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Abstract

Radiotherapy has been proved to promote systemic immune response in recent years, so the com-
bined application of radiotherapy and immunotherapy has become a research hotspot. T cell im-
munoglobulin domain and mucin domain-3 (TIM-3), a kind of immune checkpoint molecule had
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been proved it can affect the tumor microenvironment and play an important role in tumor pro-
gression and regulation. Evidences showed that targeting at TIM-3 is one of the promising immu-
notherapies especially the combination of TIM-3 and other immune checkpoint inhibitors. How-
ever, whether the combination of radiotherapy and TIM-3 or dual-immunotherapy could achieve
better effect still needs further discussion. This article reviews the relationship between tumor
radiotherapy and TIM-3, which may provide evidence for the combination of radiotherapy and
immunotherapy.
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1. 5l

TR VR 7 A A IR BIR T T B —, ARG T R A A AN BT 0 R T TR B T AL, 4
500~70% 1) it 83 £ 2 ZE i R v R T 227807, HLES o0 I T BRI A AR SRBOR R 2 (B AR W, i
JFAMUGR— M REEIT T, SR TI RS B B, XN a7 EE St 17 BRIk .
I 5 o AR 7 5 4177 (immune checkpoint inhibitors, 1CIs) &t PD-1/PD-L1 #iifk . $it CTLA-4 fiiAZ 4t
HEH Tl . B8R BEFEEINETT, BUT 5 REIRTTBCE FIIGIRIR R KL FO A K T, T
I 9 G S BR 2R (1 26 8 -3 (T cell immunoglobulin domain and mucin domain-3, TIM-3) SRR F A5 240 i 52
14 2 (hepatitis A virus cellular receptor 2, HAVCR2), A IT4E R KB M1 4> 7, WAE 7 i gk g 5
GPERIRF KRR EY), 2K TIM-3 752 FpfRE Rk B, s2ma s 534 5% (tumor microenvi-
ronment, TME) F 5 & (1A R U AH G . A SCIRNe 1 B N AR SCRRIIE 7, S 4G 1 IR e 7 5 TIM-3 43
T2 2R & B ALk g
2. TIM-3
2.1. TIM-3 S FERREF

TIM-3 247 T NG tifk 5033.2 L | RESIEE 1, B HAVCR2 JEF 451K 302 AN FERRALR[1].
HE R R IIRIA T Thl gk, &5 3ORY Thi7 4008, FZ4ii. EVEANAE. M9 R40 0 (dendritic
cells, DCs). NK (natural Killer)4H il 55 G % 40 B LA S Mg 4 i H 3594 Tim-3 B9k, nf DL Y S R M Jod
REPE G e SN TIM-3 ) R AFEVIAN B 5y PR BRE H V (immunoglobulin V, IgV) £ 1435,
PEEEACRE SR A5 M X L BT AE H) XR RA BR W IR A 2 e i Al e X [2] . o, 19V S5 H9880y TIM-3
SRS G, MRIXFEIGE LS 515 Sk, AilM2, 5HAGRERE S PD-1 5145
ANF], TIM-3 2 5 [X R 5 A 22 4G 557, a0 i 52 AR g 2 B2 P 410 1) 55 /5 (inhibition of human
receptor tyrosine motif, ITIM)ER G 52 PR I S BE [ ORI (ITSM), (H8A 5 MRAST B IRR FE[3], F
H1 Y256 1 Y263 Al et A K EN 4 B B G EE kA1 3 (human leukocyte antigen-B associated transcript
3, BAT3) A Src ¥ 5 G A i) Fyn M EAER[4]. 4 TIM-3 R 5ERL &1, BAT-3 A5 7E TIM-3
{120 0T 2 30 4 B R 2 RV Lek, 4 Fyn 5SS IR 4EHRE T 20MMB0E . 14 TIM-3 #RCA RIS

ik
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I, 2 L DX ) DR~ R Z BR T S b IR AL, 55 Bat3 BRI 8 TIM-3 RAE S 1E A o
TIM-3 (e 3 B35 2 FUbRE SR 25-9 (galecting, Gal-9), iRt 22 & 2 (Phosphatidylserine, PtdSer),
BT R EE Bl (highmobility group boxl protein, HMGBL)H1 IE 47 7 AH <40 Mok I 4> T 1 (carci-
noembryonic antigen related cellular adhesionmoleculel, Ceacam-1) [5]. H:H, Galectin-9 1 HMGB1 J& 1 ¥
PEBCAAR, T Ceacam-1 1 PtdSer J& TR MLk, VFZ W FIER, TIM-3 5 Galectin-9 f4H T FLE i 1
P A [6], (HIRARIUNIMNEIEHICRREIER, FEIRRTRIE Tim-3 M4fsal. Ewd
HAEAT, T AMRIEH(ThL. Thi7 fI Tel)f EWgdii &A1 TIM3 5 Gal-9 45&H#HIfEH, i NK
A DCs EFRILH) TIM-3 5 Gal-9 254 WA RIAIER « HMGBL 52 —Fh SH ARG 1 7> TR A
FEMR IS R, R M DCs 3R IA 1K TIM-3 5 e 40 B e R A% IR 35 4+ 45 & HMIGBL, i TIM-3
5 HMGB1 45& 7] LLBH IR A2 R 100 8% AR B iz, AT U0 A A Ul S2 A2 5 B0 [T A e B L[ 7] At i
TR A kik . PrdSer 5 TIM-3 IS5 GG B T T /MA R IR, (2dE SR i i el 32 28] [9], &
Al REE A I T AR T B, AR TS S 32 R R BEAE ] . Ceacam-1 il N Im&ifiy TIM-3
ST RRIR Rk, il e AR R AR TIM-3 78 s g i 3R T il fs e Rk, R R e =01 A
R LA T 4D . /N AR i FE R o, 4R Ceaxam-1 Kk Z 2352 TIM-3 FRIE M T FE[7].

22. TIM-3 Sl R Z

WIFCIER], TIM-3 7E 2 Rl R4 i h 30 £k, {2 TIM-3 Fik /K5 MR 2 65 &5 AR . —
T meta /M AT [10[VC A 2R, TIM-3 FRIE SR/ M ifufig . BRIARBUSHIE, H TIM-3 mRiEr =
FHLRRE . AU SR B K OS 3kad, &FE. FRMEE TIM-3 RENSH)E LK. XUHA
R TIM-3 (228 BT 82 18R R R E . TIM-3 7R 545 CD8™ T 4HjflTh g2k i,
RE Treg 200 38 58 j 24 S 433 1L-10 S50 PEAN AR D T Thik, dEmudn] T 400 G e BAH 5 [11] [12],
TIM-3 B AE BT ] CD4™ T 41l NF-xb/TNF-o 38 115 3 e i1 [13]. TIM-3 72 A S 4n i _ErZik
REME ARt BT S Bi[14], 7E DCs b TIM-3 H[{E NTE T 4RI AWESZ IR, BB 2 NK 41 R ks
B, RSB0 IFN-y 1943 A[15]. R4 TIM-3 #A v T AUMstumbr i, (EIX 5 4 AR o1 ) Bt 7558
HA WK T IFN-y. TNF-o (03068, RILX B AR ARSI T UM B4, e m& o er)—F
X R T BT S S B (R A A, X TIM-3 (iR IA A 43 15 Ui S50 P (1) R 47 L5 AH DR [16] o

3. MEMSaTT SRRIaTT

TSR TT I AR — MR EETT 7 2K, @il B AR R 3 A R 4 DNA 153475 K54 3]
TRITRCR, (BRI FIESE, BUT R —Fh BAT S R MERVR TR i, & Re s i3 i e e oA Bt
75 T IR A R R AR G SR AR AE T (ICD) [17], X A A A A& T80T 328 B R () — PR o R 2 R 3R WA,
U751 DNA #0548 B it ox 51 g% RGuab i 4R iRl 208, 1X F 2R GMP-AMP & 1l -
TR IR 13 # (cCGAS/STING ) /i 2 [18], JFAMER | TR FN-DI™ L8, 1FN-1
REf 753 DCs 1t [ OREIE R A T 2000 PRI, M TTT A6 38 18 s e 8g S 28 O I (191« I T8 ¥R 97 5 1S 1ICD
(SRR, MR AR AE 52 B B IS B R T R B HR N BO A0 AR L R R 4 B T A O 23 TR R
(death-associated molecular patterns, DAMPS) {55 JG 46T, iX £ DAMPs {5 5 H bt I 52 5 40 st iR 45 5
PR 7 A A SR B T B MR S N o BIETE R, R SRR AN M A I T Ak e 8 4 L )
RGP S N, X AT e 2R BR T AU T AN I A I (4% ) 2 (callreticulin, CRT). K& =R IR
(triphosphate, ATP)IJREIL. il #8 A 4 1 A MR e NS BT S5 A OC, 1882y AR ELAE T, 498
USRI ZIEIE B30 T RN SR RN E[20]. TRk, BT AN e A0 52 4 5 i 8 4
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[197=E DNA 453, ICRe TR 5 e RERIAE BAEFH, 3858 Fu P R G0 5250 56 s A R i, $2
WURRIBTI R e . A Abh, 0T Ja R 4 A28 A4 i i (human leukocyte antigen, HLA) | 2890 F3R 1A
o, X ULEARR ICD 4b, 8T AT RRAE S e IR M T R AR A s PE R, B HLA | 285> T Refie it
P AR - CD8” T 4 A5 1) i 78 4 it 2% A7

DA G2 o A ml A AR I e AR 2SR, SR Bva T SR A TR IR AT A, AR AN 2
TG S O e A A AR RSN, HAR A BB B2 Sy a7 e e  AsE M VE RN 2, IX A
5 PR A B e ) S A B e IR ML 0% . E A W FUIE SO v LA S AN AR e AR T - AL
1 (Programmed cell death 1 ligand 1, PD-L1)f#j 31k, X REE DNA XUEEKT 2™ 4= 1) DNA #5515 57,
A ) 77 R PD-L1 MRIA[21], X PR AR SORE K7 01E FH AR OC[22] . [RINF, DNA &5
HEM BRCA2 FEIGh L, Befgi sk DNA 165/ 58 PD-L1 _Bif[21], BT 5] S iayr vl e
SRR B T WA AR, PD-LL B T AeasHIMH] T 4ifaffisik, ERELEFRE DNA Hifis
HHEEMKM mRNA F25E (23], XUt B BOT G 400 AR VR T i 25 PE T e 5 PD-L1 RIS H K, YT S
Hti PD-L1 i r RE 2 id i ] DNA BB SR 0T ZOCR . Bk, T Riayr S5ishiasr Ba
I R FCABAEARBIIR R . fE— TG IT A5 NSCLC [ 11 #IEERAF 7c b, (A ipilimumab (CTLA-4 i
7)) [F) I 45 T 53 STAK S 181 I (stereotactic radiotherapy, SBRT)VAYT, REWS & 2 G 08 HoR B N ol &
AR RM[24]. 5—THEFe5F B T 824 pembrolizumab 1697 5 SBRT J8UT 5 45 T S5 0R77, BUT G S ih
STHAE SRR ok R AR AR A A I B I B ALH[25]. KEYNOTE-001 i 4 R iR, 5
MAEEZ 1T W B F AL, 85 B2 0T (ol 2 fh 2 T I8 AR VA PR 0T ) 10 R 35 e 52 S s iR T
pembrolizumab. nivolumab #8451 B {i () A= £7(Overall survival, OS)HIJG 4 A7 (Progression-free
Survival, PFS)3k#i[26] [27].

4. MERSIATTS TIM-3

HRBUYAYT 5 TIM-3 S 155 R A IR, TIM-3 (K9 X0 ) 28 8 755 78 B 488 2807 5 A 89 A )
YT IR AN R ) o X e S [28] I 7T R B, TE TR BT I £ e B R, IR 2 R A LI ) TIM-3
FILY) ST HUTHURA, H COX BIAZR TIM-3 &3k s Wi o7 U vE A fE R 22, 1XUEEH TIM-3
BRI N R IO S T A

ANTR R FBOTT i IR 4 B e A A B TIM-3 RS O 3 B e TF 8, B4 RARMIF.
HPIARIR I, 2Gy 114 S & RS AR 42 = B /N BRUMLIE TIM-3 (31K [29]. 8 FL I /N BB AY
o, B T YT/ R PD-1 SRR T 401 E TIM-3 ik T+ =[30]. Ruan 25 () — 15 SR 2 (0%
0 A T2 A I[31], AR IBT 2H A AN A ML SR i i) TIM-3 I W 8 i 16 4H.(2643.3 + 1243.8 vs
2005.6 + 633.4, P = 0.005), ifij il 58 /8097 ) B A0 A 1 TIM-3 AT AT A 1% 42 151(2643.3 £ 1243.8 vs
1702.8 + 867.8, P < 0.001). [@Ff, chew Z5[16]3< T4 90 (Y9O0) MU #2 Z 1697 R i — B 70 b, SREG 4 B
FREARNT YOO J7T FREE B A I B IRNR R AR 4l i b TIM-3"CD8" T il bh il i T X B4, TIM-3
EMIEHLA T RS W T, BiBTE 1M 3L 6/ TIM-3°CD8" T 4ififu /i kb T @K, X
FIRESZ A YOO YR IT X AR T kLA B A R 2R IE , 918 T HUAXS YO0 ¥EY7T HIHFFEE IR M. o X 3B TBUT 51
FE P P98 P S R TR0 A T, W] DABOE WU S S B, RPETEAEI R i e . RIS, EFRFEEN
ZYfr TIM-3°CD8" T 4l - &I T #afb X 15244 CCR5 Fl CXCR6 (MR IAH R T, X F A2 444
PEUER & T 40M ) SA2 4, X ULH T BURNATT E73 TIM-3"CD8™ T 4 i re ik K 7 (H/E F R 1ml fifag [X 5k
B XA U RO E RS R R G, I T AR N, BT T 4 TIM-3 Rk,
Fil i ik K7 BV A TIM-3"CD8™ T 4 i fr) i X 45k & 48, I smpuiiR fE .
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SR TR B, 465 T IURA YT JE TIM-3 (RIS EAT F % . Peng %5 [32] & I B W #i ik Bh 07 Ja »
o5 4 A iR 40 i TIM-3 (B4 BT T B FE K0T 5 8 JE A, TIM-3 340 T-HAK/KF- B TIM-3
ST BT Fa R B S O AR A AL S R &R . Filatenkov S5 [33]HF 7t CT26 45 17 41 i
I R R R R (30Gy) i T AN % B fiRg 2 4L b 8Osy T 4B in, AR il TIM-3 1 T 4Hi i Lb A5
WA BRI, 5 —B00T SRR AT 7L 3 ZOWE | R iUk yT 3 CD39'CD8™ T 4Hffi[34], 45H %
7, ST RRZEAH L, kST 5 CD39°CD8™ T 4 iudi i Wl & 4 &, i K 241 CD39" T 4iiffiA~#3% PD-L1
PASZ TIM-3. XS4 g A e 1A FE35 04> T PD-1 A1 TIM-3, A EATE S B I ThBEME RS 40, R
FHRAIEmA . — I Lewis it /N BRI T R, SXTHBAAHLL, SA80T X TIM-3 RIEEH 5
Wi, AELEC A P05 e 2,3 XU EF(1DO) AT 235 R i TIM-3 [JRIL[35], %k T Akess, $2mI7 %0
IXBBHIF 5T A RESR N AE X B Rl e, BT R IE R R A DL TIM-3Y T 4 & 42 AR I R G IEAE, TIM-3
MRIEMARE R T SRR ER, BEAWE FCIE BISE ) TIM-3 B seREms i 21305 T gifikess, WEHLIARDT
JHRE S O RCR, BRITROT R RS 0T TIM-3 3597,  ERVFREAC RIS SR B80T HOR,  SEAC S B [ g

Petersen Z5[36]%f B Ji AN [ 40 fu bk 34T 10Gy BUEEIT /G, TIM-3 FIEC/E Gal-9 Bk 35 my I BH 1
A B-Fu VAT AT E B . X T MKINT7 4R, BB BE T Tim-3 3@ B0t T2 DCs Rl
LA, BT G BHE TIM-3 1560 82258 51 DCs HI/EH, X r A5 CD80. CD86 [ i <.
IXUE I SN BT TIM-3 G V897 BV FEANRESRAS BAR AR AT 280, (EUT IS TIM-3 897 I R R 4%t
TP RGOS P FIFEF

H AT ¢ T80T A TIM-3 (8RR 2 2 IR 0T B S Bk 25 s 4R AR R B LRI 7 o E /DN BRI/
i it AN S ST e A TR Hh R IR, BT PD-1 YRYT IRE N VRN 25 1 2 S8 I TIM-3 B A F/[37], L [H] BH
PD-L1 Fl TIM-3 bt Bfih AT ] — 3688 6 B HUA B0 0 (R 3 R [38]HUE B T PD-L1 5 TIM-3 7E4H i 5 v 11
REFE AR E) T HREAE IR ATBOT FRIEA R ICHS & A5 it — BT Ak ? Oweida 25 1) Zh Wik BR [39] K B,
Kt /N RS2 kT A K PD-LL FHIAYT fS, CD4A™ T 4iiff fz CD8' T 4fiffy F TIM-3 {1k 35H
TR, [FR TIM-3" Treg 4l bt A B E 4 & 5 TIM-3-BAE Tregs AHEL, TIM-3 FHYE Tregs &
P UE BRI S =K (1) 1L10,  FF HABAE 3= I 28 T 48 7334 1FN-y F1 TNF-a 188 77[40]. 1EUT
AP PD-LLVAYT S, TIM-3 2 ME— BRI T AL 244, HoAh 2 A e FE g aete T ka0 fAH ¢
#E A 4 (cytotoxic T-lymphocyte-associated protein 4, CTLA-4). kELZHMIE1LIER 3 (lymphocyteactiva-
tiongene-3, LAGI)& 4R K IA . TEICHEA_E NN FHWT TIM-3 ¥677, 450K, =B0EIT 4 Treg 4ifiu th g7
WK T X IR PG DL R 2 S T 4L, H IFN-y ik B8 mn, BN T RS2 m T
HomhdH, B =W0E97 RS M R R A K, (HRCRU R 1. X FEEE H R ] Treg BEATBOT
B G R A B BIRIT i, WMEAF R SRR
5. RE

SBRT 5 BEA HIE D07 A1 B 5 e A AR B T BOR IR T, St e T asT 5
FPEIRIT P EMEF, SR, 3 WA A B AR ke, WO /%107 LA ICIs 1)
LIS T — LW T B . TIM-3 1SR ia T VB ERE A, 50T S5 HAR ICIs MECS iR 75 &,
H ¥ TSR-022. MBG453 25 [l RIS B 7E K AT . FRATHIAREBUT 5 TIM-3 2 FHLHI SR 1)
BB, ChREEIRIT S AT B A PR TE 2 1T RE.
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