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BRCA2 is a key player in homologous DNA recombination (HR), repairing
double-strand breaks (DSBs) only at S/G2 in all cycling cells. It is unclear why loss of BRCA2 leads
to an increase in carcinogenesis only in the mammary gland and ovary in HBOC syndrome. Our working
hypothesis is that (i) TOP2 generates DSBs at E2-dependent enhancers during treatment with E2, (ii)
BRCA2 play a crucial role in repairing TOP2-dependent DSBs independent of its function in HR, (iii)

unrepaired breakage dysregulates transcriptional response to E2 in many genes, (iv) resulting
overexpression of c-Myc oncogene in response to E2 explains oncogenesis in estrogen-regulated
tissues, which explains the tissue specificity of HBOC. We have shown that (ii), (iii), and (iv)
hypotheses are correct by analyzing the repair of TOP2-dependent DSBs in BRCA2-depleted G1 cells,
transcriptome during response to E2, and c-Myc expression in BRCA2-deficient mice in cooperation
with the Netherland Cancer Center, respectively.

BRCA1 HBOC DNA Topoisomerase 11B



B X C—19, F—19—1., Z—19 ({:5m)

1. HRFABSPIOER

(1) HBOC JEERE DO JFKE R TdH 5 BRCA1 X° BRCA2 (%, S/G2 #TDHIEAET 2 FH [RIHL

#iz (HR) THRET D EEZ BN TE T,

—J5. Fxix. BRCAL1 28 GI #] lIcB W\ TH

HR SIS LT AU OEEICEES 352 L 23 R L7- (PNAS USA 2018, BRCA2 i

RERT—H),
WialEE 522 /A0 7-0ThD,

DNA hARA VAT —F 2 (Top2> LOb\T@%%ﬂ@%ﬂﬁ

1-1.  Top2 &, MBS HIZ 7 LYY %
®1. @),
1-2.  Top2 (X 2 FE¥H (Top2a & Top2p) FFFEL. WiH
ITEE L HRE A o
1-3.  Top2a IERIEHIZIZIFE & A ERELL 72\, Topa

VA HE SR L2 A ZH
1-4. Top2B 1%, IKIEHIAIIE & & T4 C O TILHEL,
1-5. Top2o & Top2P %, Bz 5 O HHIRHRE O i
2B 5

Top2 IZ 2V THx DF A

2-1. Top2a & Top2p &, AN SO I RB L (B 1,
(B3). KEOHIRMEY)W (T0p2 ﬁ‘@JLﬁ'lﬁﬁ AR
L 7= DNA YJHi-Top2 A K, ®) =A%
FRAEZIED (Mol Cell 2016, PMID 27912094)

2-2. BRCAI1/2 i%, Z OERMELIR OEHE e (K
1. (5) (PNAS USA 2018, BRCA2 [T ARFEHET —
4)

2-3. AEHEEOT A ha s T FELAYA MCE-7

BRCAI %, Gl #] IZB W T DNA FARA Y AT —F 2 (Top2)

ME DY)

(D DNAYIHR

TOP2 (7% '\

) TOP; I
2 DNA
BiEE ©OF:-t -
BITEREK

Q} ’ '
3F$EI‘I
KinfE &

nrm\wqm“,rA M‘m ,

'/ BRCAT
BRCA2

1 Topoisomerase I (TOP2) [&
DNA DU (D) LBfEE
RCHEIRT , UIBRERALICE LTHI
@ DNA $8Z&E@Et . DNA FDL

(@) &=

HIR A R U782, BRCAL WRIT5 &L INERHETH, TOP2 NE#HAIZ
) DNA JI7-Top2 O KA IR S (PNAS 5HMTEHB)E. BiESEEHER
USA 2018). RS RENT S, COBES

2-4. BRCAI PHEREIR T35 &, MCF-7 Mgl
TR a7 Vil 0OIRE 7 v 7 4 — LRk
b5, = A ba b U Rk D, c-MYC DA
Bn T DOFRBEFHLEN, BRCAl PHERETT5 &
H3fEmED (RERT—H),

(2) ARREZRITHICTHDT IL—THFH-IZHEBRLIzZE
Forix, = A ba P UBRERFO Top2 iR v F AR v
Fe, moAv Y —LIEELTE, TP =221 T
2018 5 2020 AT THZ I S vz R ARk
5, Y=L, Fl—® DNA LiZFE-7~-7TaE—
B — TG T D BOE R IE 572 % DNA Ao Z & TH
% (B2), 120 E Ik L TEEE O NP —R
b5, HNVEI EfMIENORPRIZ KIS LT —mMEICTE M
fbansz oy —IZBLTL, FELE MhbhoT
2V, —iEEICEE L SN XA T O N —ERE
T 5 FIED 2019 FEAHIHRIC BT S 7 (Nature Genet 2019,
PMID:31477927), Z ®FikE (NET-CAGE %) %, &Mk
SN N —ORPEBT S, = —RNA
@MM)ﬂ%WW it % (K3), NET-CAGE &i%., &
JVE R — @IS e S B = oo — R
IR CTE 2ME—DFIETH D, TxiZZDFikEE, =
A ba sy TR E MR T EICEET 5
eRNA DORHICFIA LT,

(3) MIEEHKITHICH LI FH-ICAEBRALIZCE

BRCAI 23K T 25 & 450 DNA UJWr-Top2p A 1AM K&
WCEMT 528, 20 DNA 5% BRCAL & & HICHAEST
LW R & MR T LT,

DREIIZ ATM, BRCA1, BRCA2 At
Wiz mS TOP2 RS (CEH
DHER),

gEEMEE

X2 EERIBICLDELF
REFERICIE. ZToNY
Y—ERIHIEERBE R LR
(FOoE—4—)IZiE#EL. &
B (AMmEXH) AEMIE,

Z DR % iScience 2020 12 FHE L=,



2. IRDEH

ARBFFED B HJIE, BRCAL KIS AMIEIZIHS N T=R |
77U Top2 ZIGMEL L TH 7 L83 23072 1000
& Pt LA I~ Deep Sequence (ZClRIET 5, £ L T A hu
VERRIROENEG 1. C-MYC B\ s FI2ZEKY . IR
BRI R AR 2 3 %

3. ARDAE
7 DO AT A RET D HIEIILLTD 2 2 Th %,
I 2BHE L W olzRN 2 20BDFIEICEL»Tx
A M F AR N =R DRy P ARy b
ThdZearnd T —2 55,
1 D HOWEFEIL, B RS DG IS5
77 LYIMEEAL A 10,000 77 T LA IR GE L 72| Scott Keeney
Bt (NY AFYTAAT—2 7 v X TEFEER:
(MSKCC)) 2BA% L7 Rzt AT 5, W 2B 4G
D7) ZYIWHE, Spoll & MEEN D Top2 FALIEER 3ME D,
YW D[R € F151%, Spoll 5BikHTIA % fiE - T DNA )
Wr-Spoll A S0 ILkE - R L7112, Spoll (23
&S LTV % DNA $8% Deep Sequence (2T 5 F1ET
&%, Scott Keeney 7 A D (LA LA, MSKCC & HiGh
DT ROWFIZHIRT 57 a0 AT HRA » MBBEIZHELL
oo 506 & OILFRIFFE T, KL B ZERT 5,
2OHDOWEFIEL, = A M s o TR S oMz
BOT@BMEIZRIT S eRNA ORE 32T 4 v 7 A
Z B AERIMCF-7THIla & = 2 ka7 UARTERY 7 7 LIS
HERIEETE 2V a—F > M ClEET25 2 &
ThbH, J=2—%> Milfld & LT DNA-PKes 1 1x 1l
MCF-7 fifaz @A 72, FEMERmERSGIL Gl WHTiaEe
LHUME—D T ) NOIWHEE IR Td 5, DNA-PKes (FIEFH
ARG A ICUHTH D, B4R & DNA-PKes (BB 7

B MCF-7 #ifld 221 1 HEmiEesiRElcks = Gl HliCEFAL=%&IC,

Enhancer

% weRNA
‘—

Genome

Transcription
factors
Gene

mRNA

Promoter

K3 TUoNYH—OFEMIE
eRNA HRIEEZBELTHENT
Eh EHEEESNF-IONY
—hSEEEEDEEMNE
Y. eRNA &EMF (XN %, eRNA
(L. SERR A D 5K RNA D
HELSVRYY T —LEBFT
%5 CAGE % TLMhHBRHETER
Lo NET-CAGE &, 3B A 1
LAY eRNA (mRNA (& 60
D) EHRETSAE. MREICE
F£% mRNA #FREL.RNA R
YAS—+F 11 LEEKREESD
RNA D HZEFEHL Deep Seq 9
%,

TR bal ok

Mz BHTE A Ma b 2MZT 304rE 60 3% D) vt~ RNA Z#fit L, Deep Seq (27>

7z,

4. HEHRR

(1) Fxlx, FEHERNRES (DNA-PKes) KRBT H L, FLLEOTZ R br b2/ A (ER)
BERBELE T O A a B U ARFRRBENERTIZR 0 2o —D0nbELNS
eRNA OFEBLH B2 BEEEIFIC B I3 5 2 L2 A L7z, UL EDORERNS ER & Top2 @
W GRS D7 ) DY DR v B ARy MIZ oA —TH Y YA T ICHEREE L

IR E RV VSERFOIRBUZ SE N 5 & fwam L7,

Q) TA BT U ~DEFIEERFED 1oL LT, -MYC OE ¥ Hl%Z~ 7 2 (DNA-PKcs KiH
~ 17 AL TDP2 R~ 7 A) TR L7-, TDP2 (X BRCAI & 1T L CHif) DNA YJH-Top2p

BEREZEETL2HETH D,
(3) MCF-7 fifd Z = 2 b =& 7" i1 |

e-MYC BB ABIGT D A—r3—o N — A

UWrans Z &Aoo (pH2AX ChiP iBIZ kb, REERT —F), A— =z

— DR T ER MR Gt N —T,

c-MYC aE—H—5 67 kb Hiii= &

ZARLFET DTN Y —THD, ZOT NP =TT R ba Yz RIFMIZ H2AX
U UBAEHUR A BT 5 Z L 2R Le, ZOFUROHBLIL, FEFRR RS & K EME T

IHILHEE -,

(4) DTN —% MCF-7 fifidi 331 T CRISPR/Cas9 |2 L » CHINf T %5 & . =& b A u
M D, -MYC BB AVBIRFORBFEN G E T (RERT—4),

(5) #&

TUNY T BAEIWREEZ D L RIVE Y ASOEREISENIE S &) B LW I &

RETE,



6 6 5 6

Wang J, Oh YT, Li Z, Dou J, Tang S, Wang X, Wang H, Takeda S, Wang Y. 34

RAD52 Adjusts Repair of Single Strand Breaks via Reducing DNA Damage-Promoted XRCC1/LIG3 a 2021

Colocalization.

Cell Rep. 108625
DOl

10.1016/j .celrep.2020.108625

Moribe F, Nishikori M, Takashima T, Taniyama D, Onishi N, Arima H, Sasanuma H, Akagawa R, 16

Elloumi F, Takeda S, Pommier Y, Morii E, Takaori-Kondo A, Murai J.

Epigenetic suppression of SLFN11 in germinal center B-cells during B-cell development. 2021

PLoS One €0237554
DOl

10.1371/journal .pone.0237554

Takeishi A, Kogashi H, Odagiri M, Sasanuma H, Takeda S, Yasui M, Honma M, Suzuki T, Kamiya H, 15

Sugasawa K, Ura K, Sassa A.

Tyrosyl-DNA phosphodiesterases are involved in mutagenic events at a ribonucleotide embedded 2020

into DNA in human cells.

PLoS One €0244790
DOl

10.1371/journal .pone.0244790

Rahman MM, Mohiuddin M, Shamima Keka I, Yamada K, Tsuda M, Sasanuma H, Andreani J, Guerois R, 295

Borde V, Charbonnier JB, Takeda S.

Genetic Evidence for the Involvement of Mismatch Repair Proteins, PMS2 and MLH3, in a Late Step 2020

of Homologous Recombination.

J Biol Chem. 17460
DOl

10.1074/jbc.RA120.013521




Nakano T, Shoulkamy MI, Tsuda M, Sasanuma H, Hirota K, Takata M, Masunaga SI, Takeda S, lde H, 15

Bessho T, Tano K.

Participation of TDP1 in the Repair of Formaldehyde-Induced DNA-protein Cross-Links in Chicken 2020

DT40 Cells.

PLoS One €0234859
DOl

10.1371/journal .pone.0234859

Saha LK, Wakasugi M, Akter S, Prasad R, Wilson SH, Shimizu N, Sasanuma H, Huang SN, Agama K, 117

Pommier Y, Matsunaga T, Hirota K, Iwai S, Nakazawa Y, Ogi T, Takeda S.

Topoisomerase I-driven repair of UV-induced damage in NER deficient cells. 2020

Proc Natl Acad Sci U S A.

14412-14420

DOl
10.1073/pnas.1920165117

3 2 3

Rahman MM, Sasanuma H, Tsuda M, Morimoto S, Yamada S, Nussenzweig A, Tanaka H, Takeda S

BRCA1 and BRCA2 protect transcriptional response to estrogens from abortive catalysis by Topoisomerase 11

FASEB Science Research Conference “ The Genetic Recombination and Genome Rearrangements Conference”

2019

Takeda S

BRCA1 and BRCA2 protect transcriptional response to estrogens from abortive catalysis by Topoisomerase Il

2019 International Conference: Korean Society for Molecular and Cellular Biology

2019




Takeda S

BRCA1 and BRCA2 protect transcriptional response to estrogens from abortive catalysis by Topoisomerase Il

The 10th International Symposium on DNA Damage Response & Human Disease, i1SDDRHD-2019

2019

National Institutes of Health|Memorial Sloan Kettering
Cancer Center




