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M4 T A TS, KA CCK-8 VEML A M3 FEH i % M4 ARK I GyM Haif bl wEfibHE T H3
(phosphorylated histone H3, p-H3) Fik; RN EMETME A 5004 MCF-7 40 TEA R ; qRT-PCR &1l MCF-7 41
MR B R A R R ) 3K ;. Western blotting #5illl MCF-7 40179 5 AN FIRIBHMAHS R A RIL. SR At
MCF-7 40 ()50 30H1¥R & (half inhibitory concentration, ICso) ¥ 13.98 pmol/L. A7 3B 2 7 & AH < Ml MCF-7 4 B
T G/M 1 (P<<0.01), F48)N p-H3 RiL (P<0.05. 0.01). A7 malfik B~ 28 umol/L B, 4HMIRE 2 &S00 T P PE X
TR KB Gambinl i S ME S SMIER, L2 MUESER, T2 A M ISR, dim T~ s 4
A ABHA AR DGR 9. AH MM 3R B A R DB S A A GBS N STMNT, S B 38 THr iR, & S8 M i A .
0 STMNT 2N G, AFARICIIH MCF-7 410 A WM M . 458 Aaatldii] MCF-7 405 M (e s e i
FLRHME T M A, FLEHA M BRI SCBAL AR IE R STMNIT, NASKREGYI I E 1T SRS IR R M T AN ERE R
KR ARl MCF-7 4008; FUIRs: M HARHN: STMNI; MEEA
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Mechanism of lycorianine on inhibiting MCF-7 cell cycle by activating STMNI1
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Abstract: Objective To investigate the molecular mechanism of lycorine blocking MCF-7 cell cycle through activating microtubule-
associated gene STMNI. Methods
by CCK-8 assay; The proportion of cells in G2/M phase and phosphorylated histone H3 (p-H3) expression were detected by flow

After intervention with lycorine on MCF-7 cells, cell proliferation inhibition rate was measured

cytometry; The effect of lycorine on microtubule morphology of MCF-7 cells was observed by fluorescence microscopy; The
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expressions of MCF-7 cell cycle, skeleton and microtubule related genes were detected by qRT-PCR; Western blotting was employed
to detect the expressions of five cycle arrest related proteins in MCF-7 cells. Results The half inhibitory concentration (ICso) of
lycorine in MCF-7 cells was 13.98 pmol/L. Lycorianine inhibited MCF-7 cells in G2/M phase (P <0.01) and increased p-H3 expression
(P <0.05,0.01) in a dose-dependent manner. When the concentration of lycorine was 28 umol/L, the microtubule morphology of cells
was similar to that of the positive control drug vincristine. Lycorine down-regulated five signal transduction-related genes, up-regulated
two microtubule-related genes, down-regulated two M phase-related genes, and subsequently down-regulated five cell cycle arrest-
related proteins. Correlation analysis indicated that lycorine could disrupt microtubule homeostasis by activating microtubule related
gene STMNI, and eventually lead to M-phase arrest. After inhibiting STMNI gene, lycorine could not block MCF-7 cell cycle in M
phase. Conclusion Lycorine effectively inhibits the proliferation of MCF-7 cells and induces M-phase arrest by promoting
microtubule depolymerization, with the STMNI gene being key point of M-phase blockade. This study provides valuable basic

information for future drug design and exploration of cancer treatment strategies.

Key words: lycorine; MCF-7 cells; breast cancer; M-phase arrest; STMN; tubulin
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WRRL T AR R AR A R]; KR (R
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Ny STMNI #57 GDP366  (JFi &40 $1=>98.78%,
65 501698-03-9) M H £ [H TargetMol A7) AR
i (5 20160402a) W EHUM IYZEFH AN TREAF];
RPMI 1640 15775 (L5 2038853) I EH 3 Gibeo 24
a4 R ISR E (IS C1025). CCK-8 iR
& (k5 60118180930). FITC kriciliffif 1gG —
Pt (5 AG11091289) S HILIREE = RADIRH T
T TKCEE (S 20160309) W4 E L ZRERHAL T
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ZH 1 H3 (phosphorylated histone H3, p-H3) $iif& (it
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( calcium/calmodulin-dependent protein kinase IV ,
CAMK4) ffii ({it'5 AD06175689). & i A
(protein kinase A, PKA) Pt (b5 AH12132188),
e LI FBIE®EE 3 (signal transducer and
activator of transcription , STAT3 ) 4 yu (#t 5
AL04042043) 304 H 65 AR ARABR A
H v B -3- W R I A ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) it (b5 103151547). 4l
R4 B 0 172 (extracellular regulated protein
kinase 1/2, ERK1/2) %t (b5 G09272195). p21 &
PGP 1 (p21 protein activated kinase 1, PAK1)
Pt (5 YEI010W) 390 B 3 RAEMIRHAA BR A ]
o-Tubulin Fifk (L5 RH233965) WAHEE Thermo
Fisher Scientific /] ; L2 S KE i (Ht5
111318190306) M H_HFEEZRAEVIBARAR AR 25
HlE (it 1219A18) I E AL B ARAYHEARA IR A
1.3 {42

CKX-41-32 B3| & WsE (HA Olympus 2
] ); TDL-80-2C AUfIGid & 2B 0L ( Lifg2e 5 R
XE8) ) AR1140 BU5r#rR-F (3£[H Adventurer 2
F]); EPICS-XL M5B (F2[EH Leica A );
MmN (Z£[H Beckman Coulter A 7)) ; iMark
P (3E[H Bio-Rad A#]); EPED-E2-30TJ #4525
FERBAKE (B 50 5 IR R EAR A D,
2 HiE
2.1 CCK-8 JEH&NZHpasE S

BUG B0 K9 MCF-7 400, LA 4X 1044y /mL
BERT 96 FLARR, 100 pL/AL. EEXRH. K&
g (0.625 pmol/L) A 70K (1. 2. 4. 8. 16+
32 umol/L) 4, 4 5 MEAFL, FrAse s, &
HUHIMAANFIREE 2, STRAMAA S 24
RE IR, 595 24 h, RWENEMGRA S L)
125 H4L. BEFLIMA 10 uL CCK-8 R 7% 2h, T
450 nm AKTIBSGEE (4) 18, THE&LZAETM
JRL A 2R R R B - E A I FE - (half inhibitory
concentration, ICso) {H.

AMIINHE R = (A e —A 00)/(A wie—A 1)
2.2 RAMBLGENAAEE A5 1R

B AE KRS R IFH MCF-7 4L 6 X 105 4~/
BMT 6 Ui, BWEMRA. KEHW (0.625
umol/L) HMA M. . FmiflE (7. 14. 28
pmol/L) #H, &R 5 ANEFL. dHARIGEE S IIAANFIR
FERIZGAEEE 48 h, FHIRAUIIAANE 251 RE 75

WA AR M PR AR S, e 2 R0, 1500 /min
B0 Smin, FF B, BEIMA 0.25 uLPBS A10.75 puL
A TCK CEEE € 24 ho BEYGHIA 450 pL ML A RE
(propidium, PD. 180 pL #ZHEZIREE A (ribonuclease
A, RNaseA) F19mL JetaZzmnfl, 37 CEHEIEE 30
min, AU,
2.3 RAMEMAEN p-H3 EBFRIX

F €227 WUR AT o AN 2, F EEGH
Pl gl B R, B R EOEH, 1300 t/min &
O Smin, FEEHR, BMEMIIA 500 uL4%%
EHEE, =EEE 10 ming EO03EEE, A 500
uL 0.1% Trition X-100 = #iE M 5 min; HIA 500 uL
p-H3 ifk (1:1000), 37 CHEHE 1h, B, PBS
THEGESEWRA], R .
24 FRBHIBRNAFREXS MCF-7 @HMESR
SESvN: DA

€227 TN FIRAy RS 2y, WEEGNA, TN
A 1 mL 0.1% Trition X-100 %% 5 min, JIA
5% 37 H 8 P2 ik, 4 CEIER, A
500 pL o-Tubulin Fif& (1 :500) FI€H L, PBS &
GBI 2 Y%, =4t (1230000, =i
BEE 1h, IAPURIHEKE 7 A, THRGEME T
ML B A FITC Yeth i i HH4a e .
2.5 RT-PCR %N EHEAHEXEFFRIE

o €227 WUN ks RLa 2y, ARG, %
FER R S Ui B R ER BN 5 RNA JfA Bk cDNA, i3
1T qRT-PCR 3T o M4 R IE AR A i R U AH G 2k
BRI [STMN1 . 4 2257 %435 22 Ki AH G IK B 2R ) (mitotic
centromere-associated kinesin, KIF2C). By H 18
fEIF3E Al (katanin catalytic subunit A1, KATNAI)-
() J A oA B AE 82 (interphase centrosome
ICIS) . WEMKEHD 2
(microtubule-associated protein 2, MAP2). 1 #Hx%
& H Tau ( microtubule-associated protein Tau ,
MAPT) ], {5'54& T A CHEH [STAT3 PAKI. ERK.
PKA CAMK41 V)l M AR G [R] [40 i A iR 1 2
(Cyclin B2, CCNB2). CDC25C. #ujfuEEHA F
(Cyclin F, CCNF). M HEAMER 6 (cell
division cycle 6, CDC6) 41 a7 %48 #AEE 1 20 Ccell
division cycle 20, CDC20). % ti¥#HF B (aurora
kinase B, AURKB). Zifffd 7322 il Wi 1 2 (cell division
cycle2, CDC2) 1, FLA 24 A JEPARERIRIS . 5140
i S A RS, I8 K 1. LL GAPDH {F

interacting protein ,
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Table1 Primer sequences
e NAEEIE7] Ba 514
CCNB2 5’-TGCTCTGCAAAATCGAGGACA-3’ 5’-GCCAATCCACTAGGATGGCA-3’
CCNF 5’-CACAAAGCATCCATATTGCACTG-3’ 5’-TGGTCAGACATCCCTGATGAG-3’
CDC25C 5’-TCTACGGAACTCTTCTCATCCAC-3’ 5’-TCCAGGAGCAGGTTTAACATTTT-3’
CDC6 5’-TGTTCTCCTCGTGTAAAAGCC-3’ 5’-GGGGAGTGTTGCATAGGTTGT-3"
CDC20 5’-GCTTTGAACCTGAACGGTTTTG-3’ 5’-TCTGGCGCATTTTGTGGTTTT-3"
MREI1IA 5’-ATCGGCCTGTCCAGTTTGAAA-3’ 5’-TGCCATCTTGATAGTTCACCCAT-3’
RADS1 5’-CAGAGTCTGCATTTAGTGCTGA-3’ 5’-ACAGGTGAGTTCCCGATAAAGAT-3’
KIF2C 5’-CTGTTTCCCGGTCTCGCTATC-3’ 5’-AGAAGCTGTAAGAGTTCTGGGT-3’
STMNI 5’-TCAGCCCTCGGTCAAAAGAAT-3’ 5-TTCTCGTGCTCTCGTTTCTCA-3’
KATNAI 5’-AGCACTCCCTTGAAAGCGG-3’ 5’-GCGTTTTCTAGGTCCTGGTGA-3’
MAP2 5’-CTCAGCACCGCTAACAGAGG-3’ 5’-CATTGGCGCTTCGGACAAG-3’
MAPT 5’-CCAAGTGTGGCTCATTAGGCA-3’ 5’-CCAATCTTCGACTGGACTCTGT-3’
RhoA 5’-GGAAAGCAGGTAGAGTTGGCT-3’ 5’-GGCTGTCGATGGAAAAACACAT-3’
Racl 5’-GTGCAGACACTTGCTCTCCT-3" 5’-AATGGCAACGCTTCATTCGG-3’
Diaphl 5’-CTTGCGGGATATGCCTCTG-3’ 5’-AATGTTTGCACCCAACTGACA-3’
CDC42 5’-AACTGTGCGTCTCCTGCG-3’ 5’-TCTCCACCGGGGCGTT-3’
STAT3 5’-CAGCAGCTTGACACACGGTA-3’ 5’-AAACACCAAAGTGGCATGTGA-3’
PAK1 5’-AGGGGAGTTTACGGGAATGC-3’ 5’-TCTTCTGCTCCGACTTAGTGATA-3’
PKA 5’-AGCCCACTTGGATCAGTTTGA-3’ 5’-GTTCCCGGTCTCCTTGTGT-3’
CAMKH4 5’-GCCTCGTCCCGGATTACTG-3’ 5’-TCCCCTTCTGTTTGCATCTGT-3’
ERK 5’-TCACACAGGGTTCCTGACAGA-3’ 5’-ATGCAGCCTACAGACCAAATATC-3’
Aurkb 5’-CGCAGAGAGATCGAAATCCAG-3’ 5’-AGATCCTCCTCCGGTCATAAAA-3’
cDC2 5’-GGATGTGCTTATGCAGGATTCC-3’ 5’-CATGTACTGACCAGGAGGGATAG-3’
ICIS 5’-CCGGGGAGAGCTAGTCACT-3’ 5’-CTGCTGGACGAATGCTTCA-3’
GAPDH 5’-CAATGACCCCTTCATTGACC-3’ 5’-GACAAGCTTCCCGTTCTCAG-3’

NNZ, 27T B S BEL A BE DR (R AN R IA &
HAEWEE TG AT R
2.6 Western blotting %M STAT3 . PAKI .
ERK1/2. PKA. CAMK4 EHXKIX

BUAKOIRAS BT MCF-7 40fia LA 4 105 4~/mL
BT 6 ALtk, Bi9 24h, % “2.27 WUNTEESA
Mighey, H53% 48h Ja, WREAML. N, Tk

EZ44#, 12000 r/min 250> 5 min, E&J:lﬁ, /ﬁ%ﬂ(@r 10

min {F 8 AV B EFEMEA T e R ERN- SR I
m&%ﬁﬁﬁ,%ﬁpvmw%;dmzh,“WMA
—#1 GAPDH (1 : 1000). STAT3 (I :500). PAKI
(1:100).ERK1/2(1 : 500).PKA (1 : 100). CAMK4
(1:500),4 CiFaEIR; RH, VB EIMAZSI
30000, ZEimEHE 1h, ¥ ROGES, H Image] 3K
PRIy T4 KM, Origin HEATFISEME T o
2.7 RINZABE(AEN STMNT H]#]5 GDP366 L&
AFREE T R B HARE R RO 1 5 14

B RIRAS B A MCF-7 4Hig L 6 X 105 4N/4L
T 6 FLAR R, B EXTREZH . GDP366(0.2 pmol/L)
ZHF1 GDP366 (0.2 pmol/L) + A3k (7. 14. 28
pmol/L) #l. AfuEESS, H4aZ541mN\ GDP366
BN RV FE AT me B AR B 48 V71, RIS &5
YNGR AE . RGN, HIERE R R E L
&, 1000 r/min &0 5 min, #2% EiE, H 025 uL

PBS F1 0.75 uL T4 JE/K LB E 24 he BN
o1 A A AR, R E 30 min,  EATLARI .
45 211 FlowJo 10.8.1 A4 o
2.8 BitFEoh

KH SPSS 21.0 Guit 2= A gk T 8dE ot %
F Cytoscape 3.9.1.Graphpad Prism 7.0 1 Origin 2021
At G5 RVAX £ s KR, LA R A SR
J5 ZE TR ¢ KT
3 #R
3.1 AFREXT MCF-7 {RAE5E RS20

WK 2 Fon, Awistt MCF-7 40 i34 e A &
ZANHEIER (P<0.01), FHFEFIEMAETE. 44
AR FE IS B 16 pmol/L, AN 2 2 T BH M x) H

®2 AFFEX MCF-7 HAEEHSN (X £s,n=6)
Table 2 Effect of lycorine on proliferation of MCF-7 cells

(X+s,n=6)

A WRE/(umol- L") A1H 41 B0 /%
X & — 1.36£0.07 —
KH W 0.625 0.89+0.05* 52.7
VEE R 1 1.1940.13* 14.9
2 1.0840.09* 24.8
4 0.97+0.16* 33.7
8 0.93+0.05* 37.7
16 0.78+0.04™ 51.2
32 0.6310.03" 64.1
SxfmeA i *P<0.01, %3 [F.

*P <0.01 vs control group, same as Table 3.
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2y B, RV A A MCF-7 408 21
BFEPNEVER , 1Cso A 13.98 umol/L, F-#fi5E i 4251
I8N 7. 14, 28 pmol/LU8),

3.2 AFREAT MCF-7 4056 E 2RI 5200

321 Ak MCF-7 4R A T GyM i AT

SV A 7 DR A 75 383 55 20 0 00 L 4 ot 4 3
i, AT T A i AbEE MCF-7 40 )5 A HA S B o
boo il 1 FISR 3 BvR, Ao mibil S 7 B AR G T 5
T Go/M A4 R HHBE T (P<<0.01). 3R BH A mnlil 55
5 MCF-7 41 Ji BARHAT7E Go/M

it HR KW £ #5087 pmol-L™! 1501 555 14 pmol-L! £ #5528 pmol-L!
3001 3001 H 400-
3001
1001 3001 ﬁ
2001 2001
= 200
=2 200+
]
1001 1001 1001 01
J J 100+
0 \ 0 - 0 0 \ : 0 J A
0 2 4 6 0 2 4 6 0 4 6 0 2 4 6 0 2 4 6

PL3-A (X 10%)

Bl 1 AT MCF-7 4 EHAR #00
Fig. 1 Effect of lycorine on cell cycle of MCF-7 cells

&3 AFWEX MCF-7 AEHSHRIFM (X+s,n=6)
Table 3 Effect of lycorine on cell cycle distribution of MCF-7 cells (X £ s, n = 6)

u - - A LB/ %
43 AL (pmol-L71) Go/G1 ] S Go/M i
ot i — 55.545+0.929 35216+5.742 9.528+0.136
KB B 0.625 53.122+1.012 11.643+4.284 35.667+0.585"
bk 7 49.826+1.321 34.696+0.561 11.138+0.884*
14 42.851£1.099 41.614+1.716 15.47240.169"
28 38.656+1.425 40.386+0.897 21.15440.360"

322 At IAFRE R E p-H3 RIEM M
H3 751 2253 ZETF AR I 7 22 SRR 15 R A AL,
LAt M IR, p-H3 MIREE S BN,
PR, p-H3 BIAFE RN KSR B FH SR s i 4 ff
AT M e AT 8 s ek A B RER A G 3
w2 M, SRR BAK I T MCF-7 40k
p-H3 IRIE. Wi 2 frox, SXTHRAEE, Aaab
(14, 28 umol/L) 41 p-H3 (117345 it 55 B BH 2 48 i
(P<<0.05. 0.01), HEFIEMIME M EAZH &S
M 6.8%38E TN F] 62.2% , 2 B f1 5 i BH 2. 38 i MCF-
7 UM N p-H3 (3R, M U B A 350k K MCF-
7 AR RH T M .

323 Amabgxt MCF-7 408N & A RIE NI
W g2 R A R O TS MCF-7 41T
AT, WK 3 PR, ARARMZ., E 2R
W GHMEAS IR o B AsaliR FESE I, s B

HACIRAF 4K, MfE2ehik, HhEiLs 28
umol/L I}, RS KEMMAAML. R A5
BREEAAN 73 FoK-F BiESUE E B RS, Al
£ MCF-7 4 i HAG U 8 B ) DR .
3.3 AFEXT MCF-7 {RAE M & BAHE X B E FRER
A

K qRT-PCR 63 24 /40 A 8 I AH S 3L A,
WK 4 Frox, MCF-7 0s 7 Al T i, 5 A
S5 S M RFER (STAT3. PAKI. ERK. PKA.
CAMK4) Fifl, & 2 N (MAPT. MAP2)
T, 4 NEEE (STMNI. KIF2C KATNAI. ICIS)
LA, 4 AMEEEMEICEER (RhoA Diaphl. Racl.
CDC42) ¥, 2 1~ DNA BB MK (RADSI
MREI14) ¥#FiE, 74 M MR (CCNB2.
CDC6. CCNF. CDC25C. Aurkb. CDC20. CDC2)
BT, HEFEMRXME (P<0.05. 0.01. 0.001),
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1023 it i KAWL | | Awi 7 pmol L™ - F R0 14 pmol L™ - FiEsbg 28 pmol L -
G G G 1 ¢ 1 @ i
- 6.8% 43.3% 58.7% 60.3% 62.2% °[§
3 — — — — | g 10
©n K,
= ) S Pt B
F L 4 &/ |5
o b7 | N &
0 e — - — - d
. L B S S L R - v L e e FHE K-
10° 10" 10> 10° 10° 10 10 10° 10° 10" 10 10° 10° 10° 10* 10° 10° 10 10 10° X ;‘IE g;?ml/i?mﬁ y
FLILOG FLILOG FLILOG FLILOG FLILOG ® s
x4t "P<0.05 ™P<0.01 **P<0.001, FE.

*P<0.05 "P<0.01 "P<0.001 vs control group, same as below figures.

B2 AFEX MCF-7 4HBEA p-H3 EAFEMNENE (X+5s,n=3)

Fig.2 Effect of lycorine on intracellular p-H3 protein expression in MCF-7 cells (X £ s, n=3)

KHE B Fimelg 7 pmol - L™ A Fab, 14 pmol- L™ A 7578 28 pmol-L!

X200
200 pm

X400
100 pm

LAEEERER oW BEARS R
Red arrows indicate abnormal a-tubulin morphology.
B3 A MCF-7 EAMEERRIANEM (X+s,n=3)

Fig. 3 Effect of lycorine on microtubulin expression in MCF-7 cells (X £ s, n =3)

50

200 &5 T 9L

0
X KHFE 7 14 28
H A wR s/ (pmol - L)

SRR T A B R 45 JE AR Ok ERT 1) 3Rk x
MCF-7 ZHf i semd, RN 17X 24 MR 2 [E]
A EAEF SRR, FExTIX B R A %45 5 H it AT R
K. 24 NIEK N 32K, B Aurkb. CCNB2.
Diaphl. CCNF. PAKI. MREIIA. PKA. STAT3.
RACI. CDC25C. CDC6. MAP2. CDC20. CDC42.
RADS1 ¥ftk; MAPT. RhoA. CDC2. CAMK4. ERK
FBl; KATNAIL. ICIS. KIF2C 1 STMNI #fth. 5 /4
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Fig. 4 Effect of lycorine on cell cycle-related gene expressions in MCF-7 cells (A) and cluster analysis (B) (X +s,n=23)
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Fig. 6 Relevant mechanisms of lycorine-induced cell-cycle arrest
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Fig. 7 Effect of GDP366 combined with lycorine on intracellular G2/M phase in MCF-7 cells (X + s, n=3)
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