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Fig.1 TJ structure of intestinal epithelial cells"'®’
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2.1.1  F W R4 A g E T A
Fak B R

B RN A T R Rk E
I 1 i, K58 %K B, (FB,) AL 3! Ca-
co-2 Hfiflja , HXt Caco-2 40 iU 5 [ it 61 407 72 B B
% Claudin-3 . Claudin-4 1 Occludin 1) mRNA ik
R BRI ; i & R B, (AFB,) 1ERF
£ T Caco-2 40 g #5 I Bz i e FH ( transepithelial e-
lectrical resistance, TEER ) 18 A% [&] B, 3. 10 #0
30 mmol/L ¥ AFB, DL & 4K #i 19 7 X B A% T
Claudin-3 F Occludin ) mRNA FRik it ; OTA FEAX
T Caco-2 Y™ Claudin-3 . Claudin-4 1 Occludin
f) mRNA % ik 7% McLaughlin %17 2% B 3%
B, OTA (100 wmol/L) 7£ . 3 %Ik Caco-2 41 JifY
Claudin-3 , Claudin-4 F9 2 I 2 ik & 1Y [R] I 3% [
I 40 L % TEER {H, Jf H 48 H 3 B 5 B 1 g 19 %
%5 Claudins-3 Fl Claudin-4 [ ¥ 45 & 7] if % &
1, HHR 12 pmol/L # il % % £ M, (AFM, ) X}
Caco-2 i g # Claudin-3 . Claudin-4 1 ZO-1 i) &
F Rk 5 A W& 52 e, (B Y A1 W] vk 2 /Y AFM,
1 OTA (20 wmol/L) BKG AL BIS , 2% 12 3 F5 Ik Ca-

co-2 4 i) Claudin-3 . Claudin-4 1 ZO-1 IE I+
KR S5 E B, KRB 5T & B DON n] 3 i
22 T 240 B 7 3 57 M O B AL T B R ik i, A
T 454473 1 38 5 s S BE 0, 1 000 ng/mL DON 4b
FERE 2 i | 409 (TPEC-J2) 24 h Ji5 , Claudin-3 f¢)
A FEAK, 2k 5G| b 3 (A AE K
(4 000 ng/mL, 48 h) J5, Claudin-1, Claudin-3
Claudin-4 fl Occludin Y 2 FH % & & ¥ o 5 B
&, H 2 000 ng/mL DON kb3 IPEC-J2 4f fifs
48 h 5 ,Z0-1 E A E LR B ERE ) M5
—HWF5E 1] 4 wmol/L DON 4t B IPEC-J2 4}y
12 h J&, 4l i Claudin-1 ., Claudin-4 1 Occludin ¥
mRNA FEET+E, M Claudin-3 i) mRNA Fik &
TR

HWEE RS T 1 mRNA £isE LEH
TR BRI A E 2 —5, PRIk, 7 B
F DON Y Caco-2 ZH g/ W22 3] Claudin-3 , Clau-
din-4 Occludin F1 ZO-1 ) mRNA £k & ¥ T4 5,
MR Rk A E AR EAh, 1 pmol/L
DON 4b P /)N B 15 i 8 4 e ( CMT93-11 ) 36 h )&,
DON W& % T Claudin-4 () mRNA ik &, &
FIeTk A0 B BRARYY . ok, T TI 2K A 2
DON f{) #2511, 3 H. mRNA ik 8 T+ 5 gt
AR R Rk R PRI 1 — Bl ML iR 122020
1M H., A W55 45 ) Claudins 85 H K ik & NS
Claudins ") mRNA & ik & Jt & 1 ¢, ZOo-1 1Y
mRNAR L&A & 5 20-1 HEHRIE R/ EMKA
N RMIE 2, BEREEREM T EARAEN
) DR A0 L ) i 28 R R P R IRV B T
EERT P 1 5 o Ty e LA — e P A AR
2.1.2 HHEHBRXNDYER D IGE T EA
FIR AR

B BE R AT S AR P T TT SR Rk
5 I G & 2 ff n . KB #8 T ZEN (0.3 ~
146.0 mg/kg) )& , Z M Claudin-4 F1 Occludin 1
mRNA ik & R M & /N B il
i) DON 75 4L/ ki ( 3.5 mg/kg) W WA 3% )5, K PR
1756 W3 B B R G 9% ) g BH Az 481, EL Il g op i)
TJ # 4 Claudin-3 . Claudin-4 F1 Occludin ] mRNA
TR WET RS, S — W5+, DON
(2 mg/kg) B EREAL TS W Claudin-3 F1 0] i
Claudin-4 . Z0-1 VA N %5 %% Claudin-1 ) mRNA 3
B R Alizadeh 251 1 BF 98 45 R 2 7, DON
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(0.28 mg/kg) 23 b F FARAE K= W Zzo-1 F
Occludinff) mRNA Fikit, B EFET FB, 15
YRR (3 me/kg) J5 , FB, 2 i 35 R AR H [0l Jig v
Occludin 1y & H #£ & &™ ., H AFB,
(218.1 wg/kg) Fl FB, (592.1 pg/kg) 75 Y& 1) i K
T ML DRTE 7% A7 3 i, A o 25 i 3 5 M 16 45 4 %
#t, H ZOo-1 ) mRNA £k &8 E TRE™, (A1
HAAFSE R EA R TP JE 45, Chen %51 B 5
FH, AFB, (1.5 mg/kg) TE 52 Wi P XS iz 38 7 i 2 e
ROFEAE B 34 T 2 4 Claudin-1 #1 Claudin-2 1)
mRNA # ik &, Uk 4, F DON 75 3¢ iy 1 #R

[(7.54£2.20) mg/kg ] MR IF A XSG 2 3 in =5 1
Claudin-5 UL X I8l 1% Claudin-1 | Claudin-5 ¥ ZO-1
) mRNA k&' H DON(0.28 mg/kg) £ i
Zhan A= KA n % Claudins A K W1 g 45 A0 B W
1 Occludin ) mRNA Fik&" 0 i B, A5 £
B, DON (25 mg/kg) &8 T /NE/Na Clau-
din-2 Claudin-3 ! Claudin-4 #J mRNA FikH
EEXE FIRFTEE R DON XF TT 2 H #2577 4R 1Y
ANRIRE MR, A6 WF FE 48 HH B b 25 S 1 g R PR 22
—JE AN A TY 3R 58 5 DL S HOR TR g Bkt
DON A& 22 53 023 s i 0 22 S s iy
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Table 1 Effects of mycotoxin on expression level of TJ protein in cell models
5 A e R A # ik &t Expression level B30k
Items Concentration Time/h Cell model mRNA £ Protein Reference
REFE B, Claudin-3 , Claudin-4

100 I/L 24 Caco-2 ) A 28
FB, Hmo aco Occludin AR [28]
HMEFER B, Claudin-3

3.10 A1 30 /L 24 Caco-2 ) 28

AFB, A mmo aco Occludin B4R [28]
MM ERR A Claudin-3 . Claudin-4 .

100 /L 24 Caco-2 28
OTA pmo aco Occludin F&A% [28]
HMTER A Claudin-3 ,

100 /L 24 Caco-2 17
OTA pmo aco Claudin-4 [ [17]
RIMBRE A+ 12 I/L + Claudin-3 . Claudin-4
HMEHE M, 20“““‘0 L 48 Caco-2 au ‘Z“(; ; F&aTLElE 1297
OTA+AFM, pmo I

g,
ﬁg;@;ﬁ%%ﬂ 4 000 ng/mL 48 IPEC-J2 Claudin-1,Claudin-3, -,/
& Claudin-4  Occludin /I
DON
v ] Claudin-3 &A%
Pt I 4 1 o .
AT 4 umol/L 12 IPEC-]2 Claudin-1 . Claudin-3 [36]
DON ” K Claudin-4 . Claudin-4 &A%
Occludin Tt 5

Ji 42 R ok
P 2 000 ng/mL 48 IPEC-J2 ZO-1 [ [37]
DON
iiEesgix: 3| Claudin-1 , Claudin-3 , Claudin-1 .
I T 4.17 pmol/L 6 Caco-2 Claudin-4 Occludin . Claudin-3 ., [38]
DON Z0-1 T+ & Claudin-4 &
iiEesdix: 3| Claudin-2 . Claudin-2 ,
el 1 wmol/L 36 CMT93-11  Claudin-6 F&AIX, Claudin-4 [39]
DON Claudin-4 T+15 Claudin-6 [%A%

Claudin ; 14 # 1 ; Occludin : B¢ & 8 4, ZO-1 . W AR A5 85 -1 zona occluden-1, F#[A, The same as below.
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Table 2 Effects of mycotoxin on expression level of TJ protein in intestine of animal models
15 H e piz M S ik Expression level %300k
Items Concentration Time  Animal models mRNA 1 Protein Reference
TR IR B W T i Claudin-4
0.3~146.0 mg/k 8d S )y 42
ZEN meske KRz Occludin AR [42]
RLER B
EB ! 3 mg/kg 35d 5% 191 i Occludin &A% [30]
1
W R B, Claudin-1
0.28 mg/k 20 d PR . 46
AFB, merke W gain2 s [46]
Wi A TR ] . Claudin-5 Ft &
e PR XS 25 Ji . .
T s T (7.54%£2.20) mg/kg 10d 418 Claudin-1 . Claudin-5 [47]
A o

DON Z0-1 715
JI5d 4825 1 ik T Claudin-2
T T 25 mg/kg 2h NN Claudin-3 . [38]
DON Claudin-4 Tt
JI5d 4825 1 ik T Claudin-3
TR T 3.5 mg/kg 42 d 1158 191 Claudin-4 [43]
DON Occludin A%
k=t 2 |
TR I 2 mg/kg 42 d 13625 1 Claudin-3 %A% [43]
DON
I, )
TR I 2 mg/kg 42 d (gL Claudin-4 1% [43]
DON
=y 2
R 2 mg/kg 42 d FH5 % Claudin-1 F&AIK [43]
DON

22 EREEXEIE T EBEMHIEN

WF5E 2 B, 5 B B 2 2 I 3 08 20 i K s
BRI 38 T 88 (R A B 25/ e i, 5 I
ZHAH I, AFM1+OTA+ZEN 4H (1Y) Caco-2 ZH fifd  TJ
SEFSZAR 0 M A A T, A0 MR BRI B, T R A
BOR LA TR R I B, OTA 73 in i it
B MR R B 755 Claudin-4 75 Caco-2 40 i 4 /Y
FH A Gao & HFFE KB, IEH Caco-2
A ffY # Claudin-3 . Claudin-4 . Occludin A1 ZO-1 &
A0 B 5 H 238 OF A1 4R 43 A, T OTA Fl AFM1 +
OTA AhFRENBE IR T J5 A5 (43S U1 A 4544 1) 58 2 1
OTA 1 DON & #3381 Claudin-2 7£ CMT93- 11
o0 A fk i 7 B SE R T A L fl
F AFM1 1 AFB1 Hl 5% Bt & kb 3 Caco-2 4 /i
48 hJF , A A TI B AR 23 A 32 B I
L — 7 B 1 P A —— i 5 A7 A8 Sy 5 A A
B —IFF5E 30 wmol/L ) OTA 43 24 h J5,

Caco-2 i ZO-1 A1 Claudin-1 M 4% 25 ¥4 (1) 5
5550 A0 AN 3 95 BE pa 59 , H 3% 42 4b Hh 3Rk
24U 4 H DON(4.17 wmol/L) &b ¥ Caco-2 4fi
Md 24 hJ5, 5XFARZLAH L, DON %38 T Claudin-1,
Claudin-3 ,Claudin-4 . Occludin £l ZO-1 % %2 17 IR
g5k, BT A TI 85 P AF 40 IR L 359 2 30 R0 0] 5
i, H, A W g R WG kOB ARMI (1 ~
10 pg/kg) Bl Caco-2 41l fifd TEER {H H-A FEAKH
A (0 Occludin F1 ZO-1 137 40 i & 17 51 A 32 5%
m s BRI AN, B R AR AR S i i
TI &M 8 70 A6 FE AL, CD-1 /) Bl 2 88 T #h
AFB, 5{ AFM, J& , [fl}i% Claudin-1 7& 40} 5 P4 4
GiTRe ) | W I 5 DM O AR o (TR 3 s = I |
TS 240 B TR 248 A0 R 4 A o WD el /0> | At 1) Bt
ANV ; 76 AFB, F1 AFM, BEG 403 F |, K& Clau-
din-1 TR ECZE 20 605, 240 M JE b 1% 3 A BE Jd sk 2>
M A5 AR BE B 45 K BL fig ™ EY . 24 ] DON
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(25 mg/kg) #E B M B6C3F1 /N6 h J5 |, I3/
4 Claudin-1 ,Claudin-2 il Claudin-3 % 3t A~ £ 1)
Sy A, T 45 B P Claudin-1 ., Claudin-2 | Claudin-3 .
Claudin-4 . Occludin Fl ZO-1 #) TJ /AR I R A
W 2E 5
23 BESZFERE T EANHEXERNG
WFoE 4 th, T 8 A 235 22 JLFP 40 He Y
R (E 2), f 38 WLER 8 [ 548 5 (ML-
CK) | 22 4505 AL 25 F O ( MAPK) AR 3R C
(PKC) Y, Hh MLCK & 2% iE T &
F i WL A8 2 — |, 0 2 38 0o 22 o A1 5 4 38 (431
LA DR R A ) R YT T 3E OE M Y OC B R
7Y TS 3, OTA 38 5 1% M A/45 8 F 1
F ) MLCK £ 138 [ W 2 FE % T IPEC-J2 4 Jfd v
TI & 1B %35 &', ZEN il i p38MAPK F
MLCK A5 (55 8 B0 38 T f il i ih) T, IF 2
AT TI AR FR LR . MAPK 2 71 3¢ 41 i
DI 530 [ 76 1 B 40 M 1 4 RE S By B A
BEH A48 3 KR« pad/42 AHLAME 5 IR 1Y
J4 (ERK) ,p38 Al c-Jun 24 3 7R Ui 8 il ( INK)
p44/42 MAPK {5 51& 7 0] LUl o b sl ™ 38 LR
T 2 A A Sk w0 1 1 b B 20 i a] 1) 55 40 g iz
i, T EACZE B 3 9 R BRI BE T L Gao 41T
], p44/42 MAPK G725 T AFRM, FI
OTA MM NEXAVEH TiA S T A LR
TR, mHA B E B, DON i% S IPEC-J2 41 iy
TEER fH 1 Claudin-3 9 & [1 % 35 & ) FE AL Z
p44/42 MAPK 4 51 1 A 97, H DON % &
MAPK &4 AT LA ST /N b Bz 4 i & Claudin-4
()3 35, ERK1/2 % 1k 68 98 ¥ CMT93- 11 48 Jfd
Claudin-2 A5 - 1 Ah, DON fig 4% s 34
6 N LA KRS B 38 40 M & b ERK1/2 AT INK, M
1 FEAX Claudins Y8 R I8 &, M ERK1/2
WAL T YK 53 A I 5 /N b Bz 20 i (TPEC-1) 4
F A B s T R0 S — I s A AR E T R
JE B 453, B 7% T DON [ 34 25 gy K LA iR
ERK1/2 JNK Fl p38 % MAPK # & #% i 3% ¥
i XU DON AN ] 2 400 it 7= A 7 0 1
FABLE AT REAEAE 25 5% (A RER Mg L 2 1) T J&
DON /Y FEEH#E 5 22 — , H DON I TJ & 3£
k5 Wl bR bR R O M DDA G, Bt
A, HRFFR A PKC 7RIS A hie 8 7
EEMMER, 315 1 PKC W RE R M B R

o | 4 g 3 5 R 88405 TS A B 36 97 ST Willis
SOV RRAE PKC #0558 HE M PKC 3 % 1T BB 43
%5 7 DON 5;EAY Claudins 75 ik 7 F [, H
A WFFTAESE T 406 PKCL B35 Pk 7T DL 22 1 9 Bz AE
IS B Y DN RS IR = 7 U W =
EESAS 0] 2 A

BT L AN, — SR BT B 4k B AR AR
WS 585t 4n i A RS R B T g E B BE
HRE' ., T HE SRS T B3R R i
B 3y fE B A5 =2 [A] (1 ¢ 2%, Wang 25 1%/ 7E IPEC-J2 2
J e TS PR (ROS) T BRI N— 2 Bk 2 b &
% (NAC) , 45 £ 0 NAC B EFHW T OTA %%
F14) &0 38 375 1 A 38 n , ELA Sl T OTA i 511
70-1 FEHFEHE TR Z0O-1 fil Occludin 1
WA, mH, 55— BT R B OTA A 31 il
BB M & T OTA F& K T Claudin-3 A1 Clau-
din-4 P A RA R, XAE I TE ROS W BRI A2 7E
B2 AT F5E 46 i DON B3R IPEC-1 4
i TI 8 5 Toll H£5Z & 2 (TLR2 ) FIw g Bt WL
fist 3—J Mt ( PISK) — 8K 1 I B ( Akt) {55 5 38 % %]
BRI AR A B 2 90 T RE R
Wi TT A& ARk, Walle % #F52E S DON F
BL3E A 0 AR 0 A BUOR FEAIR Claudin-4 /9 25
Feakt i H, WA 5T 2 U] DON ] RE i i 411 i)
B 1 A AR T TIPEC-12 4+ TT 25 H A 3%
KT DON FIER (5 A B il 774 46 58 5F T
DON 38 2 1 il 5 11 5% (9 6 ok 222 T 35 Y 3R
TR, M52 1 fi 8 5 s fr) i i o
2.4 TJ BRI 20

TI Rk BAE | 58 B M IR DL K T fig
AL FEE PR R & AT R R
M WAIE TI M2 RS TR 7 nTRES 5 R AE
PR T8 P00 00 K AL L T 51 Y i T8 B
TS L R, IF LT S5 & g T
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Effects of Mycotoxin on Intestinal Tight Junction Protein and
Its Regulation Mechanism
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Abstract; Mycotoxin is a toxic secondary metabolite produced by Penicillium, Aspergillus and Fusarium, it
has attracted wide attention because of its universal existence in all kinds of food and feed. At present, the risk
assessment of mycotoxins is mainly focused on its nephrotoxicity, hepatotoxicity, immunotoxicity, genotoxici-
ty and potential carcinogenicity. In recent years, the enterotoxicity of mycotoxin has been widely concerned by
researchers. As an important part of the intestinal barrier, intestinal tight junction plays an important role in the
enterotoxicity induced by mycotoxins. More and more studies have shown that there is a close relationship be-
tween intestinal tight junction injury and enterotoxicity. Different cell and animal experiments show that myco-
toxins damage the integrity of intestinal barrier and induce enterotoxicity. In this paper, the damage effects of
several major mycotoxins ( zearalenone, fumonisin, aflatoxin, ochratoxin and deoxynivalenol) on tight junc-
tions were systematically discussed in order to provide theoretical basis for the overall risk assessment of myco-
toxins. [ Chinese Journal of Animal Nutrition, 2020, 32(12) :5566-5577 ]

Key words: mycotoxins; intestinal barrier; intestinal tight junction protein; mechanism
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