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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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ZNF132 . ZNF281 | Kaiso 1 ZNF582; ) ¥ ¥ 4 Jits J#]
W 1Y ZNF750 115 PEST B9 #% 46 (1 (PEST-containing
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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 e 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 M 45 o g W 0 R AR OG0 A OSCC i, ZNF460
AI DL FRR RNA 2R iR B0 Ak 1 [ (Cir-
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CireMTO1) &3k I, 38 3 microRNA-320a/X 3% 4l a-
M R BT A A & B AR i (alpha thalassemia/mental
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B GER RIRZE, AR, O JE R & OSCC 1 fE B
P2, F 8 % ZNF460 miRNA #9245 8 7] fig 2 54
i 0SCC!®!,
1.3 ZNF154 #= ZNF132
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fk (epithelial-mesenchymaltransition , EMT ) /i 5 f*) fif
A OO A N o = W= R N B R
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i ok 2 5 R A5 A0 MR B L p53 AE S i T I Wnw/B -
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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 Y (R 2R NG AL > ZNF281 £E 45 B I
2H 2 rh g 2638 138 1 Wit/ B -catenin 8 A2 7F i @
LA IG5 TR AR 2R TEFLE 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 24
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 EE BRI R IR
ZNF281 J& 75 i i NRF1/PGC-1a/TFAM Hli /1 3 11 2
o O SR ik — 2B AT Wnt/-catenin @ Y
S H O AT RE S G R AR AN M R A T 2 S
A R o Z I 54 H Wnt/B-catenin 18 # 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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ELHE T VA Kaiso Al By #5098 240 i A9 78 I EMT™
11 Kaiso AT P 2 Ak 56 1K 5 30 I 38 i 1) 4 JRe
7E F s a5 230, 5 1EH BE A I, Kaiso 7£
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ESCC fih 953 20 21 v iy ZNF582 B e Ak 7K 3 & & 5 T
o gl A, 7E SRR, ZNF582 Y L
DL i 9875 26 B> T Nectin-3 19 4 5% 42 3 200
FEIFE R, TE O s b ZNFS82 ik 5 M i
FE AR 22 MR E R A R TS A SR, 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 A OSCC iy A K i #8147 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 BB ZNF750 i 7T 38 i BB 2R E 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 4h , ZNF750 AI i B OSCC + 4 i+ 3% Y
AT 0 46 ek R A2 K RN A RS0, IR 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)
Wisv s e NHUIR AR B, PONP (0 36 38 AT 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 2R SR AE P B0, PCNP 38 i
4TS Wnt/B-catenin {5 5 3 B Al EMT fi #F 51 5 57 i
g, Hoad RIR 5 WU A BAHK ™, Zhang %5 BF 5
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
B L ) S S BE AU T AE 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 £ 5% & ( Kruppel-associat-
ed box, KRAB) /& 7 7 T ZNFs ¥ 5% K 7 v iy 7 5
T 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 -7 o W 58 A 8L ZNFT1 ££ 0SCC 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 TP, 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 Tt DA, 6 77 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
Joetel . MZF1 YRI5 b U8 FI/ i s nl i 5 40 i 2k
K GERB R 7R MZF1 i 23K /) BT 41 i g 52 2R
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
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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
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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
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f' -r Down-regulated in patients
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Pro-tumor
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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
JHCE 1), H v, ZNF677. ZNF460 . ZNF154 #il
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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71 ZNFs 76 F 9 K rh 2R G R

[ Author contributions] Si H draft the article. Feng Y, Yu L designed

the study and revised the article. All authors read and approved the

final manuscript as submitted.

Sk

[1]  Saikia PJ, Pathak L, Mitra S, et al. The emerging role of oral micro-
biota in oral cancer initiation, progression and stemness[J]. Front
Immunol, 2023, 14: 1198269. doi: 10.3389/fimmu.2023.1198269.

[2]  Sarode G, Maniyar N, Sarode SC, et al. Epidemiologic aspects of
oral cancer[J]. Dis Mon, 2020, 66(12): 100988. doi: 10.1016/j.dis-
amonth.2020.100988.

[3] Yang Y, Zhou M, Zeng X, et al. The burden of oral cancer in
China, 1990-2017: an analysis for the global burden of disease, in-
juries, and risk factors study 2017[J]. BMC Oral Health, 2021, 21
(1): 44. doi: 10.1186/512903-020-01386-y.

[4] Bosetti C, Carioli G, Santucci C, et al. Global trends in oral and
pharyngeal cancer incidence and mortality[J]. Int J Cancer, 2020,
147(4): 1040-1049. doi: 10.1002/ijc.32871.

[5] Chen Y, Feng Y, Yan F, et al. A novel immune-related gene signa-
ture to identify the tumor microenvironment and prognose disease
among patients with oral squamous cell carcinoma patients using
ssGSEA: a bioinformatics and biological validation study[J]. Front
Immunol, 2022, 13: 922195. doi: 10.3389/fimmu.2022.922195.

[6] Liu C, Wang M, Zhang H, et al. Tumor microenvironment and im-
munotherapy of oral cancer[J]. Eur ] Med Res, 2022, 27(1): 198.
doi: 10.1186/s40001-022-00835-4.

(71 B, B, TR, A5 . P Sk O 43 A X L) 1

DR 20 MO FR 5 ARLEAT RN MBSO BIG, 2022, 30
(4): 266-271. doi: 10.12016/}.issn.2096-1456.2022.04.006.
Ge SW, Liao SK, Zhan Z]J, et al. Clinical effects of elective neck
dissection on 5-year survival rate of patients with early oral squa-
mous cell carcinomal]J]. J Prev Treat Stomatol Dis, 2022, 30(4):
266-271. doi: 10.12016/}.issn.2096-1456.2022.04.006.

(8] N, BLIRA . I 5 LU ) B I -7 TE A0 0 <O A8 P

5 P AR B BUR )], FUESOR IR, 2023, 31(12): 837-843.
doi: 10.12016/j.issn.2096-1456.2023.12.001.
Wang AX, Huang SJ. Ischemia - reperfusion injury of free tissue
flaps, airway management, and prognosis in oral cancer patients
[J]. J Prev Treat Stomatol Dis, 2023, 31(12): 837 - 843. doi:
10.12016/j.issn.2096-1456.2023.12.001.

[9]  Hassan IU, Rehman HM, Liu Z, et al. Genome-wide identification
and spatiotemporal expression profiling of zine finger SWIM do-
main - conlaining protein family genes|J]. Zool Res, 2023, 44(3):
663-674. doi: 10.24272/j.issn.2095-8137.2022.418.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Bu S, Lv Y, Liu Y, et al. Zinc finger proteins in neuro-related dis-
eases progression[J]. Front Neurosci, 2021, 15: 760567. doi:
10.3389/fnins.2021.760567.

Padjasek M, Kocyta A, Kluska K, et al. Structural zinc binding
sites shaped for greater works: structure-function relations in clas-
sical zinc finger, hook and clasp domains[J]. J Inorg Biochem,
2020, 204: 110955. doi: 10.1016/j.jinorghio.2019.110955.

Liu S, Liu X, Lin X, et al. Zinc finger proteins in the war on gastric
cancer: molecular mechanism and clinical potential[J]. Cells,
2023, 12(9): 1314. doi: 10.3390/cells12091314.

de Tribolet-Hardy J, Thorball CW, Forey R, et al. Genetic features
and genomic targets of human KRAB-zinc finger proteins|[J]. Ge-
nome Res, 2023, 33(8): 1409-1423. doi: 10.1101/gr.277722.123.
Zhao J, Wen D, Zhang S, et al. The role of zinc finger proteins in
malignant tumors[J]. FASEB J, 2023, 37(9): €23157. doi: 10.1096/
{j.202300801R.

Siraj AK, Poyil PK, Parvathareddy SK, et al. Loss of ZNF677 ex-
pression is an independent predictor for distant metastasis in
middle eastern papillary thyroid carcinoma patients[J]. Int J Mol
Sei, 2021, 22(15): 7833. doi: 10.3390/ijms22157833.

Li A, Cao C, Gan Y, et al. ZNF677 suppresses renal cell carci-
noma progression through N6-methyladenosine and transcriptional
repression of CDKN3[J]. Clin Transl Med, 2022, 12(6): €906. doi:
10.1002/¢tm2.906.

Zhang Z, Zhang Y, Hu X, et al. ZNF677 inhibits oral squamous
cell carcinoma growth and tumor stemness by regulating FOXO03a
[J]. Hum Cell, 2023, 36(4): 1464-1476. doi: 10.1007/513577-023-
00910-w.

Zhao TL, Qi Y, Wang YF, et al. 5- methoxytryptophan induced
apoptosis and PI3K/Akt/FoxO3a phosphorylation in colorectal can-
cer[J]. World J Gastroenterol, 2023, 29(47): 6148 - 6160. doi:
10.3748/wjg.v29.147.6148.

Zeng Z, Liang J, Wu L, et al. Exercise -induced autophagy sup-
presses sarcopenia through Akt/mTOR and Akt/FoxO3a signal
pathways and AMPK - mediated mitochondrial quality control[J].
Front Physiol, 2020, 11: 583478. doi: 10.3389/fphys.2020.583478.
An L, Liu Y. ZNF460 mediates epithelial-mesenchymal transition
to promote gastric cancer progression by transactivating APOC1
expression[J]. Exp Cell Res, 2023, 422(2): 113452. doi: 10.1016/].
yexcr.2022.113452.

Hao T, Xu J, Fang S, et al. Overexpression of ZNF460 predicts
worse survival and promotes metastasis through JAK2/STAT3 sig-
naling pathway in patient with colon cancer[J]. J Cancer, 2021, 12
(11): 3198-3208. doi: 10.7150/jca.55079.

Shao X, Zhong L, Chu X, et al. ZNF460-regulated COMMD?7 pro-
motes acute myeloid leukemia proliferation via the NF-«kB signal-
ing pathway[J]. Int J Med Sci, 2023, 20(4): 520-529. doi: 10.7150/
1jms.80047.

Zhang C, Yu Z, Yang S, et al. ZNF460-mediated circRPPH1 pro-
motes TNBC progression through ITGA5-induced FAK/PI3K/AKT
activation in a CeRNA manner[J]. Mol Cancer, 2024, 23(1): 33.
doi: 10.1186/s12943-024-01944-w.



b

ARE&MFGE 20255A $£33% #5H
Journal of Prevention and Treatment for Stomatological Diseases, May 2025, Vol.33 No.5 http://www.kqjbfz.com - 431 -

[24]

[25]

[29]

[30]

(31]

(32]

[34]

(351

[36]

Zou C, Li X, Lv X, et al. Circular RNA mitochondrial translation
optimization 1 homologue (CircMTO1) induced by zinc finger pro-
tein 460 (ZNF460) promotes oral squamous cell carcinoma pro-
gression through the microRNA miR-320a/alpha thalassemia/men-
tal retardation, X-linked (ATRX) axis[J]. Bioengineered, 2021, 12
(2): 9585-9597. doi: 10.1080/21655979.2021.1997699.

Li Z, Fu R, Wen X, et al. Network analysis reveals miRNA cross-
talk between periodontitis and oral squamous cell carcinomal]].
BMC Oral Health, 2023, 23(1): 19. doi: 10.1186/512903 - 022 -
02704-2.

Pearson P, Smith K, Sood N, et al. Kruppel-family zinc finger pro-
teins as emerging epigenetic biomarkers in head and neck squa-
mous cell carcinomalJ]. J Otolaryngol Head Neck Surg, 2023, 52
(1): 41. doi: 10.1186/540463-023-00640-x.

Ebata T, Yamashita S, Takeshima H, et al. DNA methylation
marker to estimate ovarian cancer cell fraction[J]. Med Oncol,
2022, 39(5): 78. doi: 10.1007/512032-022-01679-y.

He W, Lin S, Guo Y, et al. Targeted demethylation at ZNF154 pro-
motor upregulates ZNF154 expression and inhibits the prolifera-
tion and migration of esophageal squamous carcinoma cells[J]. On-
cogene, 2022, 41(40): 4537 - 4546. doi: 10.1038/541388 - 022 -
02366-y.

Hu Y, Qi MF, Xu QL, et al. Candidate tumor suppressor ZNF154
suppresses invasion and metastasis in NPC by inhibiting the EMT
via Wnt/P - catenin signalling[J]. Oncotarget, 2017, 8(49): 85749 -
85758. doi: 10.18632/oncotarget.20479.

Jiang D, He Z, Wang C, et al. Epigenetic silencing of ZNF132 me-
diated by methylation-sensitive Sp1 binding promotes cancer pro-
gression in esophageal squamous cell carcinomalJ]. Cell Death
Dis, 2018, 10(1): 1. doi: 10.1038/541419-018-1236-z.

Zhao Q, Zhang C, Zhang X, et al. ZNF281 inhibits mitochondrial
biogenesis to facilitate metastasis of hepatocellular carcinomalJ].
Cell Death Discov, 2023, 9(1): 396. doi: 10.1038/s41420-023 -
01691-9.

Qin CJ, Bu PL, Zhang Q, et al. ZNF281 regulates cell prolifera-
tion, migration and invasion in colorectal cancer through Wnt/{3 -
catenin signaling[J]. Cell Physiol Biochem, 2019, 52(6): 1503 -
1516. doi: 10.33594/000000104.

Pieraccioli M, Nicolai S, Antonov A, et al. ZNF281 contributes to
the DNA damage response by controlling the expression of
XRCC2 and XRCC4[J]. Oncogene, 2016, 35(20): 2592-2601. doi:
10.1038/0nc.2015.320.

Starzyniska A, Sobocki BK, Sejda A, et al. ZNF-281 as the poten-
tial diagnostic marker of oral squamous cell carcinomalJ]. Cancers
(Basel), 2021, 13(11): 2661. doi: 10.3390/cancers13112661.

Peng SY, Lin LC, Chen SR, et al. Pomegranate extract (POMx) in-
duces mitochondrial dysfunction and apoptosis of oral cancer cells
[JI. Antioxidants(Basel), 2021, 10(7): 1117. doi: 10.3390/an-
tiox10071117.

Liu X, Geng Z, Ding X, et al. Convallatoxin suppresses osteosar-
coma cell proliferation, migration, invasion, and enhances osteo-

genic differentiation by downregulating parathyroid hormone re-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

ceptor 1 (PTHR1) expression and inactivating Wnt/B-catenin path-
way[J]. Bioengineered, 2022, 13(5): 13280-13292. doi: 10.1080/
21655979.2022.2080363.

Singhal SK, Byun JS, Park S, et al. Kaiso (ZBTB33) subcellular
partitioning functionally links LC3A/B, the tumor microenviron-
ment, and breast cancer survival[J]. Commun Biol, 2021, 4(1):
150. doi: 10.1038/s42003-021-01651-y.

Jones J, Wang H, Zhou J, et al. Nuclear Kaiso indicates aggressive
prostate cancers and promotes migration and invasiveness of pros-
tate cancer cells[J]. Am J Pathol, 2012, 181(5): 1836-1846. doi:
10.1016/j.ajpath.2012.08.008.

Feng J. Upregulation of microRNA -4262 targets kaiso (ZBTB33)
to inhibit the proliferation and EMT of cervical cancer cells[J]. On-
col Res, 2018, 26(8): 1215-1225. doi: 10.3727/096504017X15021
536183526.

Tian W, Yuan H, Qin S, et al. Kaiso phosphorylation at threonine
606 leads to its accumulation in the cytoplasm, reducing its tran-
scriptional repression of the tumour suppressor CDH1[J]. Mol On-
col, 2022, 16(17): 3192-3209. doi: 10.1002/1878-0261.13292.
Ahmed S, Khan S, Qureshi MA, et al. Expressional variations of
kaiso: an association with pathological characteristics and field
cancerization of OSCC[J]. BMC Cancer, 2022, 22(1): 990. doi:
10.1186/512885-022-10014-7.

Tang L, Liou YL, Wan ZR, et al. Aberrant DNA methylation of
PAX1 SOX1 and ZNF582 genes as potential biomarkers for
esophageal squamous cell carcinomalJ]. Biomedecine Pharmaco-
ther, 2019, 120: 109488. doi: 10.1016/j.biopha.2019.109488.
Zhao Y, Hong XH, Li K, et al. ZNF582 hypermethylation pro-
motes metastasis of nasopharyngeal carcinoma by regulating the
transcription of adhesion molecules Nectin-3 and NRXN3[J]. Can-
cer Commun, 2020, 40(12): 721-737. doi: 10.1002/cac2.12104.
Prasad M, Veeraraghavan VP, Jayaraman S. Methylated ZNF582:
a therapeutic target in oral cancer|J]. Epigenomics, 2022, 14(22):
1389-1392. doi: 10.2217/epi-2022-0368.

Sun R, Juan YC, Su YF, et al. Hypermethylated PAX1 and
ZNF582 genes in the tissue sample are associated with aggressive
progression of oral squamous cell carcinomalJ]. J Oral Pathol Med,
2020, 49(8): 751-760. doi: 10.1111/jop.13035.

Juan YC, Su YF, Bai CH, et al. ZNF582 hypermethylation as a
prognostic biomarker for malignant transformation of oral lesions
[J]. Oral Dis, 2023, 29(2): 505-514. doi: 10.1111/0di.13946.

Yang HL, Xu C, Yang YK, et al. ZNF750 exerted its antitumor ac-
tion in oral squamous cell carcinoma by regulating E2F2[J]. J Can-
cer, 2021, 12(24): 7266-7276. doi: 10.7150/jca.63919.

Xiao Y, Duan Y, Wang Y, et al. Resveratrol suppresses malignant
progression of oral squamous cell carcinoma cells by inducing the
ZNF750/RAC1 signaling pathway[J]. Bioengineered, 2021, 12(1):
2863-2873. doi: 10.1080/21655979.2021.1940616.

Hazawa M, Lin DC, Handral H, et al. ZNF750 is a lineage-specific
tumour suppressor in squamous cell carcinomalJ]. Oncogene,
2017, 36(16): 2243-2254. doi: 10.1038/0n¢.2016.377.

Xu C, Yang HL, Yang YK, et al. Zinc-finger protein 750 mitigates



- 432 -

b

O &mBAE 2025F5H $33% F5#

Journal of Prevention and Treatment for Stomatological Diseases, May 2025, Vol.33 No.5 http://www.kqjbfz.com

[51]

[52]

[53]

[56]

[57]

[58]

(591

[60]

malignant biological behavior of oral CSC-like cells enriched from
parental CAL - 27 cells[J]. Oncol Lett, 2022, 23(1): 28. doi:
10.3892/01.2021.13146.

Khan NH, Chen HJ, Fan Y, et al. Biology of PEST - containing
nuclear protein: a potential molecular target for cancer research|J].
Front Oncol, 2022, 12: 784597. doi: 10.3389/fonc.2022.784597.
Chen YG, Liu HX, Hong Y, et al. PCNP is a novel regulator of pro-
liferation, migration, and invasion in human thyroid cancer(J]. Int
J Biol Sci, 2022, 18(9): 3605-3620. doi: 10.7150/ijbs.70394.

Dong P, Fu H, Chen L, et al. PCNP promotes ovarian cancer pro-
gression by accelerating 3-catenin nuclear accumulation and trig-
gering EMT transition[J]. J Cell Mol Med, 2020, 24(14): 8221 -
8235. doi: 10.1111/jemm.15491.

Zhang L, Guo D, Shen ], et al. Tissue mechanics modulate PCNP
expression in oral squamous cell carcinomas with different differ-
entiation[J]. Front Oncol, 2023, 12: 1072276. doi: 10.3389/
fonc.2022.1072276.

Liu T, Fan MQ, Xie XX, et al. Activation of CTNNB1 by deubiqui-
tinase UCHL3 - mediated stabilization facilitates bladder cancer
progression[J]. J Transl Med, 2023, 21(1): 656. doi: 10.1186/
$12967-023-04311-3.

Jiang FC, Luo JY, Dang YW, et al. Downregulation of zinc finger
protein 71 in laryngeal squamous cell carcinoma tissues and its po-
tential molecular mechanism and clinical significance: a study
based on immunohistochemistry staining and data mining|[J].
World J Surg Oncol, 2022, 20(1): 359. doi: 10.1186/512957-022-
02823-8.

Ye Q, Mohamed R, Dakhlallah D, et al. Molecular analysis of
ZNF71 KRAB in non-small - cell lung cancer[J]. Int J Mol Sci,
2021, 22(7): 3752. doi: 10.3390/ijms22073752.

Jiang FC, Li GS, Luo JY, et al. Downregulation of zinc finger pro-
tein 71 expression in oral squamous cell carcinoma tissues and its
underlying molecular mechanism[J]. Pathol Res Pract, 2022, 238:
154109. doi: 10.1016/j.prp.2022.154109.

Kabekkodu SP, Chakrabarty S, Varghese VK, et al. Salivary DNA
methylation markers for cancer of oral cavity[J]. Cancer Biomark,
2022, 35(3): 257-268. doi: 10.3233/CBM-220028.

Brix DM, Bundgaard Clemmensen KK, Kallunki T. Zinc finger

transcription factor MZF1-a specific regulator of cancer invasion

[61]

[62]

[63]

[64]

[65]

[66]

[J]. Cells, 2020, 9(1): 223. doi: 10.3390/cells9010223.

Kan A, Liu S, He M, et al. MZF'1 promotes tumour progression and
resistance to anti-PD-L1 antibody treatment in hepatocellular car-
cinomalJ]. JHEP Rep, 2023, 6(1): 100939. doi: 10.1016/].
jhepr.2023.100939.

de Moura EL, Dos Santos ACM, da Silva DM, et al. Association of
polymorphisms in cytokine genes with susceptibility to precancer-
ous lesions and cervical cancer: a systematic review with meta-
analysis[J]. Immunol Invest, 2021, 50(5): 492-526. doi: 10.1080/
08820139.2020.1778023.

Zhang Z, Gao Q, Wang S. Kinase GSK3f functions as a suppres-
sor in colorectal carcinoma through the FTO -mediated MZF1/c -
Myc axis[J]. J Cell Mol Med, 2021, 25(5): 2655 - 2665. doi:
10.1111/jemm.16291.

Lin S, Xu H, Qin L, et al. UHRFI/DNMT1 - MZF1 axis-modu-
lated intragenic site-specific CpGl methylation confers divergent
expression and opposing functions of PRSS3 isoforms in lung can-
cer[J]. Acta Pharm Sin B, 2023, 13(5): 2086-2106. doi: 10.1016/].
apsh.2023.02.015.

Eguchi T, Csizmadia E, Kawai H, et al. SCANDI reverses epithe-
lial-to-mesenchymal transition (EMT) and suppresses prostate can-
cer growth and migration[J]. Cells, 2022, 11(24): 3993. doi:
10.3390/cells11243993.

Ko CP, Yang LC, Chen CJ, et al. Expression of myeloid zinc finger
1 and the correlation to clinical aspects of oral squamous cell car-
cinomalJ]. Tumour Biol, 2015, 36(9): 7099 - 7105. doi: 10.1007/
$13277-015-3419-x.

(458 SKHE)

? Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2025 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases


https://creativecommons.org/licenses/by/4.0/

