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Subcellular Localization of p21 and Tumors
LIU Yan, DENG Tang-gang, YE Mao®

(College of Biology, Hunan University, Changsha 410082, Hunan, China)

Abstract: p21 is an important cyclin—dependent-kinase inhibitor (CKI) and maintains cell growth and prolif-—
eration by regulating the cell cycle. It also participates in the processes of apoptosis, cell senescence and
cell movement. In recent years, more and more studies have shown that the function of p21 is dualistic.
When p21 is located in the nucleus, it mediates cell cycle arrest and inhibits cell proliferation by inhibiting
the activity of cyclin—dependent kinases (CDKs). However, p21 can promote cell proliferation in the cytoplasm.

Here, the main biological functions, the regulatory mechanisms of subcellular localization of p21 and its re—

cent advances in tumor research were reviewed.
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p21 S —7F JE] A 2 AR A P B (cyelin—de—
pendent kinases, CDKs)#Iill 5], J&F Cip/Kip ZH%,
YEH p53 Tl EE R FZ—, Shgn LA k&
Ji& B ARG AT KB, p21 EIRE B
FO AN E A BT . 2 DNA &A= i 4
IF, Z0HA% p21 5 CDKs FAO3G 5 A Hl A% 5T 5 (pro—
liferating cell nuclear antigen, PCNA)Z5 4, 175541
i A5, AR 20 S8 i DNA Hiiif 52, I
YA Hk D ZH RS F A IR AN M 5 . A0
p21 (IR 5 e e e R e 5L TEATDG . BIFSE R B,
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cyclin/CDKs 541, Hh, fiF 17~24 i 5L R
B9 cyclin 255 3% 1 (Cyl 7 f5) EEZE S eyelin
D1/CDK4 .cyclin E/CDK2 4§ cyclin/CDKs & & ¥,
PRI BT T o 7350, p21 B9 155~157 {3 28 3
FRADAFAE— AT RXL JE 7 (Cy2 37 54), % X 35 [
FELE G cyclin/CDKs &2 &), 25 41 i J 34 14 o
22, p21 @it Tyr=77 (Y77)5%%: 5 CDKs i) ATP
e s, HEmE CDKs fEILIE1ER, p211Y
143~160 IR AAFTE S A 8 AR HE IR IR I
PCNA HAERE [ & (PIP-box)45 4, I 1458 p21 5
PCNA 455 RETID, BRILZ AN, p21 19 66~74 i1
FILFRFN 102~119 7 ZFEFR AL &4 & — M
Hj{%%(nuclear export signal, NES), SHEHEH K
12 ZAKESRA 2, 140~142 (i E LA &4 — 1
M MIAZ E A5 5 (nuclear localization signal, NLS),
5T p21 AL AZ RS 157 I S LA 1) 240 B 1 5 1) 1)

b4
el

2 p21 BNEMFIRERAERILEH

2.1 p21 S4EAR
2.1.1  #mpatz p21 5 4m e B A

LA A ) A B T B %) 1E 8 s AT R AR T
CDKs FJE AR PR M ] - (cyclin—de—-
pendent—kinase inhibitors, CKIs)ZH i [ Jf#%E R %5 o
AHAfAZ p21 3 3 PR A AT DG ER 1 BT e 2
L JE SRR . 7E GL I, p21 Sl 0] eyelin D/
CDK4/6 &5y 3s v, 1l 40 iR 515 17, fe i
YA 58 B DNA #1852 . 18 GU/S W% il 72
th, cyclin E/CDK2 & -GW)7E G1 X5 i gg 1 il 2
1 Rb #E1 Bk ER AL, B E2F B4R R, (40 i
HEAS B, WSk G1 B3 DNA K AEBi s, p21 W&
i CDK2 3 1k, FH R4 aE A S B, 1752 4 iy
{5+ o PCNA /25 DNA 57 8 F1 DNA G &
PRI, J& DNA K FER Frabfim, 55
PCNA Z [8] (AR EAE Fvh, p21 W] B8 473 18 B £
o, A S AL A DNA #1473, W p21 fiff PCNA 2%
1%, MIMBH 1L DNA &2, fie {7 40 il i 4T DNA $it
PESER, RIS, p21 REgiE L5 PCNA 245G A IREL

e}

17 24 66 74 79

N oy Cyl

E1 p2l EENS FEETEE
Fig.1 The schematic diagram of p21

wn

it DNA i 1 B976 2, SEMIH PCNA AR 1)
SEATRCE SR MR DIBRIEA0, 535h, p21 55 PCNA
S ESS G Myc, [RIBT Myc BEBZRHWT p21 F1 PC-
NA Z B 44, IImamdil p21 i, {2 DNA
S, e AL S G1/S MR . AR B ICBP9O
(inverted CCAAT box binding protein of 90 kD)2
AEZ: 5 4 A A I 45, HZRR/KFAE G1 AN
G2/M IR FIEAE, e3P A>T ICBPOO i i
254 DNA #ih 5440 I o (DNA topoisomerase 11
—alpha, Topo Il o) Y CCAAT &2 a3, fie 74 i
H4%8 . DNA 45105 REAEHF p53 e sl p21, MM
SPEL ICBPOO 145 SRACY-FEAR, 02 kLR 11 o
Kefi, olERANML S, BT SO
KW, fef AR B, ICBPOO 15 41 F it
IR P B T G9a 256 BB p21 (95 3)
FEPES, L, p21 5 ICBPOO 2 [f] - fr th J2 1
A R A S ELR] . AR, K2R ICBP9O if He
A E3 LR TETE, B ICBP9O J&: 17 REE At
T p21 Wz RACRE LA — PR

G2/M MRy =% 5 cyclin B/CDK1 E&4)
X, H5HAY cyclin/CDKs &AW EL, cyclin B/
CDK1 &5 Yxt p21 ByZEF 1555, (B2 DNA
Z BT, G2M K S8 S, p21 5 cyclin
B/CDK1 S5 W4k-&, i BE I 240 it 23 54 Jo1 3 1A
F 25 (cell division cycle 25, Cde25)F i3 & F4K
P TS TR IS % T8 (cy clin—dependent—kinase acti—
vating kinase, CAK)AYTG 1k, BHIE G2/M 3046 .
AHFFEEEH, p21 5 PCNA AR/ F T B
AN AR AE G2 4, HED 2 Hy T p21 fff PCNA
ST, TR S HARY DNA 451475, FE 1 |2 20 i 735
JEHARF 2 (cell division cycle 2, Cde2)iG AR,
e AT E G2 3AY, Cde20 SR IfE A5 4/
2 g, J5] 399 44 (anaphase —promoting complex/cyclo—
some, APC/C)IEMHER . W90, FA
225324 R 1 (early mitotic inhibitor 1, Emil)
AT Cde20 SIRPISE 4, 2 DNA KA iR,
p21 FEASTE IS N H Emil PEMIEIE APC/CH™ &G4
W, FE BT eyelin A Fl cyclin B A2 R ALFES#,
102 119

140~2 152~8 160
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X 9P p21 A AE 5 e 503

7 | EC 20 e S5 A G2 3
212 @miei p2l Smie ki

AT p21 WREIE S R CDKs FOTE PR 4%
G1/S IAFEH . WFIERIH, p21 11 Ser130 B Thr145
RABERIIS, — T H2 R ST cyclin/
CDKs B 54 G Re s, SEOLR 2 i 40 i
JARIEA TR EhRE: 75— 7T, p21 AL e RS
AT, WA cyclin E/CDK2 235 &
ThEr, P fEAn I BT b i 25 A Be B A2 i G1/S
ARG, (BRI A T e — 2D P B, 55
AWFFERY], DL T, 405 p21 REAZ
2L T, H 2 PR R B A L2 98 4 i
B, p21 #3i5 B, H p21 5 cyclin E/CDK2 JE 1§
WG YK T, T SE T B bk 297 20
AP T LA BB, TEAIMIBT T p21 75k 2%
4545 cyclin/CDKs &), AN ME1T. 5
4b, Thrl45 SRR ALY p21 36 AT 38 2 B0 cyclin
D1/CDK4 & & H14 5 GUS Wy e, i p21
Xt PCNA (Al fE 7 06k 55 T 4t 1k DNA 45180 & S
Haty, AR 5.
22 p21 SHRAT
221 fmiets p2l 5w

BRZ SRR AR BIAh, p21 i 2 A i e
HE MR T A0 p53 FEY MIFAR T
Z—, p21 A LANE S p53 %2 T s . 24
DNA Z R, p21 1 p53 FA7ERITEBL T
REMS 175 20 A S 45 e G2 99, i o 4 P e A
DNA s, i PHIE A0A I T 4nsR DNA $id
157", p53 R EARVE AN A R TR

R p53 A 5A1, p21 L RES Wi 1 20 i 4 4
A S E2F Myc %K +-«B (nuclear fac—
tor kB, NF-kB)., 15 55 836 AL 1 (signal
transducer and activators of transcription, STAT) %
RO, TR HEANM A T, p21 X Rb BRI
RERSE A FH 5F L R T A 52 5 1) SWI/SNF (veast
switch in mating type/sucrose non fermentation)/Jl
il E2F B SRG4E, dEmiBHWT DNA 24, feikan
HLJE 204, Mye Al S5 SRR ZMIZ-1 45
G0 p21 BIZHRE, [RIH Myc B REFA SE5E s A+
PG 45 581 4 (activating enhancer bind
ing protein 4, AP4)FI R R 551 2 F 1L 5B
(lysine—specific demethylase 5B, KDM5B), FHHiMyc
5 p2l RIS A, R p21 B 5, A S
JIAT= . 35b, Mye t Al miR17-92 Xf p21 Y

mRNA #7555, ] p21 A% 5%, AT {2 2 4
LT, A sz B AP SR, p21 5 NF-«B
I STAT £55 REAL 1M B 0L 2 -2 (B cell
lymphoma-2, Bel-2) il Y Fas A5G HET X S 7K
=) =8 IL-18 tﬁ?ﬁ%@ﬁﬁﬂﬁ?ﬂ%éﬂcellular FADD-like IL-
1B—converting enzyme—inhibitory protein, ¢c—FLIP),
Bel-XL (B cell lymphoma—-XL)Fl X 34 T4l
# H(X-linked inhibitor of apoptosis protein, XIAP)
PR TR AR, M7 SAME T, p21
(4 L g R e 2 Bel-2 AH5C X 8 H (Bax) YK 5 L
P&, 5 GEANE T Bax 5 Bel-2 M 5 L4
KA, AT EEAM A P T,
222 mip2l 54

5T p21 REGEM A T, AR p21
LT T A A S S A R — SRR T DGR
5 F8 3 P 52 B T U T i DR, K 2 IR L 4
cyclin/CDKs it K& F i 3 (caspase—3).caspase—
8 TG S VAT ILE 1 (apoptosis signal-regulating
kinase 1, ASK1),30J% % [1 Ras (rat sarcoma) }Z )i
P05 Ak 25 1 38 (stress —activated protein kinase,
SAPKY . WFFERM, )5t p21 {2k 7 LA
MR 2R FNEFERS, I HAE US4 o FUTR 24 Sy
HACSR R, AN p21 (Y R IK TR 41
Jit cyclin BI 123K R, R L R B AR A7
A, CHED A0 5T p21 AT REE L cyclin B 3
PN A A o T, (R BRI IR R
BB, 2B 32 B SN FRIBELET, caspase—3 X} p21
HEA T VI EI B A, W5 p21 XF cyclin A/CDK2 & A&
Poi e, HETS S AT Ak, p21 5
caspase—3 [ A B AE A v BH 1E H Fas A1 20
FLPE T, p21 3 FIKRREAEBHIBIAE 13244 4 il
JREEFIT A T caspase—8 15 AR T, B
1S B (AKT)X p21 Y Thr145 SRR L5 e flH
HEAANMLBTH, BiJS p21 5 ASK1 JERUE &Y, M
Tl 43226 AL B B PR 4 (mitogen—acti—
vated protein kinase kinase 4, MAPKK4)H! MAPKK6
A Ak, T BT eSO SPAK A p38 B9
TV, SR A B 20 Y 20 SZ R S B
P E IR BE A 1 (tumor necrosis factor, TNF){%%E
FERLBE, 0 p21 BEIE S N HIZ (5 S s T iRy
caspase—3 Fll caspase—9 [ 1L, il b 58 4175 T
AL IR T o Ras 18 1 30HE WA TSE LRS- 35 Sk
(phosphatidylinositol-3-hydroxy kinase, PI3K)F1 M-
APKK J&A2fd p21 B Ak, 4T HE A7 4 i
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[z, BEJ5 5 Rho AHG4E MR THE R (Rho—associat—

ed coiled—coil forming protein kinase, ROCK)%5 &,

il ROCK/LIMIK/coflin i #8340 -2,

TERRZ AN AT R BT A0 5T p21 155
ik, HCE A A ) A0 08 T R L A 2 Ak
TESNE 1A 2% 41 i (peripheral blood mononucle—
ar cells, PBMCs)H1, p21 MAH A2 40 5 A4 07,
AT R PBMCs X 2 Fh 40 i I i Pk b e
AR SR R, AT p21 REABAS & I
ASK1 (3P, [ 41it] 22 22505 A0 2 P 0 (mi-
togen activation protein kinase, MAPK)Z% I 5 Jvj /1
SR AN T2 AR R )2 B o A R
p21 # AKT W2k, G1 N S A (Y 40 M 5T p21
HEEACE T, AEFE AR IE ™ 5546, A
JIG LT AEA0 ML 1Y DNA & AR R EHG I, MAME
S UH T I (extracellular signal—regulated kinase,
ERK)BEGE X p21 #EATHERR 1L, SEOLANNLT L,
AT AEAL PR T2, 3R fE SR A Bip21 Xf
AR A T A0 R IR A A L R O

3 p21 AREREAMAIAEVLS

B BERR AL B MR A% iU HAE A b 1)
WA E AL, TS BOLIRE R EBUE . p21
T ZABERAAL R, BT A p21 /9 NES il
NLS FHiA 5 i, 35 KRR g
Ko MBERRILAY AKT XF p21 9 NLS BT Thr145
BEATHERR AN, p21 FesE PhEg i, I Hon] fi -y 40
JRUAZZ o 2 i) 240 M5, [RDESF p21 . ply 98 R -2
SRR R pl T A R 67 B AN ) 23 el p21
AR R TIRE, PRI R B p21 78 e 4 i Hh Y
AL AL BT p21 FIIRE A E L. p21
LAV IESEZL BLE A S E S S P N T IS
AIAME R A K. HETHEEEON I #E R 2 ERK2
AKT X p21 (BRI AT B A B o

24358 A K K F(epidermal growth factor, EGF)
AFHATNEI, ERK2 BFFZeildh, It p21 A9 Thr57
1 Ser130 #EATHERR AL, f2HE p21 th 40 MIAZEE A 2
AN, [ et S BAMOE G I 2 (S—phase
kinase—associated protein 2, Skp2)/- S0 p21 A7z
BRI R AR AR PR AKT RERS HHEXT p21 1Y
Thr145 #4175 fk, 1 H Thr145 §& i p21 (9
NLS, HmA i al B ik p21 55 A 45
B, TR p21 Hif B e BT b 5380, AKT i n]
TP & S C (protein kinase C, PKC), [A]4%

X} p21 #) Serl46 JEAT#ERR L, MK p21 BH AR E
AR rh, JF HAER T p21 Y™, p21
Thr145 F1 Ser146 [ 852 1t 7] FHLAS p21 5 PCNA
P25 4, TEES ) PCNA 2301& DNA RA 1, i
HE S WIE T, feZ T30 DNA 45 B8 5 Fak 5L 1]
BRAB IR REER, X AT REZ AN T p21 SRR AN
ARG TE B — R L . BRAS p21 MBERRAL AL,
AKT 34 GE38 2 490 b It B i B 3 (glycogen
synthase kinase 3, GSK3)[Yi&PERH 11 GSK3 %I p21
i) The57 BERRAL, P07 B ZBERR AL T I8 p21
Y5 CDKs my&54, i i CDKs /-5 /Y p21
WA, BTl AKT tLrl BEME 1 GSK3 SEHK p21 fy-2f:
T, I AR SR AL, (B EARBLE A
itE—2L I

WP A B, —Seidenl il AKT 4% p21
(205 E 37, 4N NF—«B 011340 B (inhibitor of
nuclear factor kappa—B kinase subunit beta, IKKB).
AR A K F3Z2 4K -2 (human epidermal growth
factor receptor—2, HER-2) N #WH &5 11 27 (heat sh-
ock protein 27, HSP27)%%, IKKB & 5 1 p21 1E41
JLBTH AR R, — 5 T, A0 A2 B S SR,
IKKB W IR AL K F-—a (TNF—o) I 4RI 2 1
(interleukin—1, TL-1)BEFRAL T, B NF-«B, {i
Pk p21 BIHE 5% 55— J5 I, IKKB fie #F AKT Y
Serd73 WERRAL, BEMIfe it p21 AIBERRAL, K HFH
HEEANAE TR, T p21 FEAH BT b i AR R AT L
IR 20 ML AR B TS 241, fre 2 Al RS8R 200 A
W, Winters P80 4 O 40 ZLIAHANNLAG
WF9E % B0, AEAMML 6L B, HER-2 REAS TR S
p21 MIANREETERL, FRERSHCHTAN I T, e (L
TEANME T Y p21 RIS Xof 4 A% Hh 4 A J 4 2
TR, AT A iehed 2 L 5. IR N D
I R] B HER-2 i i #R AL IS T AKT, AKT
HE—2E%F p21 B Thr145 Bk, Ml p21 f4i
FRUAZ 1) 4 L 502 o7, — ELI A AKCT F) 385 Bt 7 12k
p2 1 WU EE T S o B A0 HAZ, I A 1S 5 v R R
fIR™, HSP27 tu Al i@ % AKT JEA TRk, feit
p21 [ BT A2 DA B 3 b2 1 e A
i AKT [EHZEAEHE p21 AAHM e 7, (HEX =3
JEA A IE LT B p21 MBERR fL A S A
ERLEATFRAMMNIE . £ EPrR e, XF AKT #F
N TR p21 EEFBZ—, AKT #
il 780 FR) s 8 AT S ER B pF S [ I A EE
AR PRI RYA YT R S o B eI & I AKT 0761551
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X PP p21 A LAE 5 e 505

S L) ipatasertib N1-71-101, GSK690693 %A 4L
M ATP SEAHAMHIR, B RRZZEmER K% e
A 10 50, W5 R BN, ipatasertib 78 1 1l AR
B X S AR R AT BT I T A D R B A
18 1A IR, 52 A EL, ipatasertib 5
LRELE RN SE K = B vE LR B35 1 ek
AAEIAR, BT I ipatasertib 7E IR B IG ARG YT R
A R R 5 (BJE ATP 324 PR HIFIXT AKT
] TR G, XTS5 AKT Z5H AL S
PKA \ROCK 4§ i ek 22, It th 38 7 AKT %
ASFIIEIR . AKT ARF i) = 2 FE 5,60 — 0K
MR 2 (1H) MK-2206 .SR13668 %, AT 20 ', i%
MR LA v B AR X AR R, S,
MK-2206 575 E& e BA - FH 2 8 A /N
it TS AR [) s MK -2206 1 2 28 3
ABHAZLIRIE 0 TG RIS, 34, i — Lk
ANHL R AKT 0360500 A9 7 &, filin 11-AF101
o AT, ISP SN 5 D, AR
ABFR A7 0, Sk, REHRZEZ AKT M)
TR AR 2 A B, (EL R FE e I R IR Y7 I AR
b H O RO ANE, 8w T B — e fhyT
LRI kG e

BEAR, p21 5 HE IR T P LSS At nT B
SHOLE AR, AR I, B (DOX)bHE
R ARS8 4B R PANCL 5, {23 T p65 5 p21
R FRIZE A, R RERS L TE p21 B gl Az sE (o
BN 40 5T, %% A7 2 4 B BT Y p21 5 caspase-3
Hi{A (pro—caspase 3)454, BHIE T p21 a0 i
e, [AIIHAREAN T ~1AP1 Bel-2 ZEHTH T A
TR SR, AT A 20 s A0, B DAL
&b, DNA #5473 )5, A% 17 Bk B i /N7 35 pS3R2 I
E, o IR 0 AR A ANTP, 41 (5 34T DNA i
Pit& 52, RIS 1 Bifi 25 40 B 5 p21 A9 9, 2R i
G CDK4/6, Bt 51 Rb XF E2F A9, e ik
G, 72 R ZBURIE pS3 K AEZAE, pS3R2
XTEARLITE p21 1) bR A F 2 A8 11 pS3 (e
RAIR

4 p21 S5phyE

4.1 ZHAEZ p21 ShhyE
4.1.1 Gifm

1007 A2 28 00 3R 90 1) e R M PR e, B R
ORI R AL 2 —. AR A A
F AR W] 43R 2 8 AL o 388 3 T 1 I

SR I PRAEAS HEAT 43 0 R B, p21 76 11 I 20
Jifd R ERE, FLARFR IR AR5 5 350 s 4h 43
fEZ B RA—@ iR FBUA, p21 MRBACET
1o, XEE(E AR p21 ATVE R (R AE Y 7 AL
TENFEARRY, MUBERR 2 VAT 11 s 1 24k T 2l
Yz —, HF2IEm T 55 p21 ok 2k iR
YA oAk, B R P R L A 1A I
K, p21 RRASAE I 1 I 40 M oAk, 2F 55
M2 R T

MEAFER NATTTE IS 200 i i B 22 & 80 T —
26 21 1Y R R, Q0 NF-«B e iR A
[Af 2 (Kruppel-like factor 2, KLF2), NF-«B fgf%
ELHEROE p21 AR IR, AT i 7 -5 1 i3 24
H DNA 453, i mid il DNA #0515 5 (1 A
S, KLF2 J& KLF SO0 BERa G 5 R 1 BB,
TE AL Jurkat 1, KLF2 figfgii it iR p21
FY IR Jurkat ZHAEARMT PRI, NF-«B F
KLF2 A 3BE R URI60YT 19 5315807
412 ZEEE

SRR R R T B oA BRI R . Vidal
SERIRRESE K BR, p21 ZEAS [FI RN A 8 €5 2208 4
it R B B 1 B R R KT 22 AR R HL gt HLA XY
Fiblk, 78RO RN SK-MEL-110 1, p21 fi
BHIEH pS3 15 IANBERE ST, fedk R e
HRAFIESL 1T p21 BEREIN T R A A375
1 WM1976 HJHE5E™, EZH2 (enhancer of zeste ho—
molog 2)JEF Wi A7 5 SEAM I B, A8 & AL
IEH B R E RN AR, R ROREA
AR R R R AT, HoATE ] p21 T
P ) 2 2R 20 P S R T

BTG IR F FEERATFARUIBRAAR TR
J7 3G B ZE, R F BT . H W
WGSBS 0 H FH 24, S AR R A TR0l — W
S TR EARIEIRTT, BIRr Ao B3, 7
ML XOIRAT DA VR R AR T R v fb A
% i (AMP —activated protein kinase, AMPK)fi #f
p53 MR AL, TR LS p21 By i, e
PEAEIRAT, w0, p21 AR R SR IR T T
FERE A, TRIE — HOSUICROSUIATT A A A 2 251
A REEIRYT BRI B
413 M

AT AR BRIRE G TSR W, 2018 4FE 4Bk
it R AE T R e B T AU 18.4%, &
FEAEAET I BRI, B RTE X IR Y EBA
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ST FBORFARVIBRMALYT, HZ, JE/N0 i
(non—small cell lung cancer, NSCLC)XJ LI 7 AHXT A
FRURR, R O 22 9 o0 - hr i i oA R
WFIE KRB, p21 K5 NSCLC B LU (b RE
WAHEFIE, p21 A RNV E WL Fwkt, miH p21 £
KA T p53, P pS3+p21-#) NSCLC H# 1E
T FARVIBRG 1 A NBET, BEEH p21 alfE Rk
JINE R A ST T R 2R, SRV I EE R IR
PR, TEfiE T, p21 2B A
YIS SZ A y (PPARy)BC R 0 4 28 18 K SF- T
R, T A9 2 8 B 5 R A L T
R B R p21 B4 TE R T OT R O
I, DA p2 1 el o A0 0k K, DA T4 il
g R e R o
414 %AW

Bukholm %51k BL7E It & 145 B iR p21
BB IRAR, T H. p21 BB 5 m et R & YAl
S, XHRIENG IR b p21 932 1K K S AV 50 e
J B B 5 LA R KU I 48R o« Zirbes
LGRS 6 AEXT 294 4445 i R A IR A
BEET O30T, 0 p21 ik 5 BHME 0 R 705 R
W, U p21 ATRESIIHISS BRI R KR
4.1.5 WF

B AR 2 35 ] B TR 20 IR,
H AR - R AK€ R (silibinin) #1677
5T & B, silibinin BESEAE HEHTS RS A0 P p21
1 p27 (A3 53, JE T A5 R dea 200 M 1 5 55
b, itz 25wk T TSI RE RIRTT, e R
FOFEFE T, BTSRRI PC=3 i p21 FikTHes,
TN AR ZE G2/M 1, 5 SR T,
SR, AEAZ p21 TERT S RS o RE A2 M
ST 25 A RS R ) AR T, DRk B A e 25
PiAb PR, p21 FERT SRR B R R R4
B, A B FAEE XX 2 T & A3 1 4 -
b, SR a1, R TS TR TR
4.1.6 RS

JB5 DR 2 59 kARl R G WL R . H
", IR R R 1 (Bacillus Calmette—Guérin,
BCO)HTTHIBNAYTY . A RABIRIT L, 40
it p21 F p27 FRikTH i, BH 20 S i,
ARSI T, 38 p21 A p27 7EANIRE R
22K KT BB 5 R A TR YT AR 2 1EAH M,
R, p21 Fi1 p27 3Rk 5 RA M R AERIT
BRI R ATIR AT

4.2 ZARAfT p21 S5
421 FURE

AT p21 FEFLAm A A AR 0L EALTE
AR Y p21 BEAS AL L IRIRR A L ) (=28 A
%, It H RS s HI 251 . Caffo SFHC BT B
WSS T 261 B S 1Y p21 S it &
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Table 1 Location and biological functions of p21 in different tumor cells
Cancer Gene interaction  Subcellular localization Biological functions References

Leukemia NF-«B, KLF2 Nuclear Induces leukemia cell differentiation and [39~40]
promoting apoptosis

Melanoma p53, ZESTE Nuclear Inhibits cell proliferation [42~43]

Colorectal cancer p53, CDKs Nuclear p21 downregulation associates with p53 detection and the [51]
development of metastasis and poor survival. p21 inhibits
cell proliferation by inhibiting cyclin/CDKs conformation

Prostate cancer None observed Nuclear Nuclear p21 is accumulated to promote tumor cell [52]
apoptosis in response to anti—cancer drug treatment

Bladder cancer None observed Nuclear Nuclear p21 is accumulated to promote tumor cell [54]
apoptosis in response to anti—cancer drug treatment

NSCLC PPARy Nuclear p21 inhibits cell proliferation in response to DNA damage [49]

Breast cancer IKKB Cytoplasmic Increased total and cytoplasmic p21 expression was [28]
observed in primary cancer and was associated with
the expression of IKKB

HER-2 Cytoplasmic Positive correlation of HER-2 expression and cytoplasmic [29]

p21 and associated with poor prognosis

Hepatocellular p65 Cytoplasmic Cytoplasmic p21 associated with HCCs, especially in [59]

carcinoma moderately and poorly differentiated HCCs, in tumors
with p53 deletion or mutation, the expression of p21 is
decreased by targeting down-regulation of p65, and
cell proliferation is inhibited

Ovarian cancer CDK2 Cytoplasmic High levels of p21 correlate with poor survival [58]

Testicular cancer CDK2 Cytoplasmic High cytoplasmic p21 expression enhances resistance [60]

to cisplatin of testicular embryonal carcinoma via

activating CDK2
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