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DNA methylation and tumor immune evasion: mechanism and current status of
therapeutic research
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U D R S ek it 2 BiRg S Akt e i S B B, 2 R S e R T BT I P — > 2 PR R BF U W, DNA F AL Tid d
SR BT MHC 1 2877 S A sl 701 A G BEJE DR 1R 5 LR e 240 M F) 3 SR AN A A1 B g e e SR ) e 2 5
J&, M A AT KG ST RE . H BT, DNA 2 B3R AL 25 W48 Ji R TG 7 U A S AT 18 ik e, 038 5 S A 28 sl 400 A1 57
(ICD  HoAth S e 25 WAL T 25490 55 R BRI 5 DA B oK 2 P R e 8 1 55 22 Mo B 25D KT 455 - ittt DNA 25 AL 254
VRSP 25 M) R T AR STIRTS T DNA FR AL 78 iR G 2 6 3 v B/ I AL A B DNA 25 R A0 25 48 S8 5 T PR AR R 1

WETCHLAR , 3R Y 1 et $8 it A0 R E A E TE 7 [0

(4271 DNA HIRAL ;R S bt ; DNA 22 AL 259 ; S s Ko 2 p 0 o) 5]
[(FEISES] Q523;R730.5  [XEFRIRAE] A [XE4HS] 1007-385x(2024)07-0715-07

FEAR BRIV P, A 8 1) R 2R IR T 3R IR AE
BRI e D Oy BT FE R Y R
111 0 38 3 R G2 G A R G g% SR G AR A
M 51 R Go ek T SR 3k FER . (Rt , Jive fo e ik it
R M i R K OB IR, 2 TR YT )
TGz —W, FU AL S AE IR S ik i v A5 JC 5
YEFIP. DNA FE AL ZIM I 5200 DNA % 53¢ DL il 2L A
FIB IR MIBAEABM 2 — , H 298 [ th DNA HUEH;
% 1iff (DNA methyltransferase, DNMT) f# 4t K FF 3
(-CH3) MR S- iR AR 2 MR e 1 21 DNA BE [ mis g
BRI ST b, U s ne - iR - MR (cytosine-
phosphate-guanine, CpG) & [X 38, T3k, DNA H 3
AAE IR e e 18 3% R TR VR FHAS 21 1 IR G B RATE
R 8 Ui 73 2R v FEE % P e b e G 92 S R A
P IRIT™ . DNA 25 FIEEG7E I 1697
JEILHH 2 T 7, 5 AT R 25 BRI R
IR HH B v PR 2 AR R IR AN 9T DIARAR YR 9T 77 58
ARSI R e R IR K £ 273 Hr DNA 25 AL 2Y
YIRIE T HLH] L IR DNA & H 8L 259 I e A
M 250G y7 A T fE , B 75 AR KA 7] DNA H 54k
TERE BB 16 97 AL BT I S0 o

1 DNA FREALTE FE S 2 ki s Y AL

It T 4 i o 7 A R e B RN AT U ) R
AR S5 RULE JIf IR A28 39T T2 o8 S 88 40 ) ol oA 5 R 3k g
PE ST, BRA e AE G BEGIA I AN IAT, S [ 47
GBI E N G B I A R 5 AT ST LA R e
PERIR . DNA FF LA U 38 3o ) 7 ik PR 3R 2 B )

AR A T 8 SRR PR T T A I R e 3 B R 1
EHHREED.
1.1 BIA IR ZN T IR LR

ISR 4 2 35 1 b R 7 D gk 2D B 2 LK A
RERCA BRI, DNA H AL AT (2 450 i g i ) 36
15T B AR 4 i oeg S e ik ik . B 5T R, 85 BT BT
JER L DR 1) J3 301 v R AN R S0 B e JEURE ™, iX R
I DNA F A0 b e B0 R 208 1) B o B4,
DNA FH A AE R 48R TO A7 iR e S5 T e o
BRI ¥~ PR 45 5, 33k 17 oL BT fR 20155 3 1) 4 922 ¥ b R vh B
BE B SR I 208 2 AL 25 5 DLV &
e S PR HORUPE J7 UG I 7 R e e s KGR T
J 1 I ek 2D 7 R AR K. IR GMP-AMP &
(cyclic GMP-AMP synthase, cGAS) Fl - 25 % K]
P A 1 (stimulator of interferon gene, STING) [ )3 &)
T i A S B S TR 31T F 2 STING 5 5
PR T I RERERG . FH 25 A2 5- R -2t
ML/ T STING 5 5 R 3G 9 1 R 23 41 i
MR PR AN A S AR SR (MHO) T 26
TP HIFIEY . DNA A ] B4R T HLA-A
JA B F B R gD, iR 4 K T MHC T 43
T IE T UK A HL R 52 R B S I RE 0 ek S, BHL
TG 280 T A L R R 451720
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1 DNA B E AL 72 B 6 2 9t 1% = B9 /£ FA AL (1% F BioRender.com 81 2)

1.2 @A REAAE ESTRENFINE LI RE
Ji I8 240 i T 0K | 4 BLIR B 22 b S A 1
RAMFIAAR U R s, Horh St & i e+ 5 H
TS A A EL A FH AT T 40 P R A A AR , i el ed 4
PR IR, AR I, zeste [RIR ) 3G 981 2
(enhancer of zeste homolog 2, EZH2)/4H & I H3 5 27 {if
4 R 1) — H 24K (tri-methylation of histone H3 lysine
27, H3K27me3)/DNMT1 & & 43 i 5 [F 7 AP-2a
(transcription factor AP-2-alpha) ) FH 240 T8 AP-20.11%
Ik, B FEAP-20. %] PD-L1 AL s P 35 P A0 P 7
BEfdAE F T 1%, 4 PD-L1 o338 iy, (e 17 R LR ) o
PERRIRDY, HOR I R FE A Akt i R IAE T DNA (I H A
AR RN 22 I 5T 9 T B S A1 5 PD-L1 5 Bel-w [1)3d %
B, iR A1 i R 3K OE Bel-2 KOG PR T AT K
PURKRL T 4 f 55 5 5 1 08 T, kol R A% B REPT
FyAN  AE S R - i % IR 20 A Rk 3 DNMT3B
C b D AR g v e XOUDN 40 1 CTR D [ 28 A ast
FEABA 5 kD () W35 00, LAt T 35 3 3l IC i
3K ) PD-L1 A1 CD80 ™. A FL3kIRipi 5 18 B
(HPV18)¥# 4 [1 B6 A1 E7 /13 ({3 A B2F-1 A1 3k
HE 5 1 M1 (forkhead box M1, FOXM1) i# ik EZH2-
H3K27me3-DNMT3A if# HAVCR2/LGALS9 i 5} T
X 3 1 25 AL, S 80E BRSO Tim-3/ - 3L
B %k 52 -9 (galectin-9) [1) ik Fil, Tim-3/galectin-9
g & 5l ke R 32, £ B0 R T 3 B %
%@[3910
1.3 B pd) sk A R 69 R KA F I8 Rk ik

CpG & H 2 fk & & (CpG island methylator
phenotype, CIMP) 7£ 2 i J}fy8g 28 B4 vhm] I, L ARFAIE
NER A ) X3 CpG B [ s Ak . 'S R
J R R, bR T2 DR A W AR AN o B B 5E , DNMIT1 A
DNMT3A () Rk 3G, S8 m AN E W8 E3)
T DNA H B4 1, CIMP .4 5] #2 7 %0 % A 5%
TR () A0 o) B v 92 32 i s 9% A B 2D, AT
R 33 i 98 H 925 16 3 AR 28, il DNA 25 AL 25
S-Z2% P A B U FEHTOE T AR G R, 8
AT R I, 7E 5L FT 51 iR 98 S 4> DNA I A
b 45 ¥ 18, 5 4 H3K27me3, 5 B 28 AH ¢ 5 P 110
I
1.4 BT R0 B Wm0 69 3k 5 e AN F Y 98 7%
iR

DNA FHEELL T SR AH DG E R 40 B AR AL AN T
R 9, 33 T a2 P S e T e S 5 A e ) e s 1k
™, DNMT3A K42 () & 1% #8 & A Il % Cacute
myeloid leukemia, AML) Tl j5 A R . #f 5™ &K,
DNMT3A 22747 ) AML 41 g i ik AP-1 o7 &5 #01 il 7%
JiE [R-F MIP-1 00« MIP-1 FITIL-1 B )38 34 32 1M ek 55 M1
Ik 20 AR AL AR B R A R A S S e ik ik
5- G0k -2 Tt A PR T DA R A R ) MR Y
FITEA 55T BRI AR T4 (glioblastoma stem cell,
GSCO) £ 5 i TR WP FIBE J5 1) % Bt 2 5, GSC
G R DNA H SR DA A1 B 1) e s A8 Ak
XA R Bl TR R AR SRR Y, S BRI AR O
5 4 %) S S 1



b

FELK, 55 . DNA HEAL 5 0 S ge kit - £ AL 5 6T ik ST IR < 717 -

2 DNAEZREMNAMPBXLEERR

2.1 5% E E4pH I (immune checkpoint inhibitor,
ICD) % A

DNA 2 H 5 AL 254 5 ICTBE A F 25 10 5w 2 —
Pl GHT I IR IEIT 7k, B A T RS [FAL I 1
234 DU R BRI R . B AR B R, Hh P VR
(decitabine, DAC) ¥ ¥7 7] ¥ £ H iz ¥ 40 i b+ M b
BRI PD-L1 Kk B, X AT RE & A kik , (=
A S RE 52 ALPUR NY-ESO-1 [ 75 22 374 7 16 50 40
N2, TR DAC BEA BT PD-1/41 PD-L1 $iLAR 7697 2
ARG IT i . o — DU e 4 SRR A
DAC 5 ¥ PD-1 B J7 V5 A 45 & 1R 97 vl A 38040 il
GL261 & i R an Bt fE . DNA H EE A B
i 711] guadecitabine & DAC [ 1% F BR 1 24 , il i 41
il DNMTI1 5l & 9k #F 5 A% W 34k, 5 1CT 54
guadecitabine HLAH VG 7 AH LL , 5 ICT B A A FH 7] 2 3%
P> B B KR AR K R B R T R s T 2
guadecitabine J# I Y IS 1E 12 CD8' T 4 il « 175 5 i
H 2R NKC A L 93 20 i 988 A 55 v i) i 8 92 i
Treg 41 B AN BE I HD B 40 , KK M TG ICTIY
7R,

AL, A BT IR R 2 ERS 2R .
— ol TR g0 K R 1 7R SR <00 R 4 7 R WL AR v
J7 S BE , I H DNMT 401 1] 571 33 457 4 #k (zebularine,
Zeb) 1 JiRg AH O BT 5 I 2 T it v e g2 S, IR
SER R 4 $0I7) IQ1 NI PD-L1 A LARHNT PD-1/
PD-L1 17 45 & , toll ¥ 52 #& 9 (toll-like receptor 9,
TLRO) #3711 CpG AJ LAME #E DC 2, AT 55 Zeb 3
[F] (R 3E T 240 M (35 Ak 5 K Zeb A1 JQ1 3@ I i v AR FLAE
F 5 456 1) CpG & [R5 21 BH B g 4, L3R
3 G-VZL, 3R Ja , ¥ R & W e - B & R -/ & R
(asparagine-glycine-arginine, NGR) & 1ffi #4 K} 2 1 3
FERNE VR B AR G-Y/ZL [ R W, MR R 45
CG-J/ZL; #ENGR [ % ' , CG-J/ZL 0] LL ¥ [ [ 539
43I AE BR 1 MR O B R i R 4 Y. PPD
(mPEG-b-PLG/PEI-RT3/DNA) il i 5] A\ £ Fh AH B4
FH AN il =2 11 (polyproline 1T, PP IT )-#5 i #4) 5 A
T4 At shPD-L1 [ 50 RL 338 326 , AT 1 iy 4 il
PD-L1 [k LLEZ AR T 4 1 G 2 50 1), Zeb /& —Fb
DNMT #1il 71] , 75 5 DC B4 F1 MHC T 43§ 3R 1A BA
W SR B SR 5 , PPD 5 Zeb BR & VAT JE B4 & BU R
T P55 I NG, 38 Tk 7 AR R A ) G e 12 SR A RIS
o5 R AR,
22 HACHTAR I A

—METUEREAIE R EIKT G

[a bimetallic metal-organic framework (MOF)-based
biomimetic nanoplatform, AFMMB], FH DNA % H 2
254« I3 T 20 A RSN (i 5 Wk JOR 2 e, 1 Wk ke
f) AFMMB A iR JBCHS 35 4 B 70 3 3 47911 DNA HH
FeAl . B MHC T 285 FF15 5 RNA FEEL A G110
PD-L1 W) 348 , TR 5240 2% ok ERL 3 i £ o)
PR, M 9 T 40 A 3 G 5 SN, 10 ) SEAAJR 1
A B RSN, — R R N RAE R
(hexahistidine, His6) - 4 J& 2H 2% & (metal assembly,
HmA) 1E #1252 44, 25 % Je H ] I % % (nigericin,
Nig) 1 DAC, J¥ 1% X 24 ¥ 3 ik %% 4t (Nig+DAC)
@HmA , Gasdermin D (GSDMD) #& — Fft (1 it K &
filf-1(caspase- D/ F IR T IR B E N,
E K 2 BU R 40 i vh R IA B, DAC i DNA % H
# 4k i GSDMD [f13% 1A , GSDMD B 5 # Nig $id
FRIAZ T R 45 & 5 RAL G5 K ke 2 A B 1 3 R AR
caspase-1 £ HVIE], S 1A R IR 40 i £ s, O
730 35 1 4 B B R S % S BN TLRT B5h 71
SZU-106 5 % H EE4L 24 DAC R 1K, /b AML 4 iy
AR S J e 22 1, DAC V67 4 i AML 4 0 Ho Ji83 71
J5i4%35 , SZU-106-DAC-AML #45% | DC #1 T 41 fa 7E
A B3 A, S35 A OB ARG S KBS AR
ZE3 liEE

3 DNA EZREMAHYMIERINIEHR

H A — LIl R 1056 IEAE W 78 DNA 2 H 240 2
Y5 ICTBC A VR T I8 ) 38R (R D, K 2 Bt Fi 45
AR BRETRIT AT 52 1), HAH it 9t R
HEH RIS PGt Hi g —
W 8K REVERH ARSI R 28007 Th BUAS i 3 gk e

WA — LA 20 7T RIS UM iE 1t . R
FLMOEF R RIS AT v LA SR 1 SR e R 1R
T ke AR ICT 1 PR ERUEK , ZE R 4L B IR EVR YT JS
HLA-A i 1 57, HLA-A A7 s3I ~F-35) 40 %
%, TAR OCIAE CD8' T 4 i) iR 3 K, T
5- A% B R AL B B £ Tk i A Y ) 2K o
(romidepsin) XA AT 41NE T 41Utk LR 22 4 AR H.
B & S, v 3R A5 5 5% A 2 O A K 57 A B
Guadecitabine FITEH 125 & AT 52 1 CEAAMEVR TR AE
FEANMS B R AT . hAh , — LR F R SR
BB G IRIGIT SR . T VIR IR 58 i 5
BhR T 5 CC-486 (1 Jilk DNMT 1 il 771 i L /i )
TRIT IR ZE KB R I TR AR AR A7 3, oK ol —
LI AL IR IT B IR S . Guadecitabine 5 45 HL
W % v (GVAXO B G RIT AT TN 52, (HAE 25 B e A3
G B S R S T P
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DNA 2 A2 ICI ICI#E £ Ji g 25 I AR R 3R
Guadecitabine PTG g CTLA-4 eRCN N GAVAN A RIFHI % [54]
P VAT ARG S
Guadecitabine i % ) B FR T PD-LI HRMIRE E R B OEEE N R [55)
T 5 AT B U 5
Guadecitabine R B E 4T PD-1 AR Z4 W BAPU [56]
SR TEE
Guadecitabine L TR e E 47 PD-1 e AT PR T SRR [57]
AHIE I PR 26 Ak
iy L R B E 4L PD-1 R R GEAME s B RS [58]
B PPN
R FL A A T B 24t PD-1 R4S B A4 AN A2 RIS [59]
&
oy L JEARRIG T PD-LI AML AT s KRR S RTT 2L [60]
CC-486 FEARFNIC T PD-L1 SAAR KM KM RCESIE  [61]
PRIEE
immune cells within tumour microenvironment: pro- and anti-
4 % i

DNA A0 A i S B 2838 Hh 470 1 2 22 (1) £y
@, 4817 DNA H AL MoR e T B BRI 1 5
Phik. S — LIl PRI s DNA 2 AL 25 W1
L B B 5 Rl TR BRI ORI R
BB TUPARAE o T R SR 8 A% 2 AR G =7
Z A ELAE Y B = 2 S £ R OR Bl PR 36 o, 24
WML G 7 I R B R AL 57 il v R
SEOT % MR € A bR B 8 BB R, Bt I
PRARES KA I L 25 20 5 I OF R AR AT, I3
TR AL bR SRR L 25 45 25 SR T B, B
F it RAR 8 B v A0 S B A 7 T T 72 554k, 3K
LL S it 7 E LR A B S MR AR SRR B E A
TR ZE 5 LA SR T TR R . Rl , 2 T 40K
L RERI RS TR SRV NS SRR vi s & SRR AL & i B
B2 BT RANER NI FT » DA 03 e M S 560 1 R
161 Il AR 82 FH PR A R o R SR BRI 58 R PR S B
AW R DNA & HUEEAL 25976 77 I ROR SR 88T
HIRFI %

[& % xx #]

[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin,
2021, 71(3): 209-249. DOL: 10.3322/caac.21660.

[2] DUNN G P, BRUCE A T, IKEDA H, et al. Cancer immunoediting:
from immunosurveillance to tumor escape[J]. Nat Immunol, 2002, 3
(11): 991-998. DOI: 10.1038/ni1102-991.

[3] PENA-ROMERO A C, ORENES-PINERO E. Dual effect of

tumour effects and their triggers[J/OL]. Cancers, 2022, 14(7): 1681
[2024-02-05]. https://pubmed. ncbi. nlm. nih. gov/35406451/. DOI:
10.3390/cancers14071681.

[4] ZHANG Z J, HUANG Q C, YU L, et al. The role of miRNA in tumor
immune escape and miRNA-based therapeutic strategies[J/OL]. Front
Immunol, 2021, 12: 807895[2024-02-05]. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC8803638/. DOI: 10.3389/fimmu.2021.807895.

[5] SUN L C, ZHANG H F, GAO P. Metabolic reprogramming and
epigenetic modifications on the path to cancer[J]. Protein Cell,
2022, 13(12): 877-919. DOI: 10.1007/s13238-021-00846-7.

[6] GOLL M G, BESTOR T H. Eukaryotic cytosine methyltransferases
[J]. Annu Rev Biochem, 2005, 74: 481-514. DOI: 10.1146/annurev.
biochem.74.010904.153721.

[71 JUNG H, KIM H S, KIM J Y, ef al. DNA methylation loss promotes
immune evasion of tumours with high mutation and copy number
load[J/OL]. Nat Commun, 2019, 10(1): 4278[2024-02-05]. https://
www. ncbi. nlm. nih. gov/pmc/articles/PMC6753140/. DOI: 10.1038/
$41467-019-12159-9.

[8] HU C H, LIU X H, ZENG Y, et al. DNA methyltransferase
inhibitors combination therapy for the treatment of solid tumor:
mechanism and clinical application[J/OL]. Clin Epigenetics, 2021,
13(1): 166[2024-02-05]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC8394595/. DOLI: 10.1186/s13148-021-01154-x.

[9] VINAY D S, RYAN E P, PAWELEC G, ef al. Immune evasion in
cancer: Mechanistic basis and therapeutic strategies[J]. Semin Cancer
Biol, 2015, 35(Suppl): S185-S198. DOI: 10.1016/j. semcancer.
2015.03.004.

[10] MELLMAN I, CHEN D S, POWLES T, ef al. The cancer-immunity
cycle: indication, genotype, and immunotype[J]. Immunity, 2023, 56
(10): 2188-2205. DOI: 10.1016/j.immuni.2023.09.011.

[11] TAKATA K, CHONG L C, ENNISHI D, et al. Tumor-associated
antigen PRAME exhibits dualistic functions that are targetable in
diffuse large B cell lymphoma[J/OL]. J Clin Invest, 2022, 132(10):



b

FELK, 55 . DNA HEAL 5 0 S ge kit - £ AL 5 6T ik ST IR - 719

€145343[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC9106353/. DOI: 10.1172/JC1145343.

[12] DA VIA M C, DIETRICH O, TRUGER M, et al. Homozygous
BCMA gene deletion in response to anti-BCMA CAR T cells in a
patient with multiple myeloma[J]. Nat Med, 2021, 27(4): 616-619.
DOL: 10.1038/s41591-021-01245-5.

[13] ROSENTHAL R, CADIEUX E L, SALGADO R, et al. Neoantigen-
directed immune escape in lung cancer evolution[J/OL]. Nature,
2019, 567(7749): 479-485[2024-02-05]. https://www. ncbi. nlm. nih.
gov/pmc/articles/PMC6954100/. DOI: 10.1038/s41586-019-1032-7.

[14] D’ ANNA F, VAN DYCK L, XIONG J Y, et al. DNA methylation
repels binding of hypoxia-inducible transcription factors to
maintain tumor immunotolerance[J/OL]. Genome Biol, 2020, 21
(1): 182[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC7384226/. DOLI: 10.1186/513059-020-02087-z.

[15] FALAHAT R, BERGLUND A, PUTNEY R M, et al. Epigenetic
reprogramming of tumor cell-intrinsic STING function sculpts
antigenicity and T cell recognition of melanoma[J/OL]. Proc Natl
Acad Sci U S A, 2021, 118(15): ¢2013598118[2024-02-05]. https://
www. ncbi. nlm. nih. gov/pmc/articles/PMC8053941/. DOI: 10.1073/
pnas.2013598118.

[16] KAWAZU M, UENO T, SAEKI K, et al. HLA class I analysis provides
insight into the genetic and epigenetic background of immune evasion
in colorectal cancer with high microsatellite instability[J].
Gastroenterology, 2022, 162(3): 799-812. DOI: 10.1053/j. gastro.
2021.10.010.

[17] YAMAMOTO K, VENIDA A, YANO J, et al. Autophagy promotes
immune evasion of pancreatic cancer by degrading MHC-I[J/OL].
Nature, 2020, 581(7806): 100-105[2024-02-05]. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC7296553/. DOL: 10.1038/s41586-020-2229-5.

[18] KRUSE B, BUZZAI A C, SHRIDHAR N, et al. CD4" T cell-
induced inflammatory cell death controls immune-evasive tumours
[J/OL]. Nature, 2023, 618(7967): 1033-1040[2024-02-05]. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC10307640/. DOI: 10.1038/
$41586-023-06199-x.

[19] ZHANG B Y, L1 J, HUA Q L, et al. Tumor CEMIP drives immune
evasion of colorectal cancer via MHC-I internalization and degradation
[J/OL]. J Immunother Cancer, 2023, 11(1): €005592[2024-02-05]. https:
//www.ncbi.nlm.nih.gov/pmc/articles/PMC9815088/. DOI: 10.1136/jitc-
2022-005592.

[20] LT J J, WANG K S, YANG C, et al. Tumor-associated macrophage-
derived exosomal LINCO01232 induces the immune escape in
glioma by decreasing surface MHC-I expression[J/OL]. Adv Sci,
2023, 10(17): €2207067[2024-02-05]. https://www. ncbi. nlm. nih.
gov/pmc/articles/PMC10265094/. DOI: 10.1002/advs.202207067.

[21] FANG Y Z, WANG L F, WAN C L, et al. MAL2 drives immune
evasion in breast cancer by suppressing tumor antigen presentation
[J/OL]. J Clin Invest, 2021, 131(1): ¢140837[2024-02-05]. https:/
www. ncbi. nlm. nih. gov/pmc/articles/PMC7773365/. DOI: 10.1172/
JCI140837.

[22] MIAO Z Y, LI J F, WANGYY, et al. Hsa_circ_0136666 stimulates gastric
cancer progression and tumor immune escape by regulating the miR-
375/PRKDC axis and PD-L1 phosphorylation[J/OL]. Mol Cancer,
2023, 22(1): 205[2024-02-05]. https://www.ncbi.nlm. nih. gov/pmc/
articles/PMC10718020/. DOI: 10.1186/s12943-023-01883-y.

[23] LI J, DONG X J, KONG X, et al. Circular RNA hsa_circ_ 0067842
facilitates tumor metastasis and immune escape in breast cancer
through HUIR/CMTM6/PD-L1 axis[J/OL]. Biol Direct, 2023, 18(1):
48[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC10436663/. DOI: 10.1186/513062-023-00397-3.

[24] WANG J, GE J S, WANG Y A, et al. EBV miRNAs BART11 and
BART17-3p promote immune escape through the enhancer-
mediated transcription of PD-L1[J/OL]. Nat Commun, 2022, 13(1):
866[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC8844414/. DOI: 10.1038/s41467-022-28479-2.

[25] WU B B, SONG M, DONG Q, et al. UBRS promotes tumor
immune evasion through enhancing IFN-y-induced PDL! transcription
in triple negative breast cancer[J/OL]. Theranostics, 2022, 12(11): 5086-
5102[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PM(C9274738/. DOI: 10.7150/thno.74989.

[26] CHEN B W, HU J J, HU X T, et al. DENR controls JAK?2 translation
to induce PD-L1 expression for tumor immune evasion[J/OL]. Nat
Commun, 2022, 13(1): 2059[2024-02-05]. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC9018773/. DOI: 10.1038/s41467-022-29754-y.

[27] PAN Y H, SHU G N, FU L M, et al. EHBPILI drives immune
evasion in renal cell carcinoma through binding and stabilizing
JAKI1[J/OL]. Adv Sci, 2023, 10(11): €2206792[2024-02-05]. https://
www.ncbi.nlm.nih.gov/pme/articles/PMC10104659/. DOI: 10.1002/
advs.202206792.

[28] XI Z Y, JONES P S, MIKAMOTO M, et al. The upregulation of
molecules related to tumor immune escape in human pituitary adenomas
[J/OL]. Front Endocrinol, 2021, 12: 726448[2024-02-05]. https://
pubmed. ncbi. nlm. nih. gov/34745002/. DOI: 10.3389/fendo. 2021.
726448.

[29] I S F, YU H, ZHOU D, et al. Cancer stem cell-derived CHI3L1
activates the MAF/CTLA4 signaling pathway to promote immune
escape in triple-negative breast cancer[J/OL]. J Transl Med, 2023,
21(1): 721[2024-02-05]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC10576881/. DOI: 10.1186/512967-023-04532-6.

[30] CHEN Z F, DONG D, ZHU Y J, et al. The role of Tim-3/Galectin-9
pathway in T-cell function and prognosis of patients with human
papilloma virus-associated cervical carcinoma[J/OL]. FASEB J,
2021, 35(3): €21401[2024-02-05]. https://pubmed.ncbi.nlm.nih.gov/
33559190/. DOLI: 10.1096/11.202000528RR.

[31] JIANG X J, WANG J, DENG X Y, et al. Role of the tumor
microenvironment in PD-L1/PD-1-mediated tumor immune escape[J/
OL]. Mol Cancer, 2019, 18(1): 10[2024-02-05]. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC6332843/. DOI: 10.1186/s12943-018-0928-4.

[32] LONG S W, HUANG G X, OUYANG M, et al. Epigenetically modified
AP-20a by DNA methyltransferase facilitates glioma immune evasion
by upregulating PD-L1 expression[J/OL]. Cell Death Dis, 2023, 14(6):
365[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC10276877/. DOI: 10.1038/s41419-023-05878-x.

[33] BRIAND J, NADARADJANE A, BOUGRAS-CARTRON G, et al.
Diuron exposure and Akt overexpression promote glioma formation
through DNA hypomethylation[J/OL]. Clin Epigenetics, 2019, 11
(1): 159[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC6854743/. DOI: 10.1186/s13148-019-0759-1.

[34] WU M Z, FU T, CHEN J X, et al. LncRNA GOLGA2P10 is
induced by PERK/ATF4/CHOP signaling and protects tumor cells



720

rh R AE MR T 2R &, 2024, 31(7)

from ER stress-induced apoptosis by regulating Bcl-2 family
members[J/OL]. Cell Death Dis, 2020, 11(4): 276[2024-02-05].
DOLI: 10.1038/s41419-020-2469-1.

[35] MULLER D, MAZZEO P, KOCH R, et al. Functional apoptosis
profiling identifies MCL-1 and BCL-xXL as prognostic markers and
therapeutic targets in advanced thymomas and thymic carcinomas
[J/OL]. BMC Med, 2021, 19(1): 300[2024-02-05]. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC8594228/. DOI: 10.1186/s12916-021-
02158-3.

[36] BOLOMSKY A, VOGLER M, KOSE M C, et al. MCL-1
inhibitors, fast-lane development of a new class of anti-cancer
agents[J/JOL]. J Hematol Oncol, 2020, 13(1): 173[2024-02-05].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC7731749/. DOI:
10.1186/513045-020-01007-9.

[37) YUE J D, L1 Y Q, LI F J, et al. Discovery of Mcl-1 inhibitors
through virtual screening, molecular dynamics simulations and in
vitro experiments[J/OL]. Comput Biol Med, 2023, 152: 106350
[2024-02-05]. https://pubmed. ncbi. nlm. nih. gov/36493735/. DOIL:
10.1016/j.compbiomed.2022.106350.

[38] DAS D, GHOSH S, MAITRA A, et al. Epigenomic dysregulation-
mediated alterations of key biological pathways and tumor immune
evasion are hallmarks of gingivo-buccal oral cancer[J/OL]. Clin
Epigenetics, 2019, 11(1): 178[2024-02-05]. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC6889354/. DOI: 10.1186/s13148-019-0782-2.

[39] ZHANG L, TIAN S J, PEI M L, et al. Crosstalk between histone
modification and DNA methylation orchestrates the epigenetic
regulation of the costimulatory factors, Tim-3 and galectin-9, in
cervical cancer[J/OL]. Oncol Rep, 2019, 42(6): 2655-2669[2024-
02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC6859457/.
DOI: 10.3892/0r.2019.7388.

[40] ISSA J P. CpG island methylator phenotype in cancer[J]. Nat Rev
Cancer, 2004, 4(12): 988-993. DOI: 10.1038/nrc1507.

[41] KERDIVEL G, AMROUCHE F, CALMEJANE M A, et al. DNA
hypermethylation driven by DNMT1 and DNMT3A favors tumor
immune escape contributing to the aggressiveness of adrenocortical
carcinoma[J/OL]. Clin Epigenetics, 2023, 15(1): 121[2024-02-05].
https://pubmed.ncbi.nlm.nih. gov/37528470/. DOI: 10.1186/s13148-
023-01534-5.

[42] GUO H S, VUILLE J A, WITTNER B S, et al. DNA
hypomethylation silences anti-tumor immune genes in early
prostate cancer and CTCs[J/OL]. Cell, 2023, 186(13): 2765-2782.
€28[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC10436379/. DOI: 10.1016/j.cell.2023.05.028.

[43] W1m) 3%, 5KiIT, 2R . Jk T R0 A% 4% 1O b BT AT Sk I 400 A
A0 Ty fit T 58 R 3 0 R SR (], o I R A iR T Ak
2022, 29(4): 267-275. DOI: 10.3872/;.issn.1007-385x.2022.04.001.

[44] QUEY M, LI H M, LIN L M, et al. Study on the immune escape
mechanism of acute myeloid leukemia with DNMT3A mutation[J/OL].
Front Immunol, 2021, 12: 653030[2024-02-05]. https://pubmed.ncbi.
nlm.nih.gov/34093541/. DOIL: 10.3389/fimmu.2021.653030.

[45] SHI R C, ZHAO K, WANG T, ef al. 5-aza-2'-deoxycytidine potentiates
anti-tumor immunity in colorectal peritoneal metastasis by modulating
ABC A9-mediated cholesterol accumulation in macrophages[J/OL].
Theranostics, 2022, 12(2): 875-890[2024-02-05]. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC8692916/. DOI: 10.7150/thno.66420.

[46] GANGOSO E, SOUTHGATE B, BRADLEY L, ef al. Glioblastomas
acquire myeloid-affiliated transcriptional programs via epigenetic
immunoediting to elicit immune evasion[J/OL]. Cell, 2021, 184(9):
2454-2470. €26[2024-02-05]. https://www. ncbi. nlm. nih. gov/pme/
articles/PMC8099351/. DOI: 10.1016/j.cell.2021.03.023.

[47] TAIB N, MERHI M, INCHAKALODY V, et al. Treatment with
decitabine induces the expression of stemness markers, PD-L1
and NY-ESO-1 in colorectal cancer: potential for combined
chemoimmunotherapy[J/OL]. J Transl Med, 2023, 21(1): 235[2024-02-
05]. https://www.ncbi.nlm.nih. gov/pmc/articles/PMC10067322/. DOLI:
10.1186/512967-023-04073-y.

[48] AMARO A, REGGIANI F, FENOGLIO D, et al. Guadecitabine
increases response to combined anti-CTLA-4 and anti-PD-1
treatment in mouse melanoma in vivo by controlling T-cells,
myeloid derived suppressor and NK cells[J/OL]. J Exp Clin Cancer
Res, 2023, 42(1): 67[2024-02-05]. https://www. ncbi. nlm. nih. gov/
pmc/articles/PMC10024396/. DOI: 10.1186/s13046-023-02628-x.

[49] LIANG S, LIU M C, MU W W, et al. Nano-regulator inhibits tumor
immune escape via the “two-way regulation” epigenetic therapy
strategy[J/OL]. Adv Sci, 2024, 11(9): €2305275[2024-02-05]. https://
pubmed.ncbi.nlm.nih.gov/38110834/. DOI: 10.1002/advs.202305275.

[50] FANG H P, GUO Z P, CHEN J, et al. Combination of epigenetic
regulation with gene therapy-mediated immune checkpoint blockade
induces anti-tumour effects and immune response in vivo[J/OL]. Nat
Commun, 2021, 12(1): 6742[2024-02-05]. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC8602287/. DOI: 10.1038/s41467-021-27078-x.

[51] SONG Y, ZHANG L X, WANG Y Q, et al. A bimetallic metal-
organic-framework-based biomimetic nanoplatform enhances anti-
leukemia immunity via synchronizing DNA demethylation and
RNA hypermethylation[J/OL]. Adv Mater, 2023, 35(16): €2210895
[2024-02-05]. https://pubmed. ncbi. nlm. nih. gov/36757878/. DOI:
10.1002/adma.202210895.

[52] NIU Q, LIU Y, ZHENG Y J, et al. Co-delivery of nigericin and
decitabine using hexahistidine-metal nanocarriers for pyroptosis-
induced immunotherapeutics[J/OL]. Acta Pharm Sin B, 2022, 12
(12): 4458-4471[2024-02-05]. https://www. ncbi. nlm. nih. gov/pme/
articles/PMC9764131/. DOI: 10.1016/j.apsb.2022.11.002.

[53] ZHONG G C, JIN G Y, ZENG W, et al. Conjugation of TLR7
agonist combined with demethylation treatment improves whole-
cell tumor vaccine potency in acute myeloid leukemia[J/OL]. Int J
Med Sci, 2020, 17(15): 2346-2356[2024-02-05]. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC7484644/. DOI: 10.7150/ijms.49983.

[54] DI GIACOMO A M, COVRE A, FINOTELLO F, et al. Guadecitabine
plus ipilimumab in unresectable melanoma: the NIBIT-M4 clinical trial
[J]. Clin Cancer Res, 2019, 25(24): 7351-7362. DOI: 10.1158/1078-
0432.CCR-19-1335.

[55] JANG H J, HOSTETTER G, MACFARLANE A W, et al. A Phase
II' Trial of guadecitabine plus atezolizumab in metastatic urothelial
carcinoma progressing after initial immune checkpoint inhibitor
therapy[J/OL]. Clin Cancer Res, 2023, 29(11): 2052-2065[2024-02-
05]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC10233355/.
DOI: 10.1158/1078-0432.CCR-22-3642.

[56] PAPADATOS-PASTOS D, YUAN W, PAL A, et al. Phase 1, dose-
escalation study of guadecitabine (SGI-110) in combination with

pembrolizumab in patients with solid tumors[J/OL]. J Immunother



b

AT4ARR, %5 . DNA H IS0 5 i fe s ki « 7 - WL 5 iR 97 i A DUIR - 721

Cancer, 2022, 10(6): €004495[2024-02-05]. https://pubmed.ncbi.nlm.
nih.gov/35717027/. DOL: 10.1136/jitc-2022-004495.

[57] CHEN S Q, XIE P, COWAN M, et al. Epigenetic priming enhances
antitumor immunity in platinum-resistant ovarian cancer[J/OL]. J
Clin Invest, 2022, 132(14): e158800[2024-02-05]. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC9282926/. DOI: 10.1172/JCI158800.

[58] CHIEN K S, KIM K, NOGUERAS-GONZALEZ G M, et al. Phase
I study of azacitidine with pembrolizumab in patients with
intermediate-1 or higher-risk myelodysplastic syndrome[J]. Br J
Haematol, 2021, 195(3): 378-387. DOI: 10.1111/bjh.17689.

[59] KUANG C Y, PARK Y, AUGUSTIN R C, et al. Pembrolizumab
plus azacitidine in patients with chemotherapy refractory metastatic
colorectal cancer: a single-arm phase 2 trial and correlative
biomarker analysis[J/OL]. Clin Epigenetics, 2022, 14(1): 3[2024-
02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC8740438/.
DOLI: 10.1186/s13148-021-01226-y.

[60] ZEIDAN A M, BOSS I, BEACH C L, et al. A randomized phase 2
trial of azacitidine with or without durvalumab as first-line therapy
for older patients with AML[J/OL]. Blood Adv, 2022, 6(7): 2219-
2229[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC9006260/. DOL: 10.1182/bloodadvances.2021006138.

[61] TAYLOR K, LOO YAU H, CHAKRAVARTHY A, et al. An open-
label, phase II multicohort study of an oral hypomethylating agent
CC-486 and durvalumab in advanced solid tumors[J/OL]. J
Immunother Cancer, 2020, 8(2): e000883[2024-02-05]. https://
www. ncbi. nlm. nih. gov/pmc/articles/PMC7406114/. DOIL: 10.1136/
jitc-2020-000883.

[62] VAN DER WESTHUIZEN A, LYLE M, GRAVES M C, et al.
Repurposing azacitidine and carboplatin to prime immune
checkpoint blockade-resistant melanoma for anti-PD-L1 rechallenge
[J/OL]. Cancer Res Commun, 2022, 2(8): 814-826[2024-02-05].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC10010343/. DOI:
10.1158/2767-9764.CRC-22-0128.

[63] FALCHI L, MA H, KLEIN S, et al. Combined oral 5-azacytidine
and romidepsin are highly effective in patients with PTCL: a
multicenter phase 2 study[J]. Blood, 2021, 137(16): 2161-2170.
DOI: 10.1182/blood.2020009004.

[64] ALBANY C, FAZAL Z, SINGH R, et al. A phase 1 study of
combined guadecitabine and cisplatin in platinum refractory germ
cell cancer[J/OL]. Cancer Med, 2021, 10(1): 156-163[2024-02-05].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC7826483/. DOI:
10.1002/cam4.3583.

[65] HEUMANN T R, BARETTI M, SUGAR E A, et al. A randomized,
phase I trial of oral azacitidine (CC-486) in patients with resected
pancreatic adenocarcinoma at high risk for recurrence[J/OL]. Clin
Epigenetics, 2022, 14(1): 166[2024-02-05]. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC9719150/. DOI: 10.1186/s13148-022-01367-8.

[66] BEVER K M, THOMAS D L 2nd, ZHANG J J, et al. A feasibility
study of combined epigenetic and vaccine therapy in advanced
colorectal cancer with pharmacodynamic endpoint[J/OL]. Clin
Epigenetics, 2021, 13(1): 25[2024-02-05]. https://pubmed.ncbi.nlm.
nih.gov/33531075/. DOI: 10.1186/s13148-021-01014-8.

[67] XU Y, LI P, LIU Y, et al. Epi-immunotherapy for cancers: rationales
of epi-drugs in combination with immunotherapy and advances in
clinical trials[J/JOL]. Cancer Commun, 2022, 42(6): 493-516[2024-
02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC9198339/.
DOI: 10.1002/cac2.12313.

[68] MOREL D, JEFFERY D, ASPESLAGH S, et al. Combining
epigenetic drugs with other therapies for solid tumours - past
lessons and future promise[J/OL]. Nat Rev Clin Oncol, 2020, 17(2):
91-107[2024-02-05]. https://www. ncbi. nlm. nih. gov/pmc/articles/
4854801/. DOI: 10.1038/s41571-019-0267-4.

(s BEAT  2024-02-06 [f&EIBEA]  2024-05-06
[(Axxsmig]  sesil



