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ATMAT AR E IR TS

gl xR
(P52 2 b 2 0, 8 PSR B 5 B A TR 5 5 [ 3 A S0, RIS 010021)

WE  AFRA-Ee0¥ P KR X (ataxia telangiectasia mutated, ATM) % & & T 55 BL AL
BZ 3-8 Bl A8 K 4k B K 5% (phosphatidylinositol-3-kinase related kinase family, PIKK)% i1, & DNA# 1%
44 B L B DNAR 5 5458 3] T a5 2% &, A B ShDNAMS .. 40 e 8 JA ML i e 2 JL 8 =
A9 F4, Emg iR TR, EHGALBT, ATMAL T hmib & Rizitse, 4
ATM T A8 % g B 2 %705 % 45T 49/l (induced pluripotent stem cells, iPS cells)FR A A R 4 &/t
AT, ATME B I A S FhBEIEF R ERERE ALK EICE REZ, ATMT 369202 B
Fp5347H2AX (histone 2A member X)5 £ A2 5| o) e R Bl i A = F LT 2R, %
LE LRI T ATMAL T mie B F &4 5 Rk mie £ A2 13042 F a9 48 A ALl
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The Mechanism of ATM Regulating Somatic Cell Reprogramming

He Haipeng, Wu Xia*
(State Key Laboratory of Reproductive Regulation & Breeding of Grassland Livestock,
College of Biosciences, Inner Mongolia University, Hohhot 010021, China)

Abstract Ataxia telangiectasia mutated (ATM), as a member of the phosphatidylinositol-3-kinase related
kinase family (PIKK), is a DNA-damaging sensor. It transmits DNA damage signals to DNA repair proteins, activates
several signal pathways, such as DNA repair, cell cycle blockage, apoptosis and so on, in order to repair DNA damages
and keep genomic integrality. Recently, ATM was known to be involved in somatic reprogramming by transcriptional
factors. During the process, ATM knock-out significantly affected final generation of induced pluripotent stem cells
(iPS cells), and increased the chances of abnormal chromosomes in these iPS cells. In addition, ATM also took part
in chromatin remodeling during somatic reprogramming. Furthermore, downstream effectors of ATM, such as p53
and H2AX (histone 2A member X), regulated the reprogramming-activated cell cycle blockage and apoptosis. For
the theoretical supports of improving iPS cells research in future, the aim of this review is to provide a systematic
overview on the mechanism of ATM and its downstream effectors in regulating somatic reprogramming.

Keywords  ATM; p53; H2AX; somatic cell reprogramming
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FU AR SR, B5 N1, BEgRIELRE K&K
oy R HLEIEIR KRR EATOR AR 58 41 B, it
G, A2 P T B G R R RIS, T R A O
AR SRR A M OGHRIER . Horr, B id 2
72 FTDN A% AT A 2 3 BUPS A 75 3 AR AR )
JRRZ —. BEHgmEL RS ROERENES. K
70, ] 1 G £ Jog 98 DA R I 458 () 4 i 2 4 B B, A4S
I FL A 7y it DN AT 177, DNA 5 XU 1 3 i m] g
OIS A M ) 2 2 T T4, T 520 25 g 72 50 561
L% O B 4 I 3 5k 9% A (ataxia telangiectasia
mutated, ATM) & [ /E ADNA A% B 2515 5 1 2%
RS IR B 2 TAt,  k T ik 55 5 ) R g A AR
FOIPSZH (¥ 5T & o (7] Iy, ATMIAH G 1 428 19 5 o 1
AN E LR LD, iR | PR T p 53R 4H AR AR A
H2AX(histone 2A member X) 1k 2 th X6} 55 4 F2 250 %
AP SHH I ) it & 7 AR R M. R 2 A, ATMAEAE
H ARG S S i B R E EAE T AR
NEEGHR T 0 NE TTFATM B E PR 2
AEJE AL, JE ok B0 H g AR T R R AR (DN AT A% A
et Jog B8, T E g AR R

1 ATMETIDNATGS N E SR E HRTE
1.1 ATMR ZDNA#5

ATMAE 2y B i 15t L -3 -3 16t 4 5% I8l o Ik
(phosphatidylinositol-3-kinase related kinase family,
PIKK) % 7, #& DNAXUEE Wi %4 (DNA double-strand
breaks, DSBs) ) 5 2L & N 7t 44 3 7l ¥4 DSBsfE 5 %
s TR REUEFIATM L — R AR 82 B 44
ARG AFAED . BRI A R A X W RS,

T ATME S W76 551 981 22 & FR(S1981)5% J: A
RO AL, B ATM AR MRS IR a1,
Ak, p5345 4 8 H 1(p53-binding protein 1, pS3BP1)!IA
NEKAER HO3(forkhead box O3, FOXO3)!+ 151 22 55
TATMI) 2R FITE AL 72 . ATMI) 2 SURY) 4
JH B 3O 15 BR 1, anpS3 AT A B A I 2 (checkpoint
kinase 2, Chk2)%!", JELITATM AJ G Chk2, 53
T PR A 41 0 73 4 JE 3 B 9 25 A(cell division cycle 25A,
Cdc25A), Rk BICdc25 AR BE 3 N 40 M 4% 1 42
FALBRAA, 21 3 30U B R WO R B B2 (cyclin-
dependent protein kinase 2, CDK2)[ 7% 14 4~ g 4E +F,
CDK-cyclin& & ICiE T B, 4 & 3 52 20 FE A7

22 ATMIE A I Chk 238 T I pS3 1 7 p2 19 (p2 1) 1)
ik, p21##| CDK % 14 F1CDK -cyclin & &Y ik,
M2 AR HBRA Y. ATMI R 2 S5 E,
WATM A] % B2 £ p53-Mdm2(mouse double minute 2)
AU IR S5, A 35 A, pS3BE R B E0GE,
Bt Ji5 % 53 K -7 CBP/p300(CREB binding protein) £,
5t fbps3, 12 #ERADS51/RADS52(recombination protein
5152)E-GINIE L, J5# B4 & SIDNA ) 4b
SERAEEAE N, FL R SR 1 (breast cancer gene
1, BRCAD) 2 ATMA) H i), H Wk b Ja 2 —
PG T FIDNAY 7 12 2 5 ARADS1, 5 # 2
5 DNARJE A2 5 AE AP th4h, ATMIE 7] 2
BEH2AX ) % B2 1L (phosphorylated H2AX, YH2AX),
J & 55 EDNAT 47 K 2 £ 2% [ [(mediator of DNA
damage checkpoint protein 1, MDC1) £ DSBsfv /5 2,
MDC I Ny 3 286 F) T HABDNA 4% B2 2 1 ) 5%
£, IF H R TBOKDNAG AT 240% . DNA iy B 5 4%
S5, A8 5 5% ) 48 B — T3 T 38 i pS3 4 3 ) 457 473 1
5 H Wi A ¥ (damage-regulated autophagy modulator,
DRAM)% 3 41 il 5 WePY, 55 — J7 I 3 i p5341 3
(RITPS3 75 5 4 W% fif 5 ¥ 1 1 15 K] 5~(TP53-induced
glycolysis and apoptosis regulator, TIGAR)i% T 4 it 1
TP, IXEEDNARI 8 B AH IS B B /E I DNAT 7
SN PR B 5 711, BT S T PR A EL ARG S e Ty
REAHAF FL AR AT — A Rl 1 s 2 5 | AR 4H L X DS Bs
B,
1.2 ATMIFT 2412

ATMAE i 75 35 DR A0 40 497 18 520 A v 1) oG
W T, B TR E IR, FLAEAR 4N H
Tk A2 4 55 B 2 A 4. Kinoshita%5 ] ATM
BB (AT) /N B R AR AT 4 201 Ffd (tail-tip fibroblasts,
TTFs)BEATIPSHUAR IS T, KL g A R AR AR, R
B BENSIRITAT-PSAM, I HAT-PSHITE A, £
e 1t 55 7 TH 55 B A AL PSAH i 52 30t AR ALL 4, {H 2 AT
TGO R I W B 2 TR, AT-PS
2 0 e € o S o AN R 2 S e £ o S S R R B o
AMEHTH 2 . NaylerS5 2 F AT 58 2 [1) il 1 4E 41 Jfd
HEAT B g e, 19 225 IKinoshitaZ8 M 45 S . [F] B,
i 2 [P AT-IPSAH i 38 52 B ATMAE 5 408t 1 FL 25
% %t (ionizing radiation, IR)FE B 5. 4 o J& 3 kG
7 AU R 2R ATDN A% 75 = 1 40 i i T3 hn, JF B
AT-iPSYH 5 3 7340 iR 8 K A A0 S 3 R A7 AE Bk
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DNA$: % W2 SR [P, Fukawatase 552 55 N ATHH
Jia 1) B g R I FE I, R BLAT-iPSHH i 2 I H IR B 25
B iE, 52801 LA I AT-iPSAH J I A H L4
Joi e, I B g A e A R Y A T REE KR T
AT-iPSY I EE R ALK R - R, Bhatt 5501 I 5%,
FH AT 85 35 1 411 B 2 S7 PS4 it ok A% v A7 78 ity bz 245 4
FERIN R, I 5E B AT A IR E 5 SR A4 20
0 s G, g 9 o 40 L 4 R 9P S R, K
I TE R AN AR SR A TP S 4 I s r 24 4 8 AH X A E 1Y
KB, AT 38 3R 13 0P S I A v B S SE K o b 4h,
5 R URAT-iPSHI i A [R], N AT-iPSAH i 75 4% A5 72
RIS B R IATMEE R[5 52 RAZ LRI, 3 A [a]
HRAE, HAE N AT-iPSZH A I R 4 52 8 19, AH X Fof
B 52 RAZ IR HLREATE R . B EIRFTEFi 4
ST ., ATMAE i 425 K 0 it 5 20 15t DA S A6 48 457 26 9
5 J5 iPS A i G (7 J57 56 B 45 7 1) AL B B Ak
H o
1.3 ATMZ 5 ERIETIMAERERES
FEARGR AT OB e sk K T R EFE N Z
REPE AN )5, e 5% KA 5 B 40 i 3 2 A8 1O ATt
FUR Ja iPSI AR B ZE AR . BIF TN S48 R A
IF7) 2t S DR~ A %) 4 4 i 4 2 g R R AN [ R
A A B A B, ol anph 28 o dr i SR, 0L
A AR, SIPSTEORE, 40 A iy iz i 4 A2
—NEZMAMAEY RS 5N ERED FIERE,
e FLI P o G P2 AR AR AR . SR i A AR
PE#: 55 A T FOXA3(forkhead box A3). Hnfla(HNF1
homeobox A)#1Gata4(GATA binding protein 4)ZH i [
—#5% [N F(three transcription factor, 3TF)}¥ TTFs#%
AR R iF5 5 I AE 41 i (induced hepatocyte-like cells,
iHep cells)iIFE A, I TTFs 2 i HH B 2 11 38 5 BH i
AR T, A KR P I T iHep4H i 1 7= 4 . #F 50 KB,
p53 J¢ H B FE [Kp21. pl9. Puma(p53-upregulated
mediator of apoptosis)FlMdm2Z5{F JT 4% i 72 %
k& B, T HRIRpS3Rp21 )5, 3T S (854
AN TR . 2 — 2B i BoR, SpS3E0E 1
HHRAED) = FH A, We-Myc(cellular myelocytomatosis
oncogene) Fl Ras(resistance to audiogenic seizures) &
(1215, Ras GTPEEIE L. p38affi MR AL LA S i
4 45 F5 (reactive oxygen species, ROS)/K-F- 3515 K K
ERFHWA. FIRF, ARk DSBs A AR DNA L {7
59, Z 50 RN EE Hp53BP1MZ 5DSB

BRI IRV BRIE R R A2 A H A
B KB ATMBERR AL, I Hd i & R R AR N 431
W&V ATM B, 23 T 1 pS3m Bk,
I3 T iHepH MU . BE17, T IHIEDNARIS
ATM 5 H (ATM-interacting protein, ATMIN)
Z A0 7 ATMApS3 0T, [ 5 niHepH i i 7%
Bo IXELSE RLEIR, iHepZH 5 T #2 H, ATME)
AR TDNAS . #E— B0 Hr Bor, BE B
Hnf4o B R 40 M 2 S ) 2 23R [, 7E3TF#
12 hjm, H bR X AL AT I, H24 hf5ATM
FIpS3#k 55 4 3| (A & (A AT Hnf4alf) FF 4 (5 X 35
RABERN . Get )5 5558 5 5 )2 AT DL I )5
M EE A f VFDNA N L i B 5 Hopth IR 7 AR 45 5 ) =L
B4 R, J8 2 R A ICS WI/SNF (switch/sucrose
nonfermenting). CHD(chromodomain-helicase-DNA-
binding protein). INOS&O0(inositol auxotroph 80).
ISWI(imitation switch)%% 2 )i 5 %8 & & W) o 1) 4H ¢
oy, KB A — A 3 B A 5 Baf60b(Brg/Brm-
associated factors 60b)[1) T ZKI1A, Jk/b ATMZEEEF|
JFAE S PESE R 32 (X . Baf60b /S SWI/SNF & & 14
o ATPP M. #. i Brg 1 (brahma related gene 1)5ATM
(IAE ELVE FH, 05 ATM-pS3ig 42 B AS FF G4, T AN
22 L DS Bs S 5 G ATM-p53i8 42

2 ATM/EHIE 5T 412
2.1 pS3EATHESRE

p531E NATM T iR W) 22— 1 745 A [7] 40 fifg A=
Yoz Thee, AIEMH MG 5E . TR ANRIE. P
Jel 3. e 2 O T A R S SRS A A o i B o R
IEFEH, Octd(organic cation/carnitine transporter 4)+
Sox2(SRY-related HMG-box gene 2). KIf4(Kruppel-
like factor 4) 1 c-Myc(cellular myelocytomatosis
oncogene)ZH 1% [ PU %% 5% [Kl -F-(OSKM) AT LA A4 41
Jurhps3fERIE, Sl 4R E) I T A EE R, T LS
ML E AR . 2 7E H 2 A A B K p 53 B U,
A 41 i, R 20 R 00 0 25 3 ). Marion S5 PUR Y —
i P R i A SR O D A0 PR AT L AR, R I AN M AE
4 FE I AR TP DNA7 2 2 5 hn, K& B i i kA
P, AN REYE Y B iPS M, T 2w Bk 12 40 B
Ip53 )5, ERMIERCREW R, AT IR
F WA, K W53 SN 1 iPSANML T T AR
b JE I FC R BN, Gy S BN B S ) 1 DN AT
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Pt 4n i, HdlpS3 s, 1 mT DAL 3 42 SriPS M i
FHFRE, p2IERpS3 N FEERZ —, 8
T A0 ) CDKGE P A5 48 B4 i AEG W, 41T 15 5 4
W p2145 -G Btk I 41 i 8 -w(B-cell lymphoma-w,
Bel-w)3 K] Bip53/p21/Bel-wi & 4, {2 it Bcl-24H
K XK H(Bcl-2 associated X protein, Bax)B i, ¥ G
(IBaxZ 5 {2 I8 T-AE H IF 4 48 i i, 9w F8
L FE A, YamanakalX 7 ) 36 15 th 5] Ep2 1 1 KL &
Bn, - ELEGN b Bk ps3 A ik p21, AR
I HIIPS A M 1 7= AE, 3 B pS 340 i) 44 201 g = 4w FEE 2
BT pS3-p2 & A LB, H 4w AR AR R, ps3id
FiAPUMA K # ik &, PUMA /& —F'BH-3-only(Bcl-2
homology domain only proteins)fi£ i =25 . £ Z& ki
s ol i 15 R ROS ™ AR B0 I T2 IR 2. #EIPSHH
Jii%5 50 B, PUMAGR 2% AT DL i pS3 0] =1 24 A5 1Y)
BRI R, 3K B pS 3440 ) 47k 240 it 26 4t 28 AT 3 3 p S 3-
PUMAIE LI, thAh, EgmfEid 2, 7L T p218k
pS3ERAIM 5] ACIPSAH A G €457 7 55, PUMAF M) 2
F BRARIPSYE A gL 0 51 S 7 (1 LU 2R, [R] N2 2 =2 4 A2
R AR AR R PR IKDNAT 5.
2.2 MAXAHERE

H2AXGE 21 8 FH2AM — /> R A 4K, 15 1H 7
B Ak A TR AY & N AR 9 1%~10%, Z&DSBs
7R R A A R R T 2 — . ATMBURE (E
DNA #5155 f S 39 18] 3 5 H2AX I 1 R 1k, 3 3£ 46
N U#DNA & & H Wp53BP1. MDC1. RADS5I1,
BRCAIFIMRNE & 14 ZIDSBshiz s, 7E It i T
41 il (embryonic stem cells, ES cells)H, J& % [A] Y5 &
2(caudal type homeobox 2, Cdx2)/& i #;FR=/MEJE
Tk 2 5 DR 3R 5 51 40 M )3 R A M IR 2 43 A 1 O
BT . H2AXSE & T Gata3F1Dab2(disabled 2)3%E [H]
W Cdx2 8 F 45 A X, AT 52 0 Cdx2 1 4% ¥ Gata3
FDab23 R 221k, B IEESYN M [ % 37 4 IR J2 1 4y
tho TEFETEZET- AN, H2AXIR D45 & F iR F A
HIEAL R, FE AT YA R WA 255, R TH2AXAE T
540 M 2 Btk K o3 Ak AR S B B R WL AR 1B A A
Mo MRAX{EAS S5 REESA L REM N T2 —,
FEIPSYH S S Fi H, H2 AXEBR 5k B 25 [ A1 28 4 A
R, H5H MH2AX S A i PS40 i 1) i &, & H
H2 AXE 5 g A2 0 2 v b 4% B B ),

4k, GonzalezZ 1Mt H i /) %5 2% 15 5 18 i 1%
RIKFARIAT E I AL I, J5 20 HE Y FE A4, BRI =

Yt HSSEA1(stage-specific embryonic antigens 1)
Dt 5 PH 20, yH2AX R IA = I, JRPEbE I
TREE RGN TISSEA TR, YH2AX )R IL &
WA Ei, AT X REIR, 18
MANBRFEFNERMERAT, HgWFEF T 174
FIEW] 5 EEDNAM I, I EIYH2AX . R E
2H(homologous recombination, HR). 3 [A] J& 14 7K ¥
#% 4 (nonhomologous end-joining, NHEJ) A1 5. 55 18 K
(single-strand annealing, SSA)&DSBsf] = 4~ & E &
Hi&%. SR, NHEJFISSARME Z 1 H & 5 H 4k H.
KGR HAR R TIRAS . TR, 5
RIEFEFIERS T, FEFIDNAXEERTZ, @it [F
JREAMNHIBATIEE, KBS 5K Breal . Brea2
HIRad5 1795 32 S G Fir 0 75 10, £ 1A i 25 2k [
L5 EDSBsHI S R, Breal . Brea2 FRad5 115
J&, EEGWAR AR KR BT, HLE AR 4 i () yH2 A X
FKixwmEE L, dt—PIE g E TR R ALRIA
AT yH2AX, 38 HRI A7 52 0 2 g F2e)

3 GESRE

DNARI 453453 1% 52 B 41 B 38 1% - 200 Jfa 22 1A
2 56 B 1 R BELRS IR T BRGES B T o B 85E J0 F
1 AT DN A 3 4 1 7 R 1 TRl 9 floh A % LA,
BE LM MR AT AR EMFEL A
PR ) G €2 o S YB ML, ELiZ O RE AR R 3R vy T
D] ZHL 45 45 1) RS, ATMUAE Sy I8 %S G 8 J53 - F3ORI 22 [
BT RN e E 2 —, R H A Y AR 1) b 2
A, RIZTNRE MR B ML PR T PR,
NATMAE B g i f2 i R 2T Re. b4k, ATM
2 5 # Y P I AR P e 6 B R A, T S
R R, W0, p535H2AXSAE AR
P20 B B G AR, ATMAE 0 M A AR 8T . 7730 3
U R EZR TR REEEREN, 252 M55
TR PEAE L, HAE HYmAR H E 2410 A
SE4 I W (E1). 8 T BATMAH G AE 5 18 B% £
755 H Y AR I R R AL, R IRON T A 2 i
SRFENLH B A E L
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