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[(HZE] BH KEZMSSU £ bFEEIRGARDARKEMBFHRIEL AR ERE/LEKRE D
FEgkmpp b tER, FiE BEHERF SD KA S ABF Kufe IRI A, 5 3 T 2B F Ko B0k 5 o B 38 02 4
(A B kA 45 min B HHEIE) AN TARE 0,12.24.48.72 h K E iz R B BARA, B35 EHN
A0 K R o k&R ALEFKF, B 2847 PAS $ & 4% 46 5% 345 5L, Western blot # M) B JE 28 22 + MSS4
0 R GA KT, B % R F &M MSSA, Vimentin £ B BB P22 RREH L, KA K D% LK i (NKR-
S2E) A At B A A R EF AL AMEA 6 h S0 ER 0.12.24.48.72 h, % & & K& &
Eﬂ’ ] & MSS4 F= o-SMA #) %k . K B E LR o4 4 siRNA MSS4 5 el 8k 8./ F 85 o-SMA 8 &L &

c BR OSBFARAREK,IRIALRZ R UEFEE NEHGF5 KRG 12h 029 %H(P<0.05,72 h B3
D\E\ﬂi”'“ BFhERGATARE., MSS4 #9 £ KT £ IRIJE 48 h F4 A% .72 h 28 B (P<<0.05), B4
BREXXALERT T MSSE 5 Vimentin 22 FHEIF L@, 72 h A2 K FRHEHTFRFRAP<
0.01), Wi B RALER T, S RAILE, E A ME A 72 h s MSS4 & o-SMA # & & K F 9 2 38 Je
(P<C0.05),% % siRNA MSS4 & o-SMA 85 & ik ¥ Z B4 (P<0.01)., £ MSS4 £ IRI X S B M f &k
¥, 2l AKL G B0 % £k g0 e bR I R s eg B4R,
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Expression and effect of MSS4 in rat kidney after ischemia-reperfusion injury"
TAN Wei ,DENG Junhui WU Zhifen ,ZHENG Luquan .FU Bigiong .YANG Jurong”
(Department of Nephrology sthe Third Affiliated Hospital of Chongqing
Medical University ,Chongqing 401120,China)

[Abstract] Objective To investigate the expression of MSS4 in rat kidneys after ischemia-reperfusion
injury (IRD) ,and to explore its role in rat renal tubular epithelial cells after hypoxia/reoxygenation (H/R).
Methods Sprague dawley (SD) male adult rats were divided into the sham operation group and the IRI
group,which were treated with the sham operation and renal ischemia reperfusion respectively (bilateral renal
pedicles were clamped for 45 minutes and then reperfused). Blood and kidney tissue samples were collected at
0,12,24,48,and 72 hours after the surgery. Then, the levels of serum urea nitrogen and serum creatinine in
rats were measured by an automatic analyzer,and the renal injury was evaluated by PAS staining. Western
blot was used to detect the expression of MSS4 in kidney tissues,and immunofluorescence staining was used
to detect the localization and expression of MSS4 and Vimentin in kidney tissues. Rat renal tubular epithelial
cells (NKR-52E) were divided into the control group and the reoxygenation group. The control group was cul-
tured normally. The reoxygenation group was hypoxic for 6 hours and reoxygenated for 0,12,24,48,72 hours.
The expression of MSS4 and a-SMA at each time point was detected by immunofluorescence,and the changes
in the expression of a-SMA after H/R were detected after the NKR-52E cells were transfected with siRNA
MSS4. Results Compared with the sham operation group,the serum creatinine, serum urea nitrogen,and re-
nal tubular injury scores in the IRI group were significantly increased at 12 hours after the operation (P <C

0. 05) ,the renal function returned to normal at 72 hours,but the tubular injury was not fully recovered. The
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expression level of MSS4 began to increase at 48 hours after IRI, and was more obvious at 72 hours (P <<

0. 05). Immunofluorescence staining showed that both MSS4 and Vimentin were located in renal tubular epi-

thelial cells,and their expression was more significant 72 hours after IRI compared with the sham operation

group (P<C0.01). Compared with the control group,the expression of MSS4 and a-SMA in the reoxygenation

group increased after 6 hours of hypoxia and reoxygenation for 72 hours (P<C0. 05) ,and the expression of a-

SMA decreased significantly after transfection of siRNA MSS4 (P <C0. 01). Conclusion

The expression of

MSS4 has been increased in the kidney of IRI rats,and MSS4 regulates the epithelial-mesenchymal transition

(EMT) of renal tubular epithelial cells after AKI.

[Key words] MSS4;ischemia-reperfusion;hypoxia/reoxygenation;acute kidney injury;epithelial-mesen-

chymal transition

2 M i  Cacute kidney injury, AKD &4 B )
ON L BE IR R, A5 4E 29 1 300 7 AR AE AKITL 3 FH A
AKI R F 290 11. 6%, JLEE 20. 0%, ™ 5 AKI
BERICR R 50% . Bk E4E 2 200 7T AH AKI
FET-H L Anr ke 3 AKT TR 2 20 Fi 4 BRI Pk .

MSS4, X 45 PIPSKI1B, J& T % 5 Bt LB 4-#5 1R 5-
M B ( phosphatidylinositol-4-phosphate
PIPSK) G b1 )2 50 A T FLsh ik . il 5
ING E AL A EENARE T Rz E S AE
Y BEAE BRI R B MSS4 5 bz 8] T % Ak Cepi-
thelial- mesenchymal transition, EMT) %5 4] #H )¢,
EMT J& AKLJ5 B /N I 5 4048 2 F B 27 4 4b i
HEFE R, HRA AR EY A AKT J5 7 5
AT, H AT MSS4 fE AKIT JE 19 %k KA
ARAT. B A 5 H00 3 2 A BB it P 8 A5 Cis-
chemia/reperfusion injury, IRD #4 & AKI #5581, ¥ 0
MSS4 Je HoAHOCHE bR i R ik A8 4k, T MSS4 £ AKI
B v 2R R AR A B AR BRARGE IR
1 #R5FE
1.1 ##
1.1.1 %%z

30 HUEHR ik 5 B AR (SPF) 94 i SD KB 8 JH
W KT 220 g A4 W SR IFIR 3R T 5 IR R R K2R S0 56
S, REE IR E b (25 +2) CLBE N 50% ~
70%,12 h IR ARG 28 5
1.1.2 XA E5MNE

RIPA % f# i . PMSF | JIi g 05 %3 L Bo AR A6 B .+
e L TR - 2R TN 0 5 S L VK (SDS-PAGED) B i il
#1AH) & . SDS-PAGE # 1 F A 22 vl (5 X) . BCA
P EWNE R &l A E s REYHBRA A
Schiff e IR AR Z Y JDAPL I [ 1l & A
RN ] —$0: MSS4 (1 ¢ 200,SC-514169, % [# Santa
ANFED I E A (Vimentin, 1 ¢ 200, # 5741, 3 [
Cell Signaling Technology A &) ,a-SMA(1 : 500, #
19245, 32 Cell Signaling Technology 2% #]) , B-actin
(1:5 000, AC004, BRI Z 1 %8 od A= Wy BB A R A

5-kinase,

HD) s ZH0 B IgG(H+ L, Alexa Fluor® 594 Conju-
gate,1: 1 000, #8890, 3 [H Cell Signaling Technology
ANHED s B TgG (HA+ L, Alexa Fluor® 488 Conjugate.
1:1 000, #4412, 3¢ @ Cell Signaling Technology 7
F)) s lipofectamin 3000(3€ [E Thermo Fisher A H)) .
1.2 F&
1.2.1 XK IRI AR #d

30 HK R METFARL G H) M IRI4 (25 H),
KB T UANE B ES 3% 0 M He 244 (30 mg/kg) FREE,
TRT ZH iy 36 W 00170 0 9 2 SOUA000 5 5 {6l P i 4 e e
PR RSCAN 7, L8 O 2 €, 78 PR S 3 B 45 min, B &
[IN=E 3 N IRy SAWRs g (RN S
AR R A 0 ) T i s XU R S 4k A b
M, IRTAARE 0.12.24.,48.72 h Bk 8 i 7 55 )5 2
Fb 22 B R I, 22 K BUIR BEESR M 2 L, FE 4T IF M s 17 0
JUEE R I S U A SR A, 2 B A B S 4 O
FET 400 2 BB, T DR 2 4 20 Y (0 ok G g oE
oG o, AT R AE T — 80 CUkKAH . T Western
blot # il ,
1.2.2 @Re8/ I a8 ME

SRR BUE /NS R A0 NKR-52E 4 i #4) 2 ik
A/ ER L, NKR-52E 40 i A= K 2 80% . 43 i X IR
RN SR AL L %ok TR 2 A 2 TS SR 3R 0 9% AR AL
R MLE IR, F 1% 0,.94% N, 5% CO,
P 1 R 3% 7546 (Thermo SCIENTIFIC) H135 %% 6 h, #&
Je AR R OE R IR IR B IR H R A L o i 4k
85 9% 0.12.24,48.72 h,
1.2.3 Bziesen

SR I IV T B O LS L (3 000 r/min, 10 min)
Je B3 W, R A 3 48 AL (75 E Beckman 5800)
Ao R B i R 2R A il LT K-
1.2.4 W@t PAS 6

B ZUR 400 22 3R WY 11 5 2ok 0, vh vk LK L A
WAL IS Y0 R, AT PAS Y £ 0058 B 5 B0 A0 R
¥l A B S R A AL B P 10~20 min, 2548 K 2
WK 5 Schiff WYL 8 10~ 30 min, Fi/K # ¥ 5 min; 76 A
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KPR MM 3~5 min, FEER R L BEP oAb, [ RK R
B AR SRIG BK BB B . XCH ST
2 44 B RS HL S R AE 200 £ 0% 2% W BB T W5 T IF
G BARA R UL 10 MAEE MEF., BN EMR
i EREE R AL I R mie. 0 REA
B 1 0% ~<<11Y%) 1 2 (11 % ~<<21%) i
FEBAG 23 40 (2196 ~<<41%) Fl 4 43 (41 % ~<<61%)
Sy BEA .5 43 (61 % ~T75%) Fl 6 43 (>75%) N
FE
1.2.5 ZBEEHRESE

KEENEH L2 E 4 OCT 8, vk& W A WLy A
6 pm, s T 2 min J5,—20 CHEH. JeaniH —
20 CHCHY , = s M T8 HR IR T 4 °C [
ZE 10 min,0. 01 mol/L B R £k 22 il (PBS) ¥ Pk J5 I
A 1. 2% st E Ak & fE F 30 min, PBS 3% % 5 A
0.3% Triton X-100 fEH 30 min, N AHS B2 T/EH
FER —Pi .4 Cb i, I H G BEE I A% 40, E il
WEOEWER 1 h. W BE/S DAPI 44 4% 5 min, 0 % K 5 &
F 9 W U T OULER .

KEE /NE LAl e B s 47 g 2ot e o,
4% Z B W (PBS B D [ 20 min, B2 2 R P EE
WHUEE A 0.5% Triton X-100 2 &% 20 min, 5
VeSS 3% H,0, M E 15 min, B ¥EE 3% H,O, IHFE
15 min, E PG 10 %05 U R A ML B 0.5 h. i
T s B S T B — P .4 CIEE R IR TR
IMAZEN ZH0, ERMEIEE 1 h, WP DAPT Y%
5 min, BUBTE B W+ H BB, L KR 3 R, 2988
WA T LSS, (] Tmage] BRPF X 4t 2 98O 5 B E
rER., FHALKEL 3K,
1.2.6 Western blot #% |

FHKBREALN 2R TMRER. MAE 1%
PMSF (% RIPACGH = K) vk I 2 f# 40~60 min,4 C
13 400 r/min B> 15 min, B _F I B K BCA 3
ERAWEE K LSS SDS & wh iR >), 100 C
6 min BHE A M., RH SDS-PAGE HL kL M
BEAFER P B 80 pg HH BB EAKE R
R i, L0 B L A8 5 Y0 B BR AR Wh H B 1.5 h,
4 CEE —Piad . I H BEIE 5 i ACHE B B — 90, &
TR E 2 h, PR G VRS L SR R OB 2T A1 %
8 R 4 (Odyssey CLX, Gene Company Limited)
W5, i Image] #UE X8 1400 10 98 AT E
o, FHTLRER 3K,
1.2.7 3% siRNA

NKR-52E #4444 /N T3 RNA (small interfer-
ing RNA, siRNA) MSS4 T %t MSS4, siRNA MSS4
iE 1 FF 5] 5-GCU UUA CUC AAA CAG CAA
ATT-3" . 4F k% BB i NKR-52E 4 il %% 44 siRNA

743

negative control(NC),siRNA NC iF [# J¥% 5'-UUU
GCU GUU UGA GUA AAG CTT-3'. K5 .5 5%
NKR-52E 4 it 2 Fh 5 BE , 2% 5 35 21 70 Y6 JC il ¥ WL ik
12 h B # Be 1 siRNA il Lipo 3000 i FIE & 5 % I
JiE B sIRNA/lipo 3000 1R-A 4, 44> 6 LA
A 1.9 mL JC il ¥ 85 38 B K 100 pL siRNA/lipo-
fectamin 3000 IR ,37 CIH 24 h 5% 6 h
AR 48,72 h TR A L) o SMA KKK 25 4k
KFIR

1.3 %itzam

K H SPSS 20. 0 #4447 %04 3 B, 11 & 558
xEs Fon, WWECRH ¢ K50, DL P<<0.05 hEFAS
E-9'8
2 % L)

2.1 IRI BB 4% PAS & B35 H L

ERFARA i IRT 4L JR R & . i JULEF 7K S B
WHE.EZRHELE I E X (P<0.05).12 h &,
72 hIREIEHR ., BHS PAS Rt 45 R BR. BT A
21 /N L B A M HE B S R S5 A R 2SR el
ARG SEHE L I IRT 4 12 h J5 ol W /N
YA R IR BT VR L BRI AR R . 2 72 h ATh ] L AR
Sy /INE TR A M HES AL R B e . BN B GO
g 12 hifews .72 h A TR T AR4, WK 1,

2.2 IRIJE B M+ MSS4 4 & ik T4

H5FARHALEIRT 4 48,72 h ) MSS4 £ ik
AKOEIH 3 N, 2 5 A K E R L (P <<0.05), L
K2,

2.3 IRI G| MSS4 8§ A% B F ik oL

BH DA PE S B R, 5 Vimentin vV — 3,
MSS4 FZRIKXFE/NE LA, B IRT4 48,72 h
B9 MSS4 K Vimentin RiEKFEFH FHRFARHA. 2R
Gt L (P<<0.05), WA 3,

2.4 NKR-52E @ ek 8./ 8 )& MSS4,a-SMA #9
FEY il

B S 2 5 Ot R, Bl R R IE K, B R4
MSS4 ,o-SMA F LK. & H8 4 72 h W& T
0 h(P<C0.05), XF R4l % MK I, 83 nt a5 5 A4l
72 h —3 . A4 72 h MSS4 ., o SMA ik 5 T
WZH (P<<0.05) , W&l 4,

2.5 L% MSS4 2+ NKR-52E #m e sk 8./ 8 8. )5 o
SMA %k 89 %

Yt siIRNA MSS4 i) NKR-52E 4 Jifi MSS4 & [
FIk KO I B REAK (P <<0. 05) . 4 Bl S s 9 e e 6
/R NKR-52E 40 i Bt %8 6 h &2 %A 48.72 h Ji. 56 ¢
siRNA MSS4 i NKR-52E 4 il - SMA 335 7K F %
K (P<<0.05), LI 5,
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IRIZA IRIZA 0 *
2 ERY

A B c BFERE 0h 12 h 24 h 48 h 72 h

IRIZH 12 h

IRIZE

A

A Uit PR F A B I JILEE 5 C B /N B PR 4 D B PAS (5, (X200) 3 : P<<0. 05, 5 FRA L,
A1 MASEE . SAHER PASLEEEFR

1.2r R

1.0

IRIZH

BFARE 12h 2 h 48 h 72 h

a
0.8f
0.6
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0.0
24 h 48 h 72 h

ACtin M e NN SN G A A - BEARE 12h
A B IRIZH
A:Western blot & [ 4545 ; B: MSS4 JKJE 55 B-actin JK B M LKL 1B ;. P<<0. 05, 5 P RAHLE,
B 2 KR IRIFEARE R E S KRS MSS4 I RETHER

MSS41E X F ik 7k F

Vimentin MSS4 Merge

" BRFARE
wRIZH 48 h
1.00r mIRIZ4H 72 h

1
nH
R
S

B Vimentin MSS4

A BPEFCY B (X 400) ;B RPEFR OGR4 P<<0. 05, 5F R K.
B 3 IRI 55 i MSS4 M E L R RiL1ER



FAEF 202253 ARSI AEHESM 745

okt
24 h o EBLH
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I PR F AKT 9 f s DL B2 IRT, DLOSUIN 52 8258
F . BRI bR SR HRCER A S XA ' Bl ik e A A A
AKT BRI AR 58 v R F e AU 3l Bk 45 min
IR T IRD 5 S 09 K Bl AKT B8, TRT 41 K B
PRZE A M ALEF K FEARIG 12 h B8 &, 72 h
W

BN bR A0 R AKT I G B 0 B 20 i, R
BEMEES 5%, AKIEE/NE R s
GRSt E RN 2GS T BT g L 454 52
WA G H B NE LA REE R, 5 sh & 4
BN, EMT 2485 /NE bR an 2k 25 F i A iy 2
TRURURRME B T) 78 J0T 240 M DA T LA 58 K 1 34 4 A
Z s ae . e e g T, AKTLEH /NS F A
JL BT Se Az B A 2 Ak AN R Y 58 A v RN A P
W b Bz 20 i A A CE-45 266 28 1, 201k B 0 40 55O T
&, B Vimentin S At 1] 78 50 4H A (4 26 54, Bl 5 76
2B AL G T & A o Ak B /N T R A
HeL 3 58 B AT, IF HEAT FE 434k, AT AR B &, Vimen-
tin 25 BE RIS 26 T E-55 R 1 EOR R A . BN S5
HAEVEDIRRWKE . MEATE2BE T, B/NE -
FAL A EMT J5 AN ReIR 52 F Bz 240 B 3R 780, DA iy
G3A R LR T 4 40 i, 43 s R e S R AR L )2 RN i R
AR AN, 2 5 B [ R4 44k BEFE R 5T
L AKI 5 R AT 22 B EMT 2 8 )2 40 i % &5
AR . FE /N BRI I P8 3 AKT RS o, v 72
h bR A B85 2 8 11 R K BEAR, W] 5T 40 Ml 3R A o
SMA 23k 0] W Th 5 . 78 HK-2 i p B8/ 4 24 h
JE g F] o SMA B35 FIHY 5 H I 45 L 5 il 48
h KR Z BiAb 3 HK-2 20 0 48 h B804 Py 4 ik B2 1l
SiE AKI A, IR WLEZ 3] o SMA | Vimentin T}, E-45
B R IRRRAR, B /NG L Rz 40 B S T R 4
TN 95 B A A6 [ R A A 25 . AR 5 A e, P
AR P AL AR/ R R AN R S B AKT S 72 h
o-SMA | Vimentin AR B B A& IEL T ¥ /NS L
AR EMT i % &

HE— BB MSSE Rk K H 5 EMT X R,
B E TG YL (5, MSS4 Fl Vimentin, & B & 15 5 fir
T /INVE IR M, Rk K B — 30t 7 AKI
J5 72 h BRI, AN SIS b SR/ B AR MSSA
5 o SMA [ F e — 20 A siRNA JLEk MSS4,
AL R BB N B A R R o« SMA, IE 52
MSS4 2 5 ¥ AKI 5 '8 /NS B 408 EMT., (0 H
B 1 AS T 2

MSS4 & 1988 4R FEEE & BL Y, H 5 i 2L 3 W)
RN PIPSK [R] U , 2 B A SR IS 4 S 0 1) — IR
JT G B T AT PICO P %40k PI(4,5) P2 . PI(DH P
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el PIC3,4)P2 LhAN, 38 O g 2 WUEE AR 1 5 WL 8h 2
FI 40 20 2 T 4 I T R L A MISSA Bl =, 41 i FE
e A 40 A A K e i G VR T R L h 3R, LI IE
FEN AN M B 28, EMT L4 A 1 42 Y o 98 o JE Al
FE LI R, MISSA 8 2 WL Bl 2 1 22 25 TC 7 4k 45 40
g MIEsh Pl F EEAEM. EMT kAR, —H
0 i 27 3] bz 1) 8] Y S AR B B L)
HTE 2R A A% 3 40 L D9 B 8 F 0 73 HE 51 L 40
BT AZ T I AR T o 20 R AR 1 el AR T 3500 R R
EHHES . b A Y A B B> R
MEA R EANRE. EXTHEMmYE e
ik iR I R S N R = g s i 2 B IR )
EMTY®, MSS4 it 2 5 - iy i =, B3 0 8 1
PR T-VER . Z AN SRS 4 P MSS4 1) # ik 7k
SR AR L R B MSS4 il i R 40 i B PR R A
LAY R K B A B AR TR R A
PEFT K B 1k 40 M A e MEFE T, i R T A KPS
EMT Y % = % 91 M 50 530 i BF 9% 38 % B,
MSS4 BT DLl it 38 8 MT1I-MMP/#& & EHR1E 4
Yy (v U3 18] VE 1 9855 MT1-MMP 78 #7 JE 189 22 4R th
JEFN R R B AR R Gk R TS . X R E TR
MMPs [n1] MMPs %4k, 53 ECM & 1 i 24 i i &
U MI-MMP B 3005 i — 2 5 S EMT M &
AT (B B R MSS4 5 EMT BYAH 56 L% 14 2 78 i
Jed 20 Ji v B 5T ) A B E e MISSA X EMIT 11 1 422 Bl
il 38 5 i — 25 B IE

AHIE W A7 AE — 5 ey R IESE T MSS4 5
EMT #9425 i W 8 L 22 0 F o 2 18 2 3 2
YAk, AT RS b, T A A [R5 R R Y B
PIRE Y, I 4E K AKT J5 W g€ i Al DLk — 4 B
MSS4 7 AKI J& BVEH .

25 BRI, 7E IRT BT BOR B AKT B JJE b, MSS4
FIRTH/NG P, AKL G 72 h Bl Biin,. 25
P B /NG B 4 EMT E H 8 35 ML S 78 AKT
7 TR R P A 1 R — P Y

S % 3k
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