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Osthole Inhibits Cell Proliferation by Promoting Apoptosis and Cell
Cycle Arrest in Gastric Cancer Cell Line N87

YANG Yun”, YANG Liu, LI Xiao-Jing, DING Yan-Ke, ZHAO Fang-Yu,
ZHANG Zi-Heng, TIAN Zi-Yin, ZHOU Bei”

( Department of Biochemisiry and Molecular Biology, School of Basic Medical Sciences, Xinxiang Medical University ,
Xinxiang 453000, Henan, China)

Abstract Osthole is a natural active coumarin, which was first derived from Cnidium monnieri (L.)
Cusson. Recent studies revealed that osthole possesses potent anti-tumor activity in several types of
cancers. However, the anti-tumor effects of osthole against N87 gastric cancer cells have not been
reported. We studied the anti-tumor effects of osthole on N87 cells in vitro and in vivo, and further
explored the mechanism. The effects of osthole on cell cycle arrest and apoptosis were examined by flow
cytometry and Western blotting assays. Results showed that osthole was effective in inhibiting the growth
of N87 cells in a dose-dependent manner. Notably, we found that osthole also exert its anti-tumor effects
on N87 tumor xenografts at both low and high doses. Furthermore, we investigated its mechanism using
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flow cytometry, Western blotting and TUNEL assays. Results indicated that osthole caused cell cycle

arrest in the G,/M phase and finally resulted in caspase-3 dependent apoptosis in N87 cells. To

conclude, these results revealed the anti-tumor activity of osthole on N87 gastric cancer cells and

uncovered the mechanism of action, suggesting the potential of osthole in gastric cancer treatment in the

future.
Key words

B e e 4 T ST T P A DL A IR 2 —
P FRHA ST, R EANLEE 4 f7 , FET A %
So it FREEE AR R E R, KR AT ]
Bl At A 50% , 2 T BT AN B IR B RERE 2
— AT ARRBIT R B i EE TR
PRl B R 0 O RE IR B B, 2920 B DA L R R T B
YRS, WIS R FARMLS AT 2590 % Hh g )
SRR AT 25 I A A, AR HL g R R B 4 2
Tk 2274 ) [ PR R S i I RO ) 52
ZiPE R RO B e 3 R 1) 3R T 25 0T A
RV R, BN A RN IR T T B A A T
Fk.
g s R IR L S 2 A A IR 45 AR T
it R A — T LA RS A3, A A R R A A
T I SR AR A3 Bt 4 o 9 b 8 O T 49 Sk
HRFMEERY i R BB, Wk g1
e MBA R T A SRR Y B B
Poga s v A0 R R E A IR BE-S i
B ZER NS, T 2 A7 TR H R
REFREAY b, B2, XA W EAE D
PAE PUE AL BT S 2 Rl A iR g
FE AP RE I R R LA R 0 A A e
B IE 8 ARG B P A A

IR T2 (osthole ) H—FpLR BRI & & KL &
Yy, HAL #4500 Fig. 1A Fis, MR T2 2 WA
BHEYIE PR ( Cnidium monnieri (L.) Cusson) Y552
IRF BN EAAEYEEN ST R LS
PO AR —FE G 2 R R A
7 R RSP 1095 B BRI S e R a0 1 RS
R, IR F R EAPUE BTsas S i 2R 4
FAURASE Z2 Fh 2 B2 G2 B AR 9T R
A TN i R LB R AR 1 S
B e R 2 0] LABD I s AS49 20 id A 1, LA
FHHL ) 2 38 1 3 ) PISK/AKT 38 8%, 51 & 40 i 94
T8 BeAh i R T R A AT ) o-Met/ AKT/
mTOR 3 #% , M HER2 33 2 35 (% FL MR g A= 1K Fn ik
JRUO 200 Sl R 25 %t B R A A D A
A AR TR T2 X E i N87 4 i

osthole; gastric cancer; anti-tumor effects; cell cycle arrest; apoptosis

PROMIR A IO FE I CR , o — A R T 4 e
Je8 (4 T REAT FIAILARD , LASY) D 4 ok 2 ] F e PR3 T 1B
TR IR NS %

1 HRE5HE

1.1 #F#

B N87 4 ffl bk A 3E E A R E oG
(ATCC) ;¥R TR W A 124 e A bR A B
23] 5 S M T A IR T A G B A )
HAR N Fl; CCK-8 3 & W B H A Dojindo 23 5
RIPA 4 il 24 W 1 A6 5t 5 [ B B AE B R 2 Wl
T PRI A 32 E Cell signaling 237, ECL &
W [ 2R = KA ARAE

Balb/C #£ W A Jb 5t 4k38 Fl4E A\, BT A 3h
YR Ie i RHRL T T H & BB sh W S B0 A0 328 I
2t
1.2 ARSI

1E 96 fLAL P, FEALINA 5x10° /4~ 41l iy N87
AR 100 WL, |, {E 37 °C 5% CO, &1 FRi3%
12 h, S5 4H 43590 i A 5]V B 19 g IR 1 R 245 T
SEE i K 3 W B 43 9 0.05.,0.2.,0. 8,
12.5 % 50 pmol/L, [a] i % % 25 (1 % R 40 (259
VERZH ) AR X RRZH (AT 4H) o 7E Bk AR
TH:SF 48 h, BEFLINA CCK-8 X5, 5535 2 h, i
FRAL 450 nm 400 22 &5 LAY AW OGAE (A 18 . 4%
PRSI HI 2 (100% ) = 1-( S 20 OBE-28 A
X BECLH W 6 A ) /(B ok B 20 W S {f -2 P 0 1
M EAA ), THA AR R B A R I T 3 K
A,

1.3 EAHAEKEN

TE 6 ~ 8 Jil i ME PR R R AT 75 BB R T R 1x
107 A~ N87 4H M, 7E PP 4 M 5, Mg 1A B ik %)
F-4 120~ 150 mm® B, % 47 9 /N BUE AT 40 4 9
W2 B ENTBENL S A 3 40, VAT # BT B/
srefbRac, B 5 HAREL, SCEA LAIE R4 2407
K H IR F R G, M &4 (50 5 100 mg/
ke) , WTREZHVESY PBS W, R 1 Ik, 4525 2
Ji . AR 2 d AR R R B A K (mm ) 5



76 T E A IS S 0 T AR

5535 4

Yi(mm) , NHAR AR = Kx(58)*]2
XoF b Je AR RRCHE AT 00 A T 5A 5 DA A 2B i 7 - 38 K
Ko st 1) AT o A K i R i 24, e g R, Ak
FE/INER, 3 B AR
1.4 HERENITESH

BOHECA K3 15 98 NS7 4, #% 4%10° ~/mlL
AT 6 FLES IR0, BT 37 °C,5% CO, Ki - A%
I 12 h, Z S TESE S A TP A M IR R 2 T B 40K
£k 50 F11100 wmol/L,  LAASINZG 40 i kg 25 1 %) iE
., H5FE 24 h WEEZRAE, A RIPA 2 i 541 i 12
BUSBEE AT, W BCA il % 4 S B A Bk
J&, %4 SDS-PAGE J5,%# %= PVDF i I, | 10%
WRE Ry A 1 b, B B A — BT E 1~2 h, ]
TBST Y 4 U, AR i S Ak Yy b B9 — e,
5 TBST Pk 4 W, U g-Ish&EH NN
%, WEHHAT 3 WEE
1.5 ZHAEEEIHE

B B A K 4B, 32 4x10° 4~/mL R0 T 6
LB, BT 37 °CL,5% CO, B335 12 h, 52
BRI MR+ 2= 25, ZAWRE N 40 pmol/L,
T EREM TS Oh,6 h )2 12 h, HIAE EDTA
F14) B 2 11 I AR USCEE A L, R TLYS PBS PRI, 2
JE A FH TR 1) 75% L BEE 5E 20 min, 850 5 B,
PBS ¥ 2 K, INABUL N BE (PL) % 1 mL; % ik
JEEF 45 min, A U X A0 M A AT A DU,
Flowjo7. 6 #1447 84 4r A, L3 247 3 K
HE,
1.6 AT

B KA K 0 ' e N8T A, #2 4% 10° 4/
mL R T 6 FLEFFRM, BT 37 °C,5% 1 CO, KiFt

(A)

H,CO

3

Osthole
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assays evaluating the growth of N87 cells upon treatment with increasing concentrations of osthole for 48 hours
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Fig.2 Osthole treatment induced cell cycle arrest

(A) Cell cycle analysis of N87 cells following 40 pmol/L osthole

treatment for 0, 6 and 12 hours by flow cytometry. (B) Quantification of the percentage of G,/M phase in N87 cells. Data show the

mean = SD (3 independent experiments). ™ P< 0. 001
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Fig.3 Apoptosis was induced in N87 cells when treated with osthole
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(A) The morphological changes of N87 cells when

treated with osthole at the concentration of O (control) or 50 pmol/L for 24 hours. Scale bar, 100 wm. (B) TUNEL assays showing
the effect of osthole (50 pmol/L) treatment for 24 hours on apoptosis in N87 cells. Scale bar, 10 wm
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Fig.4 Osthole treatment induced caspase-3-dependent apoptosis in N87 cells (A) Induction of apoptosis of N87 cells after
osthole treatment at the concentration of 0, 50 or 100 pwmol/L for 30 hours. The percentage of the early apoptosis was calculated by
Annexin V (+) and PI (=), while the percentage of the late apoptosis was calculated by Annexin V (+) and PI (+). (B)
Quantification of the percentage of apoptotic cells in N87 cells. Data show the mean = SD (three independent experiments). " P<
0.001. (C) Apoptosis-related proteins ( cleaved caspase-3, Bax or Bcl-2) were examined in N87 cells when treated with osthole
(0, 50 or 100 pwmol/L) for 24 hours. B-Actin was used as a loading control. (D) Quantification of Western blotting signal intensity
in relative to the B-actin loading control using the Image J sofiware. Data show the mean + SD (three independent experiments ).
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Fig.5 Osthole treatment inhibits the growth of N87 cancer cells in vivo
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(A) Tumor volumes of N87 xenografts after

injection with Osthole (50 or 100 mg/kg) or PBS (control) for two weeks (one injection per day). (B) On day 16 post the first
injection, xenograft tumors from each group were removed and photographed. Representative tumors in each group were shown
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