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Study advances on application of combination of 3-bromopyruvate

and nanomaterials in tumor treatment’
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[Abstract] Abnormal energy metabolism is one of the typical characteristics of tumors. Most tumors are
highly dependent on aerobic glycolysis to obtain energy quickly. This phenomenon is called the " Warburg"
effect. Compared with the traditional radio-chemotherapeutic strategies,inhibiting aerobic glycolysis can more
efficiently limit the production of tumor energy,thereby inhibiting the tumor cell proliferation. A large num-
ber of experiments have proved that the small molecule alkylating agent 3-bromopyruvate,as an inhibitor of
aerobic glycolysis,can effectively inhibit the proliferation of malignant tumors without damaging the normal
tissues. However, there are still problems and controversies in the clinical application of free 3-bromopyru-
vate. The combination of 3-bromopyruvate and new nanomaterials can improve a series of problems of 3-bro-
mopyruvate such as the stability, targeting and biological safety.

[Key words] 3-bromopyruvate;nanostructures;neoplasms metabolism;neoplasms therapeutics

NP SPNE S A S I > NS
FBETZM 13060 . SRR ™ IR JE A A AAT] 248 7R 9
i A R AL S S S A R TR 5 vk L O S 5KOBT 1Y JEE
E i A2 M2 W5 i SRy O ik .

Filged PR A S SR O AE T % AR AR BB A
A RO AN S A i 20 M 4R I A BT R Y BB HE CATP)
(7 F 3 i) Ff 9o 240 M B 3L 7 89 B P 5 148 SR W I, A%
R & R R oL 45 X 26 RE 1 R IR W) 5 O i R
2 B R B (R R R RS AR L T AR AR

1956 4F, fHE L 22 K Otto Warburg INRE] T 48

x BEWB.EFAARPEES W LI H (81771845) ; B KT A AR 2% 3 4 F A5 H (cste2019jeyj-zdxmX0019) ,

A

(1995 —)  FEPEM &, RN F I TG, ~

20 e R 1) A R E O B T A SRR I A Y
& BV TC B R A A 7R AU, IR A S 2 O e il i A
2 W R T 8L R Ok AR MU BE i X R B g L B AR Ol ¢
Warburg 0”7,

3-7R 75 il 2 (3-bromopyruvate, 3-BrPA) E TR
T 2 0 LI 4 S AL D & S — b/ o3 7 e R AR ) L
S5 ok A1 ] b 9 A AR T A R R A S Ak B 1R AL
(OXPHOS) K 7€ it 4fi J . FL T, 3-BrPA 2 #%
UEBHA T2 AT V8 L AE = A s R B AT T il —
SO BRI 5 T LA 1 A 3l N R O R R A T

& W 41 ] R &

E IS 1EE . E-mail: wang57554@163. com,



332

ARSCH S AR ILA 3-BrPA 59K REE S T i
AR IT W O S AT 008 o ) I A 43 P g AR a8 ) i
A, LA 3-BrPA T RGBT B ALE . B 7ESN 3-Br-
PA FH T I PRI 988 v 7 J0 L2 Ml 36 P 1l 28 3R 4 i
S IRYT PR AEHT I SR B 5 07 1
1 RIS E

iy 240 M Ay T L EG PR A K T T Y A8 i R W
ol AR T AT AR R g A e, R A
I M Y RS R AR R R B IROR B
FEW RS, b A A B a8 | A (GLUTs, 4% 51 2
GLUT-1 Al GLUT-3) 4y LA, 48 1 T K & 8 4 4 19
SR R A0 i i AR O R 4 S L A W TR AR
BEAh , BRI Eh 5 18 T 1 (MCTs) 78 K 22 % i s o i
Feik, o MCT1 2 FHRIRELER M MCT4 3%
FH T HE 3 i3 40 36 P 2o 5 00 LR 208 5 40 i 9 3R 55 1
FaE . AR R W], 22 500 95 40 i 38 23 3d Rk A3 &
T e 0 JFE A 2 B 1R 1) e ds AR 1 T A R Y A B T
B8 20 1) SRR A R AR

W T s 2R R A L R A A 1 A AL
itk 1y e 5, b FLAR I Y L B O B O (HKO
A DK R IR Ak R 6 IR A b L b HK2 7
R 22 B0 R 40 L v o B g e Akt A e R An i
hLRAA 80% By HK2 il 5 o JE 4R i 1 & A
(VDAC) 5 ki k4 &, 5L Rk L5 A 1) HK2 7] LA
) WU 2 W TR AL T 3 B9 AT, DT o 18 i
3R H Il T I L ( GAPDH ) 2 0 B2 v (14 55 — Fil
KGN , GAPDH 38 78 4 F0% v g i 3Rk, J
Fik 5N RS AHEY

“Warburg &N 7 I A W 25 i 83 4 i 2 07 44 2
RERRAG . A ULEEEE BRI, 2ok 1A 7 98 40 A AR 3 i i
KAAE ] 4R OXPHOS FI 4 & M e 23 i A B T
SR E RN A2 L AR I F A0 b TR R R D
(PDH) R LUK D B 2 5% Ak oy S RS A, BRI E A
FRHE ALK, 2 5 4Rk OXPHOS, {H7E i 8 40 il
Hh, i S R R I S S (PDKO R, T PDH i
PATVER . PDH 2% 36 , 52 SO 4 74 T 192 4 7L 18
S CLDH) R Ay 7LER . sb4h, LDH 7E i 8 40 fifd vh
ik AR TR R KT

W T2 i 35 g Jieb e 40 o 4R R T PR S A RO M
J& FT it B KA F W 0. B0 R I A A ) 3 T R Bl
it II (NADPH) , 0] DL fifi Ji 41 10 4 55 o 48010 B0 45 e H
JIRCGSHD BN 5 336 2 28 457 41 P9 S8 300 TR 285 9 14
I8 20 G 2 A2 25 W B A BT b 7 T e Ak
Fifgga 4 B 7 A O FLIR L 3 i MCT AMHE . 78 40 i S B 1l
Rk R B L AR 1 T R AN B R B AL R
2 3-BrPA ERWLE

TRV Tl 96 AT A 5 ) g A Sy H e ol 3 N G B

EHEE G221 A%51 5528

PROET TR L Y RE BRI (05 0 [ B sk 2 B AR Al
A DR VA T SR Y DG B AL AR L /NG ke Ak
B 3-BrPA 52 8] T R 8 RHF A G892 R TE,
PR kg X A= W K 43 1 (9 g R 28 1 ) HL A AR B Y
BEFEAL R PE . H e 3 fb 0 AR K AR AE LAY F 5 A% Bt
SR (SN2) H1, 3-BrPA AN ] 3 b 5 H bRk & 90 89 36 %
SEPR LA 55 A, DT 0 ) bR Ak A W i 3 L A .
GAPDH Hil HK 2% 3-BrPA 53L& . 74 B ik 45 14
oL, g 4 i e A9 MCTL ] R4 S 3-BrPA i
NG R AT . 3-BrPA Sl it 5 H AR & M 2E b
ZR (Cys) 1 Fi 5E 6 A0 25 & 1 2 2 Ong, L3k B8
T S35 R R . 3-BrP AL [a] At 4 i e A
P fi A2k R OXPHOS, AT 2040 ML P ATP f9 K
HEAE . TR IERE A0 M . B HF 5T £ W . 3-BrPA
AT LLGE 9 HIF-1a M 3R35, ATl GLUT-1 &k
B U iR 20 L XoF A 2 W B L, AT BEL A5 M e
H A IR S

KAEHFFTIE 52 . 3-BrP A RE 2k £ Pk 400 41 0% B i 1%
b i BB GAPDH A1 HK2, WA Al fif 95 41 1t
fil it B ek /b, SR A A DR R A e ¢ 5 B0 4 A AE
T R B, 3-BrPA if AT DL ] £R kK OX-
PHOS, T 580 ATP 7= &t ik — 25 F B, 4 55 400 ) 7
Fil {2 W & W (PDHD , 2 B R PR I 86 9 &2 A 9 11
(SDHD , 5745 R it Uil (TIDHD AT o 13— R 56 40 i
(KD Ak, 3-BrP A o BE 0 61 25 &0 B e 40 it
T 5 0 bR A A BT T SR ) R A AR e

BHFFEHRGE . 3-BrPA 38 ] L i 58 i fi 78 40 i
YA EPE 4 (ROS) , i 41 il DNA #1455 . £ 3-Br-
PA 4b ¥ () 240 i v, 38 & BR AN I N GSH Ik B 18 35 [%
5 T GSH S 9 40 H 5 52 S8 Ak 7 38 (81l ROS) 45
it EZAR B F . AR R, 3-BrPA 76 8 P b i
TR B 1 2 R R iR T AR b R e SR
T 5 ¥ Ak o~ 3-32 FE TS B R 1 (3-hydroxypyruvate,
3-HP), Atk , 3-BrPA 75 35 241 A o 68 7 A= 55 B fb i) 4
J R 1K IE 4 U £ 7 A R Y g R
AN, 3-BrPA M1EH S B E 40 N ATP sl =, i
20 it 1 HE SN ] 58 A I8 AT . 3 1 A0 T 24 ) e < i T
15 BR A A ML P L DT R 8 2 VR T

R 3-BrPA 76 Mg iR 7 7 E Wos B KR
P AR ZFE Y 3-BrPA T S BR W H H A7) 25 it 3| — gk
AN A 0 BB A . (1) FE A2 BRIEEE AN pH {H F . 3-BrPA
B2 WK 77 min, H 3-BrPA AgFaE , ol itk
3-HP*' 5 (2)3-BrPA Al L5 GSH 454 . Ml B A% T
3-BrPA MIHUIE SR 5 (3) 3-BrPA £ 8 & 4 M H ik
14 JiiJe v 2 B TR 2 M L T 0 T A P R B e A
RS s () vl T 38 5 T AR B3 450R 1 R A B4 L 3-Br-
PA RRETE MR A L P RS2 77 725 5 (5) B 3-BrPA



EAEE G 20225 1A% 51 5% 28

IR B AR BT S e D e
Hb . 3-BrPA b0 52 2o 1 1 B B PRk B e LA T
W R G R RIRITEY

SR N RS B S v NHURVAST -2 1 B e 2 o |
KA BEAS T T8 BR , 3 6 g8 oK R LA AR 5 A 2R % T
A ZF I I A5 RE Tk B DX 40 ML iR S A F AR S
WA IT A DL B 2 I 4 A1 408 ( Extravascular) , #)
JH B R 1 AR B A B 245 1 4 % A R o g o 3
(BN K P S AT DL e 3 43 U0 B3 1 3-BrPA T & ¥R
IR R TR LN DN [0 R N T TN
FRRIAR B A ) 390 45 76 Bl W R vh R R B BT
R R I B R B mEIE R . B 3-
BrPA 540K b B &, J& H i i B8 3-BrPA 1 —
AT ARG AT LUK 3-BrPA A %0 A 3% 3 4K Y 14 i
T AL
3 3-BrPA 5@ kM REA N AR

CHAPIRO Y R 50 3-BrPA 5 49 K 4% % #4
BHRSS G AT B- R WIRE (B-CD)AE 2 43 + 34
¥ 3-BrPA 3T B-CD . i i A% i PR P i iF s 1
B-CD-3-BrPA & GWIIWAFTE . 5 ilE B 1Y 3-BrPA M IL .
B-CD-3-BrPA WyREIE AR H R E . He A5 M AT 7E JBR
i385 1 S A7 S5 o B8 A /N BB U o B 5E T B-CD-3-Br-
PA Fil 3-BrPA & G 45 2J AR G5 R B, 5l 3-
BrPA A L o 308 A 1 700 X5 £ 96 /0 BB #5% B R M R 2H
LU,

7E 2015 4 WICKS 255 3-BrPA Jin A 1] 2 ¥y
Wit () pCPP: SA R, & 5L T W] A= W) B i 19 3-Br-
PA REGWrdh A, B G AT 8 7 T e 4 I o R )
Vi R o S A B A ASE B, O 9P AR T /LN 3-BrPA dh R 1E
R B —3RYT B 5 R B i (TMZ) FE SR 97 (XRT)
PEAIRIT YT 2. S5 R BRI ST 3-BrPA R &
Wy 2 A, ELRT I 2 o I R Bl A R ) A T
R [A]EAE  BEHE B h 2e ml 4 B R

g R A 4 1k B9 ) IZ I TR R
FR) 25 40 4% 336 22 40 o FL R LA AE o8 350 A0 48 e LR L i 2
Yy i B e 5 OF HL A BRI 24 0 1 A ) o3 A R 2l AR B
J12E R 48 = PR 25 W IR T O . B TR A
W) i B L GANDHAM 2559 9 73— 48
i g R 1) AT FH 2R R AR K TR A2 A ) 19 il AR
il 770 AL 2 3-BrPA, I fff A 2 3R AR 18 RIOBE O Al LS B
HIRIEE (SKOV-3) =4 Bk K b 3-BrPA i 5 44 1 771 1
B3 VA0 M B O . 45 R R, 5B Y 3-Bro
PA %W Ee . 3-BrPA Jg it 44 i 71 FL A7 5 4 i 482 1)
Pk, HAE SKOV-3 =4k & v H A 47 ) HK2 #1)1 4l
YE R R0 i s A

ZHANG 259004 3-BrPA £, 32 75 40 K ok L Jf:
B B g B0 i) HBK (Cys-Arg-Glu-Lys-Ala, CREKA) &

333

B 106 ) 3L 2% . i A R gl ok R (CT-Lipo-
3BP) . TE4 5 45 25 5 A SRS 1) iR i L O B 3-
BrPA , 1 T 4 454 Hb % S0 i g 20 il . 5 0% 25 1% 3-Br-
PA R[] 33 B0 75 AN 7 g ) A= 4, i A
WIS @IAE T . TEAR N Sh W AL v, 3-BrP A 44 K kL
FE DK S S B T R A AR K O B AE Bl
=V % Fag W N Wl VA v Y 5 O P
HE— RS T #F 3-BrPA 590K MRS & T LIAT 85080
% 3-BrPA 1 i g8 HE 1) 1

SRR SR B 38 K 3-BrPA 54k A R 45 AL 1T LA
W 3-BrPA By AR E P, OF HEK 3-BrPA AR H
B A b 3 % AR PN ik R B 7 L B R T 3-BrPA [ HT [n]
PR B3 T 3-BrPA MW % bt Tk
FEA 25 W 1% 10 D0 B 35K R 0 1) Ak 2 IR T SR M 3
TUFES 3-BrPA W H 43 B FE . 2 3-BrPA T il IR i
TR YT PR AL T R 0 LK
4 B =2

i o X g i AR 3 100 7 T A L 3 AF O L 0 e e
W I A AR A OXPHOS B 25 1% 966 5 BIF 58 F1 265 1y
KA 5. 3-BrPA 1B —Fh /43 7 b Ak 3L 5
A DAGE 2o S A AN 48 DR T T 2 A R A A L R
SUEHEE A Cys FREE P ik, B A5 42 52 1 W
MU, 3-BrPA Gl b BE A 10 ) OBE BE A%/ 2R IR OX-
PHOS, 5 5 & 1k N 38, 980 2> b 9 28 M b ATP /9 7
Az, DT 00 6 b g 1056 A L 1R 28 e e . RS TR £
SR, 3-BrPA SR R AF T R i A
NSRS e o I E AN (I | S
I PR 15 0 R, & Bk 9 A 3-BrPA IKIHA I £
B

EZE W A O SR R R P 7 P (A FESL 7
A5 AR i BB . A 3-BrPA FER S X 59
2 R 2% T s S 240 e At B A R A VE L OF BLAE
& LA 7 B 1) S P B A S W 4SS AR b Al I B
B . AR B BTN 1k, 8 A BIF 5T B A I B i
B 3-BrPA Xl P AR A S 50 1 I I 98 DA i g A
EDAE R, FORIEES 3-BrPA ASAE 28 o 1fi i 5 B, B LA
FEARIE A Bl 28 RGN 19IRTT

M i P — ) 8, H AT E A #4250k 3-BrPA
9K RS T IR 16 IT B A 5T, F BLAE S
RUrp 2 ST AT 1 e e e S % L S AR T U
3-BrPA (1 &8 43 BB o [7) B A 5 7R 1 R 4 0 A2 ) i A
P, HJEMIEA 3-BrPA 540K S SRR & HT
M2 RGBS . LK 3-BrPA 598K R
1 5 45 A A T ARG R B 2 R G M i 2 R
. 3-BrPA RGN Kb AL S5 A 2% B il 98 20 i 19 AH S AL
A T L HE— 25 1 B ) R, R O 2 A B g Ok
HE— ARV 3-BrPA 590K bR S5 & I T T R iR o7



334

P35 i st

S % Uk

[1]

[2]

[3]

[4]

[6]

7]

[8]

[9]

[10]

BRAY F,FERLAY J,SOERJOMATARAM 1,
et al. Global cancer statistics 2018.: GLOBO-
CAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[]].
CA Cancer J Clin,2018,68(6) :394-424.
HANAHAN D, WEINBERG R A. Hallmarks of
cancer;the next generation[]J]. Cell, 2011, 144
(5):646-674.

ABDEL-WAHAB A F, MAHMOUD W, ALH
ARIZY R M. Targeting glucose metabolism to
suppress cancer progression:prospective of an-
ti-glycolytic cancer therapy[J]. Pharmacol Res,
2019,150:104511.

YADAV S,PANDEY S K,SINGH V K,et al.
Molecular docking studies of 3-bromopyruvate
and its derivatives to metabolic regulatory en-
zymes: implication in designing of novel anti-
cancer therapeutic strategies [ ] |. PLoS One,
2017,12(5) :e0176403.

KO Y H,NIEDZWIECKA K,CASAL M,et al.
3-Bromopyruvate as a potent anticancer therapy
in honor and memory of the late professor an-
dre goffeau[]J]. Yeast,2019,36(4).:211-221.
SHAHRUZAMAN S H,FAKURAZI S, MA-
NIAM S. Targeting energy metabolism to e-
liminate cancer cells[ J]. Cancer Manag Res,
2018,10:2325-2335.

YADAV S,PANDEY S K,GOEL Y,et al. Di-
verse stakeholders of tumor metabolism:an ap-
praisal of the emerging approach of multifacet-
ed metabolic targeting by 3-bromopyruvatel J ].
Front Pharmacol,2019,10.728.

YU M, YONGZHI H,CHEN S, et al. The prog-
nostic value of GLUTT1 in cancers:a systematic
review and meta-analysis[ ] ]. Oncotarget, 2017,
8(26):43356-43367.

CHOI Y K, PARK K G. Targeting glutamine
metabolism for cancer treatment[ ] |. Biomol T-
her(Seoul),2018,26(1) :19-28.

YOO J J,YU S J,NA J,et al. Hexokinase- [
inhibition synergistically augments the anti-
tumor efficacy of sorafenib in hepatocellular
carcinomal ] ]. Int ] Mol Sci,2019,20(6).:1292.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

o

EHEE G221 A%51 5528

HANAFY N A,DINI L,CITTI C,et al. Inihi-
bition of glycolysis by using a micro/nano-lipid
bromopyruvic chitosan carrier as a promising
tool to improve treatment of hepatocellular car-
cinoma[ J ]. Nanomaterials,2018,8(1) : 34.
PEDERSEN P L. 3-bromopyruvate (3BP) a fast
acting, promising , powerful, specific, and effec-
tive "small molecule" anti-cancer agent taken
from labside to bedside:introduction to a spe-
cial issue[ J]. J Bioenerg Biomembr, 2012, 44
(1):1-6.

DARABEDIAN N,CHEN T C,MOLINA H,et
al. Bioorthogonal profiling of a cancer cell pro-
teome identifies a large set of 3-bromopyruvate
targets beyond glycolysis[J]. Acs Chem Biol,
2018,13(11):3054-3058.

JONES A T,NAROV K, YANG ]J,et al. Effi-
cacy of dual inhibition of glycolysis and glu-
taminolysis for therapy of renal lesions in Tsc2
(+/—) mice[J]. Neoplasia,2019,21(2):230-
238.

LIS P,DYLAG M, NIEDZWIECKA K, et al.
The HK2 dependent "Warburg Effect" and mi-
tochondrial oxidative phosphorylation in canc-
er; targets for effective therapy with 3-bro-
mopyruvate[ ] ]. Molecules,2016,21(12) :1730.
VALENTI D, VACCA R A,DE BARI L. 3-
bromopyruvate induces rapid human prostate
cancer cell death by affecting cell energy me-
tabolism, GSH pool and the glyoxalase system
[J]. ] Bioenerg Biomembr, 2015, 47 (6); 493-
506.

YADAV S,KUJUR P K,PANDEY S K,et al.
Antitumor action of 3-bromopyruvate impli-
cates reorganized tumor growth regulatory
components of tumor milieu, cell cycle arrest
and induction of mitochondria-dependent tumor
cell death[J]. Toxicol Appl Pharmacol, 2018,
339:52-64.

YOUSEFI S, DARVISHI P, YOUSEFI Z, et al.
Effect of methyl jasmonate and 3-bromopyru-
vate combination therapy on mice bearing the 4
T1 breast cancer cell line[J]. ] Bioenerg Bi-
omembr,2020,52(2):103-111.

SZCZUKA 1, GAMIAN A, TERLECKI G. 3-
bromopyruvate as a potential pharmaceutical in

the light of experimental data[]]. Postepy Hig



EAEE G 20225 1A% 51 5% 28

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Med Dosw (Online),2017,71:988-996.

CAL M,MATYJASZCZYK I,LITWIN I,et al.
The anticancer drug 3-bromopyruvate induces
DNA damage potentially through reactive oxy-
gen species in yeast and in human cancer cells
[17. Cells,2020,9(5) ; 1161,

YADAV S,PANDEY S K,KUMAR A.et al.
Antitumor and chemosensitizing action of 3-
bromopyruvate: implication of deregulated me-
tabolism[ ] ]. Chem Biol Interact,2017,270:73-
89.

ORUE A.CHAVEZ V,STRASBERG-RIEBER
M, et al. Hypoxic resistance of KRAS mutant
tumor cells to 3-bromopyruvate is counteracted
by prima-1 and reversed by N-acetylcysteine
[17. BMC Cancer,2016,16(1):902.

YADAV S,PANDEY S K, KUMAR A.et al.
Antitumor and chemosensitizing action of 3-
bromopyruvate: implication of deregulated me-
tabolism[ ] ]. Chem Biol Interact,2017,270:73-
89.

RATY,YADAV P,KUMARI N, et al. Hexoki-
nase [l inhibition by 3-bromopyruvate sensiti-
zes myeloid leukemic cells K-562 to anti-leuke-
mic drug,daunorubicin[ J]. Biosci Rep,2019,39
(9) : BSR20190880.

JARDIM-MESSEDER D, MOREIRA-PACHE-
CO F. 3-bromopyruvic acid inhibits tricarbox-
ylic acid cycle and glutaminolysis in HepG2
cells[ J]. Anticancer Res, 2016, 36 (5): 2233-
2241.

KWIATKOWSKA E,WOJTALA M,GAJEW-
SKA A, et al. Effect of 3-bromopyruvate acid
on the redox equilibrium in non-invasive MCF-
7 and invasive MDA-MB-231 breast cancer cells
[J1.] Bioenerg Biomembr,2016,48(1) :23-32.
WU L, XU J, YUAN W, et al. The reversal
effects of 3-bromopyruvate on multidrug re-
sistance in vitro and in vivo derived from hu-
man breast MCF-7/ADR cells[J]. PLoS One,
2014,9(11):el12132.

GLICK M, BIDDLE P, JANTZI J, et al. The

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

335

antitumor agent 3-bromopyruvate has a short
half-life at physiological conditions [ J]. Bio-
chem Biophys Res Commun, 2014, 452 (1)
170-173.

EL SAYED S M, BAGHDADI H, ZOLALY
M, et al. The promising anticancer drug 3-bro-
mopyruvate is metabolized through glutathi-
one conjugation which affects chemoresistance
and clinical practice: an evidence-based view
[J]. Med Hypotheses,2017,100:67-77.

QIN ] Z,XIN H,NICKOLOFF B ]J. 3-bromopyru-
vate induces necrotic cell death in sensitive
melanoma cell lines[]J]. Biochem Biophys Res
Commun,2010,396(2):495-500.

MAEDA H,WU J,SAWA T,et al. Tumor vas-
cular permeability and the EPR effect in mac-
romolecular therapeutics: a review[]]. ] Con-
trol Release,2000,65(1/2).:271-284.

PAN Q,SUN Y M,JIN Q L,et al. Hepatotox-
icity and nephrotoxicity of 3-bromopyruvate in
mice[ J]. Acta Cir Bras,2016,31(11).724-729.
WICKS R T, AZADI J, MANGRAVITI A, et
al. Local delivery of cancer-cell glycolytic in-
hibitors in high-grade glioma[J]. Neuro Oncol,
2015,17(1) :70-80.

CHAPIRO J,SUR S,SAVIC L J,et al. System-
ic delivery of microencapsulated 3-bromopyru-
vate for the therapy of pancreatic cancer[] ].
Clin Cancer Res,2014,20(24) :6406-6417.
GANDHAM S K, TALEKAR M,SINGH A.,et
al. Inhibition of hexokinase-2 with targeted li-
posomal 3-bromopyruvate in an ovarian tumor
spheroid model of aerobic glycolysis[J]. Int ]
Nanomedicine,2015,10:4405-4423.

ZHANG Y L,WEI] Y,XU ] Q,et al. Suppres-
sion of tumor energy supply by liposomal nano-
particle-mediated inhibition of aerobic glycoly-
sis[J]. ACS Appl Mater Interfaces, 2018, 10
(3):2347-2353.

i fs B #1.2021-05-28 &[] H #1:2021-09-28)



