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Wild-type p53-induced phosphatase 1 combined with Bmil in repairing ion radiation-induced DNA damage in

nucleus pulposus cells

YU Lei', HE Jiang-tu*, WANG Qin-wan®, YU Yong-chun?, PAN Qiu-hui’, LI Jing-hua®*
1. Department of Clinical Laboratory, The Tenth Peoples” Hospital of Shanghai, Tongji University, Shanghai 200072, China
2. Central Laboratory, The Tenth Peoples” Hospital of Shanghai, Tongji University, Shanghai 200072, China

[Abstract] Objective To investigate the possible role of wild-type p53-induced phosphatase 1 (Wipl) in repairing
radiation-induced DNA damage in nucleus pulposus (NP) cells, so as to provide reference for treatment of intervertebral disc
degeneration. Methods Human NP cells were cultured in vitro and the expression of Wip1l was knocked down by small
interfering (siRNA) technology; the NP cells were exposed to radiation (4,10,15 and 25 Gy). DNA damage and repair were
observed by comet assay, and the results were compared with NP cells not treated by siRNA. Co-immunoprecipitation (Co-IP)
was used to detect the potential binding protein of Wipl, and based on the screening results, qRT-PCR was used to examine
Wip1l expression and expression of potential binding protein. Results Comet assay showed that the repair of DNA damage in
Wip1l knockdown NP cells was not affected when exposed to 25 Gy radiation, but DNA damage repair was persistently
reactivated. The marker molecules of DNA damage repair were not detectable 24 h after radiation in the control group. but they
could be detected 48 h after radiation in Wip1 knockdown group. Co-IP results showed that the distribution of Wipl and Bmil
coincided in the nuclei of normal cells exposed to radiation, aggregating at the DNA damage site, and the coincidence
disappeared after knockdown of Wipl. qRT-PCR results showed that, compared with the normal intervertebral tissues,
degenerated intervertebral tissues had significantly decreased Wip1 and Bmil expression, and the expression of Wipl was
positively correlated with Bmil expression (P<C0.05). Conclusion Wipl plays an important role in the DNA damage repair of

NP cells by regulating DNA damage repair phase, and Bmil may also participate in this process.

[ BH] 2013-01-05 [(#EZHH] 2013-06-04

[E£TB] EFKHRP RS (81171778,31171086). Supported by National Natural Science Foundation of China (81171778, 31171086).
[EERN] a1 %, FEKEI. E-mail: healthwww@sina. com

* 8 {54 # (Corresponding author). Tel; 021-66313245, E-mail; jinghuali96@163. com



+ 910 -

B OFEEKRF¥M 2013458 AL 4 B

[Key words |

HE 18] 2538 A7 P 5 g 2 I AR N i 0 A ik 1) 2
JE L, S i SRR R A —
posus, NP4l il ) T & 2 Ak ] 538 17 P22 A AR I
AR TR B DNA 454 a] G876 H b k1% 5 24
JAT L BFAER ps3 I E B R 1 (wild-type
p53-induced phosphatase 1, Wip1) J& — Fft J5i Jis FE
W, Z 581 DNA B0 2, 15 i 20 0 i i 5t
HCPT B 5 2 B UIAR G FRATT Y w5 R B
Wipl 25 7 A NP 4l gt P44 DNA B8, 5
e o) 2 AR AT PR AR P REAT DG L (EL B AR BIL D A A
Rt AW 58 38— 26 AN NP4 7550 S P 9 495 A A5
B, W /N TR SIRNA) HR T4 Wipl 2k Xt
DNA #0548 52 #5248 35 T e A VE AL, 4 s
S 5T B E LA

8% (nucleus pul-

1 MBI E

1.1 EZMHEKMN LEIFHF TRIzol il 7.
DNA R [ Fige A R IENEARARAA, —
$i:BRG1,p53, HDACL,ATM,SNF2H, yH2AX iy
H Abcam Al ;p-p53.p21.p-Chk2(Thr68) . pATM
I Cell Signaling Technology %% #l; Bmil, P300,
B-actin,BAF155, Wipl M H Santa Cruz A #, —
P AL 26 B BT R TG | 1 1B 4% (2 96 6 i Bt B
IgG W B Cell Signaling Technology 2y &) ; 2 $1 %
IgG(IRDye 800CW) , 41 Fl IgG(IRDye 800CW) Il
H LI-COR A #l, BiFs{H real-time PCR {X (ABI
7500) I A Bio-Rad /23 #; CO, #% 7% £ (HERAcell
1500 A Heraeus 2y wl, Wipl siRNA g [ Sig-
ma-Aldrich 2R, NP 40l Sk J A 55 3% . 9 28 i 1]
FLAL LA 40 4R () £ R AT PR 3, S 3 k0
AEIE (35 2) &, 25 9 1E H M 18] 8 41 2L A S
HOPHEIR (333 % FRIM R A AR 2%
B 55 — B I B= B i R

1.2 AMEM & NP ooy RARZARLE I
BT R Ve NIE H HEE] 41 41, B A DMEM-F12 £
FEW T 37°C 5% CO.BFRMTHE., RFHE
0. 2 Yo 4 75 75 PR 0. 025 %0 B2 J5 i 9 15 5% 0tk A 30
fb. AR 300X g B0 5 min, SR 5 F 4% 95 W
AN, R A e A E R AU 100 mm® Y R

intervertebral disc degeneration; radiation injuries; DNA repair; Wipl; Bmil

[Acad J Sec Mil Med Univ,2013,34(8):909-913]

LA 37°C 5% CO M E . P3 NP 41 fiE
FH 4 FhAS [R] B B8 5 550 B (4,10,15.25 Gy) 4b#E 8 h,
DL A NP 4 i ) DNA #i4i. >k H Lipofectamine
2000 (Invitrogen 23 A) X} NP 44T Wipl siR-
NA (1 BB 55 e, ZEH BE R 50 nmol/ L., 5 Y 25 BRIl
P S IR & W B . R T4 Wipl NP
2 A X R

1.3 miaAcHn T JEE G n R
SR, UEAT T AN E TR, AR IR 2. 5 < 10"/
em’ [ % EHERN T 6 FLAR L. Ab 1S 0. 25 %0 1B i I
LA, PBS B E L E T 10 mL BB L,
300X g FIRE L 5 min, ¢ LW B L 50 pul 384
PBS. e OE A E R, MA 5 uL Annexin V
BREEREIRA), SR (25°C) ML E 20 min, I A
300 pL IXZ5E MR 10 pL PT YW, BALAI
1.4 HER%ER RHERILR T DNA #ifEBE
TH O, 20 AR G 4 47 A LS L A 4 B R L B 30
L 4B AE 200 L 0.6 % A IR K A5 B A B 05
TSR A] KR A R R I TR 12603 8 B
B 203 R I, 1 e B TS L 4°C ik e R B0 EE 20
min, A5 1 V/cm # HL 3% 58 B HL 3K 20 min, U@ 1Y
BT OKEVRERBE A 35 . B 70% & B
4°C [ 5 min, LT J5 . IMA SYBR Green [ J4¥}, =
TRACE 10 min, 5RJF . 258 F K 8030 7 8 e T
J& L TE S A NI,

1.5 @i & Am 4% 2 B H R e
A, PBS FLArEVEDE B, 0. 5% Triton-X % I 28 4T
FL 15 min. B 1% BSA S E A 1 h, —$H0 % BT
H 90 min,PBS AME WG, S ERBFEF 60 min,
PBS F4r E ¥E )5 .5 pe/mL DAPI % i 44 4 2 min
Je UG E K B R B L Ok R R AR,
1.6 Sy AR a e dEanl R G
UUYE (Co-TP) $ AR i 8 Wipl A& 1., A 1%
NP40[ 7 2 H 5L A 18k 960 (PMSTE) | 25 14 il 410 i 57 VR 75
Yy ol T Tt 0 74 790 525 W) oK b B4 40 min, H5 40 D
R EP BN ,4°C 300X g B0 5 min, B4
LA/ 20FER B BEA,FAEANMA 2 g
HABE B0 B A AR R B9 TG PR, 4°C 18 R 1 0% & Bt
k.25 2 K& EPEWINA 25 pL Protein G #i¥k . JF:



&8 AT .. Wipl BEA Bmil 245 A HE ) 556 4% 40 M 0 M0 DNA i8R e 911 -

TP TP X B ACHE RN T 4 h, & E A
IR 1% NP40 28 W 50 70 T Ve il Bk L Jc 5
15 L 2XSDS bR 2 il F 8 WG Bk, JF T b 7K B N
AP AE 5 min, U ST S 9 H B AR SL g,
R Chk2-p53-p21 {7 538 i 2 11 ik,

1.7 %8 & % RT-PCR #&a AW K& TRIzol
Yo B BOIE B B B 78 M 6] 4% 4H 20 RNA, Superscript Il
PEAT RCBE 5% ,42°C IR 30 min, JEE S5 412K ] Oli-
go (D) HBENL 6 BAESI W, Wipl 51975 . b
5-TAC CTG AAC CTG ACT GAC AG-3", Fii5'-
CCT TAG AAT TCA CCC TTG GC-3';Bmil 514
JFH. B 5-TGA TGT CAT GTA TGA GGA
GG-3', Fiif 5'-CAA TGG AAG TGG ACC ATT
CC-3", PCR KM f&F .2 X PCR WA W 10 L, 5l
0.8 ul.. cDNA 1 uL.H.O #MFRBLE 20 pls X
I3 451 :95°C 10 min, 95°C 15 s,60°C 60 s, i, 3t
40 A8 I 1 M R A3 BT B 55 ~95°C, BT
0.4CHEE 1R,

1.8 #itda®m R SPSS 20. 0 il kit 17
Gt B K- (o) R 0. 05,

2 #F R

2.1 FHRWipl h R AeB L RKBHGBS IR L
(DDR) B PR FEJAREE 57 P3 AR NP 4, >R
4.10.15.25 Gy 7 & BGF, % 303 A &8 43 40 il 7 A=
FAT TR 0k (11, 020, 9%, (14, 4 £
0.6)%.(15.940. 6) % F1(20. 5+0.8) %, A T ¥
58 DNA iR R, J5 2L 52 3R ] 25 Gy BB i
HEAT AL B, BT T AT A AT 70 %0 Y A i AT K A A
T B OAR 25 R as B A 40 M08 T 52 i DNA 458 495 18
HEAESE . siRNA T3 Wipl BFREKF, I+ H 25
Gy Kb B4, £ 2 52 50 3% B DNA $i 6 IR 2
S (B 1TA) . {3 DDR FF22 3006 (& 1B) , 4 R4 7F
24 h G B4R M AT yH2AX 5 pATM 7 DNA Wi
SR B siRNA T4 Wipl 3RIAJ5 48 h & 7]
DIAG I ] yH2AX 5 pATM 78 DNA Wi s 19 45 4,
g5 5 UL BB Wipl 1 E 3k & W DDR Y
ik,

2.2 Wipl 4 4 Bmil %49 £ 5 DNA # 4% 1%
B X8 g€ 5T A5 AL R 5 A O AR 1 EAT Co-1P K
ML S5 % . Wipl 454 Bmil & [ B M8 4

NP 40 i 5 9, Wipl 5 Bmil 76240 i & P i 4> i &
AL HOZR R AE DNA #4507 25, B Bmil 19 %¢
JEAR 5 T B UK T HL 5 05 07 a5 R TRAE S
YH2AX H A, W Bmil 25 DNA #fi& &, i
Ml Wipl g2k, XFhEE S REEH S, WE 2,
2.3 NP @2 siRNA T4 Wipl 5ok % & 4
# Chk2-p53-p21 #& 42 — A, DNA 45 vl LA
i EOE ATM $25 Chk2 BB RR 16 K S, 1M W B2 1k
B Chk2 AT DL H 4235 % po3 #F iRk, T3 p53 #iik
WL I —20 B p21 iyERik . S5 RWME 3 s, 25
Gy WS PER 5 4L BE P4 NP 400 J5 . Wip 1 T 4040 iy
FE 24 h F1 48 h B[] 5, pChk2 . p-p53 K& p21 Fik1}
AT KO X AL E & T L, R T NP 41
Wipl #ikJ5 . DNA 7 & & A fig S i 28 11 . Chk2-
p53-p21 FELLWTE L X P 82 5 30 NP 40 i w2 19 B
H R A

2.4 Wipl.Bmil 9% E AR &4 8P F %KL
i DLIE H HE E) 4 20 20 BR L 40 A ] 48 1R AE i
A HE TR S U 12 B Wipl RAKFETF
B .10 Bl Bmil 235K 08, LW %35 5 A
FK(P<<0.05), W1,

30 i

DNA i 13 & & it i J2 38 18 44 P9 41 200 it %2 % 1
FHEJEH, M5 RSB DNA XU B 2 (doub-
le-strand breaks, DSB)I, 251 % DNA #i /& 5 1%
SIS . DSB AT AR ST IS BB ATM, 3%
W ATM A] L8 R /b DSB 5 %8 41 8 1 H2AX,
YH2AX (B W2 1L JE ) 7l LA 32 3 £ 1) DDR & A .
I ATM,ATR.,Chkl,Chk2, 7 5 8 H B B2 1L , #4005
p53, FEA A K G BHH R A, Wipl 2B
ity , HLAE F2& % DNA i #7401k, — BEE
56, Wipl 2% 2 8 W2 AL #0 fil ATM, ATR, Chkl,
Chk2.p53 . yYH2AX WY P4 . B2 1 DDR™ ',

DNA B4 525, Bt | Wipl B9 f# % DDR J
I A A B R BEARIE DDR SN 52 A 7K R 23 8 7 5
8 TR AR AT il 5 B e 6 T 25 #1441 2R RO
fE AR AL Cln Y 3% Ak & 46 ) , LB 1 DDR 53 )5 3
B DNA it 05 iy “ LA 37, Z R K W (PeG) A
5T 4l i Ariz i P e X Y AR e T 40 i 4 1k Fn 4l
g AR B IAR D PeG M HE A R e (0 T 45 4



e 912 - B OFEEKF¥M 20134E 8 AL 4 B

RN R HE AR R AR SREFRNLS A, Bmil J& PG B HE KA
PEATRGR AR S E H > T (AR R R E) 2.

NC siRNA Wipl siRNA

! 1 T -1

NC siRNA Wipl siRNA pATM YH2AX DAPI pATM YH2AX DAPI

A

B 1 #§ Wipl RiLXT DNA £ E M2
A B RSIEAI DNA BB E B M (25 Gy) s B: 25 Gy AbH 5 AS [6] B 8] 55, , G 9 2 ol 30 3R A 38 ol B A6 DN 488495 48 & S I s 1L 43
F7E DNA XUEE W7 224 5 41 i 5 /9 43 4 . Original magnification: X 63 (i)

A SEE RN

2Ea Biflaghsds Wipl Bmil Merged NCSsiRNA  Wipl siRNA

BRG1
’ Oh Bmil

- C

pS3

ter
LR

HDACI1
2h

ATM

Bmil
4h

'

- . . o
Merged
B ’

B 2 Wipl &4} 182 Bmil EB E DNA BRG A
A 7F P4 R 20 S %38 Wipl-Flag, Co-IP # Il Wipl B AL G/ M B: P3 M AMIA 25 Gy kb3S AR B[] A5, S s
PNEIL R BT Bmil 5 Wipl MAZWN4 s C. P3 BEX AN siRNA Tt Wipl MFik.25 Gy A HF 4 h, Bz 9ok
LR A BB Bmil 5 yH2AX B8 P43, Original magnification: X 63 (M%)

SNF2H

. . . o .

BAF155 | S—
P300 | w— A

10h

ABEFEXS NP 4 i S M 5 AT o i, R DAY AR SR A R I A3 M 1] 45 AR AR 2 2 AF
Wipl @i 84 DDR IR 2 5 7 AHERI & NP 4t 78 Wipl, Bmil MR K 5, H W #F 5 EAMH L, 1
WU PERI G DNA 85, Wipl 454 -8 % Bmil £ Wipl Bmil R IA T RE S5 HE MR SR T EAE A 56 10
DNA #ififi i 25 DNA Hiie 8 X — L BT A FLRVE AR S AR FH AL A B i L 5 23— 25 1
5 p53 Ak WA Rk AR R AT WA,



%58 Wl A

i 4. Wipl B Bmil 255 AME[H] 23 B % 20 M2 E B 07 DNA B 5 .

913 -

rcniz s —
——

v v —
s 15— [ ——

Oh 4h 8h 24h 48h

- —

R
-actin — ————————————

e — -
w1 —
i —
3 siRNA FH Wipl RiZEH
Chk2-p53-p21 BRI FEHE
A: NC siRNA; B: Wipl siRNA

Rz 1 Wipl Bmil EHEERTHFHRIETN

. Bmil
Wirt T AT T
Pi=1 1 2 1
Ak 1 22 1
T 1 3 8

) 28 32
JIT A AR P AR SO 8 RAE AR 25 0 5%

(&

REI;FALEFRE —WEE K&

EHRHFAIENRARARBEAFOALSLARD
[Z % 3 #K]

[1]

(2]

(3]

(4]

[5]

Gopal D,Ho A L,Shah A,Chi J H. Molecular basis of
intervertebral disc degeneration[J]. Adv Exp Med Biol,
2012,760.:114-133.

Nasto . A, Wang D, Robinson A R, Clauson C L, Ngo
K,Dong Q,et al. Genotoxic stress accelerates age-asso-
ciated degenerative changes in intervertebral discs[]J].
Mech Ageing Dev.2013,134.:35-42.

Moon S H, Lin L, Zhang X, Nguyen T A, Darlington
Y, Waldman A S, et al. Wild-type p53-induced
phosphatase 1 dephosphorylates histone variant gam-
ma-H2AX and suppresses DNA double strand break
repair[J]. ] Biol Chem,2010,285:12935-12947.

fr o W5 a, B, TokE L BBOE, e R
Wipl ARFIE 5 M ) £B AT MR R R T T R3F K%
4R BEAE R, 2013,34:6-10.

Liang C,Guo E,Lu S,Wang S,Kang C,Chang L,et al. O-

ver-expression of wild-type P53-induced phosphatase 1

[6]

7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

confers poor prognosis of patients with gliomas[] ].
Brain Res,2012,1444.65-75.
Lewis G. Nucleus pulposus replacement and regenera-
tion/repair technologies: present status and future
prospects[ ] ]. ] Biomed Mater Res B Appl Biomater,
2012,100:1702-1720.
d” Adda di Fagagna F. Living on a break: cellular senes-
cence as a DNA-damage response[ J]. Nature Review
Cancer,2008,8:513.
Boboila C.Alt F W,Schwer B. Classical and alternative
end-joining pathways for repair of lymphocyte-specific
and general DNA double-strand breaks[ J]. Adv Immu-
nol,2012,116:1-49.
Vo N, Seo H Y, Robinson A, Sowa G, Bentley D, Taylor
L. et al. Accelerated aging of intervertebral discs in a mouse
model of progeria[ J]. J orthop Res,2010,28:1600-1607.
Thompson L. H. Recognition, signaling, and repair of
DNA double-strand breaks produced by ionizing radia-
tion in mammalian cells: the molecular choreography
[J]. Mutat Res,2012,751:158-246.
Lu X,Nguyen T A,Moon S H, Darlington Y, Sommer
M, Donehower L. A. The type 2C phosphatase Wipl: an
oncogenic regulator of tumor suppressor and DNA
damage response pathways[ J]. Cancer Metastasis Rev,
2008,27:123-135.
Le Guezennec X,Bulavin D V. WIP1 phosphatase at the
crossroads of cancer and aging[ J]. Trends Biochem Sci,
2010,35:109-114.
Salminen A, Kaarniranta K. Control of p53 and NF-«B sig-
naling by WIP1 and MIF: role in cellular senescence and
organismal aging[ J]. Cell Signal,2011,23:747-752.
Terranova R, Yokobayashi S, Stadler M B, Otte A P,
van Lohuizen M.Orkin S H,et al. Polycomb group pro-
teins Ezh2 and Rnf2 direct genomic contraction and im-
printed repression in early mouse embryos[J]. Dev
Cell,2008,15:668-679.
Macurek L, Benada J, Miillers E, Halim V A, Krejeikova
K,Burdova K, et al. Downregulation of Wipl phosphatase
modulates the cellular threshold of DNA damage signaling
in mitosis[ J . Cell Cycle,2013,12.:251-262.
Smith L J, Fazzalari N L. The elastic fibre network of
the human lumbar anulus fibrosus: architecture, me-
chanical function and potential role in the progression
of intervertebral disc degeneration[]J]. Eur Spine J,
2009,18:439-448.
Wang Y T,Wu X T, Wang F. Regeneration potential
and mechanism of bone marrow mesenchymal stem cell
transplantation for treating intervertebral disc degener-
ation[J]. J Orthop Sci,2010,15:707-719.
(AT 4HIE]

PP



