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Changes of Intestinal Mucosal Tight Junction Protein ZO-1 and MLCK in
Different Stages of Nonalcoholic Fatty Liver Disease Rats*
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ABSTRACT Objective: To investigate the expression and distribution of the intestinal mucosal tight junction protein zonula
occluden-1 (ZO-1) and myosin light chain kinase (MLCK) in rats from the different stages of nonalcoholic fatty liver disease(NAFLD).
Methods: Sixty Sprague-Dawley (SD) rats were randomly divided into two groups: normal diet group (NDG) and high fat diet group
(FDG). The pathologic changes of hepatic tissue were assessed by Hematoxylin-Eosin (HE) staining at 4 weeks, 8 weeks, 12 weeks. The
expression levels of alanine aminotransferase(ALT), aspartate transaminase(AST), triglyceride(TG), cholesterol(CHOL) of two groups in
serum were evaluated by enzyme linked immune sorbent assay(ELISA). The expression levels of the plasma Endotoxin(ET) in rats from
different stages of NAFLD were quantified by limulus test. The expression and distribution of ZO-1 and MLCK were determined by
immunohistochemistry. Results: As time went on, the degree of hepatic steatosis gradually increased in rats feed with high fat diet. The
levels of ALT, AST, TG, CHOL in serum and ET in plasma were gradually elevated in high fat diet group (0.11+ 0.01 vs 0.11% 0.01,
P>0.05; 0.36+ 0.01 vs 0.11% 0.01, P<0.05; 0.44% 0.15 vs 0.18+ 0.03, P<0.01). The result of immunohistochemistry showed that the
expression of tight junction ZO-1 in high fat diet group gradually decreased (3.6% 0.7 vs 3.9+ 0.32, P>0.05; 2.8+ 0.63 vs 3.8+ 0.42,
P<0.05; 1.8+ 0.79 vs 3.7+ 0.48, P<0.01), while the expression of MLCK gradually increased (0.5+ 0.53 vs 0.3+ 0.48, P>0.05; 1.3+
0.48 vs 0.4+ 0.52, P<0.05; 1.9+ 0.74 vs 0.5% 0.53, P<0.01). Conclusion: Intestinal mucosal tight junction protein ZO-1 and MLCK play
a role in intestinal barrier dysfunction, which may result in the increase of intestinal mucosal permeability and the development and
progression of NAFLD.
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Z0-1) B EREE 11 i Il (myosin light chain kinase, MLCK)[¥
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1.1 #Ft

HEPERE S SD KB 60 H, Rt y— 7, &2 200 g, 1
HILAREH SRS A T MHERE FEIREL (G RH
KIRARAT]), HEEH (MI/REET R K X5 RBHR N 48
#)o FIMFEAER (LIFERRERARAFR, #its
120605 ), SV0002- 4 1gG P 4512 e e 28 Apsr I35 e (i 1
A YA BRI, P i 45 SV0002 ), Rabbit Anti-MLCK(Jt
TR ARA YR ARF R AT, 77 4R :bs-4705R ), Rabbit An-
ti-ZO-1 (@IUHHEAEYHRAF, 745 BA2825),DAB
CHAR R S AP ) . €320 G ROUE A A A BR S WL 7
it : AR1025) S €8 J5 o 3000 OB 1T R | A PR A
F], 4t : CE80845),
12 Ak
1.2.1 SIS EREE  SD KRRk 1 MR — JE B 53 W
21 . TEH IR B 4 (Normal diet group, NDG) A7 I8 I £ 4H (Fat diet
group, FDG), % 30 X, IEH IR 45 T8l KRk, =8tk
AT — L LAY B 1R B L 80.5% , IR [E i 2%,
EHH 10%, 7EHER 0.5%, 54 Th 7% )1,
122 #RAKRESRE 448 .8 A 12 JHBEPLETOEE
REH e BRI 24 10 HORRR . T I il 28500 5 B af 3
T A S VR 1 R K R R KT BBOK BN ik i
B0 e B BT DU R LY A TR G U | 4 A U L A R
M H =K. BUFBE(R/IZ 2 1.0 em*0.5 em) R/

LU= R shlkss 10y, KA 1 em) R E T 4% LR H
BRI R T — 2T HE Jeta R fiedifl.
1.2.3 FRRERRIRALERM ROl TR SURA B,
i) HE G vk (ORAKE - Ly k), WA PN 107 28 P A
J# KA T AN AR
124 B4 INGHEEE ZO-1 MLCK FRixER NI %
AT BRI R B/ R I 3 i 3R B ZO-1 MLCK 3Rk
RO, T8 2ok v % S U A T 0 L ) B e R 0 o B
BRfEA « 2 A S A € S 7 R . #22 1 BEL P A P o 7 2 L
- Co@any, A "0" £on) .+ (B EgErE 0-25%, 1
"1" KR ) FCR A MITE 25%-50%, H] "2" KR ) (R AU
JHAE 50%-75% , 1] "3" Fon) (R ELIER T 75%, ] "3"
),
L3 GitF5Hh

XS EEIEATAL BRAN 38, T BORV T t K246, P<0.05 47
GEitoA 5 R AL AT SR g e A , DY e 2 ] 22 57 ] R
PRI, P<0.05 22 HAGETT 2 X o
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2.1 KR—flR

IEFREH KRR BACE, THE B ERS, LIRS
SR, BARAE , shVERIE AT ELHIER . SRR K R
F RN B T RE | KRR B B BV, 3l , R A
WA D, A BB I G DB BB R B | AR A5 30
% X PR BRI K i FDG R E 1% NDG &, /i /U
JEII A R A e, 8 R B TR A AR EE K AR R 12
LN N R N e R A SN R L W A AR NG E N = |1
BAARE T NDG,
22 KRAFIERIEZTL
22.1 FFAEAMREFTL  EH4A SD KEUFHE SR,
AR, IS FE R, A ARRE & o =8 K B 20 K SRR 5 1o () 334
1K, IR IR (A8 AR RIS R, i 28, 12 Jl s oK U
JUEARFRASE IR L 5 2 B0, Pl B e, s 2 IR, R S AL
Rtk IR LA 1),
222 BFAE HE £BFEELTLH EH RS RUTFER
2RI /NS R SE R ARG S5, IR A R/ NIE R
TR AEME R R PEANAIRE . 4 R R IR IR B 4K U/ &5
FOIEH, FFAmpeA /D BORR DI R ;s 8 FE i i i i i 20 K U
ANAEAR AR AR B R, AP A SR A0 B2 P s B A — i 23
I, ARG — R AS I TEAUUBR T 4R , /NI A Tl A /b
eI 5 12 JRI I iR BRI A A K R R SR V2 A0 i A
LRI R 3, D EObR AR H BLSOIRIRFE , KB 43t B A X R
A (HLE 2),
2.3 Mk AST.ALT.CHOL.TG .ET 7K T4,

3N 4 J8 .8 J (12 AR RS CHOL TG, & Ik %
IR E R R EE, ¥ CHOL TG /K- i 7t & (P<0.
05)( L3k 1) % b & B Be R BRIl & o ALT (AST, 7£ 4 JE W4l

BFRICH 25 5 (P>0.05 ), 7€ 8 JEl A 12 JEIB s B Tk e 4 b i

FRIFHIEE R EN, 25 HAGIT2#E X (P<0.05), X HH
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Fig.1 Observation of the whole liver in rats: Fig. 1A is the normal diet group, Fig. 1B, Fig.1C, Fig. 1D were respectively gross morphology changes of liver

in high fat diet group at 4 weeks, 8 weeks, 12weeks. Fig.2 Pathological changes of liver in rats: Fig.2A is the normal diet group, Fig.B, Fig.2C, Fig.D were

respectively pathological changes of liver in high fat diet group at 4 weeks, 8 weeks, 12 weeks.

FSARA G AR G R 8 JA 12 AR ET & &, SRk
M T XA, H2E R HA G5 L (P<0.05) . A% I

1

% 1 ALT, AST.CHOL,TG.ET BJ7Kk EZZ (vs)
Table 1 Changes of ALT, AST, CHOL, TG, ET levels

AST(U/L) ALT (U/L) CHOL(mmol/L) TG (mmol/L) ET(EU/mL)
4w NDG 127.35% 0.87 37.65+ 1.28 0.79% 0.11 0.36% 0.03 0.11% 0.01
FDG 128+ 1.02 3847+ 1.74 1.82+ 0.22 0.54% 0.03 0.11% 0.01
P 0.15 025 <0.01 <0.01 0.89
W NDG 127.58% 1.03 37.81% 1.07 0.84% 0.07 0.36% 0.02 0.11% 0.01
FDG 134.27+ 1.43 5447+ 3.54 1.81% 0.06 0.56x 0.04 036 0.01
P <0.01 <0.01 <0.01 <0.01 <0.01
12W NDG 127.88% 1.09 37.97+ 0.79 0.84% 0.07 0.38% 0.02 0.18% 0.03
FDG 188.67+ 10.74 58.97+ 1.06 2.09% 0.14 0.67+ 0.03 044+ 0.15
P <0.01 <0.01 <0.01 <0.01 <0.01
2.4 INEARRRR ZO-1 MLCK B AL R FeIk, M= N IR B 2 b 5 B ) Py 364 MILCK B 1 e £ 1

JSLJH B e 20 A T7 85 o S RS 2% 4 /N R i ZO-1 . MLCK
FIRTEBL . ZO-1 7/ b B AR S0 S A (A ORDIR , 76 1E 1R
FLZH T UL PR 2R AR, A N R R B 2, HLREAE T
LI E A ZO-1 FE/ N Fk AR (AR . T ek
BAHBER I E ARG ZO-1 FvEe @idi >, B ZO-1 ik
A, PR IRE IR 4 J /M b B 20 ZO-1 FRPEGL (R
HIEFW A A P, HEFARA G045 L (P>0.05);8
JEIFN 12 JEiE, o Le Rl Be M 4 R ik (. P<0.05,25 S HAT Ge T2
BX(E2,E3),

IEHRE AR BN KBS MLCK Kkl ali & A

U MLCK ki3 2 . MLCK J&— A4 I8 8 FURABUAR , 3 #
TEM RGN N ik, Tl S e A 5 12 ] A ) 3] 24 i
JiT N A R G 0L, 3% L IE R IR S e IR 4
4 J4 8 J& 12 A, 4 JE i MLCK B2k Bt 4 1e] JC WAtk 22 5
AHA G 5 S (P>0.05) 58 J& F1 12 JAlik MLCK #3354 B
LA 22 51, 28 BAGETT4 38 L (P<0.05) (WK 2 [ 4]
4, P 4 shIROHET Sk BT s ) Ok S 21 465 MLCK FH
PG Y IR) o

3 Wi
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*2 ERRAEASHRKQAKRB/NGHEIE Z0-1 MLCK FRIEX L (v+s)
Table 2 Compare the expression of ZO-1 and MLCK at small intestine of rats between normal diet group and high-fat diet group

Z0-1 MLCK
NDG FDG P NDG FDG P
4w 3.90+ 0.32 3.60+ 0.70 0.24 0.30+ 0.48 0.50+ 0.53 0.39
8w 3.80+ 0.42 2.80+ 0.63 <0.01 0.40+ 0.52 1.30+ 0.48 <0.01
12w 3.70+ 0.48 1.80%+ 0.79 <0.01 0.50+ 0.53 1.90+ 0.74 <0.01

3 KE/NBHEIE ZO-1 BB HIRIEER : B 3A AEFEHREA,3B.3C.3D 43514 4 [F.8 A,
12 BEEREH, B4 XREHEMLCK £RALER B 4A AEE KR, E 4B E 4C.E 4D R TEEREH 4 B8 A2,
10x 40
Fig.3 The immunohistocheminical expression of ZO-1 in small intestine mucosa of rats: Fig. 3A is normal diet group, Fig.3B, Fig.3C, Fig.3D are
respectively high fat diet rats at 4 weeks, 8 weeks and 12 weeks. Fig.4 The immunohistocheminical result of MLCK in small intestine mucosa of rats:

Fig.4A is normal diet group, Fig.4B, Fig. 4C, Fig.4D are respectively high fat diet rats at 4 weeks, 8 weeks and 12 weeks.

RtE ATAEAKCOF 9485, NAFLD ) &322 47 [T, 3k
RGP R 0P 90 Bk & WL 2 — 1349, 47 56 NAFLD [y
W2 BBk 2 %1 . BFFEIERT , NAFLD &4 % i SRR |
WIS e M AR RE B AT OG0, Y24 A1k, B ) & S pIL ] v A
G, R AN IESZ 0 " R T oh 2 " S
i 1 75 1 5 i 5 1 3 R T S g 7 A ok i 1) 9 S S AR = )
R T AN AR, FITIAA  HUARRT E BRI AR A T
PR AR = WA — 7 Y R SRR ) R B e, Y
XA R, BURPN SRR S A Z 81 sh A i
P, AR TORR T AU AR N |, Ak % J T Hh R S RE 40 A iR
b NG 1Y 7 T o 2 A P N 1 o N DR S P S e
YUBURCH T NAFLD ® 2 &R IR I 22— 5 3040 i g 5
MIRAGSISE SR o A NE ek 8 S T Py ) S NE S FNE I ES 7 AL
YIfekee

ARG 38 5 25T R B e R PR 1y v DAt g
SN 792 (0 AR RG R T A RS, BfF 9 K B, 4 st
KU A A5 T 4 PR 20 AR EEANA /0 a2 S i i b A i 19
AR RGN I35 P S IR E A H T = R A TR, A A
B NG w A B g i N R R TR W W L I PR
FEARTFDORT I i A T B2 i 7 BB B ), A T BE I A48
3, B R T 5 O IR A, IR T PR, Sl e sl A AT
WERTWRE 2 0EH . WA SR IR & i [ K, 2 AR BT I AL
2, P20 & A2 BRI AR | J5 1A 200 M A9 A8 DX 0T DL 2R A0 R

T, L B B L R 2 A A, [] s 2 A A R T H v = B
W E MR NG A R A MR R S R A AR
5 IZING SRR T C E A JETRS PRI I T 28 B B, 1B B
A I NET REAG75 , F TR RSB s T Rt 52 3091497 , 5 38
NEER AN 2, RG220 T2 — R K7
0, JFIDERS Ab Pt 2 (4 B 0T et AU s g 7 A AR A I 380 A T
A EER TSR A 22 B N FE R, 248 3 SR 200 A Y b 2
REJTBT, SR A0 MHs & 2 AP NS5 SN

okl R s i | Bz 41 i (intestinal epithelial cell, IEC) . 4
i [R] 14 15 485 5% 432 (tight junction, TT) . f8al 6 LA KR 8 22 I 9 R
TR SRR, B RIS 1 1 1 T2 1 1 R T LA R S
B YR AT, g E M , 20 R M N R RS
SEB KR HEAALASE M 25 28 1E 7 A1 Wi b 57 i B e 1)
B F T EETAR B R EENSMEA S TSI ED
BATEEATI N W8 L Rz 240 ] ) B8 %8 T 2 i 2 P 540 2 1
WK A5 AR A (1 (Claudin 5 [ \Occludin & [ A 43+ (unc-
tional adhesion molecule, JAM) ., 4} 525 (1 (ZO-1.Z20-2 . ZO-3
ML FELL L EAS TS S FHREEEMRT B 7 A5
TR B 1 5 DA s 1ol F R P LA B ML Y 32 o TRi b S 8 0
B ZO-1 2R B T RR IE 5 S Z A Ry, RS Fh
R T3 Z0-1 Rk FRRT, AR BRI Re sz 3L, a2k AR
RIFHAREE ZO-1 Fhie Xt BAI I B R, $n 2k AR R it
Ji R JBE o B A5 4 W s P9 7 3 S AR A I ZO-1 9 R R AH ¢
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MLCK Z#fiiti %, WHERAMP B L, HFETIEE (AST F1

ALT) KA I W ol 2s , W ZO-1 b s B e e Ja - 1 Pk

731, MLCK J& T AR50 Xuldrs , il #h5E ZO-1 73

TECE R Z0-1 431, LK 45T MLCK #i)57)#) ML-

CK YA DG TRt 5 5 B 24D 0, 2 0 A DA 47
25 BT FEAR RS PR 0 e T & e R v, TR A AR

J AR B T B a4 A S 17— T T e 200 M A A i 5 A2 1

B, 53— 5 THSUE T 3 R s a4, 5 R 1 kG e

W4 ZO-1 MLCK Fik & A MU . 38 i i TR 57 s D RE Y

KA M T E R, PN ER A LB AT 2R A A A i — 2

TN X U BB A 1 ZO-1 MLCK 7£ NAFLD #4444
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