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KR BRETHOINAYY, mRR, REEE, BIRSETRE

hESES  Q691.5, R392.1

SR YY  (radiotherapy, RT) 1] LLifs S i
4 e DNA i 4 Fn3G s P Ie T, 51 & IR oA 355
(tumor microenvironment, TME) #J74%fk, # i
50% 1) Jif 96 £ 3 oK F RT 5% RT 5645 HoAth iR )7 F B
(FA . AI75) HATMIEIRIT e RT AT TMEAY
G PR AN e AR T, RT3 3755 g 40 it
FEALMHEMEE AR TIFRE 2 e
JZE R A e DL 0 A PR A 3 DL R AR S P A
a1 TME RiER 4, 3858 TME g sl e i
{H RT s G345 i 83 40 4 S o ik A &2 % . %
B AU =, RT X TME AN R4 FH 222 fhy o 6 4
FRoaE, AAEARIEAY | AR AR o Oy 2
ol Ay — 28 RT 51 & 19 e Bk e 2 il 3580 vy
—— 5N (abscopal effect, AE, HLFRITHHEL
N JEAIRLN), Gl TR A G . AETEIRIR
AR I HAT R, AT E R A AL
ZHED S ARV T AE KA B G E AL LA Bk
BRI AE, FFHB IS RT J i f2 4t ais
FHeith

1 EFRZMN (AE)

1.1 AERIEKRAR

AE B8R RT 51 . FEAR$EZ RT # ™
A BT S BB GE , FH Mole 7 7E 1953 4F 15 I3k
W, 4 Mole XA BB HE SR UEA T FE G5, ER 3

DOI: 10.16476/j.pibb.2022.0371

KEHARBRG BT R, SR TR s &
AE WIMES o Bl = X e 2 B o o ) A 2k o 2 e
WEAE R R T R B RN, i, ZBLAEEA
R RE X ™, [ 1969~2019 4[] AE (1995
B, REIGIK 2 s T 55 I RT 1531 AE
St R AE /AR . R . SRR .
MRV DL S A, kAR AE R 5 AR BUE T R
H63%, TCHERAAFR N 45%, S bI T HE
Z RTAH, 4% 7 F AR AI7 MR in Iy
(immunotherapy, 10) “EH{EINGITFB ',
XM R, R PENIE B fE #3210
O HE ek A fi iR a9 5Eat B mEART, 5
Y % & AE. Theelen % " XJ [k 43 #1 T
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H R 19.7%, 3257 Pembrolizumab B4 RT 677 19
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B AE RN 41.7%, Postow 55 ' X —fil4%3z
it ipilimumab (CTLA-4 1 HIF) BHTIGTT IR A
R BT RT, RBUBE AR AL CAH]
WRELES . BE) MR TR e /N, BAZ AR
CD4'T 4 Fc 3. ok, X TFRTEKGIOTE
AEWFE Ryt fE , B $2ih T RT 5 10 8GR
ST HABSE RS R SR, LR OP S L Sk
SRR 0 AE, I HATRBEUS RAFIIRITRCR .

Ktk , BRTIG KRB 5 IEW], RT REME 5
R AE &4, M5 108 A1RYF I AEZUR T
PEA , H R TR B R AT, AE & AR R EARHL
il LA S AE 75 % Pk Jib 98 J 5 TR 9T T VR iR A R
5% .
1.2 AEMIEZ A

BEAZATAWIIIGE RT 51 & AE B AE P 2#HLH
2004 4, Demaria 55 ' 1 UK IR A0 9% B B 1Y /) B
AR AE, &R P AE 5 % AHER R i i
%o HET, —MB hDIaet:iy T 40Xt 5] % AE #
HEVE o RT AT 755 g 240 F R T s AH G HTae
BT PR B A (antigen-presenting cells,
APCs) Pl If 238 2 b9 5| bk B &, O
CDS8'T 4l i 8 A 4 B 3514 T bR EL 4Bl (cytotoxic T
lymphocytes, CTLs), CTLs i i Ifil 12 % 1] 4 45
My Lt, 51& AE ", b4k, Kroemer 55
P& T A I 40 M 8 T (immunogenic cell
death, ICD) &AM AE, X5 #1740 g 3 1 2
OB R AH 56 7375 (damage associated
molecular patterns, DAMPs) 4 %, DAMPs fi§f 1
B+ FE  (type I interferon, IFN-I) . 45 M & H
(calreticulin, CRT) . f& i #% % # 1 B1 (high
mobility group protein 1, HMGB1) ., ATP FI#A 5z
% M (heat shock proteins, HSPs) % 2021 |
DAMPs i izt 5 TME H i) 58 PR b 200 i 55 R A
L g e ny kA
1.2.1 DAMPsif FHIAE

a. IFN-I

R S ) LA AN AL 75 I 4 i DNA
i, L35 DNAXUEERIZE . DNA BRI RS,
H DNA XUEE W7 24 02 5|k 20 Bt A8 1~ 1) 32 B35 405 2K
AU ) YR B S DNA WUEE T 247 % B B 2k
WIE . Ui B 9 XU5E DNA  (double-stranded DNA,
dsDNA) # AZBRLST, 255G 130 M BT N 1 3 1k
GMP-AMP & i fiff (cyclic GMP-AMP synthase,
cGAS) f&I&2%, M1k ATP I GTP 4 i FF 12 1 H i

PR AT BAREIR G, BB E M IR S R RS T
PR ILH LA T (stimulator of interferon genes,
STING), HcZAEHEIFN-TF24E , IFN-136 A] i 32 46
R e 40 6 7= A 114 9o R S e D38 0 A 5 R 40 it
(dendritic cells, DCs) [ cGAS-STING il i} ;=
A, P U RO R 3 M, AR E DCs
() ZL 48 TG AL 220, 35 ALY DCs 185 3 b 51 3
WRELEE, WG CD8'T 4 fflf% 7454 CTLs, CTLs &5JF
JieE 5 | S bk L 235 A B A A i L RS g 3R, 5|
& AE 1 (1),

SR, cGAS-STING il 25 %7 31| p38 2 4 iG
k.25 F1 IR A1 DNA ST Y B R 2 . RS R T,
TERE LA, 5 p38 L R IR G AL 2R 1 i il 2
il STING, #0fil IFN-1 7= 4= 2 o e 4h, Hfd i
dsDNA R 2 55 G ARG, B m gy i it 2
FHOE Z ) DNA#f, 7743 2 1Ml Jit dsDNA,
1B ) Pof 2 2 38405 MO B DNA A1 7] i Sk % fige Jfa o
dsDNA “V, [Hit, FHRBERE4ERF cGAS-STING i
PRAGILIG , X fEf/ME DNA SN FEA# %00 () RT
FE GREFIES SR BREE, XK AE N
HFmR P EEZENEE., 55b, dsDNA K
FIEABR T AnMRE, Bl —Iss LB, gk
BERL Y dsDNA W REIE 5 5 AE I &R . Bz,
IFN-1J2 8 TME ;7 A& G e Al A 1 i) i 2 4 ff [
T, XAERRAERE LT,

b. HAth DAMPs

b ik, dsDNA 55 (19 IFN-1 X 74 AE &
KEE, BRIk, CRT, HMGBI. ATP HIHSPs
W BB S0 RGEIR A, JFTE AE A 4EAH AR .
TEARSHA S ICDME], CRT 2xPuid & 7 4n i 2
I, HSANFESZERMEER, A8, 4
wn, CRTS5#MARF ClqfEH, (st i
%, CRT 5 IRSER T (tumor necrosis factor,
TNF) FKIEMHZAMAVER, RE5liE TNF AHE R
g7 Y N (1) R e e RS S I 5 3
CRT i REfi# % CDA47-SIRPou {5 53 15 X6 5 Wi 40 it 45
WEINRERY AT >, HMGBI @it 45 4 APCs |33k
(21 (41 DCs Ay Toll BESZAA 2/4) T j i 301 4
FACZAR =Y, PR RN PR i e A TR 2
%G DCs 1, ATP A 454 APCs | (IS sZ 44 (20
VR4 A9 P2Y2 AT DCs [ #Y P2X7), Bi% 41k
 (—FZEATREEY) %, RS R A
TR =, WIE e iS4 , SR s 1
FH B¢, HSP70 AT 5 Toll #E3Z24& 4 FI CDI1 24545,
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I CTLs 1 FAR A4l AE ' #6180 CTLs REREIL
S AL - TNE-o I IEN-y, S
PR TS CDS T4 . il CDA'T 4 iy 14 %
JEREAEA CTLS 5, AW B3R . i
§b. BT RV T 2 AR

Bater

MR, BSRITIRE R B ERTEER
JE, HAETHIFEFT 78 09 AE 7= A= 70 7L 5 RT il
FPEB A B ZEA AR, Bl cGAS-
STING il #% . ARG SR S AN 555 A 4T
PIEEAE T =

BT

TNF-a
Th-17&1LH T

Fig.1 Mechanism of the abscopal effect induced by radiation
El ESTFESHERRRA A & RYLH
dsDNA: XWHEDNA; CRT: #5ME; HMGBL: Sil# il B, ATP: JREEMAZIR =R ; TAAs: BWEAHICHTE; HSP70: #Afksg
H[M70; Clq: #MA; cGAS: HELGMP-AMP A A ; cGAMP: 537 g R sAmfiR A i ; STING: THZREFEFMIMNF; TBKI:
TANKZE G341 IRF3: FHEZA 35 IFN-1; DT 2; MAPK @ p38 2505108 (4R ; TREX1: DNASMIEFL; TLR4: Toll
BEZIR4; CDOL: (RBE R 2 R HIDCE 5 P2RXT: A EEZ1AP2XT. 4% EIff fFigdraws il .

1.2.2 GRS E A ET AR R0

FR R AN BT LS s RT 5 1R A s 5
M E e AR B A o WFOT R, eI S e
(1.8~2 Gy) ARLIF|% TME N ARG 0,
EARTRE (8~12 Gy) HEMIH: CTLs, DCs il H &
AR S RN, 75 SombUMR R, (R
i HH R (15 Gy/20 Gy) W] fig & %A% AE B9 &
Az UGN, A A R S AR S R T R
S 2 g DNA 54475, B4 IS0 i 55t Fll dsDNA

MR AR, 55 B L IFN-T 7 A, H i 6 5571
it (12~18 Gy) 23R ZUIHIE M it DNA SRk [
fift dsDNA, PPl IFN-177=A 147,

AN, BEZMIEIRTIIFRRY, K54 HThe
PRI i, I RE 105 & AE M R 4T
VERE . 7 D g /N BUBEAY b 5G] A 0
(102 Gy) #MLL, Kap#EIHTE (2Ik=8 Gy) I
REI N CDS T 20t (43210, ik 20 8 VP 410 ) 400 i
AR S AN FLIE RS i h . Koy
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# (3K x8 Gy) RTHR-A470 4 M 75 Mk T bk L2 4 i A
* Pr ;L 4 (cytotoxic T lymphocyte-associated
antigen-4, CTLA-4) HUUARE i J5 &8 F1iz 4 iy
A, R AEMRA, (HELIR 20 Gy 4 RIS
PLCTLA-4HLIIRIT ANRES & AE . SRTHT, AETY
REZZFRZ W, GfEMEES, BE5A S
BPERE IR 255, B —1 o E T SN RETE T
GO T RN SRRy, e AR
H s AL RT Fl A HIr %, DA SHiS &k
AE #,
1.2.3  SAMMETEEEAE

FOE MR ERIY, FRETE & AE IIHLE IS 5 Fh
WK . B AT AR A WK (tumor-derived
exosomes, TEXs) AJ 4577 Fl14% 8 2 i 6 32 1
T, FoHAR BRI AR MR A (R TR A A T, R
RIS & AE RUHLEE o BFSERW], TEXs el
5T 119 I8 AH OGP AT DAMPs - (HSP70 1 HSP90)
345 DCs,  JE 1 S IF 42 i CD4'T #1 CD8'T 4
JEL B g a2 7, A, TEXs i fig ) DCs % 128
dsDNA, ¥ 1% DCs H1[) cGAS-STING i i, T
IEN-T72 AR 4800 BRI, TEXs AR 215 520 |
BFIE] S R S R S R . Li g
10 Gy By 54 F1 1 Gy Y HE 25 5 433l i N9 52
S AN, R I B RS A R A S i A
Blom 2y ST IR IR 4% . Kabakov%E 0 2., 4,
6 F18 Gy Y X LR fm b e Bk A g 4 i, - 24h
WA B TR B AR B A . {E ANIMARTE i
W3 AE i B E R A RRifoY, CHOE EfLne
2% % (linear energy transfer, LET) #&4515 S/
AE PV SR, TEXs ths 2 #5415 e e il 43+,
g P ESET-BCAAR 1 (programmed cell death 1
ligand 1, PD-L1). FArZE-10, FALA KK 5 -B
&, TREIE A R S M AR Hp O TR B X
AE 1520 2

AN, BRTBEIE A AR T HARL P 2 X AE (1)
EH . SR RWT, R RE A 4 #F i v TME rh i B
Wi 411 17 M1 BRI 5 TNF-au, 400 1 22 S i 9
YA M R RS FNAERS L AR IR LA Dy Re 1 pS3 Ak
/NPT 2L, REAEISS A S T I
EAG BN, AT B AR S A pS3 WA
R difrh, ReiSE A=, 1K AE, (HAE
TR s R e (24220 Gy) N
S, I HAMH T YR TER ps3 HE B

2 BREFEESENRERMIAE
i

BFRahaTRmE

fk B BT iR 9T (carbon ions radiotherapy,
CIRT) J&Ilm KL BUGST ik i, BA
Z L, Sl BRI SR R T
e, WUIBREMEERE, ke TIEASTRIE FiY
REm VRN, TAE SRR A S A e S R H) SR 1Y
i, M ASE S — R BB RE % g, B
Bragg % . Bragg W 156k 25 7 g B A 5
e P B 2 O RRURI B i %) ) 2 A6 B 07, R TN RE A
TERRIPIE R AL, SRR H S A Ie
R AT 4 & 1 Mg % 2B i XURS: %, Dong & 1 ##E57
TEEANM i A R b R A R R AR R
R IRl 125 - BEA 1Y b K A — O A 0 55 Ty
4o HUK, WEYIPAABERE, BE T IRIESFER
Ui LA R ) LET, 7] S SO0 18 i g 03 4 R
DNA KA MELME S By e s, 38 hin i Jed 248 e oy
FERH AT ENE, BA G RT 3 S A A X E
Wy 250 i (relative biological effectiveness, RBE)
(B B 7 1) RBE=2~4) ' 610 7 f Py iF 53
Wang 55 ' F1 4.5 Gy [0 25 R i B/ N BRI LB
HE, KIMAESREZLIR A 21 b Y DNA $i4ibs i 2
FIBTIAHE N, W62 R BRI g i FL R4 21
[ DNAHI3 . HeAb, BT R 2 LA EHEAE
K1 DNA, B[ T 480, EA BRI 4 i
It (oxygen enhancement ratio, OER) '®, % fi
BRI AR YA AL He, CIRT Al g
(RS gl ey s S L0 S VA

22 HREBEFESHAE

XF T CIRT 51 & AE © A I Rt H A
SRR BE AR LR S I IR T PRI A B
B, TEEZ CIRT 5, ARG A B 2 0 46
Nt R s e SR LD A L R R R R R
R E % CIRT J5 &£ T AE.

HETC 4JFE T CIRT %% AE I R ATRF 5T,
FERIRER R B T 5 R A sk S B RS
X e i 2 A B9 AU i)V FH LA B OXsF A SR ST e 114 s i
(F 1) TEANHI b IR B s, H A S
SR R L5 A SR T BAEA T T K ) CIRT+DCs
STE . AT SR B, o FLOME T L RS K
(a-GalCer) +DCs £G5B I A RE Y 2 S5 e
AR, TR RS AR T 4, S T

21
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MR AR SR R B, R T
4545 76 1L B DCs BE B 5 9 i PR Bl e A2, X5
CDS8'T 4 M iy i i A ¢ 7, thah, BRI, 1
AW ERGARR , BRES T+DCs X JEA e B i
56 F+DCs B, {HXE T Iig il B e am i, ik
B T+DCs HIE 58 6 F+DCs, JaTHast
Bk S A [R] A4 00 1 R AR T R ) 4R 3.75 %
(4~15 Gy), FHHF 500k 5 7 REbos 40 i S 555 9%
(1) DCs 21 fif 19 A far 988 B DY, B S B o] T il
Feffy i o) (HAF R AR, SR U8 T4 Bh
T 4 1 RUINR A DCs 06 f5 . A BP0 Bl s 7 &
Az, UNSRE DCs AR T4 B b T 40 2 BI/NRL, s
HIHIRCER @, X5, CIRTECS DCs
IHTT T BB R PR L RS 1 K, LR
IS, BRES T+DCs H G T+DCs Xt g i
G ANEUN L€ T A (SRR O R R VA L SR KT
WS PR DCs IRY 7 AR B S (A1 1

ST CIRT i iz s & % B8 52 g i 57, 3

WOk R T 5 RFESET- 21K 1 (programmed
cell death protein 1, PD-1) H1CTLA-4 #]#] 454
()77 X34 T . Takahashi %5 7 R 9L, BB T-REMLH
il R AR, B IR S B A A
SRR, (R EFE RE B R 1) I L RS
{H CD8a 25 AN A S T AE R &2 . Helm &5 7V
(ISR 2, MG (10 Gy) BEEFEF, BRET
X RT3 3 B0 SR B 400 ) 01 22 A0 A s g )
A, HPRRR R ARG A W X ), e
T R A A RS i R v, RS IR A RN R T
X A, [FIET, 7EHCE b A M EE 5] CD]'T
S AL A CD 11" 14 240 B 7 326 S Mg (3200 o DA
o820, Sephid CIRT M1, CIRT 34 PD-1
H CTLA-4 55 BE 41 ] 325 v ek 988 114) A K R i 9 il 7
%, 5 XSS PD-1 #1 CTLA-4 893497 5 A
[, CIRT I PD-1 Fl CTLA-4 X Jih g i 4 7% g 41
TR, ER X T R A R APl e
G R X 5

Table 1 Pre—clinical studies on CIRT combined with immunotherapy (I0) to induce AE
1 WmEFHIHET (CIRT) 5%%57i%E (10) BASI ZAEWIGRBITFR

ek 5RE/Gy 10 (oY é:se AN HE A R EES ZH R
BiEs 1 6 0-GalCer+DCs Je VRS C3H/ ANEREBEIRANME S AL BRI I R 1) R AR [66]
HeSlc (NR-S1)
WET 10 DCs Yo VRS C3H/He ANRBERANMRE A A ERII L R 1 R AR [67]
(SCCVID
WET 2.4 DCs JMAEGHSK  C3H/He ANERERRANE R FECE LB s TR A [68]
T VES (NR-S1) itz 2@ QLI R
WET 2.6 RILFAHIDCs kS C57BL/6) AN R ThRIE FIDCsHN I fifiF: 7 [69]
(iDCs) C3H/He (LLC. LM8)
/=N 53 HIPD-LIAICTLA-4 JIE R A C3H/ ANEE PR A AL B s R AR [70]
itk (P1CH S HeNJcl (LM8) pIA
/=N 10 PIPD-1 (RMPI-14) JIE R A C3H/He /MNREARMILA S 7 BCG LEXGH R IE T Re 717
b APLCTLA-4 (9H10) S (LM8) Lz i e 1) il

EARIN

HI T 2R BRI, HHTX T CIRT 75 /i AE
I R R, HEA BB S0 4s
KU, 5 XL, KE T eV 2 DAMPs
(RREIL,  NITT5 | e B 58 2 4 2 S 8 S 2 LA K AE
AE IIHLE AT BE55 X LR, AR fedt R A b
Jid TME " CTLs 1934, (HERA BB A 15
W,

23 HMEBFIHFZAEMYLE

HHEG, A WF9¢ % W] CIRT RE% 175 S I J8s 40 iy
DAMPs (R (22) . fEAHAE/KF-, Onishi % 7™
AW S 800 B M TR, LET ATl (LET iy 13 A
70 keV/um) 1Y fik 25 + W I8 4 HeLa, SiHa Fl
KYSE70 4 ffs , BE G4 /5 72 h, K BLK: 3= & p
HMGBI f4 7K F it 5 £ LET #4971 &5 M 7F i . Ran
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5 H 4 Gy By X SRR 25750 591 B S 3 Bk it dea
i (A549, H520 FMILLC), S| HMGBI )
BRI, AELRR B 75 5 RS TIO B s T X Tk
A A e IR R R AR K -
FAZ-10) BIRERUENL, KX LA R
W0 TRRES 1. Huang 28 VY XL TG, T
FIG B 7 IR S A 2K e g 40 0 S5 19 CRT S0 B
SN, 3RS R SRR N T CRT 7 20 fifa g
EREANL, ARG E IR S 1 CRT A RHEE B &2
UeAh, RIS RI, ke i IR AR S £ /N B
i 1 HMGBIL B9 & & 7. SR, Ando % % X
NR-S1 4 77 A= P 5RO 1 X G2 ik 25 4@
HRJG & B, WFR T2k 51 i HMGB1 Bt A IX
A, AHXS T CRT RAMRHIG &L, W55 I AT G,
TE10 Gy Z N, MEFH R &S T X%, HEFfEK
T10 Gy i), PIE AT X

DL RS 2R, Ak T R 56 7R IR
IR T fe, AE 6515 & kg 4i i B it HMGBI1 il
CRT. K¥#srmybts kM, ke + % &K HMGBI
PR RE T8 TR AT 2R, - HAE BB /D Gz i i
T 235, 18 Y3 & ke 7 I LET A B T
B HMGB1 R . (R A7 78 PR AR B 5 R 1Y
HMGBI Bl 5 A X 5 1 45 X ] e 5 A0 e

R ERIERIR A R A G, MRk R RS R
JieE 24 A PN ) R[] 48 B IS A1 0 15 00, 00 5 %
SFEAT

T CIRT 580175 5 M8 41 il DAMPs Bk 1)
JRB L AR E AT TIRE . Baods ™ W5
W1, ARG B B T RE s = KT R
IR G FR P XS R RS, IR T R P
DAMPs FICD 43 FHYEEZR I . 348, HTHRE
TS W N R DNA H#8140, 15 DNABE
FN R ME, TS £ 1Y dsDNA F BeIF B 1) 40 i
i, T cGAS-STING i %, 51 Mg i i £ 1
IFN-I 0] TME BEHif o PRI, X5 ) Fe s &4 A 1 2%
PR, R FIE S R SRR AT RETR THOLT, [H
Af 0, T i 15 - R T BB 5 | AL SR % AE. BHLAF,
1 15 T AN RE S | S 8 41 s DAMPs (OB, I8 RE
FHII TME. Spina%s " &I, 7EEW SR 2R
MR, BRETARIREE N T TME H IFN-y, A 2-2
FIEA 2R -1b S0 A 20 b, TG4 HE3 in
R TR S 0 G N (s a2 11 [ S e S B
Z6Mr W, AL, CIRT R A B VR 410 3] 4
JRLAR TG Ak . B IV A0 0 P 5 s 35 P R i) 2 1 24
WP Rk, fEdEpuRE e e

Table 2 DAMPs release from tumor cells was induced by carbon ions radiotherapy (CIRT)

R2 HETFHENAT (CIRT) HSEMAMEEDAMPSs
ek LET 5 & HUREIN [7)/h 4ifiZ  DAMPs ghR S R
WET  13keV/um (2.8, 3.9. 4.1 Gy) 72 HeLa  HMGB1 HMGB UK FBESHZELETHF 510 F 5 [72]
70 keV/um (1.4, 1.9F12.3 Gy) SiHa
KYSE70
7 2. 4. 6Gy 6. 18. 24. A549, HMGBI FRE T3 2HMGB1 F R EE X5 2k 5 [73]
X2 36, 48 H520
LLC
e+ 2. 4. 10 Gy 12. 24, 48 A549 CRT  BRETHES S M CRTAME R A &2, 171E [74]
HT U251MG IR ) A A 12
i Tca8113
CNE-2
T 0~20 Gy S NR-SI ~ HMGB1 HMGBIRB A X5): CRTSM#H, 10Gy  [68]
X2k CRT ZW, BEFHES TXHL, KT
10 Gy ¥ 150 WS DX )
e T 5.3 Gy 48 LMS8 HMGBI1 43 fE40 0 HMGB- 142 AR AN FE A0 (13 4% [70]

— R MR AT T, A — R e B IR
Jr B B FER DTS ARITR A, RT al fiff e 4 i
R — 25 S BERIBIN 1, B AL ™,
FETH IS PR A TR IE S g A e ¥, I K

3 HiESRE

AE J& RT R G002 2R GER TR A g A
TEI AL IR IO, AE (9% PG W] BEfd RT H
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BEE, %:

BETFREHE SR 1921+

IR, WA A AE, K84 BRI 7 HE
f. RTS5E3kAHLAYPD-1, PD-L1, CTLA-4 i3]
54, EA AERCETMA R, {2 HETAE 7RG IR
ATERAEH A UL AN AT B Sk TR 2R
TR EZ 5 T RTIB LI AE, JEREBFSEN M7 1
HF. MR, WAKK RTIEL AE M
PUEL, FL3EAMA A0 M R pS3 35 & 1Y AR,
R AR 10 25978 RT 5 & AE 9 EHPLEI, A
HEERRAT GRdT BARIRIT ik . RO REI S
105 KREIAE M RT 75, WFEMIEA . &
KAk A ORIR] RT 5 G0 S5 iy A0 32 st i 98 114
IHIRERAR . IGRTTFZE R, 31K x8 Gy B K
438 RT S5 10 175 4 5 Bbid G e L 58 7
HX BERFF 5T AL HS J A PR A B gg 2 . RT 43305 =X
MRET 4%, ANReS ZiEH. BT, XFF#EiEssk
DL AR S RN, O AR bR Y
%, WERIHIGRRE, BIEARHG %R
XEANERYY HFRITATTRCR

X T ARl BRI AE Y5200, H BT REAE
W R, CIRT j& b F AT A PL it 77 ik,
556F RT AL, CIRT G875 5 B8 5t 119 i JRd 4 938 1L
N, ST RTECGIOM L, CIRTECA IORERE A
RN IR R, BRI TME (5
MR e 2 i), AR I WA AE, (HH
HIBFFEPE K CIRT (GRS Igg S e /b | R ek —
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Abstract The abscopal effect (AE) induced by radiotherapy (RT) can inhibit tumor growth outside of the
radiation field, and it was defined as a systemic antitumor response generated by local RT. At present, preclinical
and clinical studies have reported that conventional RT rays (X-rays and y-rays) could lead to immunogenic cell
death (ICD) and the release of immunostimulatory factors from irradiated tumor cells, which include tumor-
associated antigens (TAAs) and damage-associated molecular patterns (DAMPs). These factors recruit and
activate dendritic cells (DCs) and then activate CD8'T cells to become cytotoxic T cell lymphocytes (CTLs). As a
result, CTLs kill primary tumors as well as non-irradiated tumor metastases. However, the mechanism of the AE

induced by RT is extremely complicated, and there are fewer studies on the roles of macrophages, p53, and
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exosomes in radiation-induced AE. In addition, compared with conventional RT, carbon ions beam has the
advantages of high linear energy transfer (LET), high relative biological effectiveness (RBE), low oxygen
enhancement ratio (OER), complex DNA damage, and the potential to activate stronger immunogenicity of tumor
cells. Moreover, the mechanism of the AE induced by carbon ions radiotherapy (CIRT) is unclear. This article
summarizes the complex molecular mechanisms of AE induced by conventional RT and CIRT, and elucidates the
difference between the two radiation types. We found CIRT may lead to increased DAMPs released from
irradiated tumor cells, and enhance the inhibition of tumor cell metastasis compared with conventional RT. We
therefore propose that CIRT can induce a stronger AE than conventional RT. This article provides a theoretical

basis for finding more effective radiotherapeutic approaches in the future.
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