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ABSTRACT Objective: To explore the effect of shikonin on apoptosis of A549 human lung cancer cells, as well as the mechanism.
Methods: The A549 cells were treated with different concentrations of shikonin in vitro. The cell viability was assessed by CCK-8 Assay,
and the cell apoptosis was determined by flow cytometry. The expression of apoptosis associated proteins (Bcl-2 and Bax), was observed
by Western blot. The MMP (mitochondrial membrane potential ) of A549 cells was detected by Laser scanning Confocal Microscopy
(LSCM) using JC-1 probes 12 h after shikonin treatment. Results: After exposure to various concentrations of shikonin(0.5 uM, 1 uM, 2
uM, 4 uM and 6 uM), as the results of CCK-8 showed, the survival rates of A549 cells were (83.71% 1.02)%, (57.47+ 2.78)%, (27.39+
1.96)%, (16.96% 1.47)% and (14.72+ 1.93)%, respectively, which were obviously lower than those in the control group. Further study on
shikonin showed that it induced apoptosis of A549 cells in a dose-dependent manner; the apoptosis rates in shikonin-treated groups(1
M, 2 uM, 4 uM ) were (13.80+ 1.76)%, (40.90+ 3.48)% and (78.80+ 2.52)%, respectively, compared to those in the control group. In
addition, a western blot analysis indicated that shikonin decreased the expression of protein Bcl-2, but increased the expression of pro-
tein Bax. Moreover, shikonin depolarized the MMP of A549 cells in a dose-dependent manner too. Conclusion: Our results indicated that
shikonin significantly induced apoptosis of A549 cells, the mechanism may be related to the down-regulation of anti-apoptotic protein
Bcl-2 and up-regulation of apoptotic protein Bax.
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Fig.1 Shikonin inhibits the proliferation of A549 cells(n=6,**P<<0.01vs.
Control )
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Fig.2 Shikonin promotes apoptosis of A549 cells(n=3,*P<<0.05vs.Control,**P<<0.01 vs.Control )
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Fig.3 Shikonin affects the protein expression of Bcl-2 and Bax

Note: A:Protein expression of Bcl-2 and Bax were detected by Western blot;

B: Relative expression level of Bcl-2 and Bax(n=3,**P<C0.01vs.Control )
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Fig.4 Shikonin induces loss of MMP in A549 cells
Note: A: MMP were detected by LSCM; B: Mean of fluorescence intensity (**P<C0.01 vs.Control )
3 i ROR, TEShy g b5 B R WREA AN HI I A= K& ). Hsieh

NI AT R, RIRAED IS, 2R
NP R KRR MR A B I 20 08 T 07 iR B
@, 1 HLUEAZ R AR AR 2590 E #E AR IR , IFAE 5T AR
RS R AR Y, R 2 BA Rt /]
A RIRAEIIIC 1, Ik — 20 i S I HA AR R A
B IR, S — A PR 25 T A Rt — 254 v e S
AEAER AT Z 1

SR FOR — A SRR TR O BN A A 2R R AL
wY, BATUR SURE GRS R, d B R Rl e
AR MO A R T BRAERITFE SR, S X LR M
JERJTOIRE AR B I S A e O SR A 22022
e, 5 R A S RAT R A HTIME AR o Kim HY 25
NIRRT , PRGNS o 5 55 28 ] A e i 4 ™ 2 9
FIERAL T 5 e 0 ) 500 ) B — 2418 e 24 0 0o 93 40 P 3% A

YS S AUESE, SRR AT LI c-Met /-5 (9 1 J [ B fbad 2,
AT c-Met = 2 2K i i A AL A S B AR 282, Yeh YC 1)
ST A SRR, LR LUl AT i P53 (42 2K 1A 28 i e 4T
MLAGPR T FIIRBER, B AT 5T A BATE AT TAO 5T FR R B, 4%
FZ T DRI EA T790M 28451 H1975 AU T, A5 i 5
N[ a3 P EGFR (ERK Al Akt (175 4k i 8 5% H1975 41
X35 v R AR,

A FE B ATTHE— 2 I TSR i AS549 1Y
ERIRCR, 4559 Won R BAT IR AR R T e,
FEEF BRI 5 X SRR A RIS 4518 — B, ARSI i —
L3 33 Western blot FIZRAL AR FL (7RSI H4€ 1) 58 50 22 (7 1 it
AS549 YITIA T AT REAIHL

EFLEh AR, T AR T B AR AN A P VR
TRAR, AIBET- 2RI LR AR R, bR T,
F2 TSR oh A0 A PN A DG R T R R R B R L A R, A



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol18 NO.9 MAY.2018

- 1615 -

Bel-2/Bax {33k HL P, 5 2o (AR 558 325 L Y ek % , BT
PAT 3R 1 RAH OGN -, #EMS SR T . Bel-2 S — Bl
DA R TR, HOE AL TR T, BB I8 i R 2k
KR A 188 375 e 4L (PT ) £LIE A4 I G i 42 o At 4 12 2 1 FAH
SRR T AR, AT el 200 4 T 1 5 17 Bax 2 P08 Ry
PRETE A, ERRE T HZ LUAR TG MRS 435 76 40 B A 5T
w2 BN T S U e A T B A, RS AL A B
KLASETE B Bax KALIE , BRI AR 14 e B P , 1 2 i
fEdT-E P Cngni (R C 25 ) ARG RO BERL , BOE T A
ST S, 4 Caspase-3 Y T3 4520
TEASL v, B 257 R A IR Y IE R, Bel-2 3 FH A
TR, [ Bax 8 FARIA T, S5 AS49 il 40 i 19 26
KA B AT R AR TR PR T IR TR DGO P T R
OS2 o T ERLAA R, LA I 45 SR 55— D7 TR 1 14
o JC-1 X AM Y (5 FHMOEI SR R R AETRS I Zok i
A7, TEH B R AR LR B £L G O (595 nim ) 5 JBE 5 171 ¢ (1. 5¢
(525 nm ) FEE S , A T U8 T A 4 fe T 200 L it A f5E
ALY RN SR AL A OB M5 | % (S W 5 2,
LR ARG R o B 55 B A VR 2 A9 3K, AS49 24 g
LEILL OIS LR CIOEIE 3R A AL , W LA L £
BT R SR LR RGE B T
ARG RRN], SRR T LUl ALY Bel-2 Fl Bax (&L
U PSR IR A 3a B 1, ATITZS S (2 2 AS49 4f i) U
T-o A549 AR HA Koras 287811 c-Met 378, 171X P ift 2
R RS TE it A UL, AT TR s ) A ke AT e
VERT, ZE3677 b U n] BE S BUMYRI I 25 59 A A2, Fe 2 Hh BB i
J& o ABIEFE AT REXT UM T 25 i e A — 2 S H N (E.
IR AR SERANAIF I T SRR XS AS49 Jififis 40 e e e
VR, i i A 78 240 Ao 3 e A 7 S5 35 ) 8l ) S 6
—PUIE SRR PR ACR , RIS R AT RE A/ AL |
PG TERIE PSS, DT Ay 52 0 28 ] T PRAR BB Sl 1 52
& # 3L #k(References )
[1] Torre L A, Bray F, Siegel R L, et al. Global cancer statistics, 2012[J].
CA: A Cancer Journal for Clinicians, 2015, 65(2): 87-108
[2] Korpanty G J, Graham D M, Vincent M D, et al. Biomarkers That Cur-
rently Affect Clinical Practice in Lung Cancer: EGFR, ALK, MET,
ROS-1, and KRAS[J]. Frontiers in Oncology, 2014, 4: 204
[3] Steuer C E, Ramalingam S S. ALK-positive non-small cell lung cancer:
Mechanisms of resistance and emerging treatment options[J]. Cancer,
2014, 120(16): 2392-2402
[4] Koren A, Rijavec M, Kern I, et al. BMI1, ALDHIA1, andCD133 Tran-
scripts Connect Epithelial-Mesenchymal Transition to Cancer Stem
Cells in Lung Carcinoma(J]. Stem Cells International, 2016,2016: 1-9
[5] Olaussen K A, Postel-Vinay S. Predictors of chemotherapy efficacy in
non-small-cell lung cancer: a challenging landscape[J]. Annals of On-
cology, 2016, 27(11): 2004-2016
[6] Reck M, Rodriguez-Abreu D, Robinson A G, et al. Pembrolizumab
versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Can-
cer[J]. New England Journal of Medicine, 2016, 375(19): 1823-1833
[7] Liao P, Lin C, Li C, et al. Anti-inflammatory properties of shikonin

contribute to improved early-stage diabetic retinopathy [J]. Scientific
Reports, 2017, 7: 44985

[8] Sun W, Liu Y, Zhou W, et al. Shikonin inhibits TNF-a production
through suppressing PKC-NF-kB-dependent decrease of IL-10 in
rheumatoid arthritis-like cell model[J]. Journal of Natural Medicines,
2017, 71(2): 349-356

[9] Shindo S, Hosokawa Y, Hosokawa I, et al. Shikonin Inhibits Inflam-
matory Cytokine Production in Human Periodontal Ligament Cells[J].
Inflammation, 2016, 39(3): 1124-1129

[10] Zhao Q, Assimopoulou A N, Klauck S M, et al. Inhibition of c-MYC
with involvement of ERK/JNK/MAPK and AKT pathways as a novel
mechanism for shikonin and its derivatives in killing leukemia cells
[J]. Oncotarget, 2015, 6(36): 38934-38951

[11] Zhou Z, Lu B, Wang C, et al. RIP1 and RIP3 contribute to
shikonin-induced DNA double-strand breaks in glioma cells via in-
crease of intracellular reactive oxygen species [J]. Cancer Letters,
2017, 390: 77-90

[12] Liang W, Cai A, Chen G, et al. Shikonin induces mitochondria-medi-
ated apoptosis and enhances chemotherapeutic sensitivity of gastric
cancer through reactive oxygen species[J]. Scientific Reports, 2016, 6
(1): 38267

[13] Li X, Fan X, Jiang Z, et al. Shikonin inhibits gefitinib-resistant
non-small cell lung cancer by inhibiting TrxR and activating the
EGFR proteasomal degradation pathway [J]. Pharmacological Re-
search, 2017, 115: 45-55

[14] SongJ, Zhao Z, Fan X, et al. Shikonin potentiates the effect of arsenic
trioxide against human hepatocellular carcinoma in vitro and in vivo
[J]. Oncotarget, 2016, 7(43): 70504-70515

[15] Chen Y, LiJ, Chen S, et al. Nab-Paclitaxel in combination with Cis-
platin Versus Docetaxel Plus Cisplatin as First-Line Therapy in
Non-small Cell Lung Cancer[J]. Scientific Reports, 2017, 7(1): 10760

[16] Shahabipour F, Caraglia M, Majeed M, et al. Naturally occurring anti-
cancer agents targeting EZH2[J]. Cancer Letters, 2017, 400: 325-335

[17] ZhangJ Y, Lin M T, Tung H Y, et al. Bruceine D induces apoptosis
in human chronic myeloid leukemia K562 cells via mitochondrial
pathway[J]. Am J Cancer Res, 2016, 6(4): 819-826

[18] Pan X, Wang H, Tong D, et al. Physcion induces apoptosis in hepato-
cellular carcinoma by modulating miR-370 [J]. Am J Cancer Res,
2016, 6(12): 2919-2931

[19] Andajar I, Rios J, Giner R, et al. Pharmacological Properties of
Shikonin-A Review of Literature since 2002[J]. Planta Medica, 2013,
79(18): 1685-1697

[20] Qiu H, Zhu X, Luo Y, et al. Identification of New Shikonin Deriva-
tives as Antitumor Agents Targeting STAT3 SH2 Domain [J]. Scien-
tific Reports, 2017, 7(1): 2863

[21] Fu Z, Deng B, Liao Y, et al. The anti-tumor effect of shikonin on os-
teosarcoma by inducing RIP1 and RIP3 dependent necroptosis [J].
BMC Cancer, 2013, 13(1): 580

[22] Chao T, Huang T, Liao Y, et al. Pyruvate kinase M2 is a poor prog-
nostic marker of and a therapeutic target in ovarian cancer [J]. PLOS
ONE, 2017, 12(7): e182166

[23] Kim H, Hwang K, Park D, et al. Shikonin-induced necroptosis is en-
hanced by the inhibition of autophagy in non-small cell lung cancer

cells[J]. Journal of Translational Medicine, 2017, 15(1): 123
(%% 1673 T1)



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol18 NO.9 MAY.2018

- 1673 -

[6] Zhang M, Zhao Z, Shen M, et al. Polydatin protects cardiomyocytes
against myocardial infarction injury by activating Sirt3 [J]. Biochim
Biophys Acta, 2017, 1863(8): 1962-1972

[7] Zhang M, Zhang L, Hu J, et al. MST1 coordinately regulates autophagy
and apoptosis in diabetic cardiomyopathy in mice [J]. Diabetologia,
2016, 59(11): 2435-2447

[8] Holscher ME, Bode C, Bugger H. Diabetic Cardiomyopathy: Does the
Type of Diabetes Matter?[J]. Int J Mol Sci, 2016, 17(12): 159-161

[9] Falcao-Pires I, Leite-Moreira AF. Diabetic cardiomyopathy: under-
standing the molecular and cellular basis to progress in diagnosis and
treatment[J]. Heart Fail Rev, 2012, 17(3): 325-344

[10] Bando YK, Murohara T. Diabetes-related heart failure [J]. Circ J,
2014, 78(3): 576-583

[11] Bertoni AG, Hundley WG, Massing MW, et al. Heart failure preva-
lence, incidence, and mortality in the elderly with diabetes [J]. Dia-
betes Care, 2004, 27(3): 699-703

[12] Jarosz J, Ghosh S, Delbridge LM, et al. Changes in mitochondrial
morphology and organization can enhance energy supply from mito-
chondrial oxidative phosphorylation in diabetic cardiomyopathy [J].
Am J Physiol Cell Physiol, 2017, 312(2): C190-C197

[13] Mizamtsidi M, Paschou SA, Grapsa J, et al. Diabetic cardiomyopa-
thy: a clinical entity or a cluster of molecular heart changes?[J]. Eur J
Clin Invest, 2016, 46(11): 947-953

[14] Sahoo S, Emanueli C. Exosomes in Diabetic Cardiomyopathy: The
Next-Generation Therapeutic Targets? [J]. Diabetes, 2016, 65 (10):
2829-2831

[15] Bai T, Wang F, Mellen N, et al. Diabetic cardiomyopathy: role of the
E3 ubiquitin ligase[J]. Am J Physiol Endocrinol Metab, 2016, 310(7):
E473-E483

[16] Wang HL, Cui XH, Yu HL, et al. Synergistic effects of polydatin and
vitamin C in inhibiting cardiotoxicity induced by doxorubicin in rats
[J]. Fundam Clin Pharmacol, 2017, 31(3): 280-291

[17] Wang HL, Gao JP, Han YL, et al. Comparative studies of polydatin
and resveratrol on mutual transformation and antioxidative effect in
vivo[J]. Phytomedicine, 2015, 22(5): 553-559

[18] Gao Y, Gao J, Chen C, et al. Cardioprotective effect of polydatin on

ventricular remodeling after myocardial infarction in coronary artery

ligation rats[J]. Planta Med, 2015, 81(7): 568-577

[19] Zhang Q, Tan Y, Zhang N, et al. Polydatin prevents angiotensin II-in-
duced cardiac hypertrophy and myocardial superoxide generation[J].
Exp Biol Med (Maywood), 2015, 240(10): 1352-1361

[20] Van de Ven R, Santos D, Haigis MC. Mitochondrial Sirtuins and
Molecular Mechanisms of Aging [J]. Trends Mol Med, 2017, 23(4):
320-331

[21] Grabowska W, Sikora E, Bielak-Zmijewska A. Sirtuins, a promising
target in slowing down the ageing process[J]. Biogerontology, 2017, 6
(41): 145-150

[22] Xiong Y, Wang M, Zhao J, et al. Sirtuin 3: A Janus face in cancer
(Review)[J]. Int J Oncol, 2016, 49(6): 2227-2235

[23] Ye X, Li M, Hou T, et al. Sirtuins in glucose and lipid metabolism[J].
Oncotarget, 2017, 8(1): 1845-1859

[24] Correia M, Perestrelo T, Rodrigues AS, et al. Sirtuins in metabolism,
stemness and differentiation[J]. Biochim Biophys Acta, 2017, 1861(1
Pt A): 3444-3455

[25] Palacios OM, Carmona JJ, Michan S, et al. Diet and exercise signals
regulate SIRT3 and activate AMPK and PGC-1alpha in skeletal mus-
cle[J]. Aging (Albany NY), 2009, 1(9): 771-783

[26] Lai YC, Tabima DM, Dube JJ, et al. SIRT3-AMP-Activated Protein
Kinase Activation by Nitrite and Metformin Improves Hyperglycemia
and Normalizes Pulmonary Hypertension Associated With Heart Fail-
ure With Preserved Ejection Fraction [J]. Circulation, 2016, 133(8):
717-731

[27] Carlstrom M, Lundberg JO. Letter by Carlstrom and Lundberg Re-
garding Article, "SIRT3-AMP-Activated Protein Kinase Activation
by Nitrite and Metformin Improves Hyperglycemia and Normalizes
Pulmonary Hypertension Associated With Heart Failure With Pre-
served Ejection Fraction"[J]. Circulation, 2016, 134(6): €77-¢78

[28] Hou X, Zeng H, He X, et al. Sirt3 is essential for apelin-induced an-
giogenesis in post-myocardial infarction of diabetes [J]. J Cell Mol
Med, 2015, 19(1): 53-61

[29] Zeng Z, Yang Y, Dai X, et al. Polydatin ameliorates injury to the
small intestine induced by hemorrhagic shock via SIRT3 activation-
mediated mitochondrial protection [J]. Expert Opin Ther Targets,
2016, 20(6): 645-652

(E#E&E 1615 )

[24] Hsieh Y, Liao C, Chen W, et al. Shikonin Inhibited Migration and In-
vasion of Human Lung Cancer Cells via Suppression of c-Met-Medi-
ated Epithelial-to-Mesenchymal Transition [J]. Journal of Cellular
Biochemistry, 2017, 118(12): 4639-4651

[25] Yeh'Y, Liu T, Lai H. Shikonin Induces Apoptosis,Necrosis, and Pre-

mature Senescence of Human A549 Lung Cancer Cells through Up-

regulation of p53 Expression[J]. Evidence-Based Complementary and

Alternative Medicine, 2015, 2015: 1-13

EE A, S S AR L R iR EGFR-TKI #f 25

B AUH 69 BT T[] IR A 40 B F i &, 2016, 16(16): 3044-3047

Wang Yuan, Liu Li, Lu Yuan, et al. Shikonin Sensitizes EGFR-TKI

[26

=

Resistant Lung Cancer Adenocarcinona Cell to Icotinib [J]. Progress
in Modern Biomedicine, 2016, 16(16): 3044-3047
[27] Zo0, 540 285 =L 2 KT A SR & & ik itk U937

wg I FIG A AR TR (1] R D EF R, 2016, 16(04):
657-660
Li Xiang, Li Zheng, Cheng Yi, et al. Antiproliferative and Proapoptotic
Effects of Panax Notoginsenosides on Acute Myelogenous Leukemia
Cells U937 [J]. Progress in Modern Biomedicine, 2016, 16 (04):
657-660

[28] Yaoi X, Lu B, Lu C, et al. Taraxerol Induces Cell Apoptosis through
A Mitochondria-Mediated Pathway in HeLa Cells[J]. Cell J, 2017, 19
(3): 512-519

[29] Birkinshaw R W, Czabotar P E. The BCL-2 family of proteins and
mitochondrial outer membrane permeabilisation [J]. Seminars in Cell
& Developmental Biology, 2017[Epub ahead of print]

[30] Yamaguchi M. The anti-apoptotic effect of regucalcin is mediated
through multisignaling pathways [J]. Apoptosis, 2013, 18 (10):

1145-1153



