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Abstract

In recent years, chemoradiotherapy is still an indispensable means for tumor treatment. However,
primary or secondary tolerance to chemoradiotherapy produced by tumor cells is often the main
reason for the failure of cancer treatment. Hyperthermia is called green therapy because it is
nontoxic, safe and well-tolerated in clinical application. It not only increases the sensitivity to
chemoradiotherapy, but also is closely related to the related mechanisms of tumor immunity and
microenvironment. Hyperthermia can not only change the factors necessary for tumor survival
and growth, such as tumor microenvironment, immune response, angiogenesis and oxygen supply,
but also regulate the immune environment to play the role of killing tumor cells by regulating the
expression of related proteins and cytokines in the tumor immune environment. With the dee-
pening of tumor research, the mechanism of immunotherapy by tumor hyperthermia and its clin-
ical application have attracted people’s interest and become a new research field. In this paper, we
review the advances in the study of the relationship between hyperthermia, chemoradiotherapy,
tumor microenvironment and immunotherapy.
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1. AT REZ—: MEEINSRATERE

T RAR L AT S B P RO S AN 1R (4 EE IR B v R L SR (B8 A B R, R — TR
JH e A A S LAk R RN T IR R T B (1] B RS BT A AR b 2 P BB A AT A2 AR
Wy XA AR O REX By, R ALAE T I W S RS L B Bas S, JRE
H3 SSRGS KCEAE T, iR 4L I A (50) 7> T2, H Riaah = AR ke Bva )7 1 (2] [3] [4],
WA IE SR H UG IR BE T 52 BE D 22 57, T8 B R RE i 88 4l i ) 1 SOAN 9 I W AL R iR T H
f[5]. MR, F5 CRERHKE RO T iR N (M 4ERFAE 45~60 min, 1VAYT /5 22T iE 2 I K 5 90
min, 4T 2 KIS RIR UM N 43~45°C), AT ZIAZRIERG 72 he Wia ARG RG ST, TR AR
IR mER <41°C) SR, (852 RPYTFBR>24 h [6]. HARAALLFILA: -, FEANBITERX.
HBl JoHE, ALEEEREERIT B, MR R D RE, AR RE R, E SR A R
MIME AL =, WBITER 2. STREE. ARG IRARRER, fEe B EEE B, A%
e PP, (AR S . 28R, RS R T AR R, EE AR S BOH AR AL .
M BGe AR BT, BT RESE, I RTREXS AT XA 0 B k. AR AL G B DA S R B
WXt RIS, EPEFLT, 2SBS0, MR T B EAHOCH R, H— R, RS
TR I A E, AR I R AT 425G A 7]

2. IRIT X ALTT AL
BT AR G500 S B T S, BB SUR M SRR P 2, V077 0
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K, AHRARKMER, E5HT7BOFRE R HAEIRES[8]. H AT CA BRI AT DA i LA ik
TRBURYE, SR T RL AU EEAA LUR L5 5, MR 25 MR AR AE AR R I
B A I () R 25 28 BRI T R A e LD 3R o N 2 38T i 25 1A A B N A 388 L
M AN ARSI L, AT A TGP0 253 52, (R Ay mT e SR 4 A I e, 0 40 A £
M, (LB 25 N IR AR, T AR A B s 5, AT BRI T e TR A e
2. RNA. DNA [R5, s 20 I 08 G I i 06 200 00 B2 1 Ak, AT BEL L Jest A0 B 1 20 2R D3R, e
MEXEsE s 2IHI0]: K=, SIEWHSLL, MRREAEAEE BRI, X R B TR A 2 B
S EANARIE L A A A R, BT SRR AR N, VF 2 AN R R A AR O AL, S
TSI . 1L AL R VAT AN REA HOMAERFES I pH BB, 2 S pH F#AIK, H& kgt
DR S e 2L SR 5 v ik 2 S A I AR pH L, 9B AR AR 1R 2R )i 1 — N ERARRO3A ST . SR,
FAT R A bR A e o RS B v BRI RE S RS R S AR R PR AT T B 5y S AR A
MRS 21 54 (R U8 11 I [10] [11].

3. AT R REA R R R

iR AR B AT B RIS UM R GE . AT AR A 1] 5 40 A R 4T 3 4
LN AFRBE[12] « BRI IE 1) RS T LT 75 BT AT S FRg (1 & A=« 3 J R4 6 rh 2RS35 S B F [13]
TEMR R AR R R R rh PR 20 B sd s s e 77 SR JF 5 3 e S A 1) 70 J5 4 PR PN 5 4 B R 4412
BB AE IO VE R, X e i — Ty T BB IR A A KM, 5 — O TR I G e i O B, A B
SN A S R G e iR . R, K SN AT T BE RN IR S YR T R I B B . SR, BT SR PR
TP R EARNLER A B A 4, H AT E WA O & 5 T 7R SE— RS, IS lE &P B
PTG SN R AT BEAL I [14] [15] [16], A SC 3 BEHENL LA T LA

3.1 BAITRIMMEAR S ERAREER

AR5 E [ (Heat Shock Proteins, HSPs) & 7 T4 B 5 1) — /N Ko AR S, i i Mo 5 4% 5 1A
THAIRTER T 1 (HSFL) & 15 G AR 3 AT TG [17]. HSPs R LAHE B4R am Mok s, 5 52 78 ik 7
R AEURI B 5 22 b SR 2 5 R AT B AR FE . Kus-Liskiewicz [18]%5 ARiE HSFL H#S 53 A
Foik LR EMG. BRIk A, HSPs 252 FiiE i OCHG 2, WAHMIGTE . R Sl I BRI B 2
PESE[19]. WHFLRIA, JEIHeT R AT LU 3 H 51 HSPs JE[RIERIE, M 51 ASATLAAR il R A 15 v
HSPs k38 m, JLLA Hsp90 o3, HALHIy: H—, Hsp9o0 il 45 & 2 Hspo0 ) ATP uify il il
FLARARIE VBB, W P 40 B ) R 6 G2 A1 S HAF T4 DNA #5i{5 545 % 4%, DNA
PAOAS AT SUMEE ATR A1 CHKL J2 DNA BRI 25 5 5 40015 5 10 - BT 57, Hsp9o il 71 5
FEUR AL IR AR D, ERH0H] DNA FEEWIRS MBS/ 5, Hspo0 AR F it A [FVR E A B E
[A¥ Rad51 Fi1 BRCA2, Hsp90 il 551 o] FEAK I FLah #7040 i 2 Hhax iy 2 [ vE PEFIZKF, 5200 DNA &
S FE[20]. DL B s I HspOO 78 R A 558 o 1 e ik I T TR A4 )5 ) DNA B,
T BELLE fi8 A R 2B R« Hsp70 7 K 22 3 AR S E 8 41 i i 3R IA KPR B TSI B, (H K B 7T
T, AS[FEIZEA PR A0 R B 3RIE Hsp70, BAEIEIAMURAII. CA&UESE, PRI B Hsp70
EAAES2-2 (Interleukin-2, 1L-2)%52 %8 40 J A A2 AR 15 00 T AT 0% NK 4ii[21]. Bt4h, Hsp70 i@
IV LU AN AW 1 255y TR _E i CD86.CD83. CDA0 25 1| 4 -5k 1% 5 DC 41l (Dendritic
Cells, DC)[#)&#. Hsp70 C Ii&h 3k ¥t kS5 7 DC gHfu i =R FIRih, — BREIOE, Bi#h DC 4H
i COB+AH A EEME T kAN (CTLYAH ELAE T, MNITTJE B 5 T Fid B G 28 S A TR ) B [22] o
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3.2. HIT{RHMpREF 5

YR F-(Cytokine) i 22 24 Ji G2 Ji 5 H A A7) 175 5 T F A 35 o 11 6 72 200 B 60 i 40 L = 2 11
RAETEMAE B A K DR R E R S 2 MO AR/ T E v EE R O, BA 2. EEE.
Hpurk. RS2 R AEERE, R0 R RMAME TR NG, S5 Ak 2 FhE 2 AR AR
10[23] 4 R - 3dd 2 Fp oy XS 5 e v g i A R, R BT B B S B A B R e e g 4 e
JAWIRE /7, AHED R MR A 55 5 R 4B M AS BT e MR 42 . DRk, B 4 DR 1 1) 5 2 5] 3 T e
P R EIRIT A [24] . RIREIT 51 HSPs FIAIG N, 1 HSPs (12 1A A5 15 22 P G 28 2% Ri 4 M G T
0. E VRN A DC Ui E MR, 55 Thl 4085~ 4: 2 Fh g fio 871 IFN-y. TNF-a. IL-6. 1L-8.
IL-10. 1L-12 %£[25], TNF 7EMRN . APEIRE A HE 5 20 pg 40 i sl f il FL 3G 58 . IFN-y sl (e T 40 i 38
BN 534 DT 400 ) e 4 L S 5, i NI 4 PR o7 A5 0 1 B e A ML VT e 77 [26] - IL-6 2 —Fiis Wi 2 1)
REde 7, BRAESHIPAS 50 NG T8 . IR EE s L ThREAh, I -5 B S e 1 T F
RIBA I, WIRFR IL-6 — 5 o] ER0EH TR anme, 35 R gnir A, 55— 5t al i@ g2 m
T8 EOASE, WS eI, =2 SORE AT IR SR 2B I A B A A 2 (i gt e 40 i (9 A= K [27] . 1L-10
AR B PURRE RON, BRSNS T R AN R A B0 FAZ AR & NK 4T AR 4
WEVE R Thl 484 IL-2. IFN-y SEAHERF-, AT S0 il gg 48 i P S8 4 2 A [28] . b4, IL-12 7ERG 58
CTL bk B A 138005 1 % 0 28 g (Lymphokine-activated Killer Cell, LAK 48 i) 4= s A i, 385 155 4 Y
1 6 753 OREAH G 73 25 R P A i R R BE I 2> T IRA, 390 CTL A1 LAK ZHAR I 40 M 3535 14, PHLAS
AR IR R . e, B IR ATT A BT RERS TR AT AR I 2SR R 7 4 1IL-10, 1L-12 4y
W, PREARATT S RIEERI S, B R AR T [29] .

3.3. AITEZE MR R R IR

RIE TME f520RAS, MRnT 43 “¥% 7 BUR1 <47 AL, BIGueybis R ARG s% JOERY . g% RIE
R, WRRY TR, HRR AR E T 4EMRIE. BN IFN-y IS 55 S BT AR AR 1
(Programmed Cell Death Ligand 1, PD-L1)R 1Al i oed 2848 1 i [30] o« 7E G e vy A g v, e 2 L)
CD8+T kAR, “Y iR ” IE AAMRRA NG K MHC-1 287> 7R IENMK PD-L1 ik 1k
A, T 5 42 G P2 A1) 40 7 (60, 55 b 8 A 5 L4 D L Treg 41 it (Regulatory cells, Tregs) 1 MDSCs (Myeloid
derived suppressor cells, MDSCs)). “#&” HBYJigi x5 146 T 5244 1 (Programmed Cell Death Protein 1,
PD-1)/PD-L1 #IHIF [ N AR AR AR, SRR T 403>, PD-L1 RiAA, FEIKAE T 40t N fihieg
M fe, G2 FEZEAT LN T 40003 3R T 4003 S 2 MR fir, S8R S KIW(31]. #v7
T HSPs PAR e REUHNE R T TME I REOIRAS, XM G 145 1 F A 2T O —Fhn] S R
TP RE VAT 7k, BT AAE — | BRI IR ST, B PD-L1 143 2 3 R iR 12 i v L 0 e o
1) TME, JFEAE xS G har 25 a4 738 2 b 78 [32]

4. RITESREBTHRENA

Gl ROELERF AR 0 e B D7 TR E G MPE R o BR T X AR I R a4, B S 5 T
FEFITIRT « KRNI [33] 0 S R A o 8 B 2 NARHRARIG J5 Ak () 38— TE BT 4%, o NK 42 = ZE 0%
P . NK 220 22 Fhsid R0 i) 52 Aok i 42 6 Bt 0B ) A E R, et MHC 1 280 A RN
T 200 M XoF g £ PR ) R A D TR, O N 0 M R FR T A, 350 8 400 Dy e T 9k EL 4 L P 7 473
YERIT L1 MHC | 284> FHURIIERIE, (HENEIE T NK Ui e 1R A S8R, SRi#oT F 82
i i NK i % 0% 324k 2D (Natural Killer Cell Receptor Group 2D, NKG2D) 2 Hi it #& MHC | %%
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= A A (Major Histocompatibility Complexclass I-Related Chain A, MICA) )33 AT i3 NK 2 i xof fi
W AAGVEF[34] [35]. FE3, Treg 4 nl Rk CD4. CD25 F1 X kHEH 4 P3 (Forkhead Box P3, FOXP3),
LT DI I 0] s 2 08 B T A7 ) T S R RN SRAS 1 S R [36] . Treg 4 fLIE Y (5 CDA+T 4H i 1)
5%~10%, {H7E TME &I AT LS 20%~30%, 30 Fb iR 2 i S A R[37], #YT AU TME
o Treg 4HMIZK T, AT HG 58 S 4 ff R 2 R AU VE T - k4, PD-LL /R N5r 1 “Bifi” HLl, wIEs
PRAF 68 20 i S 52 RO T AR R A AR AR BT I B 1 1A IR 4t i R PD-LL K08 N, REHRYT
AT s R e oA BT b PD-LL VR Ak, R T 0 i 4 M i % 45 [38] [39]. SEifRdT I
H B2 BSOS DU R e AR, v MR R 1 S B R LR, TR 0 LA R AT DA SR S VR T T AR
WY B R T 5 R B S VR T T O B R TS

5. RESRE

SRR 7 RYT, JCHR RSN AT, RS T G B LA RO bR A e M, S U
TR Y B 2 LA AT S0 S MR RV IT T o I e it S T RS IR RN B A 7RI B A . BT, BT
O 2N TR IRSE R, 8 2 Rl b A RS T IS T RT3 W2 W e A T IR R BT
HHAMYTIERBREIRIT . ARKBYT B AT RS S0, B SSERAERGAEIREE . KRS A [A] bR A1E
PRIERDIESE RN, A A N 2 bu e T SR S X R, DRI 2 B T Ha, TR
RE % SRS BRI OB DN ARG, AERYT R B RAERIN, JF HAUT 2 —AMER T RFa i, RoRF
BEELZIRR.
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