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[Abstract] In recent decades, although great progress has been made on the diagnosis and treatment of oral squa-

mous cell carcinoma (OSCC), its S-year survival rate has not been significantly improved. The basic reason is the un-
clear pathogenesis, lack of effective molecular markers for assessing invasion, metastasis, and recurrence as well as ther-
apeutic targets. The present view is that genetic and epigenetic abnormalities are related to the occurrence and develop-
ment of OSCC. Epigenetic inheritance is a biological behavior that can be regulated and reversed, and it plays an impor-
tant role in the occurrence and development of malignant tumors. First, this review will describe the role of epigenetic

modifications in the development of OSCC in combination with our research and the latest research progress of epi-
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genetics, including DNA methylation, RNA methylation, short noncoding RNAs (miRNAs, etc.), long noncoding RNAs,

circular RNAs, histone modifications (acetylation and methylation), chromatin remodeling and genomic imprinting.

Then, we will analyze the value of epigenetic studies in the prevention, diagnosis, and targeted therapy of OSCC.
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15 : DNA H %£ 1k (DNA methylation) . RNA i 3 1k
(RNA methylation) ., 3F 2% 5 RNA (no-coding RNA) |
20 5 H & i (histone modification) | 4% {4, it & ¥4
(chromatin remodeling) . 3& K 20 E[J i (genomic im-
printing) 55 o K LIE , AT 38 TA k8P o 9 o2
— R AR B A TR g R
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R, A FEUEE . SR, L AR R RIS R B
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ik DNA FF 8 A8, 3 W ist A% I 42 2 o ml 7= A=
B PR 9 A — R B B0 I R, B SR 3 A% 1 U TE
JEERE B0 R A R e T [ RE AR EE AR T o AR SCR 2R
TF I 2 W 358 4% 76 11 s 85 R 41 ffd 98 (oral squamous
cell carcinoma, OSCC) & = K& J& W (1 /E I e HoAE
OSCCiZWr IRy A (e

1 RWMEFESOSCCHEELRRE
1.1 DNA ¥ 34t

DNA 3 Ak 2 45 75 DNA 2L 5% 7 il (DNA
methyltransferase , DNMT) By 4L T, DL S-Jif 7 H i
IR N WAL, 78 DNA 91 F ) CpG 1 R
JL g E 155 5 0Bk J - HRRAR A, = Ry
5-F LI mEBE (5-mC) . DNA H LAk 2 i g &
BB R B R 5 AL P LR 2 — o fEdk
PR CpG 910 %8 J3E i 19 XS O CpG 1, 2
B TR A 3 IX, 38 F A TR SRR,
Mt WAL I, AT S O PR SR TTOBR S D R
Fe et R ARGY W s 70 R 00 e A g aot
g R H B DNA B 5 B A e, R
S I8 240 e S22 304k PR A A1 PR R A, O B B
JE PR (39 BE ] DNA B 52 B I 0 HY 64k 5 )
Fi fi 968 2 i v DNA. R AR 70 2 5 I o 4 v
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H HTAIT T 78 OSCC Ay S A 4 i [R) A A7 A5 10
JiE FE N DNA B 2R R i R B R,
CRABP2 . pl6 RUNX3 &5 3 PF iy v HH 56 Ak, B4 S
240 M B4 % 57 L T DNA B S SR B IAR G Foy
IS R i F & #¥ (oral lichen planus , OPL) 3%
A By AN AR Y S B Z A TE 86 A 22 S Y ik Al Bk
L MFE IE #2020 X 86 A5k A 268 &K 43 R AE
Sl B0 5 WoR i Bk R 11 1 A 3Z 4K (an-
giotensin Il typel receptor, AGTR1)JE A, 3 Sk HE FE
PH %% 1% (forkhead box , FOX ) i, 51 FOXI2 T Hif igi ik
(proenkephalin, PENK ) % [X| Jii ) - HH &4k Fl K %
¥ oo -1 (long spread nuclear element-1, LINE1)
BE PR Bl I AL 5 i F B AR B ARG,
TR 7R OSCC % A T4 BIVAF A6 57 ) DNA H
SEAEIG: . Don 551X OSCC 1) DNA H ZEALF5E 1)
Meta 73BT 71 : 43% 1Y J8 34 F77E P16 J3 36+ 19 & H
KA, 39.7% 11 £8 5 A7 5L TR G 2R 1 0 R A
(death-associated protein kinase , DAPK) B IS
HIBEAL , 39.8% i (& A2 7E O ~ 6-H B S LIS -DNA
H L8 R [ 3£ A (O ~ 6-methylguanine-DNA methyl-
transferase , MGMT) Ji3 31 19 /= B 3E 4k 5 fly stk T O,
P16, DAPK I MGMT 25 3 [A] Jii 2l 1 & HY R AL A7 B2
A OSCC 143 FAR&EY o Basu & Y HF 58 &
BT 24> 0SCCAH K 1 DNA F AL BE A, 4 Latexin
(LXN) B35 2 1 154 (ZNF154)  Runt #1555 5% 4
F 1 (Runt - related transcription factor 1, RUNX1) |
CD28 H1 CD80 %A . 5341, DNMT | Tet 2 H 55 [ R
AR a2 O IR SE S 2 RO M MR DA OC A
5 0SCCP*', Supic %' % # 0SCC 241 41 DNMTI
(36.9% ) , DNMT3A (26% ) Fll DNMT3B (23% ) £7-1E 5
Fik, Horh DNMT1 @& R385 S AR B UIHC,
AR OSCC - AT f T fs R &R o
1.2 RNA ¥ 3k4c

RNA H AL 2 15 B A7 RNA &1 ) 60% L)
b, B UL R 6- H3E IR I S (N ~ 6 - methyl-
adenosine, m6A ) MK H L& . m6A H FeAk & i1
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A2 T mRNA Z8 1155 8 5 B 3 R0 37 A 83 X5 9 1%
RNA () Fr A7 A= Yk A%, 245 RNA p9 0T 8y 9 i
¥ BRI A, mT S AR W) B T AN A
225338 IR T A G A A5 . meA H AL Ai
IF) I 52 5] F R A B 7% i [ - T 3 Ak e 7% il 3
(methyltransferase - like protein 3, METTL3) . MET-
TL14 & BE40 Hedf 1 QB EE 1 (Wilms” tumour 1-as-
sociated protein, WTAP) %5 |, 2 H EL AL [ 4n - T JHE
FH 7 2 1 (fat mass and obesity - associated protein,,
FTO) , AIkB [ i &5 H 5 (alkylation repair homologue
5, ALKBHS) % ] LI & m6A &M 4 A & (A [0 : YTH
25 49 38 28 % 85 H (YTH domain containing family,
YTHDF ) /#% AN ¥ — 4% 88 #% 4 H (heterogeneous nu-
clear ribonucleoprotein, hnRNP) %5 | A9 3L [q] i
U RN IAZ h hnRNP C T hnRNP A2B1 435
75T m6A 3L Ak mRNA R 44 A 1 - 55 422 A1
2 ik 1 B 4K JBL miRNA (primary miRNA , pri-miRNA )
0T A ETAAR miRNA ( precursor miRNA , pre—miRNA) s
75 40 JfL 5 Hh YTHDF1/3 F1 YTHDF2 43 51 37 51 m6A
AL mRNA Y B EFIRE A 0 RNA moA HT &1L
16 i 5 i Jg 19 2 2B i J 5 UIRH OC , RIS i 98 440
JiL R 35 5 AR 2RI AL MR T AR Y B 3R SR
T e BT IR ARSI 24555 0 BFSE s Y
e # Bl AF 5 H 3 (methyltransferase-like 3, MET-
TL3) siRNA % 4t n] {25 ) 6T 40 i 4 moA P 21k
I AR S A G 5 A2 22 R R T DL R
BRI 5 RS RE 1 . METTL3 78 35 /N0 i il 9 41
S gy ARk I AT 4 R 1 1 5 M i 28 , METTL3
AL EGFR 4598 L R B mOA M1 , I B4 i #22%
S EL PR BPE . Vu AR SE R meA HT B L
KX DA e 8 40 i f e b E AR D, METTL3
siRNA f% b A i Il /4H 40 il 7T 412 32 40 M 531k, A1
S i 3k METTL3 Al A0 704k . 53 5h, m6A H
BEAAE Wi 38 15 i 88 0y KA RN A 9T TR 24 %5 DA
5, Taketo 25" 5% Ff METTL3 siRNA %% Y& g [ 97 21
JL, 7] UL mOA FH AL K- [, W] s XA 7 (5-
SR MEIE T ) F T BRI =

H AT A A 56 m6A F AR 84 55 0SCC 1Y
fRIEAR D, 28 5 TR B9 3 - Sk 306 i 2 21
(TCGA %4 ) m6A 1 JE fb A1 5C 5 A METTL3 |
WTAP FI YTHDF1 [ 2 15 . 28 T =1 , i H A m6A H
FEALHR DG HE PR R W2 15 22 575 OSCC ZH 21 moA H
B A AH DG K (qRT-PCR £l ) METTL3/METTL14/
WTAP . FTO . YTHDF1/2 55 R ) 32 15 24 3 TH i 5

METTL3 7£ OSCC it 2 m 2R3k, H5 M K/ itk
CLE5 5 7% 15 % UIAE O¢ , METTL3 ] 4 OSCC &
RS SR T PR 2R 5 AR AR S 5 4 R R MET-
TL3 13k & 36 5 @A 3 5 OSCC 41 if iy 14 5 | v e
e AR ZBIT RS 3 UIAH O 5 3 40 IR N AR BRFS A
BT il R AR TR | J bk L 45 RS AR TR L i e S
[l gl 4 55 750 45 iF 5 24 B8 7R METTL3 5 0SCC 1Y &
R R B VIO RNA moA B BB P (R
F1 5T Fl RNA B P S0 00 AR IR B A ks &2 & )
(RNC) 5 R S LB 58 i 7R : METTL3 7] 38 43 m6A
3L AL I 938 ZE IR BMIT ( B-cell-specific moloney mu-
rine leukemia virus insertion site 1), # [r] & 455 BMI1
B, B M OSCC 1 K A % B B i % o
1.3 4E% A RNA

TE N2 5 TR 20 v g 5 A 1 0 g R R A 0
K1 2% ~ 3%, 111 90% LA I [ 56 PG 53 1) RNA R HL
AEAFR RS IIGE, X2 RNA B AESR S RNA ; K
JE /N T 200 A % R A9 RNA FR Ry %6 6% JE g 15
RNAs, f45 : /D T-3 RNA (small interfering RNAs,
siRNAs) , PIWI #H B {E F§ RNA (PIWI - interacting
RNAs, piRNAs) F1 4 /N RNA (microRNA , miRNA)
855 KB R F 200 A T R 19 RNA FR 8 1 88 4w
i RNA (LncRNAs) , % i RNA R & 1 #5532 E 1,
DEH R NA G % SR IE
1.3.1 miRNA miRNA KB 18 ~ 25 ML 1 R 1Y
PABERE % RNA 3 1§ 1) 45 S ¥R JE N A9 3'-UTR,,
1 481 A PR 1) B R () f2 i mRNA [ A 5 — 4>
miRNA A] LI Z A8 i — M R ] 2 2
A~ miRNA P8 45, R4, miRNA 3895 5 A2 1/3 £
o Hh% miRNA [ 3 PR — i b i 7 5%, I 3% 1 ok
Y pri-miRNA £8 15 Drosha i U1 JE i, pre-miRNA , £
2t Dicer B VI IE L2 miRNA ™, KB E
/N miRNA Rk 55 78 22 P00 g i & A ke rh
HE T, & IR N5 0SCC AH & A miRNA
TR T — R 5 R S SR A o2, 1 e
miRNA 35 305 K OSCC 41 U A i 4 it
B, 6] B meta 43 7 A & OSCC miRNA GBS F 6
SCHRT, WAL T A 245 0SCC R AR R R 5E
R M OC B SR miRNA 5 [a] BF X)X 26 5 8 %3k
miRNA 845 OSCC 147 | 1= 78 5% 7 St 25 B A i
— W5, A5 B R OmiR 138 15 Sy 41 5L H vl 41
[a] 845 % 2 K 1 (vimentin , Vim ) /Zeste it K 3% 58 1
[G] 75 4 2 (enhancer of Zeste homolog 2, EZH2)/Ras 7]
T W) 36 R % % A% 52 A (Ras homolog gene family,
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member A, RhoA )/Rho 1 3¢ 25 4 ¥ B 1 (Rho-associ-
ated oiled-coil containing protein kinase 1, ROCK1 3
LB, N85 OSCC 40t I K2 18] B §% fk (epithelial -
mesenchymal transition, EMT) Fl #Il | {7 28 %%
Folte 1520 (QmiR222 J 1o 48 1] 8 SR AL T B AL I 2 (su-
peroxide dismutase 2, SOD2) #ill il OSCC 4} (1) 1= 2%
AE T, B0 ] = W R R 45 6 B EE 1 G2 FE 1A (ATP-
binding cassette superfamily G2 gene, ABCG2) #iJl il
OSCC. 2 i 1y 15 78 70 it 4% 7% B ), [ I 44 v M40 1)
AR I7 U 22 s BmiR-181a AT 38 43 81 ] Twist 5
% bHLH % 5% ] T 1 (Twist family bHLH transcrip-
tion factor 1, Twist1) 3% OSCC 40 it 4146 I7 i 25 .

M EMT R 8% 7 6E 2 ; @ miR99a/100 Fl miRNA-
7 T S e g 4 R AR AE A A T 1 324K (insu-
lin-like growth factor 1 receptor, IGF1R) /Wi Z|. 314 &
M2 2 M #H H (mammalian target of rapamycin,
mTOR ) &5 3L P, $1ll 1] OSCC 41 i Y 14 5, 57375 40
FEIA T @miR21 Hl miR-24 7] 43 538 2 #L ) 15
- P2 I 1 41 R 2 B AU (15-hydroxyprostaglandin de-
hydrogenase , HPGD ) Fl Deadend 1 (DND1)/4f Jifd J#]
HAAR S P B BEL ¥ 2 R 1B (ceyclin-dependent kinase
inhibitor 1B, CDKN1B) it 7 OSCC 4 Jifd iy 3 58
UNSRIS

FAT miRNA © A7 B89 75 22 8 VE i 112 W

0SCC
' | ! I I
miR-222 — SOD2 <= C-myc miR-138 miR-181a miR-99a miR-21
| | miR 7 miR-24
ABCG2 H:i)z | 1 |_—|—_|
ROCK1 EZH2 MAP2K1
MAPK4 RhoA zipz T ki
IGFIR
Snai2 Vi mTOR
BN HPGD
o DND1
CDKNIB
Chemo- Chetto-
resistence > Metastasis *+————s res?st:nce Proliferation

miR: mirco-RNA; OSCC: oral squamous cell carcinoma; ABCG2: ATP-binding cassette superfamily G2 gene; SOD2: superoxide dismutase 2;

MAPK1: mitogen-activated protein kinase 1; Vim: vimentin; E-cad: E-Cadherin; Snai2: snail family zinc finger 2; EMT: epithelial-mesenchymal

transition; CSC: cancer stem cell; Bmil: B-cell-specific Moloney murine leukemia virus insertion site 1; ROCK1: Rho-associated oiled-coil con-

taining protein kinase 1; RhoA: Ras homolog gene family, member A; EZH2: enhancer of Zeste homolog 2; ZEB2: Zinc finger E-box-binding ho-

meobox 2; Twistl: Twist family bHLH transcription factor 1; MAP2K1: mitogen-activated protein kinase 1 interacting protein 1; IGF1R: insulin-

like growth factor 1 receptor; mTOR: mammalian target of rapamycin; HPGD: 15-hydroxyprostaglandin dehydrogenase; DND1: Deadend 1; CD-

KN1B: cyclin-dependent kinase inhibitor 1B

Figure 1 ~ Mechanism of miRNAs regulating the proliferation, invasion, metastasis and drug resistance of OSCC

1 miRNA J8 45 1M SRDR 290 938 38 5 | AR 28 56 7% S Tt 25 AL 1 B F 5

FRIT AR B, 2B A AL AR 38 DL L iiF 5% 45 L I
JE& T R I PRAJE 5%« DK FH qRT-PCR A I 11 i 26
JIES )6 7% 200 miRNAs 19 38 7KF , 45 3R 878 0SCC
JIbi 7% 410 Jifd miR-21 . miR-100 , miR-375 Al miR-125b 4§
S R GA  BEALAR AR F 532 [m] A B (classifi-
cation and regression trees, CART) #& 7l 43 #1 ¥4 5 /R
miR-21 Fl miR-375 W E & OSCC (2 Wibric ¥ , i
ZH A TN T s 9 1 BUEREE M 100% , 58 57 N 64%

A I miR-21/miR-375 41 & 1l AF A i 2 0SCC /Y )y
R B PR AN, AT R AR AL S T
)7 @ % JH qRT-PCR K5 1ll OSCC Il 74 miR-
NAs [ 335K, 455 R ML7E miR-31 78 0SCC &
H AR AR A E LR ARG Z
V] A7 R 25 5, B TR I A AR B 7R 5 i ik

miRNAs 4145 7] A 2L X 43 OSCC 5 1E # R,
ROC #h£k F i BL(AUC) K 0.776 , 12 Wi i 75y « logit
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[oral cancer ]=-5.816+(0.608x A Ct"***)-(0.659x A
Ct"™ 1) + (0.228 x A Ct"" " - (0.475x A Ct"™™ ') +
(0.349x A Ct™7) | HAi2 Wy 2 SR FNRe 53 5 40 5ol o
76.8% F1 73.6% ; #E — 25 INi N IR T 98 55 F A% A
(patient-derived xenograft , PDX ) £5% 75 5 4 450 4 46 1
miR-31 8 S IE TP AR, 45 R /R miR-31 Al i 2%
074 B AR 1 A= 4, 2 491 PDX AR HRY B 3I98E R 5 591
37.5%F1 49.5% ; Z W FEHE 7R ML1E bR & 4 miR-31 7]
1 OSCC Al Sz A5 9, T OSCC 12 W Ry 2%
W, [FES miR-31 AT AEA OSCC A7 A,
1.3.2 siRNA/SshRNA siRNA &—2520 ~ 25 M
MR K JE () BU4%E RNA (dsRNA ) , 3% 2 5 RNA T3
(RNAD) BE %, DA% — 19 Oy 2 i) 4 e 56 1R 10 3R
ik, shRNA (short hairpin RNA) E— K E A %k
RIH RNA JEH, B 8 T RNA P00 SR8 5L A
H£235 ., H T siRNA/ShRNA B AE K — A58 T
H H T W58 R 5L R A7 o & A kR v i 1
FRE [l B B R FH 45 Fh AR A T e S A 1
AT S BB N % AR TR T 24
FERTE OSCC & A & J v i A FH B HLHL I i iF 5%
40,45 FF 54 B 92 1 3 (phosphataseof regenerating liv-
er, PRL) 4k & (chemerin ) 45,

1.3.3 piRNA piRNA & — KK 26 ~ 31 nt 1
eSS RNA, 7 5 PIWL & (1 45 &, B U R 15
FUTER B A W0 (RISC) A 45 % S SE R LR 81 5+
Yt M ZE R A 50 R T 0 D 4% . 3T 4 R i
5% & B piRNA 75 2 Fum 20 3k 5, 5 g
1) A ke TR B VAR O, A7 5 R IR 12 I F
BT AT A, BT OC OSCC piRNAs R 5
B Wu B8R AR AT 4 S s k- 1- 4
191 (4NQO )i T 11 OSCC B AY , R BL T 14 4~ E A
) piRNAs F1435 /1~ & BLAY piRNAs 25 5 ik, H
H1260 1~ F AN 1894~ . HETiA AR & IA piR-
NAs 78 F g & A= % e b ) T RERF 5% .

1.3.4 LncRNA LncRNAs 1] 434 1E 3 IncRNA | J%
X IncRNA B[] IncRNA | 38 A A IncRNA F1 3 K] [1]
IncRNA ; BLA 58 19 A B RE , 4045 « O 18 1 3
RNA R4 B 11 A5 1755 G £, 5t o 44 2 0 sl 41 i
TR A £ K ; @5 pre-mRNA 4222, 4L 81 $2
A B F AV A5 U, MATT = AR K [H] 9 mRNA B9
P55 5k W) 5 35 miRNA 4545, 5 2 miRNA U] fE T
2R @A) N T A siRNAs, %%, IncRNAs 7] DA7E#G 5% |
e S R DL B 3R WL 3t A% /KT 45 22 )2 U s R TR 3R
ik, RS SR A K R B UL 5 kR

JE R, I AR SR KA B STAIE S IneRNA ik KF 5
Z PO VE R Y R A R R IR G, Tang
22 B OSCC 4140 HOTAIR £ 55 4634, HL5 i
TNM 7331 J T 5 AH O, 5278 e v HOX B 5 Je X
RNA (HOX transcript antisense RNA , HOTAIR) F1 fifi
I 5 B AH O S 7R 1 (metastasis-associated lung ade-
nocarcinoma transcript 1, MALAT-1) 5 5535, H
HOTAIR (1335 S VIMC, I, HOTAIR A1
RN OSCC 2 WM B B9 bR 5 509748, 6]
IS I Inc RN As A 42 AT A 2 OSCC JE B At Y
Wik WS R IR b BOEAR L 1 (Uro-
thelial carcinoma associated 1, UCA1) A £ & miR -
184 (143 F- 145 , P45 SF1 33k , {2 3 0SCC 4l L ity
RagE SIS T 25
1.3.5 ¥HK RNA (circular RNA, circRNA)  circRNA
J&— AR Al F miRNA Fl IncRNA (1 2& 4 J 45 264R
JE4mAS RNA , 7] 43y 32 OFFAE T A T, il 4h
BT H Y cireRNA s @FF7E T AR, i N &
T Y cireRNA ; @4 5 4 i T Z A & F 1Y
circRNA . circRNA FJ /2 miRNA 19 “7r 407,
T A PELE A miRNA , % B miRNA X JC 80 4] () 410
A, DT e I 4 b R SR . A
O A 1F 2 T circRNA 76 I8 & A= % J /e Y
WESE L A B A TR 2 W MG 7 e ik — b 4 Y
SRR AR AR T 7R cireRNA 7E OS-
CC AR e R B 2 AT, Li 45 BE 5 i/ 0SCC
LU circ0004491 3K W35 F [ IR RIB 5k
LG RS B YT 3 | circ000449 j3t 3 34 1T 1) il 0SCC
L AR ZEFNTEFEBE T o Fan S WAL R cir-
cMANTA2 AT OSCC 1Y 52 K RIS L5 b i ) o
1.4 %k Gisih

HEH R OTTREEARLSHEN, HEA
16 i 2 48 4 AR TR AR DG B AE T T & A S Al Y
SAb wEm AL R IRAE iz R AL UL B ADP B BE R
TG Y 3k R, H b DL 2T A R0 Y Ak B o o
B E BT DNA B3 5% B DL 5
B, CHCRABAMENRS 5SHEAE
M R A e kA A 2H AR B S L
B2 R 1 ST AL G A T A A S
141 HEH WAL 4HEH Mk iR O 1Y i
N 1 £ AL T (histone acetyltransferases , HAT)
2 L WAL (histone deacetylase , HDAC) , & 1kt
SEAHE AN BT . HATs flEfL QWAL TS
220 A R TR 5% , 985 T DNA 54 2 Y 2R
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FT ), A e 0 J5T 45 R AR AN R, DT A2 28 A DG ik AT Y
% 5% s HDACs W RE 0 4% A = FR AR AL 1Y S BE AL , T2 E
Qe o FT ) BUR AL . IR S IRALIB Y 52 5
VEZ G Mo AR M P BRI 55 P % VDA
KM, HHETA OC 0SCC 21 4 B M 1Y B 5% 2 2 4R
FAE HDAC 58 %' Rastogi 2 “/F 5¢ 8.7k OSCC
B H HDACY 15 035 JH iR , HDACO 3Rk 8 4 5
A LEAF FE U R B HDACO AT 8L 1] 3 42 JUL 40 i 33
58 Kl 2 (myocyte enhancer factor 2, MEF2) 330N
A MEF2D , I 80 0SCC 1 &A= K e . 2B 75 TR
RS , HDAC A ——T W #y nl ek 35 1 1
OSCC A By 5, 15 - 2 Jo 00 GBI REL
142 HEH WA 4HEA B & R
TERG 2R A =R E R B mE ] .
oAb B S SET 45 4 385 % 21 28 11 Y R 5% 7% il
(histone methyltransferases, HMTs ) f# {k , £ 45 21 &
P 5 2 R L A RS I (HKMITs ) FN 4 25 RS i
SEHE RSB (PRMTs ) o 4185 F1 5 W AL R Ay
Tl A A < 8 R A e M 1 28 2R 1 25 R LSD
F1 Jumonji % & B FEAL T (Jumonji domain-contain-
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