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Abstract

Objective: The abnormal cell cycle caused by Cyclin-dependent Kinases 6 (CDK6) overexpression
is responsible for excessive proliferation of cancer cells, and blocking CDK6 expression can inhibit
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tumor survival and growth. Therefore, CDK6 inhibitors are considered to be promising anticancer
drugs. To screen the components withCDK6 inhibitory activity from the Specs database using dif-
ferent virtual screening methods. Methods: In this study, a virtual screening process for CDK6 was
designed. In order to discover CDK6 inhibitors with novel structures, multiple rounds of virtual
screening strategies, such as drug-like evaluation, complex-based pharmacophore searching based
on protein-ligand structure and molecular docking technology, were used to explore the hit mo-
lecules from Specs database. Result: A total of 75671 small molecules were obtained through the
drug-like preliminary screening. Drug-like compounds were used to match the best receptor-ligand
pharmacophore hypothesis, as a result, 630 common compounds were identified for further mo-
lecular docking. Finally, the two small molecules whose docking scores were higher than known
inhibitors and binding patterns were similar to known inhibitors were retained as the best hit
molecules. Conclusion: This study provides research direction for the development of a new gen-
eration of CDK6 inhibitors.
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1. 5|8

ZERYE B N RE AR FE R AE B, 2020 SR BRI SR BT B0UA 1929 TN, 1 1000 F3 NS T
fE[1]. A KEFFFRE CDK4/6 152 i 40 i oh g ik B s sl 3%, QAL . BEeRE. 6Pk
OUMdE . B R . RO PR ERE . i AN B e R (I 25 [2] [3]. CDKA4/CDKG6 2 21 ffd A 3 i) 5% it 1A
T, i RIEN CDK4/6 8 54 M H W8 1 D L EE AW, BEER Ak AL R 20 R R IR firk ok 4
JLJ5 #A N DNA & BCHTHA(GT #A)iE N2 DNA SHIHA(ST #A), (ks ik k4], #EkiE, CDKe HA
ANFT CDK4 e Thfe, JF HZ 5 m4n o Qs Aan i1k . #sx L DNA 25, 7£ CDK6 m#&
35 (1 8 41 2R P9 ASE T CDK6 e 77 BT BEL L e g 4 e AN G B3 e 21 S HI 55 S g Rl T2, 3
325 3 0 ) R 44T R 28 4 ) H B[S [6]. P CDK6 & —FP AR A BT 5 8 RE VA JT 5 ms, CDK4/6 X EE 4111
7 palbociclib. ribociclib 1 abemaciclib T4 FDA itk F T 16 77 i 3 =5 45 A% v L s SR % (7] [8],
dalpiciclib T4 0 [ 24 /i W B # b i TR R v 7L 838, trilaciclib /2 FDA #EifE 2 Bk N E
AT 1R TG 1k 45 245 LER 37 B BE AN S 2 RGETHAE9] (18] 1). 45 3= CDKe6 Ml 25r) Eii, ik
B LA S 3T RS VA T BB SR B . SRTTT, CDK6 I FI S5 Mk = 2 REIE, 2 sl F) 8 & 4 —
A N-ZRFEBEE - 2-fe 2540, A RETCRIG IR R R IEIMERI[10] [11]. N TFEELEWEHME, BREEZE
TE[) CDK6 il 7], FRATR FH 2 T 45/ I 25 ) e vt S mg R ¥ 1H B B CDKe6 & #4071 CDK6
FOHIFILEVE 22 38 0E IV AE R, A 201 CDK6 H il 71 () A BRI B v 3 Aok 51 S T B 7 N B2 1%
R T AR SR IEE BIR YT AR A =

2. IR EFHE
2.1. BB
Specs HH# FE (http://www.specs.net) st AL 212,770 AN/IN G, RMBOTIER B brgds &, A
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Discovery Studio 2016 (DS) X {3 T = 4E G5 M PIAE S ADLAL . S T PRERIBLEAE G BN AP 0+ FIH
R R 3510 B (Lipinski and Veber rules)% Specs $d FEHEAT IS5 MERIMR[12] [13]. MRIEDHER, M
PDB W 3fi(https://www.rcsb.org/) T CDK6 [F]Ea 4514 SL2S [4] (7 #E%: 227A), AR TR A -
ZARB GNP AR UL o T 98 . NI ER A S5 DS AT AL, MR TS K T
AR AR, i EEUR T IEAR I CHARM /13,
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Figure 1. CDK4/6 inhibitors currently on the market
& 1. BATE L#) CDK4/6 5

TR BT A A A0 R s, TR 250 1. AT PubChem [P 3k
(https://pubchem.ncbi.nlm.nih.gov/) F# T 200 4> 411 CDK6 #]5, F M pubchem [ 3D 4% ¥4 ¥ 2 it
HLRE T 25,000 N/NrT-o 3 25,000 ANBEHL/N> T3 DS H Find diverse structure 75 2145 1) 2 4%
f7 4000 N4> FVE N E FIARTETE 2 o BL 200 S0 R0 HIFAT 4000 AMEE ARE D7, AR — AN I6AE
AR, FH T VPN 25 R0 B X 23 3i% 1 -F FNEVE P 40 T I e

22. /&

2.2.1. AYARREE

9 T KT8 Specs BdE P, A8 DS AR 2R T 525 0 A 24 5 AT AR Y R R s ok s o 24 R TR
RS SZAR - AR BAERME R, 43 2300550 o X6 % 1 o RO 1 = ] B 7 [B) 43 AT R AE T T S
R AR, DA 8 S5, B3R5 2R E s &7 . 2258 BER DS Bk
W 1) Receptor-Ligand Pharmacophore Generation FH AT @A . FEARIE F 0 524K - ficfh 2 &4 SL2S &
N5 CDK6 il ETiZ5%) Abemaciclib 454G 1 fafkdity . wEMAE S+, BiEEESF53EE
P97 /N3 F Ll CHARMm 71371 Best =M%, HASECRHBIAKE.

2.2.2. HYEARE R E

FH L IR A PP AR 2R B BEURR A (sensitivity, SE)FIRE 57 (specificity, TN). FiI34 F T 24 5 A1 1
RN, oM, BT . FE T RAEB A X iE N T A EAEE N TR RE ST AR A B
{10 R P AR A S P ) v 5 e B G TR 1% 1 407 KT B8 77 858 . 1T A ROC (receiver operating characteristic)
28X X PN AR bR AT SR G VAL . X TR M BB ER G AR ROC #HZE, 2R T i F{H (area
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under the curve, AUC)REER /5 IG5 R . AUC kK, BARBIRE JEksE[14]. ZERCKT 0.5, BORAR
T X 53 RE ST

2.2.3. [EHTFIE

TEHE T 29 I e LIk b, AT 0 45 RPNy T 5L RCAE 2. DS i) LPM
(pharmacophore mappingprotocol)# 1k LA Best/Flexible Search #EWi, Ff¥ maximum omitted features W B N
0. FRAEZ B A Ay = YL 10 254X Specs $fE PEEAT ik o IREEAL SV R 5 2 BIFFIE 2 S 1R T,
THE AU A (Fit values), HAE#EE, WK NG TGS 258 AR VT LR AT o

224. SFFERBEES

SR 3R A B AT S A 1 R 007 38 4 SR B AT S ME R 0 > T . A DS B R A TR R R
CDOCKER #AT - X . CDOCKER & T4 S 70427746, R S ah /1 = AR AR 2 M R,
NG F 2B SR AR AT A 15, 8 I THARES2 A4 — B A0 B A F e S O AR 1R oK 0 SRgE AT W 4%
4% o AENHE AR TR 25 R A5 A A s /N F RIS, AT LU= AR s BE RO 245 3 o /N9 75531 CDK6
FNEE A8, BT AR A Abemaciclib (PDB ID: 5L2S)5E XIEPEAL 5, B FE N 10A, HAibS ik
BNBIME. GAFZENEAT o R G, SO HAT 7 T O il 77 B 2 il 77 25 & 4858 0
LI 53 FAE I TE () CDK6 #4171
3. R
3.1. Y ERHESLHE

BTS20k - BAREEY), $RBOCHR A EAEH WA EITER, B2 10 NMABEIRRICE 1).
10 MR Z8RE T R AR AR Z AR (A) . EBMAD). BiKH) IERET0P). EIZZ R
AR SR T AR IGAIE Tk, B3E & 1 Selectivity Score BB SR 25 R A1 ik Btk 310 v i B i
PevE, DR OSSP RS A A A T 1 SR IE B S R I8 AR Y X AT M R TS A S
MIRE ). EEIEE, (R ET 10 4 Selectivity Score 1 5t i (AR

Table 1. The results of receptor-ligand pharmacophores

F 1. BT 26 - BFRAYEREER

Pharmacophore Number of Features Feature Set Selectivity Score
1 6 AADHHP 11.704
2 5 AADHP 10.189
3 5 AADHP 10.189
4 5 ADHHP 10.189
5 5 ADHHP 10.189
6 5 AAHHP 9.2753
7 4 AADP 8.6740
8 4 ADHP 8.6740
9 4 ADHP 8.6740
10 4 ADHP 8.6740
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HH T Selectivity Score {3 %A W UF AR AL IE L A HE /7, FRATVEE LIS UEAR R 10 /> 24 25 [ AL ) i ik
AEJJEAT 3 #T, Mt ROC HiZk. #7282 (1) AUC fH A =N 0.977, B RY HAG f A iR a4 43 1 F
ETEPESS TR/, DR B 2 /RN T — B AL (14 2(a)). AL 2 A0 2 MEREZ AR, 1 ANEHE
ftfk, 1 AMIERE @) 1 ANFKEHEE 2(0)).

ROC Curve for 5L.2S_02 (Quality 0.977: Excellent
a = _02 ( y ) b
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BIVE: (a) Z9RCHIBE 2 () ROC HIZEIET; (b) B2 2 25 RAIHRE, SR Fonai ik, A aMRERIER L, EHH
FORBUKFAE, ROARERAE, KEONHHER.

Figure 2. The evaluation results of hypothesis 2

B 2. ZEEE 2 BT AR

3.2. BUGIELER

MR, 4537 75,671 DN/ AL IR 2R 2 HI T A 75,671 ANy 78R
AR CDKe6 iR, AT LAVCHC e (25 20 BT 2 (L &0 630 /s

3.3. SFXHEHR

R RIE19 2 AL A Xt B2 1 CDK6 4 & D48 rh, MR FE B2 45 1L, IR L T 47 70 {1 = T Abemaciclib
(1) 34 MEEIHEATE— PSS GBI 78 . 48 SCHRIRIE, CDK6 Wl AN /N o33l 770 B A AR R 22
HE BRI VAL101 Fl ASP163 TR EBEAH HAEH], 5 LEU152.ILE19 557 )32 I B K AH BAE 4]
e i TAEY) S CDKe WilsIAH AR, %48 7 2 MEEYIEARA R Ik 7y, Has
M 3 Fros. 4 s, SESST T irA RS, 5EEMEKAHE BAEH A R Rk,
RIE A ] E B REREE LEUI52. ILE19. VALIOL, 4555 CkikiE r4s = —5.

BB T B Y5 CDK6 FIAHBEAER, a5 Fis A6 &4 AO-476/43222921 55 FE ILE19. VAL101
Fl ASP104 FERREBAR AR, 25 ILE19 Ml LEU152 FERGKAHE/EH .. 1L&% A0-022/43452190 5
GLU18. VALI01. LYS147. ASP163 L ESAHEAEA, 5 ILE19. LEU152. VAL27 LR Z /)
BRAKAHEARE . 85K, 2 AN TFHAHEAE A0 Abemaciclib Hifl. XK 2 Rl G824 XL
) CDK6 i) 7] o

FIH 44 %% TC (Tanimoto coefficient) [16]¥Ffilti 2 N3 F & 22K BUE . AR LART 9T, TCH &
T 0.85 MIE5 AT LAEA A5 A1 CDK6 #IdI AR sl AU 23 1, 2 AN dr o115 2 i 4 7
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I, HTC K054 0.631858 (AO-022/43452190)F1 0.544228 (AO-476/43222921), ¥IAKT 0.7, X
LB 2 AR T AN RIS AL G AR B BN, A5 B AR .
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Figure 3. Chemical structures of hit molecules
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Figure 4. The analysis of critical residues in docking study
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Figure 5. The putative binding modes of compounds with CDK6
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