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Abstract

[Background] Tight junctions (TJs) play an essential role in the functions of barrier membranes and fluid—secreting
epithelial cells. Expression profiles of TJ proteins including the claudin family and occludin in healthy salivary
glands differ among species. The expression pattern of TJ proteins in mice salivary glands as well as how the pat-
tern of expression of TJ proteins alters in salivary epithelial cells during the progression of sialoadenitis are both un-
clear. [Purpose] The present study investigated expression profiles of the claudin family and occludin in healthy sali-
vary glands and spontaneously induced sialoadenitis in MRL/Ipr mice. [Materials and Methods] The submandibular
glands of 4 to 16—week—old MRL/Ipr mice were dissected. Immunohistochemical staining was performed using anti-
bodies against claudin—1, -2, -3, —4 and-5, as well as against occludin. Real-time RT-PCR and RT-PCR assays
were carried out to observe the expression level of these TJ proteins. [Results and Discussion] No inflammatory cell
infiltration was observed in the submandibular glands of 4—week—old mice. An early form of sialadenitis was pre-
sent in the glands of mice aged 8—weeks and the inflammatory cell infiltration increased with age up to 16—weeks.
In 4-week—old mice, immunohistochemical staining for claudin—1 was observed at the intercellular membrane of ac-
inar cells. Claudin—3 was present at the intercellular membrane and in a part of the cytoplasm of acinar cells and in
the luminal surface of ductal cells. Occludin was present at the intercellular membrane and in a part of the cyto-
plasm of the intercalated and striated ducts. No immunohistochemical staining for claudin—2, —4 or —5 was observed
in the glands. During the progress of sialoadenitis, the immunohistochemical staining for claudin—1 was maintained
in acinar cells being destroyed by the inflammatory cell infiltration even after the age of 10 weeks. Expression of
claudin -3 and occludin, however, disappeared in acinar and ductal cells as the inflammatory infiltration increased
with age. Real-time RT-PCR assays showed no statiscally significant difference in the claudin—1 mRNA of the 4-
week—old mice in the control group and the experimental mice groups. The expression level of claudin—3 mRNA
was significantly lower in 14—week—old mice than in the control. The expression level of occludin mRNAs was sig-
nificantly lower in more than 8—week—old mice than in the control. These findings indicate that claudin and oc-
cludin may play a role in the maintenance of tight junctions in mouse salivary glands. The expression profiles in
mouse salivary glands may be different from those in humans and rats. Sialoadenitis may alter the expression of

these tight junction proteins in mice.
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A5, VITFILEORE ZH D r‘:?b“%%fﬁk&
5T % (Baker, 2010). % A ME&1E, EREMIZY v
W=D I )Y G072 ‘fﬂﬂﬁ'ﬂ@ﬂﬂﬁ/ﬂﬁ%% HEIIC O % &
HbOELEDP D> TBY, ZOY v /8—=I1ZHHBT 5
IR A 5 A MGG Y VNI DBHEAEL TR D, ¥
4 MEAIL, claudin®occludin, junctional adhesion mole-
culeZ EDY YT LR INTBY, ¥ NI E K
DIERREOBE) 2 GRS 2 2 L 12X ), THAmHE & ST
FIROFEIE X5 L, MomtEziEdseEiroh
Twv% (Melvin et al., 2005). Claudin|3 245 O E {51

7 =5 %oTEY, MEOMILIZIZET, HERE
DclaudinDFEBISH S 41, ML CIRAR O FFRE 125 L
TWb EEZLNTWS (Morita et al., 1999 ; Rahner et
al., 2001). Occludinld & 4 MEE 12 b HE Y ICFFTET
L7 s THAEESbITWD (Furuse et al.,
1993 ; Tsukita et al., 2001). #&¥T, & b & F v FTIEH
WE ALK 1 B 1 A Claudin— 1 ~ 5 £ TORFEMHKIZD
WCHEE N (Kriegs et al., 2007 ; Luorengo et al., 2007 ;
Maria et al., 2008), By¥FEIC L ) {IEEIEVDOH 5 F
DIRENTZD, YT ATOZOFMEIANATH L.
72, SIEDRILIZHEN Y £ MG OUIEA A 5N B
RETOINEDOGFDOFEH, FIEFKNOZALIIY S 5
27 o T\, RIFFETIE, MEEIREDSIH E & b 12
ﬁ%%ﬁ#éMMﬂmvﬁx(mmymgmw>%m

, IEEIREETOClaudin 1 ~ 5 B X UOccludin® [ 7E %
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B, MERIR RN & & S ICHREET S
MMAWMVWX(E%iﬁﬁ-gx)®4umfﬁﬂ
L, REFHWERL S ¥ —ICTI6HEE THE L7,
MRL/lpr~ 7 A% UVNW@T*F—szﬁﬁthS
BEEFICERB B SN, ) SERO T R b — ¥ ZAHHH
ENDHTENS, EHEREZIE DL L TaHibEEEIC)
YONERIZFHEATA S NS~ ATH D (Shlomehik et al,

BULHETROY A MEGHK Y » 37 OB - BIE

2003). By ORE DS X OEHIE R TRFLE Y EE L
¥ =W FOBIICEDE, NERIATDI.

2. HHIEAROER - Gett b X OMRIEMIRIL S et
1) MR RS

FHWEE B IPPERRE20% ROV~ ) VEIC TRESE
ATV, WPFEICHE, XT T4 SIZAML, Sum/ST
T4 YR R R L. IR, BT T4 v otk A
ThFVY) Y AT UERMENEL, MBIk
L L7,

2) Mk pRR

ANYDNFRDY Y AV VEROBEL, MR
TrATo72. Thbb, MEEIRTIE, Atk 8 HimLEY
YOERBEDBALND ZEHS, 4T IER, Thb
baritu—ne LT, 8HEEmLEE 8, 10, 14, 1634

IZENZENI2IL T D ER L FIRMER O T 217 -
7.

3) MR LR R

IR G D 72012, —RPifk & L Thiclaudin—
1, —2, —3, — 4%k (Invitrogen, Calsbad, CA),
claudin— 5 $Tf& (Novus Biologicals, Litttleton, CO) B X
O loccludin#t /& (Invitrogen) % Flvy7z. ZRPTAK DL
fe, ~vF % ¥ % — £k Avidin - biotin — complex
(Zymed, San Francisco, CA) # W TRILZiT\Vy, V7
I/NYF VY AHCUZ K B 0%, EEADGF B
#i (Nikon ECLIPSE80i, == >, Hgl) THI%Z, Wi
L7z.

3. PCR¥ X U #HJRT-PCR

Claudin— 1 ~ 5 & occludin ® mRNA D FE B 2L % @42
TAh70IZ, ATREZMAKRESIZAETYFA XL,
RNA il t #£ %] (TRIzol Reagent, GIBVO/BRL, London,
UK) (2iZi& % L CTtrotal RNAD il i % 47 - 72
(dT) 2577 4 ~— (Superscript reverse transcriptase, In-

Oligo

|2 & A Reverse transcription® %, claudin— 1 ~
BT T4 ~— (K) M 7ZRT-
PCR#: % 47> 72 (Applied Biosystems, Foster City, CA) .
I, INOCOFRYELZERWIIFFMST 272012
TagMan probe % H V> 72Real-time RT-PCR# (AmpliTag-
Gold™ Kit, Applied Biosystems) % 1T 72. #541E, One

—way ANOVAIZ & V) #EaTAg I 5#AM L 72.
= R

MRL / Ipr~¥ 7 A D FHE 2 i L, MAREAR % /E 5
LEIZE L7825, 4 BEOFHTIRAHEARIIZHS 27 7%

vitrogen)

5, occludin |2 ¥
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% Claudin, Occludin®real-time PCR primer (Applied Biosystems)

Gene Name Assay ID Ref Seq GenBank mRNA | Amplicon Length

Claudin 1 MmO00516701-m1 NM_016674.3 11 GenBank 149
mRNAs

Claudin 2 Mm00516703-s1 NM_016675.3 4 GenBank 80
mRNAs

Claudin 3 Mm00515499-s1 NM_009902.3 7 GenBank 60
mRNAs

Claudin 4 MmO00515514-s1 NM_009903.2 3 GenBank 64
mRNAs

Claudin 5 Mm00727012-s1 NM_013805.3 6 GenBank 82
mRNAs

Occludin MmO00500912-m1 NM_008756.2 8 GenBank 134
mRNAs

438~ A (2> b1 —)V) Oclaudin— 1 D IEHRRAL G018
A.401 , B 100f%
Claudin— 1 DJFEIE, BEMBOMBE (BWXRH) B X OHlY
(EWEH) O—ER iR 5z,

B 1. MRL/IprY 7 ADFHTRONT X)) ¥ - 24T v §tfg
Al 4380, B 8EiE, C:12:8H, D 1608k
4 AEOGE TR IEH S 2 R BEWE LI A S N o2 b O
D, SIEELIFE, U Y NEROEFHICE S R KIERE LT L 20

5, BRI SRR LTV C ORISR S N (ZEHD) (401). R 3. 48§~ AOclaudin— 3 O REMEAL Y05
A . 40f%, B 100f%
SEMZALIZ A S N o7z b DD, SHELIFE, 1) v Claudin— 3 DFTELE, WEMBOMIN (Ev2er) B X 08 -

ROPFIC L DO DA SRR E R L 275, Ry O (0RED) SR bt

CRIEFPFADILR L T o g sz (1), & 1, — 3 Loccludin® JFIEA MR S 7z (M2, 3,
NEDEREHWTY A MEEHESY > 37 TH b 4). $hbb, claudin— 1 (ZIREHTE ORI B L O
claudin & occludin ® J§ £ %, Piclaudin— 1, — 2, — MM O—ERIZRIED A 5L, B FRZICIEBE RIS A
3, —4 = 5PuEB X UPloccludinfitfh# v TREM 20T (M2), claudin— 3 1%, REMILOMILE B X
WALFEMICBIEE L., v AEEHE TR CTORAELBE OEE LEONEMCHEERIGASAS 7z (KM3). £
T 572012, FEWEIOARL N V4R~ A5 72, occludinld P2 5 EE I2BATT 20 Bz, +
TSN TIRARE Y V72, ZO8E, caudin— b B~ M ESEE T TR B L OHIRE o
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4. 438~ 7 A Doccludin® G Rk AL Gt fg

A 1 40f%, B 100f%

OccludinlZMREE 5> 5 BF IZAT T 21580 B, §abbiigH (B
WRHD) ~ A EEREE (EWRH) R CHRIRERE B L IR o —#81C
JREDRO BT,

5. 1285 & 1638# D~ 7 A Dclaudin— 1 DL Lg%
A 123885, B o 160

FHR) CNERRENC L) SHER AL, MR AT 4
SNTEG DAL 5 12805, 16588 T S IEILO A S ND & 2 AHH
o7 (ZFD) (40f5).

I

— BRI ERIL 2SR b7z (K4 ). Claudin— 2,
— 4, — 5 DREFAEOREGM TIIERL SN o
7z.

SAEVEMBLIR T ASA & 7z 8 B U D < 7 2 BH T
T, FRRICS A MEGHE S » /87 O3B, BIEOEIE
%47 -7z, Claudin— 1%, ZREVEMIRLRPEIC X MER
IRALKE AR S N7z b 2 A THRED B X iR
nCwiz, $hbb, FWAEY) LML) SER
EIRL L, MEREAHARDSSE A I HEE S N7 RS S
128G LIECOBBIERICO A BN D & ZADH -7 (M
5). Claudin— 3 (&, ) ¥ /XERDBEEERS TORAEIZN
SAHMICH ), WY VNEEEIC L ) KERZ T
L7z 2A T, E&IZHELTw (M6). Claudin
— 3 L IAKEIZoccludin T V) ¥ NERIZ VIS O
KRBoOLNTz (7). ™, REEZILORLNZE N
o COMERRR OGP, WENOBEFICBWT L
LIZFED b N o7z,

FHOB O 5 N 7zclaudin— 1, — 3 & occludin @

1238 & 1638 D~ 7 A Dclaudin— 3 D IR F G0 4
A 1&@& B : 16;8i#%

) Y XEROBEER T O iiﬁ%fbﬁﬁ IHY, FWRY SRR
L ;mkr%wmuu ATlE LTS LT (A (40

7. 128860 & 168# 0~ 7 2 Doceludin® Sy Je
A D 123805, B 1630

V) YSEROREERS T ORAEIIHEMEINNZH 0, FWR Y /3B
g); DISER AR L2 AT, SBaICiER LTz (KA (40
mRNAD KIEVEZALIZHE ) FEBIZ L%, RT-PCRE %
HIRT-PCRIEIC X D EIZE L7z (M8 A, B). %n%fm)
mRNADFEBL L NV & SFEAACDOIEAE L %2\ 4 MG %

Yhu—ovk Lo & RS L7z, Claudin
— 1 EDHEMOMRNAD LNV b a3 hu— )b & A7
EMALNL 572D L, claudin— 3 Tl&, I~ b
0 —)VIZHART, 14, 168 THEEZEHK T2 BI% S
iz, ¥7-, occludln“C“ﬂi, 10, 12, 14, 168@ECTa >~
PO = VICHARTHBELREIUR T 25580 b7,

Z £

AR TIE, w7 AFTRIZBIT L5 4 NS
Zclaudin— 1, —2, —3, —4 — 5 &occludin® I
FRAEB LML, MEERSETHICBIT2E2N5 D%
BIZALIZOWTHEIZ L7z, AW THW/ZMRL/Ipr~ 77
A1, FasPtEEETOREDRS, ) Y ERO T R b —
VAN BT, MR ER S EOEEEHETOY
INERIZE AR 1IN 52 b O TH D, ACRIERR

7 N
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8. claudin— 1, — 3 ¥ occludin®mRNADRT-PCR & % i flYRT-PCR
A mRNADRT-PCR, B : E£® [RT-PCR (fftfll : Target mRNA/GAPDH
ratio, HHH © JEH)

ZNZENDOMRNADFEH L ANV % SHEM AL DI L v 4 Bl % 2
v hu—vE Lol & IEMRE L7z, Claudin— 1 & & 0BG D
MRNAD LNV 2y ha— Ve FEENPALN P> 7O L,
claudin— 3 Tlx, I FI—VIZHAT, 14, 16HEETHERIEHILT
PRIz, $£72, occludinTl, 10, 12, 14, 16HEMTI » b o —
IR THEREBE T 2RO 57,

DETFTNITALLTLSHWSLNTE TS (Chan
et al.,, 1997 ; Nose et al., 2000 ; Hasegawa et al., 2008) .
FastUF (51 D RIEH 2 WEED < 7 X Tdh HC 3 H/
HeJ & C57BL/ 6 J& JB L 72498 Cld, C 3 H/Hel & C57
BL/ 6 J13 2058 B LLRE T b MEFLIR I 12 1) > 7S ERIR B A A
LNV EFREINTEBY, MRL/IApr~v 7 AZHLC
RIEMEEGIR D E T VE & 7% 5 LD 5T
% (Nose et al., 2000). AWFFETEH, 4EFITIEY ¥ 3
HZEEASN D o7b 00, SHEBILIETHS 2 7%
) YOREKIRE DA SN DR, FERERY 2B INAEED 51
72, Z A MEE Y VXD ORI 238 BIZAIE, sl
L BFRBZAL L B EITIBET SRV, ) Y NERKIZHE
DI B N7 WERGF T OMER IR O Getathid, Vw3 hoEbl
WCBWTHE LITRRO N oz, TOTE LD, ¥
A MEE Y ¥ X7 OREREI 238 BIZAIE ) > XERIRE 2
LrdboLEzLNT.

Claudin— 1 ~ 5 R occludin D HEFE R T D JFFEIZ DWW T
X, e bRT v P TOBIEHNL < (Kriegs et al., 2007 ;
Lourengo et al., 2007 ; Maria et al., 2008 ; Baker, 2010),
XUATORIEEZBE L OREITHL. ZhTh
LD RBEASLREN R > TBY, TNHITHEFRYT
HHEEZOLNTWA, bbb, b b ORMEREALR
Tclaudin— 1, — 2, — 3, —4 &occludin?’ i 7= & &
HELERICHE SN 00, claudin— 513380 517 <
(Kriegs et al., 2007 ; Maria et al., 2008), 7 v b T, I
B Cldclaudin— 3 DA TH Y, Ei&EZidclaudin— 1, —
3, —4ADALNDLEDHENDH D (Lourenco et al.,
2007). %Y ATIE, BB Iclaudin— 3, — 4 @
REZ R L7ZHEDRH B 12T ER2 v, §4b5, claudin
=3, —4WVTNORETICORARBIESALNL E LT
W % (Hashizume et al., 2004). AR#F%2CTIL, claudin
— 1, — 3 &occludin®~ 7 A TORIEMKNZHS I
L7z, $7&bbH, caludin— 1 IZIREMITDARIZEAE LT
B, claudin— 3 1ZEE & EEDOW JTIZ, occludinld F
ZiB~ AR EE TR TEDFRD 5 7223, claudin
— 4 DFEITHER SN 22> 72, Claudin— 3, —4 D
JOTESEATIIZE O FE R (Hashizume et al., 2004) & —3
LT iro7z’, IS 7HED & R ek
(LHFPEDOTEOENIZL L DL Bbhrz. Rk
BT, B MEE L CRHIET S 5%, Bkt e
LCEHMECTE W2 &EA 5, REFFETDclaudin— 3 13
BB LB IZRE L T 5 & ORERIZIATIIZE DR E D A
ETAHRERI)EEEIELDOEEZ SN T,
AWFFE T Delaudin— 4 Z ML L 546R1E, 25451
APLETHL EEDNL.
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Claudin— 1 O FEM 2 AR B IR ENE R 72 S 2T &
S>TWhAW, Clauwdin— 1%/ v 27 ¥y L#HklR~
T ATIEFERRBAEREZ I SR I L, A% 1 HDNI
ez s, w7 AIZBITAClaudin— 1 121& % 4 b
WEOMANLRBHEDH L Z LW RBENTVWS (Fu-
ruse et al., 2002). AHf7ET/R L 7zclaudin— 1 230 T i
WCRIELTWA L DRFERIIZOMEEFBE LWL L
bz, BB Cd 2 MDCKAINE % F v 725
BRC, claudin— 1 Z@BFEH S5 &, MK A2 8
27 VW OEBEES IR S A Z L5, claudin—
132 A4 MEETERICER 2 ZEH ZH-> TWD 2 LAV
SN CTwb (Inaietal, 2005). 2D & EHFHT 5 L
12, 7 v P OH TRAROMNIE % TNF—aRIFNyZ: &
DRIEET A N A A > TUBT 5 &, claudin— 1 DI
DL L EBIZFT A MEGOWIED AN D L OWED
» % (Baker et al., 2008). AHWFFETIX, FIEDHELTICRE
I IRE ORI X - T dclaudin— 1 DFEIEGAEIZ D
HBOLIEL TELRFEENTBY, mRNADOFEB LA
VEFBLRETUALNT, ZORELEFHELTNDED
DTHo7z. TOEIZELT, claudin— 1 DFEHAA S
N5 b OWERRRL T, EEREDOAONDL Y 2 =T L >
FEMERE L IEWIEGIR T, Y — 27 L UVERETO
claudin— 1 DFEHEP LA L TV 5 L OHENRH S (Ew-
ert et al., 2010). Claudin— 1 DB LH L 7-# B IO
T, ZORJEFIIHLTHD Y 1 MEEREK S » o3
7T AHZ0— 1 Roccludin DI L7205,
5 A MESE MRS S O 720 O AERO i K
e LTEDL ) BBEDPASLND O EHEHE L T
5. KR TOMRIL, TOEZZTHTLL0EDLN
7z.

Claudin— 3 1%, B b & T v N ORE & EE D&~
DIREDHEREINT V2D, 7 ATIIRE CTORIED
RENTVEDHRTH 7. KEFIETIE, Y7 ATHIR
BLEEDMENZELTVEZEPHERE BT,
SO TEENOREDMRA SN -#B L LT, #FE
D & 72 HUR O 38 R AR L T 0 v
T ENEZ 5N A, Claudin— 3 (35 %/ 2 THERIR O
W, EEMFTILAFAELTRwE D EBbNRE.
Claudin— 3 % claudin— 1 & [ £ (2 MDCK A 12 A5 T
A L2EBTIE, claudin— 1 TIXHIE RS EI 4%
N EEPEDIH] S N7-DIZ S D ST, claudin— 3 Tl
ZOBRRBANENHITHE L RITE hpoiz LT
% (Amashes et al., 2002). —J5, B2 AHEMIEKT
HAHMKN28Dclaudin— 3 %2/ v 7 ¥y 35k, AE
WA B DS E A9 A L OFED D S (Hashimoto et

al., 2008). TNHNDI LA 5, claudin— 3 DFEREIEHIN
DREHIZL > TRE S TVDE I EAREIN TS, i)}
B, EEOWHIIFIE L T Aclaudin— 3 DMER IR THE
BEICDOWTIIRZEAHTH 54, RbEoOWse T, HMIEH
KETVAR=IDELRSDTHELET 7 TR ¥ 5N
KL TWLTY ZATIE, claudin— 3 DIEHAIMET L T
Wb EHRELTWA (Kawedia et al., 2007). 2O Z &2
5, claudin— 3 (ZMEEAR O EEHIIL AWM G- L T A
CEDIRBEENT WS, ARfZFETDclaudin— 3 DEE T
DIRFEDPARERN S N7z & OFERIE, ZOFEZETE
LzawdoklBbits, £72, SEMEILIZHEEV claudin
—3DOEHMET L2212 2W T, in vitroDEERTH
JEWEY A M A VX o TEREONY THHEIND &
DO (Bruewer et al., 2003) %, RIEVET A b A >
DD 72 W CTldclaudin— 3 DFEIUIZAL L 2 &
DOHED D 5 (Patrick et al., 2006) . V3 Ilin vitro D
RTHDLILENE, RUFFETORRE LT —ICHES L&
HED L TERVD, AED L) IS LT
PR DOWIES A SN D & 9 2 IRFEETIE, claudin— 1121k
~NCclaudin— 3 X HEA R VIR 2> 5 38 BIAMA§ % &
DLEZ LN

Occludinld & A MEA DN THERE % H 9 R E B
W5 > X7 D—DTdhb. Occludink KIA S & 7281l
X7 A MEEERIRL S, LM~ L ) 52
L% (Saitou et al., 1998), occludin®FEIH = FH5 L 7241
MEFFMlL C O MM oA Z B L 22 L2 b (Fu-
ruse et al., 1998), occludinlZ ¥ 1 MEA DTN LT 72
WZEDIRIEENT WA, —J5, MDCKHITIZ 1Zoccludin
ZEFEH S L LSS IEICR ), —EHORs
TWEDEBEEPIH E NS Z E D5, occludinld AR
M EZBEEMEzRERT 522" BINLTWS
(Balda et al., 1996). Occludin® ~ 7 ZME IR T D JF1E &
INFTHERIN TRV, & TIEEE LIRE O
BENORAEDPHE SN TS (Maria et al., 2008). AHf
FeCTlE, ~ 7 ADF TR Toccludin 2SR 4230 ~ /- 4E &
BIBELTWwAEZEEZHEL ML, OccludinZ / v
7 F Yy LIz ATIE, BHIEIAHTS L5, H5E
BEOMBENOBRSKIBL TW5 EDOHEND L

(Saitou et al., 2000). TNHDI LH5, <7 AR
T Doccludin 3 #E G HREE M L ORGFWE O —F D%
WO EICEG L Thwb I el snD. 20
CERWPLNIITH-OIIHR DIESLETH DL &
Bbhiz, 72, SIEMEZALIZPEV occludin @ 58 B A
TLAZZEIZDWT, in vittoDFEERTRIEEY A M A A
YL o TLhEEON) THHEINDL L OWE
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(Bruewer et al., 2003) %, JSJEVEY A MU A VO
7%\ IR LT Ul claudin — 3 & A% 12 occludin® ZE Bl 13 224
L EoHiEn® % (Patrick et al., 2006). Occludin
caludin— 3 & [AffIZclaudin— 1 (2T LB F R
PR SN A AR DR S (WA

& L

7 A MEGTE Y » /87 OITIE, MERIRRDSFIE L
FEICHIE I N T VLD L E NI Wb DENH DL D
EATRIEE N, F A A O MR IC claudin & occludin 2’
EEREEZHS TWEZ LAURIE SN,
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