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[ Abstract]  Objective To study the effect of cinobufagin (CB) on the proliferation inhibition and induction of
apoptosis in glioblastoma cell lines U87 and its molecular mechanism. Methods A gradient concentration (0-
20 pmol/L) of CB was used to treat the U87 glioma cells for 6 h, 12 h, 24 h and 48 h, respectively. Cell viabilities
were determined by CCK-8 assay to discover the effects of different concentrations of CB on the proliferation of
glioma cells. Different concentrations (1-20 pmol/L) of CB were used to treat the U87 glioma cells for 12 h and
24 h, hochest33342 staining assay was used to assess the apoptosis levels. Immunofluorescence staining was used to
determine the expression of growth related proteins phospho-protein kinase B(T308) C p-AKT (T308)J in U87
glioma cells after being treated with CB for 24 h. Western blot was used to determine the apoptotic related proteins
(BAX, cleaved-caspase 3, cleaved-caspase 9) and growth related proteins [phospho-inositide 3-kinase (p-PI3K). p-
AKT(T308), p-AKT (S473), phospho-ribosomal protein S6 kinase (PS6), phospho-4E-binding protein 1 (p-
4EBP1)]J. Results A significant effect of CB on the proliferation inhibition and induction of apoptosis in U87
glioma cells in a time- and dose-dependent manner was observed. Treatment with CB induced the expression levels of
apoptosis-related protein, cleaved-caspase 3 and BAX, and the PI3K-AKT-4EBP1 signaling pathway related proteins
p-AKT(T308) and p-4EBP1 were decreased. Conclusion  CB can inhibit U87 glioma cells growth and induce
apoptosis, which may involve the PI3K-AKT-4EBP1 and BAX-caspase signaling pathways.
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Fig1 The cell viability of U87 glioma cells treated with different
concentrations of CB for 6 h, 12 h, 24 h and 48 h
* P<C0. 05, vs. 12 h,24 h,48 h at the same concentration of

CB; £ P<C0.05, vs. 12 h, 24 h at the same concentration of CB
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Fig 2 Apoptosis rates of U87 glioma cells treated with different
concentrations of CB for 12 h and 24 h

% P<C0.01, vs. 24 h at the same concentration of CB
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Fig 3  Fluorescence microscopy represents the CB-treated U87 glioma cells at 12 h. Hochest 33342 staining X 40

represents the different concentration of CB-treated U87 glioma cells at 24 h. Hochest 33342 staining X 40

Fig 4 Fluorescence microscopy

FigS TFluorescence microscopy shows the

expression of p-AKT(308) in U87 glioma cells after being treated with DMSO (A,B) or 20 pmol/L of CB (C,D) for 24 h. X40

3A-3F: 0, 1, 2, 5, 10, 20 pmol/L CB, respectively; 4A-4F: 0, 1,

2, 5, 10, 20 ,J,mol,“L CB, respectively; 5A, 5C: DAPI staining

allocates cells with blue fluorescence; 5B, 5D: p-AKT(308) is positive in green fluorescence
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Table Expressions of proteins in PI3K/AKT and BAX-caspase signal pathways after being treated with different concentrations of CB for 24 h
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Fig 6 Expressions of signal pathway proteins of PI3K/AKT and BAX-
caspase in different concentrations of CB treatment group at

24 h
3 itig

SCUG A AR AR A AT B A UST i v
MM, 6 ho12 ho24 h [0 20 M I M bl 25 1 i
FEU B (0 T T BTG, A AH ) vk B AR A R AE TR L 4
00355 e i 2 I ESF ) A B8 0 0 B AR . 48 h B 4
TVELE AR 18 %0 42 A7 T AN A2 551 B 52 Wi, 4 00 ot it
A 2810 1 A ) A RO R RB AR SR N
N A G T 4 24 SR T AR SR B TR R 6
25 4L [F0) 240 i 0% P 349 3 A v S L I D R 48 h, 4541
Vi) 240 6 55 P 2k 9 AE 18 00 20 A T A AT 3 9 R 2% 4
WEEAEF] 12 ho24 h 5 UST I 5968 40 B iy o T2 1%
. UST 5 I3 J68 4l s I8 1= %6 i A W 22 50) At 1 = f
B A 24 h B 12 ho W, PR O TR AT o 2 A ) A

e 2 43 24 h 5 PISK-AKT-4EBP1 5 BAX-
caspase fHICHE H YR B NI

USR5 UST 5 5 e 4N g ) I T 2 T 3o 5
M 3 T A 56 2 1 114 8 a8 S St A R RO M S N
FH GBI FE I A W 28 ] 5| R i g A i i) 0 Tl
U A R e e N IR Ve o = s e
BAX . 406, & C.caspase-3 il caspase-9 7£ {5 JIf
a8 200 L e 2 R K B R TR 1 BAX ZEF
S5 240 LB PR TR 0 e A R KO Y B R A
FR A {7 JH 2 200 L R PR 9 A Y Y IR T e i BAX-
caspase {55l FE LI . A LI G R RN, BEE E
FHT UST Ji J5i 9o 200 i i e 0 28 Wk B8 A 184 ) T2 2
FH BAX FlI cleaved caspase-3 f) ik /K FEREZ T &
Ui WAL IE A UST i It JRg 40 M U T g 5 ik 5 el
-2 H BAX Fll cleaved caspase-3 1 & ik 7K 3 1fij 52
B .

AEWE R AT UST e Bys 4l i vh PISK/AKT {5
53 6 A0 G 2K 1 p-AKT (T308) , p-4EBP1 ) ik
IKEREAR . PISK/ Akt 5538 8% 1Y 5 5 W0 & 2B 1
22 g v H e A R 2 g T Y
VP 968 200 1L ) 38 B8 RN AE T . PISK/ Akt {5 53 # 1 5
O 0 R AN R A B R A S G RE ) . A WIS
RIAEE R AR T UST ik 5% 40 M )5 . p-AKT
(T308) By KB KF-FEAL, IF HH T i 54 p-4EBP1
MR- W AR R AR . p-4 EBP 252 Wi 40 0 3 1)
KEEH . EAMSE TEARMNEGR. E25 T
BRI & B S i A A RS UE R L 4
W 2R KT 45 g i R TR ) AR LR /N 1 I R A A
VERISS o e AR /N2 M fili 938 sh PR A 1.5 mg/kg 7
Sk ARG R AT B S T R A A R A T R
FOAT LA 2 A AR 2K A wT LAY Sk 00 i SR 2l
HY Y b6 A0 A A AR G L X T FRATT I — 2P 5



% 3 ) TLo vk AU R BB TR AR T AL B Y 393
. (8] F Wb, R E, & L. BTG Hela 41 0R A
AHFEE I , el 22 al fp 4 Us7 )? F%W?HEIE@E’J FERPLE BT, AR 22 35,2005, 27(12) . 717-720.

B 3 E'F Us7 Hﬁgﬁ%réfﬂﬂﬁﬂﬁﬁt T A6 R ) [9] YEHlJY, H[,TANG Wi, KéN Sf‘“, et al. Effects of bufalin

and cinobufagin on the proliferation of androgen dependent

E'} IJILJ PIBK/AKT ‘ﬁ BAX- caspase 1':‘73 %i}m E]/J and independent prostate cancer cells. Prostate,2003,54(2):

PRI FRATTAH AR A8 05 2R AT RE 25 & — A & 1 I i 112-124.

R R . AP R PRAE T L P — R ORI AL [10] B . Edk. KUK, G U 26 AR M 41 I

JHL 2R 5 A I S 2R 0 At J SR A e AR S LA SHGA4 SIS T W9 R M. (5 B 2% b 22 0 A

X . R . 2013,18(12) :562-565.

MMEWEFH’EE%& N BRI — BRI | s s SRR U251 8 £ L

FEFHACR Ji. FFITMRIREE B4, 2012,33(1) . 7-8.

é/j % R [12] HE X, TANG J, QIAO A, et al. Cytotoxic biotransformed
products from cinobufagin by Mucor spinosus and Aspergillus

[1] WENPY, KESARI S. Malignant gliomas in adults. N Engl Niger. Steroids,2006,71(5):392-402.

J Med,2008,359(5) :492-507. [13] WANG DL, QI FH, XU HL, et al. Apoptosis-inducing

[2] DOLCEK TA, PROPP JM, STROUP NE, et al. CBTRUS activity of compounds screened and characterized from
statistical report; primary brain and central nervous system cinobufacini by bioassay-guided isolation. Mol Med Rep,
tumors diagnosed in the United States in 2005-2009. Neuro 2010,3(4) :717-722.

Oncol,2012,14(Suppl 5) : v1-v49. [14] YINJQ, WEN L, WU LC, et al. The glycogen synthase

[3] STUPP R, MASON WP, MJ VDB, et al. Radiotherapy plus kinase-38/nuclear factor-kappa B pathway is involved in
concomitant and adjuvant temozolomide for glioblastoma. N cinobufagin-induced apoptosis in cultured osteosarcoma cells.
Engl ] Med,2005,352(10):987-996. Toxicol Letters,2013,218(2) :129-136.

[4] MENG Z, YANG P, SHEN Y, et al. Pilot study of [15] JEFFREY A. Engelman. Targeting PI3K signalling in
huachansu in patients with hepatocellular carcinoma, cancer: opportunities, challenges and limitations. Nature
nonsmall-cell lung cancer, or pancreatic cancer. Cancer, reviews. Cancer,2009,9(8):550-562.

2009,115(22) :5309-5318. [16] NISSIM H, NAHUM S. Upstream and downstream of

[5] ZHANG G. WANG C. SUN M, et al. Cinobufagin inhibits mTOR. Genes Dev,2004,18(16):1926-1945.
tumor growth by inducing intrinsic apoptosis through AKT [17] FAN QW, WEISS WA. Inhibition of PI3K-Akt-mTOR
signaling pathway in human nonsmall cell lung cancer cells. signaling in glioblastoma by mTORC1/2 inhibitors. Methods
Oncotarget,2016,7(20) ;:28935-28946. Mol Biol,2012,821:349-359[2017-12-137. https://doi. org/

(61 HATH. DOCH. WA .. A A OT HepG2 411 10.1007/978-1-61779-430-8_22.

NF-cB 5 B8 10 5 1. 15 77 PE RE e 22 25 47, 2010, 30 (1) ; 137- [18] LIC, HASHIMI SM, CAO S. e/ al. Chansu inhibits the

139.
[7] YU CH, KAN SF, PU HF. er al. Apoptotic signaling in
bufalin- and cinobufagin-treated androgen-dependent and
-independent human prostate cancer cells. Can Sci, 2008, 99

(12):2467-2476.

expression of cortactin in colon cancer cell lines in vitro and in
vivo. Bmc Complement Altern Med,2015,15(1) :1-8.
(2017 — 10 — 31 Y f% 2018 — 03 — 01 f&[ED
ETE S N



