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Abstract: Immune checkpoints (ICs) are immunosuppressive molecules expressed on immune cells, which
can regulate immune cells' activation. Immune checkpoint inhibitors (ICIs) which can block the interaction of
immune checkpoints and their ligands, improve the cytotoxic effect of the immune system on tumor cells.
Immunotherapy such as employing ICIs has gradually become a conventional therapeutic strategy for cancer
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treatment. However, the low response rate and the emergence of drug resistance have seriously affected the clinical
efficacy of ICls. Reactive oxygen species (ROS) are electronic reduction products of active oxygen, as well as
natural by-products of cell metabolism, which can be used as regulators of intercellular signals. Tumor
microenvironment (TME) is often in the state of oxidative stress (OS), which is the imbalance between oxidative
system and antioxidant system. ROS can affect the interaction with its ligands by regulating the expression and
activity of immune checkpoints in TME, thus affecting the anti-tumor effect of immune cells. Accumulating studies
have shown that ROS could regulate tumor immune checkpoints through several pathways. Due to different types
and stages of tumor, it would be clinical beneficial to understand the mechanistic link of ROS on tumor immune
checkpoint, and choose appropriate ROS regulators combined with immune checkpoint inhibitors to maximize
anti-tumor effects. This article reviews the common metabolic sources and characteristics of ROS, the regulatory
effect and mechanism of ROS on tumor immune checkpoints and its therapeutic application.
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Figure 1 The production of ROS in tumor cells in tumor microenvironment (TME). There are three ways: () NOX in cellular membrane;

(@ Fenton reaction in which hydrogen peroxide is converted into hydroxyl free radical; (3 Mitochondria electron transport chain
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Figure 2 Schematic model of regulation of ROS on immune checkpoints in tumor microenvironment. The regulation can be fulfilled

through: (1) DNA hypomethylation, (11) histone modification, and (111) up-regulated transcription factors
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associated proteins 3, LC3) /510 B W, X 14515 5
Lk N RIS FGLL Rk % U1 ¢, & T BAREH
BLH BB 70 0 A B B R, 5% T FGLL 7 i 8 ik B4
Bivh 52 ROS 12 [ BIF 78 i A WL AR 1.
4 $BEROSHHERZEE SHIFIFA R A

BT MR e VR T IR R B 1) B R T, sk
7 22 [RBIE 5T T 46 933 ROS A 40928 YA 7 14 Wi [7 2808 o
B G0 7E LS IR e A 45 T e 1) /D BRASE AL o) K
U MR AE AP S A A s A
FH, A3k T 40 32 i 22 g o RS P R T
JLZ% % -3- £ TR TS (epigallocatechin gallate, EGCG)
A 9D 20 e N ROS I fE 7, W] B AR i e 48 . 3% o
PD-L1 {1581k, AT LLEGCG 1] Bh — Fh 5 AR G 2 A6
AT ITE, NS T At AR, ZERE A
ROS 5 e 2 i A s 4100 ) 751 & 4% B[R] 4 T I, AN Fv T
Hh 3R I BR ROS. A I, ROS 147 75 1 AT LAFE = S s
A e IR R R, s TR RS P = S R D
B AT DA 1o 25 L s 4 i 1) ROS K-, g T 5 33X
eI 40 i PD-L1 )2 3K e iR 2 1E CD4™ A1 CD8' T
2 rh PD-1 (2R, = Fhi R 5 5% PD-L1 i 2
5 1 2 (1 45 & Ik CBP501 5 hit PD-L1 B 3 B i AR I &
3 RTINS, (R, TERfR A% ROS (1R FE 2
5 G B I6TT I P R 3G R A i I TR B AU RN
Hh T fif ROS A et 2 ml R I B A2 AE
5 REERE

YERNE 559 FEA =Y, ROS L2 5 MR Kk
A Sk s R vh IR T T T TR, A AT S A A )

KRR SR A R SRR s tE. BT 5%
TG 2L s A SR T 3 AE Mo PR AT A ) S AR 5 T 245 17k
SR, NUIER R ROS 5 e & M Iz R R A A
HERIR AR X, IR TR ICIs I R T R $ i
PERR AR I 5 LU Bl . A ROS 75 71 55 IC1s Bk
& F 254 T RE D9 AR SR I VR Go e iR T SR O i 5
Jitke

1B STK: 25 08 U5 T SCHR S TR 155 8 B AR FO
S AR, LB AR PRGSO BRI
i VB FRL R A B R EE S B
i i 2 51Tl RIBE A ST EME G RE 580

FUREER: FrAT 15 259 75 B T AR A A 2 5%
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