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The activation of DNA damage repair and cell cycle checking point
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[ Abstract] There are more understandings on the DNA damage-induced cellular and molecular

events, especially on the activation and recruitment of proteins responsible for DNA damage response and

DNA damage repair to the site of damaged DNA. The activation of cell cycle checking point is more clearly

elucidated on its mechanism and the subsequent cell cycle regulation.
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£ DNA RN OB AR AL —%
R7E DNA #4515 5 Tim A% AR BEALBE-3 SRS FE
# (phosphatidylinositol-3-kinase-like kinases, PI3 KK)
K&, BREEHAMEY KT RIRIERT (ataxia
telangiectasia mutated, ATM) # & . ATM & Rad3
AHE B/ (ATM and Rad3 related, ATR) 5 DNA 4#K#i
3 F % 8 (DNA-dependent protein kinase, DNA-
PK); 5—3RFE P13 KK T4 R Ik 15
P45 1(checkpointkinase 1, Chk1). Chk2 #1 Chk3!",
25 DNA #ith B EMir 2 EEH T L@ Bm
HFIE
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Nijmegen YA {AMTRLESIERD | Z’H (meiotic
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4 NBS1, C %R 5IRad50 71 DNA, B, ©&F
A 3 -5 BHMIMIEEY . RadS0 B—Fzdh
BiEER, EEmEAPBLNTT, FWREGSEE
A ATP B§i&E 1%, [RIBT5 MRE11 #§E/ER ., NBS1
RAMEY, BEEAYPHEERTER, €8
BEAEE WS — M XM (fork
head associated, FHA) MZLIEE 5/REEH (breast-
cancer susceptibility genes, BRCA) Zif3 % 1 IEH
E4%Y C %4 # 8 (BRCAL C-terminal, BRCT) ,
FHA B R 5 DNA RGBS NASEH T 1
(mediator of DNA damage checkpoint-1, MDC1), £
MDC! #fEFI T RET DNA B E AL, FHG
fE B ARWIHR; BRCT NIEE ATM, #HKMIES
T WS, i@ NBS1 B, MREI1, Rad50
B2z 44 F DDR Ab. MRE11 fBEER 1L L2 NBS1
Rt @,

7E DNA Bt E B30, @it NBS1 &Efi, U
# MRE11 R /& DNA 9N RRE &,
ricHGX R, 4 F MREN _E&) RadS0 i H
BREWRRER, BERTAS Rad5o HEE
BEENEE, SHER, ATM BB EHF5E,
N RESHEA, HiX—RukRE, FHHEX
—RER NS, MRN EEH ATM BIRERYE
KASESEF, EATEERG RS REEEEER,
1.2 ATM # ATR

ATM F1 ATR 2 DNA #5800 B F, #9]
37 G DNA BiAE %, ATM s FEEH &8
SRR A TR, ATR WISt BMEE. B5 4%
SIRMIRGE NS, MR T A R
FIXE LD, ERENDGENEDAEEHFEE L
FEEY, EXAKRS, ATM LIIEELHN _BIAE
RFE. L EBHBE DNA WEHREE)E,
ATM £ MRN E64 M BETRERE, Serl981
fis R e BBk, —RARE,  H2A Bg
E BH 24K (histone 2AX, H2AX) . NBS1 B@ 4k,
(BBt ST LT IR A% 5 B Chk2 A A R 9,
ATR B E . HT IR S 8EE Chkl MBI LI
HXTEE, BIRES IR & 4 S EE DNA 4
ZEFEREIZEA X, ATR MEERKBTEH
EAAMATR MEEREANEN, XUF
NBS1 BUZhHE, Jackson® BFFEAHL, TEH BIESTE
LSRR R R, ATR MBS K#H T MRN

EEYM ATM BB EE, BRRESERAET,
ATR T RE#E ATM SHBREK RIS o
1.3 H2AX 1 MDCI

HEA HAX BT H2A 5, HCHE—R
BERTRS, mUZERNEEN 4 MEERA
B EXEMAP, ZIF5# Ser139 i & Al i
ATM 2 ATR B SBERRIL, £/ v-H2AXY, F£5
DNA it 84 X ME AT LA FHA, BRCT
S8 v-H2AX MBIk 2 BB SRR EAE
RAHFSEBEERINERR, EHi, y-H2AX B4ER
& DNA BB E B E 1, BEENWHEKH
fARE, T y-H2AX H MDC1 454 e X FH5
FEMHKERRE FEEHREEXEEN,

MDC1 &7 FHA 1 BRCT BN, @53
BRCT &6 v-H2AX, RPHEZEOBHKRENE
FAFHE A DNA 15 R F; it FHA 56
ATMT, LouZ%® KB, MDCI*BERHEHER
HARB, 5 H2AXVMR AL, #7R H2AX
MDCl BREH A FHEIEXRER. MDCI #pafE
H2AX BERRALBE IR ; 5 H2AX 4R, MWE T
£ DNA SO ME I HERIER M, BREREE
F4% DNA iR S EH. Xl MDC1 A7
ATM FIHG 8IS H2AX FRAIERA, RS S
K28, EIBHEELH ATM £ E K7 F R # H2AX
BiMifk, MDC1 ARl FHA 454 NBS1, REH
MRN E&WFTLFTR O, MDC1 B9HFRAEF Al B 5,
IERBIEE, /T ATM fK#iH DNA BG5S 8K
KU, B, H2AX BHGESHFAFHK, W
MDC1 R AR R RSB A9 5

B L, #/4S DNA BB EFSHSERE
B, H2AX AMULEEBERRIL, Z R IEMZBIL%E
Wi, %t H2AX IE# REEFR LR UHM, MR
FEEH Tip60 HIBMA RN B B I F -
H2AX Z.Btfk, {26 2 BifbwEikik HoAX SR %15
M) H2AX 76 XS B AL 55 4% o van Attikum % 19
BIEMRER, ERES 48 (UHE M (K48) 19
ZRABNEE SBEAMMEMR, T 63 MHE
B (K63) MZ BB HNE T & E SRS NER
MARTEEN. E2 ZREAH UBCI3, E3Z %
¥Z# ring finger protein 8 (RNF8) A0 H.1E A Al fiti 1k,
Ke3 M EZZ REWE R, &g RNF8 R F
MDC1 Ef FH &4, UBCI3 EHRGRES
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TIP60 EALR, ¥ BB H2AX RiE £ &
TR, RNFSIK#IR H2AX Z B3t pS3 58 &
A 1 (p53 binding protein 1, p53BP1) . BRCA1 ZEXX
HEWr AL B BT B AR . RNF168 22— E3
ZEEERM, #3 RNF8 MEA, HELES RNF8
BRBEIRIEM.,
1.4 BRCAl

BRCA1 EFH1 BRCA %f%, W 545MHXH
RING %5 #9182 H 1 (BRCAl-associated ring domain
protein 1, BARDl) RAERRMLES, BARES
MEAMEBREEANESY. BREAK
BRCA1 R &#H 3 f, 47714 BRCAL-A. BRCAI-
B. BRCA1-C E4%), H+ BRCA1-A EHAHY
KAKBHFE. ZEAYNESZ—, BELES
HEH RAPS0 BEIRFIZ Rk H2AX, WESWELNL
HERGEAL, BRCAl BB E3 Z RERMINEE.
I4h, BRCAI BE¥E ATM, ATR. Chk2 BEfR{L, B
31k BRCA1 7£ Chkl, Chk2 E&F REEH, B
5#iE S#. C-M MRS, A p53 THIFE
EAREF, R ER, BRCAIl REHRERS
THIBARS . MRS TH 1,
1.5 DNA iR EAE SR ERER

B R STA S R B S MY B DNA 515
EEEMBEEEARAAENER, RHEGEE
f11% MRN £8P ENM—ATM Z Bk FIFE S 72
Ser1981 {37 &5 (19 B B BE fk —H2AX Ser139 i &5 A8
B 1k—MDC1 K 5 FBE B /L —RNF8 /A,
JGHIEE 4 BRCAL 1 p53BP1 WUFE, HBEAH
23|47 BRCT l FHA ZH & A MiEE,
v-H2AX I MDC1 &ATER T H i X T,

2 DNA HR{iF5IEpeEABE

R R RS TARRABATERS
(eyclin) F1FE#A F 4K ¥ 8 5 ¥ & (cyclin-dependent
kinase, CDK) IR MIEN, MM ESSBIE
L8 B3 T80T LA G 40 B R 8 & AR 15 HE . DNA Hith
Ja, RT BB DNA EH k2 EE F45,
VR 2450405 107 2 B9 1 T A 00 R 3 % 40 A F1 SR
HFMREEREA, MM DNA REELHE
HetE, EAMEY KESLFRAE ATM 2 F
B DNA H455 | #2 Ho 40 & BAG #52 m RO R M LAt
7", Chkl 1 Chk2 B #ARXBAE T, @i

HIE T WA SR SR, MDCL. BRCAL,

p53BP1 A] 5 Chkl. Chk2 &4, BCHBMILR

Chk Xt E T B FHBRMILIERA, EEEE

553K DNA Bt 5K S BIEZE R EHR

YER 1,

2.1 Chk2 iBREHBERR 1L ¥ IE-DNA B E & ARt
[ iR E

Chk2 XU KT G MM ATM E B KBS
%, VW RESGTEAE ATM-Chi2 B 3%, 415
F#AE#, % DNA BREHREGMETE, &K%
4T, Chk2 tLRESE ATR A& DNA-PK #i%, Chk2
A—2E RN EBRE A E - EBAEE (serine-
glutamine/threonine-glutamine cluster domain, SCD) ,
ATM ARk Chk2 B Thré8 {37 &5 & SCD S HAtEE
H, # Chk2 BRAFEBEHAHEEE, X—¥
Fig 1 S AT R {# Chk2 7€ Thr383. Thr387 {iL& H &%
Bk, {f Chk2 BABIEFHBILTEHE I, ik
B9 Chk2 BERRAL p53, EE N HERTHEER
p2l, p2l & CDK Byip#iiH], #E¥MHl CDK 5 Cyclin
E. Cyclin A & MTEHE, MMiPHE DNA ZH a4
ME#EA S #l. Chk2 A EEMMEAHEARER 25
) A BB H4K (cell division cycle 25 homolog A,
CDC25A) , FRHEZ LM, ME CDC25A
To ¥ 16 B H BT % B9 CDK2-cyclin E Z R 1K, It
4h, Chk2 A 8§84k BRCAIL, #1335 1L& BRCAL
A ¥ DNA HtAREER B,

2.2 Chkl &%

Chkl FIHR FAHEMMEE, H NHRRKKHY
SCD M EEHWE, CRmUAER, AIEHESE
fEva, 5 Chk2 FA LI ERVLHMES . Chkl
FE5E 5 ATR BRI Ser317 fii . Ser34s5 fi 5k
MEE, 25%/METBH DNA #i45. 2 HIBHNE
K DNA Bk, XEW N RZAER, ATM t A
ATR %0 Chk1 MIBEBRILFNITEYE, LB ATM-Chk2,
ATR-Chk1 i B [ FF E L X . ¥EALH Chkl 3l
CDC2-cyclin Bl E S HIEN:, SRAKANE
o Chkl B2 ATR KBIR M FHNEERS, EH
Ser317 Fl Ser345 BB L)S RERIE MR E p53,
¥iE G-S K, Chkl B ATM BIE 5T @
CDC25A 5|k S H#ARH#

2.3 HiFE AR
S0 O£ 0 A\ G0 B R S A & B B 2 AR Y
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Fo¥E, DAMRIE DNA i, iR Ak Sm g
MU TR . G,-S MR AT LARIE B 3 & )
MEE G ERERLIRN, EEH ps3 F. ATM
&t #E Chk2 T 5 B 4L pS3 K Ser20, ATM B
ATR & ] HEBERRAL p53 B Serl5, EHERIFKF
1R pS3 MkRE . AT REMREIRL G, G, &
WA EHBL 19, Chk1-CDC25A o 88 8 i 18 4%
CDK2 ##5 G,-S #, {H p53-p21 BEH B FE
K

CDC25 FER AV HARARN S —~REEE
H. Cyclin 1 CDK BI%5-6 15 fb 2 95 AR 1k 10 il o4
B, BT CDC25 MiE#E, CDC2S REfHZR &Y
ZBERRAL, DA TR UE 4 A PR S0 4 B o7, O
LAt , BHREEEYI=4T 3 # CDC25
S H# A —CDC25A. CDC25B 1 CDC25C, - {HHF
FiNR, EfSPIEARERRRREREEEHE
WAEH, 43 ARIRIE, CDC25A il CDC25B [ LY
WEHFME, MAKRE L35 CDC25C HTFE
FRLI O, EETHRRH, =EEHRRALH
EANH BRI EEENE, ERER, CDC25A
fff CDK BRI M5 cyclin E (A)/CDK2, cyclin
BI/CDK1 H4A1K, CDC25C Ser216 £ 5 KBS R /LN
AR AE BRI A L R,

K42 $#) ATM-Chk1(Chk2) -CDC25 4b, CDC25
B A8 Polo FEE(EE (Polo-like kinases, PLK) RIER
. BRI, DNA BGFIMEIAL BB A5 B
BB, FIEK PLK REREK, B
MR T CDC25A MERK, FIRAMERTH
DNA B E st A S M G-M B3, S BURMEN
B 19, PLKI1 R BEfE# CDC25B AR AR ENL, 1
SRR (E A MTEA M BIBRE S ™, Jin 25120 B9BK
FWHER, 7E ATR 8L ATM EBgF, CDC25A MiZ
FALRRM EEKBT Chk1 M3k Chk2, BIEHIBIE
RI, ps3 A CDC25A ML, HAEHNE
R p53 REBIEH R MH A F ATF3 5 CDC25A 5 3h
FHZES A, R4, CDC25B HREMETREE S 43
JRIEE BB REE XY,

3 &iE

BRIFRERAEE T ATM () ATR 3|
&K H) DNA H14518 23 B U R LB S ME
FRFAMER, HXBAET RAXWEHEAES

MDC1 B9%54 . Chkl B Chk2 BYBTE, BIMIBY
ERERAEEFOMEER, FHEBEERTHOR
A, BB ZE B FAERE ORI, X fHAG 4R
FER B Z I AN AR ET s Keet . AR, &
. DNA #5168 SR, BEEBEVIXER,
WES 5% G ENEEFEMEHEF, HEEER
R IRER ] BE S DNA HifF R LB E ST
HIR, Fit, %t DNA BGHLEKBRIAE H T
— 5 THRARETSRE TN BHXES, WTH
R T4 L BT IE IR
$ £ X W
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Bystander effect induced by ionizing radiation and its application
CHEN Feng, TU Yu
(' Department of Medical Radioprotection, School of Radiation Medicine and Public Health, Suzhou 215123,
China)
[ Abstract] An indirect effect induced by ionizing radiation called bystander effect is being highly

concentrated. Many domestic and foreign researchers have verified the existence of bystander effect and have

got more understanding of the mechanism with advanced detection techniques and methods. So far, the

research about it has expanded from a single cell to multiple cells, from the in vitro to the whole, and has

extended to in vivo from in vitro, which provides powerful evidence to explain how bystander effects happen

and the regulation mechanism and especially gives scientific evidence to clinical radiation oncology
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application in the future.
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