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[Abstract] Cyclin-dependent kinase (CDK) plays an important role in cell cycle regulation and gene transcription. CDK12 can participate
in gene transcription regulation by regulating gene transcription extension, RNA splicing, transcription termination and DNA damage repair
(DDR). It is found that the dysregulation of CDK12 is related to the tumorigenesis and tumor metastasis. This article introduces the structure and
biological functions of CDK12 as well as its relationship with tumors, and reviews the research progress in CDK12 inhibitors, aiming to provide
reference for further research on the mechanism of CDK 12 and the development in CDK12 inhibitors.
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% W] W% Ay 44 & Cdc2-related kinase ( CrkRS ) o %
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Figure 1 Structure of CDK12 and CDK13

&l 2 CDK12-cyclin K-ADP
Figure 2 X-ray co-crystal structure of CDK12-cyclin K-ADP (PDB ID: 4NST)

2 MEAHEA KN 12 HEYFEDEE
2.1 MERERMIFE

RNAP T 2/ RPB1. RPB4 % 12 /MW 540 i
MEATRE GY . CTD 454 F RPB1 &3 A Uit .
E AL s Y 4 i, CTD i 7 ik ( Tyrl-Ser2-Pro3-
Thrd-Ser5-Pro6-Ser7 ) & J¥ 5 41 i "', CDKI12 i
I #ER Ik CTD 19 Ser2 Ji 8l B M % S 4Effi . CDK12
Bl 32 B o R L A R E MR R B k. 7E

PPS

HS24y (PDBID: 4NST)

SEME AN AL, CDK12 il 2k 5% ) A T /e 4eLfh Jk
PRURI A AR PE L P A ik s e ARG
CDK12 2k F:3 2 5 DDR #i #2195 A 4 BRCA
ATR . FANCI Fl FANCD2 % 5% /K F B A%, I 45,
CDK12 i& 3 W 2 & RNAP [ CTD Y Ser2 # 55 %!
fit H ¥4 K F 77 (cleavage stimulation factor 77,
CsF77) , ffi mRNA 3° AL RIRiriL, dhmi
ISR B (L 3) .
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Figure 3 Regulation of CDK12 on RNA transcription extension, splicing and transcription termination

2.2 85 RNA B #%

CDKI12 i o 4% N & F /9 35 422, 4 iff A &
mRNA #4754 13 mRNA ( WLIE 2 ) . Rodrigues % ')
WFFE R B, e B4R Hh CDK12 W] 3@ it 344y CTD
WERR AL IR 5 Newrexin 1V LR (85 4% . /¢ HEK293T
2 JfL R HeLa 4 v i) 5002 2L UTTE 73 485 R R,
CDK12 7] 5 #8758y He i 42 A 7= A A EAE T, 4o
RNA %5 & 3£ ¥ # H ( RNA-binding motif protein,
RBM ) Fl#% N A ¥ — K b 4% 85 11 (heterogeneous
nuclear ribonucleoprotein, hnRNP) ™. #& 4% i,
CDK 12 Y2 23 52 W) NS 25 BL 1 96 40 it v s % 22
RS AR BB 4% HF 1 (serine and arginine rich
splicing factor 1, SRSF1) AYIjfE. H i, CDKI2
TERTAR mRNA 5545500 88 b i BAARAE HT LD S A pL]
RN, Afrd— o,

2.3 MRS BRE

W5 k3, CDK2-cylin E1 E45¥W2 544 G1
S5 3010 I ISR 441 983 25 11 ( retinoblastoma protein,
pRb) WEFR Ak, TRUEZ4 M G W3 A S B, T
CDK12-cyclin K & & # Al i & cyclin E1 1) Ser366
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2.5 3t DNA #R{51& 8 iR

CDK12/cyclin K & & ¥ i & ¥ 45 RNAP I
CTD WER L5541 54 DDR K () 3ik, CDK12/
cyclin K [ ik 2% 3= 240 ] BRCA, ATR. FANCI #il
FANCD2 %5 HAT KAEAM B F AR IR A5 5% B )
BF, S0 BRCAT FE DR 3R A4 52 = 20 i X DNA $5i 473
T 0 BB . CDKL2 P8 i 445 ) 35k 28 A5 45 3 [) U
2] (homologous recombination, HR ) [&fit, 5l
DNA XU 445147, 7] DNA #i iz ',

3 CDK12 5EMERERARBX R
3.1 ZLIRE

N F A KK F 321K 2 (human epidermal
growth factor receptor 2, HER2 ) BH 14 FL If i H &
TEFL IR B F P 2405 20%., 76 HER2 i [H 47 184 14
FLAR G B H R, W AETE CDKI2 5 HER2 JEH 3Ly
R U, BN AEY R AEIL TR JAE M (ataxia-
telangiectasia mutated proteins, ATM) = 5 i
DNA {4185 f mRNA 5§30 . CDKI12 n] 77
ATM LA S DNAJB6-L a1 (alternative last
exon, ALE )85 4%, {2 Uk ys 4n i i3 iz 28 1Y,
Choi 45 "™ 5 i, CDKI12 i i W iz fk RNAP 11 37
WNT F1 IRS1-ErbB-PI3K % £ i, 5L i i
A AR, IKEhFLIE N kAR R . IS
R, 4 CDKI12 A7 Bl 742 i il 22 BR BT %) HER2
PR AR OO . —BAPEFLIRE ( triple negative
brest cancer, TNBC ) H'f77E DNA i 14 1& &2 #H 5 &
NEYZeAE, 414G p53. BRCAI, BRCA2 FENSE, fiiH]
CDKI12 # il 57 AT LA ] TNBC 2138 5 L K 35 b
S AN X AR IR & (poly ADP-ribose
polymerase, PARP ) il (gt
3.2 RiFIARE

Xof R VERT S IR (PCa) Ffk R Pk £ 3R HiT
PRSI AR (mCRPC ) WSR3 HT &3, CDKI12
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4%~11%, 5HABRE AN+ CDK12 2828 KB
1) [a) 5 2048 2 B AN [R], mCRPC % h CDK12
GRAF FEIN Ay I T A R, Ol S DR S A
DL 1 SEAE g Ao e i 5 2220 wu 2 Y
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A5 5 R 8 g MR B A G, X CDKI12 TR A

WA SN IR IeE B TR 7 BRI 0 7 1)
3.3 BE

MAPK {553 i An ol F R ) (5 5 4 5
WAt CDKI12 i@ Wik P21 25 P3G I 2 (p21
protein activated kinase 2, PAK2) ™ A% Thr134 Fl
Thr169, % MAPK {5 5%, {EifHEMkExE
3 BFgY &I, 7E HER2 BHME B9 T ##7E CDK12
P e g PO i AR BN AR R R AN A b A 3
CDKI12 #ik/K P4, BAh CDKI2 ik B E 1)
BAEFRMLT CDOKI2 KRB B H . X EFor R
CDKI12 7F B A R b A E 2R
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EWS/FL1 & JU3C A% (Ewing’ s sarcoma, ES)
Wi DL e R B HESL R, EWS/FLI @il 85 nl
PHEEUE RN AR L, TR SCAIR A T2 W
bR, CDKI2 7EJ0SC AR il # AN &R AE, H
i) CDK12 283575 EWS/FLI R JE S P98 o EL
A EFErE, JH THZ531 4bFE ES 2112340 DDR
BEAFIS, SETHRANT PARP #1H3) ffus: ©,
CDK12 F1 PARP 1l 57 (56 A ff 7 ES ZMAE A S Fh
Fo At/ IN BB R v e B R i S A B ) /R 2, CDK12
THIFR A IE SCIAIRE BTG 7 B T — o Y SR

4 MRREE B EEERES 12 1FIFIE IR
i T CDK 12 TE &A= % Jre h BAA 2R
T CDK12 Y FR3R:44 Sy Z2 B Mg 1 v 7 S AL 1)
Jiik. R CDKI12 /R HPLEIAR 76 4, {Hi
FIHAE MR IRYT T HATR KW J1, CDKA12 #4571 i)
FRCBN Y FHRIGE, BRSO IRE T2
Ffr CDK12 il 7], DA 238 T Han B A7 R
CDK 12 #fil I o 0 J .
4.1 THZ531
2014 4F, Kwiatkowski 25 % DA 1 i 771 14 p
et CDK7 M7 THZ1 (1) . THZ1 Hig i
Tt i 5 H, 383k W] 55 CDK7 (1) C i 4E 1 H (1 Cys312
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FE A AT WA 5 Zhang 25 PV K4 CDK12-cyclin
K kit & M, CDKI12 Y Cys1039 Fl CDK7 fy
Cys312 HA ML ZS 847 B . Zhang 45 FHREE (1-
WRIESE ) HEREUY THZ1 Ay N-2RIEIR LR, 15
7AW THZS31 (2) . HLfghtgy], THZS31
rf 2- G FEmE g ] 5 CDK 12 5% X ) Met816 £
W2 AP (WLE4) o THZS31 JLT-THBR T %
CDK7 [ 185 it 410 1l 75 4, 1Cs B S 8.5 pmol - L', fij
X CDKI12 5 CDK13 4 3 £ K K R, 1Cs {H 5

524 0.158 F10.069 umol - L™ 7E T SC AR 4H Jfd v
THZ531 # il DNA B2 A OCHE R iy Fik, Jf 3 am 4
JfUF B IE e R BURPE . BoBitR R, THZS31 1k
i ABC i B AR 1 A S 20 I 2451 1077 A
T B RERIE I R I TR/ N il 7).

H
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gt
\Ir /Cl
7

L\r/':
E 4 THZ531 5 CDK12 Ky3$#%E (PDBID: 5ACB)
Figure 4 Molecular docking model of THZ531 with

CDK12 (PDB ID: 5ACB)
4.2 SR-4835

JE T THZS531 B8 (%) 1 It 2 55 40 ) 7% 7k,
Quereda %5 B )N THZS31 280435 it 10 o 701) 2 v B

PPS

HEfSE) T LA % SR-4835 (3) . SR-4835 il CDK12
iy 3 25 #g ], SR-4835 i i C6-N7. M4 BR
N7 FIAEIFBEWRER 5 CDK 12 SR 45 A4 B Tyr815 .
Met816 il Asp819 JEpL & P ( WLIEl 5) o %k d
YIX CDK12 5 CDK13 HA @ik #: %, X} CDKI12
4 1Cso {E M 99 nmol - L™, Ky {H A 98 nmol-L™', SR-
4835 % TNBC il AT BRI HIVEH . ECso (EH
20~40 nmol - L '™, 7E B KR TNBC A HI
INEHR AT BRI SE R B, SR-4835 n] Ik 2 10 4l fih e
A, BEA PARP S RIIE YT A fof g Bl v K
AR ] SR-4835 A5 /N BT R, XN
ToHI R #EE. SR-4835 1F R — B A RAFIG PRI
HIF, AR TNBC BIfRE25Y) .
/

A\ ;

[E 5 SR-4835 5 CDK12 fy*$4%E ( PDBID: 6B3E )
Figure 5 Molecular docking model of SR-4835 with
CDK12 (PDB ID: 6B3E)
4.3 MFH290

2004 4, Misra % P i6 T CDK2 #if il

7 SNS032 (4) , 5% & Bl SNS032 1y Wk WE B /]
5 CDKI12 /) Cys1039 3t 45 4. Liu % P9 45 &
THZ531 (&5 FR1E, X SNS032 i 1745 4 sl
R3] T A G B A kA4 5, HxF CDK7
I VE FIRE G (IC50=0.457 pmol - L") , #E—4
1A 3- BLR e 45 #4715 246 & % MFH290 (6) .
MFH290 7] 5 CDKI12 f# Cys1039 #4724 45 & B9

(WLIE 6) . MFH290 %f CDK 12 ELA7 45 i il e Bk
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(1Cs5p=0.025 pmol - L") . MFH290 7£ /)N Fl 14 N 24
RSy eSS R o, w45 25 Fo e )
B, BHFER (1,=0.17 h, CL=102.03 mL-
min kg ') , BOTEHI—LEEE LR ANR

R e M.

A&ﬁﬁk

fogsy
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E 6 MFH290 5 CDK12 fy#&E ( PDBID: 5ACB )
Figure 6 Molecular docking model of MFH290 with
CDK12 (PDB ID: 5ACB)

4.4 BSJ-4-116

Jiang %5 B3 DL THZS31 H (9 25 46 R BEAE R 41 3
FiifA, 4% cereblon ( CRBN ) /£ K E3 12 & 420,
WitE T — RIS+, Hh BSI-4-23 (7)
X CDK12 B A7 5 & R fd /e . WF5E & 3K, BSJ-4-
23 7] 5 CRBN/CDKI12 ¥ e i) = o B &9, i
Joik 5 CDKI13 JE iR 2 G, I S8 1 &
CDKI12 Mt B (R)-3- 2 HE Wk IE J2& /5 % CDK12
KRR VRPIROLE, HE— 2D Ui A5 2 R BSI-
4-116 (8) . Hgh4itgLE], BSJ-4-116 rha JLmsnE
B 1l 5 CDK12 FAEHECHE X 1Y Met816 TE A% 2 >4
Gt BV (LR 7)), HX) CDKI2 [ il 3% v A T 42

# (ICso & 6 nmol -L™") . 7F Jurkat 4iiffif, BSJ-4-
116 7% 5 CDKI12 [#f#, CDKI13 /KA A B B 78
fbo BE4h, BSJ-4-116 A] 32 fk CDKI12 [ C1039F %
AR PR (R ARASE T 25 . BSI-4-116 /E W8 — k%
P CDK 12 [,y CDKI2 1 FALHI R 5T L K
JE SN R AR BE T Dy, AR R T
2] 3 CDK12 A8 = A RIS PR b E . IR,
CDK12 BRI LA TEiE— 2 15T

E 7 BSJ-4-116 5 CDK12 #y3$#ZE ( PDB ID: 5ACB )
Figure 7 Molecular docking model of BSJ-4-116 with
CDK12 (PDB ID: 5ACB)
4.5 Dinaciclib

Dinaciclib ( MK-7965, SCH727965, 9) 2k
[ R 5 (Merck ) 2\ W) F & 1) 22 48 23 19 CDK1/2/5/9
M. Paruch %5 B LI I meng L5 LA, XF
&Y 10 HATILALS B TALEY) 11, A& Yxt
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CDK2 HA B APl il M o ) s I i g A2 7
— RGN AR e A5 B4 AW dinaciclib, %G
Yrnl 5 CDK12 (1) Met816 JE stk &t 7 ( L
8) . Dinaciclib ¥} CDK1, CDK2, CDKS5 Fl CDK9
) ICso 4354 3. 1. 1 F14 nmol - L' ®¥_ Dinaciclib
BCAIA L R 25 9T 55 MLL-AFO R 4nAE i T,

i /NP7 R AR 33 d B hnE 52 do BESR R,

dinaciclib X CDK12 s HA — @& Ml iG P, 1Cso N
50 nmol - L', 7E BRCA %7 H.XF PARP #1 i 751 Tirf
24 i) TNBC % 1, dinaciclib 7] 1 1l i % DNA &
I3, RIS 3G 5 b 73 %F PARP #1451 5] 0 Uk vk, R4
dinaciclib I EPER R, {AB= CDKI12 dfEbE, #F
— T R BAG e PERY CDKI2 #e57) B T2 X,

it — £ N
® 8 Dinaciclib 5 CDK12 By 3+#%E ( PDB ID: 4NST)
Figure 8 Molecular docking model of dinaciclib with
CDK12 (PDB ID: 4NST)
4.6 CDK12-IN-3

CDKI12-IN-3 (12) J& iy B 357 1] 5 141 A AFF &
) — F %6 £ M (9 CDK12 41 3] 57 . CDK12-IN-3 J&
3£ F dinaciclib 711 SR-3029 (13 ) 4 45 #4 % 1.
Dinaciclib J&—Fl = 2R 7 5P 19 CDK1/2/5/9/12 i
il 7., SR-3029 7EAIk ATP /K F F %} CDK12 B4
BES DS VE, X CDK1/2/7/9 B30 1 16 P 45 2% ),

WFFE I, SR-3029 H I A% 0 I GUIKE R DK ek 45
% CDK12 (£ BA B2 AE ] dinaciclib
(8)-3-( WRHE-2-BEHE ) BRI A TN B 4h # 2 0 ME 42 7
OCHE . BET O, BT 5 A BA R AL 3 v BeAH 3
GRS, EARIHEEE Y 14, kG
Yrxt CDK12 HAG A7y ve e, H 2 HAm i 1% v
RKFER . RTIEES AL O — PS5 AR 2L 5 )
15, ZAL& % CDKI12 F1 CDK2 [A] i BAT 8 E Y
IHIEE. R RN R EY 15 TR 451
N-9 L3, H3116A49 CDKI2-IN-3, Hhih4i
WoR, ZAEEY 5 CDKI12 H Tyr815, Met816 Fil
Asp819 JE i 8“7 (LI 9) . CDKI2-IN-3 7£ i
ATP KR X CDK 12 30 H T %5 5 19 30 £ 40 1 1%
P, 1Cs fH 4 491 nmol - L' ™ #F5¢ &3, CDKI2-
IN-3 A4 RNAP Il CTD Ay Ser2 Mk, XI5p &L
I OVO 4Rk A= KA I VEH .

NN H
> E N
~ | oy \@N%NH
“

fasi
)

12 13
F F
3 B F H

N/> “NH N/: "NH
N N\ N7 N\
PN | N> NJ\N | N>

G - GO

o -

14 15

s\ ‘_ W
o BT
B 9 CDK12-IN-3 5 CDK12 #93+#%E ( PDBID: 6B3E )
Figure 9 Molecular docking model of CDK12-IN-3

with CDK12 (PDB ID: 6B3E)
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4.7 E9
Nathanael %5 “" ) dinaciclib 1 THZ531 Jy 3L,
B8] T LS Y 16, HIHLT dinaciclib, %1k
H X CDKO k£t it m, sE— b s 2]
LRLEY B9 (17) , H5 THZ &4 Hl dinaciclib
AL, EFEVESA — e Lahaitig Ryl E9
T TR ZE FA T 5 CDK2 1Y Cys1039 Fhprh 4 1
(WE10) o WF5E K, E9 %l T THZ Rk G
YIVE R ABC $EI2 (R I 5 77 A it 245 1 1 e ™20
E9 TERMR BV N 5 A= W 2 AL THZ1 i ZU5e5 5
CDKI12 454 . 75 THZ1 T 2589 A\ NB 4ij ( THZ1®
NB ) iRl sh | B9 SR i AP s in ik,
ICso 4 8~40 nmol - L', E9 #f T ABC ik
-2, A EE R R ) CDK12 I 25 9

5 4%ig

CDKI12 Ja#zfE 5k 4k, 25 DDR. DNA & il
FIRNA By 2500 72, TEMR R R4 R HA &
AR, B CDK12 1 il 77 1 Ak 115 R i A9 53 B
Bt. W T CDKI2 Ml CDK13 Z5 44 55 FEAH L, BLA
i) CDK12 #1522y CDK12/13 RCEHHIF], Hh=
CDKI12 #54 . B X CDK12 Fil CDK 13 4544 AT

[ &% 3E ]

[I1 Chou J, Quigley D A, Robinson T M, et al. Transcription-associated
cyclin-dependent kinases as targets and biomarkers for cancer
therapy[J]. Cancer Discov, 2020, 10(3): 351-370.

[2]  Greenleaf A L. Human CDK12 and CDK13, multi-tasking CTD
kinases for the new millenium[J]. Transcription, 2019, 10(2): 91-110.

[3]  Bai N, Xia F, Wang W, et al. CDK12 promotes papillary thyroid
cancer progression through regulating the c-myc/beta-catenin
pathway[J]. J Cancer, 2020, 11(15): 4308-4315.

|41 Yang B, Chen J, Teng Y. CDK 12 promotes cervical cancer progression
through enhancing macrophage infiltration[J/OL]. J Immunol Res,
2021, 2021: 6645885[2021-01-29]. https://www.hindawi.com/journals/
Jir/2021/6645885. DOIL: 10.1155/2021/6645885.

[51  LiuH, Liu K, Dong Z. Targeting CDK 12 for cancer therapy: function,
mechanism, and drug discovery[J]. Cancer Res, 2021, 81(1): 18-26.

[6]  Solomon T, Derek R D, Andrii M. The promise and current status of

PPS

ABEGE, THEHUBILSE T Bt 23 2 CDK12 #i il 51
(4 15 F R AR HEHT A 7 1. 4 CDK12 #4741
TR B F12A MM BR ) 75 A - PR

¥k BAT AT 2 1 i B B CDK2 41 il 77 A
B TR ST CDKI2 (AL, e n] A

SRR B 7 B AR SRS
e B SR

josl
Z N ~N
N, N
- 7N AN X e
X SNy N N
‘NT N

| S .
[ 10 E9 5 CDK12 ij344%[E ( PDB ID: 6B3E )
Figure 10 Molecular docking model of E9 with CDK12
(PDB ID: 6B3E)

CDK12/13 inhibition for the treatment of cancer[J]. Fut Med Chem,
2020, 13(2): 117-141.

7] Chen F X, Smith E R, Shilatifard A. Born to run: control of
transcription elongation by RNA polymerase II[J]. Nat Rev Mol Cell
Biol, 2018, 19(7): 464-478.

[8]  Pilarova K, Herudek J, Blazek D. CDK12: cellular functions and
therapeutic potential of versatileplayer in cancer[J/OL]. NAR Cancer,
2020, 2(1): zcaa003[2020-2-20]. https://academic.oup.com/narcancer/
article/2/1/zcaa003/5775299. DOI: 10.1093/narcan/zcaa003.

|91 Chirackal Manavalan A P, Pilarova K, Kluge M, et al. CDK12 controls
G1/S progression by regulating RNAPII processivity at core DNA
replication genes[J/OL]. EMBO Rep, 2019, 20(9): e47592[2019-06-
24]. https://www.embopress.org/doi/full/10.15252/embr.201847592.
DOL: 10.15252/embr.201847592.

[10]  Rodrigues F, Thuma L, Klambt C. The regulation of glial-specific

Prog Pharm Sci Mar. 2022 Vol. 46  No.3 -



216 | s, %. BIEEHE ORBILRES 12 0HFTRERE

splicing of Neurexin IV requires HOW and CDK12 activity[J].
Development, 2012, 139(10): 1765-1776.

Choi S H, Kim S, Jones K A. Gene expression regulation by
CDK12: a versatile kinase in cancer with functions beyond CTD
phosphorylation[J]. Exp Mol Med, 2020, 52(5): 762-771.

Lei T, Zhang P, Zhang X, et al. Cyclin K regulates prereplicative
complex assembly to promotemammalian cell proliferation[J/OL].
Nat Commun, 2018, 9(1): 1876[2018-04-16]. https://www.nature.
com/articles/s41467-018-04258-w. DOI:10.1038/s41467-018-
04258-w.

Chen H R, Juan H C, Wong Y H, ef al. CDK12 regulates neurogenesis
and late-arising neuronal migration in the developing cerebral
cortex[J]. Cereb Cortex, 2017, 27(3): 2289-2302.

Schecher S, Walter B, Falkenstein M, et al. Cyclin K dependent
regulation of Aurora B affects apoptosis and proliferation by induction
of mitotic catastrophe in prostate cancer[J]. Int J Cancer, 2017,
141(8): 1643-1653.

Dai Q, Lei T, Zhao C, et al. Cyclin K-containing kinase complexes
maintain self-renewal in murine embryonic stem cells[J]. J Biol
Chem, 2012, 287(30): 25344-25352.

Liang S, Hu L, Wu Z, et al. CDK12: a potent target and biomarker for
human cancer therapy[J/OL]. Cells, 2020, 9(6)[2020-06-10]. https:/
www.mdpi.com/2073-4409/9/6/1483. DOI:10.3390/cells9061483.
Liang Y, Qian C, Xie Y, et al. JIWA suppresses proliferation in
trastuzumab-resistant breast cancer by downregulating CDK12[J/
OL]. Cell Death Discov, 2021, 7(1): 306[2021-09-20]. https://www.
nature.com/articles/s41420-021-00693-9. DOI:10.1038/s41420-
021-00693-9.

Tien J F, Mazloomian A, Cheng S G, et al. CDK12 regulates
alternative last exon mRNA splicing and promotes breast cancer cell
invasion[J]. Nucleic Acids Res, 2017, 45(11): 6698-6716.

Choi H J, Jin S, Cho H, et al. CDK12 drives breast tumor initiation
and trastuzumab resistance via WNT and IRS1-ErbB-PI3K
signaling[J/OL]. EMBO Rep, 2019, 20(10): ¢48058[2019-08-09].
https://www.embopress.org/doi/epdf/10.15252/embr.201948058.
DOI: 10.15252/embr.201948058.

Emadi F, Teo T, Rahaman M H, et al. CDK12: a potential therapeutic
target in cancer[J]. Drug Discov Today, 2020, 25(12): 2257-2267.

Sokol E S, Pavlick D, Frampton G M, ef al. Pan-cancer analysis of

Prog Pharm Sci  Mar. 2022  Vol. 46 No. 3

CDK12 loss-of-function alterations and their association with the
focal tandem-duplicator phenotype[J]. Oncologist, 2019, 24(12):
1526-1533.

Lotan T L, Antonarakis E S. CDK12 deficiency and the immune
microenvironment in prostate cancer[J]. Clin Cancer Res, 2021,
27(2): 380-382.

Dong B, Fan L, Yang B, et al. Use of circulating tumor DNA for the
clinical management of metastatic castration-resistant prostate cancer:
a multicenter, real-world study[J]. J Natl Compr Canc Netw, 2021,
19(8): 905-914.

Wu Y M, Cieslik M, Lonigro R J, et al. Inactivation of CDK12
delineates a distinct immunogenic class of advanced prostate
cancer[J]. Cell, 2018, 173(7): 1770-1782 el4.

Liu H, Shin S H, Chen H, et a/. CDK12 and PAK2 as novel
therapeutic targets for human gastric cancer[J]. Theranostics, 2020,
10(14): 6201-6215.

Zhou C, Feng X, Yuan F, et al. Difference of molecular alterations in
HER2-positive and HER2-negative gastric cancers by whole-genome
sequencing analysis[J]. Cancer Manag Res, 2018, 10: 3945-3954.
Liu M, Fan H, Li T, et al. Low expression of CDK12 in gastric cancer
is correlated with advanced stage and poor outcome[J/OL]. Pathol
Res Pract, 2020, 216(7): 152962[2020-04-11]. https:/linkinghub.
elsevier.com/retrieve/pii/S0344033820300340. DOI:10.1016/j.prp.
2020.152962.

Ji J, Zhou C, Wu J, et al. Expression pattern of CDK12 protein in
gastric cancer and its positive correlation with CD8(+) cell density
and CCL12 expression[J]. Int J Med Sci, 2019, 16(8): 1142-1148.
Iniguez A B, Stolte B, Wang E J, et al. EWS/FLI confers tumor cell
synthetic lethality to CDK12 inhibition in Ewing sarcoma[J]. Cancer
Cell, 2018, 33(2): 202-216.

Kwiatkowski N, Zhang T, Rahl P B, et al. Targeting transcription
regulation in cancer with a covalent CDK7 inhibitor{J]. Nature, 2014,
511(7511): 616-620.

Zhang T, Kwiatkowski N, Olson C M, et al. Covalent targeting of
remote cysteine residues to develop CDK12 and CDK 13 inhibitors[J].
Nat Chem Biol, 2016, 12(10): 876-884.

Quereda V, Bayle S, Vena F, ef al. Therapeutic targeting of CDK12/
CDK13 in triple-negative breast cancer[J]. Cancer Cell, 2019, 36(5):

545-558.

HFd A co2is macn H3W



[37]

$Fd A 20223H Hack oM

Misra R N, Xiao H Y, Kim K S, ef al. N-(Cycloalkylamino) acyl-2-
aminothiazole inhibitors of Cyclin-dependent kinase 2. N-[S-[[[5-
(1,1-dimethylethyl)-2-oxazolyl] methyl] thio]-2-thiazolyl]-4-piperi-
dinecarboxamide (BMS-387032), a highly efficacious and selective
antitumor agent[J]. J Med Chem, 2004, 47: 1719-1728.

Liu Y, Hao M, Leggett A L, et al. Discovery of MFH290: a potent
and highly selective covalent inhibitor for cyclin-dependent kinase
12/13[J]. J Med Chem, 2020, 63(13): 6708-6726.

Jiang B, Gao Y, Che J, et al. Discovery and resistance mechanism of a
selective CDK 12 degrader[J]. Nat Chem Biol, 2021, 17(6): 675-683.
Paruch K, Dwyer M P, Alvarez C, et al. Discovery of dinaciclib
(SCH 727965): a potent and selective inhibitor of cyclin-dependent
kinases[J]. ACS Med Chem Lett, 2010, 1(5): 204-208.

Johnson S F, Cruz C, Greifenberg A K, et al. CDK12 inhibition
reverses De Novo and acquired PARP inhibitor resistance in BRCA

wild-type and mutated models of triple-negative breast cancer[J]. Cell

EHHES

=N

[39]

[40]

wPiHTLA

PPS

Rep, 2016, 17(9): 2367-2381.

Novotna E, Bukum N, Hofman J, et al. Aldo-keto reductase 1C3
(AKR1C3): a missing piece of the puzzle in the dinaciclib interaction
profile[J]. Arch Toxicol, 2018, 92(9): 2845-2857.

Bibian M, Rahaim R, Choi J, ef al. Development of highly selective
casein kinase ldelta/lepsilon (CKldelta/epsilon) inhibitors with
potent antiproliferative properties[J]. Bioorg Med Chem Lett, 2013,
23(15): 4374-4380.

Johannes J W, Denz C R, Su N, ef al. Structure-based design of
selective non-covalent CDK12 inhibitors[J]. ChemMedChem, 2018,
13(3): 231-235.

Nathanael G, Zhang T, Nicholas P, e a/. Inhibitor of cyclin-dependent
kinases: WO, 2016/160617A2[P]. 2015-03-27.

Gao Y, Zhang T, Terai H, et al. Overcoming resistance to the THZ
series of covalent transcriptional CDK inhibitors[J]. Cell Chem Biol,

2018, 25(2): 135-142.

[ E5NA | BER : 2d%, 2L lidtES0m, JEPEGRAEHS MR FERFRA: 1)

INFFACEZIIEAT SR, P E T B ARG, RMEAISRRTF RN EN G2 2) R
MNFERE RS E R T2, BRERMSSER AR LS. [THEERRYEE . RAEGIETH .

FR RS R AR 55 TR T B8 SRR ST S TR o 2015 FIEANTZESE AR T 1.1 2500
SRS DR BIRA . LIS R ARE RSN 8 4, HighEAIRTA] S I, Hr 2 B
1F Eur J Med Chem . J Org Chem . Adv Synth Catal ZFEFr R ET % 2% SCL IS 20 £45 .

[ ERINA ] BEE - 20%, e TSN, PEARDCARRK . BHEELSEZE T AR
ARBIEERR . BRESEEGPEATBIITHLER . BEPAR S EHRITE LR
FR ) PITEREERG  TERGIA: FAH TSGRV, HHRENHBZT . ISR
KA ST ERSERETIES . ESRE,
B ETFR R G FN=-1501 361145 RigE BEZEIRAF, EEHME5EE FDA “SREHEAY”
(Breakthrough ) %4 . IEIRIAGEVF IR LZGEASIAILE. HAT, FN-1501 fEA7AS T SRS A LIS (AML )
HZGIEAESEE . ORI RIS ESR A A T BINGPRIN T, A 2YReNEN AML JAfT 20 .

(%

H BT PREAAERTE 2 H AR AR 10 T,

Prog Pharm Sci Mar. 2022 Vol. 46  No.3 -



