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Research progress on the function of epithelial tight junction
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Abstract: Tight junctions (TJs) are widely expressed in the most apical portion of both epithelial and endothelial cell-cell interactions,
serving as a structural and functional basis for material transport through the paracellular pathway. TJs are multi-protein complex
composed of transmembrane and cytoplasmic proteins. TJs constitute pores allowing materials with specific size and electrical charge
to pass through the paracellular pathway, which is so called “barrier” function. Besides, TJs also separate the lumen and interstitial
space of epithelium and endothelium by the function of “fence”. Recently, there is increasing body of evidence regarding the crucial
role of TJs, together with the possible signaling pathways, in many epithelial cells, such as salivary, airway, intestinal and renal epithe-
lial cells. The present review focuses on the latest research progresses on TJs, including TJ’s composing, structure, and function mea-
surement, as well as the mechanisms for modulating TJ’s functions in some important epithelial cell types. We hope that the review

may provide new insight into the therapeutic strategy of epithelium-related disease by targeting TJs.
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o-catenin) 41 B, 540 M0 E AL ER AAHIE . B I 42
HIHRLZ 55 28 M (B AT LA 5 B B T SR 45 3 48R
T 2 A AT 4 i 1] B 3 52 AT B BT 1) 55 7K M 38 T &5
¥, &S A (connexin) 74 i e HE A 45 ¥ FRAT .
IEAER, KT TI RS Fh b 52 APy B 20 23w T g 1
WAL H 38 2, ASCK R TI A e, D) ee ks I
JOREEHLE], IR 5% TLIHE AT e AR i b R 2R
TJ I Feit .

1 TIEYThEE SRR

TI 2B ZMEAMRK R TEEY, &
RSV, SIESN ARG MBS E B
U A, R EHA M (fence) F15# F (barrier)
Dhfie . TT 385 BH b 20 B R o f g B R B 45 0 Bl
B, K Bz B B 4 M AR F3 S T A R Je ) s
PRER Y, S8 R D fE 5 8 X g ) o A R A
Firos e Aar e B, 4R K. B PR N D FIRRE
FAIMEAE ¥ i, e R DI RE o

o BRI 40 9 e 467 v T B8 1 40 N 5 85 (A
MO R . AHARAE M A 1 T 5 i 2 (1 d i p A 2R
FHHZEE, TERE “hrBE” RGEH, DA A 240 P 55 T B«
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S R DU Do b 2 3 I R 1 R A i AR
H, AR peR g (B DY,
1.1 BEER

HuTR TEsEE A 2Ramm . —fi
F R A A5 M AL AT 20 2, B4E (1) claudin 5K
BT (claudin-1~27) 5 (2) TJ AH SRR AH I 45 F  2
H & ji& (tight junction-associated MARVEL protein),
£, $5 occludin, tricellulin A1 marvelD3 ; (3) & % &b
bt 43 F 5K )% (junctional adhesion molecule, JAM). %)
— MR R B AR E AT, B MW
A f@ 7] TJ (bicellular tight junction, bTJ), #1 claudin
F W4 T occludin F1 JAM ; (2) = 41 ifg [a] TJ (tri-
cellular tight junction, tTJ), %[ tricellulin F1 angulin
FIRo ¥
1.1.1 ClaudinZESF

1998 4F Furuse 2515 2 70 F& 2 A\ 2% claudin-1 F1 -2
B P, 124 TR 27 A claudin KRR G, 4T
2179 20~27 kDa, &R A —EME N 12.5%~
69.7%. Claudin Zj% 7y A7 WU 70 [ 45 1 5, HN-
Ui A C- I AL T MR N, TR 2 AN BEANSE 1 i
NIRRT T AN 3R . BFFCER I, KBEERCR I ER
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Fig. 1. The schematic drawing of cell-cell junctional complex and tight junction composition. Left, the typical cell-cell junctional

complex between epithelial or endothelial cells is composed of tight junction, adherens junction, gap junction, and desmosome. Right,

the tight junction complex includes transmembrane proteins, such as claudin family members, occludin, tricellulin, and junctional

adhesion molecules (JAM), together with cytoplasmic proteins like zonula occludens (ZO) family members. The extracellular loops

of transmembrane proteins from neighboring cells interact with each other to occlude the intercellular space, while the cytoplasmic

proteins link the transmembrane proteins with the cytoskeleton F-actin, forming a well established tight junction network.
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1A ANA B 554l i “ fLiE (pore)”, w] X}i%E
VIR e B B R - KRS 2 A4
MIAPERFEAZ: 5 55 A M a2 Pk iR s A E A, i 2
17157 claudin ) T 2[R 19 ;e 245 & (trans-interaction),
BEAN A A2 72 S IENEAT B W% 85 3 (Clostridium perfrin-
gens enterotoxin) [ 45 A7 55 5 B8N 4 C- i )i ik
PDZ 25 ¥ 48 55 TJ g ¢ & 1 % 3% 25 A (zonula oc-
cludens, ZO) Z &4y T4 . B4R claudin 7E i &
(1) b Rz AN e 0 2 3Rk, AR o A B
M2 H AR Y. Claudin-1 J772 Rk TR N & Fh
AL, claudin-5 EERIE T M N EHA. B
fEAE R — M2, A [EEB AL T Rk 1 claudin 7R A
ZESt. B, AR NE RIX claudin-2, BERERLE
Fik claudin-14, -16 i1 -19, TMHEAE NKIX clau-
din-4, -7 #1-8%. JLAb, FERMLL GIFIE AT E
PRI claudin 43, Wi 2D 5% Jise JoT 4 i A 52 kL 2
YN ) B3R Gk B — 1) claudin-11"', Claudin 5%
5T I PP 2H ZR B AR MRS e MR AR 5 % claudin
o I RAERIVE R A%, A B THUERE R AR
AH 2B A [R)H AL ) 75 N T 447 A2 PR S

HETAKN, BTF&5Mpsan ki 22
AH AT 48 18] () claudin 73 1 By JE B “ALIE 7 PIr ik
E M. HE2E claudin 73 125 1 AN 7R BA (1) 28 5 1R Bk
AR Z A e, i RIAX K claudin 7§ 0]
Sl 7 40 L BH (transepithelial resistance, TER)
(1) B AR AN KT Na™ 38 3% V£ 1 36 0 5 1M 2 2% claudin 43
DU PRI B A A R TR R A R 2 B IR LA, LT
X PHES T IFEIE VR X P B T s g v = . Pk,
A B S IR BEAE I claudin 4> 145 N BHE T
EE R B B miE, AT AR 4 claudin-
2.-10b, -15 1 -16, J5# Ul claudin-4. -5. -8 1 -14".,
DLAE (B 9T 22 48 A — S8 3 A5 B R A claudin
S FAEAR AR R FERIER . kb A 5
PR HRR N A, &R claudin @ B /s BB S B
AR B TT i B E R AL T BEaEdE (3R 1),
Horb, @B claudin-1 /)N B T B2 JEk b B 10 B i 1)
Rl 2k m) R AR KR LR R o FE R AR, AN RE AR 1
K, K, claudin-1 #IA A2 HLAA 55 40 o 5 e v i
NEER TIEA .
1.1.2 Occludin

Occludin |~ yZ ik T Fr A b J F N Bz 28 Mo v
BTN B A DYk 4514, 15 occludin i 4514 5
claudin ZX % 7 ¥ JE AN AHALL. Occludin 73 1 &8 2]

65 kDa, F A WA BRI AR AH 28 40 i (7]
occludin [FIMIANAA FL45 &, NI & 1S5 4l i 4%,
Z 5 YERR TS TI K BERE DI RE o M P I 2 2 1R
PRI E SRR A, 5S4 TI MK E A EEE
MmigsG, MR Eo S RE R E MR
., B EmERE RS, Ak, occludin & 47
FEZ A A B TR A I 22 2 R« 75 2 R RV T 2 PR Tk
Bz B,

VEREE— ORI TI B & A, occludin 7E
TR 52 FH AR YT A 11 5 %5 FE AN TT 16 5 B Th g b ok % B
HAE M. ik # X occludin A] DL B AL B Z 41 e TER
A K 55 A i A 7 3 43 0 e B I i i 22 . (HAE
B occludin = PRI FR/N BR, - i30T Dt b Bz 1 55 4
JHO 3853 P I R R AR B s it — DR R UK R T BR
FERLEE NS T S5t AR WA s, X4E7R occludin
ATREA R TI EA L HMEHES. (AE
RVERERZ, occludin & K @i bR /N AT SR FEAEIR 2
RAFH, WA B R bR 40 g 1 2hE
AIHEAE . SRR, IR SOIRE 20 P2 N (1) 73 Wk
Wk B g 2 Y, LI occludin {7548 42 TI HH i 5l
T E AT
1.1.3 Tricellulin

Tricellulin & 2005 FF KW TI & H, 7 F
2N 63.6 kDa, fE451 55 occludin AHALL, 75
VU R #5 ia # B 1, N- i fl C- ooz TR iy, F
i C- 3t 130 MEIEIRIEIL S occludin 41 —5 #7,
HED tricellulin 49 7] 52 B B2 AL 1A 15 . Tricellulin X
Tk T =AMk AL, T claudin Z 5 5 1 AN
occludin N X F AU ] (P MR, B bk, 243
¥ TI B 5 B 4> 9 ¢TI A1 BT, tricellulin LA &
2011 4E K B ) angulin K ji& 4> F (angulin-1~3) ¥ J&
T 1T 431 P,

55 OTT H4) J5 (/) 7 41 e ) 38 % AH B, (TT BTG A%
) = 4ffula) “HOE D BIRIBRTE R, B TSI
BHAZN 10 nm. [k, 2#FHENH T A S0 =
E PR AT e — R TR IEE L, T
DT A4) B R 3 200 i 1) B 0] 5 88— AR /N 43— 40 Jo 7 e
B K. fE/ AR BB Ephd gifiarh, m tricel-
Tulin AN RIS 55 41 g s 42 0 3a % 1 i 35 38 n, 1y L
BT F IR 45 #4322 a AR B 5 1 78 B AR occludin
(R b, T %2 3] tricellulin ( tTT [H] bTT B4,
AR occludin [ H S, B4, tricellulin ZEA5 {4
SN (Tric™ T TR AT )R B, A S5



NS b B A K A R D RE T T A

495

#1. Claudin Rk 4T3 R0 T 2R EIN
Table 1. Primary pathological characteristics of claudin-deficient mice

Model

Primary pathological characteristics

References

Claudin-1-deficient mice (Cldnl™")

Die within 1 day of birth with wrinkled skin; the epidermal barrier is [7]

severely affected; tracer with approximately 600 Da molecular weight

diffuse across epidermal TJs

Claudin-2-knockout mice

Normal appearance, activity, growth, and behavior; TJs are poorly [8]

developed in the proximal tubules of kidney; the transepithelial reabsorption

of Na’, CI', and water is decreased; loss of cation selectivity

Claudin-2-knockout mice
Claudin-6-null mice
Claudin-7-knockout mice (Cldn7"")

Paracellular Na" permeability is decreased in the small intestine [9]
Viable and fertile with no obvious phenotypic abnormalities [10]
Born viable but die within 12 days after birth; severe salt wasting, [11]

chronic dehydration, and growth retardation; urine Na', CI', and K~

are elevated; dramatic increased aldosterone synthase mRNA level

Claudin-7-deficient mice

Severe intestinal defects including mucosal ulcerations, epithelial cells [12]

sloughing, and inflammation; increased production of cytokines, the

nuclear factor kB p65 subunit, cyclooxygenase-2, matrix

metalloproteinases-3 and -7, and integrin a2 subunit; intercellular gaps

between TJs and cell matrix loosening in the intestine

Claudin-9-null mice

Hearing loss due to TJ dysfunction in inner ear including abnormal ion

[13-15]

concentration in the fluid surrounding the basolateral surface of outer hair

cells
Claudin-10-deficient mice

Loss of claudin-10 in the thick ascending limb induces decreased [16]

paracellular Na“ permeability and increased relative permeability of Ca™

and Mg”", leading to hypermagnesemia and nephrocalcinosis

Claudin-11-null mice

TJ strands are absent in central nervous system (CNS) myelin and [17]

between Sertoli cells; CNS nerve conduction is slowed, hindlimb

weakness is conspicuous, and males are sterile

Claudin-11-null mice
Claudin-14-knockout mice

TJs loss between base cells; normal K recycling; elevated hearing thresholds ~ [18]
Normal endocochlear potential but are deaf due to rapid degeneration of [14]

cochlear outer hair cells, followed by slower degeneration of the inner hair
cells, during the first 3 weeks after birth

Claudin-15-knockout mice (Cldn15"") Born and grow normally with an enlarged upper small intestinal phenotype

[9, 19]

megaintestine; expression of other claudins is unaltered; decreased luminal

Na' and reduced glucose absorption in the small intestine

Claudin-16-deficient mice

Hypercalciuria and hypomagnesemia, but without nephrocalcinosis; [20]

transcriptional upregulation of several Ca”” and Mg’ transport systems
including Trpv5, Trpm6, and calbindin-D9k, Cnnm?2 and Atp13a4

Claudin-16-knockout mice

Reduced cation selectivity in the thick ascending limb, leading to salt

[21,22]

and acid-base imbalance; increased urine, and decreased HCO, excretion

and urine pH

Ak 45 & YW /7 %% %% (nonsyndromic hearing loss)™”.
XL SE PR, tricellulin 7] ELE AR K0 T4
Joi 22 55 41 M i A% 1) e d DA R 4R 5 T PR 45 ) Hh
HERERMER. EHERT X RIMN T EA
PRI R T AR
1.1.4 JAMZRIESF

JAM ZJ55y T Id TR E BB E RN A, &

15 JAM-1~3, 782840 kDa., 5 FRPIFE TJ
PIEEEAE, JAM FRg 1R PREREH, N-
Uiy S 3 200 LI A0 5 FLA RS S BR B B REFR IR &
f, C-wmfr THKANE TI R EALSES. JAM XK
W12 2215 Tk B2 SURT G P 52 400 it DA Je %2 b
LRgnEt, S5 W RAIER. 4ERr I ThRELL
Re P 2m A A) TT s s Y,
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1.2 fARER

PR TT f R A ) F2AHE Z0 k. &R
(cingulin). 2R3N A 454 & H (afadin) A1 parti-
tioning-defective protein-3/6 (PAR-3/6) %5, K4 f
KEAYISA LA PDZ 8543k, 7l 5 claudin X%
F occludin 55 TJ F5 8 A1 C- v AH HL45 G, FFR
BIE 5L TIRE
1.2.1 ZORESF

ZO HE A JE T B AH ¢ & & B2 B4 % (membrane-
associated guanylate kinase, MAGUK) K J&, il 45 3
R ARRD ZO-1~3, 4y F 8474 220 kDa, 160
kDa f 130 kDa. ZO 5> T ¥R A PDZ FikH.
Src homology 3(SH3) &5 1) 3 Al & 1 1R I i 225 A4y 43,
XS5 720 EAE5 TIEEES LS54
MO B 28 A MAHIE, [R5 2R T 45
IR RE R B NG . BRI /Ny G SRR AT
RN TEEME P, CEMARERNE Z0 FES T2
[ A LA ZO-1/-2 1 ZO-2/-3 S ka4 52 & W ) T XA+
1B, 4546 2 E 28 & [ Factin L RLsh & A4
418, (actin-binding region) I %,

HAET, ZO XiEH UL ZO-1 it iH %, Bl &
FOR TR BT A ) b S 24t B AT P R 48 B 1) 1 T &2
G, RZETIHREESHIPCED .
B ZO-1 50 ZO-2 B/ BRI Al R A IR R B,
T PR ZO-3 FI/NRAR HBLiZ I & B 2 Fh
R, K ZO-1 AT 5] T ThAg il e 4g,
045 TER AE BRI 55 4 MR B8 70 132 0 2 16 I 45
B T = 5 4R AR AT M gn B 0 bR BE Dh e 4k, ZO-1
WS 5MM RIS ot bR TR AL 51 R B i
R ML R S R ™ T ZO-1 R MR TI
PRGERI ) “BRR”, EEZFEH T, RE Z0-1 3%
BN, TI EEWRE AT RetiE 2 224, T
ZO-1 4 FHAE 2 - Fh b R 8N J2 2027 TT BB 1)
RefIbR B o
1.2.2 Cingulin

Cingulin 7 TR N, 4> F &N 140 kDa, F N-
Ui 5 ZO-1 M4 E 48 8 1 F-actin #HEE &, KIEHE
EEMRE RS REEAMIEN. AU RR,
cingulin 22 [K b/ B B AV A IEH 1) TI 45
), {2 claudin-2, -6 Fl -7 [¥] % [K 2% 3% 7K “F 38 i,
FEoR R cingulin FEA I T EEWHITE R, (HA]
AR TT P& & P Bh4h, cingulin AT 7E R
1’2 % 1k 85 (1 3 %% (adenosine monophosphate acti-

vated protein kinase, AMPK) 1EH '~ &AWk, it
T3 38 TI OG0B R0 RA s Gtk B,

2 TIGHSThRERDRR
2.1 TIZEHEY

VKR 7 — P2 JL iy BT A T 8 il 45 44
PIFEA, e AR o T BE (508 TT %
R E AR ) e DL R U R . il A
Be NS TY B AR AT 18, WAE— e R
FE b e B T (R E 1. A A TR E N B
AU R AR VA4 B S 254 3.9 A T B, T 0RL S8 4
M 10.4 A TIEE DY, X S E0a g K. B
NG T 5 3 1T A N K L AN IEE I R
=,

BEAh, SR FH N T ] e 4 2R S BRI A FLBR
WS TT AR A 4 A 2 H AT B — TR .
EIRIXIN AR AR T LS B (1) 2 gk, AMEUKER
TN AR SLAR BS54, B BT AT DL S
T BT T B A S, BT A T T A B A A
H—ErRF . WE TI FIEREE (tight junction depth)
A% B (tight junction width) & FH T St TT T RE
TI FNRFERPAH B TT B &K, IRFEEOR, TT
R pERE Dy RedisR. BN, FEREE T AT W/ R ATR
JUR RV 20 PR T PR BEZ 08 0.1 m, 177 0K 58 4
R A TI IR FEN A 0.5 pm®, T 1) 55 5 A2 $ AR AP 41
ML) T 2 (Al BE RS, Dhee2=mt s 4 R s TI %
H15% A0 0 f P D Be B A — € AH G . (H A —1E
WEFINN T B B ] 2 R B gy, PRt 9 F A
e T [ 2h g B

A, 3B AT AR e HAL AN G o SR TR A
RO ERLE B AU I R AR A PSS
TIEED TR HMBE . EFRET, TIEA
FE S ATALE b R EP R 2 A B e T, 5 RGP
R E (U E-cadherin F1 B-catenin) #E47 FL YL n]
DT AL TR0 07 R R 7 M 3 A
RS A TT B ARG B TOT e | 5 Jre I DA % i
HHORE S G I 5 B R AT I E, W DA G T iR
H R R AE T M E A0 B R A K g .
TE B R M K, b mlad s Ge vt T 3 2 1% 52 2
W ge g A tel, RS FE MR A,
AR, WOGILREEFOR I K R BT T 1) 45
R 7 T B, SR A e i I 2 e AR Ad i T
EEEAF R PSS, RARGEARE
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R (fluorescence photobleaching recover, FPR) 1%
TJ 43T 535 40 M 3 11 50 P9 3038 30 (1 3 78 T e 245 BT,
AL, A AR T AR N, AR B
¥ TIAE N — DRI E N, FOtHhiRRE
B (fluorescence resonance energy transfer, FRET)
FEA T 2 38 A I B o 2 51 73~ 2 TA) il 22 ) P 25 1)
T3 R AR e B LR R B2 AT s e A 43 - AH ELAE
MEESS, IO NHEF T EE LKL T) &
FRI 4T B 20 2R 1 2 T A AR B P A B
2.1 TITHRERIA

TJ 1 Dy etk T DLd i & il TER 5 A0 55 4H A
VAN 73 9 11 B o . o7 o o R o w11 AR EN
3G € () TER fH 3= 2 T VP4 55 4 il FiL 5 (paracel-
lular conductance) FRIEFZELE A5 {L, TER {H#1E,
R 55 Al s A2 Wl E MR, R TIR K. {EH
Ussing it 2 Il & #5 b 57 85 7 YR 5L A7 (transepi-
thelial ionic diffusion potentials) 7] PA{EAT TT X 55 1
PEIEYE. Beak, FIHIELTERE. KIEVE. AridEk
Ebrics ATy FEAR P B S A0 AT I Bl 55 i is /N o+
WIRAE NERER, P Y6 E #E (lucifer yellow). FITC
FRic f) A5 e A BT (FITC-dextran) #1358 2. — ¥ (poly-
ethylene glycols) 55, 4 A] il #.= b Bz 48 fifg (] TJ
(P)IE & PE. I8 TER B AT 55 4 i i 12 38 32 P S2 56
(4 Rt B R MK K, B TER HBK, 7~
B T iE I R Ak S . (HA I TER {E F1@ % 4
SEEG A RN — B, 31X S B R SIS 7V R
PN AT E . TER {877 A O T % M es 1185 5%
I PP AR R A, PTRES bTI B A
(1) claudin Z & 7> B B 85§ FLE A 0%, Rkl
EMEERERLNT 4 A BN TR, a7
(0.95 A). &ET (1.81 A) £ ; 1 554 M i iE M sL 6
B R o AR R AR T 4 A K 190,
W FE AT e H T 8 E R T s i R A A A
B 51 B TI B KRR FE B R Jsom 7= AR i B % T
TER B 155 24 o 88 375 14 512536 AT A 3R 14 32 1k 47 ot 1
KA, LEVPA TT DhRERT B 45 A 07 v Bk il
iR

3 TIHBIEHLE

T F4 11 55 20 0 B B — AN B 25 B T 3% 1
B . VF 22 AR B R TR T e S R
S SEBER T TI, M A8 A 2 B R Th g DL
&N AU T B A AR FE . X A FER B
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PER R AR RS AKE T RETF. B,
NESR A= A 50 55 S AT 25455,
HA] LS TT B 45 M A Dy fg, A8 5% 40 i i 40 18 0%
PR AT,

W TY EERINLEE 250, SRR/ L6
TRAL 11z A SE B MBI WAL / N 75 (internalization/
endocytosis). i AFT Y TT & H B R I — & R
H. 5% TI &N EAZEHEEHSE. TIEHEA
R R AR A 2 BiE 5 3 S ALE] H TSR I
55 S0 T EEA IR C.CaY . — A LA (NO).
it S B VAR (stew c-yes)s 22 / D3RR R I
(PKC. PKA. ERKI/2). M (protein phosphatase
2A). /N4y F GTP fif§ (Rho family. Rabs) Fll jJLEK 2§
F 54 (myosin light chain kinase, MLCK) 2§ >,
TI A G IS SN LLRZN )y - (1) 2508 TT &
HINEES A TI FHEEH 20-1 RIERD> S
I Fi 7 5 () 452 495 A2 B B A B S AH OGP, A A2 i
o B B A I P A R e PR K RV /N ER B 41 i
ZO-1 flFeikis, B ZO-1 F 4 i 5 21 40 o 3¢ i &
oA T RE S 508 R B I R A AR B IR )T
Y Q) Bl iR E R EAERE: TIEA SN
B A 2 R 4 P B 22 F-actin #HIE, JE =S E 450
FUE S IB R 55 MBI DR . 2L 17 T8 B0
R i s PKC A5 5 4% 3l i 40 i 9 — A AL A
AR, TIE M SE F-actin EHE, 57325
YIS @ IE N, B 5 I 2O M Y (3)
oA TY B E IR AL - BERR AL / IR A Y 7
TI )40 A ATy e 32 b R S BEAE . JEBE IR AL
claudin-1 ¥ Ji7 b JI55 40 Mo (% & RSO 43 A, T 6 R Ak
claudin-1 EALTE TJ Lo 45 T 4MEE TNF-a 8 /D>
R AL claudin-1 AL, 14 I iz B M6 B b 1853 1
S IR AR T TI & A5 5 R 5,
4 claudin-1 28 206 fi7 7722« claudin-4 % 195 fi/ £
SR AN claudin-16 55 217 fr 2 & B 1Y, X sy
RUORAEBERRACES, TJ BIEZE P AT 52 25200

4 TIE ERAREHRITER

4.1 MERRR LR

W T AR RE IR PR B K I A B
B R O R Ui Thae . dERR O s (g B
ML RBEVEVE R . L Rl el 4 B s, Wi ik
AU BRI AC SR A AE, BT 5| AR I Th R
KR, MERA AR BRAC, T EH AU B S
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PR, MR RABIRAS . S EREE G T K
B S UIReRES A, BFERE A, T E R AR
o DRI, A T4 s M YRR 1) 23 WA ATL o) ] g 917 9 e
TR 73 Wb Ty e e TR AL () SR B
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Fig. 2. The signaling pathways involved in the tight junction-modulated salivation under physiological conditions. 4: Activation of

muscarinic acetylcholine receptor (mAChR) by carbachol (Cch) induced phosphorylation of claudin-4 in an ERK1/2-dependent path-

way, and downregulation of claudin-4 through B-arrestin-2/clathrin/ubiquitin signaling pathway, resulting in increased paracellular

permeability™

. B: Activation of transient receptor potential vanilloid subtype 1 (TRPV1) by capsaicin (CAP) induces the redistri-

bution of occludin and ZO-1/-2 through ERK1/2/MLC2 and RhoA-dependent signaling pathway, respectively, and herein promotes

water and ion transport via paracellular route”**. ERK, extracellular signal-regulated kinase 1/2; MLC2, myosin light chain 2; F-actin,

filamentous actin.
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Fig. 3. The signaling pathways involved in the tight junction-modulated salivation under pathological conditions. 4: In the submandib-

ular gland of non-obese (NOD) mice, the inflammatory cytokine interleukin-17A (IL-17A) downregulates the expression of claudin-4

and ZO-1 in a NF-«B signaling pathway™. B: Treatment with tumor necrosis factor-o. (TNF-a) selectively decreases the expression of

claudin-3 through ERK 1/2/slug signaling axis®™. C: In the early stage of the transplanted submandibular gland without treatment, sa-

liva secretion is reduced and the expression of claudin-3, -11, and ZO-1 are decreased”™. D: Activation of transient receptor potential
vanilloid subtype (TRPV1) by capsaicin (CAP) upregulates the expression of claudin-3, -11, and ZO-1 through ERK1/2-dependent
pathway, while modulates the distribution of claudin-3, -11, and ZO-1 through MLC2/F-actin signaling pathway in the transplanted

submandibular gland®”. ERK, extracellular signal-regulated kinase 1/2; MLC2, myosin light chain 2; G-actin, globular actin; F-actin,

filamentous actin.
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