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Experimental Study of Bufothionine Inhibits Highly Metastatic Gastric
Cancer Cells by Down Regulating PIM3 Expression*
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ABSTRACT Objective: Gastric cancer (GC) is the fourth most common cancer globally. Bufothionine is a major active constituent
of Cinobufacini, which is extracted from the skin and parotid venom gland of the toad Bufo bufogargarizans Cantor. It exhibits anti-can-
cer activities in vitro. However, whether bufothionine exerts anti-cancer activities against GC is unknown. To evaluate the inhibitory
effect of bufothionine on GC. Methods: MKN28 GC cells were chosen as cell models to study the anti-cancer effect of bufothionine. Cell
viability was determined by CCK-8 assay, while the effect of bufothionine on cell membrane integrity was examined by LDH assay. Cell
apoptosis was detected by Hoechst/PI staining and Annexin V-FITC/PI staining followed by flow cytometry analysis. The expression lev-
els of proteins involved were examined using western blotting. iTRAQ analysis was conducted to identify the differentially expressed
genes in AGS cells following bufothionine treatment. Results: The results revealed that bufothionine prevented the growth, destroyed cell
membrane, and promoted apoptotic cell death of GC cells. iTRAQ analysis revealed that PIM3 might be a molecular target responsible
for the anti-cancer effects of bufothionine. PIM3 knockdown significantly augmented the anti-growth and pro-apoptotic effects of bufoth-
ionine in GC cells. In contrast, ectopic PIM3 expression markedly dampened the anti-neoplastic activities of bufothionine.Conclusion:
Bufothionine exhibits anti-cancer activities in vitro GC cells via downregulating PIM3.
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Fig.1 Bufothionine reduces cell viability and disrupts cell membrane integrity in MKN28 cells
Note: FigA.Treatment with bufothionine at 20,50 and 100 pg/mL for 24 or 48 h followed by cell viability assessment by CCK-8 assay; FigB. GES-1 cells
were treated with bufothionine at 20, 50 and 100 pg/mL for 24 or 48 h. Cell viability was assessed by CCK-8 assay; FigC. MKN28 cells were treated with
bufothionine at 20 and 50 pg/mL for 48 h. The effect of bufothionine on cell membrane integrity was assessed by LDH assay. *P<0.05, **P<0.01.
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Fig.2 Bufothionine promotes caspase-dependent apoptosis in MKN28 cells
Note: MKN28 cells were treated with bufothionine at 20 and 50 pg/mL for 48 h. FigA. Apoptotic cell population was assessed by Hoechst33342/PI double
staining; FigB. Cell apoptosis was detected using Annexin V-FITC/PI apoptosis kit; FigC. The cleavage of caspase-3, caspase-8 and caspase-9 as well as
expression of Bcl-2 and Bax was determined by western blotting; FigD. Pretreatment with specific caspase inhibitor z-VAD-FMK (10 uM, 4 h) blocked

bufothionine-promoted cell apoptosis. **P<0.01.
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Fig.3 Bufothionine downregulates PIM3 in GC cells
Note: MKN28 cells were treated with bufothionine at 20 and 50 pg/mL for 48h.FigA.the expression levels of PIM3 mRNA ;FigB.the expression levels of
PIM3 protein. **P<0.01.
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Fig.4 Effect of bufothionine on MKN28 cells after transfection with PIM3 siRNA
Note: MKN28 cells were transfected with PIM3 siRNA, and bufothionine treatment was started 48 h after transfection. FigA. 48 h post transfection, the
protein expression of PIM3 was assessed by western blotting; FigB. Effect of the combination of bufothionine and PIM3 knockdown on cell viability was
assessed by CCK-8 assay; FigC. Cytotoxicity of the combination of bufothionine and PIM3 knockdown on cell viability was examined by LDH assay;
FigD. Pro-apoptotic activities of the combination of bufothionine and PIM3 knockdown were examined using Annexin V-FITC/PI apoptosis kit;
FigE. Effect of the combination of bufothionine and PIM3 knockdown on the protein levels of cleaved caspase-3, Bax and Bcl-2.%*P<0.01.
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Fig.5 Effect of bufothionine on MKN28 and AGS cells after transfection with PIM3 overexpressing vector

Note: GC cells were transfected with PIM3 overexpressing vector and bufothionine treatment was started 48h after transfection. FigA.48 h post

transfection, the protein level of PIM3 was assessed by western blotting; FigB. Effect of the combination of bufothionine and ectopic PIM3 expression on

cell viability was assessed by CCK-8 assay; FigC.Cytotoxicity of the combination of bufothionine and ectopic PIM3 expression was assessed by LDH

assay of cell viability; FigD. Pro-apoptotic activity of the combination of bufothionine and ectopic PIM3 expression was examined using Annexin

V-FITC/PI apoptosis kit; FigE. Effect of the combination of bufothionine and ectopic PIM3 expression on the protein levels of cleaved caspase-3, Bax and

Bcl-2 was examined by western blotting. **P<0.01.

PIM3 35 i R AU IR AR Y>>, FRATAYBITFER] PIM3 2
GCIRYTII—MEERL AL, MTHRMER T B pTA KA e T
TEPEVA T PIM3 BRI Ak, FRATAIBFFR 45 1248 T4 A
R MR AL , PIM3 2 T B 5 GC AR IR T SCHE A i, 1X
585 g RSO RIS A AT RIS S — 20, — sk
WFFE W] PIM3 X Jiiva 2 R A7 i 245 72 RIT S Tk 245 20208
ABAEM . B, RATABMARR, T skl e~k
PIM3 [l A AR BT R I M b i A7 A 7 AU

g5 LR AR B R LR, T BB e A S RE RS IR 5
Rt GC MR YA, 10T PIM3 AIREENS T HRBEXT GC
PURRIE M) 23R X R R T BBETE GC iRy
AT TR BE TR WA

& % 3L #k( References)

[1] Marino V, Riccardo V, Theodoros R, et al.Gastric cancer: epidemiolo-

gy, prevention, and therapy[J]. Helicobacter, 2018, 23(1): e12518
[2] Wang G, Liu G, Ye Y, et al.Bufothionine exerts anti-cancer activities

in gastric cancer through Pim3[J]. Life Sci, 2019, 232: 116615

(3] &3, B, F AR, 5 A 95 F 058 M o) 25 224F ) 2 AR R A
e BT LRI ]F B B 4 &, 2019, 25(9): 695-698

(4] FRiHE, TARAR, B /7, 50 A 9 Fo I e 2t o W 0 o 8 R R
Ay BEAE AP E 26 R4 &, 2019, 31(5): 947-949

[5] #ARAR L ;. e85 F AN R U8 7 4m AL IR = 649 45 A AL A 72
1.5 ¥ 54 2 % 9%, 2019, 26(6): 653-656

(6] EF4d, AT A 455 F S0 78 AR A LB AT R [J]. 47 P 5 [ 25
A2 &, 2020, 15(2): 385-387, 392

(7] %)@, 255k, B B4, 5 A 9 T ANt A1 St R (1] F B 07 A 5 4
&, 2019, 25(5): 229-234

(8] THR MHHEFEX,
34(6): 1174-1178

[9] Li X, Liu Y, Shen A, et al. Efficient purification of active bufadieno-

5 Ae3E F B AT I P B S 4R, 2019,

lides by a class separation method based on hydrophilic solid-phase
extraction and reversed-phase high performance liquid chromatogra-
phy[J]. J Pharm Biomed Anal, 2014, 97: 54-64

[10] Qi Q, Pan Y, Han S, et al. PIM3 Functions as Oncogenic Factor and

Promotes the Tumor Growth and Metastasis in Colorectal Cancer[J].



. 442 .

MREYESHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol21 NO.3 FEB.2021

Anat Rec (Hoboken), 2019, 302(9): 1552-1560

[11] Guo Q, Lan P, Yu X, et al Immunotherapy for hepatoma using a du-
al-function vector with both immunostimulatory and pim-3-silencing
effects[J]. Mol Cancer Ther, 2014, 13(6): 1503-1513

[12] Zheng HC, Tsuneyama K, Takahashi H, et al. Aberrant Pim-3 expres-
sion is involved in gastric adenoma-adenocarcinoma sequence and
cancer progression [J]. J Cancer Res Clin Oncol, 2008, 134 (4):
481-488

[13] Yu X, Zou Y, Li Q, et al. Decorin-mediated inhibition of cholangio-
carcinoma cell growth and migration and promotion of apoptosis are
associated with E-cadherin in vitro [J]. Tumour Biol, 2014, 35 (4):
3103-3112

[14] Popivanova BK, Li YY, Zheng H, et al. Proto-oncogene,Pim-3 with
serine/threonine kinase activity, is aberrantly expressed in human
colon cancer cells and can prevent Bad-mediated apoptosis[J]. Cancer
Sci, 2007, 98(3): 321-328

[15] Liu B,Wang Z, Li HY, et al. Pim-3 promotes human pancreatic can-
cer growth by regulating tumor vasculogenesis [J]. Oncol Rep, 2014,
31(6): 2625-2634

[16] Shen Z, Li Y, Zhao C, et al. miR494BAG] axis is involved in cinobu-
faciniinduced cell proliferation and apoptosis in gastric cancer[J]. Mol
Med Rep, 2018, 17(5): 7435-7441

[17] Zhou RP, Chen G, Shen ZL, et al. Cinobufacin Suppresses Cell Pro-
liferation via miR-494 in BGC-823 Gastric Cancer Cells [J]. Asian
Pac J Cancer Prev, 2014, 15(3): 1241-1245

[18] Zhang X, Yuan Y, Xi Y, et al. Cinobufacini Injection Improves the
Efficacy of Chemotherapy on Advanced Stage Gastric Cancer: A Sys-
temic Review and Meta-Analysis [J]. Evid Based Complement Alter-
nat Med, 2018, 2018: 7362340

[19] Gao H, Gao MQ, Peng JJ, et al. Hispidulin mediates apoptosis in hu-
man renal cell carcinoma by inducing ceramide accumulation[J]. Acta
Pharmacol Sin, 2017, 38(12): 1618-1631

[20] Gao H, Xie J, Peng J, et al. Hispidulin inhibits proliferation and en-

hances chemosensitivity of gallbladder cancer cells by targeting

HIF-1a[J]. Exp Cell Res, 2015, 332(2): 236-246

[21] Han M, Gao H, Xie J, et al. Hispidulin induces ER stress-mediated
apoptosis in human hepatocellular carcinoma cells in vitro and in vivo
by activating AMPK signaling pathway[J]. Acta Pharmacol Sin, 2019,
40(5): 666-676

[22] Xie RF, Li ZC,Chen PP, et al. Bufothionine induced the mitochondri-
a-mediated apoptosis in H22 liver tumor and acute liver injury [J].
Chin Med, 2015, 10: 5

[23] Wang Z, Li XM, Shang K, et al. T-18, a stemonamide synthetic inter-
mediate inhibits Pim kinase activity and induces cell apoptosis, acting
as a potent anticancer drug[J]. Oncol Rep, 2013, 29(3): 1245-1251

[24] Quan J, Zhou L, Qu J. Knockdown of Pim-3 Suppresses the Tumori-
genicity of Glioblastoma by Regulating Cell Cycle and Apoptosis[J].
Cell Mol Biol (Noisy-le-grand), 2015, 61(1): 42-50

[25] Li YY, Mukaida N. Pathophysiological roles of Pim-3 kinase in pan-
creatic cancer development and progression [J]. World J Gastroen-
terol, 2014, 20(28): 9392-9404

[26] Chang W, Liu M, Xu J, et al. MiR-377 inhibits the proliferation of
pancreatic cancer by targeting Pim-3 [J]. Tumour Biol, 2016, 37(11):
14813-14824

[27] Ail, Li W, Zeng R, et al. Blockage of SSRP1/Ets-1/Pim-3 signalling
enhances chemosensitivity of nasopharyngeal carcinoma to docetaxel
in vitro[J]. Biomed Pharmacother, 2016, 83: 1022-1031

[28] Liang C, Yu XJ, Guo XZ, et al. MicroRNA-33a-mediated downregu-
lation of Pim-3 kinase expression renders human pancreatic cancer
cells sensitivity to gemcitabine [J]. Oncotarget, 2015, 6 (16):
14440-14455

[29] Chen XY, Wang Z, Li B, et al. Pim-3 contributes to radioresistance
through regulation of the cell cycle and DNA damage repair in pan-
creatic cancer cells[J]. Biochem Biophys Res Commun, 2016, 473(1):
296-302

[30] Nakano H, Hasegawa T, Saito N, et al. Design and synthesis of an in
vivo-efficacious PIM3 kinase inhibitor as a candidate anti-pancreatic

cancer agent[J]. Bioorg Med Chem Lett, 2015, 25(24): 5687-93

(E#E 413 1T)

[28] Rosendahl AH, Forsberg G. IGF-I and IGFBP-3 augment transform-
ing growth factor-beta actions in human renal carcinoma cells [J].
Kidney Int, 2006, 70(9): 1584-1590

[29] Grafe I, Alexander S, Peterson JR, et al. TGF-beta Family Signaling
in Mesenchymal Differentiation [J]. Cold Spring Harb Perspect Biol,
2018, 10(5): 2022202

[30] Wang C, Li X, Dang H, et al. Insulin-like growth factor 2 regulates
the proliferation and differentiation of rat adipose-derived stromal
cells via IGF-1R and IR [J]. Cytotherapy, 2019, 21(6): 619-630

[31] Cristancho AG, Lazar MA. Forming functional fat: a growing under-

standing of adipocyte differentiation [J]. Nature Reviews Molecular
Cell Biology, 2011, 12(11): 722-734

[32] Landberg A, Falt A, Montgomery S, et al. Overweight and obesity
during adolescence increases the risk of renal cell carcinoma [J]. Int J
Cancer, 2019, 145(5): 1232-1237

[33] Callahan CL, Hofmann JN, Corley DA, et al. Obesity and renal cell
carcinoma risk by histologic subtype: A nested case-control study and
meta-analysis [J]. Cancer Epidemiol, 2018, 56: 31-37

[34] Koizume S, Miyagi Y. Lipid Droplets: A Key Cellular Organelle As-
sociated with Cancer Cell Survival under Normoxia and Hypoxia [J].

Int J Mol Sci, 2016, 17(9): 1430



