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Research Advances in the Function of Claudin-1
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Abstract Claudin-1 is one of the main components of tight junctions. It is located in the region of human
chromosome 3q28. It has a molecular weight of 22.7 kDa and is composed of 211 amino acids. Claudin-1 expresses
in intestine, esophagus, lung and other tissues, especially in liver, kidney, and skin. It is mainly located in the cell
membrane, nucleus, cytoplasm, and the tight junction between two cells. Claudin-1 is one of the important proteins
that induces the occurrence of EMT (epithelial-mesenchymal transition), which is involved in tumor cell migration
and invasion and mediates anti-apoptosis and cell proliferation. It plays an important role in the occurrence and
development of inflammatory bowel disease, tumors, and asthma. Therefore, this article reviews the molecular bio-
logical characteristics, tissue expression and subcellular localization, important biological processes and diseases
correlated with claudin-1.

Keywords claudin-1; epithelial-mesenchymal transition; migration; proliferation
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) 2% 25 3% 2 (tight junction, TICHE Ry, HThRE T
EAES 5T ANEE . Akt R
B ERAET, ARG SR FED ERAER
FOEPE O R EN E AR, claudin- 12 5% % 2
MEFEEHREAZ . WFRKRI, Filclaudin-13E
BRI, /)~ B R] 2 5 ) o it T e 52 493 5 3503 B T /K
FET-H, AU S claudin- 1T 7R 2 W, A £
JF T A L HH claudin- 18R 2k R IA 25 5 e KR i A W
B2, TR, DR, iR claudin-1
R RAERA, JLEA RN R #4710
SRR HE A BE 28, RIS AR ) LR Ak P A 6 £t )
BEAb, 33— BRI, claudin-1# 55 Fik 7] S5
R P B A R ) 7 2 B PR 8 A R U R T
ZH, K, claudin-17] BE7E 2 R I R AR B
v B A . WO SCHE % Mclaudin- 11 43 T 4B
Ytk . HYIRIE R WY E S . S E5ETE
W2 R R ARSI AAN 5 T HEAT 4538

1 Claudin-1ZEBH 2 FEIFHFY
Claudin-1 X 8 FK 3 & H % 1 b B iR iR
I1-1(senescence-associated epithelial membrane protein-1),
Claudin-1{37 T A\ G4 1&3q28[X $5k, 43F422.7 kDa, H
QNANEIERIRIEA K. Claudin-15 7 4/~ B5 I 45
3. 2B Zb3A [ECL1(the first extra cellular loop)£Hl
ECL2(the second extra cellular loop)]~ 1/M4HAEE A PR

Intracel lular

DL KA T 215 H (1 NH-FiT COOH-it , A+ 41824 ffd 7]
I AR DL < BE RGP P 1), ECL1H K
S0 FERRALIK, B — A AR ST BB FE W-GLW-
C-C, Ha MR 2H il 52 40 i 55 H far e 56 1, e 2
M55 FLEI M U, ECL1& A 2N S AL T 5447 71 64
AL R RIR , X 2R T i — N 7 A 6
My, BAAIRE RS, g B ECLINSS &17 7,
X claudin-1 (% D RE SR H E M, 1 ECL2HIA 8
/N, B 16~33 N L RRIR AL, /T4 i N FIAH 4540
(] [¥] claudin-claudinH HAF FH 12, JEaad 745 40 55 4
V) F4) PR AT AR /N IR FEARR P, 0T 20 B A/ R ORI o )
Al AR L A AR 2 bR I /E A M Claudin-1
1) C-¥ii /& LAAR i 45 F2 1) COOH-3iy , K8 M 21~634~
RIEMRFE, ST H GG PDZEWBINGE AT, kS
P14 /)N 7 25 -1 (zonula occludens protein-1, ZO-1). %
PDZ1#4 1 1(multi-PDZ domain protein 1, MUPP1)%54%
B IY R B, B SO b R B R T e,

2 Claudin-185 ARVZALATRIA N I 4HRRE (3L

Claudin-1J"7Z Fi& T Z Fh Al g 5 H 2, 18
W B8 ISR 35 RIA, JUHAETE B
B k45 20 21 A 3R K 55 5 (https://www.genecards.org)
(E12). Claudin-1EA2 T4HMIEE . 4HMOR% . 405 LA
e KU B () 5 8 R A B R, AR AR BRAE
T, claudin-17£ 30 Jik 1 15 WL4H B 5 457 T 48 i A% A

Bl Claudin-187S R 454
Fig.1 Morphology and structure of claudin-1
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Fig.2 Claudin-1 gene expression in normal tissues (from BioGPS database)

YR RR, 76 LR AN pe . AT 4R i A s A T 41 it 2%
M, BEAb, claudin-17E BA A% 7 7 41 ff R0 bk B2 45 4
TR I H RIE, HAR BB R RI,
AR FIRZS T, claudin-14 HUI0 S8 5 07, W7E &5
Jip 9 h claudin- 132 I 39 0, 7] B 348 2 H 200 A 240 it g
1) 24 A R 200 L5 FR) S 8 6o AE TR B R I
FEEi A, claudin-1 R 5 L 7% 25 405, T
F0l c-Junfilf B2 Ak 7T K &2 claudin- 1 ) 57 [ 1) BE 1 Jof i
SERIR,

3 Claudin-1ZEZEBE5HNEZEYF IS
3.1 5 _E I8 R% 1t (epithelial-mesenchymal
transition, EMT)

Claudin-12 % EMTR AR EEEH L —. Hf
FLRIN, claudin-13 2@ it 52 44 Abelsonis 2 BRI
P2 0~ 1) 75 55 1 B (Abelson tyrosine kinase-extra-
cellular regulated protein kinases, c-Abl-ERK){5 5 i %
FNB-1% 34 £ H (beta-catenin, B-catenin)/T4H A F(T cell
factor, TCF)/i# (2.4 5 [X] - (lymphoid enhancer factor,
LEF)# 75 5 EMTHI A& A4 P, iR IAM claudin- 138
1o c-AbI-ERK A5 = 1 I 1T A0 J J5i <62 2 1 8l (ma-
trix metalloproteinases, MMPs)?2 4 3#i% ft) MMPs 2>
TR N A JE BT kT 1755 EMTHI A A2 P2 Claudin-1
IS BV B-catenin/ TCF/LEFIK ) 5 S W 8 H Ax,
2 5 B-catenin/TCF/LEF/{5 5 i@ », 7EAEFEMT,
B-catenin 545 %k & [ (E-cadherin) A1 L3/ 25 B 42 (actin
skeleton){F 20 A [A] 1% 422 A T2 i 52 G P FE T 1 s B 24,
M 215 claudin- 117 5 B-cateninféi B2 44 {1 B-catenin/
E-cadherin/actin & SIS, SEEMTHI &L, i

— BT, EMTH A A AT e 5 | S A 4 A AR 55
o BRI AR, PRk, 7E 28REYE 1 (inflammatory bowel
disease, IBD)IZ£T24EAY S iIed S5 AH S0 1, claudin-1
753 EMT AR AR AV NS 3] T 8RR 2 (1),
I T HALI 5 IR TT S ] SR .
32 s5MmPERSRE

Claudin- 118 i FEACYH M R B 70 7308 B0
MMPsSEAY) 1, T8 R 240 P 2 2 24 Rl 12k A
P FEI 20 B AR e 7, 32T ) [R) 70 /5T 4 23 A B, A
T2 J e 40 T 7% R4S 28 5 0 R b 4 B XA FH 21
TEZE A, claudin-133 A4 T E-cadherinffI 1A,
MR IE T AP IE R AR 222, teAh, 7Rt
JIE 1% (1 claudin-1 7] LGS MMPs, T4 0
) MMPs <>t N AR B A MR, 35 B (LAt i {2 28 5T
I, [F, claudin-1/ /5 3l X Sp 14 & Bl FI5 PE T
BB 3 MMPsTE N 15 A e 40 i 4= 28 Hh (0 4
F . 4R claudin-1-5 40T K 5C 28 9 i FE AT
JARA . BURAE 2 BUMR Hhid A ) claudin- 12 1 i
AR FS, (FAH f Hb, 798 claudin- 1 i 204
ReBE M A IR B PRI, claudin-17E 8 1K
AR R R A R A E AR R
3.3 NMSPUAT RIEREIETE

I FRIE claudin- 1L REN-FAHRL A HTA T-RE 73k
M- FAMRIEYE, SEERIEL. Tk
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Bl T 40 M A2 A28 B R B RS Y A, (e (1)
RIEPH, LEWFIN RGP, IR AL T -a(tumor
necrosis factor-o, TNF-a) 7] i i #% X FxB(nuclear factor
kappa-B, NF-kB)5 il #1755 N IE I UL clau-
din-11¥131% , 17 1 1A ) claudin- 1 I ERK1/2f¥ B 2
A B I LG 5E P PRI, claudin-1
ST BPUAE M T A AT a2 4 i 164 5 1) 1y R Jie e 1Y)
MR EEAEH ) [FIFEAE ST G S5 g A
P B S H L

4 Claudin-12 50BN ETiEDF

Claudin-12 5 2 5%(5 5% 8%, I CHiE N
B-catenin/TCF/{55 5 IH B 1JHE 1534, 7F B-catenin/TCF{5 5
W, 4K KT EGF. Snail-1. TGF-B% 1] _Fiff clau-
din-1/5RIE, FMHAZEMMP-2HE i Hiles, 2 5410
{RZERFAL™), Claudin-1IE 1] 2 5c-Abl-ERKA{F 5l K,
FELGE RS HH claudin- 1 1A 1] 755 EMTI 15 4% 5% K1
Snail 5 5% 53 [K T~ 2(Snail family transcriptional repressor
2, Slug)FE £ 45 4445 8 4 1 (zine finger E-box-binding 1,
Zeb))FRiL, M ## E-cadherin, B-cateninff) 3K i%
155 N-cadherinfll Vimentin )21 | {5 41 A Zb 3l 2k |
NIz AR , 0] c-AblEk ERK AT B & J6 55 clau-
din-11%5 519 EMT, 1§75 N-cadherin. E-cadherin#Z 1A
ARANEE, AT MRS 125 iashae /1. SR/
B ER i A, claudin- 1 ] 2 5 HALEKEEED.

5 Claudin-1&5/07%5%
51 IBDRYAHE REFHENAIRE

IBDIIZE 7 b Bz b b DhRERRAG L R g 72
H— AN SCBRARFAE B8 TAAAE T b R At A Ie] (1) 55 %
B AT AT 5EE M ). Claudin-1) 72 3RIA
Tl bR, USRI RRe oA AN BTN, A
R B ) e A HEMEA ™. Claudin-13€
IEBEAR AT S8R S A AN AR B, 31T
51 b BRI RIS, i, BF 5T R I TNF-a%%
Y M PR BE X2 claudin- 1 IRIA 5 0 A ¥, R RIA
555347 1) claudin-1 5 3505 5 4 2 RE W 2% RCF LI B2 it
IEA%, (8BS 7 SOR IV 0 2 4 AR B 1 i , AN
MBI IE ) R DI RE ™. Claudin-138R] 5 MMPs45
HIFESHIE, B0 T Notch3Z AR 1) 8 A /K AR, W5
Notch!UE PR 1 53¢, BE IR T 4u M 4k, Y dif dr
iz, Wiisemsiifass. 4 IBDEFSLMIIZIR A7 (R,
PAEAAR A 77553 BB EHR 1 claudin-11F15%15 , E 1)
0% Wnt/B-cateninfE 5 1H #1555 EMT & 4= B & it
PrERAr, SRTT 53 EM T AR n] S EUBDIZ AT 4E LI K&
A, T ZRIE Fclaudin- A REELE_FIHMMPsFIERK1/2
WEENotehS 518, 75 55 &0 A 78 T 40 PG 5, st
EMTISFE SRR N ik as FpH ZE),
5.2 B

RSB 2 HEHE 22 B, claudin- |72 FRT o B % 2
Dhfeshat BA HARKI D RE, Wie i i B I8 B i

%1 Claudin-1250@B & E TS F

Table 1 Pathways and upstream and downstream molecules correlated with claudin-1

bk EVEST NEST 2225 R
Pathways Upstream molecules Downstream molecules Reference
B-catenin/TCF signaling Snail-1, EGF, TGF-f, PKA, PKC, E-cadherin, MMP-2 [34,19]
pathway B-catenin
MEK/ERK Pathway MEK, ERK1/2, TNF-a, IL-6, ce- F-actin, ZOs [35-36]
cropin A, CDX-2, IGF-1, PMAPK,
EGF
PI3K/Akt signaling path- Akt, PI3K, EGF, PGE2, COX-1, F-actin, ZOs [35,37]
way COX-2
c-Abl-ERK signaling path-  c-Abl, ERK Slug, Zebl, E-cadherin, -catenin, N- [22]
way cadherin, Vimentin
EGFR/Akt/p38/ERK sig- EGFR, Akt, ERK, NF-xB E-cadherin, B-catenin, N-cadherin, [21]
naling pathway Vimentin

EGF: % A KK T TGF-B: #LAE KK 7-B; PKA: & A¥FEA; PKC: & [1EFC; MEK: 2224735102 (0, CDX-2: 2
M B [ Y5 5% 3% IR 12, IGF-1: JE 8 2R AE K IR - 1; Akt I3 20 BR 8% (1 I ; PI3K: I I LAE-3-38 8, PGE2: i 4 i X E2;

COX: W4 .

EGF: epidermal growth factor; TGF-p: transforming growth factor-beta; PKA: protein kinase A; PKC: protein kinase C; MEK:
mitogen-activated protein kinase; CDX-2: caudal type homeobox transcription factor-2; IGF-1: insulin like growth factor-1; Akt:

threonine protein kinase; PI3K: phosphatidylinositol 3-kinase; PGE2: prostaglandin E2; COX: cyclooxygenase.
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2 BIEFScaudin-189% &

Table 2 Relationships between claudin-1 and common diseases

IR

Disease

Claudin- DIRZS
The state of claudin-1

iRl pipeS T b A Sk
Detection method Sample source Reference

Colon cancer Overexpression>150%, localized at

the nucleus and cytoplasm

Breast cancer Overexpression>300%, located at
the cell-cell junction, cell periphery
Asthma Overexpression>200%, localized at

the nucleus and cytoplasm

Mild to moderate
crohn’s disease cell-cell junction
Delayed wound heal- Low expression<20%, loss of

ing trauma margin

Neonatal sclerosing Claudin-1 gene exon 2-bp deletion
cholangitis with ich-

thyosis

Low expression<50%, located at the

WB, IF Rectal cancer cells [53]

Breast cancer cell [46]

CO-IP, PCR, WB, IF

Bronchial and air- [17]
way smooth muscle

WB, IHC, RT-PCR

cells
WB, IF Colonic epithelial [54]
cells
WB, IF Skin tissue [5]
WB, IHC Hepatic tissue [55]

CO-IP: a3 ; PCR: S 20 N, WB: i EVIE; TF: 4y 5¢k; RT-PCR: Wi#£ 54 PCR; IHC: fuE 412,
CO-IP: co-immunoprecipitation; PCR: polymerase chain reaction; WB: Western blot; IF: immunofluorescence; RT-PCR: reverse

transcription PCR; IHC: immunohistochemistry.

SEAL AL IE T SR AN BRAFTE . R BRI S EURE
WAL U, TR AR R AR KR RS
claudin- 1% B EZ I T{EH ", Claudin-1/f] PDZ45
M3 5 ZO-240 BLAE FI W £ 1 A R A 7% 22 4
Hk%, SEGLRE AL, R R R R, Hid
Fik M claudin-1HEHE I MMP-2F1 MMP-9(F)i% 1 , 75
EMTIR A, SRR 4HARTE AR MR 280, FH{Eidkih
S IEAL Y, IR RN, TE4E W il A1 claudin-1
BB B-catenin/TCF (1) FIA FIEG B B {5 518 %, 1F
T VR 25 I e A R B I P& PR T, DT S0 4 s 1) AR
ZE NG 2, [FIREH, claudin-17E oAt 22 A g oot 75
FAR PRI I R AR R, TR BT 5 8
H, ADAMI15(a disintegrin and metalloproteinase 15)i#it |-
Y IR claudin- 1755 R AU R AR 284 T8 , REMAEI0
s, 2T, claudin-BEITE S EMTH A4
(e B S AN A R ZR LR | T S m e R R 7,
BEAL, 7E G0 SIS R claudin 17K TR RE RS PR
R R AOAETR R ™, R, claudin-17E R & A2
RIETPrEET A A,
53 HftlisKER

Claudin-1 1) 7 & € A7 Je ik [F] Ff 2 5 FOF i
RGPIRIIRERIE . A, claudin-17E i3]
ik V- LA 6 o 6 T 40 B A% AN G 5, 5 4t
TS LB DI OGP 7R A I 5 0 i B ik

i 2 BRI L A P LA, TNF-an] @ i3 NF-xB
{Z 5B R5 S claudin- 110 3R 1A W1, T E0E 1)
claudin-1 7] 38 13 S5 ERK /24 #8715 L4 i
HAGE , AT (I i3k R s S E 4 17, Claudin-1
W] Z RIETA0E R, af R~ AH AR b 4 i
[F) R R0 B B0, E SRR 45, 2R g D33d T 1
claudin-11{ 1A, #8008 _FREEN, #538 E R
B T RE 51 17 A R S bk 4 AR 2R B S A
e A4 184 B A W0 SZ A AT SE Jn claudin- 1 5R 0, DR
mIE R R, R B R IIA Y. R IR
Hi claudin- 1 ] 57 ¥ 388 38U BRI 4, claudin-1148 1]
2 5 Z P 0 KA R (R 2) .

6 ZHiB

AR, BRI 2 I 5T K IR, claudin-11E N %
BEBEE AR EZER R Z —, AMULLEL AR
(1% AL B bR R D) BE, [FIR B 7E 5 SEMTH)
RE, 2 H5MRITH KAZZE, S0 T R0
FASE T R IEE EEMER . Claudin- LB AN (138
P S MU R AR F, BT I i 45 claudin- 111
R AT RIS AT BE AL 2 i claudin- 15 5 1)
EMT. 4T AR 28 PUid T K 40 i 16 o 25
F, AT A 2 FREEIBD 8 45 5 A 2 ) 59 1
RAEREIER . BEE AR S claudin- 111
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