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[ Abstract ] Epigenetic modification is closely related to the occurrence and development of tumors. It mainly regu-
lates gene function and expression level through DNA methylation, histone modification, regulation of non-coding RNA and
chromatin structure reconstruction. At present, epigenetic drugs have been gradually applied to the treatment of malignant
tumors. Common drug types include: DNA methyltransferase inhibitors and histone deacetylase inhibitors. However, these
drugs still have many shortcomings and a wide range of clinical applications need further research. Encouragingly, the epigen-

etic drugs in combination with various anti-tumor drugs have shown great application potential. In this paper, we summarized
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the development mechanism of epigenetics in malignant tumors and the progress of related drugs.

[ Keywords ] Neoplasms; Epigenomics; Epigenetic therapy; Drug combinations
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1.1 DNAW A b DNAW FAL S 5 76 H 2L % B il
( DNMT1. DNMT3AFIDNMT3B) AL T, #rShpts
H 2R ( S-adenosylmethionine, SAM ) PRAHLE LT
1) L g i SO SR T, TR RS R L i i BE ), DNMT1
FEEYEFFDNAR AL, 38 i DNAK il ¥ 5= A8 H LAk
DNA## 1% 5] 7L DNA, DNMT3AHMIDNMT3BHEK: A HI
FEAI Cp GO AT H 3 Ak, X AERRIG & 5 R0 kA
HEHEEEFEH ., DNMT22—FeRNAF LR R, 1
DNMT3LZTEMNG & & 1t 72 F HEDNMT3AMIDNMT3B
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PRI R R A S W TR RIS o TESE A . R
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UG P F AR, R R R i Suv3oh , Ezh2 |
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TSy s BRIk ) RS R ZHORIRRNAR 2
RE AN A, (AR SE DR R4 b 0 SE 224 R EAE R s
UESE Bl f bt A 9T R W1 40l g B RN A2 1 G B
ZAK, FlntEY b e ELR S 18 B pri-miR 17 Ib A4 R I
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2.1 DNAHIIEFEREFHI G 7] (DNA methyltransferase
inhibitors, DNMTis) A% 25 181 fH DNMTs )
T Dh AR A 40 g e DAL A 2 a2k DA T 920 fe s 41 L P 7
JITLADNMTs AT LAVE Ay St 4 g 245490 (A 08 0520,
FE AR AT IS AR AL 2R 000 R il 77 = A
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FR 2 1Y DNMTi RE 8 75 i 5 20 2 e 17 [] e 552 B 4 L A
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BT I A2 AT i A T FL S Y DNAFIRNAH & 45
TEA, SRNAM I S DNAZS G REEEHAL, FHXDNA
A R A 22 KT XFRNA, T decitabine AJ 4% A [
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JEFE P PEANTHIDNAM B 44 Rl (DNA methyltransferase 1,
DNMT1) i Jifl g 0 AL AR BELAE , DA TS B30 P e RS il A
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HARMWIEALRN , T3 HX PRI 790 ) SR A s hE PR A 7K
TR P AR AR , B 2 DRDGT L3 o 6 10 2 ke
AT BRG] 1 0 FH o BEAE A 92 & BRAE NUEAEK £ decitabine
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RNAZFA] L7843 L 5 35 DNM T (54 AL X 38 i 5 AS
It 30 MZTF IR FIRNARE AT S5 i, PSR X DNMTs
4 /INRIN A A 50 AT AR G B 07 RT3 . RNASI A 5] n]
L 3 5 A A SR A DNMT 1A 36, miR-155-5p
TEN 25 H 1 A0 M 2 HCT-1164 1] B S5 458 i 35 P 4 A
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IR EPZ 6438 2 AL v T T 1l PRI S . EZH2 A1
FIEPZ005687 X EZH2AT i £k, IR B AIK il A7
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IeA 42 A VIS 52 1 PR TL s PR 592 6 TE B BB 5 P 24 0 4
A TRy, — SRS R BT, Zp21 A AR KAF R I
28 ARG PR AR 50 AN ZH 2 11 25 ST 7). (histone
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] eo20] - S AT I A 1L X D ACHI i 78] 1) S e
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21.d, 28 AN AIHK G I 25 8 AT 32 Pk R4, I
HXT R KB MDS B E AR H A AL, 449% 1 18258 2%
fift, BN 7296122, HDACIHE AAzal] LA 13 33 S5
5 PR MY C UK S 4 240 L 1 57 DA T 52 B0 558 O 14 e e
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WLIBAIRY T I — P Rk A
TR PR Gt R B R ST LA B0,
200 L R AT SR P A2 P e 7 S P RO AT, AT
PRI T-58 S AR A 77 DRI 1 e iy B
23 (AR AT LABSUAR B2 TR 0T SE BT IR VR 2,

3 RE

FIH, B3R B L 2 25 ANRET 2 F T MR i
BIT T EITROPA 3 BUAR, AR Z 25 WA A AR R 3
G AR P 22 AT LA FH 245 P ) T35 k) A RS S A
FEZAL AN SRR X X ) B L 2 4R 3R A3 i ey
FIFH AR Z B2 i AR R B, T HLi&
Z W5 C 4R /n AR 2 R R WAL 27 25 W5 T 25 LA
L5 HAARST | SEiny T A 25 L HAT iz BTG
IS, XU 2 A IR IR T PR — 2B iR A2

PSS A A 10 500 78 K 8 W P AR AN AR E , BB A SR K i
FAIE T i 28 (cytidine deaminase, CDA) IS
i 28 K i AT B ) 1 AR SR R g R L, T H.C DA
A g T FIFT A o s B e gk, DR kg R il JF 10 0 o 550 g
FL IR s Ik s BN AR R g gy, ks
CDASMHFAI 5 FH 24 AT U e 40 B 7E AR BE Ak 25 )

(hypomethylating agent, HMA ) H 1% 2 & HsJ [0] AT 24055
VBT ROR  DUE R (tetrahydrouridine, THU) M
MRS RN, BB NSRS, TTIRTHUR]
2 # 2 Ridecitabine (Y FUIRAIHF I, 772 EG & ROTHAE
DNMT 1R - IR E, FFRREAR MR A2 Sk R
MR THU-DACH AT REAT B TAR15 4 24 AU DNMT 14
LRV R

Azacitidine flldecitabine & SHAFE T 254, LS I
P, KIS A A2 2 5 23 52 0 B 2 Y 20 AR Ry AL,
BBl R A S IR R R A, AR A2
LA R SRR R, B B A2 15 5™ 8, i 2BUA A
REVRSE o AL, AH BE 5 M PR SR RTINS 32 791, 4R 211540 1)
AN K B A BEARAS DU A S8R 22 ) F) e A~ A 7
ARG IR 2GR RO Rl R 026l 38k, T Bl ] a9 i 1ot
FErP LA 2 PR AR 00027, AT A S 25 AL R A1 i
P U A i 2 ) e 5 1 25 R AR 25 W ) oK 14 58 240 i
PR 5 R s 25 T R AR RO 4 2 22 28 11 A R w1 EIR
BEAEIET .

LA AR BE AE L R GE LI, ThiE S AR

TP RCATIR, — S FTRE I Rl 5 @ﬁé’ﬂﬂﬁ D

FR R R RT Z 50 i, A DNAG A, miHE
M DNMTHI R JEAp 2028 55 —ASnf GEAY JRUA a2, 552
TRARK P A BTt 1) 245 ) 590 Sk e AV 1 38 1 A0 A 7
FR k(o120 - DRy i S R ) 200 ] SR A S R R LA
PRI A 4 P 2497 42 AT RE LU S 007 R R S B B 22 i) 2 FR G
o TEB BB, SEAAR R B (4 FPBE A A 500 AT R 2 42
B ZER RT XTGP A AR 0 IR 2 RSB AN G
FIEAL LI, PRIF AR B e A RS HE, X
Sy 35 B 51 i R A e P e TR A2 510 5 T 42 e 245 ) 1) )
S ATREHE AT ALY, R Z B H decitabine R YT SLAIR IR
FHEBEEER R R TR, IX 0] B2 5 MR R GG
TR AH FETE S AR il R ASCR AN i PR 22— D213,

FROHIFFEIN R RN I IR W38 4% 27 16 T RE S ST
A RN T AR MR A SR A, TS I FH U AT LA 3 i 19 T
M A R AR U TR IR RSO, TR S R A2 20
YA ARA 5 I PR (40 T 20 L R 3R e v 7 i A
RHAA RS T, o R 1L 2y 7k S iy
MG 25 3e S . ZHEE I A WAL (Tysine specific
demethylase 1, LSD1) 7E3# 15 X5 RNA (double-stranded
RNA, dsRNA) FITHLERT7 i H A, LSDIAYERIA
55CD8* TANM R IE K e S SR SE, IILSD1IRT LAA &bt
X R AT 4 T1 (programmed death-1, PD-1) it 2411
e 20 B AT =5 PD - LAY 7 &%, $ 7 42 ] LS D141 i 77) 6
APD-L1( programmed cell death-Ligand 1) FHWFIE 7 e
¥ e Jy A Ay AN PR R BE R S S YL (i
IR T I AE 7 T R A R WAL R 1 50 . Bz, B
AL E T —BIRN, FERET XTI 1 Wit 25
Yk BAT BRI AT

& F X M

1 Bray F, Ferlay ], Soerjomataram I, et al. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin, 2018. doi: 10.3322/
caac.21492

2 Prasad V. Perspective: the precision-oncology illusion. Nature, 2016,
537(7619): S63. doi: 10.1038/537S63a

3 Klauschen F, Andreeff M, Keilholz U, et al. The combinatorial
complexity of cancer precision medicine. Oncoscience, 2014, 1(7):
504-509. doi: 10.18632/oncoscience.66

4 Hoadley KA, Yau C, Wolf DM, et al. Multiplatform analysis of 12 cancer
types reveals molecular classification within and across tissues of origin.
Cell, 2014, 158(4): 929-944. doi: 10.1016/j.cell.2014.06.049

S Witte T, Plass C, Gerhauser C. Pan-cancer patterns of DNA methylation.

Genome Med, 6(8): 66. doi: 10.1186/s13073-014-0066-6

www.lungca.org



« 0@

10

11

12

13

14

15

16

17

18

19

20

21

22

v [] il ges 2 52020482 H 5523 55 2 1 Chin J Lung Cancer, February 2020, Vol.23, No.2

Schuebel KE, Chen W, Cope L, et al. Comparing the DNA
hypermethylome with gene mutations in human colorectal cancer. PLoS
Genet, 2007, 3(9): 1709-1723. doi: 10.1371/journal.pgen.0030157
Werner RJ, Kelly AD, Issa JJ. Epigenetics and precision oncology.
Cancer J, 23(5): 262-269. doi: 10.1097/PP0O.0000000000000281
Mazzio EA, Soliman KF. Basic concepts of epigenetics: impact of
environmental signals on gene expression. Epigenetics, 2012, 7(2):
119-130. doi: 10.4161/epi.7.2.18764

Howell PM, Liu S, Ren S, et al. Epigenetics in human melanoma. Cancer
Control, 2009, 16(3): 200-218. doi: 10.1177/107327480901600302
Jones PA, Liang G. Rethinking how DNA methylation patterns are
maintained. Nat Rev Genet, 2009, 10(11): 805-811. doi: 10.1038/
nrg2651

Barau J, Teissandier A, Zamudio N, et al. The DNA methyltransferase
DNMT3C protects male germ cells from transposon activity. Science,
2016,354(6314): 909-912. doi: 10.1126/science.aah5143

Baer C, Claus R, Plass C. Genome-wide epigenetic regulation
of miRNAs in cancer. Cancer Res, 2013, 73(2): 473-477. doi:
10.1158/0008-5472.can-12-3731

Liang G, Weisenberger DJ. DNA methylation aberrancies as a guide for
surveillance and treatment of human cancers. Epigenetics, 2017, 12(6):
416-432.doi: 10.1080/15592294.2017.1311434

Yoo CB, Jones PA. Epigenetic therapy of cancer: past, present and
future. Nat Rev Drug Discov, 2006, S(1): 37-50. doi: 10.1038/nrd1930
Baylin SB, Jones PA. A decade of exploring the cancer epigenome-
biological and translational implications. Nat Rev Cancer, 2011, 11(10):
726-734. doi: 10.1038/nrc3130

Ma B, Huang Z, Wang Q, et al. Integrative analysis of genetic and
epigenetic profiling of lung squamous cell carcinoma (LSCC) patients
to identify smoking level relevant biomarkers. BioData Min, 2019, 12:
18. doi: 10.1186/s13040-019-0207-y

Erdmann A, Halby L, Fahy J, et al. Targeting DNA methylation with
small molecules: what’s next? ] Med Chem, 2015, 58(6): 2569-2583.
doi: 10.1021/jm500843d

el-Deiry WS, Nelkin BD, Celano P, et al. High expression of the DNA
methyltransferase gene characterizes human neoplastic cells and
progression stages of colon cancer. Proc Natl Acad Sci U S A, 1991,
88(8): 3470-3474. doi: 10.1073/pnas.88.8.3470

Patra SK, Patra A, Zhao H, et al. DNA methyltransferase and
demethylase in human prostate cancer. Mol Carcinog, 2002, 33(3):
163-171. doi: 10.1002/mc.10033

Girault I, Tozlu S, Lidereau R, et al. Expression analysis of DNA
methyltransferases 1, 3A, and 3B in sporadic breast carcinomas. Clin
Cancer Res, 2003, 9(12): 4415-4422. doi: 10.1093/carcin/bggl64
Girault I, Lerebours F, Amarir S, et al. Expression analysis of estrogen
receptor alpha coregulators in breast carcinoma: evidence that NCOR1
expression is predictive of the response to tamoxifen. Clin Cancer Res,
2003, 9(4): 1259-1266. doi: 10.1093/carcin/bgg048

Oh BK, Kim H, Park HJ, et al. DNA methyltransferase expression

23

24

25

26

27

28

29

30

31

32

33

34

3S

36

37

and DNA methylation in human hepatocellular carcinoma and their
clinicopathological correlation. Int ] Mol Med, 2007, 20(1): 65-73. doi:
10.3892/ijmm.20.1.65

Melki JR, Warnecke P, Vincent PC, et al. Increased DNA
methyltransferase expression in leukaemia. Leukemia, 1998, 12(3):
311-316. doi: 10.1038/sj.1eu.2400932

Yang L, Rodriguez B, Mayle A, et al. DNMT3A loss drives enhancer
hypomethylation in FLT3-ITD-associated leukemias. Cancer Cell,
2016, 30(2): 363-365. doi: 10.1016/j.ccell.2016.05.003

Peters SL, Hlady RA, Opavska J, et al. Tumor suppressor functions
of Dnmt3a and Dnmt3b in the prevention of malignant mouse
lymphopoiesis. Leukemia, 2014, 28(5): 1138-1142. doi: 10.1038/
leu.2013.364

Misri S, Pandita S, Kumar R, et al. Telomeres, histone code, and DNA
damage response. Cytogenet Genome Res, 2008, 122(3-4): 297-307.
doi: 10.1159/000167816

Kouzarides T. Chromatin modifications and their function. Cell, 2007,
128(4): 0-705. doi: 10.1016/j.cel1.2007.02.005

Lawrence M, Daujat S, Schneider R. Lateral thinking: how histone
modifications regulate gene expression. Trends Genet, 2016, 32(1):
42-56. doi: 10.1016/j.tig.2015.10.007

Webber LP, Wagner VP, Curra M, et al. Hypoacetylation of acetyl-
histone H3 (H3K9ac) as marker of poor prognosis in oral cancer.
Histopathology, 2017, 71(2): 278-286. doi: 10.1111/his.13218

Chen JH, Yeh KT, Yang YM, et al. High expressions of histone
methylation- and phosphorylation-related proteins are associated
with prognosis of oral squamous cell carcinoma in male population of
Taiwan. Med Oncol, 2013, 30(2): 513. doi: 10.1007/s12032-013-0513-z
Rinn JL, Chang HY. Genome regulation by long noncoding RNAs.
Annu Rev Biochem, 2012, 81: 145-166. doi: 10.1146/annurev-
biochem-051410-092902

Ponting CP, Oliver PL, Reik W. Evolution and functions of long
noncoding RNAs. Cell, 2009, 136(4): 629-641. doi: 10.1016/
j.cell.2009.02.006

Quinn JJ, Chang HY. Unique features of long non-coding RNA
biogenesis and function. Nat Rev Genet, 2016, 17(1): 47-62. doi:
10.1038/nrg.2015.10

PuM, Li C, Qi X, et al. MiR-1254 suppresses HO-1 expression through
seed region-dependent silencing and non-seed interaction with
TFAP2A transcript to attenuate NSCLC growth. PLoS Genet, 2017,
13(7): e1006896. doi: 10.1371/journal.pgen.1006896

Chen LL. The biogenesis and emerging roles of circular RNAs. Nat Rev
Mol Cell Biol, 2016, 17(4): 205-211. doi: 10.1038/nrm.2015.32

Zhang M, Huang N, Yang X, et al. A novel protein encoded by the
circular form of the SHPRH gene suppresses glioma tumorigenesis.
Oncogene, 2018, 37(13): 1805-1814. doi: 10.1038/s41388-017-0019-9
Huang JZ, Chen M, Chen, et al. A peptide encoded by a putative
IncRNA HOXB-AS3 suppresses colon cancer growth. Mol Cell, 2017,
68(1): 171-184. e6. doi: 10.1016/j.molcel.2017.09.015

000000
www.lungca.org



HE il 22 2020852 523 5552 Chin J Lung Cancer, February 2020, Vol.23, No.2

« Q7 o

38

39

40

41

42

43

44

45

46

47

48

49

S0

S1

52

S3

Dimitrova N, Zamudio JR, Jong RM, et al. LincRNA-p21 activates
p21 in cis to promote polycomb target gene expression and to enforce
the G, /S checkpoint. Mol Cell, 2014, 54(5): 777-790. doi: 10.1016/
j-molcel.2014.04.025

Lin A, Li C, Xing Z, et al. The LINK-A IncRNA activates normoxic
HIFlalpha signalling in triple-negative breast cancer. Nat Cell Biol,
2016, 18(2): 213-224. doi: 10.1038/ncb3295

Salzman J, Chen RE, Olsen MN, et al. Cell-type specific features of
circular RNA expression. PLoS Genet, 2013, 9(9): e1003777. doi:
10.1371/journal.pgen.1003777

Liang D, Wilusz JE. Short intronic repeat sequences facilitate circular
RNA production. Genes Dev, 2014, 28(20): 2233-2247. doi: 10.1101/
gad.251926.114

Starke S, Jost I, Rossbach O, et al. Exon circularization requires
canonical splice signals. Cell Rep, 2015, 10(1): 103-111. doi: 10.1016/
j-celrep.2014.12.002

Kelly S, Greenman C, Cook PR, et al. Exon Skipping Is Correlated
with Exon Circularization. ] Mol Biol, 2015, 427(15): 2414-2417. doi:
10.1016/j.jmb.2015.02.018

Li Z, Huang C, Bao C, et al. Exon-intron circular RNAs regulate
transcription in the nucleus. Nat Struct Mol Biol, 2015, 22(3): 256-264.
doi: 10.1038/nsmb.2959

Lauressergues D, Couzigou JM, Clemente HS, et al. Primary transcripts
of microRNAs encode regulatory peptides. Nature, 2015, 520(7545):
90-93. doi: 10.1038/naturel4346

Goldberg AD, Allis CD, Bernstein E. Epigenetics: a landscape takes
shape. Cell, 2007, 128(4): 635-638. doi: 10.1016/j.cell.2007.02.006
Wang GG, Allis CD, Chi P. Chromatin remodeling and cancer, Part
I: Covalent histone modifications. Trends Mol Med, 2007, 13(9):
363-372. doi: 10.1016/j.molmed.2007.07.003

Racki LR, Narlikar GJ. ATP-dependent chromatin remodeling
enzymes: two heads are not better, just different. Curr Opin Genet Dev,
2008, 18(2): 137-144. doi: 10.1016/j.gde.2008.01.007

Conaway RC, Conaway JW. The INO80 chromatin remodeling complex
in transcription, replication and repair. Trends Biochem Sci, 2009,
34(2): 71-77. doi: 10.1016/j.tibs.2008.10.010

Kwon SY, Grisan V, Jang B, et al. Genome-wide mapping targets of the
metazoan chromatin remodeling factor NURF reveals nucleosome
remodeling at enhancers, core promoters and gene insulators. PLoS
Genet, 2016, 12(4): e1005969. doi: 10.1371/journal.pgen.1005969
Culver-Cochran AE, Chadwick BP. Loss of WSTF results in
spontaneous fluctuations of heterochromatin formation and resolution,
combined with substantial changes to gene expression. BMC Genomics,
2013, 14: 740. doi: 10.1186/1471-2164-14-740

Atsumi Y, Minakawa Y, Ono M, et al. ATM and SIRT6/SNF2H mediate
transient H2AX stabilization when dsbs form by blocking HUWEI to
allow efficient gammaH2AX foci formation. Cell Rep, 2015, 13(12):
2728-2740. doi: 10.1016/j.celrep.2015.11.054

Erdel F, Rippe K. Chromatin remodelling in mammalian cells by

54

SS

56

57

S8

59

60

61

62

63

64

65

66

67

ISWI-type complexes--where, when and why. FEBS J, 2011, 278(19):
3608-3618. doi: 10.1111/j.1742-4658.2011.08282.x

Dunaief JL, Strober BE, Guha S, et al. The retinoblastoma protein and
BRG1 form a complex and cooperate to induce cell cycle arrest. Cell,
1994, 79(1): 119-130. doi: 10.1016/0092-8674(94)90405-7

Versteege I, Sevenet N, Lange J, et al. Truncating mutations of
hSNFS/INI1 in aggressive paediatric cancer. Nature, 1998, 394(6689):
203-206. doi: 10.1038/28212

Kadoch C, Hargreaves DC, Hodges C, et al. Proteomic and
bioinformatic analysis of mammalian SWI/SNF complexes identifies
extensive roles in human malignancy. Nat Genet, 2013, 45(6): $92-601.
doi: 10.1038/ng.2628

Bao Y, Shen X. SnapShot: Chromatin remodeling: INO80 and SWR1.
Cell, 2011, 144(1): 158-158. e2. doi: 10.1016/j.cell.2010.12.024
Taberlay PC, Achinger-Kawecka J, Lun AT, et al. Three-dimensional
disorganization of the cancer genome occurs coincident with long-range
genetic and epigenetic alterations. Genome Res, 2016, 26(6): 719-731.
doi: 10.1101/gr.201517.115

Pan Y, AUID- Oho, Liu G, et al. DNA methylation profiles in cancer
diagnosis and therapeutics. Clin Exp Med, 2018, 18(1): 1-14. doi:
10.1007/s10238-017-0467-0

Xu P, Hu G, Luo C, et al. DNA methyltransferase inhibitors: an
updated patent review (2012-2015). Expert Opin Ther Pat, 2016, 26(9):
1017-1030. doi: 10.1080/13543776.2016.1209488

Christman JK. 5-Azacytidine and 5-aza-2’-deoxycytidine as inhibitors
of DNA methylation: mechanistic studies and their implications for
cancer therapy. Oncogene, 2002, 21(35): 5483-5495. doi: 10.1038/
sj.onc.1205699

Qin T, Jelinek J, Si J, et al. Mechanisms of resistance to $-aza-2’
-deoxycytidine in human cancer cell lines. Blood, 2009, 113(3):
659-667. doi: 10.1182/blood-2008-02-140038

Tsai HC, Li H, Van Neste L, ef al. Transient low doses of DNA-
demethylating agents exert durable antitumor effects on hematological
and epithelial tumor cells. Cancer Cell, 2012, 21(3): 430-446. doi:
10.1016/j.ccr.2011.12.029

Hollenbach PW, Nguyen AN, Brady H, et al. A comparison of
azacitidine and decitabine activities in acute myeloid leukemia cell
lines. PLoS One, 2010, 5(2): €9001. doi: 10.1371/journal.pone.0009001
Glover AB, Leyland-Jones BR, Chun HG, et al. Azacitidine: 10
years later. Cancer Treat Rep, 1987, 71(7-8): 737-746. doi: 10.1175/
BAMS-85-8-1127

Hagemann S, Heil O, Lyko F, et al. Azacytidine and decitabine induce
gene-specific and non-random DNA demethylation in human cancer
cell lines. PLoS One, 2011, 6(3): e17388. doi: 10.1371/journal.
pone.0017388

Khan C, Pathe N, Fazal S, et al. Azacitidine in the management of
patients with myelodysplastic syndromes. Ther Adv Hematol, 2012,
3(6): 355-373. doi: 10.1177/2040620712464882

Issa JP, Garcia-Manero G, Giles FJ, et al. Phase 1 study of low-dose

00O D (1 [
www.lungca.org



« QR »

69

70

71

72

73

74

75

76

77

78

79

80

81

82

v [] il ges 2 52020482 H 5523 55 2 1 Chin J Lung Cancer, February 2020, Vol.23, No.2

prolonged exposure schedules of the hypomethylating agent S-aza-2’
-deoxycytidine (decitabine) in hematopoietic malignancies. Blood,
2004, 103(5): 1635-1640. doi: 10.1182/blood-2003-03-0687
Kantarjian H, Oki Y, Garcia-Manero G, et al. Results of a randomized
study of 3 schedules of low-dose decitabine in higher-risk
myelodysplastic syndrome and chronic myelomonocytic leukemia.
Blood, 2007, 109(1): 52-57. doi: 10.1182/blood-2006-05-021162
Saunthararajah Y, Sekeres M, Advani A, et al. Evaluation of noncytotoxic
DNMT1-depleting therapy in patients with myelodysplastic syndromes.
J Clin Invest, 2015, 125(3): 1043-1055. doi: 10.1172/JCI78789

Cowan LA, Talwar S, Yang AS. Will DNA methylation inhibitors work
in solid tumors? A review of the clinical experience with azacitidine
and decitabine in solid tumors. Epigenomics, 2010, 2(1): 71-86. doi:
10.2217/epi.09.44

Bellet RE, Catalano RB, Mastrangelo MJ, et al. Phase II study of
subcutaneously administered S-azacytidine (NSC-102816) in patients
with metastatic malignant melanoma. Med Pediatr Oncol, 1978, 4(1):
11-1S. doi: 10.1002/mpo.2950040104

Derissen EJ, Beijnen JH, Schellens JH. Concise drug review: azacitidine
and decitabine. Oncologist, 2013, 18(5): 619-624. doi: 10.1634/
theoncologist.2012-0465

Esteller M. Epigenetics in Cancer. N Engl ] Med, 2008, 358(11):
1148-1159. doi: 10.1056/NEJMra072067

Gros C, Fahy J, Halby L, et al. DNA methylation inhibitors in cancer:
recent and future approaches. Biochimie, 2012, 94(11): 2280-2296. doi:
10.1016/j.biochi.2012.07.025

Zheng YG, Wu J, Chen Z, et al. Chemical regulation of epigenetic
modifications: opportunities for new cancer therapy. Med Res Rev,
2008, 28(5): 645-687. doi: 10.1002/med.20120

Kantarjian H, Issa JP, Rosenfeld CS, et al. Decitabine improves
patient outcomes in myelodysplastic syndromes: results of a phase III
randomized study. Cancer, 2006, 106(8): 1794-1803. doi: 10.1002/
cncr.21792

Schwartsmann G, Schunemann H, Gorini CN, et al. A phase I trial
of cisplatin plus decitabine, a new DNA-hypomethylating agent, in
patients with advanced solid tumors and a follow-up early phase II
evaluation in patients with inoperable non-small cell lung cancer. Invest
New Drugs, 2000, 18(1): 83-91. doi: 10.1023/2:1006388031954

Song SH, Han SW, Bang Y]J. Epigenetic-based therapies in cancer:
progress to date. Drugs, 2011, 71(18): 2391-2403. doi: 10.2165/115966
90-000000000-00000

Champion C, Guianvarc’h D, Senamaud-Beaufort C, et al. Mechanistic
insights on the inhibition of ¢S DNA methyltransferases by zebularine.
PLoS One, 2010, 5(8): e12388. doi: 10.1371/journal.pone.0012388
Jones PA, Taylor SM. Cellular differentiation, cytidine analogs and
DNA methylation. Cell, 1980, 20(1): 85-93. doi: 10.1016/0092-8674(8
0)90237-8

Silverman LR, Demakos EP, Peterson BL, et al. Randomized controlled

trial of azacitidine in patients with the myelodysplastic syndrome: a

83

84

85

86

87

88

89

90

91

92

93

94

9S

study of the cancer and leukemia group B. J Clin Oncol, 2002, 20(10):
2429-2440. doi: 10.1200/JC0O.2002.04.117

Issa JJ, Roboz G, Rizzieri D, et al. Safety and tolerability of
guadecitabine (SGI-110) in patients with myelodysplastic syndrome
and acute myeloid leukaemia: a multicentre, randomised, dose-
escalation phase 1 study. Lancet Oncol, 2015, 16(9): 1099-1110. doi:
10.1016/S1470-2045(15)00038-8

Chuang JC, Warner SL, Vollmer D, et al. S110, a 5-Aza-2’
-deoxycytidine-containing dinucleotide, is an effective DNA
methylation inhibitor in vivo and can reduce tumor growth. Mol Cancer
Ther, 2010, 9(5): 1443-1450. doi: 10.1158/1535-7163.MCT-09-1048
Rilova E, Erdmann A, Gros C, et al. Design, synthesis and biological
evaluation of 4-amino-N- (4-aminophenyl)benzamide analogues of
quinoline-based SGI-1027 as inhibitors of DNA methylation. Chem
Med Chem, 2014, 9(3): $90-601. doi: 10.1002/cmdc.201300420

Chen S, Wang Y, Zhou W, et al. Identifying novel selective non-
nucleoside DNA methyltransferase 1 inhibitors through docking-based
virtual screening. ] Med Chem, 2014, 57(21): 9028-9041. doi: 10.1021/
jms01134e

Datta J, Ghoshal K, Denny WA, et al. A new class of quinoline-
based DNA hypomethylating agents reactivates tumor suppressor
genes by blocking DNA methyltransferase 1 activity and inducing
its degradation. Cancer Res, 2009, 69(10): 4277-428S. doi:
10.1158/0008-5472.CAN-08-3669

Lam JK, Chow MY, Zhang Y, et al. siRNA versus miRNA as
therapeutics for gene silencing. Mol Ther Nucleic Acids, 2015, 4: e252.
doi: 10.1038/mtna.2015.23

Li X, Su Y, Sun B, et al. An artificially designed interfering IncRNA
expressed by oncolytic adenovirus competitively consumes oncomirs to
exert antitumor efficacy in hepatocellular carcinoma. Mol Cancer Ther,
2016, 15(7): 1436-1451. doi: 10.1158/1535-7163.MCT-16-0096

Han M, Jia L, Lv W, et al. Epigenetic enzyme mutations: role in
tumorigenesis and molecular inhibitors. Front Oncol, 2019, 9: 194. doi:
10.3389/fonc.2019.00194

Rau RE, Rodriguez BA, Luo M, et al. DOTIL as a therapeutic target
for the treatment of DNMT3A-mutant acute myeloid leukemia. Blood,
2016, 128(7): 971-981. doi: 10.1182/blood-2015-11-684225

Piekarz RL, Bates SE. Epigenetic modifiers: basic understanding and
clinical development. Clin Cancer Res, 2009, 15(12): 3918-3926. doi:
10.1158/1078-0432.CCR-08-2788

Johnstone RW, Licht JD. Histone deacetylase inhibitors in cancer
therapy: is transcription the primary target. Cancer Cell, 2003, 4(1):
13-18. doi: 10.1016/51535-6108(03)00165-x

Bolden JE, Peart MJ, Johnstone RW. Anticancer activities of histone
deacetylase inhibitors. Nat Rev Drug Discov, 5(9): 769-784. doi:
10.1038/nrd2133

Jones LK, Saha V. Chromatin modification, leukaemia and implications
for therapy. Br ] Haematol, 2002, 118(3): 714-727. doi: 10.1046/
j.1365-2141.2002.03586.x

000000
www.lungca.org



HE il 22 2020852 523 5552 Chin J Lung Cancer, February 2020, Vol.23, No.2

¢ 00 «

96

97

98

99

100

101

102

103

104

105

106

107

108

Manal M, Chandrasekar MJ, Gomathi Priya J, et al. Inhibitors of histone
deacetylase as antitumor agents: A critical review. Bioorg Chem, 2016,
67: 18-42. doi: 10.1016/j.bioorg.2016.05.005

Schrump DS. Cytotoxicity mediated by histone deacetylase inhibitors
in cancer cells: mechanisms and potential clinical implications. Clin
Cancer Res, 2009, 15(12): 3947-3957. doi: 10.1158/1078-0432.
CCR-08-2787

Prince HM, Bishton MJ, Harrison SJ. Clinical studies of histone
deacetylase inhibitors. Clin Cancer Res, 2009, 15(12): 3958-3969. doi:
10.1158/1078-0432.CCR-08-2785

Rasheed W, Bishton M, Johnstone RW, et al. Histone deacetylase
inhibitors in lymphoma and solid malignancies. Expert Rev Anticancer
Ther, 2008, 8(3): 413-432. doi: 10.1586/14737140.8.3.413

Piekarz RL, Frye AR, Wright JJ, et al. Cardiac studies in patients treated
with depsipeptide, FK228, in a phase II trial for T-cell lymphoma.
Clin Cancer Res, 2006, 12(12): 3762-3773. doi: 10.1158/1078-0432.
CCR-05-2095

Hu J, Colburn NH. Histone deacetylase inhibition down-regulates
cyclin D1 transcription by inhibiting nuclear factor-kappaB/p65 DNA
binding. Mol Cancer Res, 2005, 3(2): 100-109. doi: 10.1158/1541-7786.
MCR-04-0070

Fiskus W, Pranpat M, Bali P, et al. Combined effects of novel tyrosine
kinase inhibitor AMN107 and histone deacetylase inhibitor LBH589
against Ber-Abl-expressing human leukemia cells. Blood, 2006, 108(2):
645-652. doi: 10.1182/blood-2005-11-4639

Scuto A, Kirschbaum M, Kowolik C, et al. The novel histone deacetylase
inhibitor, LBHS89, induces expression of DNA damage response genes
and apoptosis in Ph-acute lymphoblastic leukemia cells. Blood, 2008,
111(10): 5093-5100. doi: 10.1182/blood-2007-10-117762

Xia C, Leon-Ferre R, Laux D, et al. Treatment of resistant metastatic
melanoma using sequential epigenetic therapy (decitabine and
panobinostat) combined with chemotherapy (temozolomide).
Cancer Chemother Pharmacol, 2014, 74(4): 691-697. doi: 10.1007/
s00280-014-2501-1

Kobayashi Y, Ohtsuki M, Murakami T, et al. Histone deacetylase
inhibitor FK228 suppresses the Ras-MAP kinase signaling pathway
by upregulating Rapl and induces apoptosis in malignant melanoma.
Oncogene, 2006, 25(4): 512-524. doi: 10.1038/sj.0nc.1209072

Bali P, Pranpat M, Bradner J, et al. Inhibition of histone deacetylase 6
acetylates and disrupts the chaperone function of heat shock protein
90: a novel basis for antileukemia activity of histone deacetylase
inhibitors. ] Biol Chem, 2005, 280(29): 26729-26734. doi: 10.1074/jbc.
C500186200

Steele N, Finn P, Brown R, et al. Combined inhibition of DNA
methylation and histone acetylation enhances gene re-expression
and drug sensitivity in vivo. Br ] Cancer, 2009, 100(S): 758-763. doi:
10.1038/s.bjc.6604932

Knutson SK, Wigle TJ, Warholic NM, et al. A selective inhibitor of
EZH2 blocks H3K27 methylation and kills mutant lymphoma cells. Nat

109

110

111

112

113

114

115

116

117

118

119

120

121

122

Chem Biol, 2012, 8(11): 890-896. doi: 10.1038/nchembio.1084
Teodoridis JM, Hall J, Marsh S, et al. CpG island methylation of DNA
damage response genes in advanced ovarian cancer. Cancer Res, 2005,
65(19): 8961-8967. doi: 10.1158/0008-5472.CAN-05-1187

Glasspool RM, Teodoridis JM, Brown R. Epigenetics as a mechanism
driving polygenic clinical drug resistance. Br J Cancer, 2006, 94(8):
1087-1092. doi: 10.1038/sj.bjc.6603024

Konkankit VV, Kim W, Koya RC, et al. Decitabine immunosensitizes
human gliomas to NY-ESO-1 specific T lymphocyte targeting
through the Fas/Fas ligand pathway. ] Transl Med, 2011, 9: 192. doi:
10.1186/1479-5876-9-192

Almstedt M, Blagitko-Dorfs N, Duque-Afonso J, et al. The DNA
demethylating agent S-aza-2’-deoxycytidine induces expression of NY-
ESO-1 and other cancer/testis antigens in myeloid leukemia cells. Leuk
Res, 2010, 34(7): 899-905. doi: 10.1016/j.leukres.2010.02.004
Dubovsky JA, McNeel DG. Inducible expression of a prostate cancer-
testis antigen, SSX-2, following treatment with a DNA methylation
inhibitor. Prostate, 2007, 67(16): 1781-1790. doi: 10.1002/pros.20665
Teitell M, Richardson B. DNA methylation in the immune system. Clin
Immunol, 2003, 109(1): 2-5. doi: 10.1016/51521-6616(03)00224-9
Garcia-Manero G, Kantarjian HM, Sanchez-Gonzalez B, et al. Phase
1/2 study of the combination of 5-aza-2’-deoxycytidine with valproic
acid in patients with leukemia. Blood, 2006, 108(10): 3271-3279. doi:
10.1182/blood-2006-03-009142

Gore SD. Combination therapy with DNA methyltransferase inhibitors
in hematologic malignancies. Nat Clin Pract Oncol, 2005, 2 Suppl 1:
$30-35. doi: 10.1038/ncponc0346

Ahrens TD, Timme S, Hoeppner J, et al. Selective inhibition of
esophageal cancer cells by combination of HDAC inhibitors and
Azacytidine. Epigenetics, 20185, 10(S): 431-445. doi: 10.1080/1559229
4.2015.1039216

Oki Y, Kantarjian HM, Gharibyan V, et al. Phase II study of low-dose
decitabine in combination with imatinib mesylate in patients with
accelerated or myeloid blastic phase of chronic myelogenous leukemia.
Cancer, 2007, 109(5): 899-906. doi: 10.1002/cncr.22470

Rosato RR, Almenara JA, Yu C, et al. Evidence of a functional role
for p2IWAF1/CIP1 down-regulation in synergistic antileukemic
interactions between the histone deacetylase inhibitor sodium butyrate
and flavopiridol. Mol Pharmacol, 2004, 65(3): 571-581. doi: 10.1124/
mol.65.3.571

Sandor V, Senderowicz A, Mertins S, et al. P21-dependent g(1)arrest
with downregulation of cyclin D1 and upregulation of cyclin E by the
histone deacetylase inhibitor FR901228. Br J Cancer, 2000, 83(6):
817-825. doi: 10.1054/bjoc.2000.1327

Sjoblom T, Jones S, Wood LD, et al. The consensus coding sequences
of human breast and colorectal cancers. Science, 2006, 314(5797):
268-274. doi: 10.1126/science.1133427

Sekeres MA, Tiu RV, Komrokji R, et al. Phase 2 study of the

lenalidomide and azacitidine combination in patients with higher-risk

000000
www.lungca.org



* 100 *

123

124

125

126

127

128

129

v [ il des 2 52020482 H 5523 55 2 1 Chin J Lung Cancer, February 2020, Vol.23, No.2

myelodysplastic syndromes. Blood, 2012, 120(25): 4945-4951. doi:
10.1182/blood-2012-06-434639

Sasidharan Nair V, El Salhat H, Taha RZ, et al. DNA methylation and
repressive H3K9 and H3K27 trimethylation in the promoter regions
of PD-1, CTLA-4, TIM-3, LAG-3, TIGIT, and PD-L1 genes in human
primary breast cancer. Clin Epigenetics, 2018, 10: 78. doi: 10.1186/
s13148-018-0512-1

Almassalha LM, Bauer GM, Wu W, et al. Macrogenomic engineering
via modulation of the scaling of chromatin packing density. Nat Biomed
Eng, 2017, 1(11): 902-913. doi: 10.1038/s41551-017-0153-2

Lavelle D, Vaitkus K, Ling Y, et al. Effects of tetrahydrouridine on
pharmacokinetics and pharmacodynamics of oral decitabine. Blood,
2012, 119(5): 1240-1247. doi: 10.1182/blood-2011-08-371690
Saunthararajah Y. Key clinical observations after 5-azacytidine and
decitabine treatment of myelodysplastic syndromes suggest practical
solutions for better outcomes. Hematology Am Soc Hematol Educ
Program, 2013, 2013: 511-521. doi: 10.1182/asheducation-2013.1.51
Oki Y, Jelinek J, Shen L, et al. Induction of hypomethylation and
molecular response after decitabine therapy in patients with chronic
myelomonocytic leukemia. Blood, 2008, 111(4): 2382-2384. doi:
10.1182/blood-2007-07-103960

IssaJPJ, Kantarjian HM. Targeting DNA methylation. Clin Cancer Res,
2009, 15(12): 3938-3946. doi: 10.1158/1078-0432.ccr-08-2783
Saunthararajah Y, Hillery CA, Lavelle D, et al. Effects of

130

131

132

133

134

S-aza-2’-deoxycytidine on fetal hemoglobin levels, red cell adhesion,
and hematopoietic differentiation in patients with sickle cell disease.
Blood, 2003, 102(12): 3865-3870. doi: 10.1182/blood-2003-05-1738
Gore SD, Baylin S, Sugar E, et al. Combined DNA methyltransferase and
histone deacetylase inhibition in the treatment of myeloid neoplasms.
Cancer Res, 2006, 66(12): 6361-6369. doi: 10.1158/0008-5472.
CAN-06-0080

Plimack ER, Stewart DJ, Issa JP. Combining epigenetic and cytotoxic
therapy in the treatment of solid tumors. J Clin Oncol, 2007, 25(29):
4519-4521. doi: 10.1200/JC0O.2007.12.6029

Schrump DS, Fischette MR, Nguyen DM, et al. Phase I study of
decitabine-mediated gene expression in patients with cancers involving
the lungs, esophagus, or pleura. Clin Cancer Res, 2006, 12(19):
§777-5785. doi: 10.1158/1078-0432.CCR-06-0669

Samlowski WE, Leachman SA, Wade M, et al. Evaluation of a 7-day
continuous intravenous infusion of decitabine: inhibition of promoter-
specific and global genomic DNA methylation. J Clin Oncol, 2005,
23(17): 3897-3905. doi: 10.1200/JC0O.2005.06.118

Topper MJ, Vaz M, Chiappinelli KB, et al. Epigenetic therapy ties MYC
depletion to reversing immune evasion and treating lung cancer. Cell,

2017, 171(6): 1284-1300. e21. doi: 10.1016/j.cell.2017.10.022

(WeHi: 2019-06-11 f&[E]; 2019-10-20 #3Z: 2019-10-26)
(AR3CGisE mEA)

Cite this article as: Wang P, Zhao HL, Ren F, et al. Research Progress of Epigenetics in Pathogenesis and Treatment of Malignant Tumors.
Zhongguo Fei Ai Za Zhi, 2020, 23(2): 91-100. [ 4%, UM, 11 L, 5. SRS S0 E IR & A2 R RGBT i k. =l
fififea 2=k, 2020, 23(2): 91-100.] doi: 10.3779/j.issn.1009-3419.2020.02.04

000000
www.lungca.org





