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[ Abstract ] Patients with oncogenic driver alterations of non-small cell lung cancer (NSCLC) can benefit from tar-
geted therapy, but acquired resistance is inevitable ultimately. Epigenetic modifications, including DNA methylation, histone
modifications, non-coding RNA-mediated regulate and chromatin remodeling, are important mechanisms of acquired resis-
tance in targeted therapy of NSCLC. In recent years, studies have found that epigenetic modifications can effectively reverse
drug resistance. Targeted therapy combined with epigenetic modifications may become a promising therapeutic strategy. Here,
we review the progress of epigenetic mechanism in acquired resistance of targeted therapy in NSCLC, hoping to provide ideas

for screening dominant population and overcoming resistance.
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i 8 2t S R AR A AR O P T2 BEBE T B A A
], il AR A A dee s R Al T ELR U TR A iy
SRR Hh T AT AR A9 BB 1, DK 25 3 98 7 B e B
AL T HEIICL B LD S AL 25T A, &
I EURIK SN FE R A IR/ IN AT 965 (non-small cell lung
cancer, NSCLC) F & v I FHHEWIRYY, I & 1K TAAT
] 4], 3 SEAKES JE R 41 45 2 B2 B I 732 14 (epidermal
growth factor receptor, EGFR) JEPN 28745 | [H] 45 bk (LI
(anaplastic lymphoma kinase, ALK ) FEREHE | c-ros)filfs
LR 132 AR 8 G PR L (c-ros oncogene 1 receptor tyrosine
kinase, ROS1) BN fAlG. AF KA KM FZ4K2 (human

YR Hiz: 100021 Jbnt, FEZRAE L/ S MR R EE A 5 e/ I

wangyanyifu@163.com )

epidermal growth factor receptor-2, HER2) JEK P I FIZEAL
(] b iz 4l i 5% Ak H - (mesenchymal-epithelial transition
factor, MET) FE[H 9848 | P34 F1 dHESE SR1M, ¥Em259))5
ARARAFIE MR 2 BR A T R b IS

7 WL 38 A% 168 A A it e 4 5 A O e vh A T R AR
Fo 8 UL 2 R P FE DN AR AL . AL B 1L B SR
O RNAJE G 57 BB, nT A SUEDNAF S 1
DU IR SRRk | RS SRR E TR AR,
FWLiE A W JE NS CLCHE [A13R Y T AR AR 24 ) B ZEA L]
Z—, MTFRBAL YR HA AL, F0 R s L 1 245
P (31) ATLMTE—E R B b S 2 el 0T A (35T P AH S A 3R
FHPEMT 2y . ASCR N R B AL LTI ENS CLCRE a1 iR T
SRAFPEMIZ P AT G S EAZER, DA il R N f3E
2%,
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=1 RMEEFEXTMBEAY (E3ERKAClinicalTrials.govii & &1L £202148822H)
Tab 1 Epigenetic drugs against cancer (data collected by ClinicalTrials.gov as of August 22, 2021)

Target Regulation Drugs NCT number (cancer types)
DNA methylation
DNMT Writer Azacitidine 02009436 (NSCLC), 01928576 (NSCLC), 01926587 (MDS, AML, CML), etc.
Decitabine 03233724 (NSCLC, EC, MPM), 02996474 (AML), 00744757 (MDS), etc.
Guadecitabine 03913455 (SCLC), 01696032 (OC), 02348489 (AML), etc.
NTX-301 04167917 (AML, MDS, CML), 04851834 (OC, BC).
Histone modification-acetylation
BET Reader Molibresib 01943851 (MM, AML, NHL, MDS), 01587703 (NMC), 02964507 (BRC), etc.
Birabresib 02259114 (Solid tumors), 02698189 (AML), 01713582 (AML, ALL, MM, NHL), etc.
AZD5153 03205176 (Solid tumors), 03527147 (NHL).
BMS-986158 03936465 (Pediatric cancer), 04817007 (MF), 02419417 (Advanced cancer), etc.
CC-90010 04324840 (GBM), 03220347 (Solid tumors, NHL), etc.
CPI-0610 04603495 (MF), 02157636 (MM), 01949883 (Lymphoma), etc.
FT-1101 02543879 (AML, MDS, NHL).
INCB057643 04279847 (MF), 02959437 (Solid tumors).
ODM-207 03035591 (Solid tumors).
PLX51107 04022785 (AML, MDS), 04910152 (GVHD).
RO6870810 02308761 (AML, MDS), 03068351 (MM), 01987362 (Solid tumors), etc.
SYHA1801 04309968 (Solid tumors).
ZEN-3694 02711956 (PC), 03901469 (BRC), 04840589 (Solid tumors), etc.
HDAC Eraser Abexinostat 00724984 (Lymphoma), 03592472 (RCC), 01543763 (Solid tumors), etc.
Belinostat 01310244 (NSCLC), 00926640 (SCLC), 00413075 (Solid tumor, lymphoma), etc.
Bisthianostat 03618602 (MM).
Chidamide 01836679 (NSCLC), 04582955 (BRC), 02697552 (NHL), etc.

Citarinostat
Domatinostat
Entinostat
Givinostat
Mocetinostat
Nanatinostat
Panobinostat
Pracinostat
Quisinostat
Resminostat
Ricolinostat
Romidepsin
Tacedinaline
Tefinostat
Tinostamustine
Trichostatin A
Valproic acid
Vorinostat
AR-42
CXD101
HG146
KA2507
OKI-179

02886065 (MM).

04874831 (MCC), 04871594 (UC), 04133948 (Melanoma), etc.
00602030 (NSCLC), 02833155 (BRC), 03179930 (Lymphoma), etc.
00792467 (HL), 01901432 (PV), 00606307 (PV, ET, MF), etc.
03220477 (NSCLC), 00359086 (Lymphoma), 02236195 (UC), etc.
05011058 (EBV+lymphoma).

04326764 (AML, MDS), 00738751 (NSCLC, HNC), 01242774 (AML), etc.
03151304 (MDS), 01912274 (AML), 01112384 (Sarcoma), etc.
02728492 (NSCLC, 0C), 02948075 (0C), 00677105 (Solid tumors, lymphoma), etc.
01037478 (HL), 02400788 (HCC), 01277406 (CRC), etc.

02632071 (BRC), 02091063 (Lymphoma), 02189343 (MM), etc.
01302808 (NSCLC), 00086827 (SCLC), 01822886 (PTCL), etc.
00005093 (NSCLC), 00005624 (MM), 00004861 (Pancreatic cancer).
00820508 (Hematological disease, Lymphoid malignancies), 02759601 (HCC).
03903458 (Melanoma), 02576496 (Hematological malignancies), 03345485 (Solid tumors), etc.
03838926 (Hematologic malignancies), etc.

00084981 (NSCLC), 02124174 (AML, MDS), 02068586 (Melanoma), etc.
02151721 (NSCLC), 03263936 (AML), 03742245 (BRC), etc.

02569320 (MM), 02282917 (VS, meningiomas), 01798901 (AML), etc.
01977638 (Solid tumors, lymphoma, MM).

03710915 (MM), 04977167 (Solid tumors, lymphoma).

03008018 (Solid tumors).

03931681 (Solid tumors).
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=1 RMBEERFMEZY (EdERAClinicalTrials.govit £ IEE20214£8H22R) (&%)
Tab 1 Epigenetic drugs against cancer (data collected by ClinicalTrials.gov as of August 22, 2021) (continued)

Target Regulation Drugs NCT number (cancer types)
Histone modification-methylation
EZH Writer Lirametostat 02395601 (BCL), 03525795 (Solid tumors), 03480646 (PC).
Tazemetostat 02860286 (MPM), 04624113 (HNC), 04846478 (PC), etc.
Valemetostat 04703192 (PTCL), 04842877 (BCL), 04388852 (PC, RCC, UC).
CPI-0209 04104776 (Solid tumors, lymphoma).
HH2853 04390737 (Solid tumors, NHL).
MAK683 02900651 (DLBCL).
PF-06821497 03460977 (SCLC, PC, FL, DLBCL).
SHR2554 04407741 (Solid tumors, lymphoma), 03603951 (Mature lymphoid neoplasms), 04355858 (BRC).
LSD1 Eraser Seclidemstat 03600649 (Ewing or Ewing-related Sarcomas), 04734990 (CML, MDS), 03895684 (Solid tumors).

Tranylcypromine 02261779 (AML), 02717884 (AML, MDS), etc.

CC-90011 03850067 (SCLC), 04628988 (PC), 02875223 (Solid tumors, NHL), etc.
IMG-7289 04262141 (ET, PV), 02842827 (AML, MDS), etc.
INCB059872 02712905 (Solid tumors and Hematologic malignancies).

DNMT: DNA methyltransferase; BET: bromodomain and extra-terminal domain; HDAC: histone deacetylase; EZH: enhancer of zeste homolog; LSD1:
lysine-specific histone demethylase 1A; NSCLC: non-small cell lung cancer; MDS: myelodysplastic syndrome; AML: acute myeloid leukemia; CML:
chronic myeloid leukemia; EC: esophageal carcinoma; MPM: malignant pleural mesothelioma; SCLC: small cell lung cancer; OC: ovarian cancer; BC:
bladder cancer; MM: multiple myeloma; NHL: non-hodgkin lymphoma; NMC: NUT midline carcinoma; BRC: breast cancer; ALL: acute lymphocytic
leukemia; MF: myelofibrosis; GBM: glioblastoma; GVHD: graft versus host disease; PC: prostate cancer; RCC: renal cell carcinoma; MCC: merkel
cell carcinoma; HL: Hodgkin lymphoma; PV: polycythemia vera; ET: essential thrombocythemia; UC: urothelial carcinoma; EBV: Epstein-Barr virus;
HNC: head and neck cancer; HCC: hepatocellular carcinoma; CRC: colorectal carcinoma; PTCL: peripheral T-cell ymphoma; BCL: B-cell lymphoma;

VS: vestibular schwannoma; DLBCL: diffuse large B-cell lymphoma; FL: follicular ymphoma.

1 DNAREWSHEZYIRISIEM

DNAF AL 2 EDNAF L[ (DNA
methyltransferases, DNMTs) FJHEALAENT T, KSR H H AR 2
fig (S—adenosylmethionine, SAM ) ALY H ELFEFL FIDNA
B 1 MR IE S S AL ST b, RE IR E A T Ay  FHY L Ff i

(5SmC) o SmCAFAET CpG HRAZ AT, How nli i AR B HES
BEFR A CpGEY o JABITIX Cp Gy I HI S AR BE 7T EL 2 )
TR BRIk, — Bk Y, AL R HE P A TR T
ARZS, TR PP B Al T R A i DR S 81 i 4 L 3 e S
PLUF HSEALRRE : J3 3T I DNA & H S AL Je 42 LR 4 1)
DNA{RH 1L, 5L DNAMRH 3L (L2 R BRI
Rt g MU FE A A 53 0 , T 8 DNARY 3 FR AL AL R]
DA S BE PRI A 38, JU R AR B PR 0, i o A it
FErh, Sl AL ATRE AN [ AL 5 S, 9] P i
WAIE XU AEF (ten-eleven translocations, TETs) K& IIHE
TR DNMTs K G it ik, Ky T REARH AL FE R, 172
DNAH LR 5] (DNA methyltransferase inhibitors,
DNMTIs) #ibith, HAHRIFLIT (Azacitidine) | HiPH{iE

(Decitabine) | Guadecitabine, Zebularine5§ (1) 1,

NSCLCXHE ATt 25 ik Fi b, FA7EDNAHI KL AL
RS IR | F AR DG ARR AR T 24 5 748 1) 7 A R i 3 ]
9IS, PR DNMTTs Al i BE W7 F R AL 7 v fIRin 24 B %
FEPAHEN]

DNAM AT S B BR 5 NSCLCHE AR YT ARG P it
G H AN o Terai SRS AR JE 25 20 i 22 -5 AR 1if
25U R XS, R 640 BE A By R B AR B A, b
29N A H IR S mRNARY T A58 0G0 75 i 2F 4k
HER R P2 - AR 4 A K R T 32 1K1 (fibroblast growth factor
2-fibroblast growth factor receptor 1, FGF2-FGFR1 ) 38 S AHIC
RPIASEN . KLAIS100P, {# HDNMTIZL WAL A, KLA
S100PTE i #35; {f FsiRNAF KL HIS100P)5 , AHffXT
e A2

DNAHUEAL SRR PRSP 2598 2 EGFR T790M
7 HAT HISEVE . EGFR T790M %878 2 fifi I — AR s AR
EGFR Z FR P 1 55] (EGFR tyrosine kinase inhibitor,
EGFR-TKI) &5 W WARTFHETH 25 AR 22—, Bllc. 236910
FIA) L 5 O 2 7 Sy M R , 3079 032 28 L TR 1 P A
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AR IR . SR, R R Jm 2 A2 i i
WE S0 PRI , AT I W Y PR AR S, o R AL
AR AR E , D5t 0 J TR Bl M s g 121, 8 2HIE S, FEPCY
LA NIEANE R, c.23690 B A ms e & H 3L AL A,
EGFR-TKI (U & ERE | JEIK B e | Prikhe |
JE ) [ IS T4 T« B (nuclear factor kappa-B, NF-xB)
I8 4%, PIMTBETS T M & (activation-induced cytidine
deaminase, AICDA) [1J38 1%, AICDA'S:8c.23691 & (195-H!
BN e R 2= I R IR E , T A T790M R AE, i ]
DNAHIEAL 5 T790MZE AR 7= HEAHC

DNAFEEAL 5 #0095 BE DA 2R 136 I 8 1) 3 o 7 A PE T
Y LA HSCNE (EL) o 51075 Y (oA i 2k 1) il 1% il 0 5K
J1EE A A4 (phosphatase and tensin homolog deleted on
chromosome 10, PTEN) £:[R & —Fh g 3L A, e 20
i) G R RN O e M N | e = B T D
L Z&h, PTENJE 352 W 2 Cp G 5 i F AR S
PTENHY{E & Ik, HIDNMT 1AL BUH 2540 25, PTENHY
FIRMKI, ELITZ5 200 50 75 AR JE R % e i gk

» Sensitive to
EGFR-TKI
Gene
PTEN/DAPK J
CpGisland
IDNMTIs
\/ . Resistant to
/7 \ 4 EGFR-TKI
I
Gene )
Unmethylated CpG TMethyIated CpG

1 PTEN. DAPKEZIFCpGEE R E /L SEGFR-TKIMiZs, TKIMIZi M Z
AT MEIPTEN. DAPKEFFCpGas A E L RABMINEEREREKIX, ™
M FIDNMTIS/ERTFE R FR B L IR FE. IR S INEEERI%, AT 52 AR AR 40 A
XFER [ 2R 2 1

Fig 1 CpG hypermethylation of PTEN, DAPK promoter and EGFR-TKI
resistance. In TKl-resistant cell lines, CpG hypermethylation of PTEN,
DAPK promoter and low expression of these tumor suppressor genes
can be observed. The application of DNMTIs can reduce the degree
of methylation and restore gene expression, thereby overcoming
drug resistance. PTEN: phosphatase and tensin homolog deleted on
chromosome 10; DAPK: death associated protein kinase; EGFR-TKI:
epidermal growth factor receptor tyrosine kinase inhibitor; DNMTIs:

DNA methyltransferase inhibitors.

WARH] TYRIL , FET AR 1 (death associated protein
kinase, DAPK) S2HAE 5k . AT 554HC, Yang % R 3,
TE P COZH Ml R DAPK i 3 1 S 3 AR AR,
IMTEPCY/GR (FFAET790MIE LY 5 E e T2 M & )
DAPKJA ) T2 AR, ZDNMTIEHRLA 5
IR AR o Bl H AR IE- AR 1A,
DAPKER A (19 22 15 I A0 X 35 85 e 1 A e 249 S R
K-, B RDNMTIAT LU i3 DA PRI 5 3+
1) 2 ARV E 0 e 5 AR R e 244 . 25 1, DNAR L
JENSCLCHE M 2 RIG VM2 A BLI Z—, X DNAHT
PR L i85 R P e 2 30 e T 24 A S8 it

2 AEREIFSEEAYIRSEMZ

/AR e (0 A0 SR BEAS R 7, R HH2 A H2B,

H3 ., H4PDG 2 B 2R\ BRI, HAMEZE SR EDNA.,
AR PR AR IMA S I Z ER  AT LR A BRI, A
fECWEAL . AL | B AL . 2 RS, X Se B ifimT LIl
B/ VAN B Al K, DA IR BE TR 2 1k 0s) ) 22 2 1 il ]
HEALBR RS B4, <5 A< BRI Bl PR ik 28 WL 5 A5 b
e, IR TR IR T #E R0l
2.1 HERCBHE HEACHA K AR b,
B SRBOEAADE, BTN L S AT o3 ) S 35 i
DRI 2 38 R B D R DTER , fe 2R IR A & 2k, th 2 BEfk
FRH BN BB B R PR A0
2.1.1 5N HEALB B (1ysine
acetyltransferases, KATs/histone acetyltransferases, HATs)
AL H A A O mE AL, H B SN K, 43
H: HAT1 (AR NKAT1) ZK % . GenS/PCAF (EiFx N
KAT2a/KAT2B) K%, MYST (BB HKATS) Z %
p300/CBP (B FK HKAT3B/KAT3A) Z K. Rtt109 (EFK
HKAT11) Z D7, p300/CBPLffip300FICREBLE &
1 (CREB-binding protein, CBP) , Hi F ik n 3 1 2 £ 1
CTRARSE S IRg At e, SRR AN RIS o WFoE s o),
p300/CBP I A48S 5 /g PRAE A FHH S JH 12175 T i
{& (TNF-related apoptosis-inducing ligand, TRAIL) 596
JYEGFR-TKIMZ)NSCLC, BERT A N A S 40 i SE T, 3T
KIAAERR A AR ER]
2.1.2 ZERALR e ERIX S5 F 5 H (bromodomain
proteins, BRDs) 55 1) 28 Y5 435 44 3§ 1R A ity 435 ) 3k

(bromodomain and extra-terminal domain, BET ) & &
ARERC A OB bR I, R S5 A R L.
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T E T HE 58 o Meng A5 IOV L B A 425 2 i 24 240 i 3%
H1975-OR 5 HURAN I ZH1975-PHBETI R 15, K IUMTZY
YA RPBETIYER IR L, RSRBET R b 35410 i i 24 240 i
A FIA, FERAS AR o e HBETHI I QL e
XoF 245 248 A 2 ) A ATV FH
2.1.3 SR #EBR” HEALCEALE (histone
deacetylases, HDACs) fl LR AN B fbbr, HE
B RS, 14512 (HDACT, HDAC2 . HDAC3 ,
HDACS) . I1aZ¥ (HDAC4, HDACS, HDAC7, HDAC9) .
11bJ% (HDAC6., HDAC10) | 1128 (SIRTH %) . IV
(HDACI11) 29, g1 FHDACs ] i 40 Jf 77 1% . 44
BA e L A A BUSE, B R MR T 2R A A L Ok
AL TGS HIF] (histone deacetylase inhibitor, HDAC) , 1435
R ATt (Vorinostat) . ML FIB (Panobinostat) . &K
= (Romidepsin) . BB (Entinostat) | PYiA A%
(Chidamide) 55 (581) 1),

HEA LB RS —ICEGFRTKI (U 4h A e |
JEEEE . e ) IR PER 25 ML 22— BFFERY &
L, BB E S H M HDAC YFR4S4ATE G0 T2 40
b 2R T S SO S A5 . AN ] AR R B R T,
SMHLRIAET F8 THER2 . MET, AXL . IGFIR5ZFh 524
AR TR IR o PRSI AR A AR e AT E 1 175 SR
FiAE 90 (heat shock protein 90, HSP90) 4 IR
Ui 3-8 B S BB AR DG 2 1877 (BUFEEGFR, MET,
AKT) , {2 SE40 I T2 PUIAAS BREX 5 3% B Je vl ik
HIRAS/MAPK ., PI3K/AKT, JAK/STAT M {141 it J)
HHBH 38 1 #4075 Caspase 3HIPARPAE UEAN MO T, Skt
R TR e T 2 240 M R A SRR 23 e 1 At L S
24 ) 2 K 1K, Bora-Singhal %24 % B, HDAC1 1151 o]
A 3 BRI B T 2 % S DR T SOX 2 it 28 38 SR 2 Wi g 1
2 %) 1 e BB, K S EGER-TKIAY SURE . — I LI PR
F5E (NCT00738751) BIRI], 7ELIA MM IINSCLC Xk
0 £ 2 N A b R R 5B e, 8 EGFRFEAR
Jits g £ (b 5 TC i e A A7 I (progression-free survival,
PES) J4.740-H, B B AELE ] (overall survival, OS) M4
A, AT 45 53 R 0 JEis B e . — IR/ T i
PRI (NCT01027676) BOAE LA IINSCLCR#
ARSI G5 AR S, BARBFSE RN A RS Y HIEGFR-
TKIMEF, (B IRE G 25 7EAF 7 EGFRIUR G AR - 1Y
JAERIGITH, PR G A% R (response rate, RR) AJik77%, H1
HIPESHIIA9.1MH, HhfiiosH]ik24.11H.

DIBR 7B e R A = CEGFR-TKIAT LATE IR EGFR

T790MZR AR, [HARIEAUR AW 5T, EGFR T790MBH: &
H AR JE A PES 9.6 T H , ZBURE L ZAT]
b A2, TFZGALH L3S C797S R AR SE . Zang FF Y
R, WAL EE A B A B e T A s i 2 A e
Mt 25 20 A 32 (F 45 C797S 5 A8 A 22 ) H 11%) 240 A 1 L A
AR, HLHI 51555 = AT B bk T 20 R -2 R - [m) Y 2
F-11 (B-cell lymphoma 2-like 11, BIM) #H5¢ . XI-F[r]A#447
EGER L858R/T790M/C797S AL UMM IR 4NN 2 , BEA
FHAT IS Je S AR S v T s b b /2L
BIMJE TBCL-25 %, J2& 40 i I8 1~ 1) S B ) 15 541

BIMGR AT H 55 TR 7 . 7= AR 4RI PR i 24 os ik
ZangE PO ST, EEBRBIMS, AL AL EG A B A
Je R 24 240 JE %) 9 T A T i 0e 55 . —fREGFR-TKIYS
HDACB FHHL AT i FIEBIM L IRIFZY, 5140, 1K 57 ik
553 AR B T R SE H BIM ek, Kk 52 24 440 it %
TARE R iR EBY, ResminostatlE & 7 AR R nT 14
BIM/KF-, 755 g 4 IR 103 AR Sz il Bk A — FE XU
Al — DR E BIMP R IR /KT, UHEIS A T, 5
FARE M BB B AR S I A AR R IR TT T
He 32 33 EGFR-TKIAML R 7 I BIMBR K Y NS CLC
BTG RIS (NCT02151721) BIGE IR R, 6 VA TR
PSR (disease control rate, DCR) 483.3% (10/12) ,
HFIPESHS.2 N H (95%Cl: 1.4-15.7) , FL0SH22.1H

(95%CI: 13.5-) , BRI AZ R4, Ak, WA
X & Navitoclax (BCL-25¢ 16 25 MR AT R X 55

(NCT02520778) IEFEH 5, Hlith, HDACK BIMY A RNk
EGFR-TKIZRFF MR 2 (A VAR

I B2 B %% 4k (epithelial-mesenchymal transition,

EMT) J&48 [ [ 40 e Ak Rl B Ml 4, SSEGFR-
TKIM 25 2 B A, Weng FEBGRFFT & B, X 75 AR 8
Je 5 B AR e it 25 BUNSCLC AU ML £E7F E-cad herin K%
I EHEMT, HMG-CoAM R Jiff (HMG-CoA reductase,
HMGR) il 5] CEPAB TR 25%)) %)z TiR97 =R
IS, BRI 5% 3812 B H MG R AV il 351 A 410 il ek 2 240 i v
HDACTH M, {2 #2418 A LA I BE P 5L Rl p2 11
ik, HIL, Weng%5:67i% 11 TJMF3086— —HDACHIHMGR
A A0 7, 56 E AT DL A 3R O0 3t 4% AL ) BE i
E-cadherinfF iR 52 5 BB JCBUBME . Witta % B T
BEAL X BRI PRBFSE (NCT00602030) I, JEIE B RIS
RV L8 B e 25 IR AT IS E R () 132441/ TTTb
Wi/IVHINSCLC, BAR SRR PESARL (435114 1.974
ARI.884-H) , (X FHA B /K FE-cadherin Y S &K,
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PG AR A0S B KT HZGH (700 h9.4 A S 44
H., 95%CI: 0.13-0.92) .

i b, HEACBEAL SR 2y AF LM 25 B ARG
P, ZR S E N SR CHTRY T HI 25 FTRE R A G R 1
PRI
2.2 HEHWIAL HEANPIAREEE A2, A
[ FRAEAL AR (L XL, = WAL ) RO RIS AR A s T4
S RIS R R TR (67400,

2.2.1 WIALR) BN 20 EE P AEAL & A T I R A
KGR b, DRI 1 20 25 1 P Ak Al i) 20 25 11 P R 5 A i

(histone methyltransferases, HMTs) ][5 AN Z % 41
TR 2 R JE S (histone lysine methyltransferases,
HKMTs) FIZH 8 RS 2 R H L 5% A2/l (histone arginine
methyltransferases, HRMTs) , JLFHHKM Ts] 53 S &
SETZS IR IR H L 5L A I (FLFEKM T2/ MLLA R |
KMT1C/EHMT2/G9a%5 ) FlME—— AN SETZE 14 1 2
PRI B A FDOT LI,

Zeste LR A8 T-[F] Y542 (enhancer of zeste homolog 2,
EZH2) JEHKMTs SET 45 FB 240 s 4, vl ad 41 86
H3K27W AL sl = FH A A 2 TUER, BZH2 AR /K-
FT W S IR R J L YR T B AN R TR ARG, R0 &
W, TCBTEANM R IL e NI brAs b, EZH2RY R B
META 0 AR e AT PR 250G, HALHIAET, MET
WG FUFPISK/AKTI 6, AKT I EZH2 22 Z AL,
SFEMETH 81 EZH2 L H3K 27— HI AL /KF I, s
METI# %, M RGEPETERR, 72/ MR E2gb, B & AR
JEEEAPI3K/AKTHIHIFIGDCO941 A INEZH2 3k, 16k
EGFR-TKITH 2, BZH 24l 510 AR R 1k 5 1 FHid T LA
UGEEGFR-TKIFURTHEY, iRy r i BRI Al hER.,

EHMT2 (LFRKMT1C/G9a) s —FHKMTs, Al id
H3K9H HIE AL B XL A A1 3E MR (=2 28 I A% 140, Wang
AFWIEEGFR-TKIMZG 4N R A BIEHM T2 (1R 1K, B
FHEHMT 240 FIUNCO638 1] it i & Wi % IPTENS
ik, WEMEEANAER . /N SRR A 28 8,
A3 I H LIS e FIEMHT 24 IR UNCo642 ] i 2538 Jin
UMRIE . Chang 549k B, 15 15 5 5 s A 1
3 (signal transducer and activator of transcription 3, STAT3)
AL 3 T G9a, imiR-145-5p/KF T [, MR oF 26 iz
KK T2 43 (epidermal growth factor receptor 3, HER3,
ERBB3) i %k, /- FEGFR-TKIIMIZY.,

2.2.2 AR SRR b 2i 21 25 PR RAR il (45 2H 2R
P 22 R 25 LK (histone lysine demethylases, KDMs)

FIZH B8 RS 208 22 H SE 4L (histone arginine demethylases,
RDMs) , HHKDMs A 55k ffi 2 1R 45 5 Pk 25 F 5L AL il
(LSDs/KDMI1Z % ) Al 45 Jumonii ( JmjC) 45 Faal ity 2= H
FEALE (JmjC KDMs/KDM2-758 5 ) 10,
2H AR B = R R S 2 T BE AL (lysine-specific
histone demethylase, LSDs/KDM1 ) FKiE/N S H = H
FAb, 7ENSCLCHVH it RIRIRAS, ki =222 fik
U, W, IR AT FENSCLC AR N 35
JereEmtgh, ALl 5 LSD1/KDM1AFIPLU1/KDMSBIX Hi
FIKDMsHIZE, LSD1HIFISP2509 FIPLU LA HIFIPBITH]
W L IRMIEAAN SR TRIMT 2y . R, 2448 A 3 b
PRV AT RE R R s IR T2 | A AR AR A S A

3 IF4mISRNAVIHE SR E RIS HEMZ

JE4ASRNA (non-coding RNAs) f$5IncRNAs
microRNAsSE, BNREFE SN A, (XTI FEE R
HEMEY2EIRE, JF5NSCLCHTZy % V1A 0,

MicroRNAs K 181~-2 8% 11 2 2H Bl 1) 555 3 g )
RNA, AR HEREG % J5 96757 B, S 5E 25 3R 15k
it 251460, B, miR-217E N 2540 M R it %35, H5PI3K/
AKTI# FEEOE S EARDS, SR PTEN ., B8 7HEFET 4
8- AN (programmed cell death 4, PDCD4) ik 2 iAH%,
P miR-21A 5 2 AP T, PR AR 1 7, miR-
483-3p M UTER A5 IR 40t & AL EM T I A X 3 JE %
JeWITi 251, HmiR-483-3pAyk A T HA SR T
DNA M H AL, R /K F-miR-200 7] G50 A 22 3 2447 T 3k
[A6 (mitogen-inducible gene 6, MIG6) 5Kk, N FXE IS
BRI 25149, miR-142-5pnl il it FIHMHOXD8AY K ik
68 Aot 40 X SRR JE R AR R0, BR IR miRNAsHP,
miR-214, miR-181a, miR-103, miR-203 . miR-130a, miR-124
S5 5 NSCLCHE ] 25 ) ARAT PN 24 AH G -5

LncRNAs /& —MK K T200 ntfIZEERNA, [F R
B NS, LncRNA H197E 75 AR it 25 40
JL R R 2 28 T, T L AT LA G A s A BS 3 R T 24 40
M S 5T 22 4 A = AR it 25580, Lnc004607] I imiR-
769-5p, HAIVEF TEGER, fif 5 4 g FRAS M 24 1 50
LncRNA SNHGS F i g #F miR-377 [ 18, 17738 1 4 il
B2 R 1) KA R R B K f T (caspase-1, CASP1) it
It fi g 240 X AR JE AR T 24199 LncRNA UCALTE
AR Em 2 an b L, SEZH2 M EAEH], EZH245 G
T 20 i ] B 2R AR SR 1 1 PR T 1A (cyclin-dependent
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kinase inhibitor, CDKN1A ) {95l ¥ I /- FH3K27 = H %
1k, 18/ CDRNI1AR K, 5IEMZY, @fliLncRNA UCA1
APYR A P %o 7 AR A R e

AN FZF AL &, 21T TNSCLCHE W)
HPIAAF IR ZGHILE], S s R 255 18T 1 B8 S Ak
Pt BRI H AT, 22800 Wast % 4 B TR 24 ¥ ik 5
ATHAEF Il R TR0 B B i e e PRI B B, AR T DT
W2 R TR . PR INSCLC B R WL isi 14 25 L
RS, LA RS HE B AR L2y . st 15 115 2459 5 9K
By R AH DGR ) 259 (R B (T, RTRE A s IR 245 P A
RUCHE A58, W AR o i 24 S SR T 1 A B AR ZEAS A
Wk, Frk MR 2500 EA TR T e A R A, B
BLEAI) T e

2 E XM

1 Bade BC, Dela Cruz CS. Lung cancer 2020: epidemiology, etiology,
and prevention. Clin Chest Med, 2020, 41(1): 1-24. doi: 10.1016/
j-ccm.2019.10.001

2 Zhang S, Sun K, Zheng R, et al. Cancer incidence and mortality
in China, 2015. J Nat Cancer Cent, 2021, 1(1): 2-11. doi: 10.1016/
j.jnce.2020.12.001

3 Duma N, Santana-Davila R, Molina JR. Non-small cell lung cancer:
epidemiology, screening, diagnosis, and treatment. Mayo Clin Proc,
2019, 94(8): 1623-1640. doi: 10.1016/j.mayocp.2019.01.013

4 Hirsch FR, Scagliotti GV, Mulshine JL, et al. Lung cancer: current
therapies and new targeted treatments. Lancet, 2017, 389(10066):
299-311. doi: 10.1016/S0140-6736(16)30958-8

N Tripathi SK, Pandey K, Rengasamy KRR, et al. Recent updates on the
resistance mechanisms to epidermal growth factor receptor tyrosine
kinase inhibitors and resistance reversion strategies in lung cancer. Med
Res Rev, 2020, 40(6): 2132-2176. doi: 10.1002/med.21700

6 Nebbioso A, Tambaro FP, Dell’Aversana C, et al. Cancer epigenetics:
Moving forward. PLoS Genet, 2018, 14(6): e1007362. doi: 10.1371/
journal.pgen.1007362

7 Liu WJ, DuY, Wen R, et al. Drug resistance to targeted therapeutic
strategies in non-small cell lung cancer. Pharmacol Ther, 2020, 206:
107438. doi: 10.1016/j.pharmthera.2019.107438

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

9 Quintanal-Villalonga A, Molina-Pinelo S. Epigenetics of lung cancer:
a translational perspective. Cell Oncol (Dordr), 2019, 42(6): 739-756.
doi: 10.1007/s13402-019-00465-9

10 Jones PA, Issa JP, Baylin S. Targeting the cancer epigenome for therapy.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Nat Rev Genet, 2016, 17(10): 630-641. doi: 10.1038/nrg.2016.93

Terai H, Soejima K, Yasuda H, et al. Longterm exposure to gefitinib
induces acquired resistance through DNA methylation changes in
the EGFR mutant PC9 lung cancer cell line. Int ] Oncol, 20185, 46(1):
430-436. doi: 10.3892/ij0.2014.2733

El Kadi N, Wang L, Davis A, et al. The EGFR T790M mutation is
acquired through AICDA-mediated deamination of S-methylcytosine
following TKI treatment in lung cancer. Cancer Res, 2018, 78(24):
6728-6735. doi: 10.1158/0008-5472.CAN-17-3370

Maeda M, Murakami Y, Watari K, et al. CpG hypermethylation
contributes to decreased expression of PTEN during acquired resistance
to gefitinib in human lung cancer cell lines. Lung Cancer, 2015, 87(3):
265-271. doi: 10.1016/j.lungcan.2015.01.009

Yang B, Yang ZG, Gao B, et al. 5-Aza-CdR can reverse gefitinib
resistance caused by DAPK gene promoter methylation in lung
adenocarcinoma cells. IntJ Clin Exp Pathol, 2015, 8(10): 12961-12966.
Stillman B. Histone modifications: insights into their influence on gene
expression. Cell, 2018, 175(1): 6-9. doi: 10.1016/j.cell.2018.08.032
Audia JE, Campbell RM. Histone modifications and cancer. Cold Spring
Harb Perspect Biol, 2016, 8(4): a019521. doi: 10.1101/cshperspect.
2019521

Marmorstein R, Zhou MM. Writers and readers of histone acetylation:
structure, mechanism, and inhibition. Cold Spring Harb Perspect Biol,
2014, 6(7): a018762. doi: 10.1101/cshperspect.a018762

Zhang B, Chen D, Liu B, et al. A novel histone acetyltransferase
inhibitor A485 improves sensitivity of non-small-cell lung carcinoma
cells to TRAIL. Biochem Pharmacol, 2020, 175: 113914. doi: 10.1016/
j-bcp.2020.113914

Meng Y, Qian X, Zhao L, et al. Trichostatin A downregulates
bromodomain and extra-terminal proteins to suppress osimertinib
resistant non-small cell lung carcinoma. Cancer Cell Int, 2021, 21(1):
216. doi: 10.1186/512935-021-01914-y

Koeneke E, Witt O, Ochme I. HDAC family members intertwined in the
regulation of autophagy: a druggable vulnerability in aggressive tumor
entities. Cells, 2015, 4(2): 135-168. doi: 10.3390/cells4020135

Yu W, Lu W, Chen G, et al. Inhibition of histone deacetylases sensitizes
EGF receptor-TK inhibitor-resistant non-small-cell lung cancer cells to
erlotinib in vitro and in vivo. Br ] Pharmacol, 2017, 174(20): 3608-3622.
doi: 10.1111/bph.13961

Park SE, Kim DE, Kim M]J, et al. Vorinostat enhances gefitinibinduced
cell death through reactive oxygen speciesdependent cleavage of HSP90
and its clients in nonsmall cell lung cancer with the EGFR mutation.
Oncol Rep, 2019, 41(1): 525-533. doi: 10.3892/0r.2018.6814

Zhang N, Liang C, Song W, et al. Antitumor activity of histone
deacetylase inhibitor chidamide alone or in combination with epidermal
growth factor receptor tyrosine kinase inhibitor icotinib in NSCLC. ]
Cancer, 2019, 10(S): 1275-1287. doi: 10.7150/jca.28570

Bora-Singhal N, Mohankumar D, Saha B, et al. Novel HDAC11

inhibitors suppress lung adenocarcinoma stem cell self-renewal and

HERERERERE
www.lungca.org



e 712 ¢

25

26

27

28

29

30

31

32

33

34

3S

36

o il g 2 2202 14E 10 H 45245 55 1000

Chin J Lung Cancer, October 2021, Vol.24, No.10

overcome drug resistance by suppressing Sox2. Sci Rep, 2020, 10(1):
4722. doi: 10.1038/s41598-020-61295-6

Gray JE, Haura E, Chiappori A, et al. A phase I, pharmacokinetic,
and pharmacodynamic study of panobinostat, an HDAC inhibitor,
combined with erlotinib in patients with advanced aerodigestive
tract tumors. Clin Cancer Res, 2014, 20(6): 1644-1655. doi:
10.1158/1078-0432.CCR-13-2235

HanJY, Lee SH, Lee GK, et al. Phase I/1I study of gefitinib (Iressa((R)))
and vorinostat (IVORI) in previously treated patients with advanced
non-small cell lung cancer. Cancer Chemother Pharmacol, 2015, 75(3):
475-483. doi: 10.1007/s00280-014-2664-9

Janne PA, Yang JC, Kim DW, et al. AZD9291 in EGFR inhibitor-
resistant non-small-cell lung cancer. N Engl ] Med, 2015, 372(18):
1689-1699. doi: 10.1056/NEJMoal411817

Zang H, Qian G, Zong D, et al. Overcoming acquired resistance of
epidermal growth factor receptor-mutant non-small cell lung cancer
cells to osimertinib by combining osimertinib with the histone
deacetylase inhibitor panobinostat (LBHS89). Cancer, 2020, 126(9):
2024-2033. doi: 10.1002/cncr.32744

Lin CY, Huang KY, Lin YC, et al. Vorinostat combined with brigatinib
overcomes acquired resistance in EGFR-C797S-mutated lung cancer.
Cancer Lett, 2021, 508: 76-91. doi: 10.1016/j.canlet.2021.03.022

Li X, Wang S, Li B, et al. BIM deletion polymorphism confers resistance
to osimertinib in EGFR T790M lung cancer: a case report and
literature review. Target Oncol, 2018, 13(4): 517-523. doi: 10.1007/
s11523-018-0573-2

Tanimoto A, Takeuchi S, Arai S, et al. Histone deacetylase 3 inhibition
overcomes BIM deletion polymorphism-mediated osimertinib
resistance in EGFR-mutant lung cancer. Clin Cancer Res, 2017, 23(12):
3139-3149. doi: 10.1158/1078-0432.CCR-16-2271

Nakagawa T, Takeuchi S, Yamada T, et al. EGFR-TKI resistance
due to BIM polymorphism can be circumvented in combination
with HDAC inhibition. Cancer Res, 2013, 73(8): 2428-2434. doi:
10.1158/0008-5472.CAN-12-3479

Arai S, Takeuchi S, Fukuda K, et al. Resminostat, a histone deacetylase
inhibitor, circumvents tolerance to EGFR inhibitors in EGFR-mutated
lung cancer cells with BIM deletion polymorphism. ] Med Invest, 2020,
67(3): 343-350. doi: 10.2152/jmi.67.343

Chen H, Wang Y, Lin C, et al. Vorinostat and metformin sensitize
EGFR-TKI resistant NSCLC cells via BIM-dependent apoptosis
induction. Oncotarget, 2017, 8(55): 93825-93838. doi: 10.18632/
oncotarget.21225

Takeuchi S, Hase T, Shimizu S, et al. Phase I study of vorinostat with
gefitinib in BIM deletion polymorphism/epidermal growth factor
receptor mutation double-positive lung cancer. Cancer Sci, 2020,
111(2): 561-570. doi: 10.1111/cas.14260

Tulchinsky E, Demidov O, Kriajevska M, et al. EMT: A mechanism
for escape from EGFR-targeted therapy in lung cancer. Biochim
Biophys Acta Rev Cancer, 2019, 1871(1): 29-39. doi: 10.1016/

37

38

39

40

41

42

43

44

45

46

47

48

49

j-bbcan.2018.10.003

Weng CH, Chen LY, Lin YC, et al. Epithelial-mesenchymal transition
(EMT) beyond EGFR mutations per se is a common mechanism for
acquired resistance to EGFR TKI. Oncogene, 2019, 38(4): 455-468.
doi: 10.1038/s41388-018-0454-2

Lin YC, Lin JH, Chou CW, et al. Statins increase p21 through
inhibition of histone deacetylase activity and release of promoter-
associated HDAC1/2. Cancer Res, 2008, 68(7): 2375-2383. doi:
10.1158/0008-5472.CAN-07-5807

Witta SE, Jotte RM, Konduri K, et al. Randomized phase II trial of
erlotinib with and without entinostat in patients with advanced non-
small-cell lung cancer who progressed on prior chemotherapy. J Clin
Oncol, 2012, 30(18): 2248-2255. doi: 10.1200/JCO.2011.38.9411
Chen Y, Liu X, Li Y, et al. Lung cancer therapy targeting histone
methylation: opportunities and challenges. Comput Struct Biotechnol
J,2018,16: 211-223. doi: 10.1016/j.csbj.2018.06.001

Quan C, Chen Y, Wang X, et al. Loss of histone lysine methyltransferase
EZH2 confers resistance to tyrosine kinase inhibitors in non-
small cell lung cancer. Cancer Lett, 2020, 495: 41-52. doi: 10.1016/
j.canlet.2020.09.003

Gong H, Li Y, Yuan Y, et al. EZH2 inhibitors reverse resistance to
gefitinib in primary EGFR wild-type lung cancer cells. BMC Cancer,
2020,20(1): 1189. doi: 10.1186/512885-020-07667-7

Wang L, Dong X, Ren Y, et al. Targeting EHMT?2 reverses EGFR-TKI
resistance in NSCLC by epigenetically regulating the PTEN/AKT
signaling pathway. Cell Death Dis, 2018, 9(2): 129. doi: 10.1038/
541419-017-0120-6

Chang YF, Lim KH, Chiang YW, et al. STAT3 induces G9a to
exacerbate HER3 expression for the survival of epidermal growth factor
receptor-tyrosine kinase inhibitors in lung cancers. BMC Cancer, 2019,
19(1): 959. doi: 10.1186/512885-019-6217-9

LuY, Liu Y, Oeck S, et al. Hypoxia promotes resistance to EGFR
inhibition in NSCLC cells via the histone demethylases, LSD1
and PLU-1. Mol Cancer Res, 2018, 16(10): 1458-1469. doi:
10.1158/1541-7786.MCR-17-0637

Leonetti A, Assaraf YG, Veltsista PD, et al. MicroRNAs as a drug
resistance mechanism to targeted therapies in EGFR-mutated NSCLC:
Current implications and future directions. Drug Resist Updat, 2019,
42:1-11. doi: 10.1016/j.drup.2018.11.002

Li B, Ren S, Li X, et al. MiR-21 overexpression is associated with
acquired resistance of EGFR-TKI in non-small cell lung cancer. Lung
Cancer, 2014, 83(2): 146-153. doi: 10.1016/j.lungcan.2013.11.003
Yue J, Lv D, Wang C, et al. Epigenetic silencing of miR-483-3p promotes
acquired gefitinib resistance and EMT in EGFR-mutant NSCLC by
targeting integrin beta3. Oncogene, 2018, 37(31): 4300-4312. doi:
10.1038/s41388-018-0276-2

Izumchenko E, Chang X, Michailidi C, et al. The TGFbeta-miR200-
MIG6 pathway orchestrates the EMT-associated kinase switch that
induces resistance to EGFR inhibitors. Cancer Res, 2014, 74(14):

HERERERERE
www.lungca.org



vh [ il e 2 25202 14E 10 H 45245 55 100

Chin J Lung Cancer, October 2021, Vol.24, No.10

° 713 ¢

NY

S1

52

53

54

5SS

56

3995-4005. doi: 10.1158/0008-5472.CAN-14-0110

Zhu W, Wang JP, Meng QZ, et al. MiR-142-5p reverses the resistance
to gefitinib through targeting HOXDS in lung cancer cells. Eur
Rev Med Pharmacol Sci, 2020, 24(8): 4306-4313. doi: 10.26355/
eurrev_202004 21011

Wang YS, Wang YH, Xia HP, et al. MicroRNA-214 regulates the
acquired resistance to gefitinib via the PTEN/AKT pathway in EGFR-
mutant cell lines. Asian Pac J Cancer Prev, 2012, 13(1): 255-260. doi:
10.7314/apjcp.2012.13.1.255

Garofalo M, Romano G, Di Leva G, et al. EGFR and MET receptor
tyrosine kinase-altered microRNA expression induces tumorigenesis
and gefitinib resistance in lung cancers. Nat Med, 2011, 18(1): 74-82.
doi: 10.1038/nm.2577

Acunzo M, Visone R, Romano G, et al. miR-130a targets MET and
induces TRAIL-sensitivity in NSCLC by downregulating miR-221 and
222. Oncogene, 2012, 31(5): 634-642. doi: 10.1038/0nc.2011.260
Zhou YM, Liu J, Sun W. MiR-130a overcomes gefitinib resistance by
targeting met in non-small cell lung cancer celllines. Asian Pac ] Cancer
Prev, 2014, 15(3): 1391-1396. doi: 10.7314/apjcp.2014.15.3.1391

Ping W, Gao Y, Fan X, et al. MiR-181a contributes gefitinib resistance
in non-small cell lung cancer cells by targeting GAS7. Biochem
Biophys Res Commun, 2018, 495(4): 2482-2489. doi: 10.1016/
j-bbrc.2017.12.096

Hu FY, Cao XN, Xu QZ, et al. miR-124 modulates gefitinib resistance
through SNAI2 and STAT3 in non-small cell lung cancer. ] Huazhong

57

58

59

60

61

Univ Sci Technology Med Sci, 2016, 36(6): 839-84S. doi: 10.1007/
§11596-016-1672-x

Aftabi Y, Ansarin K, Shanehbandi D, et al. Long non-coding RNAs as
potential biomarkers in the prognosis and diagnosis of lung cancer:
A review and target analysis. IUBMB Life, 2021, 73(2): 307-327. doi:
10.1002/iub.2430

Lei Y, Guo W, Chen B, et al. Tumorreleased IncRNA H19 promotes
gefitinib resistance via packaging into exosomes in nonsmall cell lung
cancer. Oncol Rep, 2018, 40(6): 3438-3446. doi: 10.3892/0r.2018.6762
Ma G, Zhu J, Liu F, et al. Long Noncoding RNA LINC00460 promotes
the gefitinib resistance of nonsmall cell lung cancer through epidermal
growth factor receptor by sponging miR-769-5p. DNA Cell Biol, 2019,
38(2): 176-183. doi: 10.1089/dna.2018.4462

Wang Z, Pan L, Yu H, et al. The long non-coding RNA SNHGS regulates
gefitinib resistance in lung adenocarcinoma cells by targetting miR-377/
CASP1 axis. Biosci Rep, 2018, 38(4): BSR20180400. doi: 10.1042/
BSR20180400

Xu T, Yan S, Wang M, et al. LncRNA UCA1 Induces acquired resistance
to gefitinib by epigenetically silencing CDKN1A expression in non-
small-cell lung cancer. Front Oncol, 2020, 10: 656. doi: 10.3389/
fonc.2020.00656

(Wifi: 2021-05-18 f&[1; 2021-08-28 55Z: 2021-09-01)
(AR SCHRf 1)

Cite this article as: Ai X, Wang Y. Research Progress of Epigenetic Mechanism in Acquired Resistance of Targeted Therapy in Non-small
Cell Lung Cancer. Zhongguo Fei Ai Za Zhi, 2021, 24(10): 705-713. [ {7, 3. M BAEHLITE B/ N i g S [ 7 RS E R 24
REIFSE R . TR E i 24E, 2021, 24(10): 705-713.] doi: 10.3779/j.is5n.1009-3419.2021.102.34

HERERERERE
www.lungca.org





