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[ Abstract] Background and purpose: Chemotherapy is the important way of breast cancer treatment, but
the drug-resistance has attracted special attention. The emergence of drug resistance is closely related to the abnormal
enhancement of DNA-damage repair. Both Kif4A and PARP-1 are important molecules of DNA repair. The research
investigated the function of Kif4A in epirubicin up-regulating the activity of PARP-1 in breast cancer cells and
possible significance. Methods: Western blot was used to detect the expression of Kif4A and PARP-1 after treatment
with epirubicin in MDA-MB-231 and MCF-7 cells; the expression of PARP-1 and its activity were detected after
high expression of Kif4A and treatment with epirubicin; FCM was used to detect cell apoptosis after treatment with
epirubicin combined with PARP-1 inhibitor 3-ABA. Results: Epirubicin up-regulated PARP-1 activity and induced
low expression of Kif4A in breast cancer cells, both of them showed dose-dependent and time-dependent. After high
expression of Kif4A, the activity of PARP-1 was inhibited and the apoptosis of cells increased, epirubicin partially
reversed the activity of PARP-1 inhibited by high Kif4A expression. Both of epirubicin and 3-ABA induced cell
apoptosis, combination of them further increased cell apoptosis compared with alone used (P<0.05). The results also
showed the apoptosis rate of MDA-MB-231 cells induced by epirubicin, PARP-1 inhibitor 3-ABA and high expression
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Kif4A was higher than that of MCF-7 cells (P<0.05). Conclusion: Epirubicin increases the activity of PARP-1

dependent on the low expression of Kif4A in breast cancer cells. Kif4A might become a novel target for overcoming

resistance of epirubicin.

[Key words] Kif4A; PARP-1; Epirubicin; MCF-7 cell; MDA-MB-231 cell

ZFRWERIEK LE 72459, ks
DNAK A 328K, MHIDNAK &I, FH 4055
24, IRFZRA IR AR H B o SR T R I PR
2 R, 23 B R ATT R % LR 7Y
FIT i 25 R G2 UL, ALY T 24 Ji PR AT BB 5 i
A MUDNASIUG B R B ) = i I 6, &R
WR IR BRI R 5 -1 [ poly(ADP-ribose)
polymerase, PARP-1 ] fEDNA#ififs = il &
HEAEN . R L2 AR LN Z R ZLIR
FAAIMIPARP-11935 M 12 L ARBFSY i i S2 e
IO s 4 A % B 5t 4 A (kinesin family member
4A, Kif4A)TEZ 215 T U 41 e PARP-1
TR s AR, S LR 2 5T
PR R

1 AR

1.1 R RARF
111 @ik

LRI AN R MCF -7 T v [ ) 2 g i 7Y
WY R 2 R, FLE 4 fEMDA -
MB-23 11l T~ pg Sl AE R ARG TR A H]
1.1.2 KA

DMEMZH {fd 1% 3% W& W FInvitrogen /s 7] ;
G4 M YE W T 3¢ Hyclone A W) ;. —HLKif4A
Z i EHURFIPAR Z S E DRI TSABAF] ,
PARPZ v [ 470 A& Fll o-tubulin 22 5 R Hi AR T
Cell Signaling/A ] ; —HiHRPHRICHIFEPLR =
Yo X AP — Pl T Amersham/A ) ; 23 HE
W3 [ESigmaZy ) 5 PARP- 14 57 3 -2 LA
Ji%#(3-Aminobenzamide, 3-ABA)IlJT Amresco/y
A]; Annexin V -FITCZH i i T4 il 5] 6500 T
IR BR A A
1.2 HpatEE

MCF-74 i FIMDA-MB-23 14 itg )

F10% KGR Mg . 100 UmLERHR .
100 U/mL45%5 2 12 mmol/L2 & Ik e 1) s A
DMEM%E 2R, T37 C. COMRBIETN
5%IEFEA T EFE, RR2 ~ 3R H0.25%J5 8
#10.5% EDTAIR & WAL1L,
1.3 X AR MR

BEFFMCF-7FIMDA-MB-23 1 i s (MCF-7 4
Mo fEFh s R 3x 1074 i /L, MDA-MB-231
AN FEFP T S 10 AN /L, R T S 56 20
Ju A B 5 AR R TefLAR Uk H o
1) & 10% G 28 L3 I DMEME; 323% 2 mL, 43
S0.05, 0.1, 0.5, 1, 2 umol/LAYZ LA
AEFMCF-740 0124 h, K12 h, ZLfEAH,
WEEE R, FHSEADEEN ., A
T LR AR R X BB ZH (0 umol/L), F4H %34
=R

1 pmol/Lif i 2 5% [t B A FEMCF-7/MDA -
MB-2314}124 h, 43F9AEKE 6. 12, 245148 h
i, HIPBSUEANMI2UK, Z4fani, WEEN,
IR TE A E R, A S E A ERSI . L
ANE TR ) (B AR A A % B2 . A3
=R

I 5 Ju HA-Kif4 A Jii b ZMCF-7 il
MDA-MB-23140f 1, 1 pmol/LkFLEH A
Qb324 h, RIZ12 h, REANNE, WEEA, JF
HATE P ES, SN SEDEEEGN ., DIFE
oS 2 TR FUR N 22 22 L B A0 i 2H A o HEZ
RAHR3INEE AL,

BRI MCF-7/MDA-MB-23 140 jif8, H
1 pmol/L¥k B 2 22 L ARG5S wmol/L¥k FE Y
3-ABA% AL HEMCF-7HIMDA-MB-23 1 4f }fd
24 h, P12 h, WCRC T W B 1% 35 LR &85
BEANNE, FHPBSYHEER2IK, FHFCME KN 4 it
T-o DAIARINZZE R f3-ABAMCF-7 4 il 41
RN, R B3R AL



806 THE, & ZRUEFSIIREBAAIRPARP-UEN EIKERTKi fAASSRFE

1.4 FEHRENTE(Western blot)

Western blotf M Kif4A . PARP-1[{31k I
PARP-1HY3E M, FH 20 e 2 firk o 4 4% 2 6 2R
H; ZOmii b akie Ee e, RS
HHIETT8%SDS-PAGESE I Hi ik , PVDF#%
R, AERRSFPEEA; INABIKIFAAZ e BTk |
PLPARP-1Z si PR . HTPARZ sifEHTIA K iTa
MAEE AL EEhR, 4 Cibik; InABRE A
FE I BEARIC AR A BTk T 4382 ho ECLA
FEFIEIES min, BOE. B, ¥, Hofl®
EAERNNS . B SR T R G X 2
HAT50#r, FllImage-Pro Plus 6.05¢ /4% H &4
HEATICEE BE A A, H B EE R AR X 3858 S =(FF
i A 12 B oA B DR R . K E R
3K
1.4 RT-PCR#:ill

FEHCHEK 293 (W T i [ Rl e S AU B 2 £
7S LS AN ) AT ERNA I DL HC AR,
PHIKIf4A; KifdaA5 9751 LiiF5 -TGAAGC
TTACATGAAGGAAGAGGTGAAG-3; Fif5’-
AGATGTCGACTCCAACTTCAGTGGG-3’, %
P Z&k94 “C 2 min; 98 °C 10's, 55 °C 10s, 72 °C
45min, 30EH; 72°C Smin
1.5 FCMiEHNZA AT

Fie S BE SR A FEMCF-7HIMDA-MB-23 14
i, AR EDTAREEG S L4, A I9F -
TR, HIPBSHPEA2IK, S8)5 H1500 mL
AP AN, IS mLfAnnevin 'V -
FITCiRZ), MAS mLEPHREA], = #HER
N 5~15min, A0SR (1 hpy 52 20 Af A
Mo THAEIIET- R, L EEK,

1.6 Zit=z4abiE

N FHSPSS 17.088 7 Br A A 7 52 30 45
PGB, TR DIk FoR, BRI 5y
FLAR A, 22 2S48 1) e R SR R R
Jr 225081, - Tukey post hociFf 7 HL3 .
P<0.05 02 A G L,

2 4 R

2.1 ZEREEXNIIFEHMMMCF-7FAIMDA-
MB-231%i%Kif4AFIPARP-1HI 511

A3 510.05, 0.1, 0.5, 1F12 pmol/L
LR T HMCF-7HIMDA-MB-23 1 4 ity
24 h, E12 h, UURNINZ TN
XFHRZH (0 pwmol/L), 4 1 J5 B kA6 ) 25
WoR, MMEZFZWREKREWI &, MCF-7
MIMDA-MB-23140fd PARP- 175 P B 2 5
WS4 E M [ poly(ADP-ribose), PAR ]
ERA SR DZEN®, 7£1 pmol/LE),
S PR BBZH (0 pmol/L)My245 L |, 2%
FA G L (P<0.05); HKif4AHEH
MEHHZHMELR, EZLLEREN
1 pmol/LE}, Kif4AARHHEANEIL, ZRASR
T2F 7 X (P<0.05); 14K PARP-1(113x10%)#
FFGATER A AR AR AN, HIT24(89%10°%)
WA I (K1)

1 umol/L¥k & £ ¢ th B Ab BEMCF -7 4l ifg
24 h, 4KEG6. 12, 24, 48 h, LIAkbH
FIUA TR S s (1A Ry X HEHL, 8 11 5 B adb v
MZE RN, 23 AN S Bl & VKA s R )
FEK:, PFP A PARP- 136 M PARER &2 81 H i
Wi R, fE 2 RS AR TR B
[B) 4 PARBE IS, SXTHRAIMILL, 2RA65
TH# R L (P<0.05); MHRKIfAAR A2 I Z
WERA, ZRAGIHE L(P<0.05); TMiak
PARP-14E R INTERA IR AR, A
PRI ISR IEC , TR PARP-1BEAG U8/, S5
ANZFHREAN T A g, 4T
ST E 41 PARP-1Br 240k /b, 2R 55 X
(P<0.05, [&2),
2.2 Kif4AERIEXIMCF-7FIMDA-MB-2314
fRIEPARP-1 R EiE RIS

FHEHA-Kif4A (S5 R R WoR), Y HA-
Kif4AAZMCF-7fIMDA-MB-23 141 il 1 ,



(PBZAESR L) 2013F523551047 807

MCF-7 MDA-MB-231
0 0050105 1 2 0 00501 051 2

Epirubicin/pmol-L!
Kif4A
a-tubulin

Z

113x10° PARP-1
89x10° PARP-1
a-tubulin

[ Kif4A

MCF-7 MDA-MB-231 [ 113x10°PARP-1
Il PAR

™)

=
=3
3

Relative expeession of protein

Relative expeession of protein

0 0.05 0.1 0.5 1 2 0 0.05 0.1 0.5 1 2
Epirubicin/pmol-L* Epirubicin/pmol L

B 1 ZARENEEENARRE S FILELSIEMCF-7F1MDA-MB-23148824 hB &£ 12 h[5Kif4AK PARP-1HIRIEF R
Fig. 1 The expressions of Kif4A and PARP-1 after treatment with epirubicin for 24 h, and recovery for 12 h were detected by Western
blot in MCF-7 and MDA-MB-231 cells.
A: The change of Kif4A and PARP-1 expression and PARP-1 activity after treatment with epirubicin; B: Image-Pro Plus 6.0 detected the relative

expression of Kif4A and PARP-1 and the activity of PARP-1; *: P<0.05, compared with control (0 pmol/L) (Kif4A); A: P<0.05, compared with
control (PAR); A: P>0.05, compared with control (113x10° PARP-1, n=3).
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Fig. 2 The expression of Kif4A and PARP-1 after treatment with 1 pmol/L epirubicin for 24 h and recovery for different time were
detected by Western blotting in MCF-7 and MDA-MB-231 cells

A: The change of Kif4A and PARP-1 expression and PARP-1 activity after treatment with epirubicin and recovery for different time; B: Image-
Pro Plus 6.0 detected the relative expression of Kif4A and PARP-1 and the activity of PARP-1; *: P<0.05, compared with 0 pmol/L epirubicin
group and 0 recovery time group (Kif4A); ¥ : P<0.05, compared with 0 pmol/L epirubicin group and 0 recovery time group (PAR); A: P<0'053
compared with 0 recovery time group (89x10° PARP-1); A: P>0.05, compared with 0 umol/L epirubicin group and 0 recovery time group (113x10
PARP-1); n=3.
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Fig. 3 The expression of PARP-1 after transfected HA-Kif4A plasmid and treated with 1 pmol/L epirubicin for 24 h and recovery for

12 h by Western blot in MCF-7 and MDA-MB-231 cells

A: The change of PARP-1 expression and PARP-1 activity after transfected HA-Kif4A plasmid and treated with 1 umol/L epirubicin 24 h; a,
d: Control group; b, e: HA-pcDNA3.0 group; c, f: HA-Kif4A group, -: no epirubicin; +: epirubicin. B: Image-Pro Plus 6.0 detected the relative
expression of PARP-1 and the activity of PARP-1; *: P<0.05, compared with control group and HA-pcDNA group (PAR); A: P<0.05, compared
with epirubicin group and HA-pcDNA + epirubicin group (PAR); m: P<0.05, compared with HA-Kif4A group (PAR); A: P>0.05, compared with
control group and HA-pcDNA group (113x10° PARP-1); ¥ : P>0.05, compared with epirubicin group and HA-pcDNA + epirubicin group (113x10°

PARP-1); n=3.
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Fig. 4 The apoptosis of MCF-7 and MDA-MB-231 cells after treated with PARP-1 inhibitor 3-ABA and epirubicin were detected by

FCM

A: Control group; B: Epirubicin group; C: 3-ABA group; D: epirubicin+3-ABA group; *: P<0.05, compared with control group (MCF-7); A:
P<0.05, compared with control group (MDA-MB-231); o: P<0.05, compared with 3-ABA group and epirubicin group (MCF-7); A: P<0.05, com-
pared with epirubicin group (MCF-7); ¥: P<0.05, compared with epirubicin group (MDA-MB-231); m: P<0.05, compared with 3-ABA group
and epirubicin group (MDA-MB-231); & P<0.05, compared with epirubicin group (MCF-7); 4: P<0.05, compared with 3-ABA group (MCF-7);

e: P<0.05, compared with epirubicin+3-ABA group (MCF-7, n=3).
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Fig.5 The apoptosis of MCF-7 and MDA-MB-231 cells after transfected with HA-Kif4A plasmid and treated with 1 pmol/L epirubicin
were detected by FCM
A: Control group; B: Epirubicin group; C: HA-pcDNA3.0 group; D: HA-pcDNA3.0+epirubicin group; E: HA-Kif4A group; F: HA-
Kif4A+epirubicin group; A: P<0.05, compared with control group (MCF-7); A: P<0.05, compared with control group (MDA-MB-231);V:
P<0.05, compared with control group and HA-pcDNA group (MCF-7); ¥ : P<0.05, compared with control group and HA-pcDNA group (MDA-
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B b HUE 1 (oeameabitity arvcony. T AMEGREEMIIEDNARILI RIS
otein. P-gp)'*! . FLI 252 F (breast L2 i) e SR S5 R B — R AR S WNT16BHY
cancerr’esistagnpce rot\ein BCUIJ{P)( 2540 25 &N, EMERNRREFIMAMMER . £
protem e BRI 48U W35 T AT 25 W 4E L1k 7 9 2
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MO EE PR, 2 2 b RE 20 M A S i g A i
L. DaemenZ: ) FilHillerZs V') pFgT 4t BB g
N, BRCATZES 3| Mg A1 (250 = 14 L e
XFPARP- LI FNGIT 8 2 R R UK, $Em
Z RS AT RE [ T PARP-1IG P, 14
st T HAR G162 . Munoz-gamezZ > 7EHF
FRHNIEMDA-MB-23 1 4t R B, £t
BAC 5 PARP- 1% P e bt b9, 15 9 24 e
PAEZ Tie i MDA-MB-23 LA il 1
Midorikawa®s "' ZEBF ST KM 200 K & R
UK £4 A RT3 3ok HOR BE AR o B 2 5 PARP-1AHZS
A, HIPAPR-1AYTEPE, Ao i
T2, H/RKIf4AATE AT PARP- 175 P rp i 35 2L
EH.

Kif4AJg F 9K 8 % (1 (kinesin) 8 9 K
e, LIS RELE 4 F Dk (molecular
motor) |'*', Kif4 AZE 118G N {5 5F 19 0 3k
X (motor domain) . H ] %45 [ 2 E M X (neck
region) FICHH ¥ B X (tail domain) '™, HIhikX
HAATPRG IS M, feidd K FATPIRISRERD, ™
AFAY, AFKIFAATE LGS B PE 1 i
175 MAEKIFAASIX , fA7ERE L5 5 (nuclear
localization signal, NLS), f#Kif4AfE/ i 72
MR FEA LG DNAMRE ST, X AKIfAAS: i
IDNAFME R Rt TR RE; MKIfAAR 2
XA —se A A o e aie . BEnT 45518
(cargo), HATAHMINI R isH, X AJ45GHHK
HEH, HIDNAMIGEE R, S 5HA%4
A su s R R N O N E N T R N DI AT W &
%—‘% [14-15] .

PARP- 1A 7E T ELAZ 40 il i fL 2R ADP
P 4 A%, 2 51 R ADPZ KL
EEZYNE P E A RS EEEN T
— 10 PARP-TMIA /3 F i A 113x10°,
EHHBONEMEA N : HrhZnl | Zn2Z5H 5§
A EAZ E Vi 5 5 (nuclear localization signal,
NLS)FIKRK-X(1 1)-KKKSKKJ?E7AIJ , [ EA
DNAZEGREST, #Znl | Zn2Z5F LR HDNA
2t & 25 M) (DNA-binding domain, DBD); Ifij
BRCTZ5 #9305 WGRES 14 8 Z (A1 — > & 55

AR AT 2 IR 1 5 BE A ST 1Y 2R ADPAZ B S5 4k
[ poly(ADP-ribose), PAR | 45505, XN
PARP- i fb 25 F I C AT/ S PARME M AL T 1]
AE; Zn3JEPARP-1HAIXT HLAE PR ST I 25 35
HEZIHE R 5 WGRE I — R 2 537 PAR
B4 7). PARP-1A{ENF-kB A 437 N T
(hypoxia inducible factor, HIF 1)1 Hpa] il K
TR EE S, I e S5 mIL IR E K1
(base excision repair, BER) FIXZ(E5E 38 X H 4}
FE[H (X-ray repair cross-complementing, XRCC)
54, PEEDNARIRES FPARP-1, XRCCH
F4E A 1 s, LIEPARBM, et
YiDNARYIBEE 1147,

SRR BN Z R EERE, FLRE
MCF-7fIMDA-MB-23 141 il (I Kif4 A& 1%
Fik, PARP-17GME L, &R iAKif4A)S,
MCF-7FHIMDA-MB-23 1 i il PARP- 175 P B & 4%
T, 22 LR BRI A i e MR PEK A
FIRG I PARP-LIE PRI o

23 e B SRl s AP LS S KA AR R
H TR ATE R, AR 52 50 45 S I 28 /A7 7 o
ATRETE L . D22 2SI FLARE A K fA A R
H#EE; @ZF R RFEFLME AN Kif4A 5
FORMAIM, EKIFAA S IR AR A . ot
AN B I A A MEPEKI A AR 1 2R3k,
LR Z L LR XTKIfA AR5 0 1T BE S 78 Bl PR K
(MT RERXT A B 152 )

ZXRWERETILRENRE M,
PARP- 1] 5 40 & PR J5 4R M 12—
A, AN, MDA-MB-23 141 fi X5} PARP-1
N7 3-ABAYE B MCF-74U8, J5 K AT fE
5MDA-MB-23 1 4 ffiff 7EBRCA 1 5825 (MCF-7
I BRCA1HEF A )4 & . BRCALYE N FLIRIE
MEZEN - MR BEE &N, EREREAE
BRERWEZEN ., A REUESEKiIf4A R @ i
BRCA1-BRCA2i& %% 5DNAMGEE 1,
BRCA1 A MiZiEAE:, DNABULTSAE
ARUESE, MHEFET . Kifd AR & RAH 6l
PARP-1f3&GYEfG , FLAREAIMEMT:, 5MCF-7
IREAH L, MDA-MB-231400 8- W1 5 ; w3
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THE, & ZRUEFSIIREBAAIRPARP-UEN EIKERTKi fAASSRFE

RKifAAJG, FHZ R RN, T
it —2E4n; JREA ] BRI KA = KRS,
PARP-1{EVER A6, A oyt
BIRARATE, IR T A, W2 R AL
&, WIEMEKIfAAR FRE, mEAN 05—
S5 E B L KIfAA-BRCA1-BRCA 1%, fii
L — LT SR PARP-1/ S 1116 5
AR FMIBRCA S B8 5 i 2 o) 3 e = %2
YEHA TRE— 25 015% .

[ %

[1]

[3]

[4]

[5]

(7]

% X k]
GANGADHARAN C, THOH M, MANNA S K. Inhibition of
constitutive activity of nuclear transcription factor kappaB
sensitizes doxorubicin-resistant cells to apoptosis [J].JcCell
Biochem, 2009, 107(2): 203-213.
MUNOZ-GAMEZ J A, MARTIN-OLIVA D, AGUILAR-
QUESADA R, et al. PARP inhibition sensitizes p53—deficient
breast cancer cells to doxorubicin—induced apoptosis [ J ] .
Biochem J, 2005, 386(Pt 1): 119-125.
FA, XL . IR R FTR T R A AR
B RLER [T ] . b ERREE 2R, 2000, 10(6): 574-574.
TSUJI K, WANG Y H, TAKANASHI M, et al. Overexpression
of lung resistance—related protein and P-glycoprotein and
response to induction chemotherapy in acute myelogenous
leukemia [ J ] . Hematol Rep, 2012, 4(3): el8.
LAINEY E, SEBERT M, THEPOT S, et al. Erlotinib
antagonizes ABC transporters in acute myeloid leukemia. Cell
Cycle, 2012, 11(21): 4079-4092.
LE CALVEZ-KELM F, OLIVER J, DAMIOLA F, et al.
RADS]1 and breast cancer susceptibility: no evidence for rare
variant association in the Breast Cancer Family Registry study
[J].PloS One, 2012, 7(12): 52374.
LEE KRAUS W, HOTTIGER M O. PARP-1 and gene
regulation: Progress and puzzles [J]. Mol Aspects Med,
2013, 34(6): 1109-1123.
SUN Y, CAMPISI J, HIGANO C, et al. Treatment—induced
damage to the tumor microenvironment promotes prostate
cancer therapy resistance through WNT16B [ J ] . Nat Med,
2012, 18(9): 1359-1368.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

DAEMEN A, WOLF D M, KORKOLA J E, et al. Cross—
platform pathway-based analysis identifies markers of
response to the PARP inhibitor olaparib [J] . Breast Cancer
Res Treat, 2012, 135(2): 505-517.
HILLER D J, CHU Q D. Current Status of Poly(ADP-ribose)
Polymerase Inhibitors as Novel Therapeutic Agents for Triple—
Negative Breast Cancer [J] . Int ] Breast Cancer, 2012,
2012: 829315.
MIDORIKAWA R, TAKEI Y, HIROKAWA N. KIF4 motor
regulates activity—dependent neuronal survival by suppressing
PARP-1 enzymatic activity [ J | . Cell, 2006, 125(2): 371-
383.
SAMEJIMA K, SAMEJIMA I, VAGNARELLI P, et al. Mitotic
chromosomes are compacted laterally by KIF4 and condensin
and axially by topoisomerase Ilaw [ J ] . J Cell Biol, 2012,
199(5): 755-770.
WU G, CHEN P L. Structural requirements of chromokinesin
Kif4A for its proper function in mitosis [T]. Biochem
Biophys Res Commun, 2008, 372(3): 454-458.
HU C K, COUGHLIN M, FIELD C M, et al. KIF4 regulates
midzone length during cytokinesis [J].CurrBiol: CB, 2011,
21(10): 815-824.
WU G, ZHOU L, KHIDR L, et al. A novel role of the
chromokinesin Kif4A in DNA damage response [J].cCell
Cycle, 2008, 7(13): 2013-2020.
HUAMBACHANO O, HERRERA F, RANCOURT A, et al.
Double—stranded DNA binding domain of poly(ADP-ribose)
polymerase—1 and molecular insight into the regulation of its
activity [ J | . J Biol Chem, 2011, 286(9): 7149-7160.
LANGELIER M F, PLANCK J L, ROY S, et al. Crystal
structures of poly(ADP-ribose) polymerase—1 (PARP-1) zinc
fingers bound to DNA: structural and functional insights into
DNA-dependent PARP-1 activity [J] .7 Biol Chem, 2011,
286(12): 10690-10701.
ELSER M, BORSIG L, HASSA P 0O, et al. Poly(ADP-ribose)
polymerase 1 promotes tumor cell survival by coactivating
hypoxia—inducible factor—1-dependent gene expression [J].
Mol Cancer Res, 2008, 6(2): 282-290.
KONG X, STEPHENS J, BALL A R Jr, et al. Condensin
I recruitment to base damage—enriched DNA lesions is
modulated by PARP1 [ J | . PloS One, 2011, 6(8): €23548.
CHACs H3B: 2013-08-05 &[T HIB: 2013-09-30)



	Split_00028
	Split_00029
	Split_00030
	Split_00031
	Split_00032
	Split_00033
	Split_00034
	Split_00035
	Split_00036

