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(HWZE] Hm 94 3-INERRR (3-bromopyruvate ,3-BrPA ) -G A A SN AS49 4R r91E
S HwTaetlsl . ik SR A CCK-8 il As [R1k B A% 3-BrPA A 5 H S0 FH AT AS49 4 it i 384 5 41 i 5
PERRAIR TR B IR B2 (1C, ) 19 40 wmol/L 3-BrPA 5 1 mg/L USSR G4 T AS49 4Hf1 48 h =,
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Effect of 3-bromopyruvate combined with cisplatin on inhibiting growth of lung

cancer A549 cells

Zhang Mengjiao', Zhang Ming’, Hu Yide' ( 'Department of Oncology, Xinqiao Hospital, Third Military Medical
University, Chongqing, 400037; *Second Department of Respiratory Medicine, First Affiliated Hospital of Luzhou
Medical College, Luzhou, Sichuan Province, 646000 ,China)

[ Abstract | Objective To investigate the effect of glycolytic inhibitor 3-bromopyruvate ( 3-BrPA )
combined with cisplatin on inhibiting lung cancer A549 cells and its possible mechanism. Methods The cell
proliferation of A549 cell streated with different concentrations of 3-BrPA and/or cisplatin was detected by
CCK-8 assay. 3-BrPA with concentration of 40 wmol/L, which is lower than the median inhibitory
concentration (ICy,), was selected to combine with cisplatin(1 mg/L) to treat A549 cells. Then, an inverted
microscope was used to observe the morphological changes of A549 cells, and flow cytometry was used to
detect apoptosis. The A549 cells were treated with different concentrations of 3-BrPA | and then flow cytometry
was adopted to detect the changes of cell cycle. The intracellular hexokinase activity was detected with
hexokinase activity assay kit. Results Compared with the control group,3-BrPA with concentration higher
than 20 wmol/L showed significantly inhibitory effect on A549 cells (P <0.01). Compared with cisplatin
alone, 3-BrPA in combination with cisplatin significantly enhanced the toxic effect of cisplatin on A549 cells
(P<0.01). After A549 cells were treated with 3-BrPA for 48 h, the morphological changes of cell apoptosis
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were observed. The combination group showed more obvious morphological changes, and some cells showed

signs of necrosis. Flow cytometry indicated that compared with the control group, the apoptotic rates of the

3-BrPA alone group, cisplatin alone group and combination group were significantly higher (P <0.01). The

apoptotic rates of the 3-BrPA along group and cisplatin alone group were significantly lower than that of the

combination group (P <0.01). The cell cycle assay results showed that 3-BrPA arrested A549 cells at G,

phase. Hexokinase activity test showed that compared with the control group, the hexokinase activity of

3-BrPA group was significantly lower (P <0.01). Conclusion 3-BrPA can inhibit the proliferation of A549

cells and induce apoptosis, and its combination with cisplatin shows better effect than single treatment,

indicating that 3-BrPA has chemotherapy sensitizing effect. The mechanism may be related with inhibiting

cancer cell glycolysis, and thus affecting the cancer cell energy metabolism.
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e A0 U S W 2 I i Y E A N 2 — , Warburg
S8 E H A B AR . Warburg 8500 T A 35 b
T AN A R FRHE 8 R 10 R 1 AIBURE, X6 T 8 b 8 1)
RIMMERAHEEREENMEMNY . HK2 B
AR P B S — A SRR, [ P AMUT 5T & R A 2 R
P 40 R oA e kL 3-BrPA JE s bR qL, Al
Pk HK- T 4 1 SO A AS BRI 52 Al T3k K
FT ST A D 3-BrPA 1] 2358 £ b i g 40 1, 4 7Y
3-BrPA RS I i Je 4 i A E A A G T X B
JUERS T RE TG B om0 o SR F AT 3-BrPA X il
YER BB D , HAE FALHI L ASTE 2 . IR, ARAFF SR
A WS 3-BrPA K 156 A5 U XS ili 928 20 i A549 152
Mo, R 3-BrPA X fifides 4 M A4 FH B AL .

1 WS

1.1 &K H

RPMI1640 £33 DMEM £33t HEEHMEE
V- BT AR 1 ( HyClone 23 ®]) |, JIf 4 ILTE (BT
P4\ ) ,DMSO 3-BrPA(Sigma 23 w]) i1 (55 &
Pxzl) , CCK8 il ik & ( H AR WF5E fr ) , O %
fits a7 & (P st A ) TARWESE ) , BCA 28 (&
B & G RAEDIFE ) |, AR I 1 SR ) &
(BD AH]) o
1.2 ek

NI Hges AS49 4f AR F 27 — 245 IR K528 M 15 Bt
ERENTEE G TR AL s NIRRT 4E 40 iE MRC-5 H o5 M
R 2B o0 S 5 2 W 2%, A B & 10% i 4 I
100 U/mL 75 % Z-55 75 2 (1) RPMI1I640 £ 77 3L il
DMEM }i 23, AR 37 °C 5% CO, K546
BRI
1.3 CCK-8 #ain] 2 B3 58 4 4] VE A

F ) & py il TS A TR . O EE KRG

A549 MRC-5 4 a8 % o 2 4390 0 3 x 10*/mL Al
2.5 x 10*/mL Jf-F A 2] 96 FLAL, St A & A [A] e J&
3-BrPA (10,20 .40 80,160 wmol/L) Jiii41(0.25.0.5,
1.2 .4 mg/L) fi140 wmol/L [y 3-BrPA BEG A [R]HE FE /Y
4 (0.25.0.5.1.2 .4 wmol/L) 4% 5% 4t 200 wL, [F
P18 5 B P RR A 25 A X B2 in2h 24 (48 .72 h J5
BRI A 90 WL TC ML IERTFRILFN 10 pL CCK-8 4k
SEIEFE 1 b, FHEG AR 2 P 4 450 nm Kb i) % B (E
[D(450) |, 11540 Madg a2 . A=A = =
1 - [ 525520 D(450) 1A — 25 F14H D(450) {1/ [ X HR4H
D(450) i - 2S940 D(450) fE ] x 100% .,
1.4 BlEAZ R MBLIIRE L AS49 m e & Fo ik
K gm fe A A ] 2m e 8 T

BOE A K11 A549 (1 x 10°/mL) 386 F 6 fL
M, K5 9% 24 h JE W FL N G FR I, A 43 51 & 3-BrPA
(40 pmol/L) 41 (1 mg/L) Fil 3-BrPA (40 pmol/L)
A (1 mg/L) ARG FRHE 2 mL, [FIR 52 8 [ 1%t IR
Y1, YkSEREFE 48 h 5, B TE AN 2 BB T OUER A
MO FASE EDTA () BRARH f IS0 4E 45 41 AS49 2
M, F#A Y PBS B0 3E% (1 000 r/min, 10 min) JF UL
A, N A 500 wL Binding Buffer 52 21 Jif , it ¥ fin
A5 L ) Annexin V-FITC 1 PIL, {2 2) J5 kG = i 2
N 15 ming G 24 LSRN A3 B 4L PR T %
1.5 Rz B-20 AS49 4a e B 31 5 38 7 35 44

OB K AS49 (1 x 10°/mL) , in A & A [i]
e i 3-BrPA (40 .80 160 pumol/L) ff45 35: 5L, K5 3% 48 h
JE 261k, AR R T A0 5 AR AR, PBS B0 U U
JE AT 19 70% Wiks 4 C R, X5 PBS &
PR T I 4E 40 B, 75 & T PBS, il A RNase-A F
37 °C JK¥FIHAL 30 min JEANA PI BZKREEH 65 peg/mL,
ZFIREEEYL R 30 min J5 ALK I 20 i 91 913 4n
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MOXE G R, HGEFEE = (S WA 4TI + G/M W H 7
F) /7 (Gy/GHHA T o
1.6 TABSEE LM T

Yoy 2l 3 TR R 1.5, £ dn e dom A
PBS JERAT, vk 1 75 5k A A 240 L, 8 1 4 %) 4 i
B AT o I8 OO ) S R E UL S
HEATINRE , R A G Tl B A LI, FhmA
FEA BRI FF LR TR, 30 s BFic 5% 340 nm K AR
BERE(AL) SR JE R He 0 I 1 5 07 4 8 TG A
WA 37 CORVBFE TR HERR/K TS 2 min, PR EA L
A ,2 min 30 s AFRBOLE R (A2)  BEREA TR R
BCA g 1l 7 21 3 B (AW B AT AR IE . # LA R 2
SITABEEE(U/g) o HK 3P = (A2 - A1) /2 BER
THICREY (] x Hefa 648 ) x ik & HhpE AR
PR AT B S1 3R B IR B
1.7 %itsam

SKHI SPSS19. 0 B Se i, Th e TR B DL & £ s
TR, Z A BRI 2 7 22508, AL PR LR
LSD-¢ #46 ,3-BrPA X A549 41 i3 1 MRC-5 21 jitg 411 151
R LR BT ARAS ¢ K 5

2 HR

2.1 R KR E# 3-BrPA IR 44 38 A B F% A 2t A549 |
MRC-5 4n fier ) 3% 78 37 ) VF )R

3-BrPA X} AS549 MRC-5 4 Jifd (it 345 31 40 44 J)
CCK-8 %5 % & 75, 3-BrPA ¥E ¥¢ & 5 [ 20 ~
160 wmol/L Py X} A549 41 A BH & 4 i/ F , 30 il %
Bl B2 1 8 R 14 K, L & i[RI P (P < 0.0,
F 1), A 3-BrPA {EF] 48 h Ji5 1Cy, Ky (42.54 +3.39)
Mmol/L,ﬁiEéijifﬁ{Eﬁﬂ: IC,, #¥ 3-BrPA (40 pwmol/L)
HFECAE 25925, 3-BrPA 7£ 0 ~ 80 pmol/L 4 X}
MRC-5 4HAE T R A0 HAVE T, 76 80 ~ 160 pwmol/L N A
B RLE R, ELC 0 B S AT T W) ok B (] st [i)
JONE AS49 4 fg G 4 il 7E HI (P <0.01) , i A 3-BrPA
YEFH 48 h J5 1C4, K (738.00 4. 05) pmol/L, B i &5 F
IS 7] £, A549 1Cy, (42.54 +3.39) pmol/L( P <0.01,
#£12),
2.1.2  JIREAXT A549 MRC-5 4 i (1% 14 5 41 1 /E F

CCK-8 5% & B, WAATE 0. 5 ~4 mg/L ¥k B [ N
X AS49 4l K MRC-5 40 A5 BA o #0 i E FH , EL 5L A
[i) A FE AR M (P <0.05, £ 3.4),

2.1.1

F1 AEKRER 3-BrPA XihhE AS49 GRRMHEER (n=3)

3-BrPA Y 24 h 48 h 72 h
(pmol/L) D(450) 1 2 (% ) D(450) 18 IR (%) D(450) {8 (%)
0 1.034 +0. 059 0 0.930 +0. 048 0 0.904 0. 056 0
10 1.028 +0. 051 0.64 0.917 +0. 053 1.49 0.904 0. 050 0.04
20 0.862 +0. 050" 18.05 0.760 0. 048* 19.97 0.848 +0. 047" 6.73
40 0.607 £0.065" 44.93 0.405 +0. 040" 61.67 0.383 £0.057" 62.96
80 0.377 £0.047" 69. 14 0.315 £0.050" 72.20 0.149 +0. 046" 91.24
160 0.113 0. 042" 96.93 0.111 0. 044" 96.23 0.119 0. 050" 91.89
F 151. 488 - 157.84 - 164.145 -
P <0.01 - <0.01 - <0.01 -
MSy1 0.003 - 0.002 - 0.003 -
a: P<0.05,b:P<0.01,5 MM B4 (0 pumol/L) pbik
%2 FRERER 3-BrPA 3t MRC-5 ZREARIHIEIER (n=3)
3-BrPA V& Jif 24 h 48 h 72 h
(pmol/L) D(450) 1 I (% ) D(450) & IR (%) D(450) HE (%)
0 1.298 +0.058 0 1.046 £0.045 0 1.224 +0.062 0
10 1.294 0. 049 0.37 1.035 £0.047 1.16 1.223 +0. 060 0.073
20 1.294 +0.051 0.33 1.031 £0. 047 1.56 1.217 £0.036 0.569
40 1.291 +0.043 0. 60 1.043 +0. 043 0.29 1.194 £0.061 2.593
80 1.259 0. 052 3.23 0.998 £0.041° 5.01 1.161 £0.052 5.468
160 1.198 +0.058" 8.14 0.942 £0.036" 10.74 1.083 +0.048" 12.257
F 1.684 - 2.576 - 3.113 -
P 0.213 - 0.083 - 0.050 -
MS 44 0.003 - 0.002 - 0.003 -
a: P<0.05,b: P<0.01,5 MM 8E20(0 wmol/L) ik
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2.1.3  3-BrPA BXE AR Me BE YA XT AS49 4 it i)
PO IAE 40 pmol/L () 3-BrPA Hk AN [a] ¥ & Y
MiigA , 25 5 87w . B 3-BrPA (40 wmol/L) 21 1 4
(1 mg/L) 4 24 48 72 h 4IR30 51 H 44.93% |
61.67% .62. 96% Fl 16. 07% .45. 49% .52. 37% , Tfii
40 wmol/L 3-BrPA BXH 1 mg/L 41141 A549 41 a4
AN 67.51% 72, 60% 81.62% , YW i 5 T
PEXTREZH (P < 0. 05) , 156G FH 245 20 240 Jia 4170 i 55 357 B b
175 T2 3-BrPA lgJlii4f2H (P <0.05,3%5.6)

2.2 BlEAE DA AS49 e s T

40 wmol/L 1) 3-BrPA Fil 1 mg/ L FIIEASFH A3
YERTF A549 40 48 h J5, FIPEXT R4l 4l 2 2,
MR , W |G 3G, 3-BrPA 44N )E A 230
WL, BRI AR , 20 MR FR AT B2 st/ N
e, e e 2 S B TR o A 40 B 3 el
75 55 3-BrPA 4AR{RL, M6 & FH 25 4L 4 i el AR i 2 B Ry
HH I, 2 0 40 i S R 2 v Al el AR, R AR B T AT LR
TN b R, A0 B R 2 SR AR MR AEAE L (KT 1)

£3 FREIRERIRSHYIFE AS49 @REMEER (n=3)

[IitzE 9 24 h 48 h 72 h
(mg/L) D(450) {8 M= (% ) D(450) fH M= (%) D(450) 1K M= (%)
0 1.034 +0. 059 0 0.930 +0.048 0 0.904 +0.056 0
0.25 0.988 +0. 045 4.88 0.715 +0. 049 25.51 0. 892 +0. 060 1.46
0.5 0.942 +0.051* 9.67 0.632 £0.051*" 34.99 0.740 £0.035* 19.79
1 0.881 £0.059* 16.07 0.543 £0.052* 45.49 0.471 £0.058* 52.37
2 0.660 +0.055* 39.32 0.344 +£0.044* 68.78 0.173 £0.060* 88.37
4 0.385 +0.061° 68.24 0.195 +0. 046" 86.36 0.129 £0. 048" 93.66
F 60. 406 - 88.097 - 436.577 -
P <0.01 - <0.01 - <0.01 -
MS 4 0.003 - 0.002 - <0.001 -
a:P<0.01,5 M B4(0 mg/L) rbix
x4 FEREMIRSAXT MRC-5 B INHEER (n=3)
I e 24 h 48 h 72 h
(mg/L) D(450) {8 M= (% ) D(450) & M=% ) D(450){H M= (% )
0 1.292 +0.057 0 1.046 +0.045 0 1.224 £0.062 0
0.25 1.029 +0. 046" 21.95 0.803 +0.042* 25.07 1.032 +0. 065" 16.71
0.5 0.936 +0.062° 29.51 0.736 +0. 046" 32.03 0.844 +0.054* 33.04
1 0.760 +0.057* 43.86 0.604 +0. 040" 45.58 0.795 +0.062* 37.29
2 0.662 +0.052* 51.85 0.504 +0. 056" 55.96 0.645 +0.054* 50.38
4 0.408 +0.055* 72.61 0.244 +0. 048" 82.69 0.254 +0.048* 84.40
F 94. 605 - 74.573 - 99. 809 -
P <0.01 - <0.01 - <0.01 -
MS, 0.003 - 0.004 - 0.003 -
a: P<0.01,5 APt pE2E (0 mg/L) bbdg
%5 3-BrPA(40 pmol/L) BX & A [E1iR B B I A X Bl fe AS49 LRAERIHIHI4ER (n=3)
24 h 48 h 72 h
265
D(450) K M= (% ) D(450) {8 M= (%) D(450) & M= (% )
[RER Oyt 1.034 £0.059 0 0.930 £0.048 0 0.904 +0.056 0
5% (mg/L) +3-BrPA 21
0.25 0. 600 £0. 065" 45.66 0.382 £0.055* 64.31 0.314 +0.061* 71.32
0.5 0.571 0. 043" 48.73 0.375 +0.047* 65.17 0.339 +0.050* 68.23
1 0.392 +0.061* 67.51 0.312 +0.055* 72.60 0.229 +0. 046" 81.62
2 0.286 +0. 049" 78.73 0.217 +0. 050" 83.76 0.192 0. 047" 86.01
4 0.198 +0.045* 87.91 0.126 +0. 041" 94.42 0.093 +0.039* 98.04
F 91.585 - 96.421 - 98.628 -
P <0.01 - <0.01 - <0.01 -
MS 4 0.003 - 0.002 - 0.003 -

a: P<0.01,5 A atBg2a bb &L
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< 6 3-BrPA %A F K BX A X AfiE AS49 MBERIMEER (n=3)

24 h 48 h 72 h
21 5]
D(450) I (% ) D(450) fE IR (%) D(450) fH MHIE (%)
SRR piie| 1.034 +0.059 0 0.930 £0.048 0 0.904 0. 056 0
3-BrPA 4 0.607 £0. 065" 44.93 0.405 +0. 040° 61.67 0.383 +0.057° 62.96
A ZH 0.881 +0.059* 16.07 0.543 +0.052° 45.49 0.471 £0.058* 52.37
A A 0.392 £0.061 67.51 0.312 £0. 055" 72.60 0.229 +0. 046 81.62
F 65.997 - 91.756 - 91.271 -
P <0.01 - <0.01 - <0.01 -
MS 4 0.004 - 0.002 - 0.003 -

a: P<0.05,5 MM bis;b: P<0.05,%5 3-BrPA 4114 ;c: P <0.05, 54448 1045

100 M

A:TAMEST B4R ;B 4648 ;C. 3-BrPA 20;D B4 A 254a
1 HEBRENEEHE AS49 HEES

2.3 3-BrPA A=l 405t AS49 4 oA =¥k

VA SR 45 SR 2 I, B 25 2 R I 2
AN TR W W T B PE RS BRAL (P < 0.01) , 11
HRE 25 L AR M o T2 R W) i T 3-BrPA 4 MIINSA 4H
(P<0.01,%7).

%7 3-BrPA Ii$H 5 B R B A X AS49 40 AR T R
[n=3,(x+s)% ]

25 YR TR
93 0 R 2 8.103 +2.590
3-BrPA 4 53.417 £5.259%
Jit%r 28 20.700 £5.172%
s ! 77.953 +3.587%

a: P<0.01, 5 A RaE; b, P<0.01,%5 3-BrPA
A% c: P <0.01, 5004820 k4%

2.4 3-BrPA 3 AS49 )8 69 % vt

AEHEE ) 3-BrPA YEFIT A549 4148 h )5, 5
BHPEXT B ZH %% ,40 wmol/L 41 G, 1 F1 S 1] 41 fita Fb 4]
AR AN S, 5 B X BB 2 K 40 pmol/L 21 %5, 80
160 wmol/L 4 S 4 i Jur (& bb A7l i ¥ T % (P < 0.01)
1M G, 4Bt T 7 Eb iz 7 b7 (P <0.01,3% 8) , #2
7 3-BrPA R AS49 R R AT G, 101, HA B 4
BEIDHIVE o

%8 3-BrPA Xt A549 dHBaEEARIENE (n=3)

3 JHT- AT e TS 7% (% ) HpH

- Go/C S G,/M ey
Mileayie:] 31.823 £2.136  56.037 £1.568 12.140 £1.610 2.142
3-BrPA

40 wmol/1. 44 33.887 +2.834% 55.147 +2.239% 10.967 +1.625% 1.951
80 mol/L £ 52.400 +2.365%> 38.080 £2.225* 8.517 +1.808* 0.889
160 wmol/1 ZH 71.080 +2. 042 22.247 +1.851°* 6.673 +0.681°*0.407

a: P<0.01,5 MR aLE b: P<0.01,5 40 pmol/L,
4 ;e P<0.01,%5 80 wmol/L 403tk
2.5 3-BrPA s} A549 2m it 48 S BE 75 P 09 % vk
40 .80 .160 pmol/L (¥ 3-BrPA 1E ] T fili i A549
Y 48 h J OB O I I B AT B X R 2
(P <0.01),Bfi% 3-BrPA ¥ B 1) T 55 OO0 U G 0 14 4
flR(F£9).
F9 3-BrPA XiAfifEE AS49 4HRR S HERERE RN (n =3, x £5)
213 CBH R
B4 % B2 143.999 +7.264

3-BrPA
40 wmol/L 2

96.279 +6.672%

80 wmol/L 2 61.082 £7.601*

160 pmol/L £ 35.571 +5.936"
a: P<0.01,5 MM Eats;b: P<0.01,5 40 wmol/L
MILE ;e P<0.01,5 80 wmol/L 2A b4k

3 i

WHFEUERT , I 240 P s e b AR e i A Qi = 2
HE B EREZ — HK R 2 iy 5
— AN, 7R HAR AL AR T f  E A A hy 6-B IR A
% %E ( glucose-6-phosphoric acid, G6P) , G6P X} 48 Jig Fi|
bR CE 2., AMKH 4 F HK [6) T/, H b
HK- T 5 20 AR A I8 155 FL B 525 40 1 HL A4t B
B 7 i@ 8 % [ ( voltage-dependant anion channel ,
VDAC) AHEAE FH I8 5 B8 1224 Q3 0 40 g 8 1 5 O
HEEVE ] . HK- 1155 g A OGP de K, 76 s (45
S S IR e A0 i B AR A 2 5 Ok IR S
BHIERAEAES . HK- 1 257K -5 Bibeg 20 i A 1
IR , HoKF- AT B3R IE H AU 200 A%, 3565 T
AN S % AR . 3-BePA T
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HK- I35 356 457 f-XH 3 1 45 4 ( EHX + BrCH2-CO-
COOH—EX-CH2-CO-COOH + HBr) , ifi G 80% f 4 7% ,
HK- 133 VDAC F1Z b7 R &1 BRAH B 42 , 3% 2k
PRI B AL AW Es ke Ml 2 e B
Y, 3-BrAP 38 1 il U b5 422 DA 1 BEL 11 75 26 0 2 1k
GOP , Fe & T EOWH B AN REIUR 58 1, IF-(H45 ATP Y4
I AZ BN . 3-BrPA S Lo 100 il AF 1 A 11 LA PR
N o

3-BrPA A3 12375 7 20 RO T A DR A i 40 i
JigE 20 i A= 4, R RLARST 25 ) HA P Rl BT , OF B
XFIE H 41 204 M 5% ) 5N, B R & ek, Xu
s 2R SE  BE, 3-BrPA il A 40 S A ok R T A A%
Hi R AE B 45 i des HCT116 20 0 Ak 2987 Raji 40, ¢
FERAR Y 3-BrPA (50 wmol/L) EE FEAMMIP T, 55
R BE ) 3-BrPA( > 100 pmol/L) F= 2 5 30 41 LR AL
Cao 2511 ) RIP1-Tag2 % 3 K /N R AIF ST X 4, & 3R
3-BrPA B FFRS /I il 5 25 m I 2 100 ) DR M M i e 4=
K SR B BT IR 1 O S A0 T A He —
PR ARS8 3-BrPA AT R FE K EVIRE Raji 4, H %
AR 11 wmol/ L R P 525 v 3-BrPA W] Af 1] 411 il
ANERONIR IR Raji 41 M B R A0 A= 4 it J) BBl AE
HA R HAB RS E T AT & B 3-BrPA X
filiges AS49 4 f A= K A7 B B A I A, 2 — e vk
MCHFLE , 10 X5F 1E B 2 2040 g MRC-5 4100 41 4 FH 20 S B
i, {UTF 160 wmol/L BfXF MRC-5 A R H/EH , 5
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