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B - Hb AR IR A % B AR iir (alpha thalassemia/mental retardation , X-linked , ATRX) %l 12 ¥ 11 Ji 92 4] it 1) 43
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[ Abstract] Oral cancer is one of the most common malignancies in the head and neck regions. few patients benefit
from current clinical therapy. Zinc finger proteins (ZNFs) are one of the largest transcription factor family proteins in the

human genome. ZNFs bind to DNA, RNA, and proteins through their unique three-dimensional structure created by zinc
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ions to regulate gene transcription, RNA packaging, and protein folding. In recent years, the number of studies focused
on the functional mechanism of ZNFs in regulating the progression of oral cancer has been increasing, with focuses on:
(@D ZNF677, ZNF460, ZNF154, ZNF132, ZNF281, Kaiso, and ZNF582, which regulate the invasion and metastasis of
tumor cells; @) ZNF750 and PEST-containing nuclear protein (PCNP), which regulate the cell cycle; @) ZNFs, which
are involved in forming the tumor immune microenvironment, such as ZNF71 and myeloid zinc finger 1 (MZF1). For
example, methylation modification modulates the reduction of ZNF677 in oral cancer and reduces the proliferation,
migration, and invasion of oral cancer cells by inhibiting the protein kinase B/forkhead box 03a (AKT/FOX03a) path-
way; and ZNF460 promotes the proliferation, migration, and invasion of oral cancer cells by regulating microRNA-320a/
alpha thalassemia/mental retardation, X-linked (ATRX) axis. In addition, ZNF750 inhibits the growth and metastasis of
oral cancer by suppressing cell cycle transcription factor activity. Further, ZNF71 promotes the progression of oral can-
cer by reducing the infiltration of tumor immune cells. In this review, we will summarize the molecular mechanism, regu-
latory meshwork, and pro-tumor and anti-tumor roles of ZNFs in the pathogenesis of oral cancer. Our study may provide
a new strategy for the diagnosis and treatment of oral cancer.

[Key words] zinc finger protein; oral cancer; tumor cells; tumor microenvironment; tumor immunity; tumor
therapy
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48 & H (zinc finger proteins , ZNFs ) J& H % 4=
PR A i PR EA R Z —, W AR
Hh e K He sk F HZIRE H Z— . ZNF )2
BT R A 3R AR PHOTClE ELAT T35 AR 25 0 ) B S 1A
FIAY . B4 1k, C4HMGE T 8 M AR R
ZNFs, f03525 C2H2 B\ Zn2Cys6 B &5 35 3% 5 7% 45
AL FELARAL 2 TAZ2 A BB 145 4 40 I R A
G BB A BB 5 IOF ) R b R
FIZH A TRIRIE 2% A, 9 ZNFs 4R 46 T 3R 1 = 2
P AL T ZNFs 38 i =4k D) R 45 A8 P H g
g32Eie, ZNFs Z 5B A & F il AR
M T2 f 2R A B BRI

iRl T ZNFs 76 I ik e fi g8 b i/ Y . |
HIRGE 92 5 1 g 2F R 19 ZNFs 445 : O W45 b
o8 4N 45 28 1 7% 19 ZNF677 . ZNF460 . ZNF154 Fil
ZNF132 . ZNF281 | Kaiso 1 ZNF582; ) ¥ ¥ 4 Jits J#]
W 1Y ZNF750 115 PEST B9 #% 46 (1 (PEST-containing
nuclear protein, PCNP) ; @2 5 Jif & 2 5 i 38 53 JE
B ) ZNFT1 Fi &6 48 BE F5 1 (myeloid zinc finger 1,
MZF1) ., Ht, 3T Bk ZNFs eI 025, A
SCXFZNFs 2 5 1 Jis i b e (R VR AL EA T 2550 o

1 A= B 4R RS R FS B ZNFs
1.1 ZNF677

ZNF677 J2 Kruppel C2H2 %I ZNFs 52 i i — Bt .
ZNF677 A g i Jg 400 ) D 3~ 38 5 4100 ) AKTT 9l 192 1k
T E R B g 10 % A ZNF6TT A8 JR K 1 IR R R
R I 5 4R 2R I DR AR AR ARG AR
ML HE Hr , ZNF677 388 1o 4 i J] 30T S 1 4 5
il Al -7 3 (cyclin - dependent kinase inhibitor 3, CD-
KN3) %% 5% 2 A5G0 IR DI BE , m6A {21 - 5 ZNF677
15 40 M 9 202U IR AT 5 IR AN B
Kol ZNF67T 4E OSCC PR3 1k, A i H S 4k
K, ZNF6T7T 3 3 40 1 22 SRR /9 R Y S Sk
&% % ] F 03a(protein kinase B/forkhead box O3a,
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AKT/FOXO03a) i # i /> OSCC 41 ffd () 3% 58 | 1T # F
122817, AKT/FOXO3a i #1195 5 0T 7T 38 2o {2
A 1 R R ) O T A SR e R ) S M R B A
AKT/FOXO03a il #% i v] fig 5 Al {5 5 38 B% 505 +
FEAE I, #E AR AKT/FOXO03a i P4 1Y iR
I RS A 1 IR 9T W 1), i — IR AR R
1 98 W ZNF677 5 AKT/FOXO3a il % 22 [6] it A 1.
YEFIOCZ , DL B e TRt i g i e 1) il 45 4 A B 1
A T M PR T R T R R AL A R R R A
7 PR Ak B A HS K .
1.2 ZNF460

ZNFA60 #4185 B 6 2 PR HE & I L L
9 N 45 N g W 0 JR AR OG0 7 OSCC H, ZNF460
AI DL FRR RNA 2R iR B0 Ak 1 [ (Cir-
c¢RNA mitochondrial tRNA translation optimization 1,
CireMTO1) &3k I, 38 3 microRNA-320a/X 3% 4l a-
M R BT A A & B AR i (alpha thalassemia/mental
retardation , X-linked , ATRX) i fi #f OSCC 41 fits 11 3%
B GER RIRZE, AR, OF JE AR & OSCC Y fE B
P2, F 8 % ZNF460 miRNA #9245 8 7] fig 2 54
i 0SCcC!®!,
1.3 ZNF154 #= ZNF132

T Sk Z00 300 5 1K 21 it 956 (head and neck squamous
cell carcinoma, HNSCC) , H J& 1k B X ZNF154 Fl
ZNF132 78 HNSCC g 2 rp ) Rk I 5 A 1
SR AR GG IE A S, ZNF154 27 T Y (afk
19q13 |19 Kruppel % ZNFs [ o 721 2% 1 M
o, DNA W13 {6 2 T 0 ZNF154 (1) 3 k0
ZNF 154 1 Ay S5 W s o983 4100 ) DAL, 38 2o 900 ) Win/
B-catenin {55 5 3 [ 1Y U5 BEL BT I iz 200 ] 7 o
fk (epithelial-mesenchymaltransition , EMT ) /i 5 f*) fif
N N A N o = W= R N B LR
(esophageal squamous carcinoma, ESCC) H1 , ZNF154
i ok 2 5 R A5 A0 MR B L p53 AE S i T I Wnw/B -
catenin {5 5 18 B 75 20 B %) 4 58 A0 B2 o B b A 18
HEAE

ZNF132 i T YL 04K 19q13.4 |, & W 34kl
il B 45 e S DR 7R S PR EE 11 1 (specificity protein 1,
Spl) 5 ZNF132 J5 sl F X 3R ) 45 &, BE 3R ZNF132 1)
53X RS, T R ESCC P ZNF132 &3k T
ZNF132 {335 7] LA 3 T 5 ESCC 4l iy A= & (i
B Z2HE ), W35 Th e 40 M i BOg v

ZNF154 F1 ZNF132 1£ HNSCC H i ¥ 16 4> T HL
il S AE R8s W B FR 7 0 i R WA 2

T AR I FE AR B R R B R S ol
Ao G 0 i e AR O PR ) R AR K P ZNF 154 Al
ZNF132 Al fEAF A 11 Jh o 4R 28 e B i A s, O 1
S T BURNA T SR AR
1.4 7ZNF281

ZNF281 FE 2544 AT DU~ C2H2 BUBES S5 F Ik o
VFZ W90 K B ZNF281 HE A 1 b 5 i og 9 % 2k
Fe RS AN LTS ARG o 6 T 40 8 v, ZNF281 3
ok 1 ) A P R TR 1/ S 0 T A 8 B ) TS
PR -y FE G TR T 1o/ 2R AR FS 5 FF A (nuclear re-
spiratory factor 1/peroxisome proliferator-activated re-
ceptor vy coactivator-1a/mitochondrial transcription fac-
tor A, NRF1/PGC-1a/TFAM ) fill 67 42 L R 14 A= 49 )
AE et IR O AR 2R NG AL o ZNF281 £E 45 B I
2H 2 rh g 2638 138 1 Wit/ B -catenin 8 A2 7F i @
LA IG5 TR AR 2R TEFLIE T, ZNF281
3 Ao ] X 218 2 2 H AP A 2 (X-ray repair
cross complementing 2, XRCC2) Fl X £ 1& & 52 X H.
AP A 4(X-ray repair cross complementing 4, XRCC4)
f B A HE DNA 15405 5 W 2 -5 40 ) 35 4% 5 A
PR SR o SR, H AT XX ZNF281 7E 0SCC 4
G Y SRR K HEAT T AR E , LR A B i AN ]
i, NRF1/PGC-1a/TFAM %2 — 4> 4 1 3 4%
W2, W R EORAR DI RE | RE & AU DL 20 i B
VBRI, %k 24 43 A0 i A 285 R 00 B 58 TR ) 8 R
B ZRRA T RE SR U | BE B AU S I DNA 1543
16 52 e I 55 T T BB 2 11 R BRI R IR
ZNF281 J& 75 i i NRF1/PGC-1a/TFAM Hli /1 3 11 2
o O SR ik — 2B AT Wnt/B-cateniniEJ@%E/‘J
S H O AT RE S G R AR AN M R A T 2 S
A W o Z I 54 H Wnt/B-catenin 1 f 2 5
1 988 1) 32E JR | T ZNF281 4 5 11 i 8 32F Je 1) L il
JE 75 32 ) Wnt/B-catenin 18 #1498 424 15 9F — 2B IR
K o XRCC2 Fl XRCC4 1 2 DNA 4 7 18 52 4 56 Y
LA, 70 4 A 20 1 AR i A B 1k B PR 98 A8 Oy T 4%
KA . Y205 RaE T XRCC2 Fl XRCC4 2
5 Z MRt R R HHRRS S DR
PERE M A R IE. L, A XRCC2 Al XRCC4 ) 5
Ty RE & B80T ZNF281 5 M iR B 5B 2
[ (4 SCIK , T By 1 JE i R R T3 By S A s
1.5 Kaiso

Kaiso £ 42— 28 B 1 5% S o) [ 5~ h —
ANBE G 3R 4SS H O — A BTB/POZ 25 #4241
Z 50 S MR R UH T B FE AR AE 4
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R Kaiso H A #9 F1 850 09 SCE AR L 2R
B AN ) S0 ek 9 v 3 G AT 1% A7 A HE A AR
Ao Kaiso A AE Ky 1 41| it i EMT 1 %% %% 1) 9 5 A
T2 A B g A B ) SR R MR 2R T TR
HEUR A ML Z T, Kaiso FIAHE N, miR-4262 7] 3 o
BT VA Kaiso Al By #5098 240 i A9 78 A EMT™
11 Kaiso AT P 2 Ab 5 1K 5 350 1 3 s 1 4 R
7E F s a5 230, 5 1EH BE A I, Kaiso 7£
1 i £ IR rp ) 63k B 3 F Y Kaiso 76 M I8
It T B R B R AR AR RS A E
1.6 ZNF582

WE 7 1% 38 7% 2 Fh g b & B ZNFS582 iy H gk
b, I 55 g o R MO R TS A7 6 . 7R ESCC
ESCC fih 953 20 21 v iy ZNF582 B e Ak 7K 3 & & 5 T
o gl A, 7E SRR T, ZNF582 L
DL i 9875 26 B> T Nectin-3 19 4 5% 42 3 200
FEMFE R, T O s b ZNFS82 ik 5 M g
FE AR 22 MR IE R A R TS A R, Aok i F
58 ] DLk — 4R T ZNF582 15 11 5 98 o JE A% 7%
T A3 FHIL

2 EEAREEEI R ZNFs
2.1 ZNF750

ZNF750 & — P 2E i 5L 4, 72 OSce i &
FEGUI IR AR o ZNF750 38 2 300 1 20 A ) 300 5 S
T 1 S OSCC iy A K i RS ZNFT750 1] DL
sCIRuEit I (ISR o N 1K= 9 R o N v R a1 0=
B 231~ F1 CD44 55 9 15 I 98 SR B 3 il 0SCC i) %
P B ZNFT750 i 7T 38 i BB I 2R % B A
W & v2 (laminin subunit gamma 2 gene, LAMC2) iy
J5 i R A1 ] 5 R 200 e g A0 L ) 3RS L AL HIN-
SCC™; b Ah , ZNF750 A] i B OSCC + 4 i+ 3% Y
AT 00 46 ek R 42 A AL R 1 R A R R %
B Z A5 5 B 1 R 4% BBt 7E B 98 ZNF750 X
1R gt 9 5% Wi ), ] BB 22 25 25 6 A OG5 1% 19
FHE SZ M, TR AER VT E AT 22 18] B AH B AR I HLED , 3
WA Bh T B 4 v S B LR A ML
2.2 A PEST#HES

& PEST 19 #% & H (PEST-containing nuclear pro-
tein, PCNP) J& — 37 %1 i) ZNFs , 2 55 8 45 41 Jifd J)
Wi, g HUR AR B, PONP (0 36 34 1] 3 i 3%
T F R 98 20 i P 9 ERK/INK/p38 i % 9 445 40 it
PR T, 3 A A ) FEOBR B a4 S Wnt/B-catenin
I [ AR T A AR W DT 2D T T e 4 ) 1

BT MR ZR . SR AE BN B0, PCNP 38 i
4TS Wnt/B-catenin {5 5 3 B Al EMT fi #F 51 5 57 i
g, Had FRIR S5 WS A BAHK ™, Zhang %5 05
F W], PCNP (138 35 5 0SCC 11 43 Ak it 32 ik 124 25
R, IEWITEMT , Wnt/B-catenin 18 1% 5 £
20 38 FE o AR T, 9K T2 B Y S O
BN L ) S S BE AU AE ) AR 0sce
Xt Wnt/B -catenin 8 #5410 il 7] fE 52 81 PCNP B9 T
A B X8 T2 36 JH 1) e 00 1) SR W A A5 40 1) Wt FC AR
B2k BB 2 AR D RE Tk [3-catenin B e P
SOEPESE o PR IR T X — 3 1Y 9 45 L
B AR TV g A v B9 AR T O6F T R R T
TR HATEZ R Lo

3 SE5MERERIMNER R ZNFs
3.1 ZNF71

ZNF71 B Mg R FE I F-- o (tumor necrosis factor
-, TNF-o) 153 R IKTF S5 Z R I 0 kB R
ZNF71 78 A\ W 85 1R 20 ffd 98 (laryngeal squamous cell
carcinoma, LSCC) 4 4 rh 3R 3K T I, 38 & 41 T b g
2 i =[] 1 55 %8 3 e AR e PR 4 1% 5 i Ok R 4
LSCC ) & &1, Kruppel A 5% & ( Kruppel-associat-
ed box, KRAB) /& 7 7 T ZNFs ¥ 5% K 7 v iy 7 5
S5 F B, ZNF71 KRAB £E AR /N4 il fifi 2 (non-
small cell lung cancer, NSCLC) W £k KT &, 5
EMT 1Y 7 #2 AH ¢, I 3 4 v 5 b Jgg i 24 {2 i
NSCLC Hy & o AT 58 A 8L ZNFT1 ££ OSCC H
Hh ) e 3k G ARG, BT ) 2 P AR TR AR s —
Jy Al > 1 Eﬁﬁé’iﬁ@%ﬁ%(herpes simplex virus
1, HSV1) (B0 i OSCC 3 & 5 55 — J 1 v] i 2>
i 962 f 92 40 B 1% 322 9 412 3 OSCC iy g, SR iy H R
PR 4 BIL TR AT oK B B 7R TR P, ZNFT1 2
70 38 2 R A e 4 L5 o e R IO A L R AR DG AR
SO FA AR S5 H R 0 R AR
ZNFT1J 1538 1 EMT 98 55 1 1198 1) 1T 7% A= 2% 1
ARt — W90 . T8 1 i o SR R AL b BR
T ZNFT71AE I 20 b 9 53 1k K ZNFT1 Y
m PR R EEEN . SIEFHEAML, A
JIE 98 J8 T g 72 R i R A B D 9 R ZH BURE A v
ZNF71 ) B AR K- B R Tkt o DA, 6 7 e
BOREAHEAT ZNFT1 AR50 Hr nT AR Sy 11 938 i IR
B — A AR R AR T B
3.2 MZF1

B 48 B4 1 (MZF1) 5 SCAN 45 44 f % B 45 &
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P13 53 PR 0 A DA, 2 AT o ZFP Y — N IE 5K
JoEt el MZF1 YRI5 b U8 FI/ i s nl i 5 40 i 2k
K GEB R ZE T MZF1 i 23K /) BT 41 A g 52 BR
G A0 T G R, I T 30 e RO A e R AR A
P4 4 (cyclin-dependent kinase 4, CDK4) /il % PD-L1
ZFAE . ZWF LR MZF1 ] LA 3E 50 0 |
CERINEREN RN RN R R R RN S R 2
Aot SR AE T 5 BR 4 L (tongue squamous cell
carcinoma, TSCC) W, A5 il 5% #8 i /&5 3k MZF1 1
TSCC 8 Tlm b, I Z BilJR B2 1. SpEinyy
I 3 VTR AL AR B B R G ok Mt e R A, 2
SRR A R R — PGB T R . IEE SO T, S
922 200 L BB 06 DR R 3 1) 3 B BB 7, LA XA P AT
AE Hh BL A DR B S Ty o R BT S
922 240 TR T30 e 938 7 1 00 L DL - TR0 O 25 s e g
YA . SR IR A AR AT AT B 8 8 Ao 45 A AL i 2k
A P22 200 M P e L A Xl B AT R e A A D Y
200 S B AR o B2 I TR AN T L e g A
PEAI A DR 1 35 5 g 0 U T B B RE AR O S T
AP0 0 40 B 10 20 g S 300 A, S B0 Se i A i
B 5E sz B0 DI RE T K, DT TV AT 0 R

ZNF460 (@ ATRX axis ~

(Y ]
ZNF281 k._,-) Wnt/B-catenin pathway ~

f' -r Down-regulated in patients
Kaiso X&:})

with oral cancer

Migration and invation

@ G
ZNF582°\ 4D Associates with

s/ invasiveness and poor
prognosis Cell cycle
M
G,
ZNF71 ('.. Reduce tumor immune cells

V\g,:.\

Pro-tumor

) N g *
Negative association with N "y PCNP

tumor differentiation and lymph &

AN . CDKA ARy 40 Jf J B 4 1) G 7, 5
20 384 5 L A Ak B R T S AR AR B A O
R IE , CDK4 14 1 7T BE 52 Wi Ge B8 1R 97 IR . 4%
1M, MZF1 5 CDK4 D) J& G838 97 2 18] 09 A B4
BL I 1 A 52 4= B B, AS [ 190 Jie 9 28 U R AS 4k 22 57
W] BE 5 W CDK4 7E S 88697 i E AT . Rk, R
e BB FE 0T LITR A 42 [ Hb 44 3 MZF1 Fl CDK4 K
by 41 7 ) B 1 e E TR YT 2 R A R 4R 4%, I
Sk AR IR IR T B R R i SRR

4 N B

ZNFs 15 R i sk IR F R R) R 2 —
AN ZNFs 76 1 s 988 09 & A v R AR TR I PE
Z: 5 AT 1 I U8 P AL L BT R PR AR 9 sl e AR
FHCE 1), H ot , ZNF677 . ZNF460 . ZNF154 Fil
ZNF132 . ZNF281  Kaiso Fll ZNF582 i i 2 55 i 4 fih
Jo 2 0452 28 RNE RS S0 1 s i VEJR L T ZNF750
FI PCNP 3= %238 1o 18 45 200 it J&] 19 52 v 11 s s 40
MY T oAb SR T4 AR . b, ZNF71 Fi MZF1
30 Ao 3R 4 e 98 AP S e 928 440 B P 34 5 IS 2 5 b
T8 A PE IR BT W W 11 B 1 & A2 K JR . ZNFs

2 ZNFs play both pro-tu-
. AKT/FOXO3a pathway N-JZNF677

mor and anti - tumor

) roles in the develop-

Tumor suppression \g;!t}ZNF 154 jnent of oral cancer. (1)
A ZNF460, ZNF281, Kai-
X@}'QZN'FID so, and ZNF582 regu-

late the invasion and

Inhibiting the trans-
activation of LAMC2 | mEadess  of  umaer

Tumor suppression

L . cells to promote the de-
Inhibiting cell cycle activating @UZNH 50

transcription factor E2F2 velopment of oral can-
cer; however, ZNF677,
ZNF154, ZNF132, and

B ZNF750 suppress the

N (Y -
Reduce HSV1 infection (&:.& ZNF7] 1nvasion and metasta-

sis of oral cancer. (2)

Low expression associated \g}b MZF1 ZNF750 and PCNP reg-

with poor OS ulate the cell cycle by

Anti-tumor inhibiting the progres-

Tumor microenvironment

sion of oral cancer. (3)

ZNF71 promotes oral cancer by reducing the infiltrating immune cells, while ZNF71 and MZF1 inhibit tumor progression by modulating the tu-

mor immune microenvironment. ZNFs: zinc finger proteins; ATRX: alpha thalassemia/mental retardation, X-linked; FOXO3a: Forkhead box O3a;

LAMC2: laminin subunit gamma 2 Gene; E2F2: E2F transcription factor 2; PCNP: PEST-containing nuclear protein; HSV1: Herpes simplex virus

1; OS: overall survival; MZF1: myeloid zinc finger 1

Figure I  The roles of ZNFs in the development of oral cancer
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HAEREmMZE, b TH— 2 imeil s
Ji g 1) K ST 4 T IR AR 9T ZNF's 7 1111 98 410 i
988 20 20 v ) Fe 3R A A T RE R AR DL RS 1
958 25 W0 36 T B AR 56 1 i 8 TR 25 AL ) 22 1) 9 5%
B BEAb, I 5T ZNFs 520 B 30 78 B A 28
Jo HEMA A5 5 0 09 A B AR L 45 A B T8
71 ZNFs 76 F 9 K rh 2R G R
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