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Abstract

Kriippel-Associated Box Zinc Finger Proteins (KRAB-ZFPs) are the largest family of transcription
factors in the human genome, extensively involved in gene expression regulation, development, and
modulation of cellular signaling pathways. Zinc Finger Protein 433 (ZNF433) is a member of the
KRAB-ZFPs family, but its molecular function and role in cancer have not been fully elucidated. In
prostate cancer, ZNF433 overexpression promotes the formation of the -catenin/TCF complex, ac-
tivating the Wnt/f-catenin signaling pathway, which subsequently enhances cancer cell proliferation
and migration, functioning as an oncogene. In contrast, in clear cell renal cell carcinoma, ZNF433
expression is downregulated, and its low expression is associated with higher tumor grade, ad-
vanced stage, and poorer prognosis. This downregulation may be linked to promoter hypermethyl-
ation, leading to transcriptional silencing, thereby influencing tumorigenesis and progression, func-
tioning as a tumor suppressor. Moreover, abnormal expression of ZNF433 is closely correlated with
clinical prognosis in cancer patients, suggesting its potential application in cancer diagnosis and
therapy. This review summarizes the molecular structure, biological functions, and roles of ZNF433
in prostate cancer and ccRCC, while also exploring its potential as a biomarker and therapeutic tar-
get for cancer. In the future, further elucidation of ZNF433’s direct target genes, upstream regula-
tory mechanisms, and interactions with the tumor microenvironment will help deepen our under-
standing of its role in cancer and provide new strategies for precision therapy.
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1. 5|

KRAB-ZFPs & N SRR 20 h FIASE e KIK 3G sk R 1Kk, B8 2 400 Mt . BfiTE 5 KRAB K
P 1 (KAPL, KRAB-associated protein 1)JERHEANHIZ A1k, RGVESLE SET 45 M8 1) e 2H & 11 8
IR 48 1 (SETDB1, SET Domain Bifurcated 1), ZH#K [ H3 #i&i 9 = H %4k (H3K9me3, Histone
H3 Lysine 9 Trimethylation). 4ttt )i 45 4 1 (HP1, Heterochromatin Protein 1) 2N K- ¥, {EFEEE R4 X
M H3KOme3 FRIT I S 4L (0 T T BR S5 #45. KRAB-ZFPs BEfg 8 [y 3k 46 )6 1, IR EIL, &
MIFEIRIG K E « FE DRI ARG E PEYERR o UL AL 4% R FEAZ D D BE[1]-[5] e T2 SR B 72 A T i v S X 1)
PR, —J7 1, #B4M T (W ZNF217 [6]-[8] ZNF703 [9]): ik 1t 40 ge 08 % BRIK BN b ¢ - 1) 7 i
AR R HE 2, 1T 55— S8 B3 (1 ZNF382 [10]. ZNF545 [11]) [ 26 WL 1 AL 1T BR Bl S AR 23, 38 2R 5o 4
WA TR TERE ), SRS N R R e M E R . KRAB-ZFPs Rk 2 2 5K E « A1,
7 S R 4 RO AR P 4 AT T (U ) R B AR I B, R AERRE IR AR SR T R B AR, IR AR
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oK CLRCA IR BIF LI ST AR i [12] [13]. MCRERZ MIFHER B, ZFh KRAB-ZFPs 7EH 4+ 7 KiA,
S SCEE RS S IE R, IS5 MR IR ERE. Billn, £ KRAB-ZFPs 758 s ik, (k4 iy
BA - AFIEAERRS, RIS I R R PE[1] [14]: 5 —L% KRAB-ZFPs 75 M8 IR IA, J8 i # i 40 f
WP AR T, R R D T R [1] [12] [14].

ZNF433 J2 i &l /R M 26 A 845 2 1 (KRAB-ZFP, Kriippel-Associated Box Zinc Finger Protein) i )
—AM R, 5 KZE KRAB-ZFPs 2581, ZNF433 & A% N it KRAB S5 2 A~ C2H2 Frigfdl.,
SR, 55— ORI AE KRAB-ZFPs [H], ZNF433 [{ZEM 2 ThAgiZ AN IRECN AT IR . B0 35 R 41
RIERHE T3~ ZNF4A33 Al e 5 2 R M REAGSE &) AR DG [15] . T4k, /DB 5T 4R %7 ZNF433 TE iR
) SR R IE K T RE: — IOV 1 A1 B O SR, ZNF4A33 fERT SRR A4k R, n] R i R
Whnt/g-catenin 15 5 18 B A i3t 8T & FE[16]; 38 W 90 75 15 3% B 40 s o R W ZNF433 R8N, $eon T
RE A PR FL7]. XL RBLEE T 4 ZNFA33 78 /8 /8 F %R, (H B BTH ST 7T b o

ARSCAYKT ZNFA33 70 i I VE AT T 2538 . RATKE 1 S5 8 KRAB-ZFP I 4y T 454 53
e, NHLfF ZNFA33 ALY 5t 4 A5 ZNF4A33 [ TLEW) AL, AFEE RS HARIE KRS 5]
B8 5 1 ZNF433 FEAN RIS BUE (A T 21 i« 32 B 40 s 55) R 30884k . ThREIE FH J¢
HorrHlH; Bait R RE FHRA R M. B AR LEER, AR BRSNS ZNFA33 78/ Kk K
J A LB AR, FEERH AR RRE S W T VA AR [ 467 A R S A5

2. KRAB-ZFPs 9 F45# 5ThiE
2.1. KRAB-ZFPs &5#4% 15

KRAB-ZFP Z%J 8 B P 2 B S M AR . N 35 ) KRAB 45 M8 AT C i £ 5 C2H2 RLEEFR
. KRAB-A &2 N S5 Ml iEtE i 55t X, 1] KRAB-B & B 482 A B4 F 8 an L 4m i ohig
[1] [2]. KRAB-ZFPs ifiid H KRAB 45t S L4 1 KAPL, 5 &/ AR E At — 5 — RS
FOBALANR N T, BFAEAECHLEEE 4. SETDB1. DNA HFILEFEEE LK HPL &5, Btk
G, AEELDE S 21 X Gy 57 B 30 FE R4 10 e Qe (L iR A, AT S ) s U BR AR R 3R, X
il KRAB-KAP1 15 ({555 M H LA & KRAB-ZFPs 5 i B Th AR E 2 —[1]-[5] [18].

KRAB-ZFP H 1 C il & Z AN BB C2H2 BUEER 5L T, KZ 40 KRAB-ZFPs &% F 3 F| 40 MG
MEEFEHE DL, BURMENL T, BRI o8RG DNA 1323, BUNFFES &4 e sl 3 ANmE
FEHl. 2 ANEE4R B KRAB-ZFP 28 1 & 5K DNA 381 (1 25 A0 77 ARy S U0 66 A [1] [14]. 1E
FERIE, BRI MRAER T LA A G ZER, i KRAB-ZFP BB MU AN DNA 45440
A, HEAREEN NS RNA siE AR EER .. S E, KRAB-ZFP 5Kk £ ZHiA A& DNA &4
B FE IR, FL2H SRR 1 R IR 3R B e A THE S ) 400 28 284 v R B R HEARE 58 AR % T Re[1] [14] [19]

2.2. KRAB-ZFPs HfE {5 i@

KRAB-ZFPs 3 g 145 #E ik (K] (¥ A8 52 0 22 S 0 A5 S od % . EAE BRSSO N , KRAB-ZFPs #iA )™
22 5H AR EERAERR AR B R, 50 G ) A 0 e DA DR P R DR 2H e e . FE R TS
T, BRI IR 2R B KRAB-ZFPs 5 5598 48 A1 ¢ i S B A5 5 8 B, B0 45 i 25 11 p53 (p53, tumor protein
p53){&5 S IEEE[1] [20]. Wnt/p-1ZE 3 25 1 (Wnt/B-catenin, Wnt/f-catenin signaling pathway) {5 5 18 #%[21]-[23] F1
A1 kB (NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells){& 5 i# #[24] [25]%% . A/
KRAB-ZFPs 78 241X Ll BE K] “TT K7 5 Ho 5 28 ] G B0 B 1 1) 2R A

filan, 7F p53 @, it KRAB-ZFPs H#:5 p53 &AM B /EM s iAE p53 FUFER, Mimgsm
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I B B4 AN T2[1] [26]. CURIE A0 T A BREOE R 1 (Apak)RefE 4 & pb3 Al p5s3 /i T
TR R NS5, DA b i E 12[27]-[29]. ZNFA498 it 5 p53 75 4 PE 4k &4 K A EAEF,  [a) 208
55 p53 [vE 1, b1 A 20 B X 1 4% R R 2R [30] . i ZNF280B i p53 R H LRI RIA, RIF(EHE
1EF[20]. iX 6 KRAB-ZFPs [ 5 2214 7] I 55 p53 it e #10 il d i, (i ik 40 Mo A3 - 10 53— 7 1Hl, H KRAB-
ZFP (4 ZNF575)ml it 246 po3 JHah+, it p5s3 k%, M il p53 SRR 1R, KIFEHRE
fEF[31].

7E Wnt/g-catenin {55 il %4, KRAB-ZFP & #5 B Z 1 RTE/EM . Wnt/-catenin {5 5 18 % 75 4E 72
ZURAAS S A MG 5 5 o A 7 AR OGRS W B0 2 2 Mo hE R AR I B IRBN R R . R IEE
BT, BhZ Wnt {558, p-catenin 721157 N B FE Al 52 5 WD Se IR AL JEBEAR s T 24 Wint {5 SR80S I,
B-catenin FRIFEMEZANE], FEOUEMRB A R, JEEAAEZ, 5 T AE-k e 5 (TCF/LEF)
gh4, JET A 2 EHE c-MYC AIGHM AR 1 D1 7E N B0 LR 3% 5% . -catenin/TCF i #g it B2 7% R ] 3K
BNV EH P S 1 L R T A R, (R R AR R [32] [33]. AR, £ KRAB-ZFP @i A
[ ML A1) A7 T 4% Wint S %, DT SE R T B 502, ZFPS7 3 AR i REAR SRR N JE N 3 B 7 H AL,
PR BEARRIE BN SE R I, [H] 3220820 p-catenin (RIRS e 14, 328 17410 i) 2L e e 40 M 1) B84 58 [ 341 F5- 101 ZNIF382
H#%S Wnt 3@ B4 4F Frizzled-1 1 Dishevelled-2 J& R B 3 F45 6, IS, 52 p-catenin 1% 5 A7k
A, TR B B A A [ 23]« 3845 ZNF671 7EMME i B ik g-catenin BEAARMIRZ. A2 A
WIEE 1 D1 (CyclinDXL) %5 i I [R] st fifrJeg 34 5 A1 4% 7 [35]

7t NF-xB # %+, KRAB-ZFPs [FIFEIMEE A Mo, NF-«B A2 15 SO M40 A A73E i B B4 St R 7
K, 5w B S R RE 2 RE O S AN R HE T 2 [36]-[39]. F4 KRAB-ZFPs (41 ZNF268 [40].
ZNF300 [25]%5) AT i 38 s 0 i) 87 «B (KK )7 PEEk H iR NF-«B AHCIEA, {23 NF-«B (55,
M HES IR e . M, 55— 4% KRAB-ZFPs JUJ i ik $ i) KK A3 R fb 3l 5 R U8 NF-B $E 35 KR ek 55
A, RIEMEAVER . 1 ZNF224 7Ti@Eid 5 DEPDCL M EAEF, #0HIEIRER T o B S E A 3 %
RIS NF-«B 15 5 8% [41] .

SRS, KRAB-ZFP K H T H K E MR A M Z T 5, (EA0ME 5 MR R T — MR E
FIREES . e @RS RO R A E RSO, MR Sl T TR . TR
ARt R, I B ZREL S I T B I RO N, BT R A B A AT N

2.3. KRAB-ZFPs B4 ¥ 4E R K #E 22 iE P RO R M)

2.3.1. EFEREEMNER

KRAB-ZFPs i i T B3k R 1 oA b B A 3 1o, fE4EReE R A AR e 07 T R H AR . Bl
72 2 54 R TR T SIS, B X SR A S R A N SRR R . BN, TERRAR
KBS, KRAB-ZFP/KAPL & &1l id /i 3 S 55 3 JE-1 1) H3K9 = HI B4 M1 DNA HEEAY,, i
SETCF R SRR YE, SECLUUER42]. A, Fidt KRAB-ZFP (W1 ZFPS7)iEd 45 A Epicissl X, A5
KAP1, DNMT1. SETDB1 %X -F, 4ERFEAVEE 1) DNA HEALARES, AT R 35 R B i fe e 14 [43]
K, KRAB-ZFPs 7EJE K20 7 41) (1 U 8RR S B PR 4l b R 34 2 0 MR i, R a3 S IR 1 T e
%, PR FECEERIA AT E, 5040 A KU

2.3.2. HMEMAMIEEMTT

KRAB-ZFPs [1) 57 2 1 BB S W A0 N (O 98 « 8 T ST B 5L 24T 9 [1] [44]-[46]. 1R2EMR K
J&E 1) KRAB-ZFPs 18 ¥ 18 i 30 A2 A5 510 2% BT ER S 25 [, 8 st 240 P P38 B RO A7 V5 B8 0 [1] [47] [48]
Blhn, ZNF433 ff)id 32 1 nT 2 25 2 i3 i 21 B 40 A (0 3 S AN E RS 6 0 [16] . A, HAT 9 ThBE Y KRAB-
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ZFPs NUTEMR AN 488 R AL DUBR, I Re RS B M 4 R X e R AL . ZNF382 [ 2 RIE T IEH
A, KBS T HmE - BEBR - 19104 (CpG, Cytosine-phosphate-Guanine) & i) i F 3 Ak, 11 78 22 R e
thyUER, ERTRIA ZNF382 FI 2 A0 e 4 ) v B TR BN SE TR, I S AN To[10]. #EAh, ZBRK1 Bk
SR PRSI MMPO ()57 48 25 1 i 9) 1312 S5 &5 385 i, 338 1 348 55 o 80 400 i 1) 42 22 R RS 16 71 [49]
Rk, AR KRAB-ZFP 3@ 5 @ 1 JE R R4 4, REma g/ . T AT B2 28, Joe@ani iy

FRFE

23.3. BEE., HREMBYEPER

KRAB-ZFPs 13 IA 55 51 5 T e R A R R I & AN B, I 2 2 R ma R e VR Y7 I ROBE . 7E i 7
WM B, % KRAB-ZFP KR MBS 0%, 53040 M b e 1E & 6 5 4%k . a0, ZNF382 7
L. BEE. B, B &R S 2 Fh MR R I B X R e A, T TR
Fak o IR A I R I VS PR AS T A0 S8 AR A IR BR 1) (232t g fro S i Ak R [23] - MR, — 4 KRAB-
ZFPs (1 ZNF28L) )47 14 Bk 208 I 3K e (1 3F Fe T3 e B ok 1) 4 28 1 N 3 F 98 RE [50] « b7k, KRAB-
ZFPs TEIR VAT i 2 VT B AR v B R FE OB E T, N, TERSPEMR AR B s, ZNF224 kil
W T A A HT R T Re 0, BRI S BURITIN GG s MIRUA R IRYT IR N ZNF224 ik, $EaRIE MM
O 200 B 1 I 240 P o) O T R R M [4 1] AH IR, AR PERBEIE B fpi b, ZNF224 385 R R iiER, (|
ITZGY (AR B I . IR BRI ) A S ZNF224 (R E g Rk, BRI e A R 25 i S T
(BURPE, JFE BE TG [41], XEER KRAB-ZFP JE [ (1) FR R AR ZS T REAE I Ra VA 7 S v i Tl A=
YIksEY) . 45 LATR, KRAB-ZFPs [ 575 FIA FUE AN s & AR (1 B ZE IR R 3 2 —, SELE MRt
Ji& iR 9y i 253 R AR R A R E T

3. ZNF433 4> Fi54

ZNF433 52 KRAB-ZFP ZJRE 51, St BP0 T~ N 2K 19 S 444k q13.43 [X[51], J& T KRAB-ZFP J
PRI — B 7> . ZNF433 A& N it KRAB 453812 4> C2H2 RUFFIRIEFF, £F& i/l KRAB-ZFP X
JRRHIE . A2 400 AN EER (A R By HARRBR A 22 57), N 31 1~70 75 KRAB-A &, MR 5
HANHIA T KAPL 454, A SEH], C it C2H2 S48 E s, & —EE M RHI4E DNA ¥
B, TREME N IR T R IR ThAE . SR, ZNFA33 (ISR FNZE & 550 i AR W, Fdt— 5.

AR N 28 H TG RIS e 1 B, ZNF4A33 JERITE AR SR T 12 RIE, (HE = B B 4 2UF
FMERIE, ZNFA33 7£ 2 K. Leydig ZHffi(Leydig cells). AFEMMLAN 'S /INE b i 4t b SRk e i, T AE 2 300
L KPR . S AL S BB R, 7R IE % B L4 rh, ZNFA33 5B o T B /INE b R 4 i 1 A A2
FE 52 AU F -t w0 21 R IA [51]

4. ZNF433 TheE 55 5B

ZNF433 J&— PP A1, 3= Bl i JE R ) Re Sk R A Thit. B aiH S 78 M
MR, (HEAIEERY, ZNF433 a] GEAEAR IR . Wnt/p-catenin 15 538 1% DL K, S A1 98 A 4 o ok 1 B 2
VER . (BB T, R EFENT R, ZNFA33 (ILRIEI I B 5 £ T ALt e BN
WHARDCIEE, 78 ZNF433 Al e 2 5 5w 40 A At it v £, AT SE2me fik 8 40 A A I AR &S [52] » 7E I8 i
e, ZNF433 A 454 p-catenin, 145E S-catenin 5 TCF4 HUAHHEAE T, MIMTEGE Wnt {55 R et
[MFRIA, X F B ZNF433 1] 3d@ I Wnt/g-catenin 15 538 B2 33F b 87 20 B 1 386 58 R IT A%, HE 30 gg i FiE [16]
UbAh, ZNFA33 52 R PEMARE 138 A% 5y AR DG, 1X — R IR/~ o v] G838 I 1A 4% 4y sl 26 hE A DG B 5
SR AES KIE[15]. REWI, ZNFA33 K45 LRI R AR FHLENT 75— B IR 71 1 .
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5. ZNF433 5RRXBBREN X R

FERTFI M 1, ZNF433 RILERIL, FHFS5MERIREEZEVIME. BFRM, BByl +
ZNF433 [(FIEKTF B m TR MR . A ZNFA33 ik 5B BAEAE R R R D E MG, ThAEsSLs
KW, ZNFA33 il Fak ik i 51l MG 5 . ITAE AR 28, T RUIC ZNF433 Al ix Sl R A . AL
I, ZNF433 i 5 p-catenin AHELAE HIE 5% Wt 55, et an g A= K AT . Kk, ZNF433 mIhg
YE RS e e 2 R, A S ECHIBTE IS Wibs B E0A 7 #E A [16].

e BN ., ZNF433 RIAEE i, TCGA (EAERK A, The Cancer Genome Atlas)%i
ot iEon, 5 IEH B AL, ZNF433 75 1537 B 40 B 41 2R 1) mRNA 7KF[£IKZ) 35%, JF H ZNF433
IRFRIL S A 3 A e . IR G B8 S A 22 () BB TG AH DR [17] . ZNFA33 75 ' 3% BA 41 et v (1) 3R 08
TR AT e 5 R AL AL DI OC, HR 31 X CpG AL s 7E B e 21 23 rh S 30 I 42 1y v P AR
A, X PR ) DNA FIRAAE I 5350 1 2 R 1) e ST BR[17] . HbAh, ZNFA33 62k ] e sz ma AR R,
AR B 35 W 200 s b R A L i % 5 PR T SRAF AR AR B o DRI, ZNFA33 A5 A B 75 D 4 s 14 g s 440
Jees B DRURN T 5 A b 5400 o

6. ZNF433 fEREE P BBl

ZNF433 7EJ3E H FIE AL & Wint/B-catenin 38 RN 28 W% 1 42 199 75 THI - 75 77 51 i v, ZNF433
M5 p-catenin 54, MRS TCF4 FIAMHEAEM, MUK Wit {55, (ka4 i 3 i AiE # [16].
ZNF433 [IfE A0 p-catenin 25 LG &, T 2ig iR 5 TCF4 454G, UK Wit (& 5@ B 5 PE[16]. 1X
—HLEIZR ], ZNF433 A S A EERIE R R, M@ iiE p-catenin/TCF E-&42k (212 Wt $EJE K]
%% 5%

TEEIE AT, ZNFA33 MRIASZ R BE TS, HJ5 87 X IR B 3% W 20 e 41 2 b oy 3
th, SEEESUTER[17]. UbAh, ZNF433 WfEiEE KAPL /5 H3K9ImMe3 &1, it #l 3k K3k AT 2 Wi A% 1
#[17].

7. KRR

HATX ZNF433 FNIR BARE et , (B AEF 2 B RRRNI IS . S5 A AR LR MmN, BAR
JUAN ARSKAIF 587 A A 557

(1) %5F ZNF433 M BEEEEMLE G0 . Hoe, FHAMEEZIEWI, BT AR A
B AL N A B HAE E), TIN5 ZNFA33 Rk AH OG5 £E 5 3 DR S LA Wi o, W10 g el fige ik e TR 47)
. )5, 1B ChIP-seq #K, DL ZNF433 Hif e 57 B 40 Hude sl a4 e 40 i 28 b db A7 e 851 S % 0t
VE, K3 ZNFA33 fEAFER A TE N 45 & B . 44 ChIP-seq #i#i 5 HiRAEWME B 520 45 AT AE X
EExE,  ANTAS HE G I HY ZNF433 7] B FL 2 % e SR BE A . i — 20455 RNA-seq HiR, il ZNF433
GBI TR P B R R K AT (R LR ), e 28 e ZINFA33 T 42 1R 445 1 DX B ik DRI RV 1

(2) f#HT ZNFA33-p-catenin #H EAFH 45/ IERE . A1 iR B0 R B B ZNF433 v LLY p-catenin 1
BEEY, (HEEERXBAMMIEN T TS, FEEHWEYFI. 5 EA ZNF433 g X
B-catenin [RIAH N F B, BEAT L5 S ECR FH AR P 3 5 12 (n 4 R e B A SR THA5 B T 3R4R) il e 45 Ao
IR I . RIS H AW, A B T3 ZNF433 WifT 520 p-catenin/TCF Thfg, JEn]
NGRS o [RIE, AR T 03 BEL I A A LA N ECE IR, T A R AN 3 4 S Bk
GRS

(3) WFIT ZNFA33 7E HAthishi v ¥ £ 6 S5 H AT EAF FE 86 b T 10 21 AR AV B B 40 g, K

DOI: 10.12677/jcpm.2025.42303 1308 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.42303

BRT %

ZNF433 [{RF e u . AT A A JF 508 2 (0 TCGA. GTEX) A2 ZNF433 78 4% b fi g Ko ook i 1F & 4143
MFRIEZ R, PELE ZNF433 W35 B M ATIR N 0. B, #5 K I ZNFA33 76 AL
R URBE SR R, AR R S g b R AR AP SRR, BGAIE ZNFA33 R IIGIE . (RE .
XAEERDL ZNF433 {ER R, 5 LR et R Bhah, SHRARREA R [ BibEw Rt R E 2, af
R INAS [5] bR JR bR A () ZNF433 B /KT, SIRPREFIEEAT R AT, PPAS LI R

(4) 18] ZNF4A33 508 oA AR HAE . KRAB-ZFPs 3 3K 4 o T AT LA S 0 Jh 98 G 2 iR 5,
il ZNF844 5 R i i S M AT 5%, % T ZNF433 78 2 K MRS AL S5 A 2 AR OGP th 4R 7, (B A3 AT
FL ZNF433 S5t R e 22 M s . Biltn, 78 ZNF433 [RFRIEH S & A MsE . /b e 4i iR
TEFR R A AR, BU#H ZNF4A33 & 5 s — Lol b F /40 B R 7 25 [F] . an SR ZNF433 520 S RE oA 5%,
WA HAE N R B b SR E L H B 8. HbAh, FERTHIARE R, AT LLWSE ZNF433 id KRBT
DA R0 oF G 28 A R S 49 ORI o IR S HPT FTRGHE ZNFA33 WS IRa 4T P 58 £ IR 40 8 A S e g A 25
R T

(5) JFARAENXT ZNFA33 JEER G YT V2 TE AT I PR Y Hh 3G TIE . 72 BIRf ZNF433 ThReliilfG, MAK
WRTWITiE. WaiHnk, 7rCAsih ZNF433 JERGTT iR Wit tE 2544, AR S A AL ol ik
J7R8 flt, 75V I B AE M SR AR /N R, 8 DNA 5 H G (I 5-FU I, 5-Aza-dC), WiEg
ZNF433 RIEREG A R s sETERT R /N R, LA Wnt S8 B #8055 ZNF433 Rk b
TN EIE T o SRR Le SRNE 22, KO H S e RS0 B A R B B R PR A E I EIE T, A
ZNFA33 fE IEH WA ThRe, T 0] Rer= AR g2mm o I A 2k DRI R o /) SRR RS W] DA B[R] 22 ZNF433 i 2k X6t
IEHE BRI, DASOTfl B HTRIA ZNF433 12 4k

(6) Rt ZNF433 Fak 1 BRI 3R Bk 1 )8 31 H R4k, v REE A HoAR 42 ZNF433 (1) B o 1.
it , Hededk S 1 e AR S RNA T RESLI ZNF4A33 H%: 5tk mRNA R ik . it J5 5h 1551 04,
A FARIAELE G I FE R R T, B BT miRNA 03 2 T T s #E 1) ZNF433 11 miRNA. SR 57240
Ji PP G IE X e ik EE IR T X ZNF433 Rk, Witk A, W1 ZNF433 /27552 p53. HIF-1a Sk}
SE MIRNA 1i#5, Hik— 20 588 ZNFA33 7615 S m e @ Ar . Ak, Jiieg 4 o 26 o s 1) S 8 (5 5 JE %
(U1 PISK/AKL, MAPK 37%)th i] BRI 2520 ZNF433 %Kik, " LUBIE KIS ZNF4A33 275 21
o FRARIX L EYHLA, AT AT R ZNFA33 ZE R b 1 RN % O SRS T TS .

8. &g

ZNF433 15 KRAB-ZFP FJREL 5L, (EAREAE R IENE AR R8T, sl sos -
catenin/Wnt/TCF il i, (a3t gt b it s, RIONIER R T-[16]; mife B H i, HRIAgR
WAL UCER, FEUREIER B IR, AME SR g, BRI 7[17]. R4 ZNF433 7
WAL TR, R AR 78 R A MR AR M E AR . ARk, Wi S RN T (R A L
PP R AR R R FO) IR AT R, AT BBl — 0478 ZNF4A33 B Z4 L], I
FERHAIE T A A I R SR

HE&mHE
Fr R BT R QT TR & H, WH%S: YC2023-S950.
SEHk

[1] Sun, M., Ju,J., Ding, Y., Zhao, C. and Tian, C. (2022) The Signaling Pathways Regulated by KRAB Zinc-Finger Proteins
in Cancer. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer, 1877, Article 188731.

DOI: 10.12677/jcpm.2025.42303 1309 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.42303

BRT %

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]

[21]

https://doi.org/10.1016/j.bbcan.2022.188731

Wolf, G., Greenberg, D. and Macfarlan, T.S. (2015) Spotting the Enemy Within: Targeted Silencing of Foreign DNA in
Mammalian Genomes by the Kriippel-Associated Box Zinc Finger Protein Family. Mobile DNA, 6, Article No. 17.
https://doi.org/10.1186/s13100-015-0050-8

Schultz, D.C., Ayyanathan, K., Negorev, D., Maul, G.G. and Rauscher, F.J. (2002) SETDB1: A Novel KAP-1-Associ-
ated Histone H3, Lysine 9-Specific Methyltransferase That Contributes to Hpl-Mediated Silencing of Euchromatic
Genes by KRAB Zinc-Finger Proteins. Genes & Development, 16, 919-932. https://doi.org/10.1101/gad.973302

Sripathy, S.P., Stevens, J. and Schultz, D.C. (2006) The KAP1 Corepressor Functions to Coordinate the Assembly of De
Novo HP1-Demarcated Microenvironments of Heterochromatin Required for KRAB Zinc Finger Protein-Mediated
Transcriptional Repression. Molecular and Cellular Biology, 26, 8623-8638. https://doi.org/10.1128/mcb.00487-06

Sun, Y., Keown, J.R., Black, M.M., Raclot, C., Demarais, N., Trono, D., et al. (2019) A Dissection of Oligomerization
by the TRIM28 Tripartite Motif and the Interaction with Members of the KRAB-ZFP Family. Journal of Molecular
Biology, 431, 2511-2527. https://doi.org/10.1016/j.jmb.2019.05.002

Bai, W., Ye, X., Zhang, M., Zhu, H., Xi, W., Huang, X., et al. (2014) MiR-200c Suppresses TGF-£ Signaling and Coun-
teracts Trastuzumab Resistance and Metastasis by Targeting ZNF217 and ZEB1 in Breast Cancer. International Journal
of Cancer, 135, 1356-1368. https://doi.org/10.1002/ijc.28782

Vendrell, J.A., Thollet, A., Nguyen, N.T., Ghayad, S.E., Vinot, S., Bieche, 1., et al. (2012) ZNF217 Is a Marker of Poor
Prognosis in Breast Cancer That Drives Epithelial-Mesenchymal Transition and Invasion. Cancer Research, 72, 3593-
3606. https://doi.org/10.1158/0008-5472.can-11-3095

Xu, L., Zhang, J., Ma, Y., Yuan, Y., Yu, H., Wang, J., et al. (2022) Microrna-135 Inhibits Initiation of Epithelial-Mes-
enchymal Transition in Breast Cancer by Targeting ZNF217 and Promoting M6a Modification of Nanog. Oncogene, 41,
1742-1751. https://doi.org/10.1038/s41388-022-02211-2

Wang, H., Xu, H., Ma, F., Zhan, M., Yang, X., Hua, S., et al. (2020) Zinc Finger Protein 703 Induces EMT and Sorafenib
Resistance in Hepatocellular Carcinoma by Transactivating CLDN4 Expression. Cell Death & Disease, 11, Article No.
225. https://doi.org/10.1038/s41419-020-2422-3

Pei, L., He, X,, Li, S, Sun, R., Xiang, Q., Ren, G, et al. (2018) KRAB Zinc-Finger Protein 382 Regulates Epithelial-
Mesenchymal Transition and Functions as a Tumor Suppressor, but Is Silenced by CpG Methylation in Gastric Cancer.
International Journal of Oncology, 53, 961-972. https://doi.org/10.3892/ij0.2018.4446

Wang, S., Cheng, Y., Du, W., Lu, L., Zhou, L., Wang, H., et al. (2012) Zinc-Finger Protein 545 Is a Novel Tumour
Suppressor That Acts by Inhibiting Ribosomal RNA Transcription in Gastric Cancer. Gut, 62, 833-841.
https://doi.org/10.1136/gutjnl-2011-301776

Ecco, G., Imbeault, M. and Trono, D. (2017) KRAB Zinc Finger Proteins. Development, 144, 2719-2729.
https://doi.org/10.1242/dev.132605

Olechnowicz, A., Oleksiewicz, U. and Machnik, M. (2023) KRAB-ZFPs and Cancer Stem Cells Identity. Genes & Dis-
eases, 10, 1820-1832. https://doi.org/10.1016/j.gendis.2022.03.013

Sobocinska, J., Molenda, S., Machnik, M. and Oleksiewicz, U. (2021) KRAB-ZFP Transcriptional Regulators Acting as
Oncogenes and Tumor Suppressors: An Overview. International Journal of Molecular Sciences, 22, 2212.
https://doi.org/10.3390/ijms22042212

Nischwitz, S., Cepok, S., Kroner, A., Wolf, C., Knop, M., Miller-Sarnowski, F., et al. (2010) Evidence for VAV2 and
ZNF433 as Susceptibility Genes for Multiple Sclerosis. Journal of Neuroimmunology, 227, 162-166.
https://doi.org/10.1016/j.jneuroim.2010.06.003

Gu, S., Hou, P., Liu, K., Niu, X., Wei, B., Mao, F., et al. (2019) ZNF433 Positively Regulates the Beta-Catenin/TCF
Pathway in Prostate Cancer and Enhances the Tumorigenicity of Cancer Cells. OncoTargets and Therapy, 12, 1031-
1039. https://doi.org/10.2147/0tt.s178150

Heyliger, S.O., Soliman, K.F.A., Saulsbury, M.D. and Reams, R.R. (2021) The Identification of Zinc-Finger Protein 433
as a Possible Prognostic Biomarker for Clear-Cell Renal Cell Carcinoma. Biomolecules, 11, Article 1193.
https://doi.ora/10.3390/biom11081193

Schultz, D.C., Friedman, J.R. and Rauscher, F.J. (2001) Targeting Histone Deacetylase Complexes via KRAB-Zinc Fin-
ger Proteins: The PHD and Bromodomains of KAP-1 Form a Cooperative Unit That Recruits a Novel Isoform of the Mi-
2a Subunit of NuRD. Genes & Development, 15, 428-443. https://doi.org/10.1101/gad.869501

Kosuge, M., Ito, J. and Hamada, M. (2024) Landscape of Evolutionary Arms Races between Transposable Elements and
KRAB-ZFP Family. Scientific Reports, 14, Article No. 23358. https://doi.org/10.1038/s41598-024-73752-7

Gao, S., Hsieh, C., Zhou, J. and Shemshedini, L. (2013) Zinc Finger 280B Regulates SGCal and P53 in Prostate Cancer
Cells. PLOS ONE, 8, €78766. https://doi.org/10.1371/journal.pone.0078766

Tao, C., Luo, J.,, Tang, J., Zhou, D., Feng, S., Qiu, Z., et al. (2020) The Tumor Suppressor Zinc Finger Protein 471

DOI: 10.12677/jcpm.2025.42303 1310 I RS PR = 25


https://doi.org/10.12677/jcpm.2025.42303
https://doi.org/10.1016/j.bbcan.2022.188731
https://doi.org/10.1186/s13100-015-0050-8
https://doi.org/10.1101/gad.973302
https://doi.org/10.1128/mcb.00487-06
https://doi.org/10.1016/j.jmb.2019.05.002
https://doi.org/10.1002/ijc.28782
https://doi.org/10.1158/0008-5472.can-11-3095
https://doi.org/10.1038/s41388-022-02211-2
https://doi.org/10.1038/s41419-020-2422-3
https://doi.org/10.3892/ijo.2018.4446
https://doi.org/10.1136/gutjnl-2011-301776
https://doi.org/10.1242/dev.132605
https://doi.org/10.1016/j.gendis.2022.03.013
https://doi.org/10.3390/ijms22042212
https://doi.org/10.1016/j.jneuroim.2010.06.003
https://doi.org/10.2147/ott.s178150
https://doi.org/10.3390/biom11081193
https://doi.org/10.1101/gad.869501
https://doi.org/10.1038/s41598-024-73752-7
https://doi.org/10.1371/journal.pone.0078766

BRT %

[22]

[23]

[24]

[25]

[26]
[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
(38]
[39]

[40]

[41]

Suppresses Breast Cancer Growth and Metastasis through Inhibiting AKT and Wnt/s-Catenin Signaling. Clinical Epi-
genetics, 12, Article No. 173. https://doi.org/10.1186/s13148-020-00959-6

Xiang, S., Xiang, T., Xiao, Q., Li, Y., Shao, B. and Luo, T. (2017) Zinc-Finger Protein 545 Is Inactivated Due to Promoter
Methylation and Functions as a Tumor Suppressor through the Wnt/g-Catenin, PI3K/AKT and MAPK/ERK Signaling
Pathways in Colorectal Cancer. International Journal of Oncology, 51, 801-811. https://doi.org/10.3892/ij0.2017.4064

Zhang, C., Xiang, T., Li, S., Ye, L., Feng, Y., Pei, L., et al. (2018) The Novel 19q13 KRAB Zinc-Finger Tumour Sup-
pressor ZNF382 Is Frequently Methylated in Oesophageal Squamous Cell Carcinoma and Antagonises Wnt/s-Catenin
Signalling. Cell Death & Disease, 9, Article No. 573. https://doi.org/10.1038/s41419-018-0604-z

Liu, Y., Yin, W., Wang, J., Lei, Y., Sun, G,, Li, W.,, et al. (2019) KRAB-Zinc Finger Protein ZNF268A Deficiency
Attenuates the Virus-Induced Pro-Inflammatory Response by Preventing IKK Complex Assembly. Cells, 8, Article 1604.
https://doi.org/10.3390/cells8121604

Wang, T., Wang, X., Xu, J., Wu, X., Qiu, H., Yi, H., etal. (2012) Overexpression of the Human ZNF300 Gene Enhances
Growth and Metastasis of Cancer Cells through Activating NF-«B Pathway. Journal of Cellular and Molecular Medicine,
16, 1134-1145. https://doi.org/10.1111/j.1582-4934.2011.01388.x

. KRAB BUEEE 1 9 SR p53 142 23T R ik & T RERIT 55 [D]: [l L 2= A0 3], Brid: ILZRIMTE R 2%, 2009.
Olcina, M.M., Leszczynska, K.B., Senra, J.M., Isa, N.F., Harada, H. and Hammond, E.M. (2015) H3K9me3 Facilitates

Hypoxia-Induced P53-Dependent Apoptosis through Repression of APAK. Oncogene, 35, 793-799.
https://doi.org/10.1038/onc.2015.134

Tian, C., Xing, G., Xie, P., Lu, K., Nie, J., Wang, J., et al. (2009) KRAB-Type Zinc-Finger Protein APAK Specifically
Regulates P53-Dependent Apoptosis. Nature Cell Biology, 11, 580-591. https://doi.org/10.1038/nchb1864

Yuan, L., Tian, C., Wang, H., Song, S., Li, D., Xing, G., et al. (2012) APAK Competes with P53 for Direct Binding to
Intron 1 of p53AIP1 to Regulate Apoptosis. EMBO reports, 13, 363-370. https://doi.org/10.1038/embor.2012.10

Zhang, X., Zheng, Q., Yue, X., Yuan, Z., Ling, J., Yuan, Y., etal. (2022) ZNF498 Promotes Hepatocellular Carcinogen-
esis by Suppressing p53-Mediated Apoptosis and Ferroptosis via the Attenuation of p53 Ser46 Phosphorylation. Journal
of Experimental & Clinical Cancer Research, 41, Article No. 79. https://doi.org/10.1186/s13046-022-02288-3

An, N., Peng, H., Hou, M., Su, D., Wang, L., Shen, X., et al. (2023) The Zinc Figure Protein ZNF575 Impairs Colorectal
Cancer Growth via Promoting P53 Transcription. Oncology Research, 31, 307-316.
https://doi.org/10.32604/0r.2023.028564

Chugh, R.M., Bhanja, P., Zitter, R., Gunewardena, S., Badkul, R. and Saha, S. (2025) Modulation of -Catenin Promotes
WNT Expression in Macrophages and Mitigates Intestinal Injury. Cell Communication and Signaling, 23, Article No.
78. https://doi.org/10.1186/s12964-025-02065-7

Koelman, E.M.R., Yeste-Vazquez, A. and Grossmann, T.N. (2022) Targeting the Interaction of 5-Catenin and TCF/LEF
Transcription Factors to Inhibit Oncogenic Wnt Signaling. Bioorganic & Medicinal Chemistry, 70, Article 116920.
https://doi.org/10.1016/j.bmc.2022.116920

Chen, L., Wu, X., Xie, H., Yao, N., Xia, Y., Ma, G., et al. (2019) ZFP57 Suppress Proliferation of Breast Cancer Cells
through Down-Regulation of Mest-Mediated Wnt/f-Catenin Signalling Pathway. Cell Death & Disease, 10, Article No.
169. https://doi.org/10.1038/s41419-019-1335-5

Zhan, W., Li, Y., Liu, X., Zheng, C. and Fu, Y. (2020) ZNF671 Inhibits the Proliferation and Metastasis of NSCLC via
the Wnt/p-Catenin Pathway. Cancer Management and Research, 12, 599-610. https://doi.org/10.2147/cmar.s235933

Capece, D., Verzella, D., Tessitore, A., Alesse, E., Capalbo, C. and Zazzeroni, F. (2018) Cancer Secretome and Inflam-
mation: The Bright and the Dark Sides of NF-xB. Seminars in Cell & Developmental Biology, 78, 51-61.
https://doi.org/10.1016/j.semcdb.2017.08.004

Deka, K. and Li, Y. (2023) Transcriptional Regulation during Aberrant Activation of NF-xB Signalling in Cancer. Cells,
12, Article 788. https://doi.org/10.3390/cells12050788

Seaton, G., Smith, H., Brancale, A., Westwell, A.D. and Clarkson, R. (2024) Multifaceted Roles for BCL3 in Cancer: A
Proto-Oncogene Comes of Age. Molecular Cancer, 23, Article No. 7. https://doi.org/10.1186/s12943-023-01922-8

Taniguchi, K. and Karin, M. (2018) NF-xB, Inflammation, Immunity and Cancer: Coming of Age. Nature Reviews Im-
munology, 18, 309-324. https://doi.org/10.1038/nri.2017.142

Wang, W., Guo, M., Hu, L., Cai, J., Zeng, Y., Luo, J., et al. (2012) The Zinc Finger Protein ZNF268 Is Overexpressed
in Human Cervical Cancer and Contributes to Tumorigenesis via Enhancing NF-xB Signaling. Journal of Biological
Chemistry, 287, 42856-42866. https://doi.org/10.1074/jbc.m112.399923

Catapano, R., Sepe, L., Toscano, E., Paolella, G., Chiurazzi, F., Barbato, S.P., et al. (2022) Biological Relevance of
ZNF224 Expression in Chronic Lymphocytic Leukemia and Its Implication in NF-xB Pathway Regulation. Frontiers in
Molecular Biosciences, 9, Article 1010984. https://doi.org/10.3389/fmolb.2022.1010984

DOI: 10.12677/jcpm.2025.42303 1311 I RS PR = 25


https://doi.org/10.12677/jcpm.2025.42303
https://doi.org/10.1186/s13148-020-00959-6
https://doi.org/10.3892/ijo.2017.4064
https://doi.org/10.1038/s41419-018-0604-z
https://doi.org/10.3390/cells8121604
https://doi.org/10.1111/j.1582-4934.2011.01388.x
https://doi.org/10.1038/onc.2015.134
https://doi.org/10.1038/ncb1864
https://doi.org/10.1038/embor.2012.10
https://doi.org/10.1186/s13046-022-02288-3
https://doi.org/10.32604/or.2023.028564
https://doi.org/10.1186/s12964-025-02065-7
https://doi.org/10.1016/j.bmc.2022.116920
https://doi.org/10.1038/s41419-019-1335-5
https://doi.org/10.2147/cmar.s235933
https://doi.org/10.1016/j.semcdb.2017.08.004
https://doi.org/10.3390/cells12050788
https://doi.org/10.1186/s12943-023-01922-8
https://doi.org/10.1038/nri.2017.142
https://doi.org/10.1074/jbc.m112.399923
https://doi.org/10.3389/fmolb.2022.1010984

BRT %

[42]

[43]

[44]

[45]

[46]

[47]
[48]
[49]

[50]

[51]

[52]

Quenneville, S., Turelli, P., Bojkowska, K., Raclot, C., Offner, S., Kapopoulou, A., et al. (2012) The KRAB-ZFP/KAP1
System Contributes to the Early Embryonic Establishment of Site-Specific DNA Methylation Patterns Maintained during
Development. Cell Reports, 2, 766-773. https://doi.org/10.1016/j.celrep.2012.08.043

Liu, H., Wei, Q., Huang, C., Zhang, Y. and Guo, Z. (2017) Potential Roles of Intrinsic Disorder in Maternal-Effect
Proteins Involved in the Maintenance of DNA Methylation. International Journal of Molecular Sciences, 18, Article
1898. https://doi.org/10.3390/ijms18091898

FhiE. 1L.ZNFA7L 75 NS SRR H /E - AHLEIRT A 2.IRF4 75 B SRR i i3 b 1 BUS = UHFL[D]:
[E2Ehrie ). ER HRERIK, 20109.

Yo, H IR T ZFPST (kBN SU kA K R RAE I R L4 FHLHIOE 5 [D]: [ L&A ], 1M BT ERRER
= 2023.

Wang, X., Yao, L., Li, Z., Zhang, J., Ruan, M., Mulati, Y., et al. (2024) ZNF471 Interacts with BANP to Reduce Tumour

Malignancy by Inactivating PI3K/Akt/mTOR Signalling but Is Frequently Silenced by Aberrant Promoter Methylation
in Renal Cell Carcinoma. International Journal of Biological Sciences, 20, 643-663. https://doi.org/10.7150/ijbs.89785

A ZNF526 7E AT 1 T R ALIBT E[D]: [ t22Arig 0], HR: Hhpg ke, 2022,
TRt ZNF8 g S P (e 2 PR il e 15 D AN 1 I AL A F 72 [D]: (B2~ 008 3], HF e I 4K, 2020.

Lin, L., Chuang, C., Li, C., Liao, C., Cheng, C., Cheng, T., et al. (2010) ZBRK1 Acts as a Metastatic Suppressor by
Directly Regulating MMP9 in Cervical Cancer. Cancer Research, 70, 192-201.
https://doi.org/10.1158/0008-5472.can-09-2641

Chong, Y., Zhang, K., Zeng, Y., Chen, Q., Feng, Q., Cui, N., et al. (2024) ZNF281 Facilitates the Invasion of Cervical
Cancer Cell Both in Vivo and in Vitro. Cancers, 16, Article 3717. https://doi.org/10.3390/cancers16213717

Sayers, E.W., Bolton, E.E., Brister, J.R., Canese, K., Chan, J., Comeau, D.C., et al. (2021) Database Resources of the
National Center for Biotechnology Information. Nucleic Acids Research, 50, D20-D26.
https://doi.org/10.1093/nar/gkab1112

Heyliger, S.O., Soliman, K.F.A., Saulsbury, M.D. and Reams, R.R. (2022) Prognostic Relevance of ZNF844 and Chr
19p13.2 KRAB-Zinc Finger Proteins in Clear Cell Renal Carcinoma. Cancer Genomics-Proteomics, 19, 305-327.
https://doi.org/10.21873/cgp.20322

DOI: 10.12677/jcpm.2025.42303 1312 I RS PR = 25


https://doi.org/10.12677/jcpm.2025.42303
https://doi.org/10.1016/j.celrep.2012.08.043
https://doi.org/10.3390/ijms18091898
https://doi.org/10.7150/ijbs.89785
https://doi.org/10.1158/0008-5472.can-09-2641
https://doi.org/10.3390/cancers16213717
https://doi.org/10.1093/nar/gkab1112
https://doi.org/10.21873/cgp.20322

	ZNF433在癌症中的功能与机制：从转录调控到临床应用
	摘  要
	关键词
	The Function and Mechanism of ZNF433 in Cancer: From Transcriptional Regulation to Clinical Applications
	Abstract
	Keywords
	1. 引言
	2. KRAB-ZFPs的分子结构与功能
	2.1. KRAB-ZFPs结构特点
	2.2. KRAB-ZFPs调控的信号通路
	2.3. KRAB-ZFPs的生物学作用及在癌症中的影响
	2.3.1. 基因组稳定性的维持
	2.3.2. 影响癌细胞增殖和存亡
	2.3.3. 肿瘤发生、进展及耐药性中的作用


	3. ZNF433的分子特性
	4. ZNF433的功能与信号通路
	5. ZNF433与不同类型癌症的关系
	6. ZNF433在癌症中的调控机制
	7. 未来研究方向
	8. 结论
	基金项目
	参考文献

