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Microcephalin 1 and genomic stability
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[ AbstractJHuman microcephalin 1 (MCPH1) , also known as BRCT-repeat inhibitor of hTERT expression (BRIT1),is a chromatin—
binding DNA damage response protein containing 835 amino acids with 110 kD molecular weight. It interacts directly with a variety of
important proteins including cancer—related gene proteins (E2F,p53,BRCA1/2,etc),DNA damage response proteins (ATM, ATR,
RADS51 and Condensin 1II ,etc) and cell-cycle regulators (CDK1,eyclins). MCPHI is likely to play an important role in the main-
tenance of genomic stability through its activities in cell-cycle progression, DNA damage repair,and tumor suppressor. In this review,
we summarized the biochemistry structure of MCPH1 and its role in maintaining the genomic stability and described the relationship
of MCPH1 deficiency with human cancer development.

[Key words Jmicrocephalin 1;DNA damage response; DNA repair; tumor suppressor

Ji 2R e /DN Sk Wi 2 2 T G 0 A e gt A% - B
FE AU W — TR A TSR A I JLBAE, 0 E A5
— 5 B AR G 14 BE TRl 2 /DM hE B: PR (Microcephalin 1,
MCPH1) , ‘E g% Microcephalin 1 85 H , %4 K W FRE A
St L 305 % 3% it 41 5 [ (BRCT—repeat inhibitor of hTERT
expression , BRIT1) , & HE 1 ] S b AR Sy e 5 il 14 R 1K 01
MCPH1 5 K 5748 25 5 |2 Y (0 1A B5E 58 DA T 00 Bl B ™ e
AN LS, MCPHI B 145K a3 T 3 AFUI
Sy JEEE TR 1 JR 3t 435 #4 38 (breast cancer carboxy 1 terminal,
BRCT)., DNA #if/ifgi1/5S MCPH1 23k , B RS JAT= 40
W1 1 (checkpoint kinase 1,ChK1) FlFL AR 5 B 1
(breast cancer 1 ,BRCA1) [ 3&iA0, IT4AEWFFE & B MCPH1 1£

{EBENLE 7K #,Email ;. zhangjichina@163.com,
R @ AT A,
BIE1EE K% M, Email ; fzsongeq@163.com,,
BEWH: AR A KA REET A (%5 :30800410),
158 H AR : http/Avww.cnkinet/kems/doi/10.13406/.cnki.cyxb.000157.html

DNA 514731 % \DNA $ 0548 5 |l 40 A JET H53 R0 g fr 410 o)
TR ETAMEM . BT MCPHI &4 3 /> BRCT 45 #44)
(BRCA1 C—terminus) , M BRCT G5MyAF7E T Z Rl 11,
205 IR FE DG I S 288 Y R A AR A P G AR
MCPH1 BEPH I RE N 4k BRCAT Z )5 1 SL— N FFE R
M RANZEG RS I], MCPH] &4 2 1Y DNA #1450
TR A5 DNA B3 07 SIS A B ET, e mibR
MCPH1 A /N P & B, MCPH1 7£ DNA [RlJR S4B E
MR AR et B EEAEM . A SO R
MCPH1 PRF5E i A E—2538

1 MCPHI HEREZH

MCPH1 JERENLT 8p23.1, LR IR H ULk 4 &P Br
IR IR, 52 A i A st it 3t Sy g BEL 38 40y o 2 B
KR 2 508 bp, (L3 14 AT, 1% 5L S A 1) 2 15T
835 NS SLRRAL L , MR 437 it hy 110 kD, BEAE 0 il v b



BERERKZFIR 2014 F£5 39 E5 5 # ( Journal of Chongging Medical University 2014.Vol.39 No.5 )

— 635 —

KImEE R ME 215, MCPHIT B E A& T 3 M FUIRE
SRR 1 B M BRCT, 2 M T C=A 3, 1 AN T
N3 , 3 N-A g b AT A% 2 v 550, MCPHI 4584 355
85~95 MG SLRRALIL,, h TR 2 AR ST 19 B K SR | I 25
F I8 A7 7F T BRCAT DNA #5052 s M 1 1 (medi-
ator of DNA damage checkpoint protein 1,MDC1) ,p53 ZEOTE
4 1(p53 binding proteinl, 53BP1) % F b5 52 DNA #5145 (5
5 DNA EE RN G R & A B E S F i Ya 4B, pS3
RNA Z4 M (RNA pol I ) RNA f# e A(RNA helicase A) .
IR ZBEERSBE (p300) | C-3mah & AT AE R 14 (ClBP-
interacting protein , CtIP) 45 2 A% S M DG E 119 # S
BRCALYBRCTH)RE X A7 T 4% ki W) 2 b AH B /E T i MCPH1
T 34 BRCT 2543k, X2 /RMCPH F BEYE ZEF 5L R 4
Fase b R —E A

2 MCPHI 5ERFARTEME

1 T AE AR P IR (gt A% 578 55 ) FIAM A (FRBE ) Y52, T
FLEWYIAIM DNA 22 % Z 3005 . Ry 17 RE Xk AR AS A 1A%
1k, TEANAE I A AL 2 FR B AT T DNA 545 1 2%
(DNA damage response, DDR ) MLl >4 M H0FI1Aff 1 40 it 35 PRI 2
MSEREYE , TEAIIT  DNA 5473 R AL i 1) o S 1 s el vk
2 240 0 5 PR A R M ) EE B RAIE [ e AL A S g 1
BRI RS EEMVEH . DDR A 2 AN EE W
O . — A 3L T A T B AN B gk i 2848 2K H (ataxia
telangiectasia mutated, ATM) | 5 —J2& 55 ATM FlEEHE Rad3
B 5w R IR L 9 Bl A 44 R ATR (ATM-Rad3—related ) (14
B, B AT LA A R T ke ST A0 A JE U145 A R DNA {8
SRRV 2 TR 1, H E T LAIYE DNA A2 8™ S i 4
R M TS AR T2, LA IT & B,
MCPH1 7€ DNA 453473 1 22530 fif v &5 25 VR

MCPH1 £ DNA #4751 8- 5k 2 5 %] T DDR {55 %
o1, MCPHI AJ L4 ATM F1 ATR L J&, 3% 2 Nl FE7E DNA
P18 52 R AR 7, ATM R BE A 0 2 DNA BUSE K
4 ATR FEZEXT DNA HEEWTRA 21529, J DNA #if5i
b P4 & L, MCPHL GEWS 1T 2 ATM i F% Al ATR 8
I AH DGR 25 4 X SR R B0 9 R AL 1 42K 1 H2AX,
MDC1,53BP1 #f2fk DNA &4 # [ (nijmegen breakage syn—
drome 1,NBS1) ATM ATR 40 i & 1K 5 86 11 Rad17
FRALEIZ HIZE I A (replication protein A, RPA)ZEP-21 ) FEELZ
MCPH1 A5 5L, B T BERR AL A H2AX, T A (91X B8 25 #B
AAELE 4 F) DNA 55075 . MCPHL 19 R 8 7] LIkl sz ik
M) ATM 254 31| DNA XUEE A% (0 50 09 W i , 22 ATM 38 %
B R WEEE 1 (3 220 14 1,53BP1 and NBS1) AR {L 12
ZFIWIR, MCPHI MBLZ th4 SHUERSMA T 09 RPA34 TR
AR Ik i AL 2SRRI RADL7 (IBERR AL AT, X SERF5T
HBUERA T MCPHI 7£ DDR i % b & 14 8 52 I RE

FEXS AN h  MCPHL 7T LAAE ATM AT BRCAT S (1) 40
PRI 1 P, 55 A S 75 S ) SR B O L TERAE H2AX SR 240
PP S, A, 7E MDCT B H2AX Bl 5 BTN
R B, 7E DNA 28R A15 , MCPH1 fARE5H O I 4
T+ H2AX BURERR AL T AR T MDC1 B9BEmR ke, LA FAFSE
HEW] MCPH1 78 DNA $ 405 R0 R 4% T B ZAE .

DSB by l“s\ UV or stalled replication forks
Y
T R

53BP;MDCI D
NBSI

v
DNADamage Response

Cen(ymi(’:n’;-,grity

Tumor Suppression
MCPHI7E DNA 45150 % 224N 2T - & 45 5 B2 (1 D) g . 7038 5k 4l
Ji s B AG A A ek B b, MCPHIL BERS I FD (4445 ATM NBS1 FiI
ATR ) 40 A5 193 107 25 86 11 45 4 1) DNA $8 5075 1, BRIk 2 41,
MCPH1 5 7] L 1 5 Yo 6 5 A8 ¥4 [ F &2 549 (switch/sucrose
non fermentable, SWI/SNF ) 34 1T BY%E4: 25 11 (Condensin 1T ) #H
AR YL (R L5 . MCPHT 38 7] L5 RAD51HI BRCA2
PRI E#%2 58] DNA B i

1 MCPH1 7 DNA 35145 Rz & th1E B ™
Fig.1 Role of MCPH1 in DNA damage response

FLE 4 UFSE MCPHI fEfSTHT% BRCAL FIl ChK1 fUZRIL
F B A S A TR, A S AN G2/M 1A ) 200 JE A
REIE R FTEE MCPHL B2 589, 766 MCPHL YT T,
BRCA1 Fll ChK1 fyFiA 201 B8/ NBS1 ARERS w1k,
M H 2520 S B G2/M 3H A 41 e i) R AT 55 5 2R, i
TREGZFEH] ChK1 F1 BRCA1 Ay ZR3k40 , MCPH1 #2252k ATR
HAFAN ATR ARARAS 75 2CBH - AN A itk A A 2255249

Yot i T 20 R DNA B85 SEARBLEI 2 —0n, fgil i) —
TRESE &I, 7F DNA MBS #h , MCPHL 25 T ATP #K
i SWI/SNF BR95 . 75 DNA 2 B Hi4 955 F , MCPHI1
FakS BH I H S SWISNF BSEAT 380, X FhE b g a6
AR R AT ELAESE R LN RADS 1 X S84 1R 4545 2
DNA #4455 {37 55 ,MCPH1 1 8 4% /= 5 4 ATM  ATR NBS1 ,
MDC1 ,53BP1 1 RPA 3X£6 DNA 1842 28 H G, i
H MCPHI 0] DUE A i S 4 (5 W FIDNA BI85 1
ST TR E 5 MCPHI ARSEAYE A o & I, MCPH1 AT
LI Condensin Il & &RLE G, BIEIESCIEYL (O ik 4 1 72
1 Condensin [l 25K Z 5 TiX—id#, X 2 FEHAHTE
YEFIXTF MCPHI 450 R IR 242 20 ™, 22, DL F
FE47n MCPH1 FJ L3 b 1 Ye 6 i 454 2 5 8] T DNA &
=Rug LN



— 636 —

BERERKZFIR 2014 F£5 39 E5 5 # ( Journal of Chongging Medical University 2014.Vol.39 No.5 )

1T MCPH1 7€ DNA #5141 2% v (1 2 R AR i
HEWr MCPH1 BYHIE 0] DL SR N AT E . TR AR
YA PR SR T XA 78 siRNA T3 MCPHI Z )5 , 4
125 R A e (0 TR AR, E RS MCPHL 19/ BR At R 3 1
TR MATRE M T ELAT I AR R S B2 R
MCPH /)N B S SEIngusk , A7 s ARREBRMCPH L
B4 7N B R 43 B HE G 198 7N BSOS i 2T 24 400t 3 0 o %o 55F
SO e O SRR ol E G SR N 1K IS LA NG R N1
T 40 AR Xt T A4 700 A S A R B 2 B e £
WA ) FSY 22 B MCPH 76 4 435 L R 4 e M vh e
FHENEH,

3 MCPHI WK EMERZBHIXFE

MCPH1 &R 2 7 T A G e fhk 8p23.1, i X e F 224
TR s LA B SR vh AR R A A R BRI
IETEZ R AN R 40 = v # & BE T MCPHI 133k
TR A LR ECS | B SRS | 1T S G AR A I 1
SRS, 2 B 27 B e e R A 2 A 4 AR R BT 87 {7
) b p ME O SR REA HR A 35 {91 (40% ) P T MCPHI 1Y
R IR, S FLHIC 2 rp A 32 RS s i o | AR T
TEH I UP S 2L DR ER) MCPH] mRNA £k~
K, i ELAE 54 DFLBYE A0 R TP A 39 AN (72% ) BRI T
MCPH1 FEFIEFIAR, Faaifot &30, FLIRAZIHMCPHT 3
DAL 11 S5 2835 5 L B TRE 114 2 A A OGB0) PRLk, 7E AJge
F MCPHI (15 3635 760 MCPHI T A J2 37 1) fifrsig 41 o) 5
[RIB7

R MCPHI f /N B B T 356 DR 41 9 A R P,
MCPH 1 FE R BB /INEUR SR TE 1 A7 14 Bt i) B W A ] e
HEL (R L PS3 DRI 2 AR B i, MATATRE i 1 /0N BRUAR) g
Gy U XY AV £ 7% s S A T R S 0 2 ) LR
YUK B, FR MCPH 3 DR A9 /0N B 25 5 W75 S+ LB B
AR ZEXS IR LR AN DT40 B, MCPH1 AERSMH] Pcs AR )
YA T RO bR A FE BN 22—, TR,
MCPH1 A6 ol & IG5 5 el 4 A 2 e ) e Z O (A 3E
— LS AR

4 45 iE

B MCPHT 24, AMTTXHE IR B M B4l fit 10
Ui R SRS PR R BIRRE S 5 Z R AN T BB i RE
FERMARE S, /£ DNA ZH I T, MCPHL w] LLiE
1 EM A DNA S0 R Z ML A9 ATR FI ATM 38 54 Ry X 22
Filt DNA 5147, [0 s W0 200 e S 300, DA I A 5 TR 21 A e e
—H MCPHI Z25 5305 , 23550 S WIRT G2/M 0114 4 e ) 4
B FL XA AR DNA BEA TC4IIE, 5
TFARANMIEE A 20 ) ASERE | R ANTRUE B0 T oAb iR 4 ¢

FER S I FT REVE , S A BN By &4 . MCPHI Qnof s ik
VRS FR AR SR A R PR A W RS MR TR B — 25 Y
SR, MCPHI 752 Fh i rh i IR 3R 184278 T HT RE 2 —
ASHT AR SEDR I ELX g A2 e R TT RITBUS 77 A E
HISEIANS, it 22 i B IR A2 2 5 (poly ADP-ribose—
polymerase , PARP) 4l il 51| (PARP inhibitors ) £ Z2 9% IESZ RE 1%
R A9 BRCAL/2 Bl f 1 40 BRCT J& BRCA1/2 1)
YrfeahFsk, i MCPH1 EBHIESE &4 BRCT 45F49 3, Ml IR
I PARP I3l 7110 & FLAB ST IR 24507597 MCPH ) 7
Jiged SR AR AT A — BT AR

[1]  Mahmood S,Ahmad W,Hassan MJ.Autosomal recessive primary
microcephaly(MCPH) : clinical manifestations, genetic heterogeneity and
mutation continuum(J].Orphanet J Rare Dis,2011,6;39.

[2] Shi L,Li M,Su B.MCPHI/BRIT1 represses transcription of the hu—
man telomerase reverse transcriptase gene[J].Gene,2012,495(1):1-9.
[3] Shi L,Li M,Lin Q,et al.Functional divergence of the brain-size
regulating gene MCPH1 during primate evolution and the origin of hu—
mans[J].BMC Biol,2013,11.62.

[4] Hosseini MM, Tonekaboni SH,Papari E,et al.A novel mutation in
MCPHI gene in an Iranian family with primary microcephaly[J].] Pak
Med Assoc,2012,62(11); 1244—1247.

[5] Xu X,Lee J,Stern DF.Microcephalin is a DNA damage response
protein involved in regulation of CHKI and BRCA1[J].J Biol Chem,
2004,279(33) :34091-34094.

[6] Ghani—Kakhki M,Robinson PN, Morlot S.Two missense mutations
in the primary autosomal recessive microcephaly gene MCPHI disrupt
the function of the highly conserved N-terminal BRCT domain of mi-
crocephalin[J].Mol Syndromol,2012,3(1):6-13.

[7] Leung JW,Leitch A, Wood JL,et al.SET nuclear oncogene associ—
ates with microcephalin MCPH1 and regulates chromosome condensa—
tion[J].J Biol Chem,2011,286(24):21393-21400.

[8] Shi L,Li M,Su B.MCPH1/BRIT1 represses transcription of the hu—
man telomerase reverse transcriptase gene[J].Gene,2012 495(1).1-9.
[9] Lin SY,Rai R,Li K,et al. BRITI/MCPH]1 is a DNA damage respon—
sive protein that regulates the Brcal —-Chk1 pathway,implicating check—
point dysfunction in microcephaly[J].Proc Natl Acad Sci USA,2005,
102(42):15105-15109.

[10] O’Driscoll M, Jackson AP, Jeggo PA.Microcephalin:a causal link—
between impaired damage response signalling and microcephaly|J].Cell
Cycle,2006,5(20) :2339-2344.

[11]  Trimbom M,Schindler D, Neitzel H, et al. Misregulated chromosome
condensation in MCPHI1 primary microcephaly is mediated bycondensin
[I[J].Cell Cycle,2006,5(3):322-326.

[12] Rai R,Dai H,Multani AS,et al.BRIT1 regulates early DNA dam—
age response , chromosomal integrity,and cancer[]J].Cancer Cell,2006,
10(2):145-157.

[13] Zhang B,Wang E,Dai H,et al. BRIT1 regulates p53 stability and
functions as a tumor suppressor in breast cancer|J].Carcinogenesis,2013,

34(10):2271-2280.



BERERKZFIR 2014 F£5 39 E5 5 # ( Journal of Chongging Medical University 2014.Vol.39 No.5 )

— 637 —

[14] Roy R,Chun J,Powell SN.BRCA1 and BRCA2.different roles in
a common pathway of genome protection|[J].Nat Rev Cancer,2011,12
(1):68-78.

[15] Bhattacharya N, Mukherjee N,Singh RK.Frequent alterations of
MCPHI and ATM are associated with primary breast carcinoma:clini—
cal and prognostic implications[J].Ann Surg Oncol,2013,20(3):424-
432.

[16] Chaumeil J,Micsinai M, Niziachristos P, et al.The RAG2 C—termi—
nus and ATM protect genome interity by controlling antigen receptor
gene cleavage[J].Nat Commun,2013(4).2231.

[17]  Zou L,Elledge SJ.Sensing DNA damage through ATR IP recog—
nition of RPA-ssDNA complexes[J].Science,2003,300 (5625) ;1542 -
1548.

[18] Regal JA,Festerling TA,Buis JM,et al.Disease—associated MRE11
mutants impact ATM/ATR DNA damage signaling by distinct mecha—
nisms[J].Hum Mol Genet,2013,22(25).5146-5159.

[19] Rdck J,Coates J,Jackson SP.Conserved modes of recruitment of
ATM,ATR and DNA-PKes to sites of DNA damage|J].Nature,2005,
434(7033).605-611.

[20] Jazayed A, Falck J,Lukas C,et al.ATM and cell cycle dependent
regulation of ATR in response to DNA double—strand breaks|J].Nat Cell
Biol,2006,8(1):37-45.

[21] Rai R,Dai H,Multani AS,et al.BRIT1 regulates early DNA dam—
age response ,chromosomal integrity,and cancer[]J].Cancer Cell,2006,
10(2):145-157.

[22] Shao Z,Li F,Sy SM,et al.Specific recognition of phosphorylated
tail of H2AX by the tandem BRCT domains of MCPHI revealed by
complex structure[J].J Struct Biol ,2012,177(2) :459-468.

[23]  Jeffers 1J,Coull BJ,Stack SJ,et al.Distinct BRCT domains in
Mcph1/Britl mediate ionizing radiation —induced focus formation and
centrosomal localization[J].Oncogene ,2008,27(1) : 139-144.

[24] Wood JL,Singh N,Mer G,et al. MCPHI functions in an H2AX -
dependent but MDC1—-independent pathway in response to DNA dam-—
age[J].J Biol Chem,2007,282(48):35416-35423.

[25] Lin SY,Liang YL,Li K,et al.Multiple roles of BRITI/MCPHI1 in
DNA damage response,DNA Repair,and cancer suppression[J].Yonsei
Med J,2010,51(3):295-301.

[26] Gavvovidis I, Pshlmann C,Marchal JA et al. MCPHI patient cells
exhibit delayed release from DNA damage —induced G2/M checkpoint
arrest[J].Cell Cycle,2010,9(24) :4893-4899.

[27] Lin SY,Rai R,Li K,et al. BRITI/MCPHI is a DNA damage re—
sponsive protein that regulates the Brcal —Chkl pathway,implicating
checkpoint dysfunction in microcephaly[J].Proc Natl Acad Sei USA,
2005,102(42):15105-15109.

[28] Giallongo C,Tibullo D,La Cava P,et al. BRITI/MCPH1 expression
in chronic myeloid leukemia and its regulation of the G2/M checkpoint
[J]-Acta Haematol ,2011,126(4) :205-210.

[29] Alderton GK,Galbiati L, Griffith E, et al.Regulation of mitotic en—

try by microcephalin and its overlap with ATR signaling[J].Nat Cell Bi-
0l,2006,8(7):725-733.
[30] Liu B,Yip RKh,Zhou Z.Chromatin remodeling, DNA damage re—
pair and aging|J].Curr Genomics,2012,13(7):533-547.
[31] Singh N,Basnet H, Wiltshire TD, et al.Dual recognition of phos—
phoserine and phosphotyrosine in histone variant H2A.X by DNA dam-
age response protein MCPH1[J].Proc Natl Acad Sci USA,2012,109
(36):14381-14386.
[32] Peng G,Yim EK,Dai H,et al. BRITI/MCPH1 links chromatin re—
modelling to DNA damage response[J].Nat Cell Biol,2009,11(7):865-
872.
[33] Yamashita D,Shintomi K,Ono T,et al. MCPHI regulates chromo—
some condensation and shaping as a composite modulator of condensin
11[J].J Cell Biol,2011,194 (6).:841-854.
[34] Liang Y,Gao H,Lin SY, et al. BRITI/MCPHI is essential for mi—
totic and meiotic recombination DNA repair and maintaining genomic
stability in mice[J].PLoS Genet,2010,6(1):e1000826.
[35] Jo YH,Kim HO,Lee J,et al. MCPHI protein expression and poly—
morphisms are associated with risk of breast cancer[J].Gene,2013,517
(2):184-190.
[36] Briining—Richardson A,Bond J, Alsiary R, et al.ASPM and micro—
cephalin expression in epithelial ovarian cancer correlates with tumor
grade and survival[J].Br J Cancer,2011,104(10).1602-1610.
[37] Venkatesh T,Nagashri MN,Swamy SS, et al.Primary microcephaly
gene MCPHI1 shows signatures of tumor suppressors and is regulated by
miR-27a in oral squamous cell carcinoma[J].PLoS One,2013,8(3):
e54643.
[38] Brown JA,Bourke E,Liptrot C,et a. MCPHI/BRIT1 limits ioniz—
ing radiation —induced centrosome amplification [J].Oncogene,2010,29
(40):5537-5544.
[39] Basu B,Sandhu SK,de Bono JS.PARP inhibitors: mechanism of
action and their potential role in the prevention and treatment of cancer
[J].-Drugs,2012,72(12) ; 1579-1590.
[40] McCabe N,Turner NC,Lord CJ,et al.Deficiency in the repair of
DNA damage by homologous recombination and sensitivity to poly
(ADP-ribose) polymerase inhibition[J].Cancer Res,2006,66(16):8109-
8115.
[41] Farmer H,McCabe N, Lord CJ,et al.Targeting the DNA repair de—
fect in BRCA mutant cells as a therapeutic strategy[J].Nature, 2005,
434(7035):917- 921.
[42] Balmaiia J,Domchek SM,Tutt A,Garber JE.Stumbling blocks on
the path to personalized medicine in breast cancer:the case of PARP
inhibitors for BRCA1/2-associated cancers|J].Cancer Discov,2011,1(1):
29-34.
[43] H LW OBH, RIECEE, A PARP WAL T 25 AT
AL IR A RITTE L FRE (D] R , 2013, 33 (4) :372-377.

(R HRAL)



