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Effect of Hirsutine on Proliferation, Apoptosis, Metastasis, and Invasion of Human
Cervical Cancer Ca SKki Cells

LI Ya-wei, XIE Lei, WANG Na’
(The First Hospital of Hebei Medical University, Shijiazhuang 050000, China)

[ Abstract] Objective: To investigate the effects of hirsutine on proliferation, apoptosis, metastasis,
and invasion of human cervical cancer Ca Ski cells and its action mechanism. Method: The cell proliferation
was determined by cell counting kit-8 (CCK-8) assay and the cell apoptosis by Hoechst 33258 staining and flow
cytometry. The mRNA expression levels of B cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein (Bax), and
p53 were detected by real-time fluorescence quantitative polymerase chain reaction. The scratch test was
conducted to detect the cell mobility, followed by the detection of cell invasion ability using a Transwell
chamber. The contents of fibronectin (FN) , matrix metalloproteinase-2 (MMP-2) , and matrix
metalloproteinase-9 (MMP-9) were measured by enzyme linked immunosorbent assay (ELISA) , and their
protein expression levels were assayed by Western blot. Result: Compared with the control group, hirsutine

inhibited the proliferation of Ca Ski cells in a dose- and time-dependent manner. The apoptosis rates and Bax and
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p53 mRNA expression levels in the 8.0, 16.0, 32.0 wmol-L™" hirsutine groups rose ( P<0.05, P<0.01), while the
Bcl-2 mRNA expression and phosphorylated Src (p-Src) and phosphorylated signal transducer and activator of
transcription factor 3 (STAT3) protein expression declined (P<0.05, P<0.01). Compared with the control
group, the 1.0, 2.0, 4.0 pmol-L" hirsutine groups exhibited lowered cell mobility, number of transmembrane
cells, FN, MMP-2 and MMP-9 contents, and hypoxia inducible factor-la (HIF-la) , Vimentin, and
N-cadherin protein expression (P<0.05, P<0.01) , but elevated E-cadherin protein expression (P<0.01).
Conclusion: Hirsutine inhibits the proliferation, metastasis, and invasion of human cervical cancer Ca Ski cells
and induces their apoptosis, which may be related to its regulation of Src/STAT3 and HIF-la/epithelial

mesenchymal transformation (EMT) signaling pathways.
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A & B R o 0, 1.0,2.0,4.0,8.0, 16.0,
32.0 wmol- L' iy 5¢ 4= K #2 3£, Hop 0 wmol- L' &
PREBR AL R 2 (AL TE AN M KT IR A b gk S b 5 24,
48,72 h, W Bt CCK-8 %5 ¥ 10 wL fin A 5 fL b, 4k 22
R 5% 2 b, FHEGEBRACAE 450 nm 0 WG 4 18 5 40
HR=(4 som—Amzn ) (A spg=A 5p09)%100%

2.2 Hoechst 33258 Qe (A 4u i i = UREEZL 0,
8.0,16.0,32.0 pmol- L™ & 44 B il 4b HHL 48 h 1 g 30
S Ca Ski 4l , K 40 Jfd % B % 4% 4 5x10°4~/mL, 5
Hoechst 33258 Y IR &) Jo , G FR B T = IR &
10 min, 28 8% B2 £k 28 vh 7 (PBS) VLG , 2 6 81 B
T T A B AT 240 O T B

23 WA ARE WA T gL 0,80,
16.0,32.0 wmol- L & 44 Ji ik &b # 48 h i N 7 B9
Ca Ski 4l il , 4 PBSIE k5 , i IR B8 T 5B 5 M A
Annexin V-FITC Fl PTi {4 5 uL, B IR 21 )5, 4k
SEREOCHREE T E T 10 min, 50 A S5 A 2% vh i
400 WL, FH 3 2 20 e ASCR I A B JR TS L (1 h ) .
2.4 Real-time PCR il B itk £ 4 ff 9% -2 (Bcl-2) ,
Bel-2 #H % X %5 11 (Bax) ,p53 mRNA #ik W4
0,8.0,16.0,32.0 wmol-L" B4 FEH AL FE 48 h i) N B
9 Ca Ski 48 i, FHl TRIzol iR 7 4% BUE RNA , Jf 300
5 5%l cDNA 3 5% 5% B 4544 R 25 °C, 10 min,
42 °C,50 min, 65 °C, 15 min J5 £ (k5 o 8 35357
AU A A BRI AT A SRR R 20 pL,
S 2% Sk 95 °C il AE £ 5 min, 95 °CAE 10 s,
60 °CiR *k 10 s,72 °CZEf# 30 s, H 35S ANE I, 2
2G4 H B 2 mRNA %635, GAPDH 4 N 5 5
R, BT 5 1 He 0t 55 B AR ) 0 W) 6 1, T 9 LR 1

®1 31MF5

Table1 Primer sequence

[ 514 KB /bp

GAPDH 5-TGGACCTGACCTGCCGT-3' 136
5"TGGAGGAGTGGGTGTCGC-3'

Bcl-2 5ATTGTGGCCTTCTTTGAGTTCG-3' 152
5'-CCTACCCAGCCTCCGTTATCC-3'

Bax 5'-CCAGGATGCGTCCACCAAGAA-3' 104
5'-CCGTGTCCACGTCAGCAATCA-3'

p53 5'-CCAGGGAGCACTAAGCGAGCA-3' 154

5'-CTCGAGTCAGTCTGAGT CAGGC-3'

2.5 RIJESCI KM R RE 1 e S Ca
Ski 41l Jifg 4% Fh T 6 FL M , 32 Fh 4l B 5 5x10° 4~ /AL
7 41 LI 4 B3 34 80% ZE A5 I, JH 200 L G 1 % Wi 7%
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0,1.0,2.0,4.0 wmol- L™ T 4l i 11 58 4= 15 77 3k,
g3 0 T HE SR 0,48 h 5 G B A0 BRC, GE R
Image JHCPFI 40 O i R B S . AL %K =(0 h
KR AL -48 h WK T AR ) /0 h R HTFL < 100% .
2.6 Transwell /N SC 50 I 40 M (= 2868 1 H
RPMI 1640 15 5% £ F B¢ Matrigel B¢, L6 4 8: 1, 4%
J& A Transwell /NZE 1) | %=, 1E 37 °ClE IR B = 48
HEE 0.5 h, FiE 2 REEFE . BOSECE KA
B $09 Ca Ski 41 i , 4 % 40 i % B 4 1x10°4>/mL,
R WA HL 200 pL i A B EZE g FEMAE O,
1.0,2.0,4.0 wmol- L™ & 44 i ik 1) ¢ 4= 3% 97 5k, 4k 42
FiFi 48 h, 2 RWIRER & KA Rkam,
TR IR, T2 R A0 P 4
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)58 4 K 95 3k, Ak e B 3% 48 h AN i . 4% R
ELISA W 2 i 7 & #9824 25 B8, 4 % & Il FN,
MMP-2,MMP-9 & & .
2.8 & S B T (Western blot) ¥ I 25 1 £ 35
WA 28 A R Vi B3 R B A B 48 h A N E B
Ca Ski 4 i, il A i & RIPA 2L W , 175 vK 7K ¥ Th i
H 30 min, 4 °C, 12 000 r-min™ & .{> 10 min( &[> 2}
6 em), BUEWER . —MEuk IR TE 2 1S, BUE B
PR e 15 LB A b REZE phii L, 100 °C K i 28
PE 10 min. R 3R V9 M I i 368 B Pl Uk 3 25 H 9 2R
L, —H0(1:1000) it &, —Hi(1:5000) K7 1 h,
b2 e a4 IR Tmage TR & B0 07 .
29 Siitab O FTA SR ELE S K, HE T
Graph Pad Prism 6 #F #1748 1127 4b #1211 f F 4
FH X + s 2R, BRI Z J7 25 47 B e 36 T 080 3
Br,P<0.05 RRERAGI2HE L
3 &R
3. B BEB N S Ca Ski 41 3G FE (1) 52
Has (4, 1.0,2.0 wmol- L T 44 7 B 4
Ca Ski 7 Jifi 24,48,72 h,4.0 wmol- L™ % %4 1 il 1 1
Ca Ski 4 ifi 24,48 h, 8.0 pwmol-L" & 44 #E 5 /£ J1] Ca
Ski il }fd 24 h J5 , 20 B 38 5E 0 ) R 25 5 3 Gt o
TS5 A A% 2H Y A0 T R A B 2R T B (P<
0.05,P<0.01), WLk 2, fE)g gLk h, ik ] 8.0,
16.0,32.0 wmol- L & 44 B 6 JF R AF 5% ; M HEBR B4
TR TG 1147 2000 L 453 05 VE T X5 Ca Sk 200 JL B 7% A 22 1) 5%
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Wi, % FH 1.0,2.0,4.0 wmol- L™ T 44 BE BT M52

F2 EWHEEITASHE Ca SkiHAEEEME EMNHIN (s,
n=5)
Table 2  Effect of hirsutine on proliferation inhibition rate of

human cervical cancer Ca SKki cells (x+s5,1n=5)

a5 e 7 T B %
/pmol-L" 24h 48h 72h
B TR 1.0 1.31£0.24 3.27+0.51 4.20+0.85
2.0 2.34+0.32 5.54+0.67 6.06+1.03
4.0 3.45+0.58 8.89+1.52 16.34+1.48%
8.0 7.80+0.89 15.05+2.16"  34.21+5.24%
16.0 12.26£1.27"  31.78+4.77%  48.39+4.72%
32.0 21.65+2.02%  48.71+5.822  65.82+8.10”

£3 EHHEEN ASHE CaSKiARBATENHIN (F+s,n=5)
Table 3 Effect of hirsutine on apoptosis rate of human cervical

cancer Ca SKki cells (Xx+s5,n=5)

JHT25/%

20 51 e /umol- L'

Hoechst 33258 445, i zU4n g R

&yE| 4.11£0.37 2.69+0.46
40 T T 8.0 17.03+2.49% 13.49+1.36%
16.0 32.72+3.88% 28.30+3.76%
32.0 51.15+6.42% 43.53+5.18%

F4 EHEHETASHE Ca Ski i Bel-2, Bax & p53 mRNA &
ERENE (X+s,n=5)
Table 4 Effect of hirsutine on Bcl-2, Bax and p53 mRNA

expressions of human cervical cancer Ca Ski cells (x+s5,n=5)

TE a8 (413 R I R O 0545 45 (1 41 He g U P<0.05, 2 P<0.01
(F3~81d)).

3.2 EHHEGON CE S Ca Ski 41 E T 1 52
S2s P 4H 4, 8.0,16.0,32.0 wmol- L 76 44 HE B
1) 240 MO T 3R 4 S N (P<0.01) , WLIET 1, K 3
Has HA 4, 8.0,16.0,32.0 wmol- L™ T 44 1 ol 2H
Bel-2 mRNA # ik & 2 B [k (P<0.01) , Bax, p53
mRNA %5 5 (P<0.05,P<0.01), L3 4.

C D
A. ZSH;B~D. 8.0,16.0,32. 0 wmol- L B4 w2 (18 2 [7])
B1 EHERTASHE Ca Ski i - B % W (Hoechst
33258,%200)
Fig. 1 Effect of hirsutine on apoptosis of human cervical cancer

Ca Ski cells (Hoechst 33258, x200)

3.3 BB A E S Ca Ski 40 Src, p-Src,
STAT3,p-STAT3 H AR A 525 4 K,
8.0,16.0,32.0 wmol-L" & 44 i % 41 p-Src, p-STAT3

3R IA AR (P<0.05,P<0.01), LK 2,35,
S 112 -

21 51 /p.fo%L“ Bel-2 Bax P53
2 1.05£0.12 0.34+0.04 0.62+0.08
S THE T 8.0 0.73£0.08%  0.51£0.06  0.71£0.07"

16.0 0.57£0.06  0.58+0.05*  0.85+0.10%
32.0 0.424+0.05%  0.64£0.08"  0.96+0.117

p-Src 60 kDa

Src 60 kDa

p-STAT3 92 kDa

STAT3 92 kDa

GAPDH 36 kDa

A B C D
2 BYEMAE Src,p-Src, STAT3,p-STAT3 FE B R xRk
Fig. 2 Electrophoresis of Src, p-Src, STAT3 and p-STAT3

protein expressions in each group

x5 ETHHEWE AEFNE Ca Ski 4l fg Sre, p-Src, STAT3,
p-STAT3E B RIEKFM (X+s,n=5)

Table 5 Effect of hirsutine on Src, p-Src, STAT3 and p-STAT3
protein expressions of human cervical cancer Ca SKki cells (x+s,

n=5)

13 W Sre p-Sre STAT3  p-STAT3

ZH 7,

" Jumol-L" /GAPDH /Sre /GAPDH  /STAT3

EgE| 1.21£0.14 0.95£0.10  1.05£0.09 1.60+0.28
EH 8.0 1.18+0.12 0.83£0.08" 0.97+0.12 1.24+0.15%

THE T

16.0 1.27+0.15 0.61£0.08% 1.02+0.10 0.72+0.06>

32.0  1.25£0.11 0.38+0.04” 1.06£0.13 0.29+0.03”
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3.4 TR CE S Ca Ski 40 LG B 1 (2 58
R imysgm 5 A ,1.0,2.0,4.0 pmol- L
E Bk O 2 40 P A B R 3 W B RE IR (P<0.05, P<
0.01) , $& 7~ T 44 B Bk o7 LA 30 il Ca Ski 41 i 1 75 %5
525 P4 R #5453 41 %) 2 I 400 i 5 3t 3 PR IR
(P<0.01), $& 7~ B 44 ok 7T LA ] Ca Ski 4 j 19 1=
7., ke, k3,4,

*x6 EHHERMNASTHECaSKiiMEBRERZEINEMN
(x+s,n=5)
Table 6 Effect of hirsutine on metastasis and invasion of human

cervical cancer Ca SKki cells (x+s,n=5)

215 W /pmol- L 40T /%

2 AR M 21

% 75.60+8.22 103.29+12.71
E TR 1.0 67.18+8.14" 71.08+9.11%
2.0 48.35+5.16% 54.95+6.34%
4.0 39.24+4.57% 32.32+3.65%

U R, 25 R A 4T B L (P<0.05, P<
0.01). W37,

*7 EHEREI ASHE Ca SKififi FN,MMP-2 % MMP-9 & &
N8 (X£s,n=5)

Table 7 Effect of hirsutine on FN, MMP-2 and MMP-9 contents

of human cervical cancer Ca Ski cells (Xx+s,n=5) pg L'
4151 /,Lffrl FN MMP-2 MMP-9
= H 70.39+8.65  115.48+15.23  54.81+6.49
Eega): 37 1.0 62.76+7.11"  88.74+10.18% 47.56+5.83"
2.0 58.2245.477  79.32+8.51%  43.69+4.327
4.0 47.80+6.15%  71.93+9.72%  36.73+5.61%

3.5 BTN A E FUE Ca SkiZli il FN, MMP-2
K MMP-9 &M m S5 a4, 1.0,2.0,
4.0 wmol-L" B 4 ik 41 FN, MMP-2 & MMP-9 %

3.6 E &k B 6 A B S Ca Ski 41 i HIF-1e,
Vimentin, N-cadherin /% E-cadherin & [ % 15 (19 5 ]

523 A HH,1.0,2.0,4.0 pwmol - L™ T 44 HE 5 4H
HIF-1a, Vimentin £ N-cadherin 2§ [ 3¢ 15 WH 2 &A%,
% 5 41t 2 5 X (P<0.05,P<0.01) , E-cadherin &
HRA I B Bl 22 3 A Si it 22 & X (P<0.05, P<
0.01), W8, &5,

A B
A. 2541 ;B~D. 1.0,2.0,4.0 wmol- L™ &2 M mg 20 (&1 4,5 7] )

B3 EHEENASTHECaSkifMBEBE BN (B LR, <40)

Fig. 3 Effect of hirsutine on metastasis of human cervical cancer Ca SKki cells (inverted microscope, x40)

A B C

B4 EHFESTASTHECaSKiHEBREZENNEIN (45545, %200)

Fig. 4 Effect of hirsutine on metastasis and invasion of human cervical cancer Ca SKki cells ( crystal violet, x200)
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*8 EHEMI A S HE Ca SkiZlffl HIF-1a, Vimentin, N-cadherin & E-cadherin B B RIEH M0 (X+s,n=5)

Table 8 Effect of hirsutine on HIF-1a, Vimentin, N-cadherin, E-cadherin expressions of human cervical cancer Ca Ski cells (x+s,n=5)

205 e ¥ /wmol - L HIF-1a/GAPDH Vimentin/GAPDH N-cadherin/GAPDH E-cadherin/GAPDH
% 0.82+0.11 1.21+0.16 0.95+0.12 0.30+0.04
SEL AN 1.0 0.44+0.06% 1.06+0.09" 0.74+0.09” 0.38+0.04%
2.0 0.3120.04% 0.49+0.06” 0.66+0.08” 0.52+0.06
4.0 0.18+0.03% 0.21%0.02% 0.25+0.03% 0.87+0.10”

HIF-1c 93 kDa

Vimentin E 54 kDa

N-cadherin

) 100 kDa
97 kDa

E-cadherin

36 kDa

GAPDH

A B C D
B 5 % 424088 HIF-1a, Vimentin, N-cadherin & E-cadherin & H
FiLm ik
Fig. 5

Electrophoresis of HIF-1a, Vimentin, N-cadherin and

E-cadherin protein expression in each group

4 itig

T RE A2 JB PN N 28 2 A £ R 1Y) E B, TR K
W ARTT & LA R 6 JT 98 0 ) 2 s (R
JP A A RN K AR A LA ATl
25 11T RO U0 K AR ) B RIAE R IR T IR AE T
T M H 2R 2

Jiek 8 240 i O TR S SRR R AR R A AR T A
PR, U8 Tk 52 300 BELAS % ik 98 40 i 3 B 2 48 1 i
JEE L Z R S 5 R A g T R s e AR
T T 3 K Bel-2, 42 08 T2 5L A Bax 2 1 15 41 i
JHT- 0 — 4] SCEESE IR T pS3 MR M S R, 8k
PEFGE FE DA 175 S 4 0 0 T R A R R 4 A B A
ZEMEY, Sre & R 2 ] c-Sre g i Y — AN A X
4y F Biit o 60 kDa i 85 (T, ) IZ AA7E T 41 240 Jif
oL S A A R o A AR DD &R TR A
Z 5 i ik Je K 5B Bl A 40 S B R kK
SR R R A TR T OGB4y 7. STAT3
J& Src B8 ] 4 5 BY R WE AR H, E U 41 2 p-STAT3
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