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Cinobufagin disrupts mitosis and microtubule polymerization via
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Abstract: Huachansu is a traditional Chinese medicine widely used in the clinic for cancer therapy, while the
underlying mechanism is not fully clarified. This study was to investigate the targets and mechanisms of
cinobufagin (CBG), an active component of Huachansu, in terms of blocking mitosis of cancer cells. Propidium
iodide (PT) DNA staining was used to analyze the effect of CBG on cell cycle. The effect of CBG on mitosis of
cancer cells was examined by a-tubulin and pericentrin staining after synchronization by a double thymidine block.
Tubulin turbidity, tubulin polymerization and o-tubulin immunofluorescence assays were used to evaluate the
effect of CBG on microtubule polymerization. CRISPR/Cas9 gene-editing technology was used to knockout
microtubule-severing protein Katanin regulatory subunit B1 (KATNB1) in HCT116 cells, and the inhibitory effect
of CBG on wild-type cells and knockout cells was measured by CCK-8. The engagement of CBG with KATNBI1
was measured by CETSA and DARTS assays. The effect of CBG on KATNBI protein and mRNA level was
examined by Western blot and real-time PCR, respectively. Our data showed that CBG arrested HCT116 cell cycle
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at the G,/M phase, disrupted mitosis and induced centriole overduplication. CBG significantly inhibited tubulin

polymerization in vitro and in vivo. The cytotoxicity of CBG inhibition on HCT116 was significantly attenuated
upon KATNBI depletion. Moreover, CBG bound to KATNBI1 and decreased its protein level, while mutated
KATNBI1 weakened this effect. In conclusion, CBG inhibited microtubule polymerization via targeting KATNBI1,

thereby disrupting mitosis in cancer cells.

Key words: cinobufagin; cell cycle; mitosis; microtubule; KATNBI1

fEgh IS TRAE TR E A EIE A A 2 58, B4
(MR AEZ YA DR, VR R, A8, B W
BE VMR TS R AR 2 DA IR R 2 DL AR
WWHCOA HAR KA, H4 b 4 Kk Bufo bufo gargarizans
Cantor B SEAEE YR Bufo melanostictus Schneider [+ /5
2 HR IO 1), A o) AR e b R e 24 o) ) e s 2 AR R
I PR b CA 30 R R P sk, 32 B8 T 5 R 1
et TR g Y Ao T G S R i e 4 R VR T
M 25 R 2R T BCS ATBOT TG RE 3 A K R R
AR A S AN AR AR E T, 2 T O ) B iR A G
b,

e FEHE (cinobufagin, CBG) J& & Bk Al £ i 25 T
Ji I8 ) BE R R 2 —, BE R R AR SR R A B
= H iz BB g i 1, R e R B AR S AT
BAWHERRITEASY. B LI, fEiE R
I s L V4 A B G 5 e g BB T R if AR
FCVR S A0 B A U S R MR, SR bt
Ji g BB i AN ST 4T A, A kD

AR FTIAR AL T e TR R IE 7 [ 2 ) 4
i %5 58 B M (DrugTargetSeq)™™, & 37 1 #E i 75 4 it
24 1) 45 Jip T PR 5 I A T AR, 3R e KR A e e PR 4
D RN 2 AR e 1 JRRAS G 1, A4 RNA $h4h
7t ¥4 g TOP3p. ¥4 iz JX ) & H &5 & &5 H 2 (trafficking
kinesin protein 2, TRAK2) Fl 4% 1)) #| 2 [ Katanin i
F7 P 2% B1 (Katanin regulatory subunit B1, KATNBI),
KU CBG WP AE 5 2 NS ER bR A Y. H
H KATNBI B #2511 W08 1 3h &7, Hohse s
W e SRS TR S W R O B R, SR AT 220
SIEAMMIAE TN AR A, 0 A A o) 2 A
CBG {1 5 Z 5 I 2 1, 37278 KATNBI /& CBG #it
i 983 Ty RE LR o

MR5R*E

MR NS 4 B HCT 116 AN 5 205 41 i
HeLa ¥ B 0 EF}22 Be 40 e, N 45 % HCT116 4
s BERE Y 24 20 i C 11 ORAF T A SE IR =55 FRIEFERS (b3t
HRH R A R IR A |, = F 2R VAR DMSO . B

B 5 [ ¥ pronase (Sigma /A #); RPMI 1640 K7 77 % |
MEM £ 37 3 K JA 4 1137 (Gibeo 22 #]); X4 penicillin-
streptomycin (PS) (Invitrogen A 7); Cell Counting Kit-8
41 Jf 38 B - 25 PR AT I ) & (DOJINDO A ); Tubulin
FBHEIHTRAE (Cytoskeleton 24 7); DAPL4% % 5 HIE
VR Triton X-100.BSA & Thymidine/liH GE=RA A);
4k 5 (PT)/RNase staining buffer (BD Biosciences 2
H]); a-tubulin. Pericentrin. KATNB1.GAPDH /X S-actin
P4 (Proteintech 24 7 ); Mouse-488 % Y . % Rabbit-
568 %t Pt (Cell Signaling Technology 2 #); HER-
W =E T B Pt S HER- 1L £ 471 % —$T (Jackson Immuno
Research A 7).

AT HCT116 41/ Al A 457 ) HCT116 ¢
W ERRE TR 25 40 M0 C 11 25 10% iR 2 L35 F1 1% AU PS
) RPMI 1640 £ 77 3&, HeLa 41 il FH 25 10% A 2 1fi i A
1% X470 PS (1) MEM K5 77 2, ¥ 4£ 37 °C. 5% CO, 4fi iy
B IRAETh R R .

PLIRE-RAMEAR K HCT11640H1LL2.5%10°4MAL
LR B 6 FLAR b, W fS 45 2 A0 ¥ 24 h, R JE H
0.25% ik 25 1 Mg 5o 40 P 47 A4, Mg 4 i O Tl
(1) 70% BT [ 52, —20 °CIE AL . YR H, 4l 25
O J5, F T4 [ PBS e ik [ 7€ 1R 40 0, S8 )5 K 40 i 25
iL», 3£ F 500 uL PI/RNase staining buffer = & 41 iy, i
ATHECIEE 15 mine 3404 70 B DNA & & .

MAEI L K HeLa 40l LL 6 000 /L) %5 5
Bl T 48 FLAR 1, W BE 5 0\ 4% 2 mmol-L™ i 7 (Thy)
85923, fEF] 16 ho 3545 Thy 85373, Fl PBS ¥ 31X,
PR b 5 SR R 4K 2 55 5% 8 h, BTN Thy 5 97 5
(AR PE A b)) BEAT 55 2 OB, /EF 18 he T 3¢ Thy 15
FrKk, PBS Wt 3 Y05 #i b8 Gl R IR L 0 B SRR AN .
BT h 5 BSR4 T G/M 40 i, N2 4b 22 24 h 147

RIERNSELW  H HeLa 4 B LL 1x10°4>/450 pL
R85 B e i B L SR AR I o, 240 R WG B 5 45 24 . 2 R
4% % 5 g [l 52, 0.1% Triton X-100 18 i%, 5% BSA ¥
WCE Ao P —H0A PRI A, ] DAPT L 4
HMIZ . 1 = IR AR R G AT I

OB EEAMNRERE  4iLH tubulin &



- 2336 - 2% %4 Acta Pharmaceutica Sinica 2022, 57(8): 2334 —2341

(4 F > 99%) T 4 °CEVEAE ¥ A 80 mmol-L” PIPES.
2 mmol-L" MgCl,~ 0.5 mmol-L" EGTA. 1 mmol-L"' GTP
(pH 6.9) 1 15% H i Y] G-PEM 28 338 7, - H. [A] i
ITEIAL B . K TR B S BT 96 FLAR H, 37 °C
NAE 340 nm AL E IR OGIE (4) {8, F7£230 min.

MEBRG/BESEELIE HCTLI6 40 H 245
AT hJE, F0.25% [ S 1 BV A6 OF 2O Wi sE g L .
FH 100 pL fi% & 2% v (1 mmol-L"' MgCl,+2 mmol-L"
EGTA. 0.5% NP-40. 2 mmol-L" PMSF. 200 U-mL"
aprotinin. 100 pg-mL™ soy bean trypsin inhibitor.
5.0 mmol-L"' e-amino caproic acid.1 mmol-L"' benzamidine
A120 mmol-L™" Tris-HCI, pH 6.8) ZLfEZM . 1.6x10" xg
B0 15 min 23 55 40 A RS RT A0 BB AR . IE TS
BMERE B A (S, D056 401 E 220
FH AR, K5 H E BB IFAE 0.1 mLAKSZE
W e I G B 8 S IR A Wi B Y RN 45 A B A B
HKF.

Western blot SL3& & F & A B 77 1) RIPA
ZMR AN PR, BT UK 2% 30 min, SR )5 BEAT B
O B VBRI . AR BL20 ng R E EH
10% SDS %t/ 2k 47 HLIk, IF4% %% 2 PVDF JiE E, 485 H
5% It g @k 2 AT 3 A, A — PR PRI, 10
RGN 467 . FH Image T 81 R 2% 15 HEAT K S
(ERTR

CRISPR/Cas9EERmPFEAR AW 5TidL CRISPR/
Cas9 F K| 4 #5 R % HCT116 40 g+ 1 KATNB1 3 [A]
exon3 Fl exon20 Z [8] ¥ 7> 51 )FE AT b, @S2 HCT116 48
fifl KATNBI fi B 40 8 & - % iF sgRNA1 (TGTAGC-
CAGCAGCCGCCCGGAGG) #I 1] exon3 il sgRNA2
(GCTCGCGGAAGGTACTGCCATGG) 4 [f] exon20,
I #) 73 3 pL-CRISPR.EFS.GFP #; 14 (57818, Addgene)
I, H Lipofectamine 3000 ¥ sgRNA1.sgRNA2 DL 1:1
HYLFIHCTII6 M p, 5597 48 h )5, F 43 ik AL i =04
4% (MoFlo XDP, Beckman Coulter) X % 4% 41 g 17t 47
g, 19 2 1) 40 M DL 20 g 85 BE BT 96 FLAR I HE 4T
FRBE R . AR X ORI B 5 40 A 3t 47 PCR AN
Western blot 7E 73 - 7K ¥ F & 1 /K~F 15k, LA %
i KATNBI i B 40 i 5

AR EE T AT SIS (CETSA) ¥ HCT116 44
it 34 4 Ml 2 b 7E AN 10 em 8 37 LA, 5 A Lk 2
80% LA G AT A9 AL FE 1 e FH 0.25% iR 2R (A B TH
b J5 s 41 i EE B T 450 pL & A B A A ) 57 1K PBS
W, P A ECE 7 A PCRE . KRN E 4
TEFE € W F N3 min, HAEZE N RFFE3 min. 2
Ji 3 AR R TR AR 1 min I E = IR K AR 1 min

() 3G R AR A I BE . 45 40 B 4 3 T AE 4 °C
PL2x10* xg B5.0> 20 min. W4 WM T8 A 5 B
3T

HYFEMNDR NIRRT E ML (DARTS)
HCT116 2 FH & 45 & B0 ) 771 (1) M-PER 2 i
ITHUR . B0, &5 F PBS W & (9K 5 & R A7E 4~
6 mgmL'. BEABTEIEPEHR, EEH TS5
YFFEE 1 h )5, BRI EERR B pronase #3178 7K
fif 30 min, 5 J5 I\ EGHDEF 2B . FE R AR
4 J5 FH T Western blot S25 .

CCK-8523& B HCTI116 M2 C1141fuLL 5 00049~/4L
1) 5 B Fe P T 96 FLAR H, 135 41 i WG BE 5 AT 45 2 Ak
H. 52572 h )5, TALILE FR A I CCK-8 = 10: 1 [ L
BN CCK-8 ¥k, 37 ‘CHE & £ 1 h, HBEFR A TE P &K
450 nm NI E AMH, fIHZ =4, /A0 TH -

SERTR N EE PCREY  {F A TRIzol M 41 il
FEHUE RNA, 18 1 35015 B 58 2 A6 25 $2 B 1) RNA 1)
5, f#i Ff] PrimeScript RT Master Mix ¥4 & RNA % ] ¥
3 % cDNA. f# Fl PowerUp™ SYBR™ Green Master
Mix 4T %€ & PCR, /£ 3 M E 1L, 5 ll KATNB1 mRNA
7K, BA B-actin mRNA {8 N 2. KATNBI [ I [ 5]
Y5 5-GAGCGGTGCTTTGATGTGG-3', Jx [H] 5]
Y% 5-GTAGTCCTCGGCGTTCTGG-3'. f-Actin
[ 1E 6] 51 #0541 : 5'-CATGTACGTTGCTATCCAGGC-
3 & A 5% F 4. 5-CTCCTTAATGTCACGCAC-
GAT-3',

HIrFE M N Image T3 E %+ Western blot 2%
R AT K PE R GE & 43 M5 A GraphPad Prism 8 4K 4
X EHE AT Ge ik 43 A, B A SEE I A 3 IR, BUE R R
NX s, BT student's #-test A6 56 20 By P FE A (7] 22 53 45
B, P <0.05FRZEFAGIF= Lo

#HR
1 fEESESIMEEEE £ o3

DRy N A s R T R A B SR AR B, AR
iR PLR S AT AR 24T, 45 R B, HCT116
I M 2 S 0 B S AL B S, 48 A R A BH W AE Gy/M A
(B 1A) . A VR A 3 — 25 BIF 50 A e B 05 X o983 40 g
1 424y I VE L, R F Thy SUBH W24 HeLa 41 i f¥)
41 R AT AR 2y R, InZjab B 24 h s, A
G 2 5 ek AU B 1 o-tubulin AT e 0 R FE 2R
pericentrin. %5 A2 W% (taxol) F1 4K #& Hr #d (vincristine,
VCR) XA 2257 2 B AT Wi U0 i 40l 4 B, A J BHAE X
MR o AR S0 % D8 S0 45 IR, W82 B (1) 22 43 R
JHL 3 3 A7 15 0~ S S S SN R S S A o B



Tk FRAE: RAETERE AL KATNB 1] 8 40 M0 508 Y BRI A 2253 2R © 2337 -

A
DMSO CBG 0.1 pmol-L"!
1.0K
200 400
600 300
400 200
< | 200 100
g
a| ® 2
S (ot ot (otaet oh ot et (o et
3 CBG 0.3 pmol-L! CBG 1 pmol L
600
600.
400
400
200 200
0 0
Ot et (ot et b ot ot of et
DNA content
B

Pericentrin  a-Tubulin

DAPI

Merge

= DMSO

M CBG 0.1 pmol-L"!
= CBG 0.3 pmol-L"!
m CBG 1 pmol-L"!

Phase / %

GO/G: S G2/M

5 100+ =

E T Hi M Prometaphase
= B Anaphase + telophase
8

3

53

2

S

=

2100+

~ *

-2 804 *

kE}

'E 60+

=

= 40

=

5 20+ T

5 =

< 0-

5 60 2

S M Multipolar + multicentriole
= B Multipolar
£ 407 ™ Multicentriole
g

i,

S 20

g

=

=]

= _

3 o =

< ' DMSO Taxol CBG

Figure 1 Cinobufagin (CBG) arrested cell cycle and inhibited mitosis. A: HCT116 cells were treated with DMSO, CBG (0.1, 0.3, 1 umol-L™)

for 24 h, DNA was then stained with propidium iodide (PI) and analyzed by flow cytometry; B: HeLa cells were synchronized by the double-
thymidine-block and released. Synchronized cells were treated with DMSO, taxol (0.3 pmol-L™), vincristine (VCR, 0.3 pmol-L"), and CBG

(1 umol-L™") for 24 h, then cells were analyzed by immunofluorescence with the indicated antibodies. Percentages of mitotic cells with

abnormalities were calculated. The results performed statistical analysis on the distribution of the observed mitotic cells, the total abnormal

rate, and the proportion of different types of abnormalities. After VCR treatment, cells in G,/M phase could not be observed and counted. n =

3,X¥+s. " P<0.05,""P<0.01,""P<0.001
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Figure 2 CBG inhibited microtubule polymerization. A: /n vitro tubulin polymerization assay was used to test the effect of CBG, taxol,

VCR on tubulin assembly; B: Western blot assay to detect the soluble (S)
n=3,x+s P<005"P<001,"

HeLa cells were processed for anti-a-tubulin immunofluorescence

and polymerized (P) tubulin fractions with anti-a-tubulin antibody.

P < 0.001; C: After being treated with taxol (0.3 pmol-L™), VCR (0.3 umol-L"), and CBG (0.5, 1 umol-L™"),
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Figure 3 Katanin regulatory subunit Bl (KATNB1) was an anti-tumor target of CBG. A: RNA-seq analysis of gene mutations in HCT116 cells
after CBG resistance; B: Schematic of CRISPR/Cas9 gene-editing technology based KATNBI1 genomic DNA deletion, two sgRNAs (sgRNA1

and sgRNA2) were designed to target exon3 and exon20. Two primer pairs
KATNBI knockout clones KO2 and KOS5 were verified by PCR along wi

(red and blue arrows) are designed for PCR-based verification; C, D:
th sequencing (C) and Western blot (D); E: HCT116 wild-type cells

(WT) and KO2/KOS5 were treated with CBG at a concentration gradient for 72 h, and the cell viability was detected by CCK-8 assay
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Figure 4 CBG directly bound to KATNB1 and promoted protein degradation. A, B: Cellular thermal shift assay (CETSA) and drug affinity
responsive target stability (DARTS) to examine the binding of CBG to KATNBI1 in HCT116 cells. Data was analyzed between CBG and
DMSO at each of the Tm/pronase, respectively. P < 0.05, P < 0.01, “"P < 0.000 1 vs DMSO; C: Quantitative analysis of colony formation:
CBG resistance was validated of C11 cells by colony formation (data not shown); D: Sequencing the KATNBI gene of C11 cells identified a
G-to-A point mutation at nucleotide position 895; E: CETSA to examine the engagement of CBG to KATNBI in C11 cells; F: HCT116 WT
cells and C11 cells were treated with CBG at a concentration gradient, the protein level of KATNB1 was detected by Western blot and the
mRNA level of KATNBI was detected by RT-PCR assay. Data was compared to the blank control in WT or C11, respectively. n = 3, x £ s.
‘P<0.05,"P<0.01,""P<0.001 vs Cl1
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C11 ' KATNB1 mRNA M4/ (K 4F); (S ER T
&, BRI A, 0.05 umol-L' CBG A 521 KATNB1
mRNA {H FF I H & H KF (B 4F), H 0.1~0.2 pmol L™
CBG %} KATNBI1 £ 1 ) R AR AE H 8 g 6 H mRNA
MAEH (B 4F). DL R4 427K, CBG ik KATNBI &
F KSR IR BE R AT BE 5 02 g I P A A O, 17 ol A Kk
FE 81 T 7 CBG £ 841 KATNBI %5 5% Je 25 [ (4 fif 5 %

Tig

W TR S s 2 B R P o v e, 7R TR E
J oz BT IR R IR B AN TR B, AR
FEAE R WE BRI AR E R B e R By 2 —, 1E
JitRg ve T - R AN A AT 5. RE RIS R B
i yRE 24 B AR Btz s, (B AR IR TR 2D
WEFC . 7 PR A AL AT A R B 3 /S 4 0 7RG 1) 0% 38 S b
TOP3j3.KATNBI1. TRAK2 (/& 3A). H 1, & &1 5
RNA # $h 7 149 il TOP3 52 0 B3 45 i 98 43+ B b
2, MUt F RS B E) TOP3S 5 5 B i SUkE A R-Loop M
DNA 5453, M 2470 g 7 U

KATNBI J& 8 1) #| /i Katanin W3 2 —, 741 il
o EEEAY ., [HAERNE, KATNBI &
SRR S N E I EI B O, B R O A
ZRAE L, {HT B4 1 7T 08, KATNB1 W 3 B XUE
VEFH, BhZS R0 10 T A R 3%, T s R 2 U 1 3
AP, A, KATNBI AL T O AR R g5 8R4, A
TR I KATNB R 2k 23 5] 2 97 4k 25 0 5785 B Hp o0
LR E 2P DR A 7 SR R T A E RS X R 4
WG 2253 RAE H, IRt — PR R BIE R 5 KATNBI
Z IR R

AT FT S AR, s R (R 22 E 0
WS w1, 0 TR A AT 22 4 2, O At R A R v
TE G/M B (B 1) s 55 0 X MR 40 i A 22 5> R AE
F15 KATNB1 Zh BB B R [F 3R B — 1, R ARME F 88 mT
AEIE T KATNB1 H il B 4l j i 22 0 4. BbAh, A
T 50 LA o 35 0 0 U8 A B 8 3 B I AR
(B 2), BFFe ke, 4 D) B Katanin 35 14 1) 3% 2K 5 51
T R B D, X 3 — S R R AR i B R 1T A R I
KATNB 1 1E FH #0163 T 1l o

BE— 2, dE I 2 5T KATNBI R 5 16 fif 8 4 i &

AW FT R I KATNB 62K 5 2 35 2% fife 46 0 25 85 X i
TR A0 R I F (1 3E), 275 KATNBI S RIS 5k
U988 5 E () Th BE S bR . E HE s B I 75 KATNBI
BLHIBIE 58 75 TH, 08 2K B8 5 KATNBI 454, I P
KATNBI ()& A 7K °F (K 4A.B.F), KATNB1 V299M
AL BH W — 3% (1 45 & S 405 5 A5 I8 /> KATNBI £
MI1E T (B 4E\F), ix de gt JAR7R, A0 50 1] R it
J%/> KATNB1 & H i s R &, HA2r 7 KATNBI
299 {4028 1R T e 2 FRWE FE R I £ AL Al Al
B D) AR WE TR 5 KATNBI 45 4 % 299 4 &
i 1) B BRI R — B AL

ok b AT, A 7T 45 S 3R B A TR 8 I 1)
BRI E A KATNBIL, T8 F K, T 0 6
REVHEF ORI G A, B0 S R 4 R 225
HEER o AW FUAE IR AT I ST Al b 3 — 20
B 0 5 R 70 1R 1 7 1 LA FD B b, IE SE AR I B R
I 2 B R PRI A ), R e A R I R
24 1 AE G PR T BB R 2 I T R 3 B BRI R
Mo BRAb, AW FEIE J I A0 15 K XEG 22 55 2L 1
F AR LR R AR R, X 5 TBAS A I K
KA B A FH A — 4 (B1B), SR sk & —
Tl (A 22 5 244 7)o S B R LR 2 A
(1) L 2 —, {HT A SRR SR B 2 0F 78 K I TBASs
TENG PR _E [ B2 FH 25 5 tH B 22 24 it 24 (19 1) /e, AT 42
fSERIE ST N SR K G ) FoAh AT 22 53 2GR 127, R
W 7t 45 R AR BT ) 8 1 KATNBI °] g 52 — N
(1) IR ¥ T PR

BB Tk KT TR AR KT SR B AV & A
T 5T RS0 ) B A S i ; 5K 5 R Al A7 5T SR8 BUE - Hr L S
T ATANAFE A PR EAT R SCRE TR 5

MRS A 1EH P AAEER 2 MR .
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