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Tautomycetin % 5 ZL Bif 2 it 25 28 it MCF-7/ADR B8 = K& H 1§
Fao) I8, EH R RE( KERIRF T HHEAGZH HFHHF o, 37 K& 116023 )

[ ZE] 8 655 tautomycetin XFFLIRIEH 2540 i MCF-7/ADR 5458 X% 8 T- MOS0 B HOHLH] . F & : MTT 2460 tauto-
mycetin X MCF-7/ADR 41 }g 354 58 %) 52 W, 37 =0 40 M AR K I MCF-7/ADR. 20 B () #5 T , Western blotting 32 #0 tautomycetin X
MCF-7/ADR 4iififi caspase #1521 \Bel-2 ,Cyto-C P53 2K (1A FI Akt BERRILAYEM . %8 & : Tautomycetin 7] F4( 0. 01 ~ 100
pmol/ L K PE b ] MCF-7/ADR 40 Ml i B4 58 ( P < 0. 05 ), 1C,, fH (1. 26 +0. 12 ) wmol/L; 5 I fR 41 48 Lt , tautomycetin
(1 wmol/L) S MCF-7/ADR AU JA T, FHIE T B i ( 0. 67 £0. 18 )% AEE(17.2 £3.8 )% , Bl T HL A (0. 96 =
0.23 )% F+iE %(28.4 £5.7 )%( P <0.05 ), Tautomycetin 1] 1% f, MCF-7/ADR 4}l caspase-7 il caspase-9, F#AI% Bel-2 B 1
Tk AR IRBERL Cyto-C, FFAK p-Akt BYZKF-  {HX] caspase-8 Al P53 B FIABEA i, 4 'il(}:Tautomy(:etin A] BT Akt 5
&, LA P53 AR Y il it Cyto-C /i S0 38 #1755 MCF-7/ADR 4 1,
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Tautomycetin induces apoptosis of human breast cancer cell line MCF-7/ADR
and its mechanism

NIU Ming-shan, SUN Yan, TANG Li, QIU Rong-guo ( Research Center for Molecular Medicine, Faculty of Chemical,
Environmental and Biological Science and Technology, Dalian University of Technology, Dalian 116023, Liaoning,
China )

[ Abstract ] Objective: To investigate the effects of tautomycetin on the proliferation and apoptosis of human breast
cancer cell line MCF-7/ADR and the related mechanism. Methods: The effect of tautomycetin on the proliferation of
MCF-7/ADR cells was examined by MTT assay; its effect on apoptosis of MCF-7/ADR cells was assessed by flow cytome-
try; and its effects on expressions of caspase-related proteins, Bel-2, cytochrome C ( Cyto-C ), P53 and Akt in MCF-7/
ADR cells were detected by Western blotting. Results: Tautomycetin inhibited the proliferation of MCF-7/ADR cells in a
dose-dependent manner ( 0.01 ~100 wmol/L,P <0.05 ), with the ICy, value of ( 1.26 +0.12 ) wmol/L. Compared with
the control group, the early apoptosis rate of MCF-7/ADR cells after 1 wmol/L tautomycetin treatment was increased from
(0.67+0.18)% to(17.2 3.8 )% , and the late apoptosis rate from (0.96+0.23 )% t0(28.4+5.7)%, (P<
0. 05 ); tautomycetin activated caspase-9 and caspase-7, decreased Bcl-2 expression, promoted Cyto-C secretion and de-
creased p-Akt levels in MCF-7/ADR cells, while showed no obvious effect on caspase-8 and P53 expressions. Conclu-
sion: Tautomycetin can inhibit the phosphorylation of Akt, and induce the Cyto-C-mediated apoptosis of MCF-7/ADR
cells in a P53-independent pathway.
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FLNR I 2 S L Ve A R B i DL ) S R =2
— USSR B O R R A i 24 1
SES MR AT BOR B B E R, 7 2 3L
BH B IEORA 75 77 AT 24, 2 AR 7RI e
EREERS I E R Tautomycetin J& 1989 4F
N SEBRAE ™ (0 B  TR A S SR IR P 0 B S 2 Y
HAFEE MG Y, 2006 FF0F5E K,
tautomycetin ELAG PUIMIRE TG . Tautomycetin X F| i
I S AR HAT AR G B, A SRR ST tauto-
mycetin XJ 7L B 8 2 25 240 ig Bk MCF-7/ADR A=
KT R0, B B 9% 5 MCF-7/ADR 41 i 94
AL, FE—2BAESE tautomycetin HUIIE1E T
LA B I A R FH B 5 i

1 RS

1.1 EZ58aH

Tautomycetin 48 5256 28 M\ BERE 4 Streptomyces
griseochromgenes & % W W 43 25 42 B, MCF-7 #1
MCF-7/ADR #0103 B R RE BE 27 Be . BT
N Cyto-C 38 BEHUAAR, ST A Pro-caspase-7.-8 .9
Z YR, BTN P53 e TR A 56 [E Santa
Cruz Ao BATA Bel-2 p-Akt BT REHT A F b
SRS ARG BRA ], RPMI 1640 15 572k
I H 92 & Hyclone 23 &, 20 At 3 T4 3857 & 1 A
R A RAEYEORWT SR, BCA 5 7€ B0 &
W4 A Thermo A ., PowerPac HC H kA4 H Bio-
Rad 23w, ST- T FLF AU A 3% 58 08 A= A BR 2
A, Y =X 28 B A 8 H 3E [E Becton Dicknson 2\ ],
Spectra max plus AR {UW F 25 H 73 FAUER A Wl .
1.2 FUREE 20 e MCF-7 F= I % 5 @t 25 2m i MCF-
7/ADR #9355

FLIRIEE AN MCF-7 1B &5 28 i) 24 40 i, MCF-7/
ADR ‘BT 37 °C 5% CO, Wil FRAh 195, i R Ik
FE 10% fE4F I3 B9 RPMI 1640 , 41 35 Sk i B 40
i, 11 0. 25% JBEEH AL AL AR
1.3 MTT %45 M tautomycetin % MCF-7 #= MCF-7/
ADR % 38 5849 % @)

¥ MCF-7 Al MCF-7/ADR 4 8L 3 x 10*/ml 1Y
W BEHERN T 96 FLFIRAR 5% CO, 37 C I E K.
A RE 2 0.0.01.0.1.1,10,100 pmol/L f tauto-
mycetin, B¢ H 72 ho BALMIA 20 wl MTT (5
mg/ml ), F 4 h, /N0 FLINEE IR, BALIA
200 pl ZH AR, IR 7 4 AR H AR 10 min, Jif
PSR 25 £ LAY 5625 BEAE( D,y )
1.4 A X e KN tautomycetin X MCF-7/ADR

40 JEL ) T 64 A

Annexin V-FITC/P1 BUALAG I 240 A0 3 T , 45 210
BRFRWO L F PBS YEIRANML 1 U, A I R
THALBEAL A0, B 1 x 10° FE AV 40, 200 x g
B0 5 min, 5 EWE, A 195 pl Annexin V-FITC 4%
BWRFRESMM. FMA S pl Annexin V-FITC,
BRIRA, ERBEFE 10 min, 200 x g #0005
min, 7 235, A 190 pl Annexin V-FITC 45 &7,
REREZAM. A 10 pl B IE Y R, R
TRAT, VKIS RGO, B B A7 37 2 i ARG
1.5 Western blotting # # M tautomycetin %} MCF-
7/ADR %8 0.8 A8 % F G kA 0w

4 MCF-7/ADR 0 Mu4%H0 T 6 fLAR-F AR, Ff
MG RE S A SE A 0.0.5 .1 wmol/L [ tautomy-
cetin X0 F 12 .24 h, M A 4IPS fF VKT 5 min,
AN T WCEERE L VKR 10 min, 4 °C 10 000 x g &5 L
10 min, W H_E W9, BSR40 S B 11, i BCA H
AEAR ST E A ER. DIl 150 wg MEN
i FRE, BEJS #E4T SDS-PAGE HLIK I 5% M s
K37 C FHH1 b, A 5% BLRE W Ry B — i 1:
1 000 ),4 Cib &, 4K 5 IEH] PBST 506 3 I, B:IK 5
min , AR S AL AR IE 19 1gG PR Fadbiol B
HOOBZH( 1:5 000 ),37 CHEF 2 h, FRRIEGE G
ECL @ i) &b A7 o 6o, Bt
1.6 %itzam

SEEBHR LA « + s KR, K H] Origin 8.0 4K
PEHAT A3 AT, A ALl U8R ¢ K3, P < 0. 05 5%
P<0.01RRERAGIHT R

2 & R

2.1 Tautomycetin #7#] MCF-7/ADR %a e & 34 75

S AR (K 1.2) &R, tautomycetin #1 Hl
MCF-7 Fil MCF-7/ADR 41 Jifd 3 3 (1) 1C,, {8 43 51 A
(0.35£0.04 )umol/L FI( 1.26 £0.12 )pumol/L. A
] ¢ BE () tautomycetin /£ FHH T MCF-7 1 MCF-7/
ADR i 72 b, %f 79 7 40 10 A A A A ) 2 ) AR
#WiPE( P <0.05 8% P <0.01 ). [A]—¥€JE tautomycetin
VERF i 25 MCF-7/ADR 40 it 1 i () 90 1] 2% i s
() SE G A, 1B, tautomycetin o L 96 i
24 MCF-7/ADR 48 Jifg [ 4 H A7 B30 1) A2 140 il A
FH I 52 700 s R ) AR
2.2 Tautomycetin #-F MCF-7/ADR 4 J. 8 ==

AT B IF tautomycetin §E 75 175 5 MCF-7/ADR
AP TS, 4T Annexin V-PT B4 (0 7817 30 =X 41 g
ARG ZEHRC K 3 ) bR, X JEZH B 0T 08 T 1 i 1)
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PHT- 403 L 143 31 (0. 67 £0. 18 )% FI( 0. 96 =+
0.23)% ;1 1 pmol/L tautomycetin 4k ¥ 21 43 51
(17.2 £3.8)% FI( 28.4 +5.7 )% , 5%} BELHAH Fb 22
SEAGIHAE (P <0.05). HIEH, tautomy-
cetin A #1815 S MCF-7/ADR 4004 1) fE
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Fig.1 Effects of different concentrations
of tautomycetin on proliferation of
MCF-7 and MCF-7/ADR cells
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Fig. 2 Effects of tautomycetin on proliferation of MCF-7/ADR
cells after treatment for different time periods
" P<0.05, ""P<0.0l »s0h

2.3 Tautomycetin *f MCF-7/ADR 8 fi& caspase %9
BEAEA

1EH 40 i , caspase %[S DL TG T M 0 g R X
( pro-caspase ) f7 7E , il i JE =X 9 171 51 1o 4y ¥ A6 19
caspase Jri , 4 = PATH I HE. Western blotting £
R E4) B, H0.5.1 wmol/L tautomycetin ALl
Qb MCF-7/ADR 4 fifd 12 .24 h, ff tautomycetin &

PFERIBE N, 4L pro-caspase-7 Fl pro-caspase-9
FI IR B WA, A XTI TG ALY caspase KA &
VR S DS R RO OC R . 1T pro-caspase-8
H RIS T 5 A AL B REZE AR LT 3 AR, R
KM 2151k caspase-8 Feik i i 5 ( L GADPH &y
NZ ). HILAT UL, tautomycetin 1] B3l 1 caspase-9
F caspase-7 TG 1LiE1515 S MCF-7/ADR 4T,
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Fig. 3 Effect of tautomycetin on
apoptosis of MCF-7/ADR cells

Tautomycetin 12h 24h
(cy/wmolL)y 0 05 1 0 05 1

Pro-caspase-7—

Cleaved caspase-7—|
Pro-caspase-9—|

Cleaved caspase-9—|

Pro-caspase-8—|
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caspase-7,-8,-9 iEL BN
Fig. 4 Effects of tautomycetin on activation of
caspase-7,-8 and -9 in MCF-7/ADR cells

2.4 Tautomycetin 3% MCF-7/ADR %8 Ji. ¥ Bel-2 Fe
Cyto-C % & £ ik 09 R

Western blotting ¥ I 25 . ( & 5 ) &/,
0.5.1 pmol/L tautomycetin 43 5| 4t # MCF-7/ADR
MM 12 .24 h, Bf tautomycetin ¥ & 4 34 i, MCF-
7/ADR 4 M Bel-2 3 PR 3K % AR 1m0
Cyto-C £ FI R IB 5 B W T i, W 0 52 0] 4 1 )
AR O R 45 UL, tautomycetin T DL
MCF-7/ADR 4L P4 Bel-2 933k , I 42 i 2ok fk
B Cyto-C,
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Bel-2—
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Bcl-2 A Cyto-C E B FRiZHIF NG
Fig. 5 Effects of tautomycetin on expressions
of Bcl-2 and Cyto-C proteins in MCF-7/ADR cells

2.5 Tautomycetin % MCF-7/ADR 48§t P53 % ik Fo
Akt BEER AL 4 % of

Western blotting Kl 25 5 & 6 ) s, 41 0.5.1
wmol/ L tautomycetin 435l ZbF MCF-7/ADR 4iififg 12 .
24 h, B tautomycetin W& B B3NN, Akt 2K 1A BERR 1k
KPR AT , 52 B S 8 3R S O G R 5 T P53 2 1
FB G AR IR A L TE B &2, Ui tau-
tomycetin 1] LIBHWT Akt £ MCF-7/ADR 411+ 19 34
I AR HAE PR T AT PS3 AR TG

Tautomycetin 12h 24h

(cy/umol-L") 0 0.5 1 0 05 1

i

B 6 Tautomycetin 33 MCF-7/ADR
A h P53 | B FRIAFD Akt BEER{L F9R2 00
Fig. 6 Effects of tautomycetin on expression
of P53 protein and phorsphorylation
of Akt in MCF-7/ADR cells

3 3t it

HAT, BT 25 A P B 2 e 0 K 3
B T S | R T BT R 25 Y R B2 Y
2K PRLHO 33 265 UG5 fieb 983 245 0 490 i ek 9 400 i
A KA FAALER A BIF 9T th it AR B, g
B, VE 220 R 245 v 38 3 5 ) 240 B 30 45 g
HMLEIAE G/ G, B G,/M ], 8 3 i 5 5 40 g
JAT R B R tautomycetin PTIHIEFE
FHEBFFE R ELAS [ 20 i B i AN [R] o A PR i
WARFgE 0 e, tautomycetin Xf MCF-7 F| A7 J% 41 iy
A AT W AR o iR 7 A T 2457 2 5 M L

PRI TR E Z AR 2 — , AR S gt — P 05T
tautomycetin X L BRI 25 40 i Ak MCF-7/ADR A=
KA T B S0, I [ B HA% 5 MCF-7/ADR 41 Jifd
T-RBLA

A5 B, tautomycetiny 3] MCF-7 F1 MCF-
7/ADR 4 il A4 K Y 1C, 1B 430 (0. 35 £0. 04 )
pmol/L FI( 1.26 +0. 12 )umol/L, FHZEAF] 4 fi, i
— X Tk 245 40 AN BBURR ) 2590 , 1 (BLAH 22 JL 1%
DL, Ui tautomycetin X L AR g i 245 MCF-7/ADR
N AR [F AR B BRI RIVE o RS S i
U B A K I & R, tautomycetin X MCF-7/ADR 4
AR BRI o5 S E

AL TR E SR Sl R A PR 2
FET-ZARA TP T B, E 2R caspase-2 -8 .-10
SEEIF OIS s o — SR LR/ I (5 R C
AR PTG caspase-9. A5 T
T30 B PO I, B 5 AR 2 38 i 75 4K caspase-3 .5 .7
FESAME T, T MCF-7 40 b It A
G caspase-3, 1] LA il J5 A 4 A9 B A
PRI AT S 8 5 8 T-R00 - caspase-7 #E4T T 4%
M, 25 B3 7R tautomycetin 7] BE 38 i caspase-9 Fll
caspase-7 W T AN A, 40N Bel-2
FRIR T FER, LR Cyto-C AURSI I 1. I
RgE LRI | tautomycetin 32 B2 18 o R AA/ 41 g
@3 C A JH T2 H % S MCF-7/ADR 41 g 94
T,

WE 5 A B 5% i — BT tautomycetin i &
MCF-7/ADR 41 jfd 94 T~ 5 L Ji7 8 50 P53 AY K R
PS3 ST A HEH VLR BT R
B, P53 ] DI A s A1, 42 1 T 22 b ) T2 AH G
HHWRE, KSR SR KL W, tautomycetin X
MCF-7/ADR #iiffd P53 8 B R ETC WAL , 15
B tautomycetin X MCF-7/ADR 4f ifd i) 98 7% S4E
P T P53 AFEHE BV EHIRE A

Akt 7] {2 FE 20 i 15 5, 2 2E 40 oz B (R 28
O A0 A 08 T, AR BT AT FEOT T A O AE
Akt 18 5 5 S AL I e A 7 A i 245 Pt 25 )
RS Akt AT BB #58 if Raf-1 B2 1L Bad
H, N2 1k Bad 7EZORAR IR XS Bel-2 2 1Y
FEHUAE R WK Bel-2 B PR T-IhAE ). Pro-
caspase-9 J& Akt 1 — EAEAE K Y), Akt 7] DLl
IS BEIR AL pro-caspase-9 i HJC{E . Akt ] 1l
N6 F C 5 'S AU caspase-3 il caspase-9 MY I
O ARBFSE 45 R W, tautomycetin T L 2
fik MCF-7/ADR 4Hffirf Ake fOBERR 1L 7K F-, BELIBT Akt



Rl

.. Tautomycetin 5

SFUBE T 25402 MCF-7/ADR (998 1 B AL . 391 -

7£ MCF-7/ADR 4 i 4 384005

B AW EWN, tautomycetin AJ L RH. Wy ifif 24
MCF-7/ADR 4iffirf Akt 3616, ATRELL PS3 ARk Y
Jr G AR R AR C AT PE TE K S
MCF-7/ADR 40Ma 1=, AR5 NS5 iE— B 5

tautomycetin FC R A FH A9 AL B2 I PR v FH 25
TR

[ % X k)

[ 1] Abaan OD, Mutlu PK, Baran Y, et al. Multidrug resistance medi-
ated by MRP1 gene overexpression in breast cancer patients [ J .
Cancer Invest, 2009, 27( 2 ): 201-205.

[2] Nakai E, Park K, Yawata T, et al. Enhanced MDR1 expression
and chemoresistance of cancer stem cells derived from glioblastoma
[ J]. Cancer Invest, 2009, 27(9 ): 901-908.

[3] Cheng XC, Kihara T, Ying X, et al. A new antibiotic, tautomy-
cetin [ J]. J Antibio, 1989, 42( 1): 141-144.

[4] LeeJH, Lee JS, Kim SE, et al. Tautomycetin inhibits growth of
colorectal cancer cells through p21cip/WAF1 induction via the ex-
tracellular signal-regulated kinase pathway [ J ]. Mol Cancer Ther,
2006, 5(12): 3222-3231.

[5] Mukherjee P, Winter S. Cell cycle arrest by transforming growth
factor B1 near G,/S is mediated by acute abrogation of prereplica-
tion complex activation involving an Rb-MCM interaction [ J .
Mol Cell Biol, 2010, 30( 3 ): 845-856.

[6] Shibata A, Conrad S, Birraux J, et al. Factors determining DNA
double-strand break repair pathway choice in G, phase [ ] ]. EM-
BO J, 2011, 30( 6 ): 1079-1092.

[7] Timofeev O, Cizmecioglu O, Settele F, et al. Cdc25 phosphatases
are required for timely assembly of CDKI-cyclin B at the G,/M
transition [ J ]. J Biol Chem, 2010, 285( 22 ): 16978-16990.

[8] Chang HY, Yang X. Proteases for cell suicide: Functions and reg-
ulation of caspases [ J ]. Microbiol Mol Bio Rev, 2000, 64( 4 ):
821-846.

[9] Bai Y, Mao QQ, Qin J, et al. Resveratrol induces apoptosis and
cell cycle arrest of human T24 bladder cancer cells in vitro and in-
hibits tumor growth in vivo [ J]. Cancer Sci, 2010, 101( 2 ): 488-
493.

[ 10 ] Niu MS, Sun Y, Tang L, et al. Differential effects of tautomycetin

and its derivatives on protein phosphatase inhibition, immunosup-
pressive function and antitumor activity [ J ]. Korean J Physiol
Pharmacol, 2012, 16(2): 145-151.

[ 11 ] Alsabe HR, Wilson CS, Ahn CW, et al. Expression of bcl-2 by
breast cancer: A possible diagnostic application [ J ]. Mod Pathol,
1996, 9(4): 439444,

[ 12 ] Nicholson DW. Thornberry NA. Caspase: Killer proteases [ J 1.
Trends Biochem Sci, 1997, 22( 8 ): 299-306.

[ 13 ] Malabika S, Carmen RR, Gema R, et al. Stimulation of the mito-
gen-activated protein kinase pathway antagonizes TRAIL-induced
apoptosis downstream of BID cleavage in human breast cancer
MCF-7 cells [ J ]. Oncogene, 2002, 21( 27 ): 4323-4327.

[ 14 ] Liang Y, Yan C, Schor NF. Apoptosis in the absence of caspase 3
[ J]. Oncogene, 2001, 20( 45 ): 6570-6578.

[ 15 ] Fridman JS, Lowe SW. Control of apoptosis by P53 [ J J. Onco-
gene, 2003, 22( 56 ): 9030-9040.

[ 16 ] Xue W, Zender L, Miething C, et al. Senescence and tumour
clearance is triggered by P53 restoration in murine liver carcinomas
[ J]. Nature, 2011, 445( 7128 ): 656-660.

[ 17 ] Sangster-Guity N, Conrad BH, Papadopoulos N. ATR mediates
cisplatin resistance in a P53 genotype-specific manner [ J ]. Onco-
gene, 2011, 30( 22 ): 2526-2533.

[ 18 ] Knuefermann C, Lu Y, Liu B, et al. HER2/PI-3K/ Akt activation
leads to a multidrug resistance in human breast adenocarcinoma
cells[ J 1. Oncogene, 2003, 22(21): 3205-3212.

[ 19 | Sakamaki J, Daitoku H, Ueno K, et al. Arginine methylation of
BCL-2 antagonist of cell death ( BAD ) counteracts its phosphoryla-
tion and inactivation by Akt [ J ]. Proc Natl Acad Sci U S A,
2011, 108( 15 ): 6085-6090.

[ 20 ] Sharma AK, Kline CL, Berg A, et al. The Akt inhibitor ISC4 ac-
tivates prostate apoptosis response protein4 and reduces colon
tumor growth in a nude mouse model [ J ]. Clin Cancer Res, 2011,
17( 13 ): 4474-4483.

[21 ] Opel D, Naumann I, Schneider M, et al. Targeting aberrant
PI3K/Akt activation by PI103 restores sensitivity to TRAIL-
induced apoptosis in neuroblastoma [ J . Clin Cancer Res, 2011,
17( 10 ): 3233-3247.

[ fEEE] 2012 -03 -11
[AxHmE] T=

[ @B ] 2012-05-16

< N AN S T m g m g S g S e S e e L e e o L o U S S i e L L L U UM S L m g g M g S g S e S e L i S N

A EBR

TP = 2 AT BTN T veveereerrervemveeneereereenes
WG ETEA LD A JRAG BRI T vvvveeeeernmmenneeennnns
5 P IERAT IR TT] wvvvvveeervmreeemnenesninneeennnees



