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The intercellular spaces between adjacent epithelial cells are sealed by tight junctions (TJs) . Modulation of TJ-seal
is a potent strategy for drug absorption. Claudin is a key structural and functional component of TJ-seal. Claudin com-
prises a tetra-transmembrane protein family consisting of more than 20 members, whose expression profiles and barrier-
function differ among tissues. For instance, claudin-1 plays roles in the epidermal and mucosal barriers, and claudin-4
regulates the mucosal barrier. Claudin forms homo- and hetero-type TJ strands. Properties of TJ-seal are determined by
combination of the claudin family members. Some claudin strands work as size-selective or charge-selective paracellular
routes for solutes. Thus, claudin modulators will make it possible to deliver drugs in a solute- and tissue-specific manner.
The C-terminal fragment of the Clostridium perfringens enterotoxin (C-CPE) is the most characterized claudin modu-
lator. In this review, we describe potency of claudin-targeting mucosal absorption, and we mentioned development of a

novel claudin modulator using C-CPE as a prototype.

Key words

1. FLsI(c

WES DT J L 707 F — LABEBEOHERIT AN,
RTF R« FNDE - Bilg1s EDINA FEHEHR
HAREKLEELTHRELDDH D, 2010 FRKE
TIZ, MHHROFFDK 30% 03N FEHK T HD
HN5EEDONTVD, —RAIZ, N1 FEFEITH
EBFEZFICL > THMEZ TR W &, EEREER
PRIZZlWwZ Ens, BRISHIZEL TidZ<oN
1 FEEMRZEEOEFIC L DR 52 RERLIN
TW2OMBUIRTH 5. BEGOFEMNEKEHEDE
EDHE (QOL) ZEET 5 &, %O - K& - K
B G7x EQIBEER GBI G HETH S
HOD, TERKEES L EIERNNEZRTLND T
ELUTHREL THD, Z ZITHBEMERGEBFED
HLINDD., HEEN L ZRIREERI 30 F4
DI D RIUEER & U TR I N TE TS

NN SN o T T SRR NN N R e (e
(F565-0871 KB LLH . 1-6)

*e-mail: azusa@ phs.osaka-u.ac.jp

AL, ERE 22 FFE H ARSI BT IR E (B
WRIESF) OZEELRL TR LEZHDTHS.

tight junction; claudin; Clostridium perfringens enterotoxin; drug delivery

DY, R HETE PR DR AR I Z U < BEG M & #
RINDBEOHBHNSERELINTVWDDIEXN T
UYEEF MU AR EICEE RN, BEOWRIEE
FNZ 1980 FERICBHAE SN O DN K2 HDTH
0, YEr, ERMENY Y O TIEEIIRMHATH
o7z,

B2 T ORI B AR L, BERE
2 fa BRI £ AE S 5 tight junction (TJ) 12k -
THIRERIRRIZ S — )L XN TH D WEEEH S
TWaZ EMS, TINY 7 #HIHH A IR A £ 5%
BIFEDHARIED 1 DER>TWNDS., TI OFEM
5K 40 FEDREH 2T, 1998 EITH#E R A HIE
TN =TIk T > =)L DAL E LT clau-
din 23[F & & 117/=. Y Claudin 134> 7 & 23 kDa O 4
EREESY >NV ETHY, BEELTIC2T EED
FTFREFEINTWS, Y BBRE N Z &IT claudin
DOFE L OIN Y 7 BEEEI T LA Bt v x
claudin-1 [Z K5 K& /N U 7, claudin-4 (385N
U725 TWSZENHENIR>TNWS, 5
12 claudin 1 TTICBWTHRERUIATOR LT >
REFKRL TWS Z &, 27 MEEET 55 F0M



1584

Vol. 131 (2011)

AEDORITE > TEREERIRERNY 7 2L T
W3 Z &, claudin 235 T EIKTFR - ff SRR
W E AR E U THIEL TWb Z &, claudin 2
RS> ROYAF Iy 7 EERERRIT &0 YA
BENTVWDZENHSNIZE>TNSE. Y ZDZ
&1, claudin 2 HHEEICHIETZ 2 ENTEN
W, PER DRI BN 1 72 W LR B f O it
WV R A SRR A 7z, MIIERRR ARG 2 L 728
T I8 W AR ORI NI REIC /2 5 T & &R L T
W5, 9

DEoBEsz2EEx, £H 513, claudin4 binder
THHRYXTFE (C-CPE) W, claudin %
FIH U7z IR EMEHR 5 @ proof of concept (POC)
ERENL L CER. ARG T, claudin 22 & L
T KGR A e e ik D BA FE, K& UX C-CPE #% proto-
type & L TH W= % # claudin binder D AIHELIZ D W
THASETHEL.

2. Claudin ZF|f L 7= RN EE DR

Claudin ®FE RS 10 F£H O H HARKE L 7=
73, WE 77 claudin binder DEFEIZITEAEEREL
TWgly, Claudin O\ 7 HEEEZHET 50T &
L Tld, Clostridium perfringens enterotoxin @ C
KWF (C-CPE) 77 claudin-4 /N 7 t§HE % fH%E
THHFELTH—REINTNWE. Y ZIT, £
# 513 C-CPE % claudin modulator ® &5 )| 43 T
ELUTHW, claudin 280 & U 72 R R0 i 1%
DA EIZ DWW THEFE & il A7z,

9, EFIEMEL THTE 4000 DFFZ b
= > (FD-4) %\, in situloop assay ik D 5w
R 221 BT 2 K IR E R R & gt U7z, C-
CPE LEIZ & 0 fn#Erh FD-4 J& O EHEIER S
N, WRISHINTWSRIUEERITH DT >
it N U7 (C10) 40 mg/ml & [A]F2 FE D I AR
H#ZH %2 C-CPE 13 H T » 0.1mg/ml T/RL TW
0B EOHEITKLD, CPEIZCKRI0OTYI /M
ENLUTCZAEKREMEERT2ZENH5 TN
/2.9 22T, CCPEOCRK3I0YI /M, 1673
J W % R48 S ¥ /= C-CPE289, C-CPE303 Z{EH#I L
7l A, WTNOREAERS claudin-4 5 E M E
42 L TW/=. 9 C-CPE289, C-CPE303 T I {iE
HEREREINEN-> T EMB, C-CPE I clau-
din-4 IZ{Ef 9% 2 & TR EEEE FH L T
L2bDEHRIND (Fig. 1).Y

12 4 -@- Vehicle
E 10 { O~ C-CPE 0.1 mg/ml
o —/\— C-CPE303 0.2 mg/ml
2 ]
b
o)
[TH
©
£
(72}
o}
o

Time (h)
B

20 1
S 15
E [
(o]
&+ .
€ 10 -
=
1
g I
O]

ol M , ,

0 0.05 0.10 40 (mg/ml)
C-CPE C10

Fig. 1. Effect of C-CPE on Jejunal Absorption in Rats

Rat jejunum was treated with FD-4 (2 mg) in the presence of C-CPE,
C-CPE303 or C10. The FD-4 levels in plasma collected from the jugular vein
were determined (A), and the AUC,_,,, was calculated (B). Data are means
+S.E. (n=4).
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Fig. 2. Mucosal Absorption of hPTH by C-CPE194

(A) Jejunal absorption of hPTH. Rat jejunum was treated with hPTH
(100 ug) in the presence of C-CPE194 at the indicated doses. Time course
changes of plasma hPTH were assayed. (B) Pulmonary absorption of
hPTH. hPTH (150 ug) and C-CPE194 at the indicated doses were pulmona-
ry administered. Time course change of plasma hPTH were analyzed. Data
are means+S.E. (n=4).
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Table 1. Competitive Inhibition of C-CPE-PSIF-induced
Lactate Dehydrogenase Release by Mutant C-CPEs

C-CPE mutants Inhibitory ratio (% of C-CPE)

C-CPE 100

S304A 125.6+0.7
S305A 126.8+0.2
Y306A 63.8+0.4
S307A 123.6+2.2
G308A 99.1+2.7
N309A 125.6+1.8
Y310A 72.2+2.3
P311A 114.9+0.5
Y312A 73.1%£2.4
S313A 132.9+0.8
I314A 94.3+3.1
L315A 69.1£2.7
Q317A 96.8+1.6
K318A 126.2+2.1
F319A 111.5+3.9

After a 1h treatment with C-CPE or mutant C-CPEs at 5 ug/ml,
claudin-4-expressing L cells were treated with C-CPE-PSIF as a claudin-4-
directed toxin (0.2 ug/ml) for 36h, and the release of lactate de-
hydrogenase (LDH) was determined. The results are shown as the inhibi-
tory ratio of C-CPE, and the values are the means+S.D. (n=4).
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Fig. 3. Selection of C-CPE-displaying Phage by Using the
Claudin-4-displaying Baculovirus System

(A) Interaction of C-CPE-displaying phage with claudin-4-displaying
baculovirus (BV). Wild-type BV or claudin-4 BV was coated on an im-
munoplate, and then scFv-displaying phage or C-CPE-displaying phage was
added to the BV-coated immunoplate at indicated concentrations. The BV-
bound phages were detected by ELISA with anti-M13 antibody. Data are
means+S.D. (n=3). (B) Enrichment of C-CPE-phage by the BV system. A
mixture of scFv-phage and C-CPE-phage (mixing ratio of scFv-phage to C-
CPE-phage=2 : 10) was incubated with a claudin-4 BV-coated immuno-
tube, and the boud phages were recovered. Each phage clone was identified
by PCR amplification, followed by agarose gel electrophoresis.
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