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TMT-based guantification analysis between treatment-naive and
chemo-radiation resistant tumors identified 1640 proteins. We confirmed that GO term analysis of
UniProtkB key words for upregulated proteins exhibited significantly upregulated DNA damage repair
pathways and revealed that BUB1 (budding uninhibited by benzimidazoles 1) is the most significantly
upregulated protein in chemo-resistant clones compared to treatment-naive tumor. We next developed
experimental model to analyze the function of aberrant BUB1 expression upon DNA damage using digital
droplet PCR and CRISPR-Cas9 system and revealed that upregulation of BUBL activated alternative
non-homologous end joining repair creating deletion and insertion sites at double strand break. In
dataset analysis, upregulation of BUB1 is associated with poor outcome and notably, there was a
significant correlation between increased BUBl expression and tumor mutation burden suggesting the
link to the effect of immune-checkpoint inhibition.
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1. WFIERHR S W) DR 5

HE . 2RI TR DWIRAEFHZR D AUIFIR E KRB LU TREE ERES A, BRI A JITNE
RRANCEEEIND, TEORETHLAELND L O, KB THLEIM LRI H 0N
AT O —i& %31l > T 5,

PR EREDS A D D BEEMEA A1E 90% LA E%& D 2B TH D . —RICECK B ToRA
BENEWE SRS (2 TORAOFHBZENCE T 251813 2015 £ T 4.6%), AIIZENT
t 2015 O FHLZ W THIEE 21,300 # (A2 TOM A TOFHZWTICIBIT 5EEGTK 2.2%) |
15720 OEEMES AT X D TEITH 8100 ATH DA, JRE. BENOIRE EEMNLIHA
TOENAEGDDHEFIZEL 5 EHERIEND,

JEREDS AT KRB 2 & . BEFFEE2 A (Non-Muscle Invasive Bladder Cancer : NMIBC)
LB A (Muscle Invasive Bladder Cancer : MIBC) 12451 v, FDIEETHITK
X< H70 %, NMIBC CTIIIRiEBEMRESE YR, BB SEAREARRIEIC LD 5 FAFRIT
#190% & 725 TV DAY, IEIEN I RITH 40-50% T o 0 REREPNITHE 0 I 3N MBE & 22 D,
S 51T, MEEMMRSKEERE 2 68 2 CRRE IR L MIBC 72> TLE D &, XV EZLMNRME
DMEL 720 5 HEAEITFR LK 50% (Stagell : #J 63%. Stagelll : £ 46%) & TH HHEL 2D,
%A L StagelVE 725 & 5 AEEFERITN 15% TH Y . BE L IR AFULFHIRIELISNCH &
TP %R EdEE LEDIREY —7 y MRIEEAERST 0,

HFEE L, 2 E CTICWIRAERR R DD AN B TREE OGRSk OEITIZ L 0 Hifu 42
FRCHIEZ L kB D5, b LITEHET I E2RBT 55— 4 2 RKE L7~ (Komura et
al. 2016, Proc Natl Acad Sci U S A), Z#UZ. A AABZPNIZ IS CHRITE S ZRREIZ Yu o (A )3 155
IZABLSNWe DIt Z 5 & SN TE Y Pk L EN (Chromosomal Instability) & I
1EN 5, Yot R AR 22 M 2 7R I T YL AR OB N 8 2 72 0 Bl 72 0 9 5 M (Aneuploidy)
g, BEMEL, BABE O3 E—HOBEMON AR O 3 E—HoRD - RKEE
L, MBOBRAACTET TR BAMBOEDEMHEILDOF| &I b7 b EEX LTS,
FEEE L. BEMAAIZBWT NMIBC & MIBC THEICEROR 515 BUBL &m0
THHLTWS, BUBLIZHIBD 3R T = > 7 A > b O & Miia & i 2 ERICEEh 3 5 72
DIZHEDOEY >« AF=rFF—8 L LR 30 FRNZFE SN2, £0%, BUBL 2
SHHZRENTE XA b H2A D 120 BHDO A LA =0 MAa2 U Vb5 2 L2k, b
(AN RY (117U A NI & 7 TS VA S N UNTA LN S N SN O PA = Bl Y el DR G AT R
LRI EER &2 (Kawashima et al. 2010, Science), & 512 BUB1 OEREAR 20N Y AR ZE
EMEE LT LBBANEDRNDAREEZ R T T — 2 0345 &1 (Baker et al. 2009,
Cancer Cell) . BUBL IZRAMGER T & LTAMLND T EE7eoT-, TR L, 2011
B, P AV 2=y 7= A FWEMEIC L Y BUBL O REIZ2 3881005, i/ Zies o 85
REDIINEIZJRTET 5 Aurora B & H O RFETEEGIZ DR 0 | FERICY AR AR ENE %
SIEEZT IRV BERAT BB RICTHET D, LWOHKT 57 —#B35RE I (Ricke
et al. 2011, J Cell Biol), [AZ7/v—71%, 34E S 512 BUB1 O REARIIG ARSI T — &
BRI E R T BBA~DIERIZR N7, E#E LT 5 (Ricke et al. 2012,
J Cell Biol) , AFRIZEBWTIXIE CIMRESN A TH 2 BRI B W T, FHROBWE IND
DNA A F L —3 g /3% —> (CpG island methylator phenotype : CIMP) % & S#EIZIW
T, MRS OT = v 73R8 A > FEEFEPERILTEY ., BUBL ORENE W &R
SN TW2D (Araiet al. 2015, Int J Cancer), & 512, ¥4, BUB1 7% TGF-beta sz AR &
FETDILICEINZDRAY = A OIFEMALICEERFHZ 2 L TWND LB LN, FE
B2 BUBL @/ v 7 X vl k0 | ERzf3EE L (Epithelial-mesenchymal transition: EMT) |
WG, R ENMEI SND Z EAREINTEY (Nyati et al. 2015, Sci Signal) . 23 A
iz 5 BUBL O A F BEEENERE S22 5 5,

2. WROHED

AWFZETIIRBE FERAICEBITAEY v« AL A= FF—FEH BUBL OEEZ R L.
RS —7 > e LTORMRBMEZ B G T 2, 16Kk, BB A AT D8I THIREE LR A~D
TR IIHID AFMEFIRED EITHEAT S DD, B AT XA M5 1S K 2 IIREITIT R Y
5 FAAFHRITK 15%ITHE E - T D, HEEEITTEITIEREBED A 231 T BUBL OFEEL L ~Lan
HEICEA L TWARIZER L, ARV TREICHEE L TV 5 in vitro, in vivo FEERRIZ
£V BUB1 04 T EW M 72 BERERRMT & FEhE, S DITIRIE~OISHOFREEZH 60NN T 5,



3. WDk
BIREAUZR W T, R LR AT B W T ORE7Z: BUB1 OBEREMNT L 15EX — 7 v M & LT
DA EERF LT —Z 3R E I TR,
WFFEHIINICR D 3 /52 BT 5,
- in vitro R ZHWT, BUB1 O3H L2 L0 BEBES AR = 2 IR E(L %
BH & 2M2T D,
s BRIV &2 HWC, BUBL & Do Clinical Factors & OFRBIIZ DWW TG L. 3§
B~V ORRIR TR A~DOREZ LT 5,
- in vitro EBROFEREZ H L2, BUBL & L ZDOEOBES —7 >~ &[T, in vivo
FBCRICTHRIEL . BRRICH~DOREEMEZ B & N2 5,

P IZB TR, HEEEDBEICE/ L WD T —% % b &2 in vitro EFRRZ H HUT
BUB1 OB L~V K D0 THBRFA e T 235 2 72 9, BARMICIE siRNA 12k 5/
v 7 Z 7 DOERBRERE S LT, Kl E B 2 D DEEED AL E VN C shRNA 25 A
YL, LUF U4 VAR Z—% T Stable filafk A #372 L. Endogenous @ BUB1 D%
BEMEATIC WD, F 72, AT L CHRRY > 7 v & Fiz BUBL O ao 7 n ha—1
IZOWNWT bRk X 5,

2 E B URRICBWTIL, PHEEICERERIZLY in vivo TO BUBL #HEfMT 22729,
Stable HMifatkz FH\ T Xenograft (& L T OMIZ, FHNDET —Z DI BT/ 53R
U xA ., EHSTORERELHNTY T A TORBEDRICOWTHREIET 5, £/, BRY >
TN TORB L~V DR LR T% & OMEBEIZ O THHBMNIT 5,

4. WFITE

KREERA TR 7 Bk & BT R EF] T Chemoradiation AN 3 E B O MNRHTHE
DOFR % T iTRAQ based Quantitative Proteomic Analysis (LC-MS/MS) TH /X7 3%
HEFRACHRAT LT, T TS NI 572 1640 DEHD 5 5. CRT FFISIERI TREN LH-
T LT = Top 50 D & L /X7 B 12D T UniProtKB Key Words TGO term i 2 88 Z 72 o 7=,
CRT M7 B = ICBWTHBL EFOAL BN D X /37 BETlL DNA-damage, DNA-repair
pathway OTLENR A LB Y . K TO DNA damaging agent ~DiifhE & L < Kb L CTuh7=,
CRT Fi 7 B — > THBEICRBILED A LT D X 378 & LT BUBL % Top candidate &
L ClAE L7z,

1 MEFEMI N ORBEBITICED. WEHRIEFFE CRT ME{THFAEHITD BUB1 (Budding Uninhibited
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PR B RZ A8 AURMBaRE T24, JMSUL, 5637, 2 5 3JBV #HW T, v AT T F UiitERE &7 L
770 F D 5 H T24R, IMSULR MFIkRIC CTHE 72 BUBL ORBTTHEE L LD T AT F &8 Soft
Agar TOESGIEEAFHIETEOTLHE & . Radiation ~DEH| 2R L7=, Cell Cycle Assay TlX
JUSUIR TIXBUBL /J v 7 X742 80 G2/M TOEMMN R STV T24R TIER S/ -o
7o TOZ DG, BUBL OFEBLEFN, fERHE 4TV 5 M phase @ Spindle Checkpoint
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2 DRTSFUMMEREE EEAAMIEE T24R, JMSUIR TO BUB1 IR LS. CRT MfEDHERE
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VAT TF L IuM BRINF D Soft Agar TR L7=, BUBl / w I/ X T NI L DV AT TF o ~D
Bz R 2R T-, £7-. Radiation 56y FRH#(Z DNA —EHHYIKT DO~ — 4 —TH 5 r H2AX
DORBEZREFIZEEM L7~ & 2 A, Doxyeyeline HRINC L % BUBL / w7 X7 OIREETIX
PENLIZ TH2AX positive foci BEPEMIBIEN K531 T2, In vivo (ZC T24R, JMSUIR @ Flank
Innoculation <T@ Xenograft FEERZZ IS L. DOX feeding DHFEEIZ L D AT T F &=t
R LT-E A, In vitro LRI BUBL / w7 X TN KDV AT TF UMHEDOTE RN A
BTz, & 51T, T24 #AKKIZ T CRISPR-cas9 12T s gAIM ZEAHK, v v rm—=
72T ATM homogygous deletion 27 m— %37 LT, CO-IP (2T BUBL & OFHAVEH % fEAT
L7z, SRS L 2 ATMp-1981 7 BUB1 & Physical Interaction Z ;R4 Z &, F7- BUBL
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