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BE BY:AE K 808 dA skl 588 2 (cell-cycle checkpoint kinase 2, Chk2 )& B # &% Mo-MLV 4 A X 1(B cell-specific MLV
integration site-1,Bmil )£tk B 69 B Ik R Ao 47 4e4b P 09 VB A & T AR a9 pLh) . ik B S F]ff*‘ WT.Bmil”, Chk2* Bmil“Chk2"
DRCEAE, R HE £ EMRBAEL M T, KA KIL K KA Masson Fe &L B Ik 4 AL oL, KRB A 48X B F3UbE5 04
(Senescence-associated B-galactosidase, SA-B-gal ) ¢ & ILE Bk 5% % 5L, R fo 9% 2840 3 @%ﬂ western blot YLK B IEAR B ALk
At.B 1 (Superoxide Dismutase 1,SOD1), # A AL {LE 2 (Superoxide Dismutase 2,S0D2) & ik K-FFedfz, I 5 J# WT,
Bmil* Chk2" Bmil*Chk2* /] & F-BE & i F 32 B Ae 5 B R K B8 L anffy, SRR 598 3 e western blot #-]  SOD1,SOD2
FakARTF, R 5 WT PR a4k, Bmil” DR IEA LRI ARRT D VR R REER Y VR DRBEER Y, B-gal &
‘Tii‘”i]u SOD1 #= SOD2 K -F &4k ; 5 Bmil™ s R B Ak A8 6, Bmil“Chk2” /)~ R B BEAR ARG K B R 38 BN 3R & 38
% ,B-gal "M FIK,SODI Fo SOD2 AKF ¥ hm, 15 WT 5B M BURURA 4 2w AR MG, Bimi 1 /0~ SR B AR R AR
J:Kétﬂﬂu# SOD1 » SOD2 A ; 15 Bmil* /I~ 5 KR L RAX B 8 b A 2m ot He, Bmil“Chk2™ s S A RRAR /4 %
e P HAAL TG 4R SOD1 F» SOD2 ¥ 4m, £5if: Chk2 i@t 4p ) BN L sk 4w Ao e 42 BAL B8 A7 423 Bmil & K PF 5004 B IE-F- % Ao
#H4eqt,
K413 :Bmil ; Chk2 ; Bl F-3% ; B 4F 4 fb; S AL
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Effect of Chk2 on Bmil Deficiency-induced Premature Renal Failure and

Fibrosis™*
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ABSTRACT Objective: To investigate the effect and possible mechanism of cell-cycle checkpoint kinase 2 (Chk2) on premature re-
nal aging and fibrosis caused by B cell-specific MLV integration site-1 (Bmil) deletion. Methods: 5-week-old WT, Bmil™”, Chk2*,
Bmil”Chk2" mouse kidneys were taken, and the structural changes of the kidney were observed by HE staining, renal fibrosis was ob-
served by immunofluorescence and Masson staining, renal aging by Senescence-associated 3-galactosidase (SA-B-gal) staining, and the
expression level and localization of renal Superoxide Dismutase 1 (SOD1) and Superoxide Dismutase 2 (SOD2) were observed by im-
munohistochemical staining and western blot. Primary tubular epithelial cells were extracted and isolated from the renal cortex of
5-week-old WT, Bmil”, Chk2*, and Bmil*Chk2*, and the expression levels of SOD1 and SOD2 were tested by immunofluorescence
and western blot. Results: Compared with WT mouse kidney tissue, Bmil”- mouse kidney tissue showed smaller volume, decreased renal
cortex thickness, decreased glomerular number, increased B-gal activity, and decreased levels of SOD1 and SOD2. Compared with
Bmil“mouse kidneys, Bmil“Chk2* mice had an increase in kidney size, renal cortical thickness, glomerular number, decreased 3-gal
activity, and increased levels of SOD1 and SOD2. Compared with WT mouse renal cortical primary tubular epithelial cells, the levels of
SOD1 and SOD2 in Bmil*mouse renal cortical primary tubular epithelial cells were reduced. Compared with Bmil“mouse renal cortical
primary tubular epithelial cells, the levels of SOD1 and SOD2 were increased in Bmil*Chk2”mouse kidney cortical primary tubular
epithelial cells. Conclusions: Chk2 improves premature renal aging and fibrosis due to Bmil deficiency by inhibiting antioxidant capacity
of tubular epithelial cells.
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5% 5 IES5 ( Chronic Kidney Diseases , CKD ) FEHi Hi L 545
AAERRE A, GG R I SRR, WNAAE ST S i 402,
TEWG R SR G B L2 GFR IE % AR R B rh g3
B s IR 8 , $7R A J2 CKD iy R g Z2Fhk
IR CKD 2, /NS 1 Bz 240 MO RTRER 21 I ded ) el g 3 T

Bmil J2 4% 54 K+ Polycomb ZEHE M AL OL , 55 JAH5 40
JELFEL AN T 20 15 FRTE R 5 ¥, Bmil $04 p16/Rb Al p53/p21
T, VTR T BE AN LI P 5 S S R AR
Hp B 21 20 2% AT BEARFAF AH— B, Bmil S/ R B G
S (ROS) 52 B A 11 BUEUAL N DNA 45145 LI 3 4
M

Chk2 & DNA $i {5 [z i i SR A 4. 78 DNA $5145519
UL , Chk2 VE R 155 % 3 R o 005 T iR Tb 2 Fh T e it
B 5 AU BN, AN 200 SR A5 SRR A O A
& B (senesence associated secretory phenotype, SASP) | 2 fif
T-.DNA 8524 U, BEAERFST R Bmil Bk 25 5 508 i b
DNA 55384 /i . Chk2 iof BE 0T B IR AZF LS, PR,
T HI% Chk2 78 Bmil BRI/ B IR s ML Ak b i v 7
YER, 19 7% T WT . Bmil”- Chk2* Bmil“Chk2" /NS, DA HA
iy Chk2 7 Bmil e B8N B B IR R AT Ak Sl

I R 5% E

1.1 #4

1.1.1 X% DMEM/F12 }53: 3 (£ Gibco v H], 5.
11320033); i 4= 135 (£ E Gibeo 24 H], 52516140089 ) ; H 2
F M55 (3£ Gibeo A H], 575 :10378016 ) ; i £ 11 il (35
[H Gibco A, 575 :25200072 ) ; collagenase D (£ [F Roche 7y
], 475 : 11088858001 ) ; Masson % (1 105 & (B9 U A= 4) T
FEWFFE T, 525 : D026-1-3 ) ; 4 i 32 38 B- - FLIH il e €125
& EBR R RAEYHARARA T, 575 :C0602) ; % L Z 4
(i E 2GR LR A PR 7], 514511054026 ) 5 0-SMA 41t
PRI =AY AR BRA ], 1845 : 67735-1-1g) ; SOD1 44k
(22 Cell Signaling Technology /A7), %5 :65778);SOD2 #i
& (& [E Novus Biologicals 23 7], 525 : NB100-1992 ) ; B-actin T
f& (2% [F Sigma Aldrich 2 &), %5 :A2228);Alexa Fluor
488-conjugated secondary antibody( 3 [E Thermo Fisher 2\ @] , 7%
5:A11001 ) ; Alexa Fluor 594-conjugated secondary antibody( 3&
Bioworld 2\ #&] , 585 : BS10029) ; DAPI( 3£ [# Sigma Aldrich
AL B D9542),

1.1.2 {488  CO, gifuts5E4 (32[FE Thermo Fisher 23 7] ) ; 5
JEZEIR K R 5% ( B 4% SEISAKUSYO A H) ) ; 95 2% i il
(75 Leica 2AH] ) ; A WrAEAL(FEE Leica 24 H] ) ; A MY 7L
(7E[ Leica 2w )5 LHAVSIIAL (L HFGHE SOl & A BRA
A s A ROLRUE R 58 (35 [ Bio-Rad 2AH] ).

1.2 #i&

12,1 £z ARBFFE T Bmil ™ /)N LR far = e F 5%
Anton Berns ZL {4244k, Chk2* /NF U H A8 [ ST AR5 BT B 45 =
MY 7% Noboru Motoyama AR I 4 BE K B 4351 2% Chk2™

1 Bmil™ () 5 J&i/NRBCSE, 1553 F R Bmil “Chk2" fy
FAE/NEL B EE TR Bmil “Chk2™ B MEME /N BRUBC S , 1521 [F)
FFELPAL43 3% WT Bmil™ Chk2™ F1 Bmil*“Chk2* /N, 47
IR 5 JEIREO , MEMEAN R o A9 /SNBSS
Y7 ST R BE R 2R I S Y A RS I 2 R LR
LY I By & W % (VAT 45 . TACUC-1802007 ) .

122 #RAFRE % 5 JHE/ DR 3% E L2480 (40 mg/kg
AR MR SRR B MG EVRAE T - 80 °C, TR A
U 5 B A DU I 4 %022 5 B 181 58 )5 AT TBK A s L
T A A Y Ao

123 ERENE LREMSBFEST K5 AR/ 3%
L L2244 (40 mg/kg AR ) RRIF)S , I 75 %IRORG IR 10 min,
R B G b, R R A B T 5 T HE v B B, S 25
B, oY BB R BT AR 4y, A 3 mg/mL i G D, 59 #%
A 1 em®,37 CliHAk 20 min, 40 pm 2 57 B9 103 LA B
5 /hek , PBS W5k 3 vk, FI DMEM/F12 3532 5 (4 10 %54
ML 1 %8R MR )R E 48 h il , 155 2 Rk
1 K.

124 HE & KEIEAEY B KIbE, ABRARE
B 1 min, 1 %R ERIAEIR L 3 WK, WK ohvk, Herijef 10 s, i
AKEW  RIREEE S Ao

1.2.5 Masson e ifi i} Masson Y4 €005 &, 75 Bl 15 v 146
WIS (R A ) AR ST, i, R A TR

12.6 W KB NEA WD A E R KA AR
R E U E S 20 min (FHAEA 4 Y2 I EE = L E
20 min),0.3 % Triton % 15 min, 10 %FIMiE SRS 1 h,
0% B —$i a-SMA (1:800) .SOD1(1:500) ,SOD2(1:500),
4 CHEE IR, 5 RUEER R —P0, I YO 30, DAPI &
YL 10 min, 50 Y% HHE R, 20 WS T W KA.

12.7 gL HE A Y R E R KA AR
5 W A W PVE S 20 min, 3 % H,0, S E 20 min L BH KT Py
TEPERY L AL, 10 %-F I 2R T #1171 h, 0 & —ht
SOD1(1:500),SOD2(1:500),4 CHEH i, 45 — RIE kA
—Pit, # R R 10 I P (R R A A BRA =] v B AT
SR ZHUME S A, TRARFEE Y 1 min, 1 %Fh BRI K
$7 3 W, AR iAKGERR AR EERE Ao

1.2.8 Western blot K F 4 2145 18 1:20 5 / AL EL N
A RIPA, BYFRZH U BRI 2 RANER , 53K 60 sx 3 IR, 47 IR
FE R0 B Tk 1 24#% 30 min, 4 °C 13000 r/min Z.0> 15 min, %
W E W, I LA 5% loading buffer, 43 J& % 100 C 2
10 min ffiZE I BAEPE, I 10 % SDS-PAGE fig, AL BN
10 wL, 120 V {EJEHLIK 2 h,280 mA [HFHE 1.5 h, HE AR
RN AL RN L, 5 % BEYI# (PBST Vi ) == Tl 3 F4l
2 h, f#i { SOD1(1:500).SOD2 (1:500) . B-actin ( 1:16000) {1 —
Pi,4 CFE 1R, PBST Pz i —Pi, AL —ht, & T4
JRIFHE 1 h,PBST PhdizkAx —Hi, ¥AJHLR M ECL kot @
T, B SRR 345 W GO IR A

12.9 SA-B-gal £ KHEIMMALH 4 % RHEE=E
TREE 20 min, PBS ¥4, 485 IR LAE BT E L 09 B- 2L
FEg A N 37 CHURIFE 4 h, PBS W51, 4R EHE 4 %
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Z R PR E 2 24 h 35 T ORI TR RS K L
R AR )R, 37 CHLTIE R K Y A AT
BB K AL, 8 N 2T e A G 5 2 min, REENFEK ,
B, 50 Y% H i E .
1.3 GEitEarHn

FIF Graph Pad Prism 8.0 k#4788 /AT AEE . &4
TIAS A RER LA gk Arii2E3Rn i t K g sl e R R 5 2543
T T HOR L8R, P<<0.05 WESF B G i#E L,

A mEmwWT

12.5x

H&E

200x%

100

Thickness ratio (%)

Cortex/total

-Bmil'/'

2 R

2.1 EHEMRERLEHNTL

i) HE Yo s S 4/ NS ISR 281k, 25 BoR . 5
WT /NEUE EAR E, Bmi 1 /NEUE IEAARRAS /N | Rz S5 J5E B ik 2>
(P<0.001) . ¥ /NER B 20 (P<0.05) 5 5 Bmil™ /)y U AR
bt , Bmil“Chk2* /)N BUEF AR K | Rz JoiJ52 B 444 in ( P<0.001 )
B NERECE 3 I (P<0.01 ), DL 1, gl AR Chk2 FilkAE
fig el Bmil B TS B LS /A8 1k

mm Chk2 - B9 Bmil /- Chk2 -

>
1
¥

e
h
1

Glomerular number
relative to WT

0.0~

Medulla/total Cortex/Medulla

| BENREEERHEL

Fig.1 Changes in kidney structure in each group of mice

Note: Compared with WT group, *P<0.05, **P<0,01, ***P<0.001; compared with Bmil-/-group, #P<0,01, *P<0.001.

22 SERNRGRETELKENTL
il Masson e A FN G S B IELT 4EAL K-, 45

WoR: 5 WT/NEUE A LG, Bmil* /)N BB IE Bz JBR6 i b e
JREF 4 1 23 (P<0.001) | [v] T U 27 4k 4 M b 35 M) - SMA. FH
PR B 3 £ (P<0.001); 5 Bmil™ /) FUE IE A L,
Bmil*“Chk2* /]n 5B HIE 2 J55 S 5 =R A i 4 4 D) 4 =8 0 />
(P<0.001) ., [H] 55 B £F 24 40 B bR ) o-SMA. FH 4 o1 AR . g 2>
(P<0.001), WLI&] 2, ix 245 R Chk2 REFRAEAS A Bmil it

RPN B ELT 4EAL
2.3 BHER RFASE R RS EIEHR B-gal iEIE T

i SA-B-gal Y AL TN RO, 4R R : 5 WT
/N BB AR B, Bmil™ /N BB B 5T R B-gal 16 1 B3 T
(P<0.001), %o A4k 5 Bmil* /R HEAE 1L,
Bmil*“Chk2" /| U B J5 v B-gal 195 M4 5 25 15 (P<0.001),
R R R TCRA AR, WL 3. X bgh SR Chk2 RBRAEAS L
¥ Bmil SR TSN IR
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Fig.2 Changes in renal fibrosis levels in mice in each group

Note: Compared with WT group, **P<0,01, ***P<0.001; compared with Bmil*group, #P<0,01, *P<0.001.

2.4 ‘BRER R i AL EFIERR(SOD1,SOD2 )& EME

R T 25 SR B R b S RE ) AR Ak A g
1LY (2 F1 western blot 5256 K5 41 S AL A F5 47 SOD1.SOD2
7K, % ¥ SOD1 ,SOD2 =5 v T B i j JR B /N5 5
WT /NFUB EAH L, Bmil™ /N BUEIIE B2 5 b SOD1.,SOD2 (1 2R
B kKO B RS (P<0.001); 15 Bmil* /NEUEIEAM L,
Bmil*Chk2* /N LSz B SOD1 . SOD2 75 14 72 35 7K F i
EHEIN(P<0.001), WLIE 4, XS5 R Chk2 @ik ARSI
PEEPUEILARE Ik Bmil $k BT S0 B NE R A 4E1k .
25 BRERRERS/NE LR AMH SODL,SOD2 ki

T D WA BT R BBV T B Al T Ak R T 1Y
Ak, 38 I BRI A3 B/ N BV W B R/ NVE L R A, ki
Hab AT S e 4N B 5% 6 4L €6 F western blot 5256, & ¥R Bmil™ ¥
/N I Fz 21 g SODI1 ,SOD2 7K-F-# WT A L i 3 FE K (P<0.
001), T1ij Bmil*Chk2* ¥ /N |- FZ 21 il SOD1,SOD2 7K %5

Bmil™ #H LI i 140 (P<0.001 ), WLIE 5, X sbgk Rk—ib R
7 Chk2 il ] i ad 42 i B T B /NG L A P LAk
AEJ1 W03 Bmil SO IrEn B e R 2r Ak
3 3HE

B AR YiAb 2T CKD 1% TR EEAE, R HEILIUL
LR AEANM A AL SR A0 B A1 3 BT 00 3 B AR B/ INE L R AR R
W S A FR B AN TR PE 2 E R, H AT, CKD BN IEAT S,
TR 65 4 DL L B AF NAE R AE 26 B 451473 (acute kidney in-
jury, AKD)FBE 5 471 CKD (1) XU 3 T, CKD it JE A
(] A4 TR B F Ak Al K T BB AR 03K B N, i CKD 1Y
HERE ST BEHEA TS T /N [ T £ 4 Ak i) A R e
B A A 0 B A TS AR {H H AT CKD R S £F 4R AbA5 8%
A 44 HAT SR YT ks,
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Fig. 3 Changes in the activity of B-gal activity of markers of aging in the renal cortex and medulla

Note: Compared with WT group, ***P<0.001; compared with Bmil”group, #P<0.001.
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23 kDa

SOD2 MEEEE  ssses SR S s,

Pracin. S  :

4 BRER P ELEERS#R(SOD1 . SOD2 )& ENE
Fig.4 Determination of antioxidant enzyme indexes (SOD1, SOD2) in renal cortex
Note: Compared with WT group, *P<0,05, ***P<0.001; compared with Bmil”group, #P<0.001.
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Fig.5 Determination of SOD1, SOD2 expression in the primary tubular epithelial cells of the renal cortex
Note: Compared with WT group, *P<0,05, **P<0,01, ***P<0.001; compared with Bmil*group, *P<0.001.

U AT AR RN 25 I H RO D it K TR A1, B0 %
B T BT AL RE S — AL AR, PRI, ST BR TG MRS i
AT AL RE T R TR B LT 4R AL AN CKD (194 7 2211
SREmELO

Polycomb & H Z % it 51 Bmil 18 i3 2 Wit 1% AL %) 30 1
p16/Rb 1 p53/p21 {553l H , H-7E W5 LA (AT BE A AUk iA I
Sy HE L FRES, BEAERFSE 2B Bmil e/ R
RLERIR ) BERTRT \ROS /K- 2 #4 %2 \DNA #5145 B I 7
iR E: = g NN I E RS | X S = S A X N g o X A =
Wi AN 2 S P IR e R0 i Bmi 1 3 3 2 ) AT il 41k
BRI DNA 51453, /b 5 2 A1 SASPH, [Ht, A T4H5 Bmil ik
/NN R 3 3 B A B AR, AR SE Bmil 2K 5 R A9
JIEgE LT 4EAL L

7E Bmil S /NI, A A AR B N, DNA fit
5 0T 38T , Chik2 2 HLTG AR A5 A9 p-Chk2(Thr68) i 2548 i,
BRI A AL R A A0 A R A A L Chk2 2
25 DNA #40i  B[ g AR Y SRR A B, 7R IR 68 v 5Bk
ATM #fafl, FSI R L, A — 855 F s
1,25 DNA #i5 R)i , {35 DNA 185, 45 BA T, 40
JHT-HN pS3 5 Sm B, W g2 e gk, A1 % B Bmil
B 2 FECR MEABAS /N R A% v B/ N BRI U TR TG
JREF AR R 2 | a) ST LT AR A G 2 B AT S AR T
B, B TE/NE R B 2 FUMH S MRS, SOD1.,.SOD2 Z&
FIZRIRKOT A . 3225 BRI Bmil Sk 3805 /NVE 22/
PiAALRE U8, 1 Chk2 RERRAEASHE & Bmil Blese /N B o
B /NE B SOD1,SOD2 ik /K-, BB AE 3 FIF difb %
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B, BRI B R /INVE L AR, e S SO K

western blot %& ¥ Chk?2 iR HENE B 2E 4 1IF Bmil Sesk /N 7

b /INE L B A AT AR bR SODI1 ., SOD2 [k 7K -

XL RARW] Chk2 w3 o B/ NVE b R R T SR AL e

71,83 Bmil SRS R E IR MLl
B, ARG UESE S Chk2 BEE TR L RE

JInT VLR B e 2 ML 4Efl, i CKD FN'E S 4Efbr)iG )T i

PET RS AR . (EANISIN T Chk2 P40 TR

ARRE T LA TR i AR AR | J5 S FRAT P 3E 2o )

JUE B I I AR /INAEE e g R A T P 3 L0 LA B AR 3 4
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