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Claudin as a Novel Target for Drug Delivery System
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Recent remarkable progress in genomic novel drug discovery enables us to prepare drug candidates with tremendous
diversity in a high-throughput-manner. In clinical use of these candidates, they should be effectively delivered to a target-
tissue in body. But delivery systems suitable for the high-throughput discovery of drugs have never been established.
Tight junctions (TJs) play a pivotal role in compartmentation of each tissues and maintenance of their intra-circum-
stances. Claudin, a membrane protein with four trans-membrane domains, have recently found to be responsible for the
barrier-function of TJs. Claudin is constituted of 24 family members, and expression profiles and barrier-function of
claudin differ interestingly among the family members. These findings indicate that a modulator of the unique barrier-
function of claudin may be used for drug delivery. In this respect, we have investigated whether a claudin is a target for
drug delivery. A claudin modulator (C-terminal fragment of Clostridium perfringens enterotoxin, C-CPE) had 400-fold
jejunal absorption-enhancing activity to a clinically used absorption-enhancer, and interaction between C-CPE and
claudin was essential for the enhancing activity. We have already prepared a screening system for claudin-targeting
molecule. Now we are performing functional domain mapping of C-CPE, and we will attempt to prepare a various type
of claudin modulator in a future. In the current review, I introduce our recent works on development of a novel strategy
for drug delivery system using claudin modulator, and I discuss also possibility of claudin modulator in drug delivery
system.
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Fig. 1. Schematic Scheme of Transport Route in Epithelia
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MRLNREEE K O BRI O S REN TVWD &
A5, €I TET, HEFEOMBEMREREZRHEL
Te SR ED FELOBEITDNTEZRL, DK
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Ml OREMEO T, 2 BT BT MU U AR
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Fig. 2. A Model of Protein Interactions at Tight Junction
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Fig. 3. 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 at the indicated points (A) and the AUC,4, was calculated
(B). Data are means+S.E. (n=4). *Significant difference from the vehicle-
treated group (p<<0.05).
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Fig. 4. 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.
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A. Absomption-enhancing effect of mutated C-CPE in rat jejunum
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Fig. 5. 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 carotid artery were determined at the indicated points. Data are means+S.E. (n=4). B) In-
teraction 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 complex 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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Fig. 6.

Effect of Receptor-binding Domain of CPE on Jejunal Absorption

A) Rat jejunum was treated with vehicle or 30 aa peptide. At the indicated point, blood was collected from the jugular vein, and the FD-4 levels in the plasma
were measured with a fluorometer. The AUC between 0 and 4 h after the treatment was calculated. Data are means+S.E. (n=4). *Significant difference from the
vehicle-treated group (p< 0.05). B) Effect of 30 aa peptides on tight-junction permeability in Caco-2 monolayers. Caco-2 cells were seeded onto Transwell. When
the transepithelial resistance was stable, we added vehicle, C-CPE or 30 aa peptides to the basal side at the indicated concentration. TER values were monitored at 0
h and 18 h after addition of C-CPE by an electrode. Data are representative of three independent experiments. *Significantly different from the value at 0 h (p<<

0.05). Data are means+S.E. (n=4).
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N5, %I T, C-CPE % prototype & L THW
7= % %# claudin modulator O B|#l % X3 /=92, C-
CPE OHEHRE R A1 > Dt &2k A7z, £, CPE
EZREREDIHGHEBEEON TS CEHI0 Y 2
JBERTF R (30 aa peptide) &KL, AXRSF
ROWIEH#EMERZFML 22 A, Ty MEE
V—7EF )V KU Caco-2 Ml fE it R W N
DRIZBNTHRIURHERN R L ONY 7 — R T
EREER I N>/ (Fig. 6).2 2D I &I,
C-CPE O #4215 P13 claudin ~ D & & fEIH D
ATRECBRWI EZEKRLTNWS, £IZ7T, C-
CPE @ TJ /N 7 —t&re il il i s D i bt 2 D 5 72
WIZ, CRKEONRRIBEZIEHL 2. ZORER,
C-CPED CK 16 7 2 /& RIEE & % & claudin-
4FEAHERNTI NY 7 —BEREAR RIS & B 1T
gL TW/=.2 £/, CCCPEONRK367I /%
RIBEEE A, CPE OSRKKESHEETH S
CAR307 I /BREENMRESNTHDITHHROS
9 claudin-4 NOFESGHENE T L TWZ &nn, 29
C-CPE & claudin & O#E G121 C KK N R EE
OREEHEEL TSR INZ. N
KRR TS C-CPE O HIUEHETE M K XTI )N
7 —HEEERHEE N E DITHEL TW 2 En s,
C-CPE @ TJ )NV 7 — e MEMEITIE claudin &
DIEEGMMHATH 5 Z EI3HEWVR, Claudin &
DFEEHEIT KT T C R KLU N RKEHOFHIZTDN
T, site-directed mutagenesis I & % i@t 2 $i 5
HDTHBO, BFELTIZ C-CPE @ C RKEBD N
DMNDT I RN C-CPE & claudin & OfEH
WG L TwasZEERHLTWS (our unpub-
lished data). FAfE, N KMEIEIZDWT site-directed
mutagenesis TOfETZEDHTH D, BEIZ C-CPE
DHERE R A A > OERFIIHS N> TS5 THA
9.

6. Claudin Modulator X7 ) —= > 7 R DR
BIEETOMmiMNS, C-CPE @ claudin f &
1 MNCETHHIENEREL DDHS. C-CPE &I
s 5 & TIIZHEET S claudin NEHE L N)VT
Wkd 52 EM5, C-CPE &#A L7z claudin 78
MRINICIR D AEN D REZ T D EEALGNS. D
FBE, claudin ORI K A1 2IZiZ 7 5 2 > #E
BRASNUNEELTVWSE &, EESOT—HIT
BWTH C-CPE E#5H L7z claudin 73 HilfE PN I B

DIAENTNWBE I ELERET DT —INH5I &n
5, C-CPE @ TJ NV 7 —HERE I E G %121 C-
CPE & claudin & DFESNNHETH 5 EHERI N
%2620 CPE 3 claudin Offifid4t 2nd )L — 7 #Eid &
&35 ZEMB, C-CPE @ claudin-4 # A fEi 2
FOCHREZMA S Z E12X D, C-CPE Mt
Z ¥ 7= 72 W claudin-1, -2, -5 72 & O & #& claudin 12
%9 % modulator D AN R/ B E S 1
%. % Z T, C-CPE % prototype & L TH W/ %
f# claudin modulator @ A& % X % /= ¥ T claudin
modulator #% R D Z1T - /2.

RERRITIE, EELETOR BRRELNERS
17~ protein synthesis inhibitory factor (PSIF) % L
R—4% —&EHE & L THW/ phage display library
DRZHASHETHEHNTNVS., AT ZFATIE,
claudin $5& R XA > &2 5 05 Lis T 2 JBEE Y
EH#iL /- CCPE #PSIF EO@MEEREELT
phage 1 FIZ#2/Rk L /= C-CPE library Z{E# 3 %
ZEMTE, HET S claudin EHEZH W/~ 1
RAD V) =27 2 HEIITD ZENAHETH 5.
& 51T, PSIF BRIZZAKRE OREGIEMEZ RIBL
TH D, PSIF &Ml & DG PSIF IZHEAS L T
WBUN Y ROTFIIRET 2205, BERZER
ERBL THhHMiICE T 2 MiafGEteEEs L
2RAY) =27 %70, Ml O claudin
IR BB EFMT 2 ENTES. 2, F
WX & —=12ild3R) T 5 X LTS 7 FIVo s
NTPHO, PSIF EOMEEHEIIRBLE O % I
BHIZHWENS Z ENS, EEITHEERAT U —
ST REBHOTVDS,

X9, AATLOZU N EFMT 27201
PSIF & Ot & ®EH'E (C-CPE-PSIF) Z/EpkL,
BRI 2 G EM 26 U/, C-CPE-PSIF
RLERIZPES claudin JEFE MM (L M) 1Tkd 2
FEHIEREINT, claudind4 XHMBETDH 2
MCF-7 i iz %t U CTBHE i la B R I h
72.® CPE OB KMEGHEBETHSD CERK30 Y I/
it % RIES 7= C-CPE289 D@t S EHHE (C-
CPE289-PSIF) Ti% MCF-7 fiffiiz %t 3 % Btk 131
L THD, C-CPE OHEMIZIEV C-CPE-PSIF O
MG EE IS SN U EOEREID, C-
CPE-PSIF i3 C-CPE 2/t L THlld EHEHG L T3S
ZEMRB I N/, KRIZ, C-CPE-PSIF @ claudin
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e BLME % 44 claudin F5 L #if 2 W TR L /=
& Z A, C-CPE-PSIF i3 claudin-1, -2, -5 F I
WXL TREEEZRIBNZDICH LT, clau-
din-4 FEEM AL U T BHE sl (5 FE L0 O
547 (Fig.7). I ® C-CPE-PSIF I3 phagemid
vector = B#IZH > TH YD, C-CPE-PSIF # 7 7 —
DERMEEICRRLEETIA T I —ZHET ST
EMMAHEL B> THBD, 207y —YFKEEICHER
L 7z C-CPE-PSIF 7! claudin4 &f559 % 2 & HBE
IZHEZE L TW % (our unpublished data) . C-CPE
DIERE R A1 2 figtfr D5 — % 2512 L /= C-CPE-
PSIF phage library O#ZEI3# 7L TH O, AL,

A. Immunoblot assay

CL1/L

Claudin-1

Claudin-2

Claudin-4

Claudin-5

CL2/L

p-actin

Z @ library > X 7 A% AW TH M claudin modula-
tor DAZ Y =227 2EDTNEEIATHS.
7. &HYIC

Claudin I& 75 € R AN\ T O 7% strand ZfffE - C
HEL L TH O, T TEANWE D strand [F A3
AL TW3. 2 Claudin |3 24 FEEET S Z &
5, INGCOBEMBHAEEITEDZEELER TI
strand Z{ERR T 2 Z ENAEEE /2D, NS OHE
BHICTI ONU Y —HREN R D 2 ENHIE N T
B, claudin [ZEEKO L RIS EH O NERER
MR EOPEZHES p FHRETHDZ EHEIN T
5.9 i 21X, MDCK II i fid i claudin-11, -15 %

CL4/L
CL5/L

[ .
..
.
==

B. Cytotoxicity of C-CPE-PSIF in claudin-expressing L cells

80 -
] vehicle

% of maximal LDH release
> o
[ =] [ =]

[\
<
1

0 -
L CL1/L

Fig. 7.

CL2/L

Involvement of Claudin-4 in the Cytotoxicity of C-CPE-PSIF

C-CPE-PSIF 0.1 pugiml
5 pg/ml

7
.
%
.

CL4/L  CLSILL

A) Immunoblot analysis of claudin-expressing L cells. The expression profiles for claudin family members were determined by immunoblotting. B) Cytotoxici-
ty of C-CPE-PSIF in claudin-expressing L cells. L cells expressing claudins were treated for 36 h with the indicated concentrations of C-CPE-PSIF, after which

LDH release was assessed. Results represent the means+S.D. (n=3).
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IR T2 E TI ONY 7 —HEENTTHET 5 DI
&L T, LLC-PKI1 fifg TI3/NU 7 —HHEIXMK T~ 9
%, 1330 ¥ 7= claudin-3 |% claudin-1, -2 & @ strand
ZRHRTESHOD, claudin-1 & 2 DHAEE Tl
strand ML X N7/, 3D X 502, claudin-5 132 <
Dliggs THRENBERIN DA, TI OWE B BEREEE
AR IMIEINBE P IC B VW T OABEIN TN S, 1D
ZO&DiCclaudin 24 fEEN S B T 7 I —
DO 2 B L THEARNO L LI NERER BT Fr
WHERmAIZEE S5 L TH D, claudin 28 TJ Ok A
TELUTEERREHZEHSTWD I ENFEIFINT
ETWVWS, LLANS, TIONY Y —HEEEICD
NWTIRE DO BRERNEZHERITRE L TEE
BT D, Zns OMREROHIERITDWTIXIEZ
EAERAIN TR, 5B IN5 O T k&
HEO/NY Y —BEREHIER O 5 AR S g,
C-CPE &3 ERH A D ¥ 75 % claudin modulator @ £l
HNDOERNPUFHETES.

TJ 297 U7z 305 12 BV D K OEE, TJ
DB IZHE S Y LS OWE O IR R IZIRATH
5. T, BEFEOWRIEEXRIOBRES L THET 5
NTETHY, paracellular route 73K JSH IZ5HE L
TWRWHERTH D ZEOMRIER> TS, Y
RO Z L7215, claudin 247 U 7= EZIicB N
THRKORENEZINS. £/, C-CPE DK
IR HEZD S K O T N 7 — & G PR R K 7Ry
ThHhHZEMNS, BUROERD L L TIRBEKRIEAT
LDINEETH D, C-CPE DHEREMRITT — 71T 3
D i o R 75 claudin /N 7 —HEBERH =X
DAFE IR ENERRIS A ICANT TEEIZ/R > TL 2,
Claudin RIE~ 7 2 2 W= MRE T, Ei@nlhesks
DA ZIREIREIN TS Z END, claudin &
TRy & U 7= 3B 8 e TIE 0 T O 1 X% il
I s ENHRERIZRD ETFEINS., 51T,
claudin modulator Z W /-7 70 —F TiX, 1EH
WA REEZ A TCEDZ 2L, Dla<Ed C-
CPE @ TJ BIIMERIZ A FH TH D Z L E2EET S
L, WEROTIEERNIC BN THEE SN TW/E
ERIZDWTIEH S RERIEIFTAEIC /22 SRS N
%. F7-, claudin modulator ® & T4 /2 3& My %
EHEEFHMT 5 LN RS E T, SBRmIE
N% claudin O/NY 7 —HERE D 57 FHAF DR 2 B
£, M7 claudin HITH 5 1EOWESL S BN

RIZIRBTHA9.

Claudin LS @ TI EHE 2RI L 72 W)k S
HEIZDWTIE, occludin peptide ZFIH U 7= HiEH
1997 4, 2002 FFICHME I N TN S, 323 L L7g
M5, TOZRTIIMEL XVOMHT LI TH
579, occludin 72 5 claudin N DOIFIE DL E % B F
A5&, Hix &b occludin BTy 7 o—F
132 < OMEZNLL TWAHEDICEZ S, BED
Barriology @ hEw 7 A & LT, 2005 4 12 A 2%
BT MERRE MG & U T tricellulin 28 RH S /=2 2
ENRF 501 %, ¥ Claudin & O occludin 13 & 1T
B9 % 2 DOMME DRI ICHFIET % bicellular
junction IZ BT HYEB@EEHIEL T30, Lk
HfEE Tix 3 DOMNEA T B tricellular junction
HEMELTHO, EEMILE ST 2 WE % i
T Z bicellular junction | 7» D T7x <, tricellular
junction O FHIH S EE T/ > TL 5. Z D tricellu-
lar junction (25T 5 EiHfEEEAEZHS - F &L
THRHEE N7 DA tricellulin T®H 5. 3% Tricellulin
B FTTBHETIONY T —HEEEDIK T K&
CYEDOEEORENET THO, tricellulin
modulator % FiJH] U 7z 3EW 1 12 5 1EMEEE O W RETE S
RREINTWND. W S8, R ETO bicellular
junction |1/ Y T7x < tricellular junction % & % &
L 7z TJ modulator D RIHANEL/IE> TS L TH
%9,

Claudin 3 TJ 1235 W THRRRR B 72 4 B0 i
HEEZFI > TWBH I &N, HEYEZEICBIT HEN
NTELTHEHATHSEEAS. BHED TJ modu-
lator (WKIUVAEHERF]) 13X Barriology M 4y 1A% 12 5
DEML SN HER TR, EHESOTINV—T
VR SEER VT T claudin 2 AE) & U 72 4> THEERY A
® TJ modulator DA MMEZRE L. ZDTI %
BT % &0 D SEYREEIR I 1 DO S Eim T
SR EE R EMHEEYICEATRETH D, BEEL
Bz Al A e <o 1 A N M & B S S EMTETS
WHERISH D& S N TV S HEBIC B W TESICAR
5EFAB. BRIk > TWhaYHEER D A
TLTHDNT 2 AR—%—%F|H L 7 transcellu-
lar pathway 73, S HHITE > TW D 3EY) % E %
ThdIEFmzEfilizn, LirLians, EHl,
rRHARIZ IR U 7= & & 121, paracellular route % Fif
FA U 7= 0886 PR s FH WT BB 70 3 M 38 32 5 1 D RENEIT PR D Z
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CREERIETHASD. 4113, occludin, tricel-
lulin &2 O claudin @ /N 7 —H¥HE 2 22 R B D
IRF [ 5 5 79 1 il 580 v] AE 72 modulator @ A # %
0, MR EFIZB W T paracellular route 241 L
7= #i7= 7% DDS ¥l D2 /RICHk A TN <,

HEE AMRZERTIDICHRLD, THREIH
fEEM D X U 72 HAEERR A3 A AT = % 3 IR
FelE, BRHERESTRECOHSESBILHL BT X
Y. K, ARTHAULERE, HL #SA,
mEFETHS A, FHEBE, & o, &
ESISRCWE G LRl O R EIE YN = =127
DR OWENBE N RO AR ZTHN 2T X
TOHEEDZREDOHETH D, EHRFITHLK
DBLHAL LT ET. KRBT XU, KF5E
SRR AR AT R, HBAHREIE, &4
HYALAWET 7> FOTEZHO £ L7
ZZIHBIHL BT ET.
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