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EE p21 (CDKNIASLHZT) R—FoCHm A ma &, BA 2 A8, EE S PP e i
ERCE M, BEReImE g, wRefedkE & e, HAREMALSI ARG XGE M . R p2l PR CHY 2, HET
IR AALEI 5 Zetk, TG RN FEA I R PR . MRS G CInFLiveE . AidIARE . FEABYES) AR B
AT LGE R R I p2 1, DI B aE . SR, pi i R RIM, sOR AR SRR AR I (A R BT A
IR AR = MR b, TR NIRRT, TR R 2 R A ) i AR R p2 1 IVE . ARSCEZRIR T p21 15
P AH e PO E AR SR i 2 AW, S . p2 1 i@ 0 R AR RS (cyclin-dependent kinases, CDK)
A T P A 25 G B S AN A% B (proliferating cell nuclear antigen, PCNA) S HE=ANME Y], 8 2R mAMIH T,
DL 5 A B AR SRR A UK T2 53R . ARER B e 0 p2 1 38 BRI EAH DG Ihs £ HE B A4
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AR A TG Sh RS B R 2 P AR AR B
MEINFER 7T, Hdp21 (CIPI/WAF1) KA
HEAEM . p21 AR &I LUK B8 IE SRR 40 i
JRRRE Az O A, T2 2 5 s
W, T SR . DNASUIEE LS A0

200 i 0 R 2 R 2 e R A Y AR
fFo RO SR T AN R A O AR TR
REOCH o AN S A OO T G 4 200 ) 0 8
(cyclin) . J& & (AR PR G (cyclin-dependent
kinases, CDK) . CDK #Ji i 5| (cyclin dependent
kinase inhibitor, CKIs) MIOCHERA fif % 12,

CDK {4 1 % 31 CKIs FRG# 4 , CKls
T 5 A0 A R A AR AR I R AR
(CDK-interacting protein/kinase inhibitory protein,
CIP/KIP) A1 CDK4 il il & 1 %< ¢ (inhibitor of
CDK4 family, INK) PIZEEH H K. INK FK %
Hpl5. pl6. pl8 M pl9 M H Tk */, XLk
R BEIS 15 S PE 45 & CDK4 5 CDK6, M i ifi H:
Y cyclin D Z [A] W AHEAE ] . 115 DNA 3 0 o i

52, At S SRS A A 2 fioh 2 44t ] S0 L v sk 240 A
JAT, I pS3 KRR HEA TR . p21 J& T CIP/
KIP K, A G4 p27 45 p57 55 2 Fil i
E N i N > cyclin-CDK &5t 4s, w] 77z 45
4 cyclin A/CDK, cyclin E/CDK } cyclin D/CDK,
AR HIHBERGEE, HETT7 | 240 M8 91 R A RH
il o RS CIP/KIP ZR A 51 2 AR 73 N S 45 44
1B p21 9 C iy 25 14 1 H BB 98 15 34 58 40 Jf A% Bt I
(proliferating cell nuclear antigen, PCNA) #H H /E
Mo Bk, £k CIP/KIP Kk — b, p2l AMEE
INK %2 15 15 240 e J] 390 A4 42 CDK A T2 530 AH 1)
[F] Fsf 3, 15 CIP/KIP R0 i HAth B 53 A L BAT 21
JEJEIIRE
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5T P % B B0 1 5] 1A (cyclin dependent kinase
inhibitor 1A, CDKNIA) FE{EJEIIIAYE iy Dy hE I
FEOCHE, p2l B4 G B2 B8 F4&HF (B2
promoter binding factor, E2F) . 4l i A= J5if 5
(myelocytomatosis cellular oncogene, MYC) %
Sk R, B B R SR S T . X —
BLT 2D VR4 T 5 20 B 5 RIS A DG 174 5 PR 1)
“% . [AIRY, p21 5 STAT3. ASPPI1 455 & HIAH
HAEHT, E3EATE AR S . T TS
BRI ek, XU IR, p21 2 — 12 UhE
RAEN, RS P A O,

IEEX A Z IR, 45 p21 7E MR Hh 2 B
WACEYE: — T, it BRI AR e &
FEIAER]; S0 —J0H, TERSEMIE RO T, &
KPRy p21 S S T fE i DNA B E A7
5 RIS 50 0 L35 7 R SR R R . X — R AE
PR AR U & . TEFLIRE  (breast
cancer, BC) . Hi %l it (prostate cancer, PCa)
LRI, MERER . MRS HEERES S
p21 I ARACEIER . R Z AL RE B
CDKNIA%%:5%, CDKNIAWHER B i 2 2 AT
PR ILTUHES, HLFEE T — a4,
0 PR R A M B B BN 05 IR 2 S A
WA is 2 ) .

ST VR R 25 110 LA p2 1 AE AR S g vp
PIRCEVE, TG AR S . TR LA &
SWEGF B EShZ R, IO IR
PP LR o F B SR B R P =, i I
& UMY LS e b SR 1] B o S S

1 p21iE¥= 40 A6 fE B R X E 5 F 4L

1.1 p213CDKiEMHRIWNEER

YR 1 S 1 5 B9 CDK AR 7, p21 7240
J FE IR R A R AR . AR CIP/KIP 575
HAbFE BT, p21 A TRE 5T 28 48 > 4 i s 3 o7
FEAEAS ] B A8 2k AN [ AL 375 R R iy - AR 2R
(] 30 3 2o #90 i) CDK 37 14 % PCNA Ty RE {65 200 it ] 491
5, RS> 24 ) i 455 cyclin A/B-CDK1 5%
G2/M IpHH (&l 1a).

EGUIA, p21 FIH B3 B e 3 A 1 XL
AR AR B2 B A Oy 4 2% B 12 2 cyclin
D-CDK4/6 2 5 W rIE iS5 T6 4k, 420 20 i 8 1913
(RN i AR S e Kl b gy e e B
FHIET p21 5 cyclin-CDK B G454, —Jr il

TS G cyclin, 53— A4S CDK _F i =%
2 (adenosine triphosphate, ATP) J&MEA & AT
il CDK 31 . Cyclin D-CDK4/6 & &%) . cyclin
E-CDK2 & & ¥y 38 2 41 il 40 ) i B 41 B 98 2 1
(retinobla-stoma protein, Rb protein) B§fR 1k, ¢
i Rb-E2F AWML A%, I HIAH 1 G1/S A8
oo () 240 LS JOH R PR e s o1

HEASHASE, p21 1k B AL 175 5 40 A S
FHYE . —J& 5 Cyclin E-CDK2 & &) 454 -4l
W TREE A PCNA JF 3l M4 4h PCNA i Y
DNA &l #F5EKM, CDKI1 A] LAYy &) 40 g v
B CDK2 R, il Gl/S i1k, 1
TCIE SRR 20 B JE I A A o5, R p211 AT LAE s 41 il
CDK1 5 5 40 it B 91 BHL A 0 (AR B2,
A4 i J5 A o CDK4/6 1Y i P #6823 5% i Cylin A2/
CDK2 flifith . i, p21 % CDK4/6 SR 15y
Ml 23 FRF4E 2 S/G2 W 1, i HAh Y CIP/KIP TG I
YEM .
1.2 p215CDK. PCNAWIZE AL A

A p2 L XA i RIE I A8 BN, H
TR B BIL ) B A I D HORS ) 1 285 A A AR
Mo fER —F W 7E )y & H (intrinsically
disordered proteins, IDPs), p21 F & )5 Ar ok
H FARRIZIEEN #55 cyclin, CDK 254> T i e #8
55, N p2l REERSCESE IR IEZE M LR (81b) .

p21 7£ N it i1t 24~ JF 5 cyclin-CDK & &%)
AL A . p2l Nt & —15p27. pS7EFKIHEM
B eyl FF (A17-P24), 1355 2R EME
H4iG. p21 LA cy2 27 (H152-F159) FIK A7
&L (F53-P58), cy i s AT DA 22 K i £ X cyclin
A-CDK2 Wil /EH . K i H & CDK2 454 p21 it
WY . eyl 454 cyclin, K454 CDK2, M ififii
p21 254 cyclin-CDK2 & &4 . p21 Joik4s & CDK4
Mfk, HA5 CDK4 5 cyclin DIUERE SIK)G, AfE
Wit eyl Hp21 454 e,

p21 J& T IDPs, H: C i D149-R156 7E 5 CDK4
GG SIE T R R TESSH , IX R TCY B
HOERAE ety S| = M N s S D i ed SR 2 i
BB 98 UE 52, C % R140-R142 R #% € 0 {5 5
(nuclear localization signal, NLS), p21 &2H A5
LR A g A2 98 1 SR R 3 DA G o

p21 C g HAE S AT I REAUAZ 0> . PIP-box
(Q144-Y151) 4 p21 5 PCNA HH B4 FH ity 56 4 5%
£, S PCNAMEAERN, M HALE 55 PCNA
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FEAER], 17540 S JHBH T . PIP-degron j&— 7
FEIR K PIP-box, A{UJE p21 5 PCNA 254 M1 17
il DNA &l (s, W — M RfES. AR
AF, p21i#id C % PIP-degron 5 PCNA 254, 4>
M B CRLACA2 12 2 L R TR A, ei/r 2
JfI7E DNA #3055 5 #-A T8 5, AR R APEfs= . B

(a) |

LB AE TP p21 B ik 1Y PIP-degron & A4 R AR B,
TSt WAl p21. p21 #7225 4 PCNA S5 A 4,
DNA R A4 0454 PCNA #E17 DNA &2 1, 1t
sk 2411 it ) 03 BEL#E 7 S 199 11T PIP-degron WAl & 5 i
AR (Lys) AAGER (Arg), lid “IR4ERrEm
SIS EE AR EAE N WA p21 5 PCNA Y

fF——————— CDK4/6 I

Gl

‘{ Cyclin D |
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Fig. 1 Schematic illustrating the action phases of CDK/cyclin complexes and the corresponding primary binding

domains of p21
E1l CDK5cycinfE MBI Sp21 BB EELE S
(a) CDKXjcyclinfe 40 J& W1 v 2 #EVE RO LRI . (b) p21 =4E45H . (o) p2l & FEMRFHN AL 40 o p21 26 11 = 2R 45 1 1
PyMol3.04: il . CDK.: J& W& HAKH 1 i (cyclin-dependent kinases) ; PCNA: #4754 41 il #% i it (proliferating cell nuclear antigen) ;
cyclin: AIEAEWIEA, cyl: p21 NipdEl¥, 45 Acycling cy2: p2l1 CHiddly, nI45Ecycling PIP-box: p215PCNAH A H B ik 3L ;
PIP-degron: —F4FERIKPIP-box, SPCNAMIEAEM; NLS: ZEN{ES (nuclear localization signal) .
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SEARET . A5 R EAE P T PCNA UL ER
(centre-loop, Asp41~His44) . I [] i% #% 3 (ID-
loop, Leul21~Glul32) . Reg. 7 X 8 (Ala231~
Val233) . C i 2 ¥ (tail-loop, Lys254~Glu256) .
4 p21 5 PCNA HLRK P EE /R LA 3 2« 1~3 : 1,
DNA G DNA 5 BGE gt o8 a4l B
ORI p21 5 PCNA MZS S Faet: " (Kl 1c).

2 FRRR, p21idid H IDPs (254t ANE
] DL R 3G 4E A AR B cyclin-CDK 2 &%), 60
PL45 G DNA & il (1 R: 7 8 H B PCNA, AT 3%
4 CDK 5 PCNA X W R AZ .07 Sl i, s 17 H:
VR At i PSRRI (9 OGS A o Xk 1 AR
FHPLHI R ER AR, B /R i 7esass . B85
ST bris M TR B PR IR . i
O 240 9 T 3 I v s e A AR 4 T S B ) R
1EH

2 pl7EZBRA T EERHLE

p21 AXAE A SR BT ¥ b R, e m] DA
I IR AR T, FEHLE O T AR
A DNABGREE  WA0AEE 17 S 5 ps3 4 (5
SO A EAE]
2.1 p21BHUATHLE

p21 7Ef s R R B e R, dlid ps3
A /AR IR A I i LR T
2,11 p2lilad pS3AAS A AR il 20 e T

DNA 2 J 5 )3 I 36 ps53, p53 H L4 &
CDKNIAJA 85 BEmie s L p21, p21 5ok 25
5 PCNA il 240 Jfa J& S 4= i A TIB S 5475 . 93 4k p21
id i 45 & CDKs il RB#Rfk, BH 1L E2F i,
T RELE T S BAAH OG- S — FR AR 8 T 3 R A i3
i, ALFE TR L7 1 (apoptotic peptidase
activating factor 1, Apafl). Mt REHEF (cysteine
aspartic acid specific protease, caspase) . p73 DA J&
BCL-2 Z & A2 U8 T 1 51 Bel-2 A EAE F T rh 4
+  (Bcl-2-interacting mediator of cell death,
BIM) . p53 Ly T-98 75 B+ (p53 upregulated
modulator of apoptosis, PUMA) . 3 I % fis 75 &
] H 1 (phorbol-12-myristate-13-acetate-induced
protein 1, NOXA) %, p21 5 ZFh bt K &E 5
(procaspase) %44, i H JC ¥k 35 Y] caspase,
T caspase 175 T AL PH T 120 I caspase 2
156 2 I ey FEE M CDKs i M, #lL1] CDK 45 & 4519
ST 20 M S 2 A ORI (i) 5 4e

T,
2.1.2  p2liadpS3AEM R AT I A0 A E T

p21 Hir B AR 40 M o v 32 B R T TR .
Akt (XFRRE A B) il p21 75 Thr145 7 53 8%
f2ft, Thr145%EENLS, HBERRA AT IEp21 5%
i NZAAEAEAE D EMHIHAZ S 0075 procaspase-3 5
ML RT p21 454, AT B FH 1k p21 S 7 21 44 fd 4% .
Thr145 5 2 1t 0% 38 p21 5 PCNA Z [a] (1) &
PCNA # [ 4545 DNA 5 W55, fe it S IFERE
Akt T #7525 FH # C (protein kinase C, PKC)
B 1R AL Serl46, % &1 W B2 Ak B W] Bk p21 5
PCNA M HAE . 5 p21 38 ik Ser 98 13 & ik H
FEEE G AR T {55 P8 7 1 (apoptosis signal-
regulating kinase 1, ASK1), BH¥if ASK J# % MAP
PR (MAP kinase kinase, MKK), Ml
ASKI1-MKKA4/7-INK i % , 240 HiI7E p21 $ig R e
RN = A1 b s S VB o NS e e ¢ NGNS
Je K732 4K 2 (human epidermal growth factor
HER-2) F1 % & 4 K W + %2 &
(epidermal growth factor receptor, EGFR) ) i %
kLA KO BOTE W IR BE UL B 3
(phosphatidyl inositol 3-kinase, PI3K), PI3K /%%
3- TR LA 6T M 2 1B 1 (3-phosphoinositide-
dependent protein kinase-1, PDK1) FlIHZLsh¥) &
TH# R &M E A K2 (mammalian target of
rapamycin complex 2, mTOR complex 2,
mTORC2), P EN]Z HIWERL L Akt - Serd73 Hil
Thr308 {37, FE 9 Akt S BERR 1L p21.

¥ A ¥ «B (nuclear factor kappa B, NF-«B)
TEZFh MR PR A T p65/pS0 — SR IAR IR
2z HEEENNFxBE A, p21 38T EA7
TEMS «B A7, A2 BRI, «BAHIE
W4 (inhibitor of kB kinase, IKK) #%i4n%, B3
IKK-NF-kB il 1%, p65 A% H LSS A p21 s T
WUV . NF-xB I 1S58 p21 ik, BC /& H NF-«B
S Btz SR DR 0 1) 98 R DR R B0 R I R
FirE

1Ep53 5 RB [N GEE R, p21 BICEES |
K GUIBH A, B AT 62 o A 22 53 24 B0 iy 4 i &% 2k
“OrEUEFS”, BRI RE IE R 50 R 2253 2L
SR, SRR (N8N, 16N), X EEiFFE
SR A0 41 o7 AN /) DNA & &, 7Ep21 BUKsh T
OB A0 A A 64T DNA &, {H i 7 p21
MIFEAEFIRB OB, 20 i T2 58 G IE B AT 2253

receptor 2,
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2, FEDNA K AT, DT AER HE A Ak
PR el
22 p21HMRATHLEH

M B E R, pS3gkLE TR, p21 YD
WP TR JCIRRP U I TR, EEm o ik
AR EAET 32 IR AR RCE ML T A T
221 p2LESERRIRR G AR T

5 s RFSE DNA Bt . ARG, ps3
M5k bR p21 19 W) B AL B 2 45 A microRNA 34a
(miR-34a) JH3h¥, @y p53 {ff miR-34a KA
A, RS p21, [RIEHERRIAR IR FE H caspase 4Bk
SN T 1 caspase-3 VI E| p21. p21 1 R 2> bR
S FE I RE Y, e AR T

BRUEZSh, pS3 [al I 15 lineRNA-p21 4 p21
MM lineRNA-p21 FAHTEE G TE (Cngs e
iSRRI R T T A Rk A
W, A ECRITN R R S, R AR A E
B, NI B Al f g T 2. B E BT,
p21 23 2 [ W AH 5C 8 14 Beclin 1 F1 AtgS (i
RELI- 200 A . Y Pifn Ik mt, p21 8 LiE 1k
SUREREAR, FWEAH G A s sy, RN
QO 8 d 3
222 p2LEIET A2 AR A HE A T

p21 4 i i B E 4L T8 H BAX (BCL2-
associated X protein) I NE MR IAFEIA T (tumor
necrosis factor, TNF) ZZRIET A2 A2 i 20 i & A
4 T . Fas € T2 %Z 1A (Fas cell surface death
receptor, Fas) %3 AYIE HI¥ caspase-8, H %L
1% caspase-3 2¥ U] BH3 A H.1E H 45 ¥ 3838 T3 3l
7| (BH3 interacting domain death agonist, BID)
T, JAshZniiAiE # . p21 i FRIk W LI /N B
4 2 [AJHEE F (mouse double minute 2 homolog,
MDM2) HJFRIEFIIRE, T p53 8 Az R ki
A R E RN, IR NTRER, BN
pS3VEMER SR T, L T —RSMER T E (an
CD95. BAX., PUMA FINOXA %) ik, ixXdk
A s Y 2 R B 289 T CD9S SET- 2K =
AN T g

W, p21 Bk 2 B DNA L4 5 i ks
N IRenkiG, AR RE (GG AR
RS TR 2RI, A5 k25K
MM S5, JF RS R T R AR, (241
JHT

BRILZ AL, p21 ik AT AT 4 i R R A,

G B T AT R S 5, DT AR S A R T B
N, caspase-3 FOSNE % p21 KT ml REA 210
JaXT % 2% (doxorubicin, DOX) AbFHEE A AUk,
JFEEApEH, p21 FEARAR TR T15 5 B fgUsk,
|8 Bax 3K N34 il Bax 5 Bel-2 HGAE A& #4842 14
TAEH-

Zi b, p2 IR S T 36 . S caspase
YUV . HIH] ASK1-MKK4/7-INKGl | e gt
SRS FI DNA N & il AF sl -, e n] LS
LA MDM2 . B E WA DG AR L 3 R 4 0T
P A5 B N S B ) SO A A e R P A i AR
WM T (A S . BC H p21 5 3 41 i
P ),

Il R H ARG LR a A AT ) p21 3R YT . 14
n, Apcin (417253 20 AORIHIRD - EH
i 20 5k B (histone deacetylase, HDAC) # i 5
(FK228) W[ 7 T & N 59 (endometrial cancer,
EC) it p21 45 0 20 Ji Ji] 30 45 v A4 B 0 1
AW g AR A

3 MEEESXp1IhsERiEaE

3.1 BEHEZE (ER) FSEK

W2 (estrogen) - i HAZ Z AR (5 51
%, X CIP/KIP 2 4 H 3R AT 2 )2 U BLIa] Y 37
P, NSRS 20 B A S AR o p27 157 T 4 A I Xk
BCHFHA MHIMEH, 7EBC bR fT, p27%Kik
IR . 2R R R N BC 4 p27
UM N L, BERER +2203 (progestin) /&
BXFPIE AT P, BC 5 EC Ha] Rl #) p57 k%
KB ECH, MEWER . IR L pST
ik 7,

55 CIP/KIP i HAB EE F B R], ERGR AT L
5 HESS S CDKNIAJR 3 F X4, W nl DIEE A
K P X p21 #E AT P #E, p21 2 ME I R Z K
(estrogen receptor, ER) {5 5 if [ 1y OC 5 94 47
REP =8

TERN A ER, MM ER o H 32 /K ERa &
AEM . ERa HAELS A 3 CDKN1A KA 15 3l
T —DREENL L, DS — B ER T
{4 (estrogen response element, ERE) ({5, H
535 #E A 1 (activator protein-1, AP-1) #%5%[H
TAE AR, FeRIHY B ERE/AP-1 07 5, X
— A IR B 1 (specificity protein 1,
Spl) ZFHHBNIN T, LAEE CDKNIA W55 .
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2L, %M ST ER [HYE R BC A, SEEl TXTR
BiF bR p21 FRIKHYIAE . XA ER 509 p21 FRIK ]
DB 2R A ] B2 p21 AR Bl m] DU S Y
ERo Y itk — 5T, el ] CDK2 (3
P, AR5 R S LT PRl PRl R A5 T R4
4 # H (cAMP-response element binding protein,
CBP) [WHNHIVER, MY 5% ERo 5% ST RE 5
Ji—J7I, TEER MR AN Tad ik p21, #]
T ERE MR HE 5%, TR AR X 176-E
(E2) KUTHEMLR WUt . teah, p21 XJif
PR EE R 4 A B B A Bl kR, nIaY
SR U2 i K 3Z K (progesterone receptor, PR) Al
Wnat-1 5 3 {5 5 i@ #% & 1 2 (Wnt-1-induced
signaling protein 2, WISP-2) 5L FRIE,
cyclin D1, X} pS2 4 FE K TCBH g, et it b
PEPLTE L g0 i — 20 R U B2 W5 % p21 5 ERa ¢
CBP L [rl4A S B EIER R 3T IX, JE AR R o
BEMY ', H CDKNIAJA 81X -2 800~-3 200 bp
X IR A7 7E S ERa = BEAS A IETRE X 2

TEAERL N R, ERaS p21 Z I8 -
ST EAE RS T OCER . TECBCAS 2l
MW (WICI(182,780)) FE7ERT, ERoid L H
178~215 M1 251~312 LR X 0 5 p21 454, B
EAYI IR ARG 5E , 10 E2 W3 i 15 S ERo iy
LA, WINZE G, Bkp21 EafoEtt, Jf
W cyclin E-CDK2 & &4, I 412 ik 240 it J&) 4
HERR 9,

1E2 L IR g fe 8 (MCF-7) 7, E2/ERa
3 E I p53/p21 8 BT IR AR (n
PCNA FIKi-67) feiEs§sE . ERIEH LI —RIK%
AR, o FN BB PE IR 78 = B FLIR I
(triple-negative breast cancer, TNBC) 2 fifd fii U
(MDA-MB-231) v, i HJ et e ik Ml R &2 1
Bl 5 B I 8 CDKNIA 3[R ik, 00 il 4H A 34
B IEARIRITTTT S B v, LRI O
1k W 40 1 7 (histone deacetylase inhibitor,
HDACI) 5245 Y 4 b Jeg 4 FH BRI 3i 5 8 4% p21 52
PP o4 NBERR (berberine, BBR) Flfthii B 25 Ex
HIET, BBRa# T b p21 Fik AT G1 HHBH T ,
P& 15 MCF-7 4 JL 0 52 15 S5 R U
32 HHEZME (AR) ESHEK

MER Z L AR XS p21 R R 2 — 2 2
W, BRI, R A F R0 = K
TR B B F A L ER 5%

MECR /AR S5 Wi B4 5 ) CDKNIA i
iy Jig B b W RE SR R [ W T (androgen
response element, ARE), J3 3l CDKNIA W)%% 5%,
M R IR GE o S BT 20 i ) 5 DR A o 9
1, & p21 IRyl

BrittZ 4, AR AT 2 5 -2 A EAR
M., H5E45A7E CDKNIAJG 3T Spl-3 4 a5 L %%
SR SpUEE A, PHRIMEE p21 ik

TE 2 AR PE AT 51 958 (castration-resistant
prostate cancer, CRPC) FrE, i%nY AR -
RIBFE L p21 ik o BEEE, p21 381 1 il W 3o
R INKAG S5 AT R, RIFEREFDIRE, N
A XT38 (N2 Pahae) mym 2k 02,
TAE ) MR AR P e () e R b, AR B3t 56
K AT 32 CDKNIA W55 st (Canidad 75 5 8
5175 AU 52 R P EE B 11 (activation-induced
basic leucine zipper, AIbZIP) . 3N 5 X N #i5
F & B (old astrocyte specifically induced
substance, OASIS) HYZIRERIFEHAMH 1 p21 YR
ik ) o p21 MR ER 5 R 0 L AR AR R T H B RN
PR AR A KBTI

A, ARTEANZE BC il # RIA FRIK,
VRO (1 AR GE 198 ER-B 3R 3K M BC 41 il Y A=
5 (B 22 255 A6 R RS (mitogen-activated
protein kinase, MAPK) 41T p2 1 {14 AR 3
TEAZEBC U BAXCEE M. NIl AR B2 BC
BT Z— P

4 pAAEAFEMEMERXMEFHNIERR
Bt

p21 FESAAE TP AR S B0 3 2R, X R
BEM AT SAVEEAR KRR S b A2 BN R A5 5l B A 2%
PP, R s B TR S A | BRI
KPR B . TEBC., PSR K45 miwt, p2l i
FOREAERRE 22 G Y, eSS
JH9E8 A AR B B G 0 AN R ER A G IR i
e, p21 v BUR N F = E LT E A
o (E1).

TERCRMBERR P, p21 F2 2 R 35 R 4 il
VER, MITEESER ARMOBE NI, p21 (g it i
JoE YA . X — ) BE A9 ] ¥ MR 7R fh 25 OF
(tamoxifen, TAM) FJZHZURE TP SR RN 152
LRI

TAM J& ER [ L W96 v 97 55 991 B 19 S B 24
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Yy, B & EC HY KU I 22 23 A B )™ R A
F Y XA LR A R BCE RO, IR T LIRS
T E NI LA OIS . A% 05 TP TE M N
P E ISR ES . XMERHESET TAM
Xof S BHEBE LA B IR 42 HE AR S 45 TR, p21 R AR AL
TEH

TEBCHIZU, TAM-ER B & Wil o 55
¥ 52 AR M ¥+ (nuclear receptor co-repressor,
NCoR) . i 2 Ji2 1 HH R i i 3R 32 1R TR A T
(silencing mediator for retinoid and thyroid hormone
receptors, SMRT) Z5E 5, #lifilc-Myc. cyclin D1

SO TH LN B 5k, [RIINF TR A#BR 1% CDKN14
R B sk (Bl2a/). A, TAMIRYT AT HE
71 S 1Y) DNA 453 43 1 38 RE 38 2ok S0 pS3 38 1y |
P8 p21o p21 7K 1Y T i e 2 5 504 A S B 45
RO . M, TEFENRAL T, fAEE
AN [R] A e SR DR (A 20 T st 2 A 005 PR 1 1
(steroid receptor coactivator-1, SRC-1) %§), TAM-
ER 3Z R E & Wi i e i c-Myc S5 IE N ek,
il CDKNI1A (%% 5% (Kl 2a47) . p21 5 c-Myc,
cyclin D155 2Z Al AT P4 AE H

Table 1 The function of p21 in hormone-related cancers

R1 p2lFEHMERMEXEERIIRE

FEAERAY (U HE p2 145 L R TEH
BC N Vo BRI @ 1 CDK4/6 Fllcyclin E/CDK2 2 &8k ERa ER: 41 p53/p21 i B 238 it % 85 ERa-p21 2 4

RAEEAE, HRaEmEmRzEg U S fENERMTE
SEAEOE TR G B RPR) B, #4TNBC: p217)

RERIGBOR FE IR A A7 ThRE
FHICDKIEME Fe 45 A PCNA,  BEL 24 it & 34
F KT (I p2 VAT 0 INK A S g g 2 052

PCa N N

EC N N

ocC N N

FHICDKA/6 1 S 41 Mo i 5 S T2 B o)
WHRAEMIRMEEC: pS32eiE il Ae T 8p2 Uk ¥ 1E

SRS RBIE K A S 20 M AL, 300 40 Mk 4 5 4 oo
TN P e A 5, S8 SR e 2k [T

WOk B AR p21 A R s I R I g, ATk
g 1 551, ERaAr S BCYN M5 12, ERBAMHI
WX BCAN AL TR )

T Z/AR: & CDKNIA) B 825 3R ¥ N1
EMp21RE, R4 T T

ARFE BT IR 97 I T e i 40 ] AR5 5[]
Felefkp2l, (AR R 2 A Rk
KA, 5 Fp21ik B

W 2@ ERo I p2 1 220k, 38 BH 3 41
FE M EC AN My 1 4 TS 65

MR I8 I 45 S ERaE BT AR Y5, TERBR
FIETHEI AN A . SRR AR R, IRkl
i R ST L A T e

BC: FMJw (breast cancer); CDK: Ut JE 1 FIAKHE I (cyclin-dependent kinases) ; cyclin: A8 ; ER: B
M EZ K (estrogen receptor) ; PR: 22 E Z1K (progesterone receptor) ; TNBC: = [¥:F 7 (triple-negative breast
cancer); PCa: HIFIJH (prostate cancer) PCNA: YAFAANMIAZSTIR (proliferating cell nuclear antigen) ; JNK: c-Jun 223
FE 180 (c-Jun N-terminal kinase) ; AR: HEifi2Z5Z2{K (androgen receptor); CDKNIA: 2 Jitg J& 300 25 P A0 st ik i 00 ot 5]
1A (cyclin dependent kinase inhibitor 1A); EC: F & Ni#i (endometrial cancer); OC: BP#L4% (ovarian cancer); RB: i

WIERE IR 2 (retinobla-stoma protein) .

I RE M #611E K1 3 (cancer dependency map,
DepMap) . AZR&EFIFiE I (human protein atlas,
HPA) S8 SR, p2l FEFLIRA SV Y5 T
T FENBAZL Y (El2b), HIEEMKSEZL
BRAEANI AR (WIMCF7, ZR751) 1 p21 ik
TFENBEEMAER (WKLE) (K2c). XFP2E
SAAET ZA)2M: %—, /EBCHHF, WHRIEK
kAR (W BT20. SKBR3) fip2l £k
FRTMAMBNELN MR (W1 MCF7, ZR751),
XML p53 AR R L HGFH N B T

TAM 13 i ERG# 1% F I p21 iRt 25—, #EEC

PR, AN R (B d A e S B, 40 Ishikawa
(ER+) F1MFE-280 (ER+) F{p21 a3k 4s
=, MKLE (ER-) 4iffi RFRENEAL (El2c),
XAE—ERRRE F T TAM fEAR R 2H 21 i 25 5
i

O 58 i 78, TAM G i — Fb ER £ S 1 HL
i, ELHEE PBK-AKT-mTOR {5538 1%, UK Eh4H
a3 . X — AL A0S FAE EC T ULAY PIK3CA
B RAR, EWE Y H BB T IR R AR )
A, A — A AR AL R EOR SR s F 4 . PIBK-
AKT-mTOR {55 %5 3 J% 09 #0306 WL F BC K
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TAM JRYT 7= A ATt 245 PR Bebogg g o 7Y (B4 Y
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i CYP2D6 ik Ak A g i AR I Y —— N
7% (Endoxifen) . PN # 25 XF ER i 2% Fil J) i |
TAM 78, HOZ2—FERH SR aiss il . B,
FEBCH, N 250 R 850 O R A i) ER T
B . HETTA ROREX p2l IR B e EE, K2,
1 BE N CYP2D6 3 N 2 50k S BN B IR AR AN

@

(

BC | EC
v L

(conprzg}——{ p21 )

(21 }——{conpiz)

©

2, DRI REHS5XS p21 B9 RN, FEMrAL,
Ivi) s foff 75 PN S FP R TAM TR A 5 (0 055 B 3k
SR LB, SR 7 X 2GR
FIE B, p21 B XUEE A AL 32 21 U 5 3
i, W2 AOR TAM Ak P 5 X — 251
el B, i, ERRMEH A, ol
P SE IR 2 5 . B OR p2 1 d B RE AR E
RS A Y SRS
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Fig.2 The mechanism of action of tamoxifen and the expression levels of CDKN1A in breast and endometrial cancers
2 MEEFEAVSSCDKNIAGEIRES TENRERIEE
(a) TAMEBCSECTH/EALE]. (b) CDKNIATEFLIRS FE PB4 4irh ik &, B K E F Human Protein Atlas (HP4, version 25.0,
2025), FMALITPMIE R, T PEEE R b A 22U W21 2L B KnTPMIE. (BidiE Zelog 40 ) . (¢) CDKNIATEBCHHMI R SECHIIE R
WA R B R IR TR AR ME B 1% (DepMap) , 43#72E T DepMap Public 25Q3%li4E . Eh iR £k (TPM) ik fTlog, %

i, TAM: 3 7% (Tamoxifen); BC: FLIREJE (breast cancer); E

(cyclin D1) . ***#%P<0.000 1,

p21 7E TAM A3 19 41 U6 4 i iy iz i 3
R T OCHER TR . I e 2 ) PI3K R
B B WO HLR S AR AR 22 R IR R, SR [E Y
TAM 17305 e 9 AR H 4 T S PR ZI i f ke,
RERR BN N Y BA PI3K A1 il 77 45 5 784
FETET TR B T HE LA

C: T & NI (endometrial cancer) ; CCNDI: i fif1 &7 1 D1

p21 HE FIEN —FPIDPs, HEAR T RIB Ay
P AR T RE R SE B AT BEJF ARG T R0k
KRR AR, TS 22 M IR TR E B A R
B CIEERAES . NHORESE) o fER g,
] B B SR B A A 2 R S . X B
(o mtfe . B ib 52 RALAE) Shasiy p21
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PIRSENE . AR o7 MAH EAE NS, GRS
55 HAth 53 2F 17 v B IE B8 AOR R %) B[R] AR
(context-dependent synergy) (££2). HLAAGHIESE

5 I3 A AN R E 5 R R p21 B AIR S
YIS v DFR DX 7 oy A

Table 2 Key post—translational modification sites, functions, and associated signaling pathways of p21

R2 pIXEBWEREIGALS. hEERBEXESER
B4 7 = A 1B 5 R E I A HE 1S 5
R, T145 fEdkp2 L f e A #IHIPCNALL & Akt/PKB 7
S146 fERtp2 1 BT E A fIHIPCNALE & Akt/PKCC ]
S153 {3t p2 1 M 53 72 o7 BB T S U7
S130 {12 45 240 T MAPK [7#]
T57 (R 40 M ] ST A Wnt/GSK3pifi i 1)
S160 HHIPCNALE £ PKC [7]
ZHEN K16 PfiiaiiyiiaV R tihei e CRL4BPAI {5 S g 177
K154 AR 4T i J) SO A CRL4BPAI 5 S g (77
K161 (RN SRR, AT A ROt ARITH2A™ 5 [FIp2 132 Z A B f e i 1507
K163 AR 20 R 5 RNF135/ S 1p21i2 Ak e fiim g 1
LA KI61/K163  FHM4IRE L, FSapsE HMYSTF LR [ Z B B Tip60 4 5 1)

PCNA: HHIAIAZBTIR (proliferating cell nuclear antigen) Akt/PKB: #E[1#{ff# B (protein kinase B); PKC(: 4 i/ CC
(protein kinase C zeta) MAPK: {43245 75 1k 094 1 (mitogen-activated protein kinase) ; GSK3B: Wi 5l i B i 3B
(glycogen synthase kinase 3 beta) ; CRL4B: Cullin 4B-RING E3 72 R & # 8 &2 &% (Cullin 4B-RING E3 ubiquitin ligase
complex, CRL4B); DCAFI11: DDBI f1 CUL4 # 2 [K - 11 (DDBI1 and CUL4 associated factor 11, DCAF11); ARIH2:
ariadne RBR E3 72 £ % # i} 2 (ariadne RBR E3 ubiquitin protein ligase 2) ; RNF135: ¥f$§% 9 135 (ring finger protein 135) ;
MYST: HEACEEREZRE (MOZ, Ybf2/Sas3, Sas2, and Tip60 family of histone acetyltransferases) .

TEAR AR E AR, p2l il K
A IR AL, S5 A SR |
=, DNA S5 02 B AU A0 2 S5 B2, BT
KA 2 2 EH DI RE A . BERTVE A e fi il
T, AT SR B TR 8 S (i . i

W

BRI

TR

AR

IRETTYBVETR ZI4E 7R T p2 1 FE AN Ay iz P s Hh i A%
OO R ENLR A S 28 k. e, AR GE R
p2 1 e B i 04 Bl 25 3 B RO R S e P e 42
AU, XTI L i) T30 14 T R T S s L
ARKEENILE L (K3),

AR R

FER AL IR

e S B D e

AT

[

A

Fig.3 The dual-role mechanism of p21
E3  p21 W EERIEELE
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5 REERE

P21 FE IR AR I Mg A i ek A v LA AL
FAEM . — 7T, FERCE R E MR T, R
Rl 5 p2 1 A EAE R NPl e A4 5
— 7T, E R AR e v s iR 2 R A A
B, p21 X A AR A AAAE R o p21 A9 A2
SV e J2E v 4 R A A T e
e, p21 AlE A ] CDK F4h & PCNA AUE
PR A0 T, b p21 ZEqRik B2 {2 i CDK
AW N EAI G LG, SRS CDK &
B T, p21 Bl 45 A I
CDK4/6, CDK2 %S G1/S WBH AT, it 5 PCNA
AHEAE VRS S ] —SBffF 5% o & B p21 78 Ho A s
W R FE5 3 R B A O VE A o p21 4038 2 1 i 1
PRSI TR R AR AR R O EAE A . DLk
PLEIH, p21 — 5 Al L 3 N 4t , BN S 32
i, SRR AR A R, S —Jnm ]

PhE AR R AR, BE SR A BUOKCEA AR

TR AP U 2% R O Mg 2 i Joe Sy Tk 2R AR AR
PR, P EMERE R S L R E RO BC
HhopS3 I R TR AR AL Y, ITAY EC A1 CRPC
R TPS3 FER 5878 o p21 J& pS3 FH A T e A
Fo IEWET, Y4132 5] DNA #5558 fl%eT
pSIMENEE ST, B 5 DNA P8R RS A
W CDKNIA 5 NI BRIk, 7E40f T & %
PR . pS3 IR %e 5+ F 454 i K oo 14
(response element, RE) %54 '®', CIP/KIP FK k&
H, HATC WA p21 o 5 p53 4SS . 18
CDKNIA J3 8 7 17 9 i & 2 4 5 7
&O(F£3).

TE TP53 SR ppgE v, pS3 ok IE# 454 3
CDKNIAJA 3+ X3, 53 p21 Joikii i 4 il 4 i
JEIAAE Ty I s 0 s s . Rk, ) TPS3-
CDKNIA & 8l 1% 0] G N s IR IR 7 i 24511
— RN

Table 3 Some transcription factor binding sites in the CDKNIA promoter
R3 CDKNIAREHFRFIIFEBIERE TR

B TEH]

HEERXA

p53  HEIEL G CDKNIAE )T, TEAIMN X DNATRYT . I8

3L 48 L
SP1 A3 T 4 AL R EE AL A K IH 7B (TGF-B) {5 5 %
p2lIHES

WER AT LS Ap2ls L ipS3 ik K RIS M ps3 T i 4 5 UK
FEDRE . BRSNS SR, B S p21kak . el B

MEBER . IR AT DR I BOE NI IEE (WIMAPKD,  3EIME R I+ S
S RFSP1. WS MSPI 454 BICDKNIAJG 31 F IR SPLAL s 1, AT

7 Sp21KE

STAT STAT1/3[¥I4% i i S o T i 1 BB 1) 4 S ffp2 1 B8

Wi 7T 1L GPER A 5 HIIL-6/STAT 33 % 13687

CDKNI1A: 20 it Jii] BA & 11 A0 38 14 38 i 30 7 57 1A (cyclin dependent kinase inhibitor 1A) ; SP1:

EE PR 1 (specificity

protein 1); MAPK: 2432455k 8 {40 (mitogen-activated protein kinase); STAT: {7 544 S MFE G E M (signal
transducer and activator of transcription) ; GPER: GZ& FIBH M ZZ1& (G protein-coupled estrogen receptor); 1L-6: [141%-6

(interleukin-6) .

p21 FEMMEIG YT T A R AT 5. A
W LT T RETT . — 250 il 5 p21 AHOC
() ARE A7 38 IS 1 T A RT3 e 4 %) 1 5 R
JHT, RIFARHT B ) 25 M) At T e A e
CDK4 1 il 77 £ 5k e o M Ml 3R S2 AR B4 BC
PIARIEIR YT 25 . TNBC B, i 95 2 R 1% iR
M (threonine tyrosine kinase, TTK) H[{Kk%& G1/
STEATHFp21., p27 FIRBKE ' —JERHBE
IRIT RN, AnfE by kR, R p21 R
INETIRE, MR R AN XTI 25 R U, TR
B4 G ARBERYT, AT IR IORAR , SRR BT
R e SO, SELIRENGYY . AR, —

LeAly 7 25M) ST p2 1 FHOGAR =1 i 1Y 25 UK 5 f
FH, - RTIG aEefee 240 A R A £ A el at
1% (a-mangostin, AM) P3[R E<H S5iRT7 Al i
ALY TE BRI i T AR T
AP NARINE RO, DR IHA 27 3 el A
PERIRTT TNBC, A PHERCR 5 AR ) ul 3 L
2GRS AT RESE AR TRICR

BRHHTSE R, p21 AR S A AR T
K (Cys41 7 x1), %A s BE RIS T 7™ AR 4R
PERE, DR ME [ ST SR GRS AE
SR BFATAII R et A e B AL p21 9/ 7,
K G BUATTIRIR ], p21 (8 Ll 7 5 ) 400
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e s 0 B AR AR . TRV U
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MAEASAEN . WS N, 2
15T p2 1 SRR 20 ML 58 O T I i A N B AR K
¥ (vascular endothelial growth factor, VEGF)
G HZAXS R, A AL R AR Y
Luminal A B F i rh, 58419 p53-p21 4l Al fg i
T SEARLAY p2 1 AR S S B AL A, 2R AR A i
B P SR, TE pS3 dE AR I B AR R
WO vENPIE T, p21 BTIRE AR AEARAERE A . 16+
BRI TPS3 A8 WA, p21 Dhfigilek &
ES VRGP e 0 ] Vo SR iR 7 &= R Gib U R v 2N
5 B+ 1o (hypoxia-inducible factor-1a, HIF-1a)
i 5 UK Bl VEGF ik, ARk 5 10 A8 AR A 75
TETNBC ', &4l TP53 5878 BRI p53-p21
TRERERT, A H A S A AR R A g
fih %5 FEEBUET, p21 MFRIA AT EUE RS
RNA %55 W (5915 5, 56 A 4502 148 28 i
B MR TR, p21 AT REHA WA &
Febt, JFRERE AT, X E AP T RETR
TEMERMWEGEEIEN, MR, W2k
1~ RIRMAH A (U ERa 5 ERB AL FEHT) LU
KRR AR RBCIRAS | B 38 B AR 4
FERAAHEAEH . ke 4R, Xa Dfe & 4
TUHLHI I, AT XEIGYT I T 2240 7% TG B K
o ) A A D T =1 B 2 ) e — R B ) il
B, 2l AR ER T, AGEHERLR
FE PR s 1 A TNBC Fhli F 2 R i R
ARG, MLKRIRTRE R Z 7wy ™, A il
ER (55 —~/3 B ERRy 7 i S R I35 T 101 1 1L 45/
B OV IR ER AT o CDK AR N X I 8 A M 1 A
(A B 1, p21 B Xl B REAIL A T PE R AR O
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Zi b, p2l 2—PHEHAXMRYIREN T, ElE
T IDPs, [F]EHAE 40 P 9 323k - Bk, Lo
FEERINAEANM I . PR T DL R RS 4 ) 3 PR AR X
PP R B A AN B A A A
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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
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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
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: p2l
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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