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The Non-Cell Cycle Regulating Function of CDK2 in Tumor
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Abstract

core regulator of eukaryotic cell cycle progression and drives G;-S and S-G, transition. Emerging evidence indi-

CDK2 (Cyclin-dependent kinase 2), a member of Cyclin-dependent kinase family, acts as the

cates that the role of CDK2 is not necessary for mammalian cell cycle regulation. However, CDK2 is involved in
various oncogenic signaling pathways. Its dysregulation causes uncontrolled proliferation of tumor cells. In addi-
tion to the cell cycle regulation, CDK2 plays a key role in a variety of biological functions including cell differen-
tiation, senescence, apoptosis, and chromosome instability, which contributes to tumor formation and progression.
This review summarizes the recent advances in the non-cell cycle regulating function of CDK2 in tumors.
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CDK2#E A 5300 MRS R I 2, 715833 kDa.
CDK27ES5#) b 5 Hoh Bk B B A, 52 ML)
BRI, B/ BN HI 5AS B Ia) -~ AT 1B J2 A+
— M aC-1RHE LK, oC-1RiE S PSTAIREFFF1, H %
SRR CyclinZi &« BORHICHlE 3= 2t odF S 41 pL,
£, 55 35 4L [X T-loop, T-loop & T i X, )i W) 22 ‘& R/ 75
RIRILIE S 5 CDR2HFR AL . A PR BERR AL A 1
Thrl4. Tyrl5, i EERR AL R Thr16007,

1.2 CDK2MIEESEMET AR

12,1 #FARHFERHE  CDK2FRKFAH2
P2 77 30 — R R B S AR R E I, A% R A
WTAP(Wilms’tumor 1-associating protein) 5 CDK2 #%
AL A, LU E CDK2 mRNA) 77 242 #ECDK2
FAE R AR A B T I, 7R 90 R NS FER
K, c-ETS1(transcription factor E-26 transforming
sequence-1) BN B3R {7 2E K K - (epidermal growth
factor, EGF) |, i i G {4 )5 2 28 FIAH 5C i B A 1
SEEE R, $E5RCDK2JA Bl 1 1k, B CDK2FEF 3
1A, TollFE 3244 9(Toll like recepter 9, TLRO)(E 5 fE
B INCDK2J3 575 L, WU FICPG ODNsHELE £ 1%
FRHCDK2R A, 1M 4 i ¥ & A X7 (Pokemon,
POK)fE B 2 45 & JF # I CDK2 )3 2 13 v, i
CDK2&IAM,

122 T iiifds  CDK2FEG AL i
% B A M 1%, CDK2M)AZ B N6 T s 1 i 4%+

Chromosomal
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TRAIL,

Transcription .
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sy B, CDK2AEL & & 1A% 5 A0 7 91, B5 A0\
LS B e A B . A BRI, AT REIE
FIN-Hi 1~97 2 202~298 1k B Ji [l & 70 & 2k BR T2 1k
mmdait), SHMEEAZESHNEAERES
A, 3 T A AZ NN, B4, CDK2-CyclinEE &
MK EECyclinE b € 7 7 1 B4 S 5N 8 Hao/
BRYR B AR Mol B 25, Il LR SR EE
#% AU, 1 5T & I, MAPK (mitogen activated protein
kinase) 5 CDK24H EAEH], {21 CDK2-CyclinE [ #%
g, Fodh i 4ME 5 18 15 B (extracellular regulated
kinase, ERK) v 4 /& 22 ¢ 55 2L 1, BRKIH G0 1) 771
PD98059 1] LA | CDK2-CyclinE ) 1 #4 7151, itk 4
AR AN pS3iE PR, 5] ECDK21E M 57 H BH
AR RIS, AKT R DL i 3 iR L CDK2 25 39407 75 &
Fii bk 2, S 3CDK2/CyclinA S A% 7 5 2 4 o
Ak A K A F--B(transforming growth factor-B, TGF-B)
MV ZK IR i 5 Nodal BE (g #ECDK2 i) i Joa #4407

123 CDK2#y7&#84s  fENCDKEKIEM— IR,
CDK2 4 3% 4 ¥ M, CDK2A [ & 75 B 4> 41 il
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bRV B 5% . CDK24% & CyclinE, i 32 41 i
G -SHAMIFE 4k, CDK24E A CyclinA, e {5 2 i i F 2t
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JECycliniE T WiRingo AZE A 4% 5t b i 1, 2
LR 240,
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Fig.1 The non-cell cycle regulating function of CDK2
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CDK2 1) 0 75 B AE FLARF 8 A iR AR B AL o
IX Bl IR A4 F — ol B Bk A CDKG Ak 8 i (C DK -ac-
tivating kinase, CAK) ') CDK7-Cyclin H-MAT1=7JG
B EWIHAT. CDK25CyclinZ & )& T-loop#% 1] C-
Ui, Thr160 H £ P28 A1 FF, Thrl16074" fe 4t B R AL o
CDK2 [ 31 il P 1l R A A7 A M 1447 70 2 BR A1 SAS% i
AR, 577 REWE Weel i FIMyt | BB R {b, CDK2-
Cyclin& &4 AT 151X 7 /> 0 1) 12 g 18 Ao o7 R R AR
ZWEIR AL S A B AT BABETE 1, 171X — i F2 HCDC25
KRR A ALY,

CKIsZ % B ip21Cipl. p27Kipl fE#1 #|CDK2
WM. p21. p275CDK2/Cyclin®E & ¥ 45 & )5, 7
AL BTG NN — N R AL T ATPIV /N IR T 45 1), o
AR CDK 2 A0 2 F1I T2 IR SR 4 1 CDK 2 8 il iy £
KLHL(Kelch-like) Z< 5 i it KLHL6 7] A4k CDK2
129, 14920 R R K AEZ R, Rt
R AR ISR R A PR,

2 CDK2#Y3E4BBEE HATh &E
2.1 CDK254rt

T4 5340 5 48 i R B SE KOG RGO
Ko T ALK 17 E—Ew B A Gefid & 4, A
BN, GUIHEEK R AV ie T4, e+
Y 3 2 A R R PR, R k, CDK2AE
Gy e M 40 1 ) 30 2 3 g A del i, A 97 4 i
FFREHT At A S A B A R 4 DGR
CDK2 & i M 41 G 75 -5 B 22 BEAH i & A=
AR AE NG 40 i CDK 23E P B AIR AT 75 5
SACAR S AR LI 2R Ak, TR CDK21E 48 il iy 38 1
EHREVERPY . SRS 2 M L)% (acute myelocytic
leukemia, AML)/J& —Fh LA if +/4H 40 f 3R A5 PR 58 A8
RHIE BB e FE R . BRI, fEF5 S AML
i ek #E d, CDK2 Rk ARz BB I &
F B RE AR, 5 B0 F AL VI BEPRDX 2 13 1 4 41,
5| s VR4 B B A (reactive oxygen species, ROS)7K
- R 73 A OCAF 5 2%, JET il X AMLIY)
B, A, CDK2iE BE 2 5 i 48 o 40 A T4 i
(15 S oA R
2.2 CDK25RBHRFIE

Y i R AN F2 7E (chromosomal instability, CIN)/&
iR 0 A P B AR A, R S R A A e et
WM S EARENIER, 5B, Es

J PR 2545 5% . A 225 24011, P AN H o0 AR [ 41
RIS B, WO R BT R 225 3497 A, 18
IR 5 Y R R 2 b B, SEBLYL (AR B IE
HEZFOAER 4 25 Ok B 22 R Th e 57 51 R
Ptk or 85 57 SRR AR A FRE R, CDK23: 22
WA R R E g R E. RS E5HEZLN
2 € PE 1 1. CENP-A(CENtromere protein A)Z 2%
B 5 L2 RGN 3 L RLAE oy B4 I 4 B 25 M R e
(F1 5k, CENP-ATEE 22k e (0 JR 1R 5 52 7 7] RE 5
UL 22 fOR T B Y i . CDK2 A i 1L
CENP-A J H s34 it K - MIS18BP1(Mis18-binding
protein 1)5 M H 45 22 i 3€ 37 58 /. CDK2 IS B i
5| A 2 R D Re bR, e E Bk A fR e ™. —
RSO RER. ORGSR S 2T L5
2. AEREAM R EAANTRE A K. CDR2BER AL
NPM (nucleophosmin)f2 4 H 048 52 ], I H Rk
CP1104 HE AU A 52 1], CDK 2 1 T iy i Bl 04
oSS, SEGL AT ER,
23 CDK25%=#

S i 3 52 2 HE — P RS A AR K B RIR A,
I 4 i A2 o) 3500 o A 4 R b, KR BT
DNA$R {77 ROS. 19 5 [R] (1 2 3 Jd s 2 TR 1)
BOR SRS SR L. HATC MRz E
()RS3 1% 5 Ay A 2 — R WS DN AT J B
(DNA damage response, DDR), ¢ #p53F25E, MM
WEp215%5 5%, J5 4 M #] CyclinE/CDK2 5] i & il 15 Jiif;
TR p16INK4a, 8 I 5 4 45 5 CDK4/6, HEAN
AR A K BARPIRASR,

CDK2F% /EDDRAH 56 % & W AE Jyp21 FliE 5 1
Z 532 A, I REVE R 5 B R Bk 4 1 P B
5 L R 5 5 () 0 B 2 R TR R e . R Rk
e ik DKl - My e IR 48 L 5% H e B BRI 1| CDK 26 S5 35 1
TN 2 4 i L 5] . CDK2BE B Rt Myc 55 6247 £2 %
W2, I H R ¥ 7 55 4 Bh IR 1) Th e A1 ik My e Jik [R]
s, H0H 9 B EIRass S 41 2202, CDK2h
AR B AR g I, B FUR B, 40 i HARE A 51
FEC PR 1 0 % 2 5 R P CDR AT (B — e 1 1, fig i it
{2 1t i A 25 CyclinB1 1A% 58 A7, 75 5 44t it Jo) 3 ) AR
HH A i 5 2
2.4 CDK251tist

CDK2AE Jy— i 5 41 ffa A= iy 135 20 25 D) AH G 18K
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Wl RE L A EEE A . R 4N fE R R b
Pz A AR 7 3Q R B A B IR A B . AIRCDK2
BNk B AR OR Y R T SIRTS ik, S 850F 200
B AR IERIGLUTL . HK2FPDK 11335 TR, #0tH] H
T A0 B AR I SR B AR e 1
2.5 CDK25BT

CDK2 W] e #EAm o J8 12 £ A2 2 mRh21%
S N S 41 B SK-HEP 1R T 4 B vf % B CDK 2%
PE R, i R IECDK 2% B2k 5848 7R 1 il CDK 277
PERET R T T4 B S 7 /N BRI N BR 2T 4
Y1 i 3 3 I8 CDK24M ] Tp2 78w IR CDK 232 1 1)
BE 0 1) FHMyc 5| 2 (1 40 g 9 T2, CDK2 1t §E # #1
Y E T, 75 R 5 R 40 i o 3R A CDK 2 AT il 41
M gE T8, CDK2BEA (e BE40 Ay T /e, S Redm
HIARM I T, A RE S BT U 4 AL AN A
CDK28 2 T LI 35 B0 e K2, — f&Fas-
FasLAET-324Ki%1%. CDK2AEM AL i K 1 X =3k
57K A (forkhead box protein O1, FOXO1), {3 H iy
JR AL, FU R LA e e, R Ui TR
[KlFas. TRAILF1Bim(Bcl-2 interacting mediator) 13
ik, $H HDNA AT 51 AL 40 f s T2, R LRk
ig 4. CDK2E M b1 5 g 248 it o T 3 Jee AT 2
AR 388 75 1 e 46 %5 DA 9%, CDK27E HeLaZ i 1 AE (2
BEBCl-2 5% 1 [ 12 £ M 3 12 B 53— Bax i 28 b 1A
7 DA R 2R A % 5 P A A 2, (e O T RS

3 CDK25phiE
3.1 CDK25HhE

TR R ZE 2R 1) 7 2 A i A R 41 41
2K A thCyclinA. CyclinE. CDK2IE A& &, K
L= 3 1 Ml FeoRg 2 2 b (0 B KPR TR 4
41, CyclinE/CDK27E fili i Hh 1) 1 R IA 5 4= 28 M Al
AN R TR E AH 5%, T 7 il e v 0 5 9 4 (R TfS A O,
A (842 BT CDK2E Jifi i o b T i RS, i
CyclinA/CDK27E JE /N0 i il h 3 ik T, B S
AN K TG AR U0, ZE293Ff iR 41 i & HH KG  CDK 2
7 seliciclib IR, A AR /INH it e 41 . 2 4
MUK, B 5iELIIK-RASHISE, MEIRK - K-RAS
A 1 M 97 197 9 AL HR AR I 2 R AR ZE Y T,
TR AT T 52 F0 T 95 22 11 Fih 988 X6F CDK 2 401 i) 1) 8
JME . 10 A AR CDK2/941 ] FCCT6812711)
i 2 B, #0HI CDR2 /35 P, J8 i [ {RCP110%% IR

K1 77 25 R 40 2 5 o 24, AL Re S 455 77
K-RASTEAZ (17 4F /)~ 248 it ik e 240 Jf 386 50, 3 0k 2D 17
PRI 98 41 Y (circulating tumor cells, CTCs)#I/=4: ,
PE/nCDK2 A G 5 ={E /N 91 i il e (1) 5 A5 A5 OR10L, gk
b, B 70 R B, CDR24 il 77 A7 3 i fif 983 40 i )
CDK4/6:41 il 751 () B0, 38 L BTG R B B 10 il i
e AR AE I BRI, $HI CDK 23S X /N4t g
fitidee (R0 va 97 T e LA L .
3.2 CDK25%/5%E

CDK23 1 S5 % w7 DA i 3 4% i g 100 1) R 7
Cdx2(caudal type homeobox 2)Z 5 4k Jif I ) 78 42,
CDK2%& I E 45 i A 2 B IR i AL 2B T s, 3
RILKVES G I R o 2 IR 7> kL2
FERE B IAR O, $0 ] CDK 23 P At B i 45 i e 40 e (1)
WG, AUk, 32— 25 SUCDK2TE 45 M Hh (1 Th g
Z: 5[5 518 i A NG 25 s 16 o7 6 B
(A FHEL,
3.3 CDK25R/T&E

FE PR T B B, CyclinE 1 fICDK 2 1) 7 212 A
JAEFF i M CDK, (R 3R . CyclinEl
(12 IE 5555 NI 1A A= A7 W1 2 3 IR AH DG 1%, CDK2
(2635 5 AP s K/ R TNM> . R R 1
JFF 96 1575 b 2590 PR R (1 /KA Ok, HLAE R PR
AN P N RE R TREFHLN. EFERENE,
CDK2 1) 38 g i 14 55 b Jed gk Jj RAS R s 6 R,
CDK27E I T BRI R Ji i FE v (1 Dy e 22 AL, B
RIANIE 28, R, 33— B IR N FLCDK25 iF i 2
[ (%) 2 Z 0T FFF8 1R 97 Y6 A AR B
34 CDK25E&EE

CDK2 [ mRNAMI & [ 7K 75 Ha o 228 v F i,
A HEECDK21 MR s et T Bt 2R 4H i 1 AR K
W, 5RO R Y A R M OB SR
i, CDK25 M 68 08 [T 245 A K, Refeidt e RH
XTBRAFH ) 7 FTHS PO i1l 71 () 4K Pt . CDK 2411
FIDinaciclibAE 5 17 24 € 2298 ) 1 3 IR 24 P, 2
7NCDK 2411 71 5 5 BRAF il 771 BHS POO4 il 771
G TR R AR IR IRIGTT R RAE.
3.5 CDK25RERIE

W F K I, CDK26E {13 Jie i 988 12 2% A A6 77 41K
Pio CDK2LARb-E2F-CDC2AK fi ik 42 412 12F Jis Jo 98 1=
Z2l AR I R S 1) IR 5T 9B 4 il CDK 2 3% 58 KM
EF, BRI CDK2 A6 44 5 5 98 £ 09 T80T HEHT
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Table 1 The function of CDK2 in various tumors
i sty il P BRARAE, I3 T SR
Tumor Biological function Pathological change Molecular mechanism References
Non-small cell Maintaining aneuploidy, inhibiting High expression Inactivating of RB [37-40]
lung cancer apoptosis and promoting cell
cycle progression
Colorectal cancer  Inhibiting differentiation, promoting High expression Mediating phosphorylation of Cdx2 and ~ [41-42]
proliferation in intestinal cell its polyubiquitination and degradation
Hep'fltocellular Indu.cing initiation of hepatocellular High activity Not known [43]
carcinoma carcinoma
Melanoma Promotir_lg proliferation and cell cycle ~ High expression Not known [44-45]
progression
Glioblastoma Inducing radio resistance, promoting High expression Upregulation of CDC2 expression [46-47]
proliferation and invasion
Breast Promoting hyperproliferation High activity Enhancement of ER and PR [48-50]

transcriptional activation by

phosphorylation

FEATP A 1) Jie J53 988 vh 2414 %2 & [ CDK2 mRNAF
T AR, H 55 B GO 9%, 1 g i o R
CDK2%JA iy TAR G e i 9 - 3% e IFICDK 27K %
FELZE BT B A G . MU CDK 28 FHCDK 24
TR AT LA oy USSR A K, 78 CDK2
PG5 T BR AR T 0 R IR B R TR T A B
JSFH R 5T
3.6 CDK25%.BR%E

CDK2i# I /i 38 /W, 2 3= 32 7R
IR AL, 338 0 JFE A SR T, (1 R R A M B L e
(R R o 3R A e L R 38 5 R P9 40 W IR T
B oy BB 3 S 77 A2 N 2 WA YR T BRI, 5 B0 I
J&. WoriasT ARBTHLEE e-Myce. CyclinEA!
CyclinD1 ¥ i 335, Rb 2k 3, p218ip275K 15 FE 1K
2, IXUELH S5 CDK2E AT E K. SR, H]
CDK2 ] A FH 1k Ath B 5 251 24 40 i (1) 384 5, 1A &2 Joxet
PUMEBE VAT I BUR R, 2 BHCDK2 /2 7 IR R K
) L e R LA AR T ) EE R A

4 HE

KEHEFLIRIE, CDK2TE 2 Al b R I8 (3
1), IR ILCDK2 ) 575 ik ml R A8 ik 2 v i)
WM, ERRERER. KBS L EEER.
i) CK 2 L5 200 A F 51 1 e o2 s 52 380 PR ], Ji A1
7£ T CDK 1 A AR VR DR b A CDK AR 1 1 240 o ) 1A
W ThRE, MCDK2 T AefE A, ¥, Ytk
AFasE . MR 255 R R Th R R (R, A A

BRI SE . B, SRR 2 BRI s 4
74 H| CDK 2% PE BE L #EAMLI 4304k, I HEAEM3
TS AMLZH M 22 R I PR A b Jg B R 4 1) 5 5 49
R, 5ATRATCH Re b R 3 04, A IR R B
F A5t CDK2HMGIFI SBE YT 7 RECH A BT
PR TT BOR K IR AR 24 . %5 - CDK25 iRy
YT A A % JE AR S PR R B T 3k — B 5L CDK2
XoF R R AR R R (R DA B R AL, o S e
] 14 FR ¥R T SR A B 0 T B RNIR 9T SR E% . CDK2
O] )35 A3 1k AN PR ) 17 I DR R, T R v R 1k 45
PE 4081 77 5 CDK 22 545 5 % 1) H A 25 (1 49
TR AT A 43 T 1] 32 R 5 CDK 2, A& K RCDK24E 1]
BT IS 1A
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