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Fig.1 Tight junction complex
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Occludin J&—F i 4 W FE 2 R R 11, 4
TIEA R 65 ku, FELEPETILALEN, /Ny
A AR, 30 H Feak T A0 M S R T . F
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Tyr, K2 60% & Al 9 Bl AL 1) Tyr BRI 05, &
e EE BRI AL, X occludin (A5 P # 15
FTRE IR B B XEE W, KRS 5EmRIm)
A 4 DO 7 240 B ) 285 BT 45 45 A T A A DG A

——————————————————————————————————————

N S
ks O
Thr
Clia 70-3

Fig.2 The structure of occludin
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YEF . 5B A MIAMAE Oce-2 520 TI Aua @k, JEd
BEHE T LT A5 76 N Al C oma 1 A
B2z (Ser) MM (Thr) FRIE, fEEZ
AT R WERR ALY Ser. ThrAR L7 5, C. NImfifik
M3 N5 Z2O-1, 20-2, ZO-3MIH LA, M AL
TIRYE 2Ry, dedF TI e e mFEIIaE. 1N
AT KA, 75 ZO-1F120-3 T R 2
Ao Bz, FARAN AR occludin 1) i &b PR AN EAE
F, & occludin-occludin B {A&, H A RE
iz e X5 A8 T I 8 O A A0 L R) 1) T, T PR 3R 2
FEMR AR I H A6 ZOs MR R 1, Wi BARME
M, —EWEsRErEERg ",
1.2 OccludinIfj g€

Occludin J& FREF AN —FPEEH, &Rk T
B 90% LA E- 1 1 J FN B2 4l . B iEA T
Ja S RRBEAGE SR M GE BN, K+ A
AR, #EmEas RGO EN, O H R A
(1) 22 /b DL SO R RS 520 5 G & 1 . Occludin
I b iz 248 5 R i T i 0 P49 T 38 A RS VA
M A SR, HAT B PR DI RE DX 2 [A)AH B VR HE
ML BE . Occludin P45 3 | B2 20 (4 %5 | B it
HFH (TEER) FIfEFZIIRE, XorF A/, B+
A YMBE S RPN PR, 4R hIEE B
PR 15 AR S AT F W AR, R 25 B T 1)
fe ', KEMIEEM, occludin BETS B I FZ 41 it £+
A mIBR, dhes AR, 25 TIEM
FIfESURT, TS B MAERR AR, 4
[V RERET, SEOR AR A I 5 AR T Re, TE4ERE
FrpEdferh R R EEAEH > ', Hartmann 55 7 Al
Zhao %5 VS B9 2R, EER occludin [ N ¥ 5, 2
LAY TY AR 8RG8, 20 RN TEER 5+, )
% occludin BB N TY 8 3% 1, H 5200 BB | 5[]
TIEREAA R, P2 TI 453240 .
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S L PN ) R R L AR IR I A O S A
FH T occludin 73 F 45 #8) AN [/ AR I AOZ 60, 53K
occludin J= A= B AL FN MR AL T FIIE . #ER 1L
occludin WiEMIE, FEEPETILALEN, BBk
2k occludin B 7EA BT h . BFFE W 120, B
M2 fk & occludin 5 TJ 45 & Y HT 42 , 7T LA 4y
occludin FE N7 . J#4% occludin ik, M58 TT M 5
FBEREDIfE, MR FETIH R AR | FrkE
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Uieltt. Kk, XmFhiE I N7E occludin I fE
PE AR R PR OR AT Z A AL D7 28 Y. Occludin
AR5 FEE 5 Ser. Thr Fl Tyr B2 LA & (K
3) . Ser o Thr iR b BEI IS 8 I BI& 1, AT LA
TN S R A A IS B Tyr R AL REHS B A4k
A FPERERIR . U5 occludin £E TI Ab 5 ZO-1 1
HHEAER, SETIMBIR, 5080 E R4 TI
Ak, occludin 7£ Ser Fll Thr 5% 5E [ = FERERR AL, £ TJ
PrHEIEREEF, occludin 7F Ser Al Thr#% 5t b & A= -k
Rk ', Tyr 82 1k 3+ % & 4= 7E occludin f) C % o
Tyr R IL IR Fm45 & 2O-1, ZO-2F1ZO-3EH A
B RE S A L AEBE R 10 Tyr JR 3 5 B I I, A
77 {6 240 P AR AT S S i, TY ShBEGE , B
BEIhfE N RE; [z, Tyr Z2BEmR 1k ol 1950 40 Jfd [ BHL
J1, BRG] EEYE, TIBEREIhAE FE . sk,
Tyr BEFRALXT TI 523 PE R P42 it il §E5Z ATP /K
SEF2 R 224 Raleigh 48 5 WF5Y & BE, 4 ATP /K
SEREARI, 2xWEIR A0 P ASF- A, 4K TR IR TI Y
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Fig.3 Regulation process of phosphorylation of occludin
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e AR LA A H . MLCK {5 5 % 538 % 2 45 T
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1% A6 J5 B MLCK 5 #2 MLC £ Thr18 & Serl19 # iz
b, MLCHBERRIL)S 78 IR 5 KA WUE , fREILER
[ TLBETC ULk 2R 11 21 4E T U005 /K fik ATP,  ATP
PO e pE— e @ UK E 1 5 WUSh 8 (A A
YERT, fEARE 2B E 221E s, m2s R
HARE G, BRAEMLTI, T occludin Y%
ik, HEMIEIN T bR AR v Y (E14) .
Huang 25 BV #fF 7% 0 & W], X Kk Rk & & B

(zearalenone) %= &% 1] L) 7% RhoA/ROCK 1 5 il
%, KFMIROCKI i mRNA #ik . MLC fIMLCK
RS, $EmAuiEh ATP BiEHE, 40
AR, RS R AR, WERT T MLCK i
AR S5 ALY TI AT G, Ak, MLCBERR LAY
REf 2 IR A i USSR A 1 TLIG Pk, 4t P [ Bt
K, BT LUk % occludin BN N FFERG:, MAITii
KRTIE G IR EEY, e & s &5 Rk
FRAL K- AE AL ) A 5 Y R R B, AT
N TT 2 1 occludin 88134 occludin 231 LA K
257 MLCK 1 il 351 55 = Be Of 4P i B I s e, T
PRIFAE . BXSCHRSE 5 g A B, BT AT aE
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Fig.4 MLCK signaling regulatory pathway
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FEAPMGC (PKC) & Ser/Thr & 14 . PKC
I AEE T A2 Pl 2L S 40, 2 Cil
Tif 308 65 1) M PN RSO i, 3 e AR AR AN il B
1 Ser/Thr 5RFLBEAR L, 5200 HLIAR LN AL TG 2h 1Y 4%
JiE . AFFE R, FEVET TINS5 FH, PKC
SEVET T BSR4 5200 4 i 5530 33 P ) B4y
T3 PKC il F 2 15 2 40 A5 5 7 530 5 110 G A 2R
T, AR M RS S AR
FRFEFERENESFER 7, Occludin 19 N %
SHEEM Ser. Thrikdt, HAZA PKC#i#fkL
{5, PKC IS 5 RBE L B2k occludin I35 5 H
FRAN, AR DR, R EAE T T

MIVER % AR AL, /MR occludin B 20 R KL it
1) Ser338 37 &5 AT # 4lifk 1) PKC @R Ak, AT T35
WAL H T, FRZSYH occludin 76 40 M N AY E 157 K
B SRR AR AR T, (A T A 4H e 9/ i
Rfdsin, 4HMIRIBRIE AR . @m0 g
P Rz A A TR RT3 PRC A, 30l occludin i R
A I 52 e B L4 P9 K2 4l S (brain microvascular
endothelial cells, BMEC) & & 1 ; f Pk A 2L
(reactive oxygen species, ROS) nJ L i #{% PKC
{ifi occludin A1 ZO-1 #i 21k, 5l # occludin 5 Hr 7>
i, occludin 5 ZO-1 4355, WEIR4A ] TT,
BN RCEBE TR, AL, Y Toll #5214 2 (Toll-
like receptor 2, TLR2) i A7 Ml 4T, 2 ¥iE—
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BEERIR Y PKC W3 PKCa, PKCS, PKCy 5%, X4t
W I AZ 0% T AE T occludin 43 7+, A4 occludin
W24k, #EmiSE TEER B0, TEER Y8 final i
UM T, YRR ARRRlE R B - (K5),
FERIE N B - A0S 2 BRI (EMAP-IT) % 1L
Ji g3 5 i (blood-tumor barrier, BTB) occludin £/l
ZO-1 53 A FIAHEAE 52 B &2 3, EMAP-11HE
IS PKC A6 ME, PKC IS J5 8 1 % TT A G 85
AT B IR (LB M, #E RSN BTB A rpr g 28 1
occludin f1 ZO-1 953 4ii, FFREAR T EMTZ RIS &
Ay, [AIEF X FP AR fk 53 BTB # A1 if TEER {H
R, MNTIHG I T BTB A58 #& P, PKCS 41 il 741
rottlerin HE &K occludin Y F ik, FE M occludin i# i
PKC k122 545 5% S B ARy 2, SR,
WA S0 I8 05 s, PKCP #8435 J 18 13 RhoA/
Rho FHEFNIERE H 524552 (myosin light chain 2,
MLC2) #&4%, BHIE occludin Rk . sl A
EAA TIWHE , FER PKCPR 3 A AT B S0 o K] v A
I E -5 B0FR TK PR AR 1Y occludin 7K P 440 Ji 21 %42
A Lol AR A R R, JE S PKCa, PKCB
Wil Ak T RE S occludin FeiA 7K FEREAK, VR 5 1
i fC L A8 PN R 400 B 3 1 S, 1T PKCC 41 55
g4 PKCa. PKCB TGk, 1852 TI 8 I 3RIA 1
B BRUCLASL, ANTRIAE 538 % () 2 A B
M, PKC {6 fbJ5 il #4096 MLCK B R fk, F#fK MLC
R ALK, BH K MLCK % WLER & 11 10 B9 % Ak AR
L R A B 2R E e, ARSI 40 it (8] T
IR
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Fig. 5 PKC regulatory pathway of occludin
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Thr HEZERN— 51, 24N R EENE 5SS
RYLZ—, BRI R e, (R

i PR R 80 7. MAPK @ 5 Honl e
AR (5555 Fam B i, BN /M - 0
fif (ERK1/2). c-Jun Z B A b (JNK) . p38
22 ZYEALEE I (p38MAPK) %5 Z Fl /N5
YRR, PEmIEEIL A . A . b
FAAT-E—FRFNA R, NSRRI EYER
Hop BRK12 0 SR 2 I AR5 5 7 812,
75 b Rz 4 5 occludin AR B YA E . A ST
K, ERKI1/2 {55 I % 45 occludin 7 N i £
Pl TI A RN TR /E N, ERK & M AE8 8
1t BB Ak BV occludin B9 FR35, FETT SR
FHIESEBEDIAE 0 INK J&—Fh 406 Th 25 F I
CIE 2SR N o1 O M WOt 23 O K
INKGH I8 T DAGZ A B e B s, i il & 19
I 58 4 i occludin A 7K B0 (F6) . Yu s B
WFFE B, AT A R A0S 40 M PN 5 R 1k 1 ERKC RN
INK B9 23K 7K, #900 occludin f) #3145 I 2 35 H 4y
A, DTSR 48 M ] 1 T 4546 . p38MAPK J& i %
(1) Ser/Thr & (IG5 5% -, 5 occludin ik
AR AR 5, B A p38MAPK 45 5 1 41 41 ) T 94
p38MAPK W iR 1k 7K ~F- ] fiff occludin & [ R i K &
IEH B Lu%E ™ B, fERRERRTE TN
BTB i fi#i8 |, p-p38MAPK 4 [ 3£ ik /K - i 3%
EFREE, FERHEREE occludin #ik 7K TR .
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Fig. 6 MAPK regulatory pathway of occludin
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receptor, EGFR) . Rho/Rho ##{ /i (Rho-associated
kinase, ROCK) . W5 Mt LB 3 % /2K 1 4 i B
(PI3K/AKT) 4515 5 il % 4 45 % occludin 1Y {F
H, dEmE T 4L . o RO R 1h 55 o 72
A ) et A A et/ U1 v S VA i et A e
() EGFR {5 718 [ BB AR UE A0 MO 34 58 55 404k, ekl 452
i, WAL EE Mt . R R Y
T EGFR {5 5 18 % 66 0% 3 i i 38 1 5z 4i i v
occludin [ & ik /K ¥, L H ImiE b 40 M
occludin ¥, W/DHHRME R A TFHOFEL, M
fRNTRIT SR ER G, BRWEIRY TI, 4ify
JEFEIIRE . Rho 5[5 GTP 454 i 52 B e 5 % otk
A, SRR ROCK filh X 11— 2R 51 AH 40
Iy FIE S E A R e, B 25| 4 A AR A A el
A5, A REIE] T 4548 52 BIEIR 2 FsR AN DRI,
PR AR 4 5 BRLEE /N3 RNA fiE i i Rho-ROCK 1
% 2 T 5 00 Ji S5 A DG 2K T occludin AR GA, IX
FUAT Rho & 54 ROCK 1 2 51475 T occludin
2238 5TvE 7. PBBK/AKT (55 & 1] 2 5 TJ
SERIRIE R, (R IEANRREI R . A B AR R
B, EPEIE T K bR bk kR ¥ G EEAEH
PI3K A] 5 occludin 2 B 45 5, HE A% T 45
¥ 5 AKT w8 VR F TR U 00 B & O 3p
JEIHG Sk R F Snail, FE I occludin [R5 5% =,
Meena 55 ' 58 KB, #5404 KT Bl (TGF-B1)
SRR (HIV-TaT) 2 7] 38 i #4076 PI3K/
AKTE S, Foccludin i3k, 7EMmE R
B H, EGFR-AKT {55 7 38 i /Y V0T 6E 4% 1
occludin [l 35 ',

3 ZMgoccludinF®iZHIEZ=

31 HeEF

i SRAE IR T (tumor necrosis factor, TNF) .
A% (interleukin, IL). y T#t & (IFN-y) %Z£
FE R AT 25 occludin FYIAT, M HSER
W R I 2 O A0 N A ) T kB (NF-xB) #il
MAPK {5538 %, FEm i occludin FE R %% 56 F0
PR, RIS, 20 M PN AR 50 B A R f k7K
SEATRIEIN, X S B R A KT B s TR
occludin FER (/) FIPE M 8 T B i 7 .

TNF-o 2 — i EAG 5 & AT S il B2 7 45 1R
MMM, B8 E 2 T A G H Rk,
W AE I T Ca® ¥4I MLCK 7% 1, _F 3 MLCK & 11
5, SLHEMLCEERRIL, ECAIME 2k 46 A

occludin 55 TJ & [ 1 J&] ] 20 1 2R 2R 1 8T o A
MR LR LS A AT RE (0 A, BRI RN
A TNF-a 253 occludin 437 54, PRI 5200 HAE
TI R ARG IR 0, TSR T TI /Y 58 #& PR Fn 4
Fa o H T 1, TNF-o BB 4 #8075 Rho &
1 (Racl Al Cded2) i Rho #H 3G (14 2 14 3 it
(ROCK) #imefk, £ % p38MAPK, I Y
p38MAPK W] DL iod 1 Sz A HI A #E TNF-a 1 &
B, 2P TNF-o 8 YR

IL-1 1 NK AU 2 Fh A il = A, Feas Rty
WT L AR A AN T A 2 A R ke A G AR
Ho Horb Al g o B NF-xB 1l & 1 (IkB)
eV p6s WIEAZFEAL, AN occludin ¥4 5% i3 8+
M5, 53X occludin mRNA £ ik F [,
occludin FE ik, & AL )Z 40 73 TEER {H %
RN 55 40 M A d A P 3 e IL-18 22 54
AR . KB EMERHATZ—, ZWE
occludin JER IR I iRk, A5 Lz TI#i%
PEREIN, AR5 [ MLCK 3 PR 55 SR 11 ek 4
hn, S bR SRR RE AT . A B LY,
LW =E R b R IL-1B A5 A AE Y - 3R 3K 3 hn i
occludin (YRR D, PE—PUESE T IL-1B B
M occludin YRk, FHFE TIFEML. FIEF, IL-1B
T = AR A5 AR T 3 2 NF-B S0 1753 8 40 4
1=, S occludin FEF FER T FE, TGN T4
FRJo P 0L O S 2 %) PN B2 3 g 1

IFN-y H A B PE T bk L At = 2E , R A g
P AR R E A 2 DI Re Y BT, BRI 40 i S
T, WAl e #F RAF & A o i AT IFN-y 68 B (%
occludin BN F ik . T3 IAM-A . occludin 55 TJ &
FIREAL, 2AF occludin 55 TI & RG34, ANAEIR
Caco-2 iflis g BIE& M TI 458, #F1 T I Caco-2
Y occludin 38 77 AFFTUERR 2, HME
IFN-v 1) & & 5 555 B occludin (1) 2 34 [7] i F B
IFN-y A 38 3475 occludin £ 35 T 1& 38 Jin 410 fitd [&] %)
BB, HE AT B85 TEN-y S0 W IR IE LS 3 P it/
NF-«xB HRIE A &, fil occludin i 7835 F#AIC .
32 HERER

T B TE b R 20 DL 2 - L85 ) R 2 B 1
M AERE b AR A= W F s R g . il b e
TIZ5M BA BRI RE, A S8 1k s A1k
W R AT H Y B A, B TR RS S B A 1
T, WHESABOREEGE, MNBUEE LR ]
Redh B 7E L AR, 8L 22 5555 B A
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TE 20 B ) T S548 i i 1 M L bR
Pl B Y B D RE 7 SO T M B R 1 R )
TIE A5 IIte, BV b s LA™ ) B HAE
AT TIS M NFE 71, SEEA YRR
fir 7o, AR, 2h)LIETE MEUE R 90% Sk
H 2 Yk K % #F B (enteropathogenic E. coli,
EPEC), 'EfEf$/ i EsPF, Map 25 & Fh /3 2E 11,
Horb EsPF R IR /N b B2 4TI () 28 1 e
VE 240 4240 1Y occludin A& A8 T 0, B TIT N
occludin FLHT A, 1855 15 LA HBH, Hm T2
[RGB 7 d P O W NI B i FU AN = R .
YL EPEC )7, EsPF REWSRLIN TI A#R4it, FHUN
&5 B A [l B 8 I A AL 1Y) occludin BB 404, IFH.
BT RE S BN 7Y, 7 EPEC ISk I iz 4
s, &2l occludin & A 2 #% R 1k, Jf H.
occludin L M Af i B 5% A% 240 T, [W] B TEER
W B I RRAR ™ (HJ2 FH PROR % 3R Ak 3 EPEC 2%
YefE Y b B A0p, B 4% occludin 13X Ak A%
JFREfd TER KA B ELL KT 0 b, R28MER
#T 5 (enteroinvasive E. coli, EIEC) Re5|EIETE
KB, En E R, Jli
occludin 55 TJ 8 I R IBREI S A 1,

R (ARERMBEER) A lUEHR # ™
Az, EZLLUDP-#4ME R, fff Rho £ M1 50K
(Rho/Rac/Cdc42) kA= WEFEAL, = E40 i A Rho
GTP Jifg A= B8/ R 20 B 9 L3I 2 11 22 R, B
EMMEZREMER, occludin [HF[FME 2, HE
F i MLCK ., MAPK. PKC IS f00 #H L)
KA & RS A 2R B 18 occludin 5 TT 85 Y
FIRIKF L AL, DTS e fiz 18 5 e Dy g
Yu g B AARSEREL, EER KA R R A €
I ERAT B R % AT 5 44 L P 1R £k 1) ERKC R INKC
Eony S ATE ) = 37 N WU E AR 1B) )18
33 @mAHR

J T8 DA R BLAAR (1) A DR AR LA B B 1 i
A HAEREAER R, 45 A T RE IS 5 BUW T
SEAE SR . RERO s ECE S WM ) B
KB W 5 Z R R T mIE MRS | BEEmIE
TEASGEH . G Geyse D ek I 6 1 3 (R 21 L4
FUEHEVERT . 25 2E TR REHS SR occludin 55 TI YR
ik, BRI AN S T, YR R )
g, X5 B ) R A2 450 AH OC 1 1 1 5 s B EAE
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Abstract Tight-junction (TJ) is a complex supramolecular entity composed of complete membrane proteins,
membranes and soluble cytoplasmic proteins, which is distributed in almost all barrier structures in the body. It
can maintain the polarity of epithelial cells, close the intercellular space and prevent the overflow of materials in
the epithelial space, and is a highly dynamic signaling entity. Occludin is one of the most representative members
of TJ proteins, mainly responsible for sealing intercellular connections, maintaining intercellular permeability, and
participating in maintaining the integrity of vascular endothelium. The integrity of occludin is related to the
integrity of TJ, and the function of occludin is often associated with the barrier properties of various tissues, and
the abnormal expression of occludin is related to the occurrence and development of various diseases. Occludin
contains abundant Ser and Thr residues and has multiple phosphorylation sites. Phosphorylation is necessary for

the combination of occludin and TJ, which can regulate the location of occludin, regulate the expression of
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occludin, and enhance the permeability and barrier function of TJ. Therefore, phosphorylation regulation is a
mechanism that cannot be ignored in the regulation of occludin function. Occludin also interacts with many other
proteins, such as co-forming the cytoskeleton with ZO-1, and is regulated by a variety of transcription factors.
Studies have confirmed that in pathological conditions, a variety of signaling pathways can disrupt the integrity of
cell barrier by regulating the expression and distribution of occludin. Myosin light chain kinase (MLCK) signal
transduction pathway is one of the important ways to regulate the structure and function of TJ. It influences the
expression of occludin by altering the cytoskeleton. MLCK mainly uses the phosphorylation of myosin light chain
(MLC) as a medium to promote actin contraction, secondary decomposition of tightly binding proteins, resulting
in increased or changed cellular barrier permeability, and increased MLC phosphorylation is also a biochemical
marker of actomyosin contraction. Activation of MLCK causes Thr18 and Ser19 phosphorylation of MLC, which
promotes the assembly of myosin II into myosin fibers and activates the hydrolysis of ATP, which relaxes the
intercellular connections and reduces the ability of upper cortex to resist external invaders. Protein kinase C
(PKC) plays an important role in the regulation of tightly connected signaling molecules, affecting the dynamic
changes of paracellular permeability. PKC pathway is a key link in many cell signal transduction pathways, which
influences all aspects of cell activities by catalyzing Ser/Thr residues phosphorylation of membrane proteins and
many enzyme proteins. After PKC activation, it can regulate cellular barrier function by phosphorylating occludin
and inducing its redistribution, and directly affect TJ action. Specific PKC subunits such as PKCa, PKCd and
PKCy are activated and act on occludin molecules to promote their phosphorylation and cause the increase of
TEER. The increase of TEER helps to regulate intercellular TJ and enhance the tightness of intercellular
connections. Mitogen-activated protein kinases (MAPK) are usually activated by inflammatory factors, during
which different signal transduction pathway subfamilies are formed to regulate occludin expression and affect
tight junction and mucosal barrier functional integrity. Meanwhile, occludin is easily affected by various factors
(such as cytokines and flora toxins), and abnormal expression of occludin will lead to structural damage of TJ and
further damage of the intercellular barrier. Therefore, this paper summarizes the molecular structure and
physiological function of occludin, and further summarizes its related signal regulation pathways and influencing

factors, in order to provide theoretical support for maintaining the integrity of barrier function of occludin.
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