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Toosendanin Inhibits Glycolysis in Breast Cancer by Regulating Pyruvate Kinase M,

WANG Hong-lei, XIAO Yi, WU Li*, MA Da-chang
( The First Hospital of Lanzhou University, Lanzhou 730000, China)

[ Abstract | Objective: To investigate the effects of toosendanin on the glycolysis of breast cancer cells
and the effect on glycolytic enzymes. Method : The human breast cancer cell line MDA-MB-231, MCF-7 were used
in this experiment; the inhibitory effect of different concentrations of toosendanin (0, 2.5, 5, 10, 20, 40, 60,
80 wmol-L"') on MDA-MB-23land MCF-7 cells proliferation was investigated by methylthiazolyldiphenyl-
tetrazolium bromide ( MTT) assay. Glucose consumption and lactate content in MDA-MB-231 and MCF-7 cells
were also detected after treatment with 10, 20, 40 pmol -L ™" toosendanin to evaluate its intervention effect on
glycolysis of breast cancer cells. The levels of adenosine triphosphate ( ATP) and nicotinamide adenine
dinucleotide (NAD ") /reduced nicotinamide adenine dinucleotide phosphate (NADH) in breast cancer cells were
detected to evaluate the cell energy supply level. Hexokinase and pyruvate kinase activities were detected to
evaluate the effect of toosendanin on glycolytic enzyme activity. Western blot was used to detect the regulatory effect
of toosendanin on pyruvate kinase M, protein expression in breast cancer cells. Result: The results showed that
toosendanin had obvious inhibitory effect on cell proliferation in MDA-MB-231and MCF-7 cells in a concentration
dependent manner (P <0.05). Toosendanin could significantly reduce the consumption of glucose and lactic acid

content in different breast cancer cell lines (P <0.05), and reduce ATP content in cells (P <0.05), increase
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the content of NAD " /NADH, and inhibit tumor cell glycolysis level (P <0.05). In addition, it could inhibit the
activity of pyruvate kinase, but had no effect on the activity of hexokinase 2, and the results of quantitative analysis
showed that the expression of pyruvate kinase M, could be decreased (P <0.05). Conclusion; Toosendanin could

significantly inhibit the proliferation of breast cancer cells and affect the level of glycolysis. Its mechanism may be

associated with regulating the expression of pyruvate kinase M, in breast cancer cells.
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L1 guf 258 Bk NIBEW [ B HL T A A
(4 =98% , it 5 16705) ., A FL R % MDA-MB-
231, MCF-7 41 Jfd Wy [ v [ BE 2% B i 40 0 P
RPMI 1640 }% 23, B4 45 1L 3% (FBS) ( Gibeo 24 #] , it
5410k 8116383 ,1698221 ) ; 7 2 il , FLIR , — Wi 2
it # (ATP), NAD"/NADH #; il i ) & ( 3¢ H
BioVision 2% &, #it 5 43 % & K606-100, E4340-100,
K354-100,K958-400) ; . ¥ 8 il ( HK) , P i 1% 084 it
(PK) 3500 & (B ot g A ) TR 58 57, #iL 55 43 il
k20170105 ,20170110) ; M, 7 5 il fi% 54 /it ( PKM, )
Uk, ol -3-0 W2 B &0 Bt /& (GAPDH) (3
Abcam 23 7], 1t 5 4 51 & PR332141-14, GA451427-
10) , WEME i (MTT, | i B) 47 T A= AL B8 B 03 A PR
AL HES 20160311)

1.2 {88 J1BE HF-90 Y — S Ak 15 3746 ( L1
IR Y Y R A 7] ) 5 Tecan Mpro200 % £ 1) g
EFR AL (Ff+ Tecan 23] ) s BSC- 1T A2 %A= Wy ik v T
TEG (N L 2= AR A ) 51658001 AU 3 B H
VK S 7% FL Uk Al ChemiDoc MP 7Y Ak 2% & S iR
F4: (K E Bio-Rad A W] ) 5 1X53 B '& 5l W 5 58
(HARBMEETAF)

2 FiE

2.1 #Haks3E  MDA-MB-231,MCF-7 41 ffl % #1055
T4 10% FBS [y RPMI 1640 530, F 37 C
5% CO, 4 15 3548 N H AL AR KRG 75, OS8R K
9 ML TSR g

2.2 MTT [ba kil Mg sd 43504 MDA-MB-
231,MCF-7 44 1 x 10* 4~/FLEE T 96 FLAR T,
7 200 JH 00 B 5 43 S0 A AS T e B A DA 2, L
A TR e B IR R BE R 20 L S5, A B 5 AR
180 L, JII bR 2 4 4k 8 (0,2.5,5,10,20,40,60,
80 pmol-L™") BNk JEE 15 6 A AL, 43l 15 5% 24,
48,72 h J5 ,1a LM A S g- L' MTT 20 uL,4k4:
Fige 4 h, 3 B, 1) AL o A R I AR
100 L, #%3% 10 min J5 , Ff i 5 60 00K 56 20 it )5,
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K BEARALAE 570 nm 7 4 400 72 R LGB A, 52
WE A 3K,

2.3 MDA-MB-231,MCF-7 4 Jits % %3 4 W4 #€ Mz 3L 2
AKRZIN K ik X FoAs 4 1 0% 2L KR 9 MDA-MB-
231,MCF-7 4 fud% %k T 12 FLA P, 5 5L 4 x 10° 4
M, B IR 1 mL, B 57 18 ~24 h, JIIBER 2 &
We 439 K 10,20,40 pmol - L' B HEFIH, R
FH 2L A 000 3 7] 5 A U0 4 a5 SR R P B FLIR B
ERAE i B0 & 4R g n B VR UL HEAT s BRI AR L I
A EEW,2 ~8 C,1 000 x g B .0 b iH W
20 min, 35 B3 AN V5 P 2% 50 R0 A0 R AR, WA L
Fie JEUE BH 5 TC 06 R SR 2 I ACRE S, ) BE
HIF 1 > 0 WS Ve AR AL, I ACKE i 50 WL B2 X%
MR Tl S BN Biotin — 4t 50 wL,37 CF i
45 min, 52ROV, AT x BEEMBIEVE 3 W15 Bk
JE IR IE VR, A B L E AL 0.1 mL,37 C
TFE 30 min, FF L, A AWK 90 wL, 1R
T.,37 CHEE 15 min, I AL 1F K 50 wL, 7F 450 nm
il A, ¥ BEOGT B A o il S H S R S L, A
25 WG DN R ] 7 A D0 4 7] 4t 1 45 4 100 D
7o BAET AR T 0T R 0 28 R A DU, )T A
R LIEW 2 wL, inA 96 LA, in A 7 25 0 A I 22 i
W48 L, A A A I 50 wL, R A 37 C T
B30 min, 7E 570 nm Kl A, #2 B BRIP4t
ENERCIUS

2.4 MDA-MB-231,MCF-7 41 }fi ATP & & #

Y M Ay 2 K s R R 2.3 I, AR A B T R 0
10 000 remin "B .L> 5 min, 7 [ 1, 445 0 A 2L i@
W 100 pL, 75 48 s 55 5> 2 % )5 ,4 °C,12 000 r-
min "' B0 10 min, B E T 00 a2 . B 96 AL
M, BEALAINA ATP TAEW (1:100)100 pL, 7E = i\
THCE S min, EESG ST BALAINA BCA B H
FE G AR S 30 nL,2 s JE Rzl . AT 570 nm Ak
A THEHRE MR BE OF # B BCA Kl 2 1 45 R
THE ATP &, D LW EE 3 IR,

2.5 MDA-MB-231,MCF-7 4iffi*h NAD*/NADH #5
o A R B53E R 2.3 W, % NAD " /NADH
Kit 6 0 28 g 1% 572 e vh i NAD © Je NADH & &, #24F
Fie FRACBn S L A A U PR R AT o 20 LR 008 1 ol
MR +h 22 bW (PBS) #hk, in A NADH/NAD " $ Ui
400 pL JZ S 20 min J5,4 °C, 18 000 x g &5 .0
10 min, J_E 35 W, # BRG0P 5 L in A NADH £ il
KON B NAD K I W, &= i N /R 2 h )5, T
450 nm4b ;P A, 53 5 1% 2] NADH K NAD, & fi§

NAD */NADH 5 H MM ik .
2.6 MDA-MB-231,MCF-7 40 ffi 7 HK, PK 7% 4 4
W AN 2 e B SR T 203 Wi, HK, PK 3% 1 AR
4z B0 U B A5, SR R A0 4 Y66 BE 37 340 nm 4b
WE A, A, 315 HK, PK g% ) .
2.7 EH AN (Western blot) #; 1l PKM,
K i o0 20 M3 37 18] 2. 3 301, g B 4 i, FH i
A BRER K Yk 2 Yk, R HY i 75k 960 ( RIPA) 441 Jfd 22
il WA S B BT, 2 OV B 1 Bk FE ] BCA i
Pl . B E A RBORH 12.5% B 1 I B %t
JBEH Uk (SDS-PAGE ) #E 47 Hi Uk 43 &9, 4 H UK 79 25 g
I o H e O VR R T A B 3R A R £ 0 ( PVDE) B
I, PKM, (1:500) ,GAPDH(1:1 000) 8 57 B 4t 44
WEE R, 2 E AR AR o S A B R i R
2 h, 851 %A ECL R & W6 & 6, i ] Gel-
pro32 B A %t AR 3 AT K BEAE 43 M. DL S A
PKM, K & {6/ GAPDH JK & {5 £ 78 PKM, [
TE A0 b AR 5 =
2.8 it artr SRH] SPSS 15.0 Geit 4 #r 4 fF
PRSI B  BIE4S R U & s £on, 2 A B 2
SR 56 5 one-way ANOVA 21 [7] 2 %5 5 15 Lb 4
Wi H] LSD #%: , P <0.05 h BA G257
3 #£8
3.1 JIBEZEXF MDA-MB-231, MCF-7 4 Jifg 34 5 i) 5%
M A MTT LYo vk R DU 40 B 0% £2 16 32, 45 T 1R
2:(0,2.5,5,10,20,40,60,80 wmol-L ") T Hi AFL
596 40 B B MDA-MB-231, MCF-7 4l il . 52 % 45 5t
FEWT, Bl A VAR 2R v B 0 1, 1 AR 2 X MDA-MB-
231, MCF-7 #fi jfi 33 GE 410 ] 52 5% W b T 4525 48 h 2f
B e B (1C,, ), MDA-MB-231 45 25 ¥k J¥ Xy
27.8 pmol-L™" MCF-7 Jy 42.3 pmol-L™', 5424
24 h 20 A, A T) U B 1R 3R 4H 45 2) 48 h X MIDA-
MB-231,MCF-7 2t Jifs 3% % #0 ] 22 24 W] 1o 7+ (P <
0.05),5%25 48 h 41 L% ,72 h £ 5% MDA-MB-231
M (2.5,5,10 pmol - L") JI[# & 41, MCF-7 41
M (2.5,5,10,20,40,60 wmol-L ") JI| 15 2 2H 34 5
R T m (P <0.05) o PR 1R 3Rk AL
I 40 B Bk MDA-MB-231, MCF-7 41 jita ¥ 58 (¥ 3 41 /8
FHEA — 5 By i [ Al Pk . & 1,2,
3.2 JI[BEZE Xt MDA-MB-231, MCF-7 41l itd % i fi#
KM 25 1 NFLR 9 40 i Ak MDA-MB-231,
MCF-7 4 fi 10,20 ,40 pmol-L ™" JI| B 2 T i 24 h
J& 43 ARG DN A4 e b LR N R A RETH AR K R, 5 A
FLAL L e, IR 3 (20,40 pmol - L70) W) 1L B g
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F1 JIItRET AZLPREE M A MDA-MB-231 #EFE MBI RMFIMER (2 5,0 =3)
Table 1 Effect of toosendanin on proliferation inhibition rate of human breast cancer cell line MDA-MB-231(x +s5,n=3) %
20 51 e g/ wmol + L ™! 24 h 48 h 72 h
sl - 0 0 0
I % 2.5 4.66 +0.72 9.03 +0. 89" 16. 67 =1.22"%
5 13.47 £2.55 21.05 £3.28" 27.34 £2.47"%
10 19.31 +5.12 32.43 £4.74" 41.26 +4.57"%
20 26.38 6. 47 45.71 6. 42" 53.33 £7. 44"
40 37.62 +5.18 57.57 £6.41" 65.76 +5.51"
60 46.61 6. 41 64.47 £5.77" 72.83 £5.08"
80 54.13 +7.15 68.22 +6.47" 75.55 +6.33"
H:524 h 45"V P <0.05;5 48 h 41 H3k? P <0.05(F£ 2 7).
x2 JIREN AR EME MCF-7 MBI RPEN (x +5,n=3)
Table 2 Effect of toosendanin on proliferation inhibition rate of human breast cancer cell line MCF-7(x £s,n =3) %
45 W BE/ umol - 17! 24 h 48 h 72 h
sl - 0 0 0
I 2.5 3.58 £0.24 8.81 0. 42" 12.54 £0.35"2
5 11.31 +1.82 19.15 2. 14" 27.13 £1.25"2
10 17.90 +3.75 28.64 £3.45" 39.15 £2. 58"
20 24.24 £7.94 36.88 £5.75" 45.82 £6.71"%
40 30.58 +7.78 44.34 £6.67" 56.43 £5.84"2)
60 37.44 £6.18 55.35 +4. 87" 67.43 £6.42"%
80 49.19 £5.59 61.15 £5.85" 69.14 £7.88"

FEARMDA-MB-231, MCF-7 4f Jfg XF #7 % ¥ 9 94 #€
(P <0.05); 5JIBEE (10,20 pmol- L") 4 M4z,
JIBEE (40 wmol « L") 28 Lt 4 46 M0 45 25 i 1
FEU B[ (P <0.05), MDA-MB-231,MCF-7 4
b, 528 A PR (10 pmol - L71) 2 L £, JI]

B (20,40 pmol- L") ZHFL IR & W WL FEMR (P <
0.05), 51 (10,20 pmol-L~") 2 Kk, JIl ik
2 (40 pmol- L™ ) n] gF — L FEMRFLIR & 2 (P <
0.05) . FWANIBEZE AT LL B B [ MK 2L R 98 40 o b
T fif Ko L 3,

#£3 JIl#EX MDA-MB-231 ,MCF-7 i H E M E R R IABRKFERNEIE (x £5,n=3)
Table 3 Effect of toosendanin on glucose consumption and lactic acid levels in MDA-MB-231 and MCF-7 cells(x £s,n=3)

wmol/10 ]

a3 e 4 AR AR E
/pmol-L ! MDA-MB-231 MCF-7 MDA-MB-231 MCF-7
gl - 10.88 +1.22 16.78 + 1. 86 18.22 +1.45 26.45 £2. 35
ik & 10 8.73 +1.36 14.87 +1.47 15.48 £2.21 22.68 £2. 46
20 7.24 +1.35" 13.44 £1. 11" 12.24 £1.34"2 17.29 £1. 66"
40 5.21 0. 68" 10.74 +1.23"%% 7.29 +1.08"%% 14. 66 +1.34"2%

S A P <0.05; 5)11BZ (10 pmol-L™" ) HLE? P <0.05; 5 )% (20 pmol-L™") 4 L5 P <0.05(£ 4,6 [d]) .

3.3 JI B ZE X MDA-MB-231, MCF-7 41 Jifd £& k7 14 fig
AR 525 {4, MDA-MB-231 41 i )1]
B (20,40 pmol - L") 21 ATP & £ B B FEK (P <
0.05) ; 16 MCF-7 40 g b, )1 #f 2 (40 pmol -L7") 24

- 180 -

ATP &5 B BEAL(P <0.05) . 525 4 o, MDA-
MB-231 ZH i, JI| B2 (10,20 ,40 pmol -L~") 41 4 1]
Y 5 FF 25 NAD * /NADH (P <0.05) ; MCF-7 4 jits )i
B2 (40 pmol - L") ZH A L F} & NAD*/NADH (P <



524 5 T RELEATFZERE Vol.24,No.7
2018 4£ 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2018

0.05) . FRHIJIBER — & 7B 152 0 MDA-MB-231, MCF-7 4 g & Bt KF o I3k 4.

%4 JIIBEEX MDA-MB-231,MCF-7 4 fs ATP £ 2% NAD*/NADH f &M (x +s,n=3)

Table 4 Effect of toosendanin on content of ATP and NAD * /NADH in MDA-MB-231 and MCF-7 cells(x +s5,n=3) mmol-g !
) e ATP 5 8 NAD * /NADH
A /pmol-L ! MDA-MB-231 MCF-7 MDA-MB-231 MCF-7
il - 233.48 +24.5 289.36 +33.7 0.08 0. 01 0.09 +0. 01
Ik &S 10 199. 45 +20. 3 268. 47 +24.7 0.11 £0.01" 0.12 0. 02
20 168.50 +21.8" 223.40 +33. 1 0.14 +0.02"% 0.14 £0. 04
40 122.80 +18.2"23) 186. 40 +25. 5" 0.17 +0.02"% 0.16 0. 03"

3.4 JIBEZ X MDA-MB-231,MCF-7 41 g f 15 i i@ JIBEZE (40 wmol - L") £H PR TR 2 354 il 0% M R AIK (P <
BRGS0 8 MDA-MB-231 ,MCF-7 4ijfd s, 0.05) . UaBABES )IIAK 3R ¥ B2 00 3 m X 79 I 1R I8
JIBRE T OB S M A B R, S A A BEROIS PRI /R SR, 1 BEZE (40 wmol - L") 41
o, )2 (10,20,40 pmol - L") 4 W] FEAK TN MDA-MB-231, MCF-7 48 Jfd v % 75 i % 04 400 ) £ FH
T R A % P (P < 0..05) 5 5 1R 2 (10 wmol -L™1) WEEHBREA X, 5 12 h 4 i, IR
U HHE, NIBRER (20 pmol - L") 41 P i AR BB G 2 (40 wmol-L7") 45 25 24 h 41 14 i 2 354 Al 0% 4 % A1
BFEAR(P <0.05) , 5 1B % (20 pmol - L") 4 H %, (P<0.05), W3S,

£S5 JIREMNCHEHBRERMEREENFEENZmM(x£5,0=3)

Table 5 Effect of toosendanin on relative activity of hexokinase and pyruvate kinase(x +s,n =3)

- e Fi7 ) . O W P ity T T T 35 it
/pmol - L MDA-MB-231 MCF-7 MDA-MB-231 MCF-7

HH - 12 1.00 £0. 00 1.00 0. 00 1. 00 0. 00 1.00 £0. 00
- 24 1.00 £0. 00 1. 00 0. 00 1. 00 0. 00 1.00 £0. 00

Ik & 10 12 1.02 £0.02 0.98 0. 03 0.87 +0. 02" 0.91 20.03"
10 24 0.99 0. 02 1.01 0. 02 0.81 +0.02" 0.87 0. 03"
20 12 0.97 0. 03 0.99 0. 04 0.71 £0.02"% 0.75 0. 04"%
20 24 1.03 +0. 04 1.02 +0.05 0.67 £0.03"% 0.69 =0.05"*%
40 12 0.97 £0.03 1.03 0. 04 0.54 +0.01"% 0.70 0. 02"
40 24 0.96 +0.05 0.98 +0. 03 0.48 £0. 02234 0.66 +0.02'2:3:4)

T SRR S 4 D P <0. 055 5 [ A B2 (10 wmol - L") 4 Hu 4% P <0. 05 5 5 [8] i 1] )1 # 2% (20 pmol - L") H H 4% P <0. 055
SR A 12 h if Y P <0. 05,

3.5 JIIBEZE X} MDA-MB-231, MCF-7 4 ffi PKM, %
S 528 4, MDA-MB-231, MCF-7 4

MDA-MB-231 PKM, (D G WP e 58 kDa

e Fh AR ] 9 1A 2 0 4 o PR, 0 96 3 349 L o e
A EME M (P <0.05) , JF 2 BRI E, WL GAPDH S G 37 kDo
Kl 1,% 6, A B c D

4 JTig AR B ~D. B (10,20,40 wmol -L™") 4

Warburg 7 2[5 21 O 26 F 9 Bl ik iz g 11 MPAMB2SL MCRT IR PICM, AR &
EE?E&,EE%&I}QH?@?H H@ﬁﬁéﬁﬂ%%é@ ‘Fﬁzﬁ Fig. 1 Electrophoresis of toosendanin on protein expression of
N B PKM, in MDA-MB-231 and MCF-7 cells

I X AT I AR R R A B O AR R R LR, O 4A i R

HERR L B SR R AR A T A R R A SR R JoT 36 A W 25 AT e 96 200 L S A 1) T T i O G
A ATP B RCRAR AT e 40 0 b W W K S s i SR T A AR R R N e s 0% g R
TAE R AN, W52 I A0 M R WE R R KRR RS G JEURE I o B R A T LA Ok ARt P T A
WM AL A R BN AR IR W R R RN 2 S W I A A0 ) g T
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*x 6 JI#REXT MDA-MB-231 ,MCF-7 4 fi1 PKM, & B RiZHFE
(x+s,n=3)
Table 6 Effect of toosendanin on protein expression of PKM, in

MDA-MB-231 and MCF-7 cells(x +s,n=3)

PKM,/GAPDH
45 W/ pmol - L~
MDA-MB-231 MCF-7
| - 1 1
Ik & 10 0.86 +0.02" 0.64 =0.03"
20 0.64 +0.02" 0.67 £0. 02"
40 0.23 £0.03" 0.43 £0. 02"

A I A 38 I A Ak A AH I HE AR S, T A LR A
Jo A T R i 2% 6 T 96 200 1 0 DRk DR OO
fift 2 T TR 200 B 1 A I s L A ) A B IR YT, H S
H R A K R R R W G B AR e Y L
e 2 R T Ao I A 4 0 R 8 B K FLR 1Y
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