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Abstract: Cell cycle plays a crucial role in cell development. Cell cycle progression is mainly
regulated by cyclin dependent kinase (CDK), cyclin and endogenous CDK inhibitor (CKI).
Among these, CDK is the main cell cycle regulator, binding to cyclin to form the cyclin-CDK
complex, which phosphorylates hundreds of substrates and regulates interphase and mitotic
progression. Abnormal activity of various cell cycle proteins can cause uncontrolled proliferation
of cancer cells, which leads to cancer development. Therefore, understanding the changes in CDK
activity, cyclin-CDK assembly and the role of CDK inhibitors will help to understand the
underlying regulatory processes in cell cycle progression, as well as provide a basis for the
treatment of cancer and disease and the development of CDK inhibitor-based therapeutic agents.
This review focuses on the key events of CDK activation or inactivation, and summarizes the
regulatory processes of cyclin-CDK at specific times and locations, as well as the progress of
research on relevant CDK inhibitor therapeutics in cancer and disease. The review concludes with
a brief description of the current challenges of the cell cycle process, with the aim to provide
scientific references and new ideas for further research on cell cycle process.

Keywords: cyclin dependent kinase (CDK); cyclin; cyclin dependent kinase inhibitor (CKI);
cancer; cell cycle
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Figure 1 The regulation process of cyclin-CDK activity. A: Cyclin ubiquitination and degradation. Cyclin
is ubiquitinated and degraded by APC/C-Cdc20 or SCF-Skp2***. B: Cyclin-CDK phosphorylation
modification, CAK mediates Thr161 phosphorylation, WEE kinase family mediates Thr14 and Tyrl5 site
phosphorylation, phosphorylated Cdc25 activates cyclin-CDK by removing Thr14 and Tyrl5 phosphate
groups, and feedback regulates Cdc25 and WEE kinase family activities??’?*¥), C: CKIs ubiquitination
degradation and activation, CKIs are degraded by SCF-Skp2 ubiquitination and degradation, DNA damage
activates P53 to promote the expression of CKlIs, and the TGF-B signaling pathway mediates
SMAD4-SMAD2/3 binding to promote the expression of CKIs!’*],
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A Molecular regulation of CyclinD-CDK4/6 .
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Figure 2 The regulation process of cyclin-CDK mechanism in Gl-phase. A: Mechanistic regulation of
cyclinD-CDK4/6. Growth factor signaling-mediated MAPK signaling and phosphorylated Cdc25A can
activate cyclinD-CDK4/6 activity; DNA damage inhibits cyclinD-CDK4/6 activity by activating CKI;
cyclinD is inhibited by CRL4*MB**! ubiquitination degradation, and lack of CRL4*MBR*A! increases the
expression of Myc and cyclinD, promotes cyclinD binding to CDK4/6 and CDK2, and reduces sensitivity to
CDK4/6 inhibitors!'”***7% B: RB-mediated gene transcriptional regulation. CyclinD-CDK4/6 and
cyclinE-CDK2 phosphorylate RB bound to E2F, thereby promoting S-phase related genes and cyclinE
translation***!. C: Mechanistic regulation of cyclinE-CDK2. CyclinE-CDK2 activity is activated by Myc,
inhibited by DNA damage-activated CKI, and degraded by ubiquitination by SCF-Skp2!**-**!.
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H) CDK2 Joik BRI PEw R L, (i
QT 1 N oW AR Bl e N TS T
cyclinA-CDK2 FJ if & B 2 b #1 l RB, fi i
E2F1/2/3 F1 DP1/2 E&WA M S WM, M
it S 1 DNA A, I HA I S Wk Eif
T 5 E2F K i% , cyclinA-CDK2 A i i 5 E2F
FaEssa, MMmTES E2F-DP1/2 SHIARABERR
fb, HHIE DNA 2566877, S HIEHEREAL,
PRI P S WIEET, 7 S-G2 Wit i,
cyclinA2 Y xE A N R TEAN HoAZ 2 BETE 4l oAz A
M As Ak, JF H R A TEAIMBTRY cyclinA2-
CDK2 nJi# 1t Bora MIBEIR IS A 2257 414 i
PLK1 (polo-like kinase 1)1, 405 iy
cyclinA2 RAJREIE i fim & PLK1 M930EJ##E S-G2
e, HANMBTAETER) cyclinA2 32 %] DNA i
i SR . 1M DNA $ifif5'5 B2 DNA
WS 2 1 i (DNA dependent protein kinase,
DNA-PK)#! ATM/ATR-Chk1/Chk2 Wi 4% 445
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WERRALIT pS3, ek CKIs (p21°7, p27P"2 Al
pS7TPVH A, A cyclinA-CDK?2 i M1 Al
S-G2 WG, L, cyclinA2 B E LA
K p53 iEVERAEIL, AN AR B e
A, R S-G2 WA SCHE . oz AR I
(ribonucleotide reductase, RNR){# LT DNA &
8 8 S8 AZ AR 1 R — W5 82 (deoxyribonucleotide
triphosphates, ANTP)# EEH 1Y K5, H RNR
AP KE RRM1 IEEEFTF /N RRM2 3
FEYUR A SR DU R IKY ) 7E S-G2 ], RRMI f
Ser559 Al 4% cyclinA-CDK2 #ilzfk,, 1 H RRMI
HIX AP S559 WEFR L AT IG5 RNR {544, ZEFFIE
‘% DNA il B 5 9 dNTPs, B PR 55N 41
s Ak, RRMI S559 REFRIL A ATR fHE
£ B 1 AT fioh 2 B0 190 A2 T SRR 20 1 T R
PEFR©S, TR, RRMI B E 15 B R 1L mT ko i
P RNR FURAE AR T 4R L5 % . CyclinA-
CDK2 HLifil 4t #E UL 3,

5 S # cyclinH-CDK7 & &4

CyclinH-CDK7 2 i 45 21 i J&] 199 ik 2 1) O
WA AY, Hadt g O aT S 200 i A 45
U & N T 40 22 8 3 300 1 R S A
By kA9 WF5E kKB, cyclinH-CDK7-MATI
(mating-type locus)4l i i = RA K 54 CDK
0% B (CDK-activating kinase, CAK), 2
i A (1 -CDK W M3 BY . CAK it
i J5] 1 25 1 -CDK %) T-loop & AE IR 1k, T
P R E 0 JR 404 1 -CDK IR, R 4 40 i A
MR AW, cyclinH-CDK7-
MATI J& X Hi#% & Ay CDK2 fl CDK1 ME—
CAA CAK, Jf Himidffi CDK1 #1 CDK2 %
T N T TR 1k R 4 4 i JE B AR U CDK2
s & W A% cyclinA-CDK2 A9 33 2 e 17
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S HAUE R P SCHE AR, MId CDK7 WIBHIE T
cyclinA-CDK2 f#7 , 4ER T S Wiy ik e,
CDKIl rgi &M E &% cyclinA-CDK1 Fl
cyclinB-CDK 1 A0 A2 fiih i A 22 43 4 1 G
R, W CDK7 W2 BH kA 22 4 2 iE A
IR cyclinB-CDK1 f 4272 i 4h, CDK7
Bxml Ll Sr CDKI1 Al CDK2 AU 1, i Al
1t 4 CDK4 1 CDK6 RYIETE, o sha e A
Bk ETY, ManR B #ERESR, CDK7 5
CDK4 s sk IRt B+, JFinE CDK4
B, £ CDK7 M H45E /) cyclinH-
CDK7-MAT1 — 5 {4 J2& 4 Jifd J&] 1A i 72 1 OC it
VAP 2, 32 B 2 PO A O )R A 2R 11 -CDK
4D 3% P TIK S 200 i ] A

AN, CAK B 5 ¥4 5% K F IIH (transcription
factor ITH, TFITH)/ 5 (456 kAL 17 LA ) DNA &
A, Wi #ERik RNA B4 11 (RNA
polymerase 11, Pol IT)14H 5% 4% 55 PR~ (151] 1 3%
EZM-a), W RRE LB, 24 CAK 5 TFIIH
gE AR, CAK it H: C oK 34k #448f (C-terminal
domain, CTD)RY B2 LILTE Pol 11 /% 5%
AR MAERA TFIH WSS T, CAK WiE T
P CDK T-loop HYHEERfL M % CDK I,
F4h, CDK7 &8 nl LISk Sr F T-loop BRI
KA, MXARHET MAT1 i CDK7 B T-loop &
PAE G PR G Hp U0 X Se 55 LRI CAK 7E40
I J 30 R R PR B S A 4R i 2 R AR
Mo 74, M {2+ (M phase-promoting
factor, MPF)tL g ik B Al 14 15 5 CDK7 #fR
b, Bfdt TFITH AH G Y S0 e S 1 21 52 210
i, SHECHE 2 AWM, g Er,
cyclinH-CDK7-MAT1 48 CAK J2&3#i #H ¢
JE 8 11 -CDK {1 g it A2 240 e J) A 7 v
SR IR R
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CyclinA/B-CDK1

L CyclinD-CDK4/6

(ATM/ATR kinases)
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(Chk1/Chk2 kinases)
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CyclinE-CDK2

gcwmw;
pRICT, P27 pSTER ;
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W ATATAGEREW AN

GO ~ @
NOSATAEBON. —> @ @

Translation

i

S-phase DNA replication-associated
proteins

Active

¢

Dedradation

—— WA AR
DNA biosynthesis

Pre-replication complex

3 S HA cyclinA-CDK2 Hl&IEE T 52

Figure 3 The regulatory process of cyclinA-CDK2 mechanism in S-phase. DNA damage activates P53
expression by activating DNA-PK and ATM/ATR-Chk1/Chk2 kinase pathways and promotes CKI expression;
ATM/ATR-Chk1/Chk2 kinase pathway inhibits cyclinA-CDK2 activation by ubiquitinating and degrading
Cdc25A; Activated cyclinA-CDK2 inhibits DNA biosynthesis by inhibiting the pre-replication complex;
activated cyclinA-CDK2 phosphorylates RB and promotes the translation of DNA replication-related

L 60-62,64,67
proteins in S-phasel®*-%6467]

W25 B G2-M HEEHu s, an it R IR R 25
LU AE M 1, cyclinB HIFE LI &S8R 24
4 eh ) 5 B SR A5, 3 R A i ] A R AR

6 G2 #i5 M H+H#H cyclinB-
CDK1 £4&4

IEH AN R AR p, B RN R I R
(cyclinB1/B2/B3)ili 4 il i 5 CDK1 &5 & fik &
25308 A8 G2 1), R cyclinB FLER|—&
BIEA 2 & G2-M BA%E4, {2 cyclinB B3R
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150 o ALTRIE R L AR IR 4,
6.1 cyclinB-CDK1 HJ4% &R E{iL

TEZN ML S BA AR A # P, cyclinB 2812
T S A B 6], FFAEA R 25 M rh SR 4
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A B
VEE kinase famaly) @ Ana haSC
ORI . Metaphase +
DNA damage 1
(ArwatR kinase)  (ONA-PK) Prophase Telophase
& Metaphase to anaphase transition
e
& / \
K 5.2
& S~ DN | / Q
f-eedbaf:k Dedradation 0
regulation Dedradation
PAC/C Separasg
(“yclin.'\fBA(‘DK ” " WW MetaphascAnaphasc
D X LEy — @b -
CyclinD-CDK4/6) ) Prophase
Cell cycle MCC @ Telophase
R A ew Metaphase to anaphase transition
CyclinA-CDK? gl S o g e
CyclinE-CDK2

4 G2 HA5 M i cyclinB-CDK1 ¥l &% 372

Figure 4 The regulatory process of cyclinB-CDK1 and PAC/C mechanism in G2 and M phases. A:
Mechanistic regulation of cyclinB-CDK1 in G2-phase. DNA damage mediates pS3 expression by activating
DNA-PK and ATM/ATR-Chk1/Chk2 kinase pathways, promoting Gadd45 to inhibit cyclinB-CDKI1
activation; RASSF10 inhibits cyclinB-CDK1 activation by promoting Gadd45; WEE kinase family inhibits
the activation of cyclinB-CDK1; Cdc25B/C binds to 14-3-3 to activate cyclinB-CDK1, and the activated
cyclinB-CDK1 can feedback-regulate the activity of Cdc25B/C and 14-3-3 complex by activating PIKI1,
promote M-phase entry™***!l. B: CyclinB-CDK1 mechanism regulation in M-phase. When Cdc20 is
released from MCC and binds to APC/C, it promotes the ubiquitination and degradation of securin and
cyclinB, thereby promoting the transition from metaphase to anaphase; When MCC factors are tightly bound,
APC/C activity is inhibited, resulting in arrest of metaphase to anaphase transition”>*.

TEMIHH, cyclinB-CDK1 2742 41 AL A2 Fil 241 ffd o
IERETEAR, A% 2 0 53 fif FAZ RS 24
(nuclear envelope breakdown, NEBD); 7EH{,
cyclinB-CDK1 R4 75 4l il #% N A 22 53 3L 9 i
s EHP I, cyclinB-CDK1 RAEFE ZikR{A (1]
HESMNWME, I HRY ARk E 7 fEh
WIZE BT cyclinB-CDK 1 iR 2, BEAJG
A5 405 P 4 cyelinB-CDK 1 72 i1 2 5

FW] cyclinB-CDK 1 F B 23 AR 4k I 15 AT GE R 72

FA 5. 1A, CDK1 S R Ib S
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% cyclinB-CDK 1 # %% 2 40 i i% A Re it 47,
TEA 2257 24 i 45 il cyclinB1-CDK1 %5 [H]
Sy 5L B A 5T A A G T 40 S 0 i AR 4 22 ¢
FE, HAh, cyclinB ki A BRIt A%
ABLHI 2R IKE , BEANTT % Plk1 PA¥E AT
FIHIAZ B US , cyclinB-CDK 1 SIS
A A AL i A Z R INTERR R PP E A 22
53 43 BT 240 A% R 240 B A E 4
6.2 G2-M HA#%#ah Y cyclinB-CDK1
CyclinB-CDK1 4 Greatwall (Gwl)/& M ]

: cjb@im.ac.cn



1536 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

i¢ #F A ¥ (M-phase promoting factor, MPF)f] 5%
ALy, AMESE M WE s B LB, B
SR B cyclinB-CDK 1 A5 SR Z, H
P61 25 R A 20 % , Greatwall JU ] 33 54 55 b B 42
R I R IR BT B9 cycelinB-CDK1 4L
i, JERCEA X5 @R g R R Y e
Greatwall 5 cyclinB-CDK1 775 ) i ¥ E F .
FEVA Greatwall BIEHL T, B cyclinB-CDK1
SERNGER, MPF 7E40 5Tt A A, i >
Greatwall ${S BT, MPF AO75PE b Z VK &2,
T fith 2% A 22 43 %401 F W] MPF 336 P 38500 75 2
cyclinB-CDK1 4 Greatwall H:[&] #5514k,
Greatwall 164 2243 24T b vl (406 CDK &
P 2R (I BERR I PP2A/BSS RIE, MM ffi CDK
FR TG P E o SR Bl KB T G2-M
Greatwall A] §f CDK1 #RILFE, 77— 1R
R TIF, fi cyclinB-CDK1 58 435 ™),
It H. Greatwall X} PP2A:BS5 iy, Alflise=
cyclinB-CDK 1 {21 it itk A A5 22 43 245 %) R 24k
5 224 B4R G IR 1 IEA TR IR AL e
Greatwall 5 cyclinB-CDK1 /7 S i A EVE R,
It ELPA 2 RE 5B ) 7 4 Sl S0 2 A o 42 v A
HRHER

A, cyclinB-CDK 1 i 452 21| — 2 p53 4
H) DNA 05 S I K% Gadd45 (growth
arrest and DNA damage 45)J#5 , f44F Gadd45a .
Gadd45b 1 Gadd45g %", 7E DNA #ifjHT,
Gadd45a . Gadd45b F Gadd45g i i 41 il
cyclinB1-CDK1 &AL G2-M HAfSHy . A K
A g T, teAh, X 3 Fh Gaddds &
F 5 7E 41 2 58 T 4R AR IR S S T DMESS S
WA G2-M IR A 5, Ho Gadd4sb Al Gadd45a
X} cyclinB-CDK 1 {14 [ 41 il 94 12 5245 W 1 e
R, T Gadd45g BABIRE S, Ras H%
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I 2 11 &K % (Ras association domain family,
RASSF)j2& i V1 2 Wi 300 il 3 R i), -k U B
A R A e 0, Hodh, RASSF10 7l 38
it {2 GADD45a M FLE, #lifil cyclinB-
CDKI1 JER, WA 2250245, I Hakbk
NPM 5 GADD45a, A] RE( RASSF10 4T
G2-M WifsiE 2407, S A, 7 G2-M Wik £tk
il NFkappaB 7] ffi G2-M HH F 5 1 5t [
cyclinB1/B2., Plk1 I Cdc25B (% s plm i,
HESRAT 2253 34500 AP

1E G2-M WiEEdr, Cde25 FK(Cde25A/
B/C)# % B EAEH . Cde25 Z 05 Al 38 1 14 4
WEE # K 5 F /9 CDK1 Thrl4 fl Tyrl5 {7
SR TERE R AL DL R S 14-3-3 S5 AR, i
7% cyclinB-CDK 1 % 1, A G2-M 4% (#9201
[AEF, Cde25A/B/C MyiEPELES 32 2] DNA i 6
E5%3 M ATM/ATR-Chk1/2 #5514 S
wARPEEELY, B4R cyclinB WA R ik G2-M
e, (H3d B cyclinB il YR WU AT fih % 4 22 53
ZLRH . cyclinB B B% IR 35 A7 B 5 5 B0E
E3 Z XiEHH APC/C FIHILFIEF Cdc20
PP, P, AT g K Cde20 X APC/C
E A1, DA AAC T 225y 24K A o5 0 A 1A

(mitotic checkpoint complex, MCC) MAD2-
BUBR1-BUB3-Cdc20 £ 55 )5 B 11 APC/C

() S5 G B LS R A 22 43 2B AR
s O N R O B R 7 R

63 A HADPHEFHEBRSW
cyclinB-CDK1

TEA 2250 2 b B 5 W el 2 oh

APC/C # Cdc20 31 , I HIfIs i APC/C {2t
3 3 EE R 2 M (securin)Fl cyclinB 1972 3= LK
fE I shE I e 2 R, IR
TRblFh i T A EP S Gk e PR
3 A 225 345 W53 2 i (Separin)fil &, 43
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25 DU 3 3k A 1 ) securin A1 cyclinB (i
BEWTE N A E RS A B PO
securin 5 cyclinB J& il 73 125 Wi 2 7 DG B
T, e IR R B G E T . 45 B TR,
cyclinB 7E G2 WIZRB KPRy 4Eds I fdiff G2-M
Wi, M ABLAHEBE, &KW
cyclinB W2 38 o 9 ] 23 g e P, 3a 8 v 40 )
Je RS L NI cyclinB 75 B 7EHS & I %
TR AFE AT 42 40 ) B0 R A T 04 7

7 CDK 3%l 7| 758 JE fo ik i
Hy b

7.1 CDK4/6 iMHIF

METC A 2 E R R CDKA4/6 il 7Bk
U T A SR IR YT, AL AR IR S e
(palbociclib) . Fi{# 76 JE (ribociclib) . B U1 7 £
(abemaciclib) Fl il 7 76 F (trilaciclib) %P7, {HAE
Il RAJE 5% v 2 LI R R 5 Xof 3k 6411 ) 5] A T
2, IF HLAT 2210 251 ] e =2 53 -t 5 Al
PRI e BT 30k SIS 4000 S 500 7 Jo e B 9 o ) BT
BLl, A B TR IHEFRCR . AbuHammad
SFUSE A R T R BUIATE T R 5 A R AR
H L% 721 5 (protein arginine methyltransferase
5, PRMTS) I GSK3326595 WE-4fdi vl 4E
SR 25 PR B, I H PR AR B I IR IE 4 2% BH
CDK4/6 #l PRMTS5 HJHK 5 il il & — A 25 H.
i 22 Mk B A6 T7 SR M . Peng 25 P017E 45 H i
Jii (colorectal cancer, CRC)H & ¥, E26 #1k
PR RS F 5 (E26 transformation-
specific variant transcription factor 5, ETV5) ] i
A p21 fEHE G1-S WiFEHe, I CRC 4
£, FFekAE CRC XA 1# 74 Je A0 3R A
(dinaciclib) i 25 Y1 U . Zhou 25U VK BLAE Hi
YL A M, HE O Ok 5
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(histone deacetylase 5, HDACS)J Bl 24t RB
Xof A 98 i DAY F18) 490 ) 5 3 o X0 W 195 06 2 S
ik, T HX R gl TR RN # M (bromodomain
and extra-terminal, BET)-¥RER IF 5 [ v oG4
2542 M (cyclic adenosine monophosphate response
element binding protein, CBP)/p300 XX & i i
7 NEO2734 wifiik . iX4B45 LKW CDK4/6 1l
il 551 55 HoAth 245 Wy 1) BR 5 16 T AT A A5 M DR A it
PR K

Zhang %M OV7E 7L BRI TR BLIATE P 2 Atk
Z' % JE (pyrotinib) AR Y7 1l 3 K pAKT
1 pHER3 (phosphorylated human epidermal
growth factor receptor 3)iE M, 7S GO-G1 HfE
W, BN IE To % . Kumarasamy Z5UO77E
Bides O R BLIATEPE )2 5 MEK #4615 9B GR
S AT p27 by, MG A P e o i P 2 1Y
FLN, B v AR PG e XoF R g iR T RCR o B
DUPY ]2 e —— B FEXE IR TR R B2 1 ER+FL I
t BT B — 35 R CDK4/6 7], fESS A %L
3k AR B B, I ELAT AR B 4 ] A
PERFAEL ), 5 H Al CDK4/6 $HI AR H,  Baf 01
VU A BEA 37 T cyclinD-CDK4/6-RB il % & #%
YERT, AT g Bl D1 PG A AT BE™ I A I A 1 A
T AE A W hr G P g e R L U i
Ab, Br FiR i) CDK4/6 Ml 4h, Therapeutics
S al bR B — /Ny L B CDKA4/6 #i 5)
thhrpaA], HEAEsEORER, SRR ILyTER
A i PR ELA VR AE A B e e )i 5 e 4l
i PG 1) BB 55 B B S 0% 3 T 20 A A A
R B . TR G BERE, AAfR
P EATHE AT W TR] G sz 5 O

Zi Bk, HBARYET CDK4/6 fiil 252y
Yy & Bk I Al R IR RIR YT ARCR . (HINTE
ol R A5 P i 24 M 9 kR 2 BR il SR T ) )
o I HIRAIRYT LB ] — 225 W ) R 3
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WAF, SEHUARBEE /N, BUdEER. HIt,
P R RN 40T 5% rp W H 8 OGE CDK4/6 #il
F AR AT EED LRI A CDK4/6 3157 B A 56
WA IRYT HEME | DA Ay J e FHBE A G I RA YT
258 B B A AR A M I K B4 e SRR
7.2 CDK?7 #8335
7.2.1 CDK7 #55MHMHNHIFI THZ1
20 ) 3O R A Sy ) 940 2 9 A2 R A B

—MAFAE, XS TR CDK7 SRR A H
RUERE VR R 1. Muic A £ CDK7 ¢
SR AN S 8 F IR R SE . e, CDK7

SRR THZL, 2 S H s & 2 1)
CDK7 Fes il 7). Him o #i CDK7 iy
Tk, R A S BO KL B B S Tk DL R
M A R DR AR, LUK B3R 9T JRRE BB Y
H oo = BA L IR 98 (triple-negative breast
cancer, TNBC) & — Fi ZL JIf I 09 58 5k P 1Y,
TNBC & & TR Y7 5 22 B 45 22 1 Tl s F
B R, Li ZUE TNBC & B e bk
) CDK7 #4157 BS-181 #1 THZ1, 0] T
CDK7 431 Pol 11 B2 fL, Hrh THZ1 B3
71k BS-181 15 500 £ . #HL#F5EEH], TNBC
20 A7 TR AR KRR A T4 b i B 41 ik
E98 2 (B-cell lymphoma-2, BCL-2)/BCL-XL i
SU I, 85T B BCL-2/BCL-XL 41
7 ABT-263/ABT199 5 THZ1 BG36Y7, K
TNBC 4 i B0 A & 3 il Fn i 7= 007 3% W
CDK7 n[{E} TNBC HJi A fe ik A= Yrkr iy,
Jf H. CDK?7 #1 BCL-2/BCL-XL |5 Bl 534
7 Al AR TNBC AT VA MEM S % . H
Bk 545 %985 (pancreatic ductal adenocarcinoma,
PDAC) & — Flt H AT 5 56 7= 5 (1) 2000 P 4
. Lu ZUSIYE L4 PDAC I R rf % R
THZ1 #0#l CDK7 7 'S80 2243 24 R+ -«B
(nuclear factor-kappaB, NF-kB){5 51& FAH 4
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SR B A SR AT A, DA T T4 g 0 S B
PLAENGT R H I . R PDAC 411 il 4
CDK?7 WG s30T 4T X 12 28 1% PDAC 1Y
BT TR SRS . tkAh, THZ1 in] F TiX
SESEIE VAT . A5 ELE . b R o gt
IS ST
7.2.2  Hfth CDK7 £ F MM HDHIF

Bk THZ1 4k, X2 CDK7 il 5]t 78 52
o B I A A T R I PR 9T A B 8, 40
BS-181, ICEC0942 . SY-1365. YKL-5-124 .
SY-5609 Fl AT7519 Z121131 0 S KR 515 48
(theumatoid arthritis, RA)J&—Ff 4 98 fE 4 %
W, " SRECEAREE . Hong SV IG A 1
1755 B9 17 & (collagen-induced  arthritis, CIA)
NSRRI R R B BS-181 RIEiL#IH CDK7
i RA SAE S, KRB CDK7 BA B0
VidAE . Patel U VR B —Fh I FI697 98 AE
) 1 R4 CDK7 #iifil 7] ICEC0942, H:AE BC
1 CRC W SR M, BA B0 PiE e
H o I H 5 fth 55 25 (tamoxifen) ) Bk 5 16 J7 7T
o7 ME 33 3R 2 A B AP P S P S A ) A K 8 4
fere ISl 2] ICEC0942 A {E B — 2 ek 5
HoAh 25 Wk & (IR I AE . Hu S5 O7E ST R
L (ovarian cancer) FIFL Mg AR A BEIRIEAT 1Y
I IR R &K P, SY-1365 JRYTFRER THiE T
BCL2 K it MCL1 1 BCL-XL % [ JFik
V-, JF H BCL-XL RiXRAFE M SY-1365
AU, AN, SY-1365 1F B — 245 HE LR
S VEBEYE A MW (acute myeloid leukemia, AML)
1O L9 SR RS A AR B b L SR B T
fhgg Ve, IF H 5 BCL2 il 77 4k 45 46 5
(venetoclax)BE&f# AT, SY-1365 FSa4K
TR gt e U0 W7 ot Y R N S
Jib IR I R IR 97 SY-1365 A H RiE T .
Olson ZE"VE I —FIAYT LA E2F KRIA bRk
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{988 i 1) CDK7 il 7] YKL-5-124, H 5 THZ1
A, A2 G35 Pol 1T C A S 45wy Sk i R 1k & A=
Ak, FESE G B2F RSN SRk, M
MEE G1-S WG s, JEms a7 E
#. Zhang 2V /INGH i i (small-cell lung
cancer, SCLC)H & Bl YKL-5-124 @ & #1)
CDK7 ik, HomILNYIANTEN, WRgnie
JEAARERE, fihk SCLC WIPTis oy Jr. F£MH
CDK7 #Hfil5 5HeMs ee AAAE N AEIR R, X
ARy CDK7 il 500 Fn 5 e g7 i 4R B A3
I7 T PR AR 4
7.3 EHftb CDK 15

& T AT L CDK4/6 1 CDK7 41711 )
Hb, A VFZ CDK il 0]t g 1 988 A A IR
FIEBRIRIT L, (AR ZH A TG IR AT S5
WG R BE . i, CDK2/7/9 #4l5 seliciclib
(CYC202), CDK9 #liil5f] NVP-2, CDK2/9 #iji
#IF) fadraciclib (CYC065)Z:11 120 Seliciclib
&—Fp CDK #ifil5], "l3a4 CDK2/7/9 L)
ATP Z54 75, Wil CDK2/7/9 352E", 7RI
IRIREE - seliciclib 9 & ¥ Al i 2 # ] CDK2/7/9
R 7o o | 0 e s R % A N = W
A U R TR AR G N A TR A
SE T 22 S 8 . Turisei 48 U2214E A& 7 i 57
A J% (Glasgow osteosarcoma)H & Fi ZE 1) 74 £
(seliciclib) Al i@ L 4l CDK1/2/7/9 Va9 5h
3 i RE B IR . P276-00 JE—F CDK4
MR, Aramd CDK4 #ikUP), Rathos !>
7 15 IR g A0 i b & B P276-00 5 7 G Al i
(gemcitabine)$X GG Y7 AT il CDK4 il Bel-2 &
ik, YESRANMPR T, DA R R A K
AT7519 & CDK2 #E i 1 il 77) 241 Dolman 21124
TE M B 40 MR R B AT7519 Al i 3 411 4l
CDK2 FRik, /MR AR5 I i %
B RAR, U AT7519 22— Rtk L5 Ao
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258, AT IR YT G e 2 Bk A R AR
1Eid 2 50 4EH, AML BIBITRCR— B ek
el CDK2 F1 CDK9 261 # ik B ] v iR
AML #iffl s ik 5, R CDK2 #il CDK9
Al RE R — A LT B AML JRI7 N 4
Z5 178 (Venetoclax) & FDA HEUERY Bel-2 £ 1:
5], Luedtke Z5U2O07E 48 P ik 0 40 At (4 1 s
Al AML H &3 CDK9 #llil 7 voruciclib 5 4E %%
FEIRIE A R0 0] CDKO A] 7 A2 B X AML 4t i 52
KM RE AR PMEPT A MG . Fadraciclib
(CYCO065)&—Fh CDK2/9 #1751, 76 AML
HA I PR 4% . Chantkran 216 AML th &
LY fadraciclib 54EZ3 4L v ol & MLALIT 259 B
B L ke L T I e R B S O o B R
P, fadraciclib 1B FLAE A BCAF FH B A A
FIRIVATT R0 . Mandal 26127 B CDK9 #1
FIBAY 1251152 &t X AN [|) 524458 1) T3 1 AR 3K
6 S 7 R A g R e 3 e R T s )
Stk [FEE, ST 4R m A R R S 2 T
FEARTRAE T 250 , K CDKO #0575 £ %t
MYC. MCL-1 Fl HSP9O Ayl A 454,
B A IR IT B SRR 9T 3 05 2 nl e i B O 1 1T
Richters %5 "8 75 §ij 41| JIif & (Castration-resistant
prostate cancer, CRPC)H & ¥ [ filx KB-0742 1] i
i CDK9 F&fk CRPC JEM:AK, F£W
KB-0742 [ 8 15 CRPC HAT R 547 24
Yy, A8 F TP K y (cytokine interferon
gamma, IFNG)/™ 3 193 N P e 28 Bk AT 2
E S EIA YT ) T ) 2% Huang 2612V Ji
Jigs Hh & B CDK #1590 3l AR 5 43 (dinaciclib)
AlE A CDK1/2/5 7R IFNG A3 Y iR
Sk O PR Sy i bE . R H] CDK1/2/5 1 YEX T
IFNG 5 E S e ik it B E 2, nl o
ik TENG 5| & B9 JEke Ji Jieh 83 B 92 R A5 Tif 24 4 it
— BT R W
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8 FHASEZE

2 i S B R R — D A2 2% B o R 4 A
TR, W B 28 20 I S S0 A G 0 28 1 AN 2R
38 T Tt A4 0 ) Bl R L R S B R AL i . AEIX —
T AV 22 A R A R D ke P A B AR
., S AME N . CDK. CKIs, WEE i
FWE. CDC Z M APC/C %5, Hix i
FAEm ] 5 25 (8] b5z B5E 5k . RPR R 1B DL
B R AR S5 2 Ay SR . e, A R
HERR B AT HLEI A AZ.O & i CDK FIHXT B 1 S
WMEARHLORBENT, FHY L BT
TR A BORE A, R AT — 3 B ]
R, oy B AR o 2 B R L T A A
SR SR AT W VTR 2 B YRR AR, BT AL T B
A TR AE T 2 v KA p A e,
M, T LA DR T 25 W) i & 22 [l 58
CDK 12532240 i 67, 5140 CDK4/6 #ifil57
(palbociclib, ribociclib, abemaciclib %), CDK7
IHIFI(THZ1 ., SY-1365 %)% . 3 H CDK #Il
FIZIBIT 259078 I AR5 v a3 4Rk B — 24
Wyl 5 AR T 250 Ky EBCA TG YT R
SN o TREAE R e T 250 2540 B 3 1) R S
PE L SV RIE XU, — B DR IR iR
¥y i CDK [ 5 A 88 1) 25 ) B 1) B 2 Pk AR
I, FERIHGIT I 8 X 25 itk it )i 7853 7%
YT 250 . S R Sk . AR R IR ]
XU A K CDK 75 24 it Jo 300 i AR R 42 1) R ke Pk
AT sk /0 5 Ml s 24 7 AR FH %) 3 7
CDK # 1] Je AR 101 259) .

24 S A 2 R 0 Y B TR S S ) R
BRR AT IR S, H 2w 4 A 5 H LA A
MUREAR A B b, 15 X BRAS 3 2L M A TR SR
X B 73 S 240 JEL R AT R A I 4 2 WU AT BB 25 4R
B ZBEARNMEER . MEE WA . B
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VRAL . B AL LA PRI B BT B R S 4 2 A
WP F-Be i) &, 45 4t e ] 1 4 sl a5 BUAS:
TRERSEE, Hd, Pt EOR A
25 20 SR A B R AT SR TR B SR e, A B A
RNA % (scRNA-seq) A A& B B 22 41 fitg ] A4
HPERE D, AH X — Iy T B S AR A R 2 A
SRR X mRNA B FEHFATIRSE, ok i
15T Y RIS A . 2R BT Bl ) 2 SR A DG R A
FROEUEAT L HIR A B RAE . HA & (il
2% (single-cell proteomics) (1 H B, T 2K 15T
KPS T FLAERAEAS AT, (A 4 Y 25
F R 8 KFE A EE T mRNA 35 3 4648
LR SO 0 I B AN i B P A S
SR ERG J3 AT, AT RGP HLAE mRNA FlZE
5T K- 55 20 SR A AR DG B 1 BT, ATy 4
L J1 B s s ) o PR A vy, SRR TSRS
B2 o S R I a8 AR B . eAh, dr]
I B4 i A o S DR 4 A A L T A )
(AN 2F | A= R0 S5 ) 0 40 i 5 401 4 1 e [958
HYIREEE, P& Bk i 3 T AR B
TR T S (AR ) SR . [RTENE R i 2R
1 JB 2H 2 A R T AN () 24 8 9 A4 i 7 40
L JE B R 1 B PR, R R A [ 21 R 9 2 L )
RS TR A SR A BIL 07 AH SC BUE 5 I
SR 20 A R B R B R B, AT AR AR VR T
AH S HE 1) 25 W ) It TS TN BL
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