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Abstract

EZH2 Regulates ATM/P53 Pathway in Inducing DNA Damage

Repair of Hep3B Hepatoma Cells by lonizing Radiation

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors
in the world. About 38.3 million people die of liver cancer each year in China,
accounting for 51% of the world's liver cancer deaths. The World Health
Organization had expected that according to the current rate of increase in cases,
approximately 10 million people will die from cirrhosis and liver cancer from 2015
to 2030 in China. Actively seeking effective treatment of liver cancer and improving
the feasibility of treatment are the primary problems to reduce the mortality of liver
cancer at the current stage. Radiotherapy is a commonly used method for treatment
of cancer, especially for the treatment of nasopharyngeal and lymphoma. The
radiotherapy for skin cancer and esophageal cancer can basically achieve the
therapeutic effect. The United States National Comprehensive Cancer Network
(NCCN) gquideline for the diagnosis and treatment of liver cancer has been
recommended since 2013: Patients with primary liver cancer are suitable for external
exposure regardless of where the tumor is located. Liver cancer radiotherapy is also
recommended in the guidelines for the diagnosis and treatment of liver cancer in
China. The resistance of cells to ionizing radiation largely limits the therapeutic
effects of tumors. Although in recent years, many inhibitors or activators that target
radiation-related molecules have been developed as radiation sensitizers, the
radiation resistance of cells is a complex and sophisticated self-healing network
targeting a single molecule. Drug design does not completely eliminate the
compensatory mechanisms of cells. Therefore, finding the switch molecules that
have a direct relationship with cell radiation resistance in the cell self-repairing

mechanism is the key to solving the radiation resistance problems commonly

\%



encountered in the current stage of liver cancer radiotherapy.
Research Background:

The most serious biological damage to cells caused by ionizing radiation is
DNA double-strand breaks (DSBs). After DSBs occur, the body rapidly activates
DDR, blocking cell cycle progression and providing time protection for damage
repair. At the same time, the DSBs site will accumulate multiple repair proteins to
repair broken DNA sites. This mechanism is thought to have an important link with
the radiation resistance of tumor cells. The ATM gene is an important cell cycle
checkpoint kinase that rapidly recognizes DSBs and, once activated, initiates a series
of phosphorylation cascades that regulate downstream genes such as p53, MDM2, Chk2,
NBS1, RAD9, and BRCAL1 and participate in regulation. Cell cycle progression,
participation in DDR. The ATM/Chk2/p53 pathway has been widely reported.

The polycomb group protein complexes (PcG) protein complex mediates the
target gene methylation modification to achieve transcriptional inhibition of the
target gene and participate in the regulation of various biological functions of the
human body. PcG consists of two core protein complexes: Polycomb repressive
complex 1 (PRC1) and Polycomb repressive complex 2 (PRC2). More and more
experiments have shown that PcG is involved in mammalian DDR regulation in
addition to regulating stem cell differentiation and cancer occurrence and
progression. PRC2 mainly exerts the trimethylation of histone 3 lysine 27 (H3K27me3)
catalysis. EZH2, as a catalytic subunit of PRC2, is a histone methyltransferase that
directly participates in the modification of H3K27me3. SUZ12 and EED mainly
function as stable complexes. It is considered that H3K27me3 is a marker of PcG
inhibiting transcription of a target gene. Summarizing existing research results, it can be
determined that when DNA double-strand breaks occur in cells, PcG is recruited at
the DSBs site and may participate in DNA damage repair, but the specific regulatory
mechanisms are rarely reported.

Research purposes:

1. When ionizing radiation induces DNA damage in Hep3B cells, the
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expression of EZH2 and BMI-1 in PcG increases;

2. When the DNA damage of Hep3B cells was induced by ionizing radiation,
the expression level of each gene in ATM/Chk2/p53 pathway was increased;

3.Decreased EZH2 expression level, enhanced Hep3B radiation sensitivity;

4. EZH2 regulates ATM expression by mediating H3K27me3 in the promoter
region of ATM, thereby realizing the regulation of ATM/Chk2/p53 pathway.
Research methods:

1. The CCK8 method was used to detect the growth inhibitory effect of Hep3B
cells under the action of EZH2 inhibitor GSK126. The appropriate dose of GSK126
was selected for subsequent experiments;

2. The expression of y H2AX and H3K27me3 in irradiated Hep3B cells was
detected by immunofluorescence. It was verified that ionizing radiation caused DNA
double-strand breaks in Hep3B cells, and DNA damage and H3K27me3 expression
increased with the increase of radiation dose. Explore the relationship between
EZH2 and DNA damage.

3.Flow cytometry was used to detect the change of cell cycle after different
doses of ionizing radiation in IR+GSK126 group and IR group Hep3B cells. It was
confirmed that ionizing radiation can cause cell cycle arrest, and H3K27me3 of
EZH2 is involved in the regulation of cell cycle arrest.

4. Hep3B-EZH2low and Hep3B-EZH2high cell models were established using
transient transfection method to investigate the regulatory relationship between
EZH2 and ATM, Chk2, p53.

5. Real-time PCR and Western Blot methods were used to detect the expression
levels of EZH2, BMI-1, ATM, Chk2, and p53 mRNA and protein in each cell model
line, to explore the role of these genes in the regulation of radiation resistance of
Hep3B cells, and EZH2 The regulatory relationship with ATM, Chk2, p53.

6. Chromatin immunoprecipitation (ChIP) technique was used to detect
H3K27me3 in the promoter region of ATM, and EZH2 was used to regulate the
ATM/Chk2/p53 pathway through the action of H3K27me3.
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Research result:

1. Hep3B cells were treated with 0.5 Gy, 1 Gy, 2 Gy, 4 Gy, and 8 Gy of 5
different doses of ionizing radiation to detect changes in cell cycle. The results
showed that compared with the sham group (0Gy group), the proportion of cells in
the G2 phase increased, and the proportions of cells in the G1 and S phases showed
different degrees of reduction, and the return showed a significant dose-dependent
increase; GSK126 was added. After inhibiting the biological function of EZH2, it
was observed in 5 different irradiation dose groups that the G2 arrest in IR+GSK126
group was lower than that in IR group at the same irradiation dose.

2. The results of immunofluorescence showed that when Hep3B cells were
irradiated with 4Gy and 8Gy respectively, the expression of y H2AX in the cells
was significantly higher than that in the sham group (0G group), and the expression
of H3K27me3 was also significantly higher than that of the control group. The
expression levels of y H2AX and H3K27me3 were dose-dependent; GSK126
inhibited the biological function of EZH2 in Hep3B cells, and they were irradiated
with 4Gy and 8Gy respectively. The results showed that the expression of y H2AX
in IR+GSK126 group was higher than that in IR group and IR+ The expression of
H3K27me3 in the GSK126 group was higher than that in the IR group, which was
consistent with the results observed when the same irradiation conditions were given
after silencing the EZH2 expression in Hep3B cells;

3. When Hep3B cells were treated with 4Gy and 8Gy ionizing radiation, EZH2,
ATM, and p53 mRNA and protein levels, Chk2, BMI-1 mRNA levels and
H3K27me3 protein levels were higher than those in the control group; GSK126 was
added to inhibit Hep3B cells EZH2 After biological function, compared with the
control group (Hep3B cells without GSK126), P53 mRNA and protein expression
levels did not change significantly, but ATM mRNA and protein expression levels
increased; in the EZH2-silenced Hep3B cell model (Hep3B -SIiEZH2),
Hep3B-siEZH2 group P53 and ATM mRNA and protein expression levels were
higher than the control group (non-transfected Hep3B cells); in the EZH2
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overexpression cell model (Hep3B-overexpression EZH2), Hep3B-overexpression
Compared with the control group (non-transfected Hep3B cells), the expression
levels of P53 and ATM mRNA and protein in EZH2 group were not significantly
changed;

4. ChIP results showed that the expression of H3K27me3 in the six DNA
fragments of the ATM promoter PP1-6, Hep3B-siEZH2 group and GSK126-expressed
Hep3B cells was significantly lower than that of the untreated group, and both were

PP4 fragment changes are most obvious.

Conclusion

1.lonizing radiation can induce DNA double-strand breaks and cell G2 arrest in
Hep3B cells;

2. ATM/Chk2/P53 pathway involved in ionizing radiation-induced DNA
damage in Hep3B cells;

3. EZH2 and BMI-1 in PcG family are involved in ionizing radiation-induced
DNA damage response in Hep3B cells, and EZH2 expression is decreased, which
can increase the radiosensitivity of Hep3B cells.

4. When ionizing radiation induces DNA damage in Hep3B cells, EZH2
regulates the ATM/Chk2/P53 pathway by mediating the H3K27me3 modification in the

ATM promoter region, which in turn influences the radiation effects on Hep3B cells.

KEY WORDS:
HCC ,DDR, ATM/Chk2/P53, PcG, EZH2, H3K27me3
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BB R

1.3 ATM/Chk2/P53 &% 5 DNA #if5 = M

DNA 451475 5 FC4m i f SIRE A, 200 i Jo) 30 B i 2 40 i 5 /i 5 & DNA #4712
SR L@iE, Aeiss DNA BRIZHLLFT . 5 DNA i 2 oYl
HI2 G2 1. G1 AN S WIMBH AT . 2% 4 DNA fifii, S fibid gtk aify
oA, 3X M s A R AR T OIS R R UL R -3- TR AH O B B T
(Phosphoinositide-3-kinase-related protein kinase,PIKK) F# T 71, ndtsrsk
W—BME Y Tk ERAF LN (ataxia telangiectasia mutated, ATM) FIFL5F5k
BN Y 7KAE A Rad3 AHOCHEE (ataxia telangiectasia and Rad3-related ,
ATR) [16]. XA HATE BAL IS D Re i & B fe e R R AR e 2L K 1, A1)
R EN 2] DNA 50585 JOR TR e bz i an TRt s B, H™ AR i) e g Y
PR 2 L 2050 82 59 2 el 162 B 2 ELVES 400 B S ST A, D9 T oK) DDIR AH SR B R B4
PRI AESUWAINT, 2 DNA RAXEEWRRN, 32
WAL ATM, AR BEE L RR N R I ATR 8K A2 SURE W 2L B g s« 1X
PR A 5 0 B R AN [ 453 4 10 TR 31 A LSS SR, AFE 3 (W A A ) ATM 32 2
X A FEL R R S BR3P XU T 2 [17], 1T ATR BE 22 52 X 58 Ah RS K
Sy R . PR T/ SIS Sl B S R S AN DNA XU i 2 46
BRI, ARFHAHERR AR 2=, 44 Watters DJ. Hammond E M %5 Ak
PLAAA 77 BB A S5 1 Rt T BB S ATM Bl 2 ATR[18, 19].
ATM FiI p53 [ Ja& JiJeg $0f) BE [R], 359 175 3 400 o A 2 o 9 BEL i F) 2 22 1K) 1
ATM Gt fidh (14 £ 11 2 B 2 1 4 ) SO A OOl B e 14 1R DN 453453 9%
EAE R SHE T2 A E A S DNA S s gt ir g5, an
H2AX. MDC1. Rad50. Nbsl. Chk2. p53. Al MDM2 %, J&40ju & Ho5-EHL
] ) E B [20, 21]0 ATM — EUR AR FE R R A K 22 S BN UK R A AT PR 2
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B PERR . SR fG . SRR NS, EEFRME . ATM Refs g
255 R BLEE, HZEA RGBT ER . 5 SR S, p53 /&2 ATM
AR . Y AR T 5 B DNA R AR XUEE Wi 240 i 0TS ATM B, ATM DA
P53 MR R AL BERR AL TS, VE ALY p53 B U RE LR ) i 4 2
5 20 M A A S G . B p53 SIS DNA #ihiE 56 RnifE 5l
PR S AR A R R S S PR AR T2 [22] . {HZ M ATM J2 p53
) b A7 B R 1 £ FE AT B R R AN AT, BONIR 2R AL CATESE, B4l ATM
T RE IR R 23 38 0 e S5 67 29 i 241 [23], 52 AH IR 2 p53 Tk
sk, 27k ATM ThReEREE —FERIRR[24] . Hai Jiang %5 A /S SR fi
TIREAY . 22 b A AR DA S K R I RS A BMAIE S 73X — R, M SEIG 245 2
ZNTE P53 DI R 2K (14 15 248 i A iy 4 e, e 4 ATM (0335 P8 R B 5 0
T2 f 25 R 2 M AT 2 e v, R R A T p53 MR B 4H M H T
M52 ANFEZ, 78 pb3 DIReskia 40 &, il ATM i E, Reitm
PR AL ST 25 U o X — RN TRATTR B WU N A —Fion] 8 Rk 38
AIREERBLH, — BRDX @8, BAT A 0T LLF] AL ] B A g 5o
B AT IR, SR R R

2 FTWMdfers DNA HER

2.1 RMBEE

RN AL 2 J8 WAL A1) 0 SR, AR an B 2 U 78 1 Rl i AL, 3
SRS 7 AR E AU TR . RAIBEE AW FAE AL DNA 8 4% 751
HA% 0 T MR LB ML 1) B 8 5| JEC 4t i 2 Y AN KL PR ik i TR A0 7t . At H BT RO IE
B E, IX L] EEORRA R B . DNA FEl . Jet i EP4E, B
P[RR o A A B S S TS DR ) R B AT 1A% o AR SR LR 4L 3R 2 1
5 DNA B E R AT NEY), FONRERHE A EA R AE R
AL A, IR BRI, L. R AR, X2 (R E S 12 1
HIZLER FREE S AL B BT SE K, 24 DNA $ifi)a, Ao isid @ et
PRESFI I A KAt & DDR. kT2 8 (B IR KT 7E e 2 1A 2 4L A AR UIR K &
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BEALAN AL . — okl W 2R 1) S BE AL R A G (0 o it L6 X I AR PR AA 1L,
SRR RIL KT, SRR O%[25], BANAE B LB B e Bl
FACBISE )2, AHIX RSB I Y, T A PR B L AR E
HENE AL B I [8) N GE R R I8 A% 2 RN

22 HEAHZEMN

21 ) B A o0 R PR 2Rk B R A Y« H AT SR I 24 A
HEAP RO SR THREAR (K MR (R) M5k -, Hif
17 MR . BEiR K R EE R AR EA H3 MM HA &, f
H3K4. H3K9. H3K27. H3K36. H3K79 LLKLEA H4 20 Hifis ikt
(H4K20) Lo AR AL AL i BAT A A AP 2A D RE » H3K4. H3K36. H3K79
AL Ay 5 B DR R 6 e 0%, H3KO. H3K27 Rl HAK20 FEAL 2 55
AN A 2K [26].

AR A E AR AR 7 A B 7 R AL B AN SE AR ], R AN [ R AL
BRI H AR, W H3KA #A st R E 5, BB AR 5%
WHRR R 37 X, S 5EREEREE[27], L EEM BN MLL
(Mixed lineage leukemia) X & [, €5 MLL1-4.SET1A.SET1B L\ ASH1,
"5 H3K4 HEALBIL & RN B H 24T TAF3. ING &, CHDL.
BPTF. WDR5. JMJD2A #lI BHC80 [28-33]; H3K9 [ H AL &1 5 3 et 5
TERCE K, {21t DNA KARFAL, MTils2EERE, TRMEL H3K9 K&
HH Ok b 1) G 32 A 0 SUV39HL, . SUV39H2 . G9a. ESET/SETDB1 LA &
EuHMTase/GLP, W] LAHZ5& KRN 8 H FEH HP1(Heterochromatin binding
protein 1)1 UHRF1(Ubiquitin-like, containing PHD , RING finger domains
1)[34-37]; H3K27 IR N BNy T 2 GG 5%, FEAFAETH
Pt X . Ak H3K27me3 (Il A EZH2, 1fifEfs5 H3K27 FIEELLE & 1k
£ 114 Polycomb, Polycomb & Polycomb group protein complexes (PcG) ZKJik
FHERL T Polycomb repressive complex 1 (PRC1) i3, AW Er
Polycomb 5 H3K27me3 KSR J1% s, il Ress A 138]-



2.3 PcG Hjk

EJUER, FEATN PeG a7 R IRANR, I HAWA H i)
K. PG HAEGHIN FRRGIEH S aEAEELR, 525
KA AE YRR RS, AFRAE M0 S A MG BE[39]: PcG AT S i 4%
ARG AR S B R R BT X 45, i RS A% A A T ER 20 o S A oG ik
K1k [40], B& Hox B[R 41, PcG 2 5HIMA K & ik #2 Hh i 22 S Bad i 1) i 8
PcG HHIhARERI R IR i A A2 K e G R [41]. A WTFTkIE, TEME
Mt PcG B M RS iR 20 M DR Rr 72 BT (K 0 IR st e 40 ff A
R P 1R 28 1 [42]. PcG R H F EH AL MMt E &1 (Polycombrepressive
complexes , PRCs) #i/%: PRC1 1 PRC2. PRC1 [HH i/ 248, 1FHHLH]
HEAE I (WE D Wi AL PRCL (AP ThAg & B ik e %
ST LA B RNA RABELS A PR SRIR o T ] e (o R %
Ziigte, Y4ERy PRC2 JUERFEIEDN 5 RS2 RAS[43]: PRC2 IR AEFE S HIE AT
Bosh RIFFEFAHIER . EZH2 /2 PRCL RIE HFEEFEAS R E I 10 3 2L AL, @ AE
BUEL PR KA H3K27me3, JE T IUERIE I 34 , T SUZ12 A1 EED FLIRE R 4EHF EZH2
IR BRI VME RS - PRC2 5 PRCL P AH BN, L[R] 78 ot R R 1) R
WAEERE. Rtk H3K27me3 /& PcG & A8 A il $ESE R AL S hR &

1 PcG ZERE&IRAERM



2.4 EZH2 5385

EZH2 J2& & B IR AF o gmit = AR 48R 1 SR R B Y, & PG HAK A
ARARAT X B B R e S A D R AR Lo G AR 2400 7R EZH2 7E 2 Ptk
iR vh 8RR L I HLS R 1 kR RIS R TS D8 R BV . el Varambally
ENKIL EZH2 7E J5 PR A 1 e R R 1 i 9 e 4 40k R IA M . EZH2
RIETH m REW A FUR b R RSB AL, e dE FURRE RSB R R, TR A
FUARE T (M35 HR[45, 46]. FEEPY, Wan 25 A E BHT 32 AN IEH (K il
21, 113 Ml 1 57 M SRR AT EZH2 HIRIAE L, Fris B4t 2
filigees FB g LA 43R 1Y) EZH2 R0A & I B g BN IEH 40415 (p=0.001) ik E24%
B i EZH2 KRB RRFE R MEE R (p=0.002), 7EE SMBA BT
FLAERL[AT], XUELEERILRI, EZH2 RikTHE AU SRR AR XK, HS
R AR AT BB R R o S AME A — S SRR, AP s . e
TENBE. BmSEhd R EZH2 RIEFH=[48-50]. EZH2 HMRHIRRA
AR ILTE SR IR R AR AN b, AR OGHRIE SR Y EZH2 5 agind 24 v A B
KF, Hu S[51]%5 Nidid ik A 4h 28 K EZH2 78 AR NIVEAHKHT ) I 5298 41
i r R R ARSI RA 76 7 BB 14 B9 SR 4 P v, e TP RNA B R BRI
FRPTH OF S 40 EZH2 FRIA [N A1 B H3K27me3 /KT, A3 iz 4 i 3
R O IFAA B U, FLSEEG R BN EZH2 3R3E TN T (1 90 S i DDP
2 A= G2/ M 23 D 3 BEL i, 4 PR B 52 B 0, IXRT e S EZH2 Jlid H3K27
= HEALUTER T S AR AR G I B R AT 6. BRI EZH2 WTRE RO 5 B
IR T 247 1 X R ) S — SR R

2.5 EZH2 i) H3K27 = FEA/E X EEERE KE

B KB SIS EZH2 5 2 RiR R O R &, (HX T BARR
EZH2 Dhfie 5 e s A A OAE RIHL I SO0 i WARIE « 2480 10 E S A,
EZH2 VR B A YUEREE IR I TR =, 2 Fif 8 4 i v v FE R 1 B e ik ]
2 1 SR O TR Y 1) 28 BRI R o B SR Hu' S Ot AR B SR jee 4
HIWE I A SR 2R XA LA, Choi JH S8 AAERT T B 5 EZH2 (5% Rt A B
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TP EZH2 iK1 siRNA N MKN-28 41l 2 (46 I 5 A B e 40 i Hh EZH2
RixGERESN—ME AN, p53 MFIAF &, XYL EZH2 Kk ps3 &
B ARG [52] . AR FAIE, FEAR 2 50 iR A B 2 [F B T
K45 E W% RNA (Long non-coding RNAs INcRNA) k& iA I EZH2 ik =i
oL, PSSR T ARG TEAE K [53-55], X275 n] AU W # A7 AEHE
PRI R ? NRAUEIX —HEM, Zheng, W %5 A2 SLIRIGIE &I EZH2 @it
H3K27me3 1E R #E IncRNA &1L, £ —FfmififE kR, X—WAIEEL T
EZH2 7 LU I B R AR 1 1 F 4% 5 900008 R A A B 50 R IV AH SR B R DR 1 2%
i, TS (1) R A i R [56] - K Z IR 45 & 8 1 2 (Arg Kinase-binding
protein 2 , ArgBP2)&—Fh 40 H, BEWPHILIEERL, & —FhEE R
. Tong.Y S5 ATERE LS BRI L R h AL, PRC2 &Y< 5 ArgBP2
W T IX g5, EARAE H3K27me3, SR FANH], HnT BT, B
RILE[57]. EZH2 Brxt S50, o FE A G S R R AT R4, 10 58
BRI DNA KRR, PcG B E AW EHE EZH2 fEN I Z P s
2X1E DNA B hn sl 35, @ id Kk #% H3K27me3 fEF 25 DNA #iifiiE &,
XA e RIR T T BT AT — € K R [58] .

3 ILEKE

TEMIRE R TBUR PRI T HR 68 200 M7 A 0 T 2 ST R0 A 18 RO 7 AR AN
HAERFEE R, X S5DNAKRIIEE A EIEHK R ADNAK LI W,
ATME SEROE , ATMAE P53 AR B R A 15 3 240 i 2 A= Jo) 31 B i DNASS 1512
AT 78 R RN IAMEAE . A KB TUESEPeGHEE A/ &4 FEZH2 R A T+
15 2 PR I R AR AN A G R, RIS A T R I 2 DNAR A XU I 4
i, PcGEEAE GMIEMMINL HHHSE, S 5DNABIEE . Bk, JEIdExLL
MRS SR, EZH2 2 B AESR 155 FIDNATR 17712 5 4 ATM/p53idE B A
WAEER 2 RTEDNARUGIEEZ P BIERE M 1R 2 A S50 I8 I xF Tk (] @)
RIC,  BTE IR 0 IR TBUR AR LR A FT 4R it — N L
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2.1 WFFEM

2.1.1 FEHEGA

R

DMEM &7l
primieE i

JiEEE (11§ 0.25% EDTA
HHHBER WD
—HEL A DMSO
CCK® il £

20 B S ) g (k)
4% Z EHEE
Tween-20

DAPI (i)

P RN DSl
S

]

ToIK L BE

EEyil=p i
JUEE S SRl

TG E R PCR ¥ A&

SIRNA %% 45|
51 P1ISiRNA
Trizol

7] GSK126

2K H LR S, PMSF

F28 MBRSRE

AT

Gibco A ]

Sciencell 22 7]

Solarbio ]

Jb5¢ Solarbio B FRA 7]
Sigma A ]
R R L AT
BEKREY A

# It Biosharp BHEZA FRA A
Sigma 2 ]

At 5T Solarbio BH A R A F
1t 5T Solarbio B3 A BR A A
Elmne Wi

Jextb )

Elmne Wi

Amresco ]

Thermo 2 H]

Takara A &)

HAED

AT

Invitrogen /2 ]

Selleck ]

Sigma A F]
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RIPA 24

B E T
P ki Acrylamide
H& ., Glycine

T TR LA IR SN, SDS
Rz, AP

=R PR R e
MEM X} 752

NI 4 7% (FBS)
HH®HR WD
PBS

—HEEK (DMSO)
1M Tris-HCI,PH8.8
1M Tris-HCI,PH6.8
20<TBS
30% N ) (29:1)
i35 20, TWEEN20
VUL 2%, TEMED
EIESAN

TG Wk

2 fi R

s, MTT

ECL 0tiulir &
Western Blot i A i
SN
JRRL KA AR

2
HE

Sl

Lipofectamine2000 Reagent

RFect /MZ R % 457

b5 Solarbio FHEH R A ]
B REMHAT T
FJIE Biosharp FH0A FR 2 A
/e Biosharp FH A IR 2
A JIE Biosharp FH0A IR 2 A
/e Biosharp FH A R 2
A5 SRR A IR A 7
GIBCO A7

MRC /A ]

At 5T Solarbio FBHEF IR A ]
Sigma A &

Amresco 2y ]

b5 Solarbio FHEH R A ]
At 5¢ Solarbio FBHEF IR A ]
Jt5¢ Solarbio FHEATBR A ]
b5 Solarbio BHEF R 2 ]
Amresco /]

JEHT T B R A IR A A
Jt5¢ Solarbio FHEATBR A 7]
BD A

Sigma 2 ]

Sigma ]

20 B B AT B A )
Santa Cruz 2 )

Jb 5 Solarbio &M A BR A 7
Amresco 2 ]

Invitrogen A
RIRAENFE
ALY

SHEd]
Hh
SHEd]
Hh
SHEd]
[
SHEd]

i

10



B2 LA

BRITA A-H2AX itk
FITC dricEHi M — 5t
TRITC brid FHR =9t
TRITC brid ik — 9t
Fbi N H3K27me3 Fifk
RPLN EZH2 Hifk
PN p5b3 ik
RPN ATM Hifk
AT B-actin Pk
HRP “EHi 5 9t

HRP 4145 9t

212 FEFR

ey

o R K B A

IKPHRIR

A°CUKFH

-20°CAR VKA

-80 CAIKIR VKA
T LIES

CO2 ¥57%48

e AR

oA

I B HL KA

5] B B

UKL

Vortex-Genie2 i ez #
TGL-16G &k & 2B Ll

Pico&Fresco & 25 LAl

Bioworld /A 7]

Bioworld /A 7]

Bioworld /A 7]

Bioworld /A 7]

Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
Cell Signaling Technology
S[H Santa Cruz A ]

2 [ Bioworld /A ]

2 [ Bioworld 2]

AH

Yamato

VLR HAR LUK
T /R A

T &R AT
Sanyo
LIS |
SANYO

Olympus

Olympus

Bio-rad

Olympus

=T
Scientific Industries
i

Heraeus

Hx
Ak
i
Sl
i
Ak
i
Ak
H
Ak
5[
Ak
H
3
i

o]

11



2% ME5T®

pimawaiililab Rl BD FACS Aria A 7] K H
BEARAX BioTek /A ] X [H
H BB S pR L AX BioTek /A ] S [E
T 2R 4% PO B AR AT PR A ] i
TR 7K 5 P R AR A PR A i
WK E & PCR X Bio-rad /A 7] E[E
X S LA R [ BB\ ] i
X SHAEEAC X-RAD 320i X Precision X-ray, Inc /A ] X [H
2.1.3 FEFEH

ZFR AT HZ
WA Nest 2 ] i
15ml &0 Nest A ] K [H
T25 40155 37 LabServ 2\ H EH
20 o 5 7% LabServ 22 7] £ H
YR A Nest A ] ah
6 FLEF TR BD A FEH
96 FLEGFRIR BD A ] FH
0.5ml/1.5ml/4.0ml EP & Eppendorf /A ] 1 [
e BD A ] K[
PVDF i Whatman 1k ]
X SRR Carestream /A H
22 SEWTTIE

221 YHfuEEsE

H A=A

LRGP AR NS A0 Hep3B. N'B L Ez4ii 293T ¥l E T Lk}
B AT KPR IER T 10cm B 7R, ET 37°C. 5%CO, KA %I~ 4

12
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TR, MR EEILE] 80%-90% I, BEATAEARREFE.

(A

(D FHEEFRMMAFIAREFREE, FH PBS ik 1k, KFRikH IR,

(2) [0 A N T 2 9 BRI EDTA B A /b B, DARETE 26 B 9 IR N B
BT 37T CHARREATIHAL, 2~5min JEULEAHMDIRAS, 2 IA] g X, 4 i A2 [
Ja, MADES MG TR, 2,

(3) HIWE UG TR, A2 B T RS TR L A, A 2l v R4
MOE . WRATHS, By, s 4n i

(4) BfuEERE 2 15ml B0, 800rpm, B0 5 704t, 3 EiE, B
B s, RRSEANRITIE, A0 2-3ml iR, & B

(6) HITHEBOIHEUS, 2 5lEefh TR ks s, BT CO2 Brawsf ik
TR TR

(7)) H5e T[] AR HH 200 P A R IR A AN S 56 SRR €« — K 2~3d J5 M
B IRAEKI

BN SRR A KBRS, AR S8 2] 90% LLERY, R4 ik
A B, G R SR 06 T R H T A T DR 4 52K

(1) PCECHIARAE, BCHIEEE] A 10 % DMSO + 90%fi5 4+ IfiiF,4 C UK FE &
7T 5

(2) IR FmAP R FRIE, H PBS Mk 1 K D0 FH IR T4t
T %% 28 15ml B0, 800rpm, BS.0 5 08P, 3 BiE, RO VREEIRIL,
e e R A D 5

(3) WG BC LT FIVRAF I N PR e AR R WA TR &) 5

(4) ERSCHRAE TN Iml 4800, % B R ARG R AR A4 AR R A7
H I AL ARARIREL

(5) RbRic iy R A B TN F IR R &, AR EUN-80 CUkAR
IR ELL L, 5-4 KRG Tt A e A% SRR AT -

13
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222 XS

ZH it R SR ) X-RAD32iX AEW4E IBAC (SEE PXD), IR 454 K 180Ky,
HLJ 20mA, FAYRIEEEEE 70cm, 71 &% 1.0Gy/min. i & E 5577 4Gy Al 8Gy.

2.2.3 ZHHIEESEK (CCKS ¥)

(D) Kphb T X EE K AR T4 Hep3B FIIRE N 0.25% I kEEEAT
A, NGRS IR, i R AR, B . LN 100ul AR
UMM RPN 4000 ML, B TEIR 37°C. 5%CO, IYNAE: F-F HH 1% 3% 24h;

(2) 24h J&5, BCHIEH AR YRR B iR 7R . FhI ik IR,
A M, LR 40 uM, 20 uM, 10 uM,5 UM ,2.5 UMB AN JEE A FBE (1) 1% 9 3
RHZYIIRERE 4 NPATIL; BT GSK126 AN DMSO, % FE 5
DMSO A B 4m i #, [91MEx HRZH 1 BN 16 %6 DMSO 5775 K ic B 47 1Y
INZEEFRE NN AT B R BRI (% L (4, 4541 100ul, FL 200ul, N5
FAA, 4keIE % 48h;

(3) 48h J&, R E 100ul BN, LN 10ulCCKS8JRY], 4k4:fE
B f PR E 1h. 2h, 3h, SR I 5E & ALIROG AR : B SRRy 570nm.
AR - 2O BE (OD i) v B4 il 2 /2 1Cs00

2.2.4 ¢H AR

(D Kgufdefh T 10em Bi R4, BeRha L) 4>10° A 4Hff/m, 3 AN
SRR, B TIEIRYI R FEAE 9% 24h; % 0Gy. 0Gy+GSK126. 4Gy.
4Gy+GSK126. 8Gy. 8Gy+GSK126 43 6 41, HELHI4 T 0.5, 1. 2. 4. 8 Gy [
X WHeR WG HE S, BRGF 5E )5, 0Gy+GSK126. 4Gy. 4Gy+GSK126 .
8Gy+GSK126 S 10uM (60ul) GSK126, 6 ZH 401 [F N5 7547 rh 8%
7% 12h. 24h;

(2) 12h H1 24h JEUSCAE 40, FHTAA ) PBS Pyt 2 X, HAE EDTA
(R EE BG4, R R RET, IR 4EM S 15ml BSOE H, 1500r/min B

> 5min, FF L5, (REYEITE;

14
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(3) S 5mLPBS Veiskgiffapiim, 1500r/min - 2.0 5Smin, 3 EiE, A
1mIPBS B, #HATIHHEL R EAS] 1X10°Mml; & KReTE, &
NMELEHIIANFLTA K 75% M L8F smL, & T-20CLRfF, #llFT, 2000
r/min.5min 250 B I 4R, SRS PBS BE 1k EWRRE, ATH
AT T — IR AE

(4) [F B0 TR ImIPBS il s 4l 29K, H 200 HEMEATELIE, £/
EZH AL 2 IR s

(5) Gy, T f AR IR G B X A0 B g AT A €, AR o
A 50ulAnnexin V-FITC #B&i, 50ulPropidium lodide FBei, = iREEE 30 7

(6) AR, 32Nl B WOR KN Ex=488nm, KK
Em=530nm. 2R ULEBIAIHE E 7 R KR

0

225 HERL

40 € Fr

(L ¥ . 24%24 FBH7, WIS, B REHBFRKMS, B
BT IKIE R 3-6 /N, FH=780Kehdk 3, MRl T kiE . 5
T, & H:

(2) dHfE3ERN: HMAT, 7£ 6 FLRIEAFLh R b EiE Rk, A5
JEONBEF, B FIB IR B R T, SUZ UM s SRS % 410
MNELFIEEIMNAM, Befseiie, B T4Ifissefbaiss 24h J5, R,
FRBERICG

(1) {EZ0 I b C 2 TR LT 4 I i 37 F] PBS ¥Rk 3 ¥k, 44X 3min,
Vol PR B, DAkl 2 4,

(2) fEFAB M 5000l 4%% FEHEE, =\ T, [EE 15min;

(3) BELEHE, HPAK PBS Bk 31k, ARk 3~5 734k

(4) JEVRSERUE, I 500ul0.2%(1) Triton-X100, =EEFE 15 4058, ¥
B, Rk

(5) Jin200ul 2% BSA H I, =3 60 404, AH PBS HATIEE:

15
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(6) HH5E)E, I ERn 1oopl —3t,, EEN 4CHE 24h, Bk

(7> 24h J5, A 100ul —3t, =EWFE 60 280, ¥edkF L, &H;

(8) i B EAG, TN 20ul DAPI (4°6- - fpkFL-2-Z8FLm5|me) 45 4L,
=i 10 Sy, Pedk A b

(9 3 fr, KB 6 FLBTFECH, BIHFIZER N T o I8 15 1 2
Fro BOREIREE 15 58

(10) Olympus BX51 IEE M RMEE UL, REEK.

2.2.6 IERIEFORLHIHELATIREL

SR8 BT 5 13 R0 BUORL i JB 1) K e e R R A AR It HORL (0 AR B L
F A R A 58 o

(D HlESHE TR LB P

(2) B 50ul B3z 440/ T 1.5ml BS04, IIAHME B4 1Y) 20ul JiokE R 2140
UK L E 30min;

(3) 42°C/K¥, R 90s, MIHE T-0K b 3-5min, I FE 3k 50 78 ¥ s

(4) A ImILB AR FREE CAEHIAERD, RS $EIK 37°C, 180rpm,
Lh 40 B E 8 AR ORAS, SRIE TR RS B AR R PR

(5) HL 100ul BN SR FRPUAERN LB PA L, 5REL 5 by
R UG, 3T°CHEIERFE, 12h-16h 5 HILEE %

(6) BEEUBKSAIF M Ti B 75 T 4ml S & EPUE RN LB WiAR; -5,
PR 37°C, 150rpm,5h;

(7) WREC 50ul VRIS Z R HUAERK 200mILB AR TR, #RIK
37°C, 150rpm it . B OREUH IR AP RS, R T BT BUR 52 L.

HREFRHHE KR

$£—H
(1) [ 50ml &0 I 200ml i, 5000rpm, &0 15min, 2 i
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2% ME5T®

(2) F 10ml Solution I E &40, A 20ml BLAECH SolutionIl,
HRVR S, =IRACE 10min. 0 15ml i 1) Solution III, J&Z), B Tk E
10min;

(3) 4°C, 8000rpm, &5.Cr 20min, F 50ml yEH#s ORI EMAL, mEK
WS ISR i N 0.6~1 AR A RE, MiENES], -20C, #E
30min;

(4)4°C, 10000rpm, 50> 20min, % _Ei&; I 2ml 70% £ B35, 10000rpm,
B0 20min, 35 B, 813045 T 0 3ml DDW % DNA JTEE, 3 2 FivA 1 50ml
BLE, ISR TA ) SM LICH RS,

(5) 4°C, 10000rpm, &-» 15min, B E7EE THA0 50ml &0,
SRR AR, R, -20°C, E 30min

(6) 4°C, 10000rpm, &.L» 15min, 2z LiE, 2ml 70% 2 B Ue e B K
UIVE, 4°C, 10000rpm, B0 15min, 25 biF, BHOET, EHE#EGE 5
£ R 15min;

(7)1500 DDW ¥ FRTIE ; 75 B 1.5ml EP & F, INNEIRE A 20g/ml
[¥) RNase A (%Il 1jd 10mg/ml RNase A), 37°C/Ki¥, &M 30min; %11 50014
PEG8000-MgCl2, &%), 4Cid’.

$_-H

(8) 4°C, 13000rpm, B> 20min, # EBiFE, #0481

(9) HEEVTWEY, A 500d75%ZEE, 4°C, 12000rpm, &.0> 5min, =
B, XLiE, FRER 10min, H 400 DDW EARTTIE, IR,

(10) FIEy &5 7 K EE (25:24:1) hitE A, RIZIEZS], 4°C, 12000rpm
B0 15min, AR B3G5 8T EEMWIK, SEE=RBE 2/3 AR LTS ENET

(11 A 1/10 fAF 3M NaAc (PH5.2), HIIFEAAFKTRA T K
ZEEDTEE DNA, VK% 30min;

(12) 4°C, 12000rpm, &> 10min, 2 _b3F; A0 500 FilvA 1 70% LB,
PRk mik;  4°C, 13000rpm, B0 Smin, % b3, HHNET, =R 10min,
hn 200 TE Y& f# i KL
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2% ME5T®

227 FABRRTE TR LA A R

EZH2 i Rk 4h A R g 57

(1) ZHsEgent—K, BEM41H 8¥10*1%10° MILT 6 FLIRF, fHIESE —
ORI Gt 2 il & %R 1% 80%6-90% - ;

(2) FMEIMiER;#7=%E 250ul #i% SuLLipofect18amineTM2000 %% ¥uifki: 44
J& FH 250uL IR IMTE B IR LM RE dug kL, #FE Smin 5 M ERSG, HGLE
BRI, TR

(3) ¥ 500ul IR EIREFE 20min, AIAFFE Y4, 4h-6h 55
PR, TRE 2 75 B Mo f 57 9 0L, 55 9% 24h-36h, WL LRR, F5kT R
— SR AR

EZH2 &£ 15 si RNA 4t &Iz 7

T4 RNA 5751
SIEZH2-1 GAGGTTCAGACGAGCTGAT
SIEZH2-2 GCAAATTCTCGGTGTCAAA

(D Zuffugefh: KT 8O g % 6 LR ,6-8>10%FL, JIA
2.5ml i FREE (REPAER), it 24h (E Y0 TE 5 Jeid % E 1F 30-50% ;

(2) fil]% siRNA-RFect & &4: HX 3ulsiRNA A 250ul TG Il 15 77 F 7 FE 5
HY 10ulRFect ] 250ul G I iEEE 7R IEEMFE . BARIRS], EiRIFE 5min; 5min J5,
¥ SIRNA FERA RFect MiRERUR & VR 2), ZEIRIE A 20min;

(3) ¥ % 500ul R AV IMBNREFRALA . BRERANEEFM, WA

(4) 37°CEFR, 24h WISMIMIRE, e eiisidt. frdtT N —Dociaitst.

228 PCR

RNA F$#E

(D Kgip i PBS (&t |k Ke) ¥ 3 ¥k, M\ 500uL Trizol (6
D, FiRWEE Smin, ML R EWIT40M, MAHMNmM BB, B2
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2% ME5T®

RNA i) 1.5m LEP %;

(2) mA 02 m L K&M5, RIZIFES 15s, =RME 2-3min. 12000r /
min,4°C 550> 15min, WA ZE, RNA #0 BAREE FERIKME, WEUK
M, ®EMAEPE, 205ml, HEREBRGMAEAER.

(DA 0.5mL B5FHEE, BENVES)E, §E 10min, Y€ RNA, 12000r
/ min,4°CESCr 10min, F¢ b3, 2 FESH RNA JEr] DUEE ICEE 2

(4) TmA 1.2ml 75%H) 1%, Jiths =7 Bkt dh, 4°C, 8000 r/ min, &
O 10min; BEE 1k F B, B30 EP & T RNA B 348 T4 5min.

(5) I 20uLDEPC H# K &% I B W R UTIE s d, #EATIREEIE .
T ] B F-70°CUKF R AT

(6) RNA E &, ;iR )a, FEE RCRIL 260 A1 280 nm KT HIDE
EEH (A), A260/A280 7E 1.8~2.0 ZIA], £W RNA 4, RNA IKF
(ug/m L) = A260>Fi B 5 5 >40

RNA %5 cDNA
£
D% &
5>gDNA Eraser Buffer 2ul
gDNA Eraser 1ul
RNA lug
H,O up to 10ul
SRR 10ul
PCR f%: 42°C2min —4°Coo, 75%|Z:FREEF 4 DNA
F
Wes &
FFRIEKZH DNA 10ul
RT mix 1ul
RT Primer 1ul
5>PS Buffer 4ul
H,O 4ul
B R 20ul

37°C15min — 85°C 5s — 4Co0, 75%] cDNA B T-20°C {147

19



2% ME5T®

Real-time PCR Al B B9ZEE mRNA KFRE
L2

D L5 S -3 NS YIS 5 -3

EZH2 TGGTCTCCCCTACAGCAGAA TCATCTCCCATATAAGGAATGTTATG
BMI-1 TGGATCGGAAAGTAAACAAAGAC TGCATCACAGTCATTGCTGCT

P53 ACGACGGTGACACGCTTCCCTG CGCTAGGATCTGACTGCGGCTC
ATM GCCAGACAGCCGTGACTTACT CCAATACCTGTTTCTGAACCTCC
Chk2 TTATCTGCCTTAGTGGGTATCCA CTGTCGTAAAACGTGCCTTTG

FARSCIG DR #2304 Real-time PCR ASAF I S it B B #AE, ek b
BEATHRAE, NIRRTy (25uL):
SR 5
SYBR pmix Ex Taq 12.5uL
Forward primer (10pmol/L) 1.0pL
Reverse primer (10pmol/L) 1.0pL
DNA #iti 2.0uL
dd H20 8.5uL
B LAt
Az 95<C 2min
Bk 95C 55
SE A 60C 30s
1t 40 MBS

R4 95°C 5 s »65°C 55—95<C 55
MRNA RiE/KF K& 5T

SEB TR PCR A E 0 T 8 T S bR v i 28 7 R R 1 300 . A
BEGZE/DESE 3, UL GAPDH RN S A 2722 M B 7
BT b I 3R ] R % 3 R e B BT U P2 W) a8 K- o
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2% ME5T®

229 FEARSEEIEE

BEBRR

(1) WdEgnf, s 2E59R3E, HTAR PBS Weikdii 2 Ik, 2 =1
1mLPBS, FH4H & B fs N 1.5mL 208 F, 4000 r/min 250> 5min, 3
5
BCA M EHEHIRE

(1) el BCA W, FCHILLEIN A: B=50: 1; KECHILF A BCA UM 96
FLbH, AFFLK 2000l B, BERPEE 2 AL

(2) ¥ AMFFE 10 fi5)5, 43 31A BCA i in 8ul A1 12ul, 44 Ji5 755 12ul
1 8ul AR 5

(3) WrifEEE ASL, M BCAWH /I 0. 2. 4. 8. 16, 20ul frifEdEH,
IMZLARB AN 2 220ul;

(4) 30CHH 30min J&, 7% 5min, BRI 490nm Ak OD 18, it
SRR 2R, AR bRyl 26 H R R

‘AR AEEZELE (Western blot)

(1) ReFdet s, Bt EREEL, MARHILFH SDS-PAGE 7)
B G TREEIRCHD, EEEAZREK, ZiReE, HINESELERR
oy B IR CLRE

(2) Fehlidehe G FRWBIEHD IR E, ZIEAN 10 FLA T
PR AR R 5, P BIRIAR 54 N rL A P4 [, YA N FRLVKTR

(3 WRHET, FBFEas ek, FRCEE AR T 100C & En At
10min;

(4) FEFERS I RE A NS SDS-PAGE i FLIE Py EAT FELik, W2
fL, F 1>SDS Buffer &4 2 ;

(5 Rk AF: UK 80V, 2 30min; #E A FEA B K5 8 F IR 2] 120V,
27 90min, FF b HE 5 I s

21



2% ME5T®

(6) BIR/NGIER PVDF IR, HEEEGE 1min, 5P5KEIELR. K E 5
RN, 4 BB IR - 47 - DR AR RS- - B AR 4 - 1 E IR e 4, 4N
FLRGRE, BERRACAE: JRFE, 250mA, 90min; 150k D PA_EFRTEMI, A

(7) S%Mifagiky, B 2h, —HEE, 4CHR, KHH 1<TBST i
POk, R 5ming —#HiFE, =ik 2h, 1xXTBST ¥ 5min MYIK;

(8) fEMF= A BCL IR PVDF i 3min, foa FFTE X Y6 A 3T .

(9) SDS-PAGE ¥t it il

12%74y B 11 5% IR 45 10%7%3 25 1%
W) 5ml 10ml 2ml 4ml 5ml 10ml

K(ml) 1.6 3.3 1.4 2.7 2.0 4.0

30% P I Bt i (ml) 2.0 4.0 0.33 0.67 1.7 3.3

1.5mmol/LTris %K (pH8.8)(ml) 1.3 2.5 — — 1.3 25

1.0mmol/L Tri ¥ (pH6.8)(ml) — — 0.25 0.5 — —

10%SDS(ml) 005 0.1 0.02 0.04 0.05 0.1

10% B FR B VA (ml) (AEEEFD  0.05 0.1 0.02 0.04 0.05 0.1
TEMED(ml) 0.002 0.004 0002 0004 0.002 0.004

(10) Western Blot 2% 45 5K H Image J 844 3E4T K B 43T
2.2.10 ChlIP

Lt 5 5o SLUTIE  (Chromatin immunoprecipitation, ChIP)

Jute i G B L PTIE B R FZ R T3 E RS R 2 51 DNA (1 B AR
HAEH, BERZNEEARSREFIIN DNA 454, TS
DA% 4H i B ] 8 ) T 7
LI PIRREON:  ATR-MRACHR-EE P T S Bl TE- v -DNA 4i4L-PCR A5l
HAR ST 7 1
CIEPN
(1) 2ZBk: 2l la A A B A Seae AR (10em ~F-IIL) A 275ul37 %
R 2GRN 1% (B59RFZ40H 9mD, 37°CHEH 10min;

(2) ZZ1E2ZHk: A 0.5mI2.5M HEZIR, SEahiRs))a =i a 1k 5min, 1000

B
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2% ME5T®

r/ min, 2.0 5min, 3 L&, 0 iml B4 PBS, 4| 2SI ECAT AR,
7 PBS M, FAnudcsE T 15ml B0 E s TR PBS 3% 2 X, 2000 r/
min, B0 5min, # BE, FiH, A E T-80°CIRAF

(3) #FE4THE: SN 4mlSzak’s RIPA buffer, &%), HEATHEFHE, 30%
Thag, iy 15s, A&k 59s,4t 21 ¥k BERESERE 12000 r/ min, &0 15min,
FIEEF LAmIEP . A EH 300ul il SREE, HARIRAFT-801C.
300ul BEHEF=4 T3 4 3 4, A4 100ul: a AUINUARE N SEIG 4L b 4AFEAxT
RREAS gL A; ¢ M 4ulsM SEALEN (28R 0.2M), 65 CALEE 3h AR AZEE,
B HL K, R P RO,

(4) GPEYLHE: [ av b ZA A 900ul ChIP Dilution Buffer A1 20ul (1]
50PIC, N 60ul Protein AA garose/Salmon SpermDNA,4 C i Bk Eii#% 1h. 1h
J&, 4°CEE 10min, 700 r / min, . Imin, & . % B BE 20ul 1E 7 input.
—E A Ll Hik, H—ERAINGUE, 4CHEERTUE ISR

BOR

(5) Pe¥k: WMELHKE, ®EH A 60ul Protein AA garose/Salmon
SpermDNA, 4°C fi ¥k %% 2h, 4°CEHE 10min, 700/ min, 2.0 1min, & B,
RIIINT BN HE Be T E 2 &4

MBS MR
b ERLZh K
i Eh G TR
d: SR A T
e:TE 221
T 2 IR, 4°C U 10min, 4°C## & 10min, 700 r / min &> 1min,
B 1385

(6) Pei: JEVRTEEESE, JFAATEMm. BB A 250ul PERL, =R T ik

AU 15min, B E B0 S, WU BIE. R, mEAER BT 500ul,
I 20ul 5M NaCI(Z iy 0.2M), 72 5), 65 C gz Ibtid
PRl a4y . 100ul10% SDS,100ul 1M NaHCO3.800ulddH,0, 3t 1m

=K
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2% ME5T®

(7) DNA FEfnlaie: MACBRd G, ®EMA 1ulRNaseA(MBI),37 CHff
# 1h. 1h JHEE A 10ul0.5MEDTA,20ul 1M Tris.HCI(PH6.5). 2ul 10mg/ml &
HE K45 CAREE 2h, F Axygen #EIR [FIC &R DNA B, s i
T 100ulddH,0.

(8) ChIP-QPCR

D 51¥it, R4 Genebank Hr it (1) K E# {5 B, 1% QPCR 5|k it
JEN], X HBEE R ChIP-QPCR 514 T ¥t 51 LA T & /. 519
PR RN N R FTR:

FE LiESIMFH 5 -3 NS YIS 5 -3

ATM PP1 GAACGGGTGTCCTACTGTAATC GAGCTATCCTGTGCTCAAACA
ATM PP2 TTTGAGCTTTACCTGGCTCTC ACTTGTCTGTCAGGGTGTATTG

ATM PP3 CTCTACACTGGACGACGTATTG CCTTCTAATAACCCGCCCTTAT

ATM PP4 GCTTGGGCTCTGGAATCATA GCTCACCACAGGTCAAGATTA
ATM PP5 TGCCAAGGGCAGAGTTATTT CTTCCTACGAGCCTCTGAATTG
ATM PP6 TGAGGCTTGGTGTACGAATG TTGGAAAGAAAGGGAGGTATGG

2) PCR EARSEEGIR I 2.2.9 (FEUK FHFATHAMED

3) ChIP-QPCR %# 0 #T: LA Input XFHEZL A% ChIP JEHIFEA DNA
BEATFRAEAL, 15 ChIP #EAH H (5 DNA Fr B Input X IR 7 20 B

4) GraphPad Prism 5 #A4%} Ge it B ik AT G AL AR BE

2211 Gittartr

F SPSS19.0 X} SEIG E 4 #E4T 0 M1, P<0.05 #ANE R iT2EER.
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%3%F RBER

3.1 EREIESTNT Hep3B ZH it B FIHE ST R

311 HEIEHNES Hep3B 4HAAR 4 DNA MENTR

Hep3B 414545 T 0Gy. 4Gy. 8Gy HLZfE T, M5 30min, fufEsit
il DNA XU bR &y H2AX, RERTOLEIE, DMRIRA (0Gy 4D Ak
WXL, WA= RIS S BUGE . R SR, SR
B, 4Gy. 8 Gy iy H2AX KI5t 5 I s TR M4, H 8 Gy MU 2H7%¢
JCIRFE T 4Gy M4 . R H R 15 S Hep3B 41k 4= DNA XN,
HE—@ MRS RIEEHE N, MEEEFIENEMN, K4E DNA XKWL
Mz (B D,

0Gy 4Gy 8Gy
- - - -
A --
MERGE -- ‘;:.‘3‘..:;' ‘

1 TREIFIZHEERES X Hep3B MAERYIRA

312 HEREHHES Hep3B 40K L4 ARIRIZ

Xt Hep3B 4iinss T ANFI BT 5) & 0Gy. 0.5Gy. 1Gy. 2Gy. 4Gy. 8Gy,
S IEE RIS ) 12h A 24h WBRAHRE, SR SR FH I At A A U 20 P el 30924
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%3%F RBER

SRR, BEAE TR RGN, G2 HI40 M Lb 6 B S0, 1 G1 AN S B

AS[EIFEEE (98, 12h (8 2 A)AT 24h 20 (B 2 B)JE HAAS Ak B0 — 3.

A 120 -

@3
oGl
G2

20

e Btk (100% )

& ] 3 3 E

N ERE

- T

: ; -
-

= 5 -

B 120 4

20

MR ESEH, (100% )
o E 8 8 B
E:E___ m
| [
N P
£ Teme
B O @3
R

2 Hep3B LA FAREIRVERGTTIEBETE 12h #n 24h YRR EARI T

3.1.3 ELEAEETXT Hep3B 40 EZH2. BMI-ImRNA Fik/KFH&m

Hep3B 47y 745 F 0Gy. 4Gy. 8Gy HLE4mE&S, MEAHE 6h. 12h HE4H

fl, X H Real-Time PCR 4 iE# M EZH2. BMI-ImRNA £ik/KF. 4R ER,

H5RMEAML, BEE RS FIEARN, EZH2. BMI-ImRNA KB & TH5, H

6h 45 R ¥ nfesE (B 3A. C. D).
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EZH2 12h

1.5 A " B
) *
« 5
=
5 1-
=]
S =
£z
85 05
Z
s
2 0 -
0Gy 4Gy 8Gy
15 , BME16h 14 - BMI-112h
*
3 . C - 1.2 4 D
= 1 =
m = 08 -
= =1 |
£2 05 £zo06 B Hep3B 12h
£ - s _
g 5 02 -
g 0 E o-
§ 0Gy 4Gy 8Gy g 0Gy 4Gy 8Gy

3 HEE5ESTY Hep3B Affich EZH2, BMI-ImRNA 7K FAIEM

(F: *5 0Gy 44, P<0.05)
3.1.4 ELEIEETXT Hep3B ZHfa+ H FIEEE mRNA KR

Hep3B 4iiiti5) 745 F 0Gy. 4Gy. 8Gy HLE4RENS, MG 6h. 12h gl
1, %M Real-Time PCR J5iE44 I ATM. p53. Chk2mRNA kK. 4555

N, SERIEHME, FEEREFEREN, ATM. p53. Chk2mRNA /K°F- &3
Ftw, H o6h. 12h 25 RN — 30
2 - ATM 6h A 1.6 - ATM 12h B

* *
1.4
1.2

=

L
!

*

0.8 -
0.6 -
0.4 -
0.2 -

e
()]
|
relative expression of ATM
mRNA

relative expression of ATM
mRNA
[N
|

o
|
o
|

0Gy 4Gy 8Gy 0Gy 4Gy 8Gy
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- P53 6h 14 - P53 12h
@ 2 C 12 - D
& 115 - o '
s & 1
£ 11
% < * £ _o08-
2% 1.05 - 22 06 -
58, | N
2 S04
E 095 - £ 02 -

09 1 = 0+

0Gy 4Gy 8Gy 0Gy 4Gy 8Gy
9 - Chk2 6h 25 Chk2 12h
*
9 2
S 15 - . E g 27 F
E . 15 - *
= £ .
5E S
g 05 - £ 05
k= s
— 0 | 0 |
0Gy 4Gy 8Gy 0Gy 4Gy 8Gy

El.4 HEIESTX Hep3B At ATM. p53. Chk2 mRNA 7K a5

(F: *5 0Gy 4LHAE, P<0.05)
3.2 TR EZH2 AW EEBININT Hep3B 41 fi%m 5 R0 RL i) 5 el

3.2.1 BEME GSK126 HIfFEFHAIE

Hep3B 4l iz T A FIFIE GSK126 #Hf7 4k, £57% oh J5, W% GSK126
P AR AR Ol A HERR BT AR RIS R AR, FRATT 4 i Aar Ul
TN\ CCK8 J& 1-3h WHIMOGEEME, LSS RIBNARERT, Hep3B 4 A= K411
il Z 1k 500K ikt Biff) GSK126 ff k. £5 K78, I CCK8 ¥ H 2h j5
AN CCK8 3h 45 Bt m]—2, Hep3B 41y A= KM% Ny 50% 4 4 B, GSK126
i 37 10UM o 72 40 A1 B AN 52 WH 2 S Lk B HE I EZH2 A=W 30il 3k
BF, %EF 10uM GSK126 {F A J5 425256 & .
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1 -
< 0.9 -
0.8 -
07 -
0.6 -
0.5 - = (CCK8 1h
0.4 - —CCKS 2h
03 -
0.2 - -~
011 7

0

CCK8 3h

Growth Inhibitory Rate(100%

S5uM  10uM 20uM  40uM 80uM
Different Treatment Concentration of GSK126

5 AELERER GSK126 Xt Hep3B RARAY A 1< &I{E B
3.2.2 K EZH2 B ERNXT Hep3B 4H i 4E 5T R ML i

3221 | EZH2 AN AT RS H5 S Hep3B 41k 4 DNA A IR m

Hep3B 453745 T 0Gy. 4Gy. 8Gy HLEHE 4T, WU E LRI GSK126,
30min J& AL LM, G s 5 eI DNA XUBR KT 2445 &y H2AX K H3K27me3, K
E9eEg, DMERA (0Gy 41) AR, WEAF IR 2 I 76 2
BLVuE.. RER, SEBALE, 4Gy. 8 Gy 4y H2AX. H3K27me3
POCTRE R TR, H 8Gy MG Tt = T 4Gy BG4 (HAEAHIF
ISR E T, IR+GSK126 45 IR A5 timEXT LRI, IR+GSK126 41y
H2AX RiEEWEET IR 4, 1 IR+GSK126 41/ H3K27me3 Fit &1 LT
IR4l. (K5A. B)

0Gy 4Gy+GSK12

8Gy 8Gy+GSK126

5A HEBEIESXTHG EZH2 £40F N A Hep3B 4R yH2AX BISZM
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B 0Gy Gy 4Gy+GSK126 8Gy 8Gy+GSK126
H3K27me3 -

E 5B HEREFXHG EZH2 BEZFHN Hep3B 4HAE H3K27me3 RYEZA

3.2.22 Ml EZH2 AW RN L B R 5 Hep3B 4H MR 2 A I O R el

% Hep3B i fiss T ANF IR AT 71 & 0Gy. 0.5Gy. 1Gy. 2Gy. 4Gy. 8Gy,
HRS G IR+GSK126 4157 BN\ GSK126, 4k4:E5% 12h F1 24h JaUscedn i, 4R
e SR 7 400 M ARG D0 400 e ) R AR A B IR R, BEIRST TR AR N, 4if
G2 JARH B I, H 2R MFEIRSRIE T, IR+GSK126 4 G2
WHBH 2 IR 404 /b, 12h ZH(& 6 A)F1 24h 41 (B 6 B) & AR AL B4 — 3.

A » . OR

W R+G5K126

%nﬁﬂ“

0.5Gy 1Gy 26y aGy BEY

XEJ?S'IE@MEH ep3BffiiBG2HIEZ k. (12n)

MESEHAAS L, (10026
8 g
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ED
E3 alR
i -
%E. o0 M IR+E5K126
=
e 50
E e
NI N
E 30 4
&)
ﬂ 20 _
) ﬂ ﬁ
10 - ’—"i %=
I
Lo 0.5Gy 1Gy 2Gy Ay By
T BB SHep3 e iac 2L {240)

6 Hep3B ZHAALE T GSK126 ALIRfE 12h #7 24h 4HREE HATE (L
3.2.3 Wl EZH2 AW Rt Hep3B 4HHAE ST B BIZ H KW

Hep3B 4l 7325 T 0Gy. 4Gy. 8Gy HLE#E S AbHE 5, IR+GSK126 Ab#
HALRPAIAN 10uM GSK126, 4k4E157% 6h. 12h U£E4HY, KA Real-Time PCR
J7ER I EZH2. ATM. p53. Chk2mRNA F£ik/K . 458 Eor, 78 A K 18 5
FIE T, IR+GSK126 211 EZH2mRNA /K-F T IR 4, H 6h 5 12h #E—3K;
6h ATMMRNA BB FFEX — i (B 7A. By C); MEMFMRHFIET,
IR+GSK126 4 ] p53. Chk2mRNA 7KK T IR 4, H 6h 5 12h FifE—EL, 12h
ATMmMRNA A 55X — g, (B 7D, Ev Fv Gy H)

« EZH2 6h EZH2 12h
zZ 9 - +s A 18 B
lE 1.8 - E 1.6 - e i_lj t+
o | .
§ 16 el T I
e § 12
n ’ OIR 5 1 alr
§ 1- § 03
s _ 7@ Uo7 HIR+GSK126
% 08 BIR+GSK126 & 0.6 - *
g 0.6 - e
® 04 - H g-‘zl I
e 0.2 E £
0 T T 1 g 0 T T 1
oGy 4Gy 8Gy oGy 4Gy 8Gy
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I8
w
F
>\'_A}
o
]

Relative expression of CHK2 mRNA

ATM 6h o ATM 12h
=9
g 18- 25 D
*%
E 1.6 - % P
- *%* i
Z 1.4 . £ .. e
€12 - =
G 61.5 -
E 1 - OIR E OIR
%08 1 .|R+GSK126 ﬁ 1 i O IR+G5K126
2 0.6 - g
'ﬁ ]
E 0.4 - .50_5 -
0.2 - B
a
0 . . “ 0 . .
0Gy 4Gy 8Gy oGy 4Gy 8Gy
pS3 6h p53 12h
g 14 E < 14 - F
-4 -4
£ 1.2 - E 1.2
m om == el
2 1 4 a 1 -
%5 P *¥ * %5
§ 08 - § 08 - -
g | 9 | OR
g oo oiR 5 oo EIR+GSK126
o o +
g 04 - piRsGsk126 2 04
%02 202
[- 4 [- 4
0 T T 0 T T
0Gy AGy 8Gy oGy 4Gy 8Gy
e Chk2 6h Chk2 12h H
G 225 -
- -4
1.4 E
1.2 - g 24
*% 5
1 -
08 | | [T - 215 es =+ o
0.6 - OIR g1 oIR
0.4 - BIR+GSK126 05 B IR+GSK126
0.2 - E
0 T T g 0 T T
0Gy AGy 8Gy 0Gy 4Gy 8Gy

7 HE EZH2 BN X B R ETIE S Hep3B 4 % DNA a5
£ EE mRNA 7K FE B0
(e A [ HE S 77 B2 9 2L ) b P<0.05)



3.2.4  FH EZH2 AEYZEBSNT Hep3B SHHUAE ST SAE X H HZEH & HKF
A e

Hep3B 4143 ill%5 T 0Gy. 4Gy. 8Gy i E4E S 4bFE 5, IR+GSK126 Ab#E
M 10uM GSK126, #53% 6h. 12h W4, KA Western blot SZ58 A il
H3K27me3. EZH2. ATM. p53 fHEHKFIL. R mE R, MR RE
WHIE T, IR*GSK126 41 H3K27me3 ik /KT IR A6 B T B, W] GSK126
R E B T EZH2 AR RN (8 8 AL B); GSK126 X EZH2 HH
AKF ST B B (K 8 C. D) EAEM RIS FIE T, 12h IRFGSK126
4 ATM. p53 FEERIEKPR IR AAFHE (K 8F. H),

H3K27me3 6h
1.6
T 1.4 - A
812 -
é I
5 ] :
8087 e H3K27me3 i S
g 067 HIR+GSK126 B-actin W . S W S
204 o A 6 A o
802 - Y Sy Sy
& o & F
0 T T 1 X(D ® O
< 8 Ry
0Gy 4Gy 8Gy é’ (g;
H3K27me3 12h
4
= _ B
£35
L]
¢ 3
§25
£ 2 . H3K27me3 ~ e i
15 - | — — — . ——
% 1 EIR+GSK126 B-actin
i 1 o A b &
€05 - YO8 Y ey
: § § £
@ & &
0 T T 1 W "y o
< Ky X
0Gy 4Gy 8Gy & &
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Relative expression(/fB-actin)
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p53 12h H
7 OIR p53 - - ‘ ‘ ;; -
7 I IR+GSK126 B-actin — et
7 o Y © A o
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N 3 &
oGy 4Gy 8Gy v(g §

8 M EZH2 YIS N 3 B B AR ST S Hep3B YA A% DNA i/
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%3%F RBER

3.3 EZH2 7E Hep3B 4Bt itk ATM/Chk2/p53 HIE#E

3.3.1 EZH2 {&RFRAHHIER MR

K BRI 42757906 SIRNA #£ N Hep3B 40fid, T3t EZH2 £ik. # 3.3.1
4 SiRNA K751 . 1833 Real-Time PCR 35 1iE 5 2% siRNA R, 45 R a1l 9 s,
ARTIRAMEL, W% siRNA G2, HIYH B EZH2ZMRNA 7K1 B & A%
(B 9, NRUESAERISRRBR, RATERE TP EM si-EZH2-1.
# 3.3.1 SsiRNA 5%l

HH siRNA Sequence
si-EZH2-1 GAGGTTCAGACGAGCTGAT
Si-EZH2-2 GCAAATTCTCGGTGTCAAA
W SiEZH2-1 A B SiEZH2-2 B

et
L
]

[\]
1

[EEY
1

et
i
1

relative expression of EZH2 mRNA
relative expression of EZH2 mRNA
(==Y
5
]

ot = et
o Lk LN bW
1

11

Hep3B Hep3B—=iENA  Hep3B—siNC

Hep3B Hep3B—=iENA  Hep3B-siNC

o

9 siRNA Fi#t/g EZH2 B9 mRNA FiaT{k
3.3.2 EZH2 {EFIEX Hep3B 40 ks st 35 8

KW B gL 59306 SIEZH2 # O\ Hep3B 4HMil, T3t EZH2 Kik. By
G, 5341 0Gy. 4Gy. 8Gy HIEgfEST, MG 30min ALERANM, fhik
JEREIll DNA XU ARy H2AX F H3K27me3 [15R1k, RERIEIE, L
BRI (0Gy 2D SXTREZH, WA A7 4H B I el s e |l . 51R
FEZH (N 4D Eb#, 4Gy. 8 Gy lBHf4Hy H2AX. H3K27me3 ¢ 5@ i 5 & T
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F3F RPHEX

RIG, 8 Gy T % 4Gy IRFTAH T MR, HEF SR, EAH R
BFIET, IR+si-EZH2 H% IR Hy H2AX & G5m)E B BT, 1 H3K27me3
PG RN IR+sI-EZH2 15 IR 418 B %K. (B 10A. B)

A siNC si-EZH2 4 4Gy+si-EZH2 Gy 8Gy+si-EZH2

E 10A HEIRH* EZH2 {KFRIE Hep3B 4HAE v H2AX IS0

DAPI

yH2AX

Merge

siNC si-EZH2 Gy 4Gy+si-EZH2 Gy 8Gy+si-EZH2

o . . - . . - .
" ..-..-.

[ 10B H BT EZH2 {K3RiA Hep3B ZAAf H3K27me3 BIES

B

DAPI

3.3.3 EZH2{RRIEXT Hep3B ZM A B B H mRNA KK

K BRI 5 Je 7 720K siRNA #£ N Hep3B 4, T4 EZH2 ik, #Hplith
Ja, 73 %5 T 0Gy- 4Gy 8Gy HLE &L, M4 /5 6h. 12h YL&E4H /i, >k Real-Time
PCR 746G EZH2. ATM. p53. Chk2mRNA FTi&/KF. 45RER, fERR
B4 (0Gy 1), 0Gy +si-EZH2 41ff) EZH2mRNA 7K P55 H 44 F BB 5 Ab FE )
0Gy I WFEAS, XBIFrRM TR (B 11A. B): EZH2 KIK[FK/E, 1£
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%3%F RBER

Rh SIS TR ) 0Gy 41, SiEZH2 40 ATM. p53. Chk2mRNA /K-F# K
JeHETHS (B 11C. Dy Ev Fv Gy H); {HTE 4Gy. 8Gy 4, HH[H S5
& [ IR+si-EZH2 41 ATM. Chk2mRNA 7K-F% IR 4B (B 11 C. D~ G+ HD,
1M p5S3MRNA /K F = (B 11 E. F).

EZH2 6h EZH2 12h
< A B
g 1.4 - % 1.6 -
N 1.2 - E 1.4 -
o~
| 1.2 -
.E 1 =R N BIR
5 08 WIR+si-EZH2 6 1 M IR+si-EZH2
206 - Osi-NC § 08 - Osi-NC
E ’ * - ﬁ 06 T % gt
g 04 - - g -
50 S 04 -
202 - o 0.2 -
B 2
E 0 T T E 0 T T
0Gy 4Gy 8Gy & 0Gy 4Gy 8Gy
ATM 6h C ATM 12h D
51.6 . L 2
€14 | = £ .
£12 - §1.5 .
k=t *
1 -
Eog . .:E i-EZH2 E 1 - ="
a W R+sh- w ++  WIR+si-EZH2
0.6 - DsiFNC g Osi-NC
204 - 3 0.5 -
202 | -
® K
e 0~ g 0 -
0Gy 4Gy 8Gy oGy 4Gy 8Gy
p3S3 6h p3S3 12h
E F
3255 - %
:E =% E 18 +
m 2 ® 16 -
a g 14 -
815 = g 12 -
2 @R 7 1 - @R
§ 1 - WIRS-EZH2 2 08 - W IR+si-EZH2
=3 Osi-NC 2 06 - Osi-NC
L1
0.5 - 2 04 -
E B 02
E 0 T T 2 0 -
0Gy 4Gy 8Gy 0Gy AGy 8Gy
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Chk2 o6h
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Z16 - G s
[ [- 4
14 - E
-

51.2 . -
'E 1 @R -5
70.8 mRes-EZH2 5
50.6 Osi-NC g
a =
o :
™= T T E

oGy 4Gy 8Gy

Chk2 12h

e

1.2 A g

*o
mIR
M IR+si-EZH2
OsiFNC

oGy 4Gy 8Gy

11 siRNA F#t EZH2 RKiEfF ATM, p53. Chk2mRNA 7K 354k,
(A AH 7] HE S 71 2 9 4L TR LE 45t P<0.05)

3.3.4 EZH2 {KFREXT Hep3B 4+ H FEREE B KPR HE

KGRI #6 Y2776 SIRNA N Hep3B 4, T4k EZH2 Fik. /A4 T
0Gy. 4Gy. 8Gy HiZ4a4f, MBYIE 6h. 12h B4Ry, % Western blot J5i%
il EZH2. H3K27me3. ATM. p53. Chk2 FEEFIEKT. 4R ER, 5 0Gy
A EREE, BEFESFIEMIE N, EZH2. H3K27me3 [E AXE RN (F 12A,
B. C. D), 1fii 12hATM. p53 HIEE HFRIEF = MHIFFRRGFIE T, IR+si-EZH2
M IR 41 EZH2. H3K27me3 E HRIAEW R/, 1M IR+si-EZH2 415 IR
ML, ATM. p53 K ARIEBAHT AL, H 6h f1 12h LR AE (&

12E. Fv G, H).

EZH2 6h
1.4

1.2

0.8

0.6 - OIR
M [R+siEZH2
ONC

0.4 -

Relative expression(/fB-actin)

oGy 4Gy 8Gy

EZH2 g s S SR T NN

BACHN g e - —— ——
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25 p53 12h H
£
B 2
Y
S
é 1.5 A IR
E B IR+SIEZH2
x 1 aNe P53 7 il
g e e —— e —
E 0.5 B-actin _--_--—
L]
« 2 L A A A
SRS FE R
0 T T 1 ‘_,‘)‘;y = Q" © Q’
*® . 'ﬁb)
0Gy 4Gy 8Gy < & 006\
b

12 EZH2 {RFRi1EXS Hep3B 4Afa+ H3K27me3, EZH2, ATM. p53
ERKFAIF N

3.3.5 EZH2 i RiALHHRT KIEE L

H1 T 8 B e R I R 35, 57 EZH2 3o 36 1A R 70 S T 12 293T 4 il C A
B B, BT EZH2 i3 R R ARE M OREFFE 18h-48h, ASLIGER Fi
)5 6h-12h X 53R RIA A, ks a BRI R, Ry 36h ix—
ANEFA] 6 293T 4 YU AT IE . 25 i, A4, B4 C AN
AR 2k Bk ORI B 0.908ug/ul) 55 i 71 Lip2000 H4E F el
4324 4ul:5ul, 4ul:8ul. 8ul:10ul, A S ik 20y iy I F5 G XU E, 245G Western
Blot 45 5 21k % B 4H 1948 FH LU T e 8252 4

w

N

e

Ralative expression of EZHZ mRNA

-
(== TS S "L T S R ¥ R VU Ry |
m
N
—~
—
N

.-f‘bo;& ,‘_}\4\}6’ gl 2 C O?”\ é’ v 0 (@)
o,}, Vv ,\;“’
o <o)
>
13 AT FRIAFERIG EZH2 B9 mRNA fiE A FRIATL
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$3F RBAR

3.3.6 EZH2 WFRIAXS 293T i+ B HIZEE mRNA /K F2m

K B i QL7000 EZH2 ik ik ke N 293T 4liffid . 45 36hEZH2 fa
E RIS, 45T 0Gy. 4Gy HLE4a0t, AT S 6h A4t /e, K Real-Time PCR
J7 LR EZH2. ATM. p53. Chk2mRNA FEik/KF. 4558 Bor, EHREH, #
Pt FIEFRL (OGY+EZH2 ™“*) J&, EZH2mRNA /K P8 A4 Je sl W] BT,
BB TR O, (B 14 A)s MRS FE R, IR+EZH2 ** 41 ATMMRNA
PR IR R TR p53 BOANRAE A mRNA 25k & 4Gy+EZH2 “** 4 4Gy
PS3MRNA Fik & B BFEL; 0Gy+EZH2 “““4H Chk2mRNA %% /K-FE: 0Gy 41
W PR, AGy+EZH2 " 5 4Gy AL, EH#/NE 14 B. C. D).

< EZH2 6h ATM 6h
g 4 A 52 B
£ ** =
o 3.5 E -
o 3 *% 215 -
%5 < =%
c 2.5 1 5
7 2 - OR 5§ 1- OIR
£ 15 WIR+EZH2IT I @ W R+EZH2TE i
CRE Y 205 -
g 05 - :
L &
-4 0 T g 0 T
0Gy AGy oGy 4Gy
Chk2 6h
- p53 6h C « D
< Z 1.4 e
= -4
« E
= o 1.2 4
21> s 5 |
k] k]
5§ 4 gas—
o OIR £0.6
N ey = oR
x WIREZH2ITERTE @ (4
2 0.5 - 2+ W R+EZH2iT 3 3E
E B _
5 502
o o
0 T 0 T
0Gy 4Gy 0Gy 4Gy

14 EZH2 T/ixHASRE ATM, p53. Chk2mRNA 7K FHIZT L
(= >R 7] HE S 77 2 9 4L 1) bE 5 P<0.05)
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%33

3.3.7 EzZH2 EFRiExt 293T dif H HEFE QKR

A FH Wk I 2 G 7 V80K EZH2 i 3Rk ki N 293T 4. 4§ 36hEZH2 £3
ERRIAG, 45T 0Gy. 4Gy HLEFESS, AT E 6h IS4, K Western Blot
JIEREN EZH2. ATM. p53. Chk2 HEARIANKF. R, 7EMH I IR
FIET, IR+EZH2 “““Hi EZH2 EAREEWHEST IR4H (B 15 A) ; 1
ATM. p53. Chk2 K& FAAL M R, RIEZH(0Gy 44D ) ATM, p53. Chk2
BARIEEILT 0Gy +EZH2 "4, T1fj 4Gy 411) ATM. p53. Chk2 EHEILRE
7T 0Gy +EZH2 “**41 (B 15B. C. D) .

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Relative expression(/p-actin)
[
Il 1 1 Il Il 1 1 Il I

EZH2 12h

Relative expression(/p-actin)

1.6 4
1.4 -
1.2 -

0.8 -
0.6 -
0.4 -
0.2 -

Relative expression|/B-actin)

1.2

08 4

06 -

0.4

0.2 4

oGy

4Gy

H3K27me3 12h

0Gy

ATM

4Gy

12h

oGy

4Gy

olR
mIR+EZH2 i TR 3E
T

DIR

B IR+EZH2 3535

OIR
mR+EZH2id -

H3K27me3

B-actin




p53 12h
1.4 -
1.2 -

0.8 -
0.6 - OIR pB-actin

0.4 -
mIR+EZH2 T TR

Relative expression|/p-actin

oGy 4Gy

15 EZH2 RiEFS /G EZH2, H3K27me3. ATM. p53 HEHEKEHZL
3.4 EZH2 /8 H3K27me3 %} ATM/Chk2/P53 & g7 A+

DT ATM 531X H3K27me3 ¥ F B AL &1 KT, L ATM E 3§ X
6 xt514%) (B 16 A) , F ChIP-PCR J7iZ:%t 4l 4H i : Hep3B-siEZH2 F14:
GSK126 1 H ) Hep3B 41l ATM Ja 2l [X i) H3K27me3 ) F FEAb & i /K -3k
TR . 255, FEREE I 6 X BRI S5 AR L, Hep3B- siEZH2
A% GSK126 1F H i) Hep3B 4 ATM J& 511 X i) H3K27me3 i) FF 4k, 15 15
HIRAC T X REZH, HIH7E PP4 X i A e . (B 16 B, C)

i
A 25323, o e &
2232383 LIgiggs 3
-
£ onm 8§ E W S E ;@
L 1 L 1 I i L L L 1 I ATM
PP1  PP2 PP3 PP4 PP5 PP6 ATG
B o002 Orsituc C
o o omse 0.008 WsiEzH2
01 WGSK126 - 0007
- =
S Q. 0006
0 008 E
= = 0005
T oos 50004
g S
0.003
k= 004 [7]
8 2 5002
0.02 0.001
e o6 & 5 o & o & & D(:é"@&g’b,g:c,e’"@& &
& & E S $ & EE L E e TG E T S N $
& F i & & o &P & @& &
A & h R R B3 & &
PP1 PP2 PP3 PP4  PP5 PP6 PP1 PP2 PP3 PP4  PP5 PP6

16 Hep3B 4AffE ATM Ba1FXHI H3K27me3 B R E AL & IHK
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F4F it #

FA4E T B

JE RN P e A2 6 200 B S PH A TR 4 i A 2 RSl o, L £ 90 %6
Y1 ity % A8 ( hepatocellular carcinoma, HCC), HoBMFREERK R 6T BUER %=,
REIRGH, OB BE AR T Il 5 R BRI E . 2015 A3 5k PR
FERI SO N 46.6 TN, JUTZ 42.2 J1N, 295 e ERETHRE ST 150K 51% .
FFE] B B9 R ) 3 2R PR K A e HBV M HCV W #,  HUm #EfE
FR K JENE . B 20 e 90 FAGE, RERAKET &M TR R K
Bz P RIANZG ST A LA R R IR R AT 7T, H SER TR e Lok, 275
PR R AR R T . (HREAE T LeE B NI 454 AR TE 77 N, &
WIS m IR s R E 'Y, s AE 7 2, AR IR 1 R 07
(nonalcoholic fatty liver disease, NAFLD) H LB & (3K 35, O AERA AR
G > S A ) R ) R

FRT, e a7 5 R i im) AR e AR VA T DD KR, AELPR 3k R 2 HR Ak
JH e B AR A ZE R . A s, R EUR IR B 3K 2 Thae = 1
RETHRIATEVIRR BN, R BER B — A A E TR I T B, #
AU 2 1) B E A BB Il . AEREIABOT BOR BT R, e I
SBHAYT & ARSI 4 IR, Ry 38 HR S R e R STARSE IR R YT, ez 11
WHLUZ U &, SRS RSN E, BARBOR TR R ESR, A
BITHRAE T — AR RE . (HITLEAE, BEE UM 20T IR 2 A, gif
HOAR S U Ry 1 SR B 7T T e AR UREUT JE 1 32 2 B H) 0 2 AR
o5 RS A RT3, I AR PRI Fe 4R — 8 %

4.1 FEERESTNT Hep3B 4BEREL K H KIZEE K mRNA M K FHISER

4.1.1 HEESX Hep3B FHB4IMF ATM. Chk2. P53 RikKFHIEH

H2AX Btk (v H2AX) #iA A DNA XUEEMIZER 7 Thn&, KA
DNA #if51E 5 53, 52k DNA 52475 [ 25 [ AT DNA 1258 A1 2 55 (1 7E DNA
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F4F it #

SUBEWT X (double-stranded break, DSB) HITHZE[59]. ASLih L0, 44T
REMS 155 Hep3B 4l hy H2AX HZRIE WY R ThEr, I H B 70 & 3 b
Hoog, AT DL e AR AR A A B AR . IR Z T AV R R £ 4
UESE,  F B AR S PT DA SRR 4 i R S R kR, 51 M i i AR SRR, s
JA=ERTE Giv S. G WA REHEAT A 2243 24[60,61], 1X 5 7EA S5 ML 52 3] 1) &5
R, BEISERN N, IR R G2 W . G2 Wk A WP
HIE SAET NN T — B H 20 R A 31T DNA (2@ i fa), fRIE7
2 L P TR A 0 O D R P o S T D R A B A S Rt A B OR E R, B
51 AEC IR — ST ER B AN AR [R], e Sk i B 4R S AR XS Hep3B Aliffg BA G2
WARHVE R, FRATTFH FR AT 4 HepG2 JHEAT AT SELG, il 7 48 R
f) G2 BHM RN, X B b8 WA B Ui W H S R S R0 51 S s 40 i i 2E G2 S RHL

YA DNA 555, B2 300 PR 200 S I sl 200 ) A 25 st RO
B XK N [62] F H 3% FL e 25 07 v O 48 WA B RS W 28] 24 200 i 52 31 Wl B9 4R A
WG ) ATM B8 p53 BRI, VE 111 p53 RE S B He 45 T Ui 4 At o JAAH 5C
FEDA p21. pl6 ik, @Em gl AR gH A AR . BRI AT BAA Y ATM/Chk2/p53
TR VO A0 B R SR A A, A B A A ST PR ) SR B B 2 — o AEAR SIS U
3|, ATM. Chk2. p53 ) mRNA P& T ARG, HAE— & 7 &
W RBUNFI R I, B 6h A1 12h 2R BLH AN . 45 4 4 8 145 3
I FEL S e 7B (3G N, Hep3B 4 G2 JHRH M UM A FEINEA &2 . 6 5% p53 5
S G2 WAL FE R, CRE R UESERIAE p53 i FRIA REWS A B2 I
Ji cdc2. cyclin B1. B99. MCG10 LA} Topoisomerase Il F1&iE, 41k S G2
FARH Y, T IX L R A S 504N G2/M L ()% . AR SIS
i) G2 WIFHWH R " B85 Hep3B 4132 [ J5 pb3 RiAMIINA <. SERMMIEHR
R RMERE T, BEREFIENEMN, ATM. p53 M aRIAK P, |
12h /INEF A AR SR I 2 I AR B AR 1, T A PR R DR SR B 1 T R N
R Ko NIRAIERX — AR, A 5 2 B S vh JRATTRE R P A 2 B I8 /KT B
IS 1) B AR HEAT T 9, o W) i 9 3 R B I ) AR A B AR
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F4F it #

4.1.2 HBEIEEX PcG Kkt EZH2. BMI-1 RiAKFHIEH

A KA DNA SUEEWI LS, 5 B DSBs (18 5 75 B4 I 73 s s )
W-EHE B (access-repair-restore, ARR) it f. 4 & X I8k i S 0 ik 45 79 ()
TEEXT S DNA U IE I R R E T, 1, FEM e iEimiZ DNA
(LRSS DA A P 25 Uk L1 =R S i Slals vawd i I Eo T (AP SIS R A i
HHEBAES X RE3], BEEET, GO iia ok & 2 BR 147 i
SN A BRIRAS s E AR I BEL VAR 40 e s AT R R, PRAIE M A SE A2
RHEEISE, HEE )G, REOTRE RESATRPIRES, 404k skt
ATIGTHE o AE G0 5T Z5 A AN IR AR - A (R AR A SE O DNA S0 1B 52 . ok
B AT B, HEE PRt R e i B, 253 DNA i
e . O’Hagan[64]%5 Nilid SE4 &I, 7E DSBs {7 s fE % K I EZH2 )
R4, H H3K27Tme3 i, EZH2 4 FHEEEA A E H3K27me3 J&, # PRCL %
VU, RERSAE YL SRR, [FAE A KAEEK . Chou, D.M 5 A\[65]
ORI E e A A O AR R I, 24 Hela 4R M A% X 4852 311
WHVSEAMBOCIE N fa, 8 A e ROt as B o Ay H2AX. EZH2,
H3K27me3. RPA32(replication protein A2) [ IiAFE AN RS X BIML, &
INEMLHIUESE T PeG REUSAE DNA 1015 XSl it 5. AT S 5 9 e S B 4
TR, BEERATRIEBN, v H2AX 1 H3K27me3 R MBI Z, HY
ERA AR MAEE R AR . 5 Chou, D.M %5 NSEIGRF 2 Abje, RATMEL
/2 Hep3B ZH U 75 52 21| A [R] 771 &2 £ R B 4 SN I, 200 Ak PAY 9 e 2 Y P 120 0 0o
201t FEL A P DNA 4515 72 P Jx H3K27me3 193 IA7Z5 4K, ifi Chou,D.M %5 A SiA: )
T HR S X SRR X H R a2, R SR TTEAR, HEE K
e 2 200 i 32 3] L B R SN I PeG XA 33 H R 4% T H3K27me3 fEFI 2 5 DNA
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