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Advances in the application of claudins to tumor therapy

Siyuan Chen, Xue Liu, and Wenxin Luo

State Key Laboratory of Molecular Vaccinology and Molecular Diagnostics, National Institute of Diagnostics and Vaccine Development in
Infectious Diseases, School of Public Health, School of Life Sciences, Xiamen University, Xiamen 361102, Fujian, China

Abstract: Claudin proteins are the most crucial components of tight junctions, and play an essential role in maintaining cell
polarity, regulating cell permeability and the intercellular ion. In recent years, many studies have shown that abnormality of
claudins expression is implicated in the tumor progression. The expression correlates with tumor prognosis and can serve as a
biomarker of prognosis and potential therapeutic targets. This review summarizes the current knowledge regarding claudin
dysregulation in cancer and highlights the progress in claudin-based treatments.
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Claudins [} 5% Rk flifF TIs DhResH, b
BEhRERENL, M-S BAHLE SIS, AR
HAUFE AL . BN, S RGEIRG MR
6 2 IR 45 Z2 Rl Y %2 2B Claudins ik 7k
1 b IR BT R R Y AR R R B e A
EH, fEMRE RIS . R22 . T 5B
s S, AR MR 2 G T T BA T
TEME, AIE bR, SORPE S SR ia T iy
P 18R S Mk claudin B 1S I 45 H BT BE
T e v 1) S AR5 0 B AR Sy B 1) i
PR AT T 258, AR E M —
5% claudins #Efit22%

1 Claudin BOXBRRELEH L5 &

Claudin & Kt P7E 1998 4 Furuse
Mikio M I 5 B 15 31 9 2 A 46 170 B2k iR 5]
AN, claudins B&5H 0 AL, &EELRSF . 124>
1k, claudins &k BA 27 DR MEAKIE,
Horbf 24 MTERFLENY 5, 431 M 20-35 kDa
G, A, AZERIBR B> CLDN13M, 4R
P A claudins 1)) 4 [ PP 11 = 1 7T LUK 4y
P, 43 e 2 LR claudins AR LR claudins
(E 1P,

Claudins Ji it Z [A] A ML A5 (& 2),
FFEM N —A~% 1 N ¥ (Amino-terminal), PU¥K
FEBIE L — K —/IN A B 4 loop X, DL K —A>
ML C i (Carboxy-terminal)®!, 784 K i i o
loop X &4 w LA EFERR , AT LAYE 17 20 ffg 22 i
XEAPHE F kS L. FEX A loop L,
claudins A W > & B2 O) <7 19 2 B 2 R 5k Ak
(Cysteine). #/NEY loop T HAth i 20 A A1 A
claudins 38 12 75 7 5k L i i K AR R TR il — SR 44K
Britz 4k, CLDN3. 4. 6. 9 /) loop 2 &%
£ X Clostridium perfringens enterotoxin (CPE)
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ZAK, C s claudins 22 R f RITR Iy o bR T
CLDN12 Z4b, HAh#Y claudins i 178 C Sn#kA
PDZ 5 #4315 (Post synaptic density protein (PSD95),

Drosophila disc large tumor suppressor (DIgl) and
Zonula occludens-1 protein (ZO-1)), ix — X I {# 15

claudins A AR 45 TIs #H5C 1 ZO family 11 AL
PRAE 9 (0 200 S 2 2 A B A A X —
U AR (S S A e R E AR, [
W fifi claudins A8 5 MLEh&E A RHEMEM, X TJs [A]
F R A A % 1 3o ke T4 1), Claudins
£ TIs WA IE B 2 10 75 22 PDZ 45 & oo 1 i1
C uifpdl, X — X EA 124 SRR AR A A )T B

PR FEE (B 2), 5 claudins 14 A Al
Ij] ﬁE[S, 10-14]O

1 Claudin EBE K&K 5

Fig. 1 Claudin protein family members. The image is
made by using Neighbor-joining method in MEGA 7.0.14
software, and the claudins’ sequences come from
GenBank.



R S/EFIEEEA claudins AT IEATRRE

Cell membrane

Intracellular region

2 Claudins ER 4R XX EL
Fig. 2 Structure and key segments of claudins.

2 Claudins 7£ B8 & i & % K& 7 g i AL 32

Claudins ) 5% #iE ] S8 Lz aifie . &L
U SRR T e 2 4t HAE 2 Fh b ROk IR
(4 I g v S e ik, A claudins BT REFE IR 1)
1RZEREL R b R 2 B AVE o 0 6 T i) W
TH SR B A R8s g s A 0GR A At A
Sy, TEME A, claudins 223k K F- (9T AN sR
TR AR . (A5 — )y, WaEMRA
A 2L claudins B3 5 61k AT B 5 3507 26 g
TR LR E DRI BE S5, NI AE T e 258
MR RE T . Rk, 76 b B/ B AR S g & A ek
Firfr, RATAEE ) claudins i 5 ik,

e 1 s, —2 claudins 7ERIE PR
W, XA KA T X claudins 78 Ts JERLA
e RO R (= AN I ey a e i S
JE o BN, 7EM i, CLDN7 78 Ay fniz i ik
SR RBIEC, I A SR ALU bR 2
TR, FEm EERAE MR CLDN7 (WA
FEfIk. 78 SiRNA /-3 CLDN7 /) TE %%
RANML b, AR A RN RS, PEREES RS
#HH (E-cadherin) MYFRIKFEAL. i CLDN7 5
FARYEE T IR SRR, A5 290 L (R] 6k B B A
RAESIHES, [RI ARG st 2l
P4 AAT 7 CLDNL 45 G —SBighe vh 2 3, 72N
R0 M rh R CLDINL AR 1 e i i A= 1491,
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¢ Cysteine

¥ Sumoylation site

® Palmitolation site

— CPE binding domain

= Phosphorylation site

= PDZ-interacting domain

F 1 #4% claudins E— L EBEHRAPHIRIET K
Table 1 Changes in expression of several claudins in
some cancer tissues

Claudin  Cancer site Expression change Reference
CLDN1  Lung Down [15]
Colorectal Down [16]
Prostate Down [17-18]
Breast Down [19]
CLDN2  Prostate Down [17]
CLDN3  Ovarian Up [20-22]
Prostate Up [17-18]
Breast Up [23]
Pancreas Up [24]
CLDN4  Ovarian Up [20-22]
Prostate Up [17-18]
Breast Up [25-26]
Pancreas Up [27]
CLDN5  Lung Up [28]
pancreas Up [24]
Prostate Down [17]
Cervical Down [29]
CLDN6  Ovarian Up [30]
Lung Down [31]
CLDN7  Ovarian Up [20]
Lung Down [32]
Breast Down [33]
Prostate Down [18]
CLDN8  Cervical Up [29]
Biliary tract Down [34]
Colorectal Down [35]
Prostate Down [17]
CLDN9 Cervical Down [29]
CLDN10 Hepatocellular Up [36]
Biliary tract Down [34]
CLDN11 Breast Down [37]
CLDN12 Melanoma Up [38]
Colorectal Up [35]
CLDN15 Mesothelioma Up [39]
CLDN16 Breast Down [40]
CLDN18 Gastric Up [41]
Pancreas Up [42]
CLDN20 Breast Up [43]
CLDN23 Colorectal Down [44]
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M AE M CLDNL Bk Sk 40 il I gg 1) 53 2L LA
R A A IERS . AT, AN
. — P an RS LR RON AT BEAE M g 48 vh
CLDNL ) T ¥4 i T 20 7 g e 2 1 7
I R A e E) e R 4R % Ak (Epithelial/endothelial
to mesenchymal transition, EMT) &4 (1 0TE
P2 H T A R SE P 52 o T i P i Jeg 448 1 R G
(1) claudins 35 32 S DT R, 200 Jf AR e
Tl R[] EsF 200 JH 80 1R AT, I A A3 o, i
1 BN AAZ HE A LI o 4245 3 SE 9 20 109 i g8 4
JH AR ol R A T () 7 BT A i 1 b/ PN R A e Ak
(Mesenchymal to epithelial/endothelial transition,
MET) JE s B (1 3).

J3—J5 T, AT AR N BN S0 R T b R A
Hrid it ik CLDN3 5 CLDN4, ffilfefR . A
fRAEAFRE ) A $ T CLDNA4 i3 % ik
i 57 A M A f B 0, X AE i 3 R A0 I &R
Caco-2 H AR &I, XA n] g 5 4
J&E 1§ (Matrix metalloproteinase, MMP) Hi
MMP-2 Fl MMP-9 B3 iE A B0, X = H A g
ok i LIPS M 1 — BB IV AV BURG AR T, A
T S BOW A g (G 2 2 R Y 7 B Rz
JfL 293T #fi g b Ay —SEs286 R W40 F CLDN1, 3,
4. 5STENINILZH claudins 7 LIS pro-MMP2

Tumor cells

Adhering lostl EMT

panio

Claudins

Veins Migration complete

3 Claudins & X B BE 40 AE4E 75

Fig. 3 Tumor cell migration associated with claudins.
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BTSN AR U IR A R 2R e A% . TRIE 5 A
WF5E F B B 5 b CLDN4 78 MMP-9 ()38 3k rh a1
TAEE, JFEATREYCE T VRiE M R T A R
KPR e, CLDNL0 k1 i
THMEIEE . B FAR, FEF MMP-2 ik
EEPN BRIz AN, WABIE R, IR
CLDN2 k7K T a] LAAE o ik 2 40 it/ 40 i 4
R TR B s A1 S P e 2 5 T B P A4 L 2 I ) A
HAEF, DA T8 5 P 0 4 3%

3 BA claudins 2 BRE 367 B8 B B A KA R

FEVFZREIE T claudins %55 2 18 A H 7 s
RENL, TS ERAEIR T BT ERE AR I
Hf, CLDN3, 4. 6. 18.2 fEVFZHAE ik AT
AR, MRS TR (R 2).
AT R 8 5G T g hE Ak R P £ X claudins
il 2 SR, A AR Z R X o 40 %235 claudins
PR B AEA AT, 4E: 1) CPE 455/ S M 21
LS 5 2) C-CPE {HyIB 24 47 346 15 200 i B 14k 2 W 5
NG, BRI R BRG] s 3) L claudins
o BB S B AR B HTIR B B 25 %) (Antibody-drug
conjugates, ADC) ki 3% 4 i 5 1 25 9 5/ N o3
TR A B A, B O B A s R
4) L) claudins ¥ & i A UR A2 R T 240 il fo g
J7% (Chimeric antigen receptor T-cell immunotherapy,
CAR-T) (Kl 4).

3.1 Elclaudins 3 BpEia 758 = 89 CPE B XA 5%
CPE &—~ 35 kDa W&EH, H CuitE5%
1A claudins &% — loop 454 3 B b ifs T 20 ALY
TE R, TS S50 60 P 11 308 375 A0 B A0 1 3 e
2T 5 | 5 caspase-3 JAA2 (4 4L U4 7 ks 4 i e 24 1561
CPE 25 1 A] LABE 43 A PR 43, N 3y 240 i PR3
MR K FFIE A K, C i 3z kg G,
Bl C-CPEP® (4] 5). CPE 44 54t 1517 £ 1) CLDN
SEATMN D 584 A Tls (9 claudins 454 . £
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% 2 Claudins A X Iif K387 X 0 R
Table 2 Clinical trial progress related with claudins

Clinical trials.

Intervention/ Start/Completion

L Phase Recruitment status Conditions
gov identifier: treatment date
NCT01630083 2 Active, not CLDN18.2-positive adenocarcinomas of Zolbetuximab  2012.06-2018.12
recruiting the stomach, the esophagus or the (IMAB362),
gastroesophageal junction. epirubicin,
oxaliplatin,
capecitabine
NCT01671774 1 Completed Advanced adenocarcinoma of the stomach, IMAB362, 2012.08-2014.10
the lower esophagus or the gastro- zoledronic acid,
esophageal junction (CLDN18.2) interleukin-2
NCT02054351 1 Completed Ovarian Cancer (CLDNG6) IMABO027 2013.12-2017.03
NCT03159819 — Recruiting Advanced gastric adenocarcinoma and CAR-CLDN18 2017.04-2019.12
pancreatic adenocarcinoma (CLDN18.2) T cells
NCT03504397 3 Recruiting Claudin (CLDN) 18.2 positive, HER2- Zolbetuximab ~ 2018.06-2021.02
negative, locally advanced unresectable or (IMAB362),
metastatic gastric or gastroesophageal placebo,
junction (GEJ) adenocarcinoma oxaliplatin,
leucovorin,
fluorouracil
NCT03505320 2  Recruiting Claudin (CLDN) 18.2-Positive, metastatic Zolbetuximab  2018.06-2020.04
or locally advanced unresectable gastric or (IMAB362),
gastroesophageal Junction (GEJ) oxaliplatin,
adenocarcinoma leucovorin,
fluorouracil
NCT03653507 3 Not yet recruiting Claudin (CLDN) 18.2-Positive, Zolbetuximab ~ 2018.10-2021.08
HER2-negative, locally advanced (IMAB362),
unresectable or metastatic gastric or oxaliplatin,
gastroesophageal junction (GEJ) capecitabine

adenocarcinoma (GLOW)

All the experimental information above was obtained from the ClinicalTrials.gov website and updated until October 10, 2018.

5 %P, CLDN3, 4. 6, 7, 9 2 HARE¥EMA
CPE/C-CPE {4k, CLDN1, 2. 8, 19 21
CPE/C-CPE 27 {45868

WF5E e~ , CLDN3 Fll CLDN4 7£ L/~ 51 58
55 191 P A s B E b R A Y 83-109 AT,
It4h, DNA fF4: 415347 7~ , CLDN3 il CLDN4
ORI 22 TR 5 AN EN Fr g 2 AN
CLDNG I CLDN7 72 5 L35 it Fe k15 081 ke
% CPE U JLA claudins 7 51§95 i 22318
TR Z O, AL, A RFTERE AT 2 sk
SR BN $L9 ) CLDN3 Il CLDN4 By 26k K F i T

&: 010-64807509

U7 U B ST, Xk CPE T 5 LAY
BT A TR T A

A Claudin
' CPE
! Fluorescent molecule
'\ Chemicals
¥ Antibodics
Q [) CAR-T cclls
_4

4 ¥B15 claudins B34 77 5 BE
Fig. 4 Treatment strategies targeting claudins.
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Cytotoxic domain

—

ONEIIN

1 54533 80 106 184

SLDAG QYVLV MKANS SYSGN YPYSI LFQKF

Extracellular
region

Small complex

Extracellular Free claudins

region

70 Claudins incorporated in Tls

Claudin-binding domain
‘—‘—-—\/’-—-___—-—‘-\

Large complex

® Amino terminal
© Carboxyl terminal
d Trypsin site

290 31 . Oligomerization domain
|:| Pore formation domain
B Minimal binding domain

“L” Key amino acids

Cells burst or apoptosis

Bl 5 CPE &M X FMZEIER (3B Hashimoto %)

Fig. 5 Structural functional areas and cytolysis effects of CPE (adapted from Hashimoto et al™®).

BB R H M CPEIRITIE  I6 B TE
¥ CPE fHeAby7 It & M B0 5598 4 M 1 /> BROBS AR5
R AR AT B, BRI E AR, IF B Ifk
51 % B 5 B wI A O T TR AR 40 i Panc-1 7%
/N R PR BT CPE NI SE i A K, &
SRS Az A B B Z I AIIRE,  [R] B Ri BAEA] A
RLEZ M T,

T CLDN3/4 7EJifi | 1 S5 1E W HA h A 3k
ik, ERA B E R T > CPE W 7E i 72 Il X
5 1 0 A AT 8 = W= S 5 SN A C S S
{ifi FH C-CPE 1E 47T I 245 ) 25 i 14 184 58 770 - 1o
FROESW . O NE S SR 2 B A C-CPE,
FEAR A KT M 0 /0N B A T i 2 A W I B
FEAERT, TR &R 3 C-CPE S 1 0P LM 41 i iy
T2 2 b AR U2 wof 0 s B AL T ML s B % B S0 4
ffl OSPC-ARK-1 /s Ui Ik i3 it C-CPE BX 59
JEYRL, BEA I ) LA A 005 X L & B /N
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2 1 mm? KIS g A AU R A e H K
S-#; RS Wi F1 C-CPE 454 M2 W5 s,
CLDN4 FHYE i L B9 41 e MDA-MB-468 441 /)N
B A e 2 2 e, RO PR R B () 2B CLDN4
AP R R/ O FE BB T, C-CPE B &9k
ZAE CLDN4 BH 1 14 JBe i 48 20 il Capan-1 /) U )
ZBLE CLDN4 BIHERS A /N UMY g 7o)

3.2 LA claudins P& T B S BIHLIR R CAR-T
iR

HETC AL L claudins ST 5 i 6 15 21 1)
B, FiEALE T claudins BY4ERK . 40 . DNA
SR TE R AU o D5 —FhEE ] g claudins
HITRTT SR SRR S PE TR N T, CLDN3., 4. 6.
18.2 JEZMFF A THAR , AV 2R EINE
220 T 4 S PR BT X R AN 5 A Y claudins
LA X B4

WHISCHrik, CLDN3 I CLDN4 7E 1 £ B i
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S 19 Hh A 8 B SR I, DR 1) CLDIN3/4
MEL = F PR A IR TR 1, —L841
PR BEIE TR I R AT Sh R A B /e A
FRRAPURE LA TR B (35 2). ks 2
REMS R 51454 CLDN4 JfLsh2E 2 4> loop (1 FRPL
KM3900 Jf Nilfb)5 15214k KM3934, FEfk
SRS T R I BUAMCR M i A B 2 (Antibody
dependent cytotoxicity, ADCC) FHI%h 754 i1k 2
Jifi % 1k (Complement dependent cytotoxicity ,
CDC), H-LEBAH ADPEIEAIN R MCAS s A%
BRFEANIE R CFPAC-1 AYHa 28 Bit f /IN B PN RE %
AR ) 42 KO CLDNG 75— 7 L i e
WIon E bR KO RIA, TEIEE AL A
K. IMABO27 & —Hk4s Rk 454 CLDNG fy
SEREHTA . G AR T S 36 I BH 33 R A A 0 i ke
A KR AR 4R LY ADCC A1 CDC #0v, H Y
TEAE AT RV 30 O 08 8 3 i IR T 1A U
(NCT02054351), AR ER], IMAB0O27 HA
B 32U, CLDN18.2 2 5 g i &k J il
R, SRR AN MM loop AT T84 va A 4%
Bro DXL WA RE 2R B TR B YA T I BEAR 4
T, JZHHT claudins #HIC R I KA TT W5 i
TSR, BR T B NZMIER 44%, CLDN18.2
TE 70%-90%M 5 . Jif . 045 b & 2 1k . IMAB362
b —HkHi CLDN18.2 iy s va e ikl fefgiss
F ADCC #l CDC i, MM pimadn. >k
H IR 0 R LRI, Salifby T AL, %
LIS PERLIR IMAB362 (Ganymed 254)) W InEIF5
ALY, AT AR AT R 2R Y7 10 B i R 1Y
RS 3-54H , i 7E CLDN18.2 A it 70%
IR, S AER 9 A EE 16.7 AT
sk 2 prox, HETWAE%T CLDN18.2 )
CAR-T 4 57 1% i A 58 7E — Wl DR 8 55 [ B .
CAR-T 4H i ik 11 19 JEAS I BRI I 25 45 o IR 45 4
T AEEGE IR E AL Z K, MWAE FEBCGE T 46

&: 010-64807509

JL, ek R PR AR, IR e T R g [
RN, DMESE@AanE. —H T gkt
CAR-T 4ilfitd, k£ hy H v g 3 2410
HHG CAR-T Y7k 7e 2k 1 i AR 28 75 4 Ik £
JERIRYT BN B RAFRTE 19 LR B, B
7 (CARsgen) 728wl A& #) CAR-T ¥7 ik FBAEN X
CLDN18.2 i kMl 8 e . e, 7 b
MERHF R BE (B 4545 X R 2 56— B I 15 Bt )
PEATIRRARSE, J4t%t claudins 635 5% 19 e
BT PR AL T L

4 RELERE

Claudins 7 i At A o i) — S ELRPLEEAL
TIFOCHA RAIANIE AL, (BAE R IR bR Y
T ORI B . I R AT IS g0 A PRI C 7850 UE S
T claudins 15 A /MR8 vR Y 7 HEAR KA SC R FH Y P e
HIBUE T —EdtE . CPE AT AW H TR
FZWHIG R RTF R 3 5 #%) CLDN18.2 11y
Ptk IMAB362 Fl#l i) CLDN4/6 AYHiiA IMABO27
EL 2k AR IRIFSE B B, IMABO27 B &L 3k45 FDA
FNERB BT 10367 B g BRI A L2 e a5 Bl
T EZ (L) AR R PR B X
CLDN18.2 ) CAR-T ¥kt i Al KRBT EL
FH AT B S iRy T S A AR E B B T 5%

R antt, W58 A TP AT A7 A — R T ok
) [ BRI AT Ak () T, Hedn . RS RREL C
VA AR 1B 4R claudins BOTHRE; el —
Aok CPE M ILATTAE Wiy K R RIVE 5 Anfor o
PRI T B claudins B g RE S, HE, &
w7 R AR ST IR 40 B S8 K1Y claudins £
A P VR AL, — SR UG T 2 2
R, IWIRIBAT W R T5 2 — 2P B UE . 25
Aok, K claudins 1E AR T MR IETT AT
SOGHT, 45 HETBY IR a7 R B %
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