CHE REBE KAC3T63 21FEEHE

EEmEEREEZMALILRET A XU 7 5 Hig
B D BE%

BT B RIRREFEEZFER
s EE Bk

MREE

Ao X512, BEIRE CHREEFRON SO EHICOEIRERIGEERARETHIZ L. B
TERDBIZE A LN e B 0L « BERKRBR= A XIREEL LTY 7 F R
BENTW3B, L DDOITHIEY 7 F o ix. OHIV OFSRYLEAT CHEIEmE) 12381F A R T55
TER. OFENIZEA LT HIV ICxHT 2 kI a R 8 E A, OMIRaESEM T MRS X5
HIV RASGHEIAHEBRIEMEZ R R 22 L hvh, BOx A XIBEE L LTEESRLTVS 00D,
REAREMERIC D EOICHR 2 X ET 2 EMNBRAROBEN S, = XY 7 F o ORI
Br L UTERL TV,

ARFITIE, FEEGREEBRICEREBR L TV claudin4 (CL4) IZHEB L. MBIZETRHEL
72 CL4 binder ZFIA L72RE TV 7 F VR OHESE, BREBTA XU FUEBREHRLE L=,
FHETHELT 22BN E LTWS, —FEHOREE T, BHEMEHERIZBITS CL4
HEEMHT L, IAT7 VT I 2T AHREE LTHWT CLA binder 2FIH L7I-R&E T 7 F
DRI (LRI 2 AT L. BETED CL4 binder (25 L TENLZ M 2 F 4 5 514 CL4 binder

TR 2RI Tz,

A. BFREM
AHFZEIE, B DO FFE— D claudin-4 (CL4)
binder A BEHATHZ LICLVFDTD
BB A XD 7 F U EBEREZAL L, KK
FERPEZ L 72D RERRAR X (R—N—FF
X) CEmBICEE L, ARREK TR RS
DICERAHE~BRTI I E2HHNET S,
BEO LI, MEY Z7F it MuER
2UANVA (HIV) OBRAFF TH HHEEE T
® HIV RABGEMEELE, ENIBA LR HIV
DOHEREEOEMLEEZ FERESZ L, B
O HIV BT -1REEE LTHFIATWS
LOD, FEGERBICHRESFREZT U
U—FB AT LAORBEBILELBR-T, B
MORLIIET 7 F o DAIHIZSIHENRT
W5, BRI AR E B O BRI A
EEEREAYE CL4 PEXEFAL OB LN
REX. CL4 2F A L7 EG SR~ DFR
FYNRY —EREEEINT, LIALARAEL, CL
ITHUEMEAME L CL4 DR Ek Iz 3 5 5t
SERIIZE LI HENTRY ., FFB LU

XERTHINDEIIG CL4 ZFIA LI
7 FURRIIEETH D,

BEIZ H35# TBEIL, CL4 binder (C-CPE, ©
=NV aBTUTa NV UCDORERES N
AL ) & N UODBEEREN CL4 BB
fafs BEIC iR EE > RET DI L2 RH
L.C-CPERCL4 ¥ —#F T AL T45FELT
FIFAT& A Z LHA B M2 LTV /= (J. Pharmacol.
Exp. Ther, 2006 1), & 5IZ, C-CPE ##X& &5
T5HZ LTI F FHEEES ORIER I
T HZLERH L, CL4 binder ZF|fH L7-#%
BT Y NYOFEMEE RH LTS (Biochem.
Pharmacol., 2010),

INBIME OMFEERREEEE 2. AFET
1Z= 43 T CL4 binder ZF|H L2 & D 7
FUERETAZLEEENLE LTS, —4&H
OFRFEET, OBFFEAEER (NALT) £
T3 CL4 BB EMEHFTL, OIFT7 LT IV
(OVA) =T VHIE E L THWT CL4 25 H
L7-RRBEIED 7 F o OB TE L it % 7
L. @C-CPE IZt L TEN - Mk E T HH



#R CL4 binder DAL A2 A7~

B. ARA*
@ NALT 231} 5 CL4 HFHAENT
1) RT-PCR{EIZ X 3 BFERERIZEBIT D CL4 D

5 |

v U ALY BB E M E L., ISOGEN
(WAKO) #FWT RNA #[EIR L7, BN L7z
RNA &%, 546X ERt (DU640: BECKMAN) %
FVWTEE 260 nm CTHRSEE % HIE L. 40 pg/ml
RNA BWIROWNEZ 1.0 L LTHEHHLEZ, #1
pg @ RNA {Z%f L T TaKaRa RNA PCR Kit
- (AMV) Ver.3.0 (TAKARA) % FVCHERE
ETo7, RONTEEEYZHA, PCRIZK
Y CLA4 (Forward primer: 5 -tggatgaactgcgtggtg-3".
Reverse primer: 5'-ggttgtagaagtcgeggatg-3"~ | 94
°C, 45 sec, 52 °C, 60 sec, 72 °C, 30 sec, 35 cycles)
., FRTT 473 ba— L L CB-actin
(Forward primer: 5'-tagatgggcacagtgtggg-3' .
Reverse primer: 5'-ggcgtgatggtgggcatgg-3", 94 °C.,
30 sec., 58 °C. 60sec, 72 °C, 30sec. 30cycles)
% IR L. B 57 PCR EM% 2% TBE 7 /ViC
T, KB, B L7,

2 ) Western blot 512 & 2 SFEHEERICRIT D CL4
DHEB

v U A SIEEBIE. HBRYARE buffer (50 mM Tris
buffer [pH 7.5]. 150 mM NaCl. 0.1% Triton X.
0.1% SDS., 1 mM A/ FANFPUEE. 1 mM
EDTA. 10 mM NaF, 1 mM PMSF) 200 ul |Z¥5%
L. 4 °C. 20,000 xg T20/yRELL, LiEE
Western blot [ZfEH L7z, '

3) REMABREEIZE S AEREICKT S
claudin-4 D 3L,

BEFE IR~ U ADOEMBE IR L, 4%/3F K
VAT ATFE REAW 4°C K T—BEE L,
T H, PBS IZEH L, EDTA EIZTHUKHE, /3
FT74EBL, 278 b—AIZT4 yum ED
BREEMLE (TTIF74 FAT A ALY ¥—
FIZRT 7 4 VR OERE KR, /o
G % 60°C THNR L. /X7 7 4 VEBN LI,

ZDH%, TSIEFIVUITRL, BT T4
BEER T o T, BT 7 40 VHEER LIZ8 A

ER2ICZS ) —VREEZTIF2 2 & THRK
MEIZ L7z, D%, Target Retrieval Solution (pH
9.0, Dako) (Zi& L. Pascal (Dako) % F\T#Hi
JROBIECZAT IR > T,

BIE L O CL4 o %ot
AutoStainer (Dako) % FV>, End. Enz. {Z{% POD
Blocking Solution, Protein Blocking {Z/3 10% BSA.
primary Ab {Z{% Rabbit anti-CL4 mAb, Secondary
Ab Z1X Envision + anti-rabbit, Substrate (I
DAKO DAB+# i L 7=,

Yt DY ~~ F ¥ U o (Dako) 12
1 R L, KEKTTTE, 10 2EWwAICE
Uiz, 20, theico 7 —VIBE® BT,
EDITF UV ITRT I & THRAKBELITAR
o7, Bk L= A % MOUNT-QUICK (DAIDO
SANGYO) #AWTH AL, BEMET CHEL
2o

@ CL4 ZFRALHED 7 7> OREREL
HFTEARAT
1) OVA-C-CPE 22— KL% 7T7 A3 FOE

_primer,

®

pCMV-Script/OVA 75 A X R & L L,
5" -gcggtaccatgggctccatcggegeage-3” (Forward
primer ., the underline indicates Kpnl site) .
5 -ccttaattaaaggggaaacacatctgecaa-3’  (Reverse
the underline indicates Pacl site) % Fu»
T OVA %&TefEIR KOD-plus-iZ CTHIE S ¥ 72,
& 4172 PCR EE# % PCR Purification Kit % iV
THR L., Kpnl, Pacl % VT 37 CIiTT—H
HIFREERMIR L=, T4 DNA ligase VT 16
CIZTHLM LY Kpnl, Pacl 12 THIMBEEFRL
B L7z pET-MCS-C-CPE & —MT7 A F'— a v
FISZEATVD, A Y — FORBBLI VO —7 =
v AN % 1TV, OVA-C-CPE #aa— KL=~
Z A X K (pET-OVA-C-CPE) % %7,

2) OVA-C-CPE303 #21— RL/ETFRAI FD
i

C-CPE303 % 21— N4 HHIE~T X —Z2 W,
pET-MCS-C-CPE303 Z{EB L 7=, 7235, MCS
DAL, W%EiZ Ndel binding 4 R &>
5’-tataggtacccgggactagttaattaagggaggaggagoatctgga

— 78 —



ggaggaggatctggaggage-3° | 5'-tagctectccagatee
tectectecagatectectecteccttaattaactagtcecgggtaccta-3
"RV, pET-OVA-C-CPE % Kpnl, Pacl % H
- WU 37°CITT 2 ReRAIREESRALEE L | 1% TAE
TNERWT, OVA BI{EF%5BELTZ, OVA
BEFEZELSVE2E Y H L, QAEX I
Agarose Gel Extraction kit (QIAGEN) % H\C
BRELZBRLZOVABRGETLH001 00,
Kpnl, Pacl 038 L 7= pET-MCS-C-CPE303 & %8
& L. T4 DNA ligase % VT 16 °C T—H# 5 A
Y= a VRIS EIT o, T4 5~V a ViEY
MOTTAI RERERL, 49— FOMRB
KOV —7 = AEHT 24TV, OVA-C-CPE303
Za—FL777 A3 R (pET-OVA-C-CPE303)
BRI,

'3) OVA-C-CPE OREBRFELMHDOBET
OVA-C-CPE, OVA-C-CPE303 #7523 N%
E—bF¥a vy 7 EICTKRBE BL21 (DE3)
(Novagen) IZ N TV A7 —A— gL, LA
TU— MNIEREL—EE Lz, FRan=—
ZVy 27 v 7L, LAEHI3 mli2T37 °CT
—BEiRE R L2, LAE#I%E 2 ml $o5HEL
7z Sterile Culture Tubes (IWAKI) 2 KB B
W% S0 32 %, 37°C T3 BRREIE®E L
iz . & ®» t% . isopropyl-B-D = (-)

thiogalactopyranoside (IPTG) Z#&IBE 0. 0.25,

0.5. £ 1.0mM LB X HIZHEML, &5

{237 °C T3 REN % Lz, mO0BEC X

D RGHE % B, 200 pl @ Laemmli’s sample

buffer (12.5% glycerol, 31.25 mM Tris-HCI (pH
6.8). 1% SDS. 0.02% bromophenol, 1.25%

2-mercaptoethanol) (BB L, K LR D 20

BRBERAEZITV . KIBE 2 L2, 4°C,
14000 rpm T 10 7fHELOBEL ., EEZEIRL

T99 °CTS54aMmeEL., Zhzikafay 7

e Uiz, kY 7L % SDS-PAGE (12t L,
coomassie brilliant blue (CBB, Bio-Rad) ¥4k

< 1 BRI S MIlliQ 7k & FV TRt EEdE L.

OVA-C-CPE, OVA-C-CPE303 N& < EAINT

W2 IPTG IBEZ REEBEIZRE LT,

4) OVA-C-CPE DA v DRET |
OVA-C-CPE, OVA-C-CPE303 DRHFHE LMD

BRENCHE L, KIBHE 2 B L7z, KIFE % buffer
A (10 mM Tris-HCI (pH 8.0), 400 mM NaCl, 5
mM MgCI2, 0.1 mM phenylmethane sulfonyl
fluoride ., 1 mM 2-mercaptoethanol .  10%
glycerol) | mH [ZRRE L, k& L7223 5 40 70/ 3
(BB E B AL ATV, RIBEE 2 L7z, 4 °C.

14,000 rpm T 15 53R LHBEL . EFEEENR L

- Tt TRBRIZ 2% TritonX-100 & buffer A % 1 ml

Mz, BEFNBREITo7, BLOOBER. LR
|2 8 Murea 5 buffer A % 1 ml Nz, BHFIHRMN
HE L, BOOBES EFEZEIRL, BE 4 x
Laemmli’s sample buffer Z#AL . 99 °C THNEL
TAHZLTWREHY AL Lz, IkEAY
7 /v% SDS-PAGE IZf#: L, CBB %ufa L7244,

DTA ¥ 7213 DTA-C-CPE M%< FE{fE L TWiz
B O EAb R & BRI RIEHEZRE LT,

5) OVA-C-CPE D5l
OVA-C-CPE * ¥ B I ¥ KBHE (500 ml
culture 43) % 5 ml O FEE{L buffer IZEE L. K
LA 5 40 ORI E IR L % 3 BT .4 °C,
14,000 rpm T 15 SyfELABEL . EEZEIR L
72 T ¥ 6 M guanidine/EDTA, MilliQ 7k, 0.1 M
NiSOy, buffer A % JEIC it L CE#i{L LTV 72
HiTrap™ Kit (GE Healthcare) % F \» T
AKTAprime plus (GE Healthcare) (2 & ¥ FEHR L
72 T2 b buffer A 1 LU 100 mM imidazole
10 ml > TEEHA%. 10 ml T 100-500 mM
imidazole D275 Y x v k&7 B &M TR
L. UVOEZTIZT T 7 a vrEEIRLT,
OVA-C-CPE 23%5fi# L T\ % buffer % PBS
(137 mM NaCl, 268 mM KCI, 8.14 mM
Na,HPO,, 1.15 mM KH,PO,) IZEB#T 5728
PD-10 column (GE Healthcare) %V 7z, & & 7>
L PD-10 column {Z PBS % 30 ml i U T4
L LCTHE, HiTrap™ Kit TEH-BEHIK 1 ml %
L7z, PBS % 500 ul 9°-23E L PD-10 column
P DE I A 43 B L 72, BCA™ Protein Assay Kit
(PIERCE) % FV>, 560 nm (238} 5 W LB %3
ETHIETEURIERERZEHLE, 258,
BRERICIIERESY 7B L LT BSA ZHW
. S

6) pFastBac-CL4 D{E&L




<17 A CL4 O#ET % T-Easy vector IZHA L7=
pGTCL-4 (fF KRFERFPREFHER H#EER
HELofts) 288 L L, KOD-plus-% AV T
PCR %#1T-o 7, 723 . Forward primer & L T
5’-getctagaatggattacaaggatgacgac gataagatggc gtctatgg
gactacaggtcctgggaatctecttagca-3’,  the  underline
indicates Xbal site) . Reverse primer & L T

5’-ggggtaccttacacatagttgctggeggggacagageggge-3’,
the underline indicates Kpnl site) #fER L7z, B 5L

7= PCR E#% PCR Purification Kit % A\ &5
.\ Xbal B LV Kpnl IZ L Y | 37 °C I T— AR
BERALER LTz, 675> U b Xbal 38 & O Kpnl 088
L 7= pFastBacl & T4 DNA ligase Z R T 16 °CIZ
T—BeT A 7= 3 VRIEEITWVD, 1 0P — D
RERB LV — 7 =0 A 21TV, = 7 & CL4
Za—KNL7%79 A K (pFastBac-CL4) %7z,

7) Bacmid D{ER

- pFastBac-CL4 % t— Mg v 7RICTRBE
DH10Bac (Invitrogen) IZ F T A7 —RA—¥
g > L. 50 pg/ml kanamycin, 7 pg/ml gentamicin,
10 pug/ml tetracycline % & #, 2% 5-Bromo-4-
Chloro-3-Indolyl-B-D-Galactoside (X-gal) 100 pl
B L 50mMIPTG 100 pl % ¥4 L7- LB 85
TL— NMIEERE L, 37 °C T 24 RefjEEE LT,
FEEOHan=—% Yy I Ty 7L, TVHY
PV y FICTRBEND bacmid ZFFR L 7-,
B L7~ bacmid I[CBRIE T D BIZFHFAS
hTnsZ L% PCR EICTHER LI, 2k,
Forward primer & LC 5’-gttttcccagtcacgac-3’ %
Reverse primer & L T 5’-ggaaacagctatgaccatg-3°,
5’-ggggtaccttacacatagttgetggeggggacagageggge-3’
AWz, BRE T 2RETFEA OFBALHER
&7z bacmid e — g v ZIRICTKRBE
DHSoUZ kI v R 74— A—3 5> L, 50 pg/ml
kanamycin Z&{r LB 55Hl (LK) 7L — MZ#E
L, 37 °C TR L, 2 n=—%tv 7
7 v 7%, LK $5H# 100 ml TS HIic—BeiE&E L
7=, RIS & B L. QIAfilter™ plasmid Midi kit
(QIAGEN) % A\ T bacmid-CL4 ZHEH L7z,

8) Budded bacurovirus (BV) -CLA4 ({8
BEA 6 T L— M2 x 10° cells/well DIEE
T SO MM (Invitrogen) ZIFEFEL, FERT 1K

MFEELEZ, FEFIC tube A (cellfectin
(Invitrogen) 6 pl, MFEBLIHEHE L E X2
Sf-900 1% Hi (Invitrogen) 100 pl) & tube B
(bacmid-CL4 1 pg, MEGFAEHE LS E R
Sf-900 1ZHh 100 wl) ZFE L., tube A & tube B
LEEEML, MY TRANESICYw-LK Y
RyF 47 L% EBIB T30 oMKE L.
1 RE#ET 2 Z & CHEEE S ¥ SO Mg & i
BEOLHEWME L E E72\0 SL900 Kl T,
A FREL., tube A & tube B & DRBBIRIC
MEGIEME S E E 2V SE900 K5 800 pl
EzZ, va=Aile2E (I m) ML, 7L—
et o— T —7CEE LT 5 BfE, 27 °C
TEELL, TO%, BEHEZREL, MFLHR
EME A4S T 2 ml @ Grace’s Insect 55 Hb
(Invitrogen) {Z3Z#21 .27 °C T3 HREIREE L=,
3 Ak, ELEZ 800 x g T10 pfELT D
ZETHERL: (Pl A by 7 EHRT D), F
T2 x 10° cells/ml @ SO FAAE 200 ml {23t LT,
PlAbyZ 2ml #M%.27°C T2 HHEEERL
7z 2 B, 53 L% 800 x g T 10 R L
THZETERIRLEZ (P2 R by 7 EFRT5B),

BEFF 6 N L— M 2 x 10° cells/well @
BET SO MIEZEEL, P2 X by 27 % 10,
100, 1000 pl 9°-2fN%, 27°C T3 BHEKFER L7-
(ZE2ml), 3 BH#. 800 x g T 10 /3R L L,
EEAMEUL L7, Protease inhibitor (SIGMA) 3
L 1% Triton-X % & ¢e PBS CHIFARL v + %
B, BEIALE TR LTSRS L
7r. HEEEER I OHRFELKREZ RV T,
Western blot EICTHBE T A2 7 BD%
REWER LT, ’

2 x 10° cells/ml @ SPO #j % A & —T7
Z2alZHEL, BREEROTELP2 A by
PEEMZ, 27 °C T3 HEEELR, 3 B,
1R LEL 800 x g T 10 SEELTHZET
Eﬂllsz Uiz, IR L7- 853 &% 10,000 x g T 25

SRS HIZEL LTz, /O -k % PBS T
B, 800 x g T10 pEEL L, EERZSHIC
10,000 x g T 25 REEL L, Hoh it %
protease inhibitor # & ¢r TBS 250 ul TREE L.
BCA™ Protein Assay Kit %\ TH /37 B
ERBE L, 7235, RERIZIT BSA ZAL
77 '
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9) BV ELISA

96 7X ELISA plate (Greiner) {2 BV-CL4 (X H T 1
Zay kma—;E LT BV-WT B LU BV-CL1)
% 0.5 pg/well, 4 °C. over night THEAH{L L 7=,
16% 7 v v 7/ = — X (DS PHARMA
BIOMEDICAL) # W C, BB T2l 7o v
X LI, 7% 0.02 pg/well THAIL

FBET 2 BERSEE, 1.6% Jay7om—

AT 3000 {512 AR L7z mouse anti His-tag mAb
(Zymed) % HM%. FRICT 2 BRERE S, S
BIZ 04% 71y T—AT 2000 fFIZFHFRL
7= HRP #Z5# goat anti-mouse IgG Z#¥FM L, iR
(2T 1 B RS &7, TMB solution (Thermo
Scientific) #Mx., 20 /rHRIG SE, 2M Hifg
EMARIGEEESE, v~ 77—}
—F—&FAWT, £ K 450 nm, BIIEE 595 nm
TRAEZRE L=, 2B, Tb— FPLEE
A& BRET HERICIE. 0.05% Tween 20-PBS
(T-PBS) IZ & 2 e iExL S B TR o7,

10) RVA~DHEL Y T VEI

BALB/c = 7 A{Zi# 1[8], & 3 [E], ovalbumin (OVA.

SIGMA) B Jh, OVA + C-CPE B & ¥ .
OVA-C-CPE, OVA-C-CPE303 ZiR& L W5 L
ro BB, TRTORICBWT 1L, 1 \E%7
D OEEEIX OVA LT 5pug &L (OVA +
C-CPE IBARE 5B TIZ OVA 5 png & C-CPE
1.89 ng. OVA-C-CPEs & 58 CTIIMEEH 6.89
ng), |EEMN 10-15 pl L7225 X 5T PBS ITH
R LTz, BkE Ly 1 BRI, M, Sk
VeidiR, BETRISR. BXOEERHKEZER L
776
- 1% v ,
FREE L7~ 7 A LIIRERMIZ X Y MKE
EL L, 3000 x g T 10 5L L, EiE% PBS
T 10 ZICHmIR L, 20 °C THREF L
. BIEBRIRR
REIESEL T AOKEN L BEICTT
T 200 pl @ PBS %t LidAF, & DY % IR
L. 20°C TEfFE LT,
S ~
< 7 ADREDIZ 50 pl x 2 D PBS Z it LiAA,
1W0EERyT 47 Z2TVEIRL, 20 °C T

Tl
- BEEHHK

YU AOEFERER L, FEE 10 mg IO
100 pl ®EIETPBS 2%, 4°C, T 10 45HER
T v I RAE{ToT2, ZD%, 3000 x g, 10 43
&L L., EFEZENRL, 20 °C THREF L,

1 1) ELISA 2Lk 5 OVA ¥R AHTAA O HI

E

OVA % [REEFEEIR (0.19 M Na,CO;. 1.67 M
NaHCO; (pH 9.6)) IZ#% f# L. 96 X NUNC

Immuno plate {2 100 pg/well & 725 K 2 IZHEL.
4°C. over night CEFE{L LT, 4% 7 0y 7 T—

2EFAVWT BRICT2BE 7Ty %7 Lk,

TBS-T 2T 10 fEHFR LT my 72—

(sample diluent) ZFHWCEEY IV 2 EE

FHIR L. 50 pliwell TFL— MIHEML, ZRIZ

T2EFHIRIEEE 72, £D%, sample diluent (2

T HRP detection antibody (IgG. IgA. IgGl. IgG2a

(BETHYL)) % 1/10,000 IZ#FR L. 100 pl/well

LBk oz, BT LRERGSEE,
TMB solution Zz. IR T 20 LIS S H,

IM BB EMA G &SI ST, <f /a7

L— M) —F—%HAWT, EEE 450 nm, B

£ 595 nm CHREEZRIE L., WIHEEZ log 10

OHfiE LTRE L, 2B, FL— 1716

WIEZBRET DB, T-TBS IZ L APk

% SETR -7, |

1 2) REhgsHAE oD EIIX

R&EE L 18M%ZIC, BALBle YV AEE
B SH, WEHAT7LVa—LTHEHEL, EBED
WA [EIX U7z, S ml OEREZHAVT, 70
pm DB A kLA F— (FALCON) LTl
EHREDFAXL.S0mlIF 2 —FIZER L,
2000 rppm T 5 pfE@EL L, XLy MOK® LT
ACT ¥R (15 M NH,Cl, 1 mM KHCO;, 1 mM
EDTA) Mz < BBL OKF TS5 HHA - F
a— kL7, Z0O%, EHIT10%FBS #&te
RPMI1640 (NISSUD) 5 ml Z#ML, LR R L
AF—%BLTHDSOml Fa—TIBLE,
2000 rpm T 5 4yfElEL L, EEEBRER. 10%
FBS Z &% RPMI1640 THEE L=, BB L
fARAE % 96-well plate (FALCON) {Z 1 x 10°




cells/well CHEFE L., 1 mg/ml OVA BIKEFEET.
37°C T4 BFfEIEEE L, 52% EiE2 UL, -80
°C CHRIFELT,

13) A hhA 2 ELISA

EN L7-t2%& AV A P IA T oA F
v b (R&D SYSTEMS) %V CHEIE L=, #l
EFEExY bo7a ha— o,

® #i# CL-4 binder DESY

1) C-CPE ZEED{ER

K F& C-CPE ERKIIRAT! C-CPE #8681 L L
THW= PCR BICLDEREAKIZZ vu—=
Y7L, His  7HEEAEXEBEI ¥ —
pET16b (A L7z, Hi&7 7 A N& E. Coli
BL2l I(CF TR T4 —A—aL, BED
BRUEICHED NI Y5 L22AWET 74 =54
rsa< b TI7 4B VERI L7~ (Biochem.
Pharmacol.,75, 1639, 2008), EHE O HEHIZ
SDS-PAGE 7% Coomassie Brilliant Blue Juf21Z &
DHER L7z, M., BEEDHIIBEZ PBS IZE
itk —80°C I[ZHAERIE LT,

2) WEiREERER

0.4 M Imidazole & PBS (pH 7.4) (Z¥AfR L7=%
EEBAE RIS T 4/ F— (Amicon Ultra-4 :
MW 10K cut) Z{#F LT 15°C, 4000xg CIEME.
10 R X ICRERNZHERE L, BREREX—EIZ
Rl b ZARRMERR L Lz, BHERACE
ELLREZEAMRE (EREGERE) & LT
KFE C-CPE EEREDEME L LT,

3) CLA fEEMEDfENT

Biacore Z AV ‘T\ %% C-CPE ® CL4A &E&H%
AT LTz, B —F v 7 CMS5 IZ CL4 ZEE
{bt%. &% C-CPE E&&% 1.25, 2.5, 5. 10,
20M (272D Lo lElmL, B —2 I 0%
ENTT 5 T & THEG EHE EE Ka, fRBEERE EL
Kd, fEBEFEH KD (=Kd/Ka)ZEH L7=,

C. IE&ER
ERIIDHEICE L O TRE,

D.E &
ONALT IZ81T % CL4 3,
5B RE AR /XA = /Ui CL4 SEREL
TWBIZENRMLNTWD, EZ T, £7 NALT
(Z3B1F 5 CL4 DRBEFER Lz, £3°. NALT
WX HAWTR-PCR BL Ny =2 Z Ty
TATIZEYD CLARBROFEELRT LIZ &
ZA. mRNA LIV BIOERE L~V
IZBWTHNALTIZEIT 5 CLARERBE I N
7= (Fig. 1A and 1B), & Z TKIZ, NALT 28}
5 CL4 BB Z2REREAIZIVBITLIZEZ A,
NALT %% 9 AR IC VN T CL4 DR Py
BRI BT (Fig. 1C), ML EDRERMNS
CL4 ZH|H L7z NALT ~OHUFEZE D fREMEN
REEN, FZTKRIC, BRATALT I
(OVA) 2T NAHURE L CTHWT CL4 &) H
L7-¥GED 7 F o OIEME BT LT-,

A
Mouse claudin-4
. p-ac"n

*“ Mouse claudin-4

Mouse B-actin

Nasal cavity o

Figure 1 Expression of clavdm-+ m NALT

AJRT-PCR analyszs. mRNA wag wwolated from NATT of nuce. and expression of
claudm-4 v ved by RT-PCR B Inmumoblot nalysis The lvsate of
NALT wag subjected to SDS-PAGE. followed by western blotting with anti-
clandin-4 Ab  b-actin was used as an mternal control ) Inmnunohstochenucal
analysis Specimens were ayosectioned (4 pm) and stamed with anti-claudm-+
Ab. followed by horseradish peroxidase-labeled secondary Ab The
mmunoreactive regons were stamed with a conunercially avaldable stamumng kit
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£9°. OVA & K% C-CPE OBAERE % 1E
M L7- (Fig.2Aand 2B), ¥RIZ., OVA-C-CPE @
CL Bl BV lxt7 5 &MH% C-CPE 2R
4 7aryira—nLELTHWTHERLZEZ
%. OVA-C-CPE i CL E%E BV (BV-WT) ¥
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Figure 2. Prepm‘atidn of OVA-C-CPE

A) Schematic illustration of OVA-C-CPE. The claudin-4-bindingsite of C-CPE
iz located in the C-terminal 16 amino acids. OVA was fused with C-CPE at the
N-terminal of C-CPE, resulting in OVA-C-CPE. B) Purification of OVA-C-CPE.
OVA-C-CPE was expressed in £ Coli as a his-tagged protein and isolated by Ni-
affinity chromatography. The purification of OVA-C-CPE was confirmed by
SDS-PAGE followed by staining with Coomassie Brilliant Blue (CBB. left panel)
and by immunobloting with an anti his-tag antibody (IB. right panel). Lane 1:
molecular weight marker: lane 2. 3: OVA-C-CPE. The putative molecular mass
of OVA-C-CPE is 62 kDa. ) Binding of OVA-C-CPE to claudin-}. Wild-type
BV (WT-BV). BV disgplaying claudin-1 (CL1-BV) or -4 (CL4-BV) was absorbed
ontoa 96-well immunoplate, and then vehicle or OVA-C-CPE was added to the
well. OVA-C-CPE bound to BV was detected by an anti-his-tag Ab followed by
horseradish peroxidase-labeled secondary Ab. C-CPE was used as a positive
control for a claudin-4 binding. Data are means * SD (n=4).
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pg 2B KO L, B 1E, B3 ERAER
EL., BEE5 Ly 1 BE%ICLE., SRS
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W X DN LTz, ZDRER, OVA B 5
B X OOVA & C-CPE & DRARE5## Tidl
B D IgG FUEM O _EF-235BD IRV DT
LT. OVA-C-CPE #E#BTIIHEER LA PE
gin- (Fig. 3A), & DT, OVA EKFRZR
HUAFEAE © 308 b/~ (data not shown), 54
M T o B BREF O IgA HFuiffli b MiET IgG
FUAME & [F#ElC OVA-C-CPE ®#EBHTOLEE
I ES LTWi- (Fig. 3B), 7=, ERER
ThHEBERS L OCEET DO IgA FLEM b
OVA-C-CPE B EHTOHREERIUEMD L7
NE@H bz (Fig 3C and 3D),

C-CPE IZ TJ @ claudin-4 IZ/ER$T52 & T

N THRERRRRE S E, MR E S LI E
REEERZRTHOD, 5FED 20 kDa
UTOWEIZR 5L 5,0VA D43 F &L 45 kDa
ThbdZ L, OVA PR ZERT 5 2
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Figure 3. Production of O\'A-speggc IgG and IgA by OVA-C-CPE

Mice were nasally immunized with vehicle, OVA, a mixture of OVA and C-CPE.
or OVA-C-CPE (5 ng OVA) once a week for 3 weeks. Seven days after the last
immunization. the levels of serun IgG (A). nasal IgA (B). vaginal IgA (C) and
fecal IgA (D) were determined by ELISA. Data are means £ SD @=4). N.D.,
not detected.
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% CL4 DEAEZRIET 57201, CLA &L
2k &7~ OVA-C-CPE303 %#{E® L 7= (Fig.
4A), 7. fERLL 7= OVA-C-CPE303 @ CL4 f&
&M% BV ELISA HBEICX VHER LA
OVA-C-CPE303 X CL4 fE&EMHEEHEEL TV
(Fig. 4B),

% ZCRIZ. OVA-C-CPE303 2R &5 L&
ERELIERZBRN L, TOER.
OVA-C-CPE ## 5.8 TR b /- MiE . BrkE,
PEREIE S L OEE DTS OVA ReEMHUE
fio _EH23, OVA-C-CPE303 # 5B TR H
nzhot- (Fig. 4C-F),
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Figure 4. Involvement of claudin-<4 in the immune responses to OVA-C-CPE

A)Schematic illustration of OVA-C-CPE mutant. The C-terminal 16 amino acid—deleted C-CPE mutant (C-
CPE303) did not bind to claudin-4. To clanfy theinvolvement of claudin-4 in the immune response initiated
by OVA-C-CPE, OVA was fused with C-CPE303, resulting in OVA-C-CPE303. B)Interaction of OVA-C-

CPE C-CPE303

CPE303 with claudin<4. Binding of OVA-C-CPE303to claudin-4 was investigated by ELISA with wild-

type BV (WI-BV), claudin-1 or 4-displaying BV (CL 1-BV, CL4-BV). C) Immune responses by OVA-C-
CPE303. Mice were nasally immunized with OVA, OVA-C-CPE or OVA-C-CPE303 (5mg OVA)once a

week for 3 weeks. Seven days after the last immunization, thelevels of serum IgG (C), nasal Igh (D),

vaginal IgA (E) and fecal Igh (F) were measured by ELISA. Data are means

— 84 —

-+

SD (n=4).



Th2 &I IL-4 R° IL-13 ZEA L 1gGl EAZ2H
EI B, 22T, ThbHERHEETHIET
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95 & 2B~ T HIRFEER D IgG1 1T X,
1 B~ T MIRFEER O 1gG2a Lo £
ANBEINTZ, —F. OVA-C-CPE303 # 57
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-7z (Fig. 5A),
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Figure 5. Th1 and Th2 responses induced by OVA-C-CPE

Mice were nunl!y immunized with vehicle, OVA, a mixture of C CPE with OVA, or OVA C-CPE (5 g

OVA) once a week for 3 weeks. Seven days after the last i ion, serum and sp were
collecte. d S:mm IgG subclass (IgG1 and IgG2a) was determined by ELISA (A). Th e splenocytes isolated

f ‘rom the immunized mice were stimulated with vehicle or OVA (1 mg/ml) for 24 h, and the cytokines (TFN-y

and IL-13)in the conditioned medium were measured by ELISA (B). Dataare means * SD (n=4). N.D.,

not detected.
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Figure 6 Selubility of the C-CPEmutants.

C-CPEmutants was investigated in PBS (pH 7.4) containing 0.4 M imidazole
at 150C. The number over the colunm indicated the solubility (mg/ml).
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Table 1. Binding kinetics of C-CPEs to claudin-4

Derivatives ka (1/Ms) kd ¢1/s} Kp

C-CPE184 5.96 105 255104  429pM
A 6.50 x 109 2.93x 104 .451pM
B 5.59 - 109 6.53x 105 117 pM
C 6.67 ~ 10° 3.05+ 105 46 pM
D 7.13~ 109 3.24x10%  455pM
E 7.67~ 109 2.87x10%  374pM
F 7.55’?‘105 1.45 - 109 19 pM
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CHE REES KAC3T64 21FEE®RE

IS HEREMES Y VI K ABEBETFEAL AT LD
I3 L DNAU Z F o ~DHH

OB R AEAEBEETIIER
e A 1=V

HREEE

DFE BT EFNMEBORRSF FFUEERL. TR
I F DNA : 0#EEEEZAM LBEFREOFMS L OKREILEIT-
Too EAFUUEMBORLRDF P UERERL, F Mty Ty
U TREOAM, TR TOBMBEDHE RN TE T,

A TIEBEK

T A REGRBE OB T - IRRIEDH
REBBELENTVD, RIEBREDOHLENT
WRWETE, TA RAOFAT L ERREEZRVLE
DHROADRRAOMRIT=A XOTFEHY 7

FLOEETHD, HTH DNA V7 F Uik,

BEREOAR BT EHRICBIT 2HBESMH
THIFIC X AR EOHFEERFRERTHY, K
KDY 7 F RSB FURICERS PRI
TE DR TEVIEERDERIHFTE 5,
ABFZO BEIL. =4 XFB DNA U7 F> 0
TOOF N rEAVWEHAELETFEAXTY Y
TOBRETHD, ¥ MY Uid. N A< AERY
FUhbARIEN AR EE T HRMM
TRERFTY VU THEMTHDET TR, F M
VEEOGEREEANRY 7 FUHREERT
5EVH DNA V7 FUCAEDRBREET D,
LLARS, BEOIFA D) R — 20K
U2 —lhREGTEAGRA/BD TRV &
BEEERoTWS, ZORKE LTI, FHEE
WOKERTICBWT, F M UIREEERERS
MABIC & 0 IR S - i3 B SRV L AR
~NRELEBRTY FF— b= RITE D HIER
~BYOVRERBINT Y FY —bA~EREHE
T572H7FAI FDNA BHEERTLED A,
REBEZDOND, T TRRE TR, 0B
REEBFIEOR S L, F M UOFET IR
BERD LR, BETEEDRZEASES
ZEEBMC. £F. F N UVBHOSTFESRST

T FUEROERTFRBRICK T IREOF MBS
FUOBBEIEITY., Biooy RY— A0 b OB
REZ BRI, BRI O—2THY ., pH
DEVBECBVTEVAYy 77 U v i d
THERF VU EX MY UICEM LIEHRER
FEAX Y VT 2{ERT B,

MIEETHDIER 21 FEX, ETHF %
AWEBETEAX Y U THBOER RS, &
YA XX v OERB L UKERT BF
JEED X MU DR EFT o7z, & bIT, KE
BEOERHEZEY BIFT, Ny vr ) IR
HTAHAERF VM N OAREZERMEL
oo F. FRIETTC, BETFEADRIIEBITS
% hHr L 7T AI K DNA & OEAKORSH
AP T I 7E/) VERE) OFEOFMEZIT

27,

A, WFEFGE
NFEOERDX M UOER : F MU E2KE
EWCFASE L7z NaNOz KIS T, EFKH FIC
BWTHIRT2RHARGE®2%, BNICLVE
L7 (Scheme 1), EHLHFEIX GPCITLD
BIE#1To T2,

¥ AP ORT EF AL F Y& 47%NaOH
KERP T, 60°C, 2 REEIER S ®i2tk, 60CD
Bk T LT, BONEX M % 2%ERRIC
BEfESHE, IN @ NaOH I THEEGE Z 4 0 iR
L. Bohik MU REEREIT- 7,
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Scheme 1. Chitosan depolymerization

X DT EFAE D F MR 1%DERY
WCEREL, SOICEKEREZBML, =BT 15
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. ethanol &K C¥e L., BWEREEIToT.
BT EFNACEOREIE : 5 mg DF M % 85%
DV VERKESERT T 60°CT 40 oEMA L TS
IS B K CTHRL 2 KH 60°CTRIG S
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L7z, Cys(Acm)-OMe ix. Boc-Cys(Acm)-OH @
BifRE, AFMLIc X VA& LTz, Boc-His(Boc)
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B % dipeptide # BifRE L., F F V%
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L. BIficE v BERL =,
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YUK L 7T A3 K DNA R EENENDR
ETHREL, ¥ MY EOTIVEBITT TR
I FDNA Eo ) VBEOEKEELL (AP )
TEIRICTES UTHRE L, EERTEmRORESR
. THe—RABREKET X V{To7,
FHA : MBS X . human embryonic kidney
(HEK293) cells GEEFAEIR NV 7 KV EE) & H
Wiz, ¥EE&ITIZ. 10% FBS, 100 U/mL ==Y
v, 100 pgmL A VT h=A P 2mML 7
A& I BT LT Dulbecco's modified Eagle's

medium (DMEM) % v M-,
B FRBEOFME : 1.5 X 105 cell/well DIEE T

24 well 7L — MHBREL T 24 B, & v
L7753 AIF DNA DEAKEEET S
Opti-MEMPIZE R L 6 RefiE&E%. DMEM # T
48 BFfEIRS L7 IC¥eid LR % BN U7z, MiiE
1. lysis buffer ICEfES R LOEZ AT T2 Y v
PWANL. VY725 —EHEERLI ) A—F—
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ffi% b9 > (Chitosan-CH)
FERL, B LVERE
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7= (Scheme 2),
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Scheme 2. Synthesis of chitosan-CH
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(fEmE~DERE) W 1Kk 5k 10k
- o ,
‘ DDA

ﬁ'fz{i;{ﬁﬁi"iﬁ x %?li'f Mn Mw/Mn | Mn Mw/Mn Mn Mw/Mn

RTHERBLRFOREIZE

SE{Tol, Deaceylated 1 2136 155 5078 | 240 | 15027 | 240
Sﬂg'::r'] 2479 2.37 6313 259 13002 2.71

B. BRFEASR Acetylated

STEDERS% M Acewate 2500 246 6335 3.95 20649 214

DAERR

Table 1. Number-average molecular weight of chitosan after chitosan depolymerization

SFEHN 100k D F F¥ % NaNOz Il &
DL, FEFERBLTHIZLICED,
1k, 5k, 10k ¥ M 2BERT AT LA
T&f, BRLEETAXOFX Mo
¥ E (Mn) L EEFHESFE Mw)

Table 2. Degree of deacetylation of chitosan after NaOH treatment

FREL, DFESMEFMLIZE 25,

Mw/Mn IEB X% 2BEOHB®ERY. 5
FL B TCETCWAILBERTE

DDA MW 1k 5k 10k
Deacetylated chitosan 97.00 99.00 99.00
Original chitosan 84.00 84.00 85.00
Acetylated chitosan 71.00 73.00 75.00

(Table 1),
BT BT HERBORZR DX b DIEK
Bohi- 1k, 5k, 10k OF hHATH LT,
TeFME, R, BT 2T ARV, BT
Y FVRERE LT, 7TEF MBI UORT &
FNAL BT L2V E bV U OBT B FAEERIE
¥ 85% Th i, FHITH L., K 100%H 7 &5
MEEN3 X5 KK DRELEZITV. ThLTh
L7 & FAALER, 97% (1k). 99% (5k). 99%
(10k) DHLDEB/BLZ LN TER
(Table 2).

Liz&Z A, FNEFho MwMn i, BXZ2#&
ELRY, YFELHEETETWAZ LR TE
7= (Table 1),

b RF D UEMT P DOERL

FHEEBEALICEVIER LI RF U U EMix b
FUENENONy T 7 Y U TREREFHMG LI &
Z 5, 2-Iminiothiolane * HC1 # E &L T 100 I
%t L T Histidine-Cysteine-OMe % 400 DOE|AT
BELELONB, =By 77 ) U IREEN->

Weight ratio of the reagents

LI F MR T EFAMEELT Material  Chitosan 2-Iminiothiolane.HCl Histidine-Cysteine-OMe
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Figure 1 Buffering capacity of Chitosan-CH
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Table 3. Solubility of Chitosan and Chitosan-CH

Dissolution Solubility
Material
pH55 pH74 pH5.5 pH 7.4
13 mg/mL
Chitosan (@] X (in1% X
acetic acid)
Chitosan-CH (&) 0] 215mg/mL 10 mg/mL

X b & 7T X3 F DNA OB E B RO
¥ Mo 7T 23 K DNA OBAEBPTA S
NTCNWaZ a7 —AEREKIITTHERL
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(A) Chitosan{100k)/pDNA
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Figure 2. Agarose gel electrophoresis of chitosan/pDNA complexes

(B) Chitosan(10k)/pDNA
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(A) Chitosan{100k)/pDNA
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Figure 3. Gene transfection‘efﬁcien‘cy of Chitosan/pDNA
complexes
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