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The mechanism of anticoronaviral action of CDK inhibitor
flavopiridol

WANG Li-dan, GUO Sai-sai, CEN Shan"

(Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100050, China)

Abstract: Coronaviruses of the genus Coronavirus contain a variety of human pathogenic viruses, and the
development of anti-coronavirus drugs is of great value. The development of antiviral drugs targeting host cells is
not only helpful for the development of new antiviral strategies, but also for solving problems such as drug
resistance due to viral mutations. Our preliminary study identified that cell cycle-dependent protein kinases
(CDKs) involved in coronavirus replication, for which they would be potential anticoronaviral targets. In this study,
we found that the broad-spectrum CDK inhibitor flavopiridol significantly inhibited severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) RNA dependent RNA polymerase (RdRp) activity. Further studies showed
that flavopiridol suppressed the RNA synthesis efficiency of SARS-CoV-2 RdRp. In addition, flavopiridol
effectively restricted the replication of human coronavirus OC43 (HCoV-OC43). Therefore, our study suggested
that the CDK inhibitor flavopiridol may be a potential anticoronaviral drug.

Key words: flavopiridol; CDK inhibitor; coronavirus; antiviral; RNA dependent RNA polymerase

TR DRI B JR T e DR 2 R e R B i, A
PR 4 LB IE 5 RNA . HRAE 2 48 5 7 AT 2300 o B

AR FH: 2024-01-12; &[5 F #A: 2024-02-22.

FEETE b [ 2R R R R A 5 @ R AR TR (2021-12M-1-038).
*E A # Tel: 86-10-63037279, E-mail: shancen@imb.pumc.edu.cn

DOI: 10.16438/7.0513-4870.2024-0039

yo PUAN IR o b B e IR 35 J B4 2 B T TG N (1
JeE PR 55, 1 N 28 5e IR 95 B8 OC43 (human coronavirus
0C43, HCoV-0OC43). HH ZR IR Z5 A AIE e AR B (Middle
East respiratory syndrome coronavirus, MERS-CoV) Al
PR PR IR IR 255 i e R 55 (severe acute respiratory

syndrome coronavirus, SARS-CoV). MERS-CoV #l



EWHFF4AE: CDK 57 AL~ FEFUE R 254 HIHLHIAT 5 -+ 1281 -

SARS-CoV 52X NRBAT ey EUw vk (e R 2. T
2019 4F 5 K 11 7™ B 2t IR IR & 5 25 A AiE ek AR B 2
(severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) 7| A et IR 8 K AT K", 3 B aaki
i 690 5 NFET, X N A FE AN 4 3 it i B K AR 481,
FH T B A S AR AR, (159 © A 10 B 42 56 R0 7
TR I 25 Wy Bl v A F RO Dk 5557, SRR T SR
SN R BAE VG R 2 R T E BT IR B 245 ) B
AL B

AR, BT 1A 3 BP0 B 2459 D 0 R I T
5ER TN 245 PR AT B 52 0 528 e L MR /NS A A, H 2R
FE R Y AR 500 o B R TT VAN A i A AR
P 8 H B (cyclin-dependent kinases, CDKs) & J #%
B A B 20 R S R ) A 0 e IR T, FE A IR O
RN ST E IR EEE Y. KEH AR
BH, 3 75 L B % I FH 1 32 40 Bl Y CDKs, 51 41 B
$9 R AN e e e S PR DR 3R, AT AR HE 2 Rl R
#, Sk E, AN G % B FE R #E 1 2 (human
immunodeficiency virus type 1, HIV-1)!", ¥ 4fi Jfi 52 955
7 18 (herpes simplex virus type 1, HSV-1)!" U1 H i
JE&% B (influenza A virus, IAV)!"#4 §E 3@ i CDKs %
BRI . AT, ARBHMB A KD E EH T
CDK2 5 SARS-CoV-2 HE 45 #J £ [ 12 (non-structural
protein 12, nsp12) 45 &, 15 F nsp12 HIBE R AL, {2 12
BRAEE YA L, WM ORIER 2 RNA & Y,
1, CDK 411 1l 771 W] A5 & 40 i) SARS-CoV-2 & il 17,
A BT R BN BUREE 24

FeFi P FE (flavopiridol) A& —Fh 2 &l A S B 24k
G0, KRR T DA . HAE ) 3% CDK # il 7,
A HIV-11  TAVE 55 55 35 5 ], & — Pl s A 1 5=
ISR R A . AT AR AR IR, R F BRI
) SARS-CoV-2 Fr& Je 251 . itk — B ot 98 K~
JEE A ) e R 7 A AR AL, KRR IR R R T
S, A5 F FH SARS-CoV-2 RNA %Al 245 Y1 vF AN
R GUIE W R A1 JEE I 25 4] SARS-CoV-2 RNA & -
I 7 - FE 11 i) SARS-CoV-2 RNA 58 4 Filg 1% 11 2 % 2%
RE¥ JE (concentration for 50% of maximal effect, EC,)
J90.1 pmol-L™, FF H 2 B H %5 56 [ # itil HCoV-0C43
EVE AR M B . TR R A, KRBT BRI AE

MRS A%

YRR RE ST AN E 40 HEK293T A4 il
B BT 4 40 i BHK 21 41 i RN A S 38 S VR AT, 4EFF T
5 10% i 4F 1L % DMEM 85 3% 3, F 5% CO, % 1 F

37 °ClH i 35 77 ; 4 A e R 8 HCoV-0C43 i # 3K
8 - v 5] 5 95 TR 4 o) A0y, G T BHK21 41 &
Jif2F 3% \DMEM 15 72 3635 W H T3¢ B 2L 8k KA F]; R
PP (525 HY-10005)- Fit #7535 (555 HY-104077)
(MedChemExpress 2 7)) ¥ fif T — H 5L I HRVA 0 5
Z h (175 50909-86-9, | iff 35 X A=W BB BRA F);
4 S RNA $2HG I & (525 : RC101-01). %% )6 € &=
PCR % iR 71 & Taq Pro Universal SYBR qPCR Master
Mix (585 Q712-02) 30 H e 51 i 4E %% A 7 ; 21 g 1%
Bl R B PRSI 77 B CCK-8 (525 MAO0218, Ki%E%E
A A T SR MMLV (25 639574, H A
Takara 2\ 7); Flag #7%% — 4 DYKDDDDK Tag antibody

1% 5 : 8146). B-actin —HL (25 : 4967) 14 H T Cell
Signaling Technology A wl ; B iR i A Ak Wyl b ic 1L =
o/ B IgG (5251 ZB-2305) SR i AL ¥ B b ic Ll
i 1gG (750 ZB-2301) 1 [ T b 50 42 & Hf
YNGR

BRKL  SARS-CoV-2 RdRp Jii K Fl i 8 5% O & B
A F A (Guassia luciferase, GLuc) Jii R & #5 17 18 3¢
BRCH . SARS-CoV-2 nsp7.nsp8 Fl nsp12 4l 7 C
Ui A Flag #7328 . GLuc ) 55 3& [K FUkL H CMV B 37
UK%), GLuc 1E 5 P50 )y SARS-CoV-2 5" JEHH P [X A1 3"
LB E X P

YRS RNA R EEPCRRE g2
TF 40 Ha 0 2x10° /> 41 J 48 AR T 5 10% i 4 1 3
DMEM K5 75 511 6 FLAR 1, %2 56 4 W BE J5 3R 47 5% 4%, n
N BHAE XS RS wmol- L Fify 428 74 35 BYCAS [R] 94 BE 1 K 47 °F
FE BT 7% & 24 h, W SE A0 A, AR 9 T A 40 A
RNA $2 B 71 G 227 40 i - $2 B RNA . 7E 3T ) 3%
S, AR U8 B 54 A R % S MMLV % RNA Jz %%
SN cDNA, T F B 5 % 51 07 %1, IE#E-Gluce-RT:
5" TGGATCTTGCTGGCGAATGT-3' ; 1 %% -Gluc-RT:
5'"ACTGTCGTTGACAGGACACG-3'. f{# [ Taq Pro
Universal SYBR qPCR Master Mix iR 77l & 1247 ¢ 6 72
& PCR JR B, PCR = i (1) 51 #) Fl 4 2 JL R 5] 9 R
GLuc-F: 5-CGGGTGTGACCGAAAGGTAA-3'; GLuc-R:
5'-TGGATCTTGCTGGCGAATGT-3'; GAPDH-F: 5'-
GTCCACTGGCGTCTTCACCA-3'; GAPDH-R: 5'-
GTGGCAGTGATGGCATGGAC-3'.

GLuc MM == h b KIE M T LK L8
oh ) iR O FE D 1.022 mmol-L7 i i R Ak AE . 1E
I, I FH PBS ¥ 10K il A2 W B 9 16.7 pmol- L™ R4,
FEAE IS KB 30 min. B 10 pL 40 _1iE T At EiE
B 96 FLA A, N 60 uL JEE ¥ 78 &, 1l ] Berthold
Centro XS3 LB 960 fil LR & Ot vl # il i [6] 79 0.5 s,
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H 8 A B2 PVDF i L, 5% i g 2F 953 141, f ik
BEAT—PU. PR A, 1 ECL BT Gel Doc XR+
I F ARG -

MERREIE RN MG ORI AT Kb T B
PUN TR B HCoV-OC43 iE PRI « 1% 8 NIl &
% Y6 Z B (renilla luciferase, RLuc) % [Fl % #97 & nsp2
P4 R ) 2 AN B R 5%, 4G R Luc 9 )6 58 FE B w] R AE
HCoV-0C43 & #|/KF-. BHK21 (£ Z T+ 1x10°4) 4
BT 96 FLAR 28 58 A= MG BE, N | uL G 2R B
10 pmol L™, 3 % V& F5£ 6 B B B (1) S BT~ B, LA 5 /2%
Y5 H (multiplicity of infection, MOI) >4 0.1 ] HCoV-
OC43 AT 4n M Bk g, W% & 48 h, i FH 41 B v T
37 °CH5 AL ZLf# 40 1 30 min, BX 10 pL 40 0 24 ff 3%, i
Ji7 2 hilll & RLuc % G50

it F 94 {d ] GraphPad Prism 8.0 #fF k47
ARGt b, R R 2 22 o i A R e AT 22
A, P<0.01.P<0.001.P < 0.000 1 /24 5E
HER.
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Figure 1

4%, Ik i — & 41 SARS-CoV-2 RdRp 1 il 71, $
WAL F5 CDK2 11l 771 SNS-0320%2, % & 45 i i 6 49
YR N R GLuc i 5 Ji R A 38 SARS-CoV-2
RdRp ) nsp7-nsp8 Al nsp12 Jii ¥ . 7E CMV J& 3 T IK
R, 4 A\ % SARS-CoV-2 ¥ # RNA JF 41 5'JE #H ¢ [X
3R R B X 22 18] ) GLuc #% RdRp iR 51 347 4, fii 75
GLuc FRIE7KF KR 0, P4 9 (1) GLue 7K P AT 4R
# SARS-CoV-2 RdRp MG ME . AHE 70 A 1% R 448
F& 7 CDK #i il 7§l —— K 47 °F £ %F SARS-CoV-2 RdRp
T HERIRS I . /F HEK293T 40 i vfr, JL [R5 e et &
fitf GLuc i 74 Jii ki Al SARS-CoV-2 RdRp Flag-nsp7.
Flag-nsp8 #l Flag-nsp12 i K, £F 2L 24 h, fa 40 i 135
H GLuc FIA. DMSO ¥ & Jy7s A0t B2, DS A 75 =5
VBN %5256 BB XS R . 45 3R, 0.5 umol- L K 4ir
V- & | SARS-CoV-2 RdRp fI3EPE (B 1)
2 KRRFE USR5 H0H SARS-CoV-2 RdRp
ROk, ABEFTIE T RAF FEH ] SARS-CoV-2
RdRp ] EC,, LA 5t 52 56 41 fi 50% 41 it 25 14 ok 75 (i
(concentration of cytotoxicity 50%, CCy,), LA % 7 74 55
PERBHMEXT RRZH . 45 R (&12), KRBT BE BT A
#7 330 #] SARS-CoV-2 RdRp, EC,, 24 0.10 umol-L",
CCy, N 0.91 pumol-L"c PH 4 X I8 5 42 75 45 EC,, A
2.62 umol-L", CC,, KT 10 umol-L's B 7L KB, Kr
V- EE K 4] SARS-CoV-2 RARp L T B i 5, H. 3L
O3 P VR T 40 i E
3 KHFREHNH SARS-CoV-2 IEEF1 515 RNA & A%
N T HE— 25 5 UE K B P FE #0 fi] SARS-CoV-2
RdRp M 1 SARS-CoV-2 RNA & i, A 7243 51 A
N A R 2O 2R g i B DN GLuc 1E B A1 6 BE A
51 51 W & A GLue 2 R I 6 R f E . B T AE
SARS-CoV-2 53 ##l % X F1 3'4F #4 1: [X 2 8], GLuc %
R840 T SARS-CoV-2 HIR-F X 35 /7 41| (conserved
domain sequences, CDS), & Itk & 1% 1 GLuc 1E 88 F1 61

Remdesivir  Flavopiridol
DMSO S umol-L-t 0.5 pmol-L-!

Flag-nsp12

Flag-nsp8

Flag-nsp7

[f-actin

Inhibition of SARS-CoV-2 RdRp by flavopiridol. A: Flavopiridol inhibited SARS-CoV-2 RdRp activity. Remdesivir as the

positive control and DMSO as the blank control were used; B: Protein immunoblotting was performed to characterize the expression levels

of SARS-CoV-2 RdRp Flag-nsp7, Flag-nsp8 and Flag-nspl12. n = 3, x £ 5. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2;

RdRp: RNA-dependent RNA polymerase; nsp: Non-structural protein
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Flavopiridol inhibited SARS-CoV-2 RdRp in a dose-dependent manner. The EC,; of flavopiridol (A) and remdesivir (B)

inhibiting SARS-CoV-2 RdRp (upper panel), as well as the CC,, (lower panel) to HEK293T cells. EC,;: Concentration for 50% of maximal

effect; CC,: Concentration of cytotoxicity 50%
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M. S AN AL, 0.3 umol L 7 1 B 411 ]
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5] (9 2 R, LA MOT R 0.1 1 HCoV-OC43 ¥ 7 i 4t
Ho 15 3 4 il BHK21, 48 h J5 43 HT HCoV-OC43 %5 7§ &
il 7K ¥, o] IR K A 2 TS 245 4250 A i A TR R
i), DAt £ 7 =5 A N BA PR B . 485 S R, R DA
7 A #8730 ) HCov-0C43 9% 55 & i, EC,, A
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Figure 3 Flavopiridol suppressed SARS-CoV-2 RNA synthesis in both plus- and mini-strand. A: Inhibitory effect of flavopiridol on

SARS-CoV-2 plus-strand (left panel) and mini-strand (right panel) RNA synthesis. Remdesivir was the positive control and DMSO was the

blank control in this experiment; B: Protein immunoblotting to detect the expression levels of SARS-CoV-2 RdRp Flag-nsp7, Flag-nsp8 and

Flag-nspl2. n=3,x £5s.
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Figure 4 Evaluation of antiviral activity of flavopiridol against recombinant human coronavirus HCoV-OC43. The EC,; (upper panel) and

CC,, (lower panel) of flavopiridol (A) and remdesivir (B) inhibiting HCoV-OC43 replication on BHK21 cell line. n=3,x + s

0.12 pmol-L", CC,, KT 10 pmol-L", &7 & £ (thera-
peutic index, TI) KT 83.33 (K 4A), BH 4 X} [ Hif 128 i =5
il HCoV-OC43 i # & il EC,, 24 1.09 pmol-L", CC,,
KF 20 pmol- L, TI KT 18.35 (K1 4B). ik szag st 4t
F B, FBLT B I HCoV-OC43 % 55 & il (11 g J1 18 T
HiETE .

Wit

T3 BE IR G 51 5T 20 B S R A2 AT A 7 2 PR
1A R T B S 1 7 17 K &P, CDKs F 2 41 1 J
JAUA T AR A TE Hrb R P AR AT, CDK 1 7 E
i ATP 58 4+ ML BE 56 4 1 55 CDKs 45 & AT 7= A 24 3
M. | R DR, T 2 F CDK I 73k
HEN G RS, 0,356 I 1 B A0 3 19 7 e Y, {H 2 H
R £ 6T CDK 1 1) 31) 1) 24 B 3% M 1k 90 K 2 R fE S
Je s R BB T ARk, B IR A S ) CDK 0 55 R 0
B Mo ELIN 25 VEARSEA 5, EBUR B 0T 70 Hh % 2 0%
TP ASHIE TN TR BE R IR B HCoV-0C43
SRR ST T VPG . SR EoR, KRB EE/E BHK21
i i A5 %0 il HCoV-0C43, EC,, A 0.12 pmol-L™,
TI K T 83.33, H AU 25 3 L A0 T~ BH 1 % HE B 42 7 5,
I Hafe B A0 2 4 (181 4).

AW IR B, KT 35 40 SARS-CoV-2
RNA %4 RdRp 5 £ (] 2A) DL K 5 1F B A1 7 i
RNA &% (B3A). HET- A7 0745 2R, URAEAH H#EMI K
FLF B 4] CDK2 3 £, BH T nsp12 F) B B2 A0 A5

B RNA A . ULAh, R4 -F B R85 i i #7#1 CDKY/
cyclin T (positive transcription elongation factor b,
P-TEFb) 3% 1%, MM PH 1E RNA 284 i 11 C 3 45 i 45k
1 1 R A4, 3 1T U SR AP HIV TAT & (377
DENV C & H™ )2 IAV RARp™' 2 Z Ml R H 5
P-TEFb #H BAE R, 1233k B S B A g . B
i, M ANJE 2 P-TEFb & 1t 2 5 1 5 R 5 RNA )
B R, PRt AN HE [ 9 s S B JE e #0 P-TEFb % 1 A
T 1) 7 521

P SCHRARTE, R 7T FE 60, 45 Ik T8 1 271 e
FUMRIEE « 1 L0955 22 P e A7 20 R~ FEAE S Ak
968 1) TG R X6 A 7w i L G 7)o R o 2 2 2 0 Wb
PEREYS, 76 50 A1 78 mg-m>-d ' I, P ¥ R 245 i 25 9K FE )
B9 278 F1390 nmol-L"'CY, AHF 58 K B, FFiT- FEE 4011
SARS-CoV-2 RdRp i% £ ] EC, 24 100 nmol-L™ (& 2A),
] HCoV-OC43 i # & il (1] EC,, 79 120 nmol-L™ (&
4A), $E7n KA1 BN H T i Wom & B — E W]
REME, (EAT 75 2244 P S BRI o

B E 2, RgREY, KAV E R E M
SARS-CoV-2 RdRp i 14, [A] i}, H X HCoV-0C43 & il
KL SR ZAMEIE R, PR RBP R — PSR E R Bt
TR B2 . CDKes 8 Ik J&] #1845 R0 S5 40 1) 55 5
THI 0T T 75 52 1) 77 AR S, o — SR B 70 B B0 B
TRIT R R o AT TN KRBT B VR T e bR B R R it
T BRI, it — P HES B EE P R G I

e Bk AT 0 SG 1 Ot A A S
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