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Mechanism of immune-related ligands expression by DNA damage repair response
after irradiation
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(1) To analyze the induction of immune response to radiotherapy at the
clinical setting, we examined the expression of PD-L1 and Ku80 on cancer cells in cervical cancer
tissues obtained before and during radiotherapy. Comparing the immunohistochemical staining of
samples before and during treatment revealed that PD-L1 was induced by radiotherapy and that its
expression level correlated with Ku80.

(2) We examined whether PD-L1 expression on cancer cells is induced after carbon-ion irradiation.
The results showed that PD-L1 expression was induced after carbon-ion irradiation compared to
unirradiated cells. Furthermore, PD-L1 induction level by carbon-ion was higher than by X-rays.
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1. WIS O 5

$1 PD-1/PD-L1 Hifkds L Ot CTLA-4 HURICRE SN L0 T = v 7 RA > FMELEH (ICIs)
DRI 72N LD . DATREICK T 2 UG REKSOBEEENH SN E7eo7-, Ll
ICIs H CEVVEENIREZGONDIEFIIREN THD Z b, BEDROI LR LM EE
B LTIBIRE ORI T Tz, TOH T, ICIs & HEHRIEEOFEANMTbNS X 9
pol, TOW R E LTI, BEHBIBFRIT T TR CTRA S FIH SN TW DR ARFEETH D
EWV ) FERR AR BRI 2, BEHRIERIC IV AE LD RENIGOTET V ADOERLEEL T
WD EEBZ LIV, FEEE, AWFERAREE TIo, BEHHEBEIC X 0 58 S5 0 UG FabgE -
BRI DT <ME SN TE L, Fxr DFATHZETH, BEEMIEE T UIC T, XK IO
DNA #HEFHEMAL FIRIEAILEEC K 5 DNA 15 - &18 o 7 L S EE il < o PD-L1 355
BT S Z & 28RS LTz (Sato et al., Nature Communications, 2017),

LU, WFE D OERRBROER D DIT, I1BEIRPBE T LICRE R LD Z LRGN
2o CE T, ELIZEDORERIZHET IR HLRMBATH D | Z OfEANBREOHETH - 7=,
T THEEEL., SFREEORE L0 £ < OEFCTHILT 57201213, BEHRIEEIC XLV iFHE
SNBHESILD LV G ERRMLETH D L& 2T, RFIETIL, B RREZICHFEE S
DB AL, FRICHIIER O BE Y o v RRBUCIEHR L., SRS X 5 DNA
G BEAD=ALOEBEEALNITHI EEZHE L,

2. WO EB

(1) ZHFE TOEHRBEIC X D0 ISFHEED in vitro AFFEIEL. 1EE A E0 X R 2
LD THoTz, — T, A THEIGHIER Lo0d DR IO EHHRIGE CH D IRFEA 4
VHRRIREHC OWTIE, TRIRIC K D B S D SE RIS DWW TRIEI 72 S 2\, IRFEA A
VBRI X BRE LD b EWRPTIR S TE 5729 ICIs & RFA A OO IR,
XML O & i LRIZENENLL EORNFFTE D EEZOND, £ TERA T, T
PD-1/PD-L1 H ik O BT~ — I —D—> L EZ 5N TW5 PD-L1ICER Lz, RFEA
F URRIREIC L0 B AU PD-L1 BELAFE NS0, S5 DNAHE - Bl 7
JVIZHE H L PD-L1 & BRI OfiFIl 2 S LT,

(2) HUE. Fi#RieHE L ICIs PEH OERFRRER D 5Z < #ITh Th 5, Z OOFHIGED LA E
17 & LT, BOSBRRHICZ D FE SN2 0B RS %N LIZIEE RS L O E TonE
SSHENE 2 HILTCND, ZD7=, THEDHIC X DIREN R &2 R KIRIZS] & HT 7201z
. BEHRIRIRIC X 0 8 SN SR MG, FRCERRIC I 1T 2 JEE % NR BE H C O S
DIFANEE CThH 5, ZIVE TORRRIEGER R Z O F2E Tl IR G R 2= 0 7o
EG 7> BRI L 72 FHTRARIZ O W T O AL TH Y | B BIEREE M ofiEz v
TIEATIZIE L A EIT b TR o 1o, F 2 TARNFZE T, S SRR R o R HE %
THE SN REMGOEAZ B LT,

3. WD

(1) b REZSMIIGE (U208) ZHWT, REA A UM EILX BRIBFZ OB MIZO PD-L1
B4, Flowcytometry, Westernblot, Real-time PCR 35 X OVH Y 6o Yu (a1 CHRMT

L7z, MSEIEL, R—PHiEl L OVED TR (relative biological effectiveness:

RBE) #fii A 7oftiz A7z, PD-L1 EFHEICH 1T 5 DNA #1E - [B1E 2 7T 1o
DFFR D= FSTHTIC ATM/ATR/Chkl OFREH% Az, Iz T, Bk PD-L1 F&8L
FHERM TH D STAT-IRF1 R DR 5 % Western blot I CRHMEL7=, I BITREA A
RIS 0O PD-L1 J8 B L~ & Z2 IR EHI T~ 5 7o o0 B iR BE AR EE TS L 72 B8
AW CEREHMIZTT > 72,

(2) ERIRFRARIZ 31T 2 U RRIE R R Hh O RS 2 fiEB 9~ 5 720 ARG BRIER (b hk
FHMBIER G Tr) =T o e SR L ROEIE G 2 58, AR BRLGRT & 10Gy/5 57
TSR COEMRIEZ & D W CRIEEM LT R EAZIT o 7o, RERICOMIT RS E L
T, MEEMO PD-L1, Ku80, 3L CD8 Gtk T MiladoYtziTolz, I HIZ, Thb
DEIEEB T I ET B0 EHD720, KR TORBE & T OMB %~

4. FRZEEE

(1) [Fl—PRREDREA 4 e XBRBEFH% O PD-L1 BEHL LA LG L- & 25, i
FHE LV, Zo7 Loyl mRNA L~ULATIZRBWT, REA T VB %O 1N X
DI PD-L1 RBlA#E L=, RBE 2/ 2 72 ETHRERIC, REA A URREEIZT
HEI\TEE 7 PD-L1 BEFEALBDT-, SOICREA T U BRH% o Chkl U gk L
WL, Rl B T O X RIS & i LA EICE o T2, 26O PD-L1 BHEB LW
Chk1l U > &fbix ATM F7-1% ATR [HEAIE G T XA BEICIf sz, £/, REAA



VRIS %12 ATR/Chk1 {fFED STAT1 U »Eefk & IRF1 FEOTH#EA RO T-, i
BEETAMEE O MG CIE, RFEA A VR, X% OWT BV T8 PD-L1 spot 20 A
BN EROT (FR), ZNHORERNS, RFA A UBREREZO PD-L1 BHL~L
X, X BRPREH% L [HEEIC DNA 2 7+ (ATM/ATR/Chkl) EFHTHAZ L. S5
IZZE DO T T STAT1-IRF1 &R 2/ LT\ 5 Z E R LMo T2,
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N.T 10 Gy X-ray (LET60)

PD-L1 / DAPI

WA EBAARITIR IR & 10 Gy BRI ORI % g3 5 & | PD-L1 BBHER OFIA1X 10
Gy BBHZICABIZHEML Tz (GRIERT 5% vs 10 Gy FESH% 52% ; P < 0.01) (T,
E512, 10 Gy BE#% 0 PD-L1 FE L1 (10 Gy B D PD-L1 33 L ~UL L 15%REE
AR PD-L1 RBELL~LD7) (X, 1RFERT Ku80 REIGMER EAELRAOMBEEZ R LT
(SRCC=-0.379; P<0.01), *7-. MIEiZH CDS8 Bt T Ml 1% 10 Gy MBEZ A ZITIE
T U7 (P9l : 75RT 23.1% vs 10 Gy FR5H% 16.9% ; P=0.038), T & OFERIZDOW
TIE, EHRIGHRRT. 10 Gy B W I B T H RS CDS8 BEtE T Al B 23
BRI T, AR, RPTHEE, EEEATFRNFRICERF CH 7=, —J7TPD-L1 %8
LB KON 10Gy B CORBIFE L ~Lid, Tk EAERMBEEZRO R -T2,

P <0.01
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