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HE p21 (CDKNIAB:NZE) MO AR ED, BAZE YR8, ETE2FPERE A D h i
ERCE M, BEREImE g, wRefedkE & e, HAEALS R EAXGE M. AR p2l PR EHY 2, HHT
IR ALEN 5 Zetk, TG R A A Dl R PR . M A G ALY . AU . FE Bm ) AR B
AR EER IR p21, IR A . SR, P RN, sOR AR AR BRI (an kST
GRS ARy = I ZLIRE ) P, PEETRERRARRRL, SUR R SR AT [ R AR R R p2 1 IVERT . A SCZEIR T p21 #E
PR A O PO EAE T R 2 T, 005G . p21 i 3 R 48 (cyclin-dependent kinases, CDK)
ROTE PERIZE & B 40Pl (proliferating cell nuclear antigen, PCNA) RyE¥E40 M0 1], #ad Z Mg man i,
DL 5 A BAE SR A UK T2 SRR . ARLR B e 0L p2 1 38 BRI EAE OC e £ LB A4

KR p2l, WER, SCEMEA, MR, g0, T
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AN A A= i SRS B M 2 e AR Z B
MWEINRER T, Hofp2l (Cipl/WAF1) KA
FEAEH . p21 H#Z IR BB IE S AU 4 i
JEEEE R O A, T2 S 5 A
W W, Rk . DNAS B LI i

20 ] S0 R O R SR 1 2 R AR B AR
o XA A5 BT A0 R AL O TT A i 2
REORH o A SRR O R T s An AR R I
(cyclins) , JEHAEE PRI PE B (cyclin-dependent
kinases, CDK) . CDK #Ji il 5] (cyclin dependent
kinase inhibitor, CKIs) MICHERAr S/ 15 2,

CDK SRS 11 52 21 CK s IRE % 8, CKls
= AL A 4 A R 0 AR A K AR
(CDK-interacting protein/kinase inhibitory protein,
CIP/KIP) #1 CDK4 Il il Z [ ¢ % (inhibitor of
CDK4 family, INK) BZEEFIIAE. INK Z%
Hpl5. pl6. pl8 K pl9 SR MK °/, XLk
1 RE S 4 S M 45 & CDK4 5 CDK6, M i 1 i) H:
5 Cyclin D Z [E] WA EAE T . 402 DNA 454 o i

52, At SRS A i 2 fioh 2 44t ] 30 L v i 2 i
P, JEa pS3KEE HEAT IR . p21 )& T CIP/
KIP X5, KRB A4 p27 5 p57 S Z R,
1E N 3 N = —A> Cyclin-CDK Z5 38, 7)1z 4%
4 Cyclin A/CDK ., Cyclin E/CDK } Cyclin D/CDK,
AR HmEE A, TS | 4 A RS0 A AR Y B
i o SR CIP/KIP ZE M5 i 5 3 B 23 N i1
p21 B C iy 45 A4 fff I A8 0% 55 3% 58 20 A% B e
(proliferating cell nuclear antigen, PCNA) # H {E
Mo Bk, £k CIP/KIP Kk — b, p2l AMEE
INK 52 16 1 240 e J&] 30 A4 4 CDK A IR 530 AH X1
[F] -, 55 CIP/KIP ZR 5 i HAh g 53 AH L BAA B 2 11
JEJEIIRE

5 RINTEANM SRS, CDKNIATEAE

* [E 5 HABIERES (31050010), ZE B ol E A B RHIFE 3h
e (HHFEE [2015] 311%5), ¥ ARBHEESTH
(C201400358) FIAEILH TR 2=\ 4k TUAE 2= B i KV BHIF 8T A
AR (KYTD202312) %Hh,

s IR

Tel: 0315-8805919, E-mail: guozhiyi@ncst.edu.cn

Wk H 4 2025-12-01, 3% H M : 2026-02-02




‘2 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

JA IR th D RERIAE OCHE . p21 it 455 E2 5 3
F 454 11 (E2 promoter binding factor, E2F) .
20 Bt 48 AF JE R FE ) (myelocytomatosis cellular
oncogene, MYC) “FHESRIN -, HAEHNH AR
A SRR T o X —HLRIE— 2D T 5 40 A
FA AR AR G By FE P M 4% . [RlEF, p21 5 STAT3
ASPP1 G5 AN EAEN, EH87 5 Ay
NN ZE . JIT- P T 5 s, X R IR
B, p2l 2—PZUEeRGEN, fEMRREYE:r
SRE7 iR = ANy R

IEEXFhZ et (15 p21 ZEME rh 2 80
WACEYE: — 5, ek B R AR i ok
FEMEVER; S0 — i, TERSEE AR T, &
TR p21 R AP g T {2 3 DNA B A7
TG R 5 0 L 3% L7 R S IR gk e . X — IR
PR ARG MR ot . TEFLIRE (breast
cancer, BC). HAy%IARJE (prostate cancer, PCa)
SRR T, MR . R SEMERESS
p21 IR A ACEE : R ZRRERE B R
CDKNIA%%5%, CDKNIA AR ISR MR 572 (A0
PSR (RS, LRI T — A sh IR W,
B A I A A BE BN 15 L IRY TN S2 1 A A
Mafmiz ] o

FETF R 25 1 BRI p2 1 783 2 AH O g v
PIRCEAE, TG HLAEAnMa A . TR DA
SWMEAFTEBE TN ZHEIIRE, IO
PaFE LA S G P S AR R B A =, 10f A I
AR YT AW HR AL 4 T 3L SRR

1 p21iE¥= 40 Ra E B R X E 5 F 4L

1.1 p21XCDKiE MR WNEIEA

VR B A% 5 B CDK BRI &, p21 7640
L JE IR R A v R AR . AS[A T CIP/KIP 575
HAbFE BT, p21 A TRE 5T 28 48> 21 i s 1 o7
FEAEA [RS8 A [R5 5 A IRH A . 7R 724
(i8] $ 38 o 10 il CDK 37 4 5 PCNA Iy fig (o 241 it J&) 1
5, TR 24 1L 455 Cyclin A/B-CDK1 5%
G2/MIFHH (Fl1a).

TEGUIA, p21 FBH B3 0 e B A 14 XL
PAEAE R . AR BE B R 2 2% P72 i Cyclin D-
CDK4/6 5 SiG ik, HESh 4R ke ;
TTTT o VA s DU 28 T AR e o SR i)V FH U
F p21 5 Cyclin-CDK & & W05 G, —J7 il
P45 A Cyclin, 55— J7 1 228 CDK b i 1 =k

2 (adenosine triphosphate, ATP) ¥ PE 1 5 M 1T
0 #1 CDK 7% ' . Cyclin D-CDK4/6 2 & ¥ .
Cyclin E-CDK2 % &y 38 =8 410 1] 490 1) 5 - 241 i e 2
1 (retinobla-stoma protein, Rb protein) 21k,
fE i Rb-E2F A WL R, WA G G1/S AR
T VO A O R R ) 2 53

PEA SR, p21 @1 WAL S 40 i JE 5
FEA . —& 5 Cyclin E-CDK2 & & ¥454 -4l H:
TP R4S A PCNA FEA i 14 4h PCNA 4R (1)
DNA &, #F75KM, CDKI1 A] LAYy 2 40 g v
BICCDK2 RFEVEH, 1R 114100 G1/S W% fk, (H
TCIL A A ) AR A o5, RS p21 ] LA 3 0 o]
CDK1 5 5 40 it 5] 91 BEL i 0 (EAS R s,
A4 JfLJE 3 th CDK4/6 114 176 P #1525 52 i Cylin A2/
CDK2 fiE . i, p21 XF CDKA4/6 I 5%
M 3 F 4L 28 S/G2 9 1, i HoAth Y CIP/KIP TG it
YEM .
1.2 p215CDK. PCNAZ &=

JE p21 XA R AR R, H
TR B BIL ) B A e I ] HORS Wt 1) 25 4 A AR
Mo fER —F N 7E 8 )y & 1 (intrinsically
disordered proteins, IDPs), p21ilidtg4ohiArol 5
AN Cyclin, CDK %547 55,454 4 p21 KA H
AL EERE (K1),

p21 7E N i i 2365 5 Cyclin-CDK & &%)
AL G . p2l Nutd & —A~5 p27._p57 FE R
BEAE eyl 2T (A17-P24), 1375 LR EIME
H454 . p21 FEA cy2 2F (H152-F159) FIK fif
&5 (F53-P58), cy i i i] DAfsuE KA s Xt Cyclin A-
CDK2 [l /EH o K M & CDK2 454 p21 frdh
T, cyl 454 Cyclin, K454 CDK2, Mifiifdip21
454 Cyclin-CDK2 Z 5 ) . p21 JTLik%5 4 CDK4
&, HA CDK4 5 Cyclin DI E I E S5, Atk
it eyl Hp21 454 4

p21 J& F W 7E IDPs, H: C i D149-R156 1£ 5
CDKA4 45 & i 22 T8 U (SR TS5 44, X RPN TE 7
B PP R S 2 s AR IE S R TR 2R A B A i 3
fi, BIBFITIESS, C¥iR140-R142 MAZENE S
(nuclear localization signal, NLS), p21 &2HAKS
LR A 8 A A8 ) SR T 3 DA G o

p21 C %2 HAE S WA T DI REAY %> PIP-box
(Q144-Y151) 4 p21 5 PCNA HH H 1 FH ity 56 4 5%
£, S PCNAMEAER, I HALE A5 PCNA
AEAER, F5 4000 S WIBH A . PIP-degron & —#f
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FEN, % p21EEMER XM PN EER KA A 3

REBE I PIP-box, AN{UJE p21 5 PCNA 45 & i i)
il DNA & il (i ¢4, e — A FEff(E5 . BRIk
AF, p21id@id C i PIP-degron 55 PCNA 454, 4
HUH A CRLACAR2 {7 R iESLM N I B, i d
i DNA #3035 #EA T8 52, iR R AP . 0
JE SR NE T p21 1 2 38 B PIP-degron & A= 58 AR i,
TCIE TR p21. p21 FFEE A5 PCNA S5 507 55,
DNA &4 0454 PCNA #E17 DNA &2 1, 1t
Fs 2481 e SR S BELA A6 S 1] 11 PIP-degron P & 5 i
AR (Lys) FAEAEIR (Arg), it “IRfEHrEME
RSN E A EAER” B TR p21 5 PCNA Y
GRERE N U G5B E T T PCNA HULER
(centre-loop, Asp41-His44) . B [0] % # 3 (ID-
loop, Leul21-Glul32) . Reg. 7 X Jif (Ala231-
Val233) . C i B ¥ (tail-loop, Lys254-Glu256) .
i p21 5 PCNA HU{RMEE /R LIk $] 2: 1~3: 18],
DNA R4 B DNA G s e s 24, Bamdl
BCRMOH p21 5 PCNA ES AR tE ™ (Fl 1e).

ZE FRTR, p21 i@ HIDPs Ogsib ik, AME
] ARG M g5 A AN R Y Cyclin-CDK &2 &%, 1]
PL45 4 DNA & il 19 FE 588 H B PCNA,  MATTT#%
4 CDK 5 PCNA X W K A% 05 73 %, #iar 1
VE R A Atz DL SR AL S B v X R (AR
FHPLEI R AR, S R 7esisE . 185
SRS i R TR B R PRI DR . R A
JO T A0 B Y T S A AR SR 1 R 4
EM .

2 pl7EZBRA T R EERHLE

P21 ANATE 20 M JE 0 s v AR, AT LA
AR A T, HALH BT 4
T DNAGUGFEEE | F 40 0 2 7 M H 5 ps3 &4
SOFIAEAER.

21 p21HUATHLE

p21 AR 5 ARG B A A T, i ps3
WA /AR AN AN T
2.1.1  p2 Lt pS3KA B AN A0 T

DNA % FE 451 103 5 38 76 pS3, pS3 B iE4E &
CDKNIA J& 83 % 5% F i p21, p21 Se 44
£ PCNA {f 241 g JE I 45 AT iE B 455 . 53 4 p21
Wil it 454 CDKs i RB#RR 1k, FH1E E2F B
MRITRELIE T S AR SE R F e — ZR FIIE 8 T 3 R 3%
T, ALHE A T WS -1 (apoptotic peptidase
Apaf 1) . Bt K & H

activating factor 1,

(cysteine aspartic acid specific protease, caspase) .
p73 Lk S BCL-2 ZEJ i 42 4 72 1 53 Bel-2 #H H.AE H]
8 12 " 4 [ ¥ (Bcel-2-interacting mediator of cell
death, BIM) . p53 L ¥ # =4 15 Bl F (p53
upregulated modulator of apoptosis, PUMA) . {3
BT s FH A (phorbol-12-myristate-13-acetate-
induced protein 1, NOXA) 5. p21 5SZMPERE
F i) (procaspsase) &4, i ICikwi gyl N
caspase, il caspase i T AN LI T 2 FLTE
caspase ZLHK 5 IV g BE A CDKs 15 7, #1 [) CDK
L5 G SRR CR AP A S A2 AP FURI (CnisH) 155
AT
212 p2 LS pS3AAKIARA M 40 I T

p21 Wi B 7R 20 i BT b FE R BT TR
Akt (XFRHE A HBEB) i p21 78 Thr-145 {37 5 B
MAk, Thr-145%E U1 NLS, HBERRILTIBLIE p21 5
i N Z ARAH HAE I A% 5 437 5 procaspase-
35 M p21 454, AT RERH L p21 S {7 2 40 AUA% .
Thr-145 @ B2 16 8 IR p21 55 PCNA 2 [] 1) & #E ,
PCNA % [ 45 & DNA % & 45, (2 S Witfe .
Akt R #7155 B4 C (protein kinase C, PKC)
Wi TR 1L Ser-146, i A 1 W R AL A AT [ 1K p21 5
PCNA M HAE . FffE p21 il 3 Ser 98 17 2 S 2 1.
P55 MR IH T A5 S V87 1 (apoptosis signal-
regulating kinase 1, ASK1), FH¥# ASK i#1% MAP
WLHEIEE (MAP kinase kinase, MKK), M fiifiiii
ASK1-MKK4/7-INK &, iZAW i 7E p21 B R J5
filtlr 2 VP2 Mo T AR K T2 R (ISR
WA K32 4K 2 (human epidermal growth factor
HER-2) Ml 3% 2 A KW 5 &2 ik
(epidermal growth factor receptor, EGFR) ) i3
ik 2hA KB RONE BRI R UL BE 3- R
(phosphatidyl inositol 3-kinase, PI3K), PI3K %%
3-Tfe i AL P 3 -1 (3-phosphoinositide-
dependent protein kinase-1, PDK1) FINFLsh¥) &
& X EAE S K2 (mammalian target of
rapamycin complex 2, mTOR complex 2,
mTORC2), FH BN HBERIL Akt |- Ser-473 il
Thr-308 i ki, P A Akt HETTTERR 1K p21 .

¥ N ¥ «B (nuclear factor kappa B, NF-«xB)
TEZ b R I T 0 p65/p50 R
Z . iR EMNF-«BE SR, p21 a8+ L7
TEPIAS kB AL, YISz BRI, «B M6 E
M (inhibitor of kB kinase, IKK) #{#i&, Jiizh

receptor 2,
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(a) | CDK1 |

b PONA — |
| CDK2 1

F———— (DK4/6

__—-

| Cyclin D

|7 Cyclin E ———
— Cyclin A — | — Cyclin B — |

(c)

PIP-degron
—

cyl KAz £ NLS £54CDK
s
cy2

E 1 CDK5CyclinfE AR Sp21 FHif EFEE AR
Fig. 1 Schematic illustrating the action phases of CDK/cyclin complexes and the corresponding primary binding domains of
p21
(a) CDK5Cyclinfe 4N R b & AR LRI . (b) p21 46254, (o) p2lEIERT AT Ao T p2 18K [ =445 K H]
PyMol3.04: il . CDK.: Ji ] %E M #i P #4 B  (cyclin-dependent kinases) ; PCNA: &5 40 I8 & Pt i (proliferating cell nuclear antigen) ;
Cyclin: 4UERA#IE A, cyl: p21 NEGIEF, nl4i&cycling cy2: p2l Ciiidky, W45 & cycling PIP-box: p21-5PCNAFHE AR MR IE;
PIP-degron: —F4FERIKPIP-box, SPCNAMEAEM; NLS: #EN{SES (nuclear localization signal) .
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FEN, % p21EEMER XM PN EER KA A 5.

IKK-NF-«B i, p65 A% ELH45 4 p21 I ITE T
Jif S o NF-xB L Al 958 p21 %35 . BC J& H1 NF-
kB A% 7 57 DR - 9 9 1 40 9 i DR RN B0 SR TR SR
[

TEp53 5 RB A SkEE 4RI, p21 BIJCEES|
& G IABH Y , {H AT A SF A 22 43 24 BH 5 240 j & 2E
RS, RV RE R S8 BUA 227 RR
54U, FEEAAARL (N8N, 16N) . XL
HOR A AN AN i) DNA &5, 78 p21 IIKsh T
TR A0 R B 9 61T DNA &Z i), {H i T p21
MIFETE AT RB BYBIS 4 TC TR 56 BUE & B A 2253
24, FEUDNA & AG 3G, M AE R 2 R R
Y
22 p21{RIETHH

MO EE N, pS3dkeE TR, p21 FIHT
R (Y35 I ot A ) (=9 E B =S B U5 VAN
IR BAET - Z AR W HLHE T AN T
2.2.1  p2 Ll AR AR AR e AN T

TEHE E a2 DNA$i ) . A AL B E . p53
B 5% LR p21 19 6] Bt 42 45 & microRNA 34a
(miR-34a) JA3hF, WV p53{fi miR-34a K’k
i, e p21, [RIEERR AR FE 0 caspase ik
SV 8500 1) caspase-3 VI E p21. p21 (1) i 2 i b
A JE I REL Y, A4 fe e R A T

BRIt Z4b, p53 [AIATi%E S lineRNA-p21 5 p21
HH. lincRNA-p21 FIPTEABEGETE (s et
i SuR=R A7/ RN E A R k= A
B, A EURIN R e, S Soni AR
B, AN A g T > ATE R i
p21 2 S 30 [ WA JCHE 1 Beclin 1 F1 AtgS FY A
FHAEZ0AE A s, ST E R ny, p21 & KiGE
SUREREAR, FIWEAHOCER IRk R A, BRI
W, AT
222 p2 AT Z RIS AR T

p21 HE HiE o FE AR P T & 11 BAX (BCL2-
associated X protein) =% G R PRAE R 7 (tumor
necrosis factor, TNF) ZWGEALT- AR SE40 i & A=
J8 T . Fas %t 1= &% {& (Fas cell surface death
receptor, Fas) 755103 H04 caspase-8, M
1% caspase-3 o Y & BH3 A A FH &5 A A0 1= 3 8h
7| (BH3 interacting domain death agonist, BID)
T, SRS bR % . p21 ik 3k mT LA/ B
AR 2 [A] PR 28 H (mouse double minute 2
homolog, MDM2) WJZKILFIIIGE, S pS3&EH

Hz 24D, R MR, A% AR
£, NI pS3ERFERE T, FHT RS2
T2 (4n1CD95. BAX. PUMA FlINOXA %) 1
Fik, XU A 2R AR R 2R T CD95 E
T2 RA SR AN T8 [ 272

5 R, p21 6kk 25 T B DNA 5 0 J5 0y &
TR IG, AR (iGN
Yt (s 5 ML 2R ), Be2en| k254
AL, JFRERE T R4S, (R4
T

FRIGZ AN, p21 i A RES -S4 f R DI RH iy, At
S0 A 0 Y SRR S 5, DA TR (S 0 B R T
BIan, caspase-3 G FlRZ p2 1 KT n] el 40
fixFPIE & (doxorubicin, DOX) AbHHH AU,
S, p2 1 A AR TR T A5 5 B AUk,
|18 Bax 3K T34 il Bax 5 Bel-2 Ho B A& #4214
T-/EM .

Zi L, plaE I IPHIAR T . i caspase
GHERIRE . ] ASK1-MKK4/7-INK 3@, fEdko
ST H DNA N A il S AR i R T o ml LAE
A MDM2 . B B AR SC R T . R A A X
PR T 5 SRR R S i ] B A e B S i 1
V5 T (A0 S0 . BC P p21 5 40 i
P ),

I PR 5 AR B b R i A2 AT S ) p21 YRYT . 1Al
i, Apcin (ZHHE53 24 FE 1] 20 A4 ) . 4
it Z, WL (histone deacetylase, HDAC) #1 i 5
(FK228) W] 4F = N K% (endometrial cancer,
EC) it p21 45 0 20 i ] 40045 A A B 0 1
B S a o S

3 MEEES X p1IhsERiEE

31 BEMEZME (ER) ES58E

Wi 2R (estrogen) =2 i HAZ Z AR5 518
%, X CIP/KIP Z 5 8 i A7 2 )2 0 . XLIa) (1) i
P&, TR Sh 240 R AR o p27 7 T 4 MU A% B XoF
BCHIGEA MIHIMER, 78 BC R, p27 Kk
TR, R RS A BC 4 p27
AN L, MES R+ (progestin) /%
AR E TS E B, BC 5 EC WAl RGN B ps7 I3k
KB ECH, MEEER . K L pST I
Pk 7,

5 CIP/KIP Z G AR AR, MERE AT L
5 HESS G CDKNIAJG 30+ X3, W nl DLAEdE A
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Jit K P XF p21 BEAT 9E 45, p21 JE M R A2 IR
ER) 15 *5 i % /Y OC HE I4 9

(estrogen receptor,
TR

SR A s, MR E T HAZ (K ERo &
HEVE . ERa B4245 4 8 CDKN1A R it is 2h
X —NREENL, AR — MBS ER T
(estrogen response element, ERE) {75, H5
PG 1 (activator protein-1, AP-1) ¥4 5¢[H -+
ZEA LS ARSE, JL[EAS B ERE/AP-1 0 55, X —
GEA RO RS 1 (specificity protein 1,
Spl) SN T, LABUE CDKNIA W5k . i
2, ZGEBSEER FHME R BCAifErh, SC8l 17X T
BFHE AR p2 1 FIRHYILE . XA ER A p21 Rk n]
DB A S ] B2 p21 AR Bl AT DAOE e 4 e Y
ERa M5 s%36 . — 5, Bt i CDK2 (135
PR, AR T SR D R AR A 800 e 45
& #H 1 (cAMP-response element binding protein,
CBP) (HIFER], M58 ERao i kDI
73— 7, TEER PR A Tad ik p21, #]
VT EREARM A 55, IFPR S Ai X 17p- M — i
(E2) KBuEia= 5 i susdt . eAh, p21 X
8 WE - PN HORIEE =W Sl AT e e ) e e vivt €5 G e B2
SR U2 R 24K (progesterone receptor, PR) Al
Wnt-1 5 15 5 @ ¥ & H 2 (Wnt-1-induced
signaling protein 2 , WISP-2) Z53ERAYEIL,
il Cyclin D1, XS pS2 45 KK JCHI B2, (a5t
B EUTVE SE R — 20 3R B E2 il 1% 5 p21 5 ERa ¢
CBP L [FHH S R B E 3 FIX, TR %
24, H CDKNIA )T X —2 800~—3 200
bp XA 1ES ERa i BESS & IRE DI RE DX ),

TEARFER R s 48, ERa 5 p21 Z 8] A4 &5 1 )ik -
AT AR R T REEH . fERB AR alidt
MR (et (182, 780) ) fFAERT, ERaifid
L 178~215 R 251~312 S LR X I 5 p21 45 &, IE
B A W) A MO 3G 5 5 i E2 W5E 155 ERa
WA, BIRZE G, FEIKp21 EEfRE N,
FEAE Cyclin E- CDK2 &G4, M {2 241 A J& 151
HERR B

e ML IR A MIRLA (MCF-7) ', E2/ERa
18 I LR p53/p21 38 BT LRI sEAR S (a0
PCNA #IKi-67) fEifigs “'. ERIEH ARk E
EVER, o BRI VEFIRIA] o 76 = BAPEZLAR i
(triple-negative breast cancer, TNBC) Zi Jifg 5% #Y
(MDA-MB-231) v, il i #h ik ek Wi R 2 14

Bl T2 I ] CDKNIA KK £ 35, #1040 g 4
FE S IARIBITTT S B va, AERA L O
1k W f0 # 7)  (histone deacetylase inhibitor,
HDACI) 45 251y i 40 I 968 1 11 BRI 3ai o 8] 47 p21 5
B NBERS (berberine, BBR) Al ELE IS EK
A, BBRIE LS F i p21 63k T G1 # BHLHF
P& 155 MCF-7 4 O X6 At 55 I i stk 7,

32 EHMERZE (AR) FSHEEE

MER Z 1 AR XS p21 W R 2 — 12 2
W, ZIBRENE IR, HEAAY=200 K
1T B B A L BR 5%

MERCER/AR S G il i) 456 %) CDKNIA ik
iy Jet B b R S R D ER I W T (androgen
response element, ARE), J3 3l CDKNIA B9 5%,
M R IR TE o XA B T 28 1 1Y) 5 DR A R 9
&, Ep21 FKiKpYHAL

PRtz 4k, AR AT o & -2 A BLAR
M, 584547 CDKNIA 31T Spl-3 1 i1 [ 1%%
ST SplIEE &Y, UrlFBE p21 ik

TE 25 AR PE AT 91 B 98 (castration-resistant
prostate cancer, CRPC) FrE, i%nY AR -
WA P p21 Fak . BoRt, p21 3@ i 1
R INKAG 5 M T s, RIFREfEDIE, N
MRS (2 Pahae) a2k o2,
TTE [l B3 2R AR MO PR T gk ) o B v, AR I %
ik NOA[ T2 CDKNIA W% s il (s #8375 5 0%
T 15 AU 52 A R P58 11 (activation-induced
basic leucine zipper, AIbZIP) , T4t P 5t % b/ i i
F # H (old astrocyte specifically induced
substance, OASIS) HIUIREMRIEZHLINE] T p21 %
Ik ) o p21 MR ER 5 R 0 L AR AR R T KB RN
PR AR R A KBTI B,

AL, AR TEANZE BC il # RIA R RIK,
VRO (9 AR GE 198 ER-B 2R3 M BC 40 il Y A=
K5 (B 22 255 A6 R RS (mitogen-activated
protein kinase, MAPK) 451 p21 #4114 AR i
FEAENZE BC AN h BA XCEAEH] . R AR 2
BCIRYTH sz — P

4 pAlEAEMEMERXMEFHIERSR
Bt
p21 TEFEAE T BOAE 2 L 35 2Rk, X Fh I

REAY ]IV AEAR R B L 2 BIHCR (55 l B HA
e, LR (s BEROT TRE R | PR
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FEN, % p21EEMER XM PN EER KA A <7

BRI B . fEBC. BPSIm LT, p2l &
FERAERFFE 2Z MBI = 7, WA S S
JHE9iE AT AE B B BILG 0 AN TR 2R A G ) S
H, pl I E AR AFEZFLUTEMWAM
(K1),

TEBEEMOVE IR L p21 F 2 A4 by 4 ]
FIVERT, TR AR g v, p21 & ot
JE NG BH . X — D) RE A9 WTO8E PR AE M 3T OF
(tamoxifen, TAM) AYZHLURE MR RN H175 2]
TR

TAM /& ER FH P FL R 988 16 97 5 0BT 1Y OC i 24
Yy, (HHG5 K EC 1Y XU 7R A2 28 DAY ™ 2 AR
FH o X RP AU S R R RN, TR T RLIR S
T L S I TOAEE . A% M55l B TE P S
RSN Z R . XMERHESET TAM
X G HERL R A 9 P AR A S A Ry, p21 R RAL

YE.

TEBCZZH, TAM-ER & & Wil i 2 e $H 55
¥ Z ARSI 7 (nuclear receptor co-repressor,
NCoR) . i B [i2 Al FH AR Bt ¥ 3% 32 4 U0 3R A I
(silencing mediator for retinoid and thyroid hormone
receptors, SMRT) 25 25 [ it , 1 ] c-Myc.
Cyclin DI SR 385 FE P A 3G 5%, [R] B (B 42 A o 1
Xt CDKNIA SN 5 Al i (Kl 2a78) . M4k,
TAM IAY7 1] HES L ) DNA 51455 W %t RE 18 1 0
pS3 3 T L p21. p21 KA T e S S i
JaOTRr , RIFDURSON . M, FETE N
i, fETEE AR SR (A pE sz A3k
I AlF--1 (steroid receptor coactivator -1, SRC-1)
45), TAM-ER 324652 & Wil i {2 # e-Myc 55 2
ek, 0 CDKN1A S (K 2a47). p21 5
c-Myc, Cyclin DI 555E R 22 [a] HAT P45 A4E H

R 1 pAiEHEHEXEERHIThAE

Table 1 The function of p21 in hormone-related cancers
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e, A — AR AL BOR SR s F A . PIBK-
AKT-mTOR 155 7 i [ /%9 3% 1 W T BC K
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H 7% (Endoxifen) . P& 25 XF ER ) 5% Fl 77 1k
TAMJFER!, HZ—FpERE R a5l . Hit,
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Fig. 2 The mechanism of action of tamoxifen and the expression levels of CDKN1A in breast and endometrial cancers
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functions, and associated signaling pathways of p21

Table 2 Key post—translational modification sites,
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S130 2 4 i S B A MAPK 71
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K154 AR 4 0 J) SR A CRL4BPATI 5 S g 177
K161 2 2 20 B R R, B OO AT B R ARTH2A™ 5 [FIp2 132 Z Ak B f i i T2
K163 AR 290 A SR RNF 13545 fIp2 132 25 1k eyt g 151
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TEAN R A B BEAS T, p21 i i FORH S
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T-. DNA #4750 2 S A o A S S i A, AT
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=

ETTETED
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Fig. 3 The dual-role mechanism of p21
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Table 3 Some transcription factor binding sites in the CDKNIA promoter
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Abstract p21 (encoded by the CDKNIA gene) is a critical cell cycle regulatory protein endowed with versatile
biological functions. In various sex hormone-related cancers, p21 exhibits a paradoxical dual role, capable of both
inhibiting tumorigenesis and promoting cancer progression, exerting dual, often opposing, effects on cellular fate
that are dictated by the specific context. The clinical targeting of p21 remains elusive, largely due to its
functionally pleiotropic and context-dependent nature within intricate regulatory networks. During the initial,
hormone-dependent phase of cancers like breast and prostate cancer, p21 expression and activity are largely
governed by the transcriptional programs of estrogen or androgen receptor signaling. This hormonal regulation
contributes to the control of tumor cell proliferation and underpins the initial efficacy of endocrine therapies. In
contrast, as these diseases advance to late stages or evolve into non-hormone-dependent subtypes—exemplified
by castration-resistant prostate cancer (CRPC) and specific forms of triple-negative breast cancer (TNBC)—these
conventional hormonal control mechanisms often become dysfunctional or are entirely bypassed. This

fundamental transition creates a critical therapeutic void, highlighting the urgent need to identify and exploit
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alternative molecular pathways to effectively target p21's function. Promising strategies may include the precise
modulation of its upstream transcriptional regulators, downstream effector proteins, or the intersecting parallel
signaling networks that critically influence its activity. This review provides a systematic synthesis of the intricate
and interconnected mechanisms that underpin the dual effects of p21 in sex hormone-related tumors. These
mechanisms are categorized into three core, interrelated functional domains: (1)cell cycle regulation: p21 executes
its canonical tumor-suppressive role by binding to and inhibiting cyclin-dependent kinases (CDKs) and by directly
interacting with proliferating cell nuclear antigen (PCNA), thereby inducing cell cycle arrest, predominantly at the
G1/S checkpoint; (2)apoptosis modulation: p21 exerts a highly context-dependent influence on programmed cell
death, functioning either as a pro-apoptotic agent under severe genotoxic stress or as a pro-survival factor by
inhibiting apoptosis through interactions with proteins like Bcl-2; (3)hormonal and signaling crosstalk: p21 is an
integral node within broader cellular networks, engaging in direct physical interactions with hormone receptors (e.
g., AR, ER) and participating in complex feedback loops with key oncogenic pathways, including PI3K/AKT,
MAPK/ERK, and p53. Critically, the role of p21 is not static but highly dynamic. It can undergo a functional
switch from tumor-suppressive to tumor-promoting in response to therapeutic pressures, metabolic alterations, or
evolving tumor microenvironment cues. These adaptive shifts are frequently implicated in the development of
therapy resistance and disease recurrence, particularly in advanced, hormone-resistant cancers. By synthesizing
these insights, this review aims to establish a coherent theoretical framework to guide the future development of
novel therapeutic strategies that target the p21 pathway. It underscores the necessity of moving beyond a
simplistic, binary view of p21 and emphasizes the forthcoming challenges, such as the discovery of reliable
biomarkers to predict its functional state and the rational design of context-specific pharmacological modulators to

selectively harness its therapeutic potential.
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