellular
route “C (e PRER D 3A A% Ol el N A7 1l A2 < il
fan o O EfE 2 © HE I AN RN EEN D
ZENS, N AIV—Ty MeL ZEER LS
YR IHR U2 ki & U T A route 2159 %
i, NAMF AT +—=< 710y 7 RHED< in
silico A7) — =27 DN & [ 7272 < TRa 572
WTHAD. ZTDOLDIZ, transcellular route %z Fl
MU= kEZEE, AER R OR RO T
TSEIETh 2 EFA 5N, ZOEREITITSL
X6 < ORENBELINTNS,

—7J, paracellular route 241 U 7z Sk % ik D
JERTE <, REEERSCF L — MRS EZRAL
AR DBF IR 2 DB 2 & A THL S . 1617
1980 £EfRITIE, HANRMAIOMMIZ X > TEY D
IBERINEZNETS7 7O0—FELT, RAYSLE
FAt G 75 E D AR TSN HE R O B 76 73 B 1T e
JBL, YU FIVBRIEY, IBIRE BigE,
Azone 73 E/MRIUEEAl & L TRITE Nz, 182
IS OWIRHER OB Z RT3 59T, B
TV, T AINVHIVEF 2, AR AR
BRICEIET 5 TI 20T % 2 &ITXR D RINEERE
TEZEFETHIENRBEINA. B30 £/, £H
HEHESTTHE BILERPIERT Y 2RED
paracellular route DBBY — NN —THBTFA
CORFERINEREL TWEZEnE, 50K
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IEHER S TT OB O % It U TR fE HE RN S 2 FE
LTWEHDEHPEINTNDS. 23 260D TI
Fl CERDVRIR S T 2 IRIEEART O AE A R D
WTIEWEEARARBRRBZNHDD, Dla<Ebh
1) > P13 phospholipase C DIEMEAL, WA EL M
FINT > R = ZAMNE &4 & x> THITEE % O B
PRVET 2 Z ST KD RIS TI 2309 % &35
AHNTWS (Table 1). £/, —BIEFRITMI
NDT 7 ZI)VEEBRCEER ZTEML T2 2 EnF 5N
THD, cGMP DEAICERT SMENS 7 )b
BECIDTIORHOMNEZ TS &EHHIE N
%, 343 TEX 7Y ORIMEEREHRIX Y R
U 2 ZBRDIERALICEDEC S ZENRINTH
0, RZHEREEMITERT SMENA X2 3
TI OO DBMNBEHINTNS. B ZDLD
IZEARICED, paracellular route % Fi| f U 7= K435
EHEOMERIIRT 6N TERD, ERLICE-S
HOIIRFNCBIT 2T DBOAITEER N,
INEEERD TI OO ZES 20ICHIE T 55
W& —IGEBICHEET 52 OME B RININT
LES ZEICLDRIERMNEHIND Z &, EHN
IR RN Z U < R & BT 5 72 0 IR
H & BRI T IRET HRBENH D T LR ENID
BWHRELTET NS, TI 20T 5 Hik@mE, 1
DD S ikim CELMEARIREREDITHEHARETH S
EMS, N ZIIV—"Tw MELUZRIEEMZEICHE L 72
HETHHEFA S, WHNITEZADE, BHFEOK
IRHERI DA 2iE (&S 2WE o, /FH
O RME) 2nikdT2ZEIATENL, 7/ LA
SEWFFRITE U 7= Wk A DRI AREIC TR S &
EZH5N5D.

4. Barriology & B & L /- EYNXEH FOMET

ST, 2,3FHTHHLEZZ EZ2ERIITELED S
& Table 2 D X 512725, Barriology IZ BT 5 AE
HY 7256 JUE 1998 4R 127441, 1999 4E 1T claudin 73
N T —HEEORIKTH S Z ENFEHI N, —
7, BEE OMIUEERNT 1980 FEfRICBFE I N TV
DHDNKEZEZEDTVNS, ZORNSENMNNDHE
%, N\ E 72 Barriology D43 T AR IZ I L 7= %
IR EERIE DRESE N oMz I TR EnD
ZETHAD. LiznioT, BEFORINEEROH
3 % #REIT paracellular route 2 /7 U /= 38 £
EORFRZERL TWbDTIL/2 <, Barriology @

Table 1. Absorption-enhancers

Absorption-enhancer Target molecule

EDTA Ca2t (1980)
Oleic acid Cell membrane (1980—)
NO Unknown (1998)

Sodium caprate Phospholipase C (1980—)

Table 2. Progress in Barriology

Years Events

1993 Identification of occludin

1998 Identification of claudin

1999— Clarification of TJ-barrier function of claudin
2005 Identification of tricellulin

HANBEL TN ZEICERL TWS &EF
A5, ZOHETIX, WEEHFENRHAIETH S
Barriology % £/ & U 7= Wk LI DONWTEHR
505 —8 ZHOITHEH T 5.

AR U 72 & D12, ERNICIZ SRR iR
ELTHBD, 2NENEHONFREN MR I N T
W5, L7zN>T, ZONITREMSHEEZ B
HIHT 2 2 EMTEIUL, AR B0 7 Sk
WEEICE D EFE A BN D, T IR 2 WHE % &k
BEMRED AR ZHS P L L THE—FEHINTVS
claudin IZIEEITH IREN ST TH S, HlAIE,
claudin 1213 24 O family NRHINTH O,
FEH I ONY 7 — BRI AR DR 5 5.
ZDZ ENF, claudin O\ 7 —HEEE & family K5 R
PNCHIEIS 22 AT L ZHET 2 2 L TENIT,
FHARARE AT YR L DMEENE DN S T &
ZREBLTWS, Claudin ®/)NY 7 —HREZ[HET
551 & LTI, Clostridium perfringens enterotox-
in (CPE) ® C &KWl (C-CPE) 77 claudin-4 O /\
U7 —BREZHET S0 T L L THE—REIN TN
7= (Fig. 3).39 CPE 3 35kDa D RUXRTF R TH
0, FREEMEICEE ST 2% N REE & 223K E DR
HICEET S CREHEMOSHEINTNS .
CPE OZZUKIZ 1997 i/ 0—=2 7 3NTHO,
1999 /1T claudin-4 LR —7F TH 5 Z LALLM
12725 72,363 C-CPE %1 X& L EMICIER S
H5ETIONY Y —EENK T L, C-CPE ZRE
THZEIZEIDTIONY 7 —RRIIEIET S Z &
5, C-CPE 3 "I claudin-4 IZ/EfA L TI )N
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A putative receptor mz 2 A. Plasma FD-4 level
binding region  £3 -%
CPE — 50 3 10 -
B 1) g| O~ C-CPE 0.05 mg/mi
C-CPE '—g -o- 0.10 mg/mi
184 £ |
o)
| I+ - 2 e
C-CPE303 b |
303 [m]
L 4.
I [l s ]
C-CPE289 n
289 8 2
[ ] *
Fig. 3. Diagram of C-CPE and C-CPE Mutants Structure 0 0 1 2 3 4
C-CPE is the C-terminal fragment of CPE.3® C-CPE binds to claudin-4 .
and decreases TJ barrier function as indicated by a decrease in TER.3® The Time (h)
C-terminal 30 and 16 amino acids of C-CPE-deleted mutants are C-CPE289
and C-CPE303, respectively. B. AUC value
20
7R KT I E 5 EHERINZ. C-CPE TR
o S SN A N — *
URTF R THB T EMLMET THOFEEM T 15 !
FREOEHITRDEEZ, EHESDOTIN—TF 2 *
C-CPE # claudin modulator D €5 )L 1 & LU TH f' 10
W5 Z &L D claudin DIEYIEEIC BT B ER D S *
F-& L COA R FEE L 7=, 2 5 I
¥9, C-CPE OWIUEHERN R % FITC I X)L
N7z dextran (MW 4000) (FD-4) z#=E5)L#E Y& L o —[—1

THWT, Tv MNEBITBIT S in situ loop assay 1T
K D L /2.3 C-CPE Z{RINT % L BEKTFN
i fEH FD-4 B O LA BRI, C-CPE 0.1
mg/ml YL TEG RIS X 40T 2 IR HEH T H
HH7UEEFRY DL (C10) 40 mg/ml & [F 2
JE DWIN R ER RNBL TN, C-CPE X Cl10 D
400 5 DI EHEER ZF L Tz (Fig. 4). X7z,

C-CPE D fh[E5 5 % A AL F 19 K O W 12 S AT
L7z&Z %, C-CPELHEIZHES HEMEIIBIRIN
7/ - 7= (data not shown)., X512, Fv h K
IZBTDWMIBERN R 2T ML 2 & 25, C10 LE
T, v bZEG S RBRORIEEE B S N
72D LT, C-CPE TIXKGIZHBUT 2 RIE
EREREO s N>/ (Fig. 5). TOXDITC-
CPE D IEHEREMEIZIE C10 TIE A 5 N7/ WL
BRMEND D, claudin Z (EH) & U 7z 8By 2 H ik
OEHMEN RN, £/2, CCPEXn T &
10000 % T ® dextran O UL Z SHE I fEE L T/
(Fig. 6). Z DX D12 C-CPE [T ik Z A1 D H

— 005 010 40 (mg/ml)

Vehicle C-CPE C10

Fig. 4. Effect of C-CPE on Jejunal Absorption in Rats

Rat jejunum was treated with FD-4 (10 mg/ml) in the presence of vehi-
cle C-CPE or C10. The FD-4 levels in plasma collected from the juglar vein
were determined, and the AUC,_4, was calculated. Data are means+S.E. (n
=4). *Significant difference from the vehicle-treated group (p<0.05).

FRIKFEWRRIEEEEZB L TV, RiT, 5
v K22l DI fRR & C-CPE % iz & ¥ C-CPE 1T
fHnE 1 TW 5 His-tag ZF|H L T pull down assay
1o &Z A, LM 4T C-CPE & claudin-4
NMEBITHMEBINZZEMNS C-CPE & claudin-4
DHEERT 2 Z RIS N (Fig. 7). £z,

BWEOWEMS, CPEIZCKRI0OT7I /BZEMNL
TERREBETHZERBINTNE. O 22
T, CPE & C-CPE OZ&EAKRMEAHEBIIF—-THS
ZEMmS, CCPEOCH30O 7 /JBELLIZZ
DO—Hb (16 73 /) Z/RIESHE 7= C-CPE289, C-
CPE303 #{E® L 23 5 D28 BAR D & FEIE M 2 FLAfh
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Rat jejunum 16 .
. 14
8 - IF Vehicle - _[_
= * , Vehicle
~ -O- C-CPE 0.1 mg/ml E 12 _L 1 U
E < c10 40 mg/ml 2 10 : [] c-CcPE 0.1 mg/ml
(2] 6 ) 5 4/
= < 8 ;
s 7
o I
(S
w 4 5> 4 , .
: 2
a 2 - _ = ﬁfﬁ
o 2 0 l_'— 7 T —— T é T 1
FD-4 FD-10 FD-20 FD-40
0
Fig. 6. Dependence of the Enhancement of Absorption by C-
CPE on the Molecular Mass of Dextran
Time (h) Rat jejunum was treated with FD-4, -10, -20 or -40 (10 mg/ml) in the
presence of vehicle or C-CPE (0.1 mg/ml). FD levels in plasma collected
from the juglar vein were determined, and the AUC,4, was calculated. Data
are means+S.E. (n=4). *Significant difference from the vehicle-treated
group (p<0.05).
Rat colon
8 {1} Vehicle
A. Absorption-enhancing effect of mutated C-CPE in rat jejunum
—_ 4 -O- C-CPE 0.1 mg/ml
— 5 -
E 6 <> C10 40 mg/ml -0~ Vehicle
g = 44 —O— C-CPE 0.1 mg/ml
3 1 £ —A— C-CPE289 0.2 mg/ml
o 2 —0— C-CPE303 0.2 mg/ml
1 b 3
L 4 a
© ™
E b «
2 g
a2 a
0 [ = 0 8
0 1 2 3 4

Time (h)

Fig. 5. Comparison of Absorption-enhancing Effects of C-
CPE in Rat Jejunum and Colon
The rat jejunum or colon was treated with FD-4 (10 mg/ml) in the
presence of C10 (40 mg/ml) or C-CPE (0.1 mg/ml). FD-4 levels in plasma
collected from the juglar vein were determined at the indicated points. Data
are means+S.E. (n=4). The results are representative of at least three in-
dependent experiments.

L7z (Fig.3). ZO#5%, C-CPE289, C-CPE303
WTFNOZE KD claudin-4 & O#5S M & NI IE
HEIEEMEEL T2 &G, C-CPE OWRILE
HEEA IS claudin-4 S OHEERNNETH S &
HeH=NS (Fig. 7). 4V

PLEDKER LD, claudin QY EEICHB T D HE
MaTELTOFRAENRE N, BfE, C-CPE
% prototype & L T i ) 7= claudin modulator @ £
#zXD, C-CPE DHEHE R A A > DT KRR Y
J—Z T ROMEEZHEEDOTNDEIATH
7&‘ 41—43)

Sup. Ppt
+ -+ - + + — + Lysate
- +-+ + -+ + CCPE
- —+ + + + + + Ni-resin
[~ | claudin
C-CPE ' —
| - | cPE
c-cpeaos| Lo _me & | craudin-4

[ - W% = | c-cPE303

C-CPE289 , = ____

| Claudin-4

Fig. 7. Involvement of Claudin-4 in C-CPE-induced Jejunal
Absorption in Rats

A) Effect of C-CPE, C-CPE289, and C-CPE303 on absorption. Rat
jejunum was treated with FD-4 (10 mg/ml) in the presence of C-CPE, C-
CPE289, or C-CPE303 (0.1 or 0.2 mg/ml). FD-4 levels in plasma collected
from the juglar vein were determined at the indicated points. Data are means
+S.E. (n=4). B) Interaction of C-CPE, C-CPE289, or C-CPE303 with
claudin-4. Jejunal mucosa was removed by a scraper, and lysed in lysis
buffer. The lysate was incubated with C-CPE, C-CPE289, or C-CPE303 and
then mixed with Ni-resin. After a 2-h incubation at 37°C, the resulting com-
plex bound to the Ni-resin (ppt) and the free fraction (sup) were subjected
to SDS-PAGE and analyzed by Western blotting with antibodies against
claudin-4 and His-tag.
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5. SBRORE

ik L7z & 512, Barriology iIZDWTIE Xk H <
TINU 7 —ORRBERNEBESNDDH 2 DE]
IRTH YV, Barriology % Hig & U /= Bk EHIED
BRI E S TR OWERENDTH S, £
BS, EMERRICHB N TEMNS FE L TOHR AN
fliEN TS DI claudin DAITBEE W, /=,
TI EEREAEO R T/NY 7 —HEEE~\ DB 523 FE A
INTWB%5TFI1E, occludin, claudin, tricellulin @
HTH5D. &I THwBIZ, paracellular B %= L
72 3WR T BT S claudin DS DEER 5T DA
Pt 2E£%29 % L [FIC, Barriology D S0 5 BEAE
DWRIEHER DFRE D FENR D ATREMEIZ DWW Tam U7z
W,

Barriology % J: A% & U /= 3y 432 5%k D 2E I
1997 4£ Wong and Gumbiner @ #4512 % . 49 Oc-
cludin |3 4 [FIEEEMEZA L THO 2 DOMst
A H L TW%, Wong and Gumbiner 1% occlu-
din OFfifAS IR DX T F K& HER L C AR M O
HARTF RIEIZE D TINY 7 —HEEDN KT T 5
&, HTE4AKkDaETOTFFANT > OBHEHMN
TLET S Z L2 R L TWS, Occludin peptide 4L
HIZHEW, MIREREBR 231 5 occludin L X)L MK
T3 2 & ARFICHAEA O occludin L X)L 2ME R L
TW/=Z EM5, occludin peptide YLEIZ XL D pep-
tide &#5 4 L 72 occludin 25l i@ NI HL D A £ 57
fRINT-EHRL TWS, ZOWETIX, Xenopus
kidney epithelial cell 2SN TH D, FHYLEF
FET BT B RV 2 MR TId/ah o 7. 2003 4F,
Artursson 5 @7 )— 1% Caco-2 fiifiid 2 Ff \» T oc-
cludin peptide B2 ¥ D @b 2 A TWw s, Wong
and Gumbiner D5 Tld, 184—227aa fEELD X T
F REH| 24 L Tz A Artursson 5 O EER Tl
ZOFEBICHET 2T F REFTIE TINY 7 —
HERER FIE M3 B I N9, Wong and Gumbiner
5OM|E TIRIEEIZ AW EIN TV N R OHM
TSNS I B X T F RECFNICB W TN Y —
BEEDIK FIEENRHEINTWS. 9 H 7 I)L—T D
FEEBRRIMEHL TSN Es 2 &hs, Ehk
FE R DX G MR OMEITHED TI N 7 — Bk
DOHEIGERL TWd EEZLND. YHFEEICH
% Caco-2 fllfil %2 FH W T Artursson & [f] 4 D E 5 %
fToTCHELEDBOOHBEMEEIHES NS> (our

unpublished data). Caco-2 #lifigiZ 13 5E % D #ikk A
FET2ZENMENTHD, MEMTO TI 04
FIHAE DO AHE D occludin peptide DIEMEIC &% 5
ATWS EHEREIND. Artursson 5D )L —7 D
5 — % TlX, occludin peptide ZL¥#% 120 min T3
PR TINY 7 —gE FEENBR I N TV Z
LM%, occludin peptide ZF|H L 727 70 —FIiZ
13 C-CPE IZIZ 78 Wl EA D O, B RIS A T A
Tid occludin HEER &L TEZDLENH DN D
L7z,

b Bl fE O Wy B E i BE EE & U T bicellular
junction M IFMIT tricellular junction 3B 5 L T
B2 ENHSNTHBO, tricellular junction 12 BV
)N 7 — K BE & $H S tricellulin 1% paracellular
route 4T U 72 YR S X T LAREEICHE L TR
IC72 055, FEBE, RNA F¥ICX D tricellulin
OFRBE ) v T T T BHETINY 7 —HEEEDK
TR FE4kDa OFF AN T > OFEENITHE
T5Z M5, W tricellulin Z#EfK) & L 7z TJ modu-
lator D AR EYEZITBVWTHITH A D.
Tricellulin @ / v 7 &7 212k D, bicellular junc-
tion JEEL ® EE % Z 1) /= Z &M 5 tricellulin modu-
lator 1% claudin %> occludin M /N 7 —HRE % H il
T 5 HEEAN D S, Tricellulin IZDWTIEFHA
M58 nHHED LS THSTHEEMIT/ZED
MROERNEFEIND. F/=, MIERESE OB
IZBWTIL, Nectin-Afadin RIZ K2 AT DERKIZ
BROWTTIDEBEINDIZENASNTBED, Al
WREHEZHIET2ZL2ED TIONY 77—
RE 2 il T = % ATREME & /R S 1 5. 49 Conditional
knockout {2 & U % ® E-cadherin 2 J v 7 4 %7 >
TBHEREDONY Y —HEEENK T T 5. 47 Claudin-
LIZEREONY Y —HEEZ2H ST L L THISNT
W57A, E-cadherin @412 L D claudin-1 & &
MHHEEKL TV EMNS claudin DN 7 —HEEE
HEFFIZ cadherin 3B 5 L TW A RJREME A RIZ S N,
cadherin modulator % F| ] U 7= 343 3 5 % D WL
HAEEICIR DD Ly, DX D IZ Barriology
Do FHBINS WIS 5 &, claudin DI AT oc-
cludin, tricellulin, cadherin & ¥ %% HiEME O
BRICIIRE 5> T2 72 D alHEME D D 5.

ST, ATV CEF MU LAITRES NS IUE
HEFIOBEE LT, EMLIS OWE O IER: B 78R
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AT 5NTWBN, BRD I LS ZOHE
I4 claudin, occludin, tricellulin, cadherin 72 £ ® TJ
modulator Z& W /2 YR ESEITBNTHEET
%. Claudin-1, -5 R X T35 F & 1000 A
DR TFORBRHMNBERINTH D, occludin peptide
X B WERBE), tricellulin @ /v 7 F T KD
MBEBBI ) FRKGENERIN LI &S,
TJ modulator T X % W% #1377 T EAKF M2 AT
HEInZehTEBEEZSNS. £z, claudin
i, 24 O family 2L TH O, REKRTA
TOBRARNT > REERT S I &K DR ki
ZRELARIZ TI A b7 > R 2G4 UM E A O NHE
REMRFICEMMICEEL TWadEEZ s TY
%, ZDZ &1L, claudin faimly O A S OB R
Y 75 modulator %ﬁﬂ@@‘é T EMTE UL
#E’J@%% REMNAIREIC/R D T &%?hb“(blé
ZDOEDIT, TIHEREBREZH WYL
T RKFH RS RNTH S I EN 5, 1/1‘5'5
DPINREFN L U TRIERIXRIEICER S NS &
HRIND, BRATIE, FFREXROREIEROH A
no AL, T AR—F—75ED transcellular
route OF|HNHEBW SR HEwmTHDEFEA 5. L
MUTRMS, MFENED A, MALNTORE, M
AN NOHHEEZ BEE LR TR 6 RVWED
12, transcellular route % | U 7= ¥y %52 5D
EHICFI LIS <KHzETLEEL NS, 5’%
BX, 200 TAHEDDEEZFT HMMERIC

WTIE, BhEINBILEYD 90% 1@&%%%
BEIBT S EMNTERWNEDICERISHANRZES

NTHD, BEEHLS—X 2 THIERAT2ICEES
TWiRly, RKIETHA L /= Barriology = Hig & L
7= DDS #2213 3L A M @ A T transcellular route
EBETLHEMTHD, Pl LbiiRRizBiT
LEMPBEIIBNTRIEEZ DO THIRTH S &

SALD.
DLk, A#838Tld Barriology D8l i 5 3 5%
EHFEERDIKER > TE/~. Barriology 134T

10 £ 2 5T DOFHEWEFTH D BIEITZ DF) BT
WE780, 41, Barriology O RREAM 2 A 5 BT
X, AHMEN LZHZENE B EMIBRICERL T
5 EEMFELTVWS,

1))
2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)
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