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[HZEY B®W HIT 2-MA-D-% % (2-deoxy-D-glucose, 2-DG) Bt & #2 % = 8 5 (hydroxycamptothecin,
HCPT) %k FL M g 40 B He g 3 M s Je HopLl . 3% >R JH 2-DG(0,1. 25,2. 5,5,10,20 mmol/L) \HCPT (0,
5.10,20,40 pmol/L) ¥ fE FI DL & 5 mmol/L 2-DG 5 4 v ¥ HCPT B4 1F i T 3L I 4% 41 i MDA-MB-231 15
MCF-7, ffi F§ MTT 3 46 0 241 it 338 5 5 78 £k 79 5€ (propidium iodide, PD #:ill 5 mmol/L 2-DG .10 pmol/L HCPT i
VB LA BB 5 A F 6 MDA-MB-231 40 g /9 9 T24F Fl s A Rk B2 2-DG A/ FT T MDA-MB-231 40l 6 h )5 , I & 40 g
W ATP 48k ; Western blot ¥l MDA-MB-231 4y Akt.P-Akt,Bcl-2/Bax.PARP,Caspase-8 fll Caspase-3 &
Rk, 8 5 mmol/L 2-DG 5 HCPT B4 BAT U AR . Ab B 48 h 438 % (CI<<D), & R T R &
T HUHAL(P<20. 05) o 5] I 7 2 &5 FHAW ] Al 2 11 0 B R AL LA BOM N T Caspase-3 2 O IE 4k WM 1% PARP 2
HEYDYI, g8 2-DG B4 HCPT AT L b ) 75 S 2L 05 98 40 5 08 77« LML) AT i A2 40 550 A 88 200 Al 5k 2 nig LA B A1
il Akt Z 09 BER 1k M 5% Caspase-3 2 NG T .
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[ Abstract ] Objective To investigate the effect of 2-deoxy-d-glucose (2-DG) combined with
hydroxycamptothecin (HCPT) on anti-tumor activity of breast cancer cells and its mechanism. Methods = MDA-
MB-231 and MCF-7 breast cancer cells were incubated with varying concentrations of 2-DG (0, 1. 25, 2.5, 5, 10,
20 mmol/L), HCPT(0, 5, 10, 20, 40 pmol/L) and 2-DG (5 mmol/L) combined with HCPT. Cell viability was
measured using the MTT assay; Propidium iodide (PI) detected the apoptosis of MDA-MB-231 cells by 5 mmol/L
2-DG, 10 pmol/L HCPT alone or in combination; MDA-MB-231 cells were treated with 2-DG (0, 2.5, 5, 10,
20 mmol/L) and the level of ATP was detected by ATP kit; the expression of Akt, p-Akt, Bcl-2/Bax, PARP,
Caspase-8 and Caspase-3 proteins in MDA-MB-231 cells were measured by Western blot assay. Results The
combination of 2-DG (5 mmol/L) and HCPT had a synergistic effect. The 48 h combination index (CI<{1) was
higher than that of the single-use group (P<C0.05). At the same time, the combination of the two drugs inhibits the
phosphorylation of Akt protein and increases the activation of Caspase-3 protein, thereby increasing the cleavage of
PARP proteins. Conclusion The combination of 2-DG and HCPT can synergistically induce the apoptosis of breast
cancer cells, which may be caused by inhibiting the energy generation of tumor cells, inhibiting the phosphorylation
of Akt protein and enhancing the activity of caspase-3 protein.
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B, 2-i E-D-% 4 B (2-deoxy-D-glucose, 2-DG)
& — T R AL ) ) 22 T iR A0 i B AT G B
TR g R WY -7, 2-DG A A P9 Ah 2 fE 338 53
Ie A0 LR TT RO B U L U I 2 W) AR TR
A5l G R B B AF RO . A 25 ] DLE %
A [5) 245 4y 1 B [ 470 ke 988 4 o DT 3 ok 9 20 Ak 97 245
A8 P 50 kg Aty T 38 380 s/ A ST 24 W R AR T
(18 ) Bt 38 0 25 90 36 97 R 0 B i . AR BT AR
2-DG 5 HCPT B& 25 X% P bk LM i 41 Jf 7 38
A T 52 me I 28 BCFL IR S MDA-MB-231 4
JEL R 73 BT WG 5 5 D AT RE B A T AL R . LAIST A i PR L
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1.1 ##l
1.1.1 fmpesk  AFUAR L 2% 40 Bk MDA-MB-

231 5 MCF-7 4 T BFBe b 1 40 f 42 o Hy i 3 P2 2
B 2E Ak 24 31 S 50 2 TR A

1.1.2  £ZXA DMEM &85 55 3%, Bh 4 1 5
W F Gibco, i & 1 B, 2-DG, MTT, it fk 14 BE
(propidium iodide, PI) I F Sigma, ATP £ ] i 5
W THZREYHE ARV 5T HCPT W T g4
TEAR A BR 2 7. Akt p-Akt, Bel-2/Bax, 111 2 Hi %
IgG., th £ Hi /M B TG L &l T Abcam 24 ],
PARP B-actin,Caspase-8,Caspase-3 HUi& I F CST

AR

1.2 7k
L2.1 @i FLBEARERTEA 104

(MDA-MB-231) fil 15 % (MCF-7) i 4 IfiL 35 1 75 %5
% 1X10 *U/L. g% % 100 mg/L A9 DMEM & b
Rege gk 8 F 37 °C KR8k 520 CO, fH IR 1
T,

1.2.2 MTT #%n g0 fe 3 78 BT 80E KK
MDA-MB-231 F1 MCF-7 4fi Jfi $% #f T 96 fL#R. 1 X
10" /4L e F 1 37 C R 8k 520 CO, K3
b MR SR 24 h e RALP IR MA S A
AR EE (0.1, 25.2.5.5,10,20 mmol/L)2-DG #y
DMEM ¥ #2 , IF i &0 ZFfL, &4l 5 & L. n
5 E THFRAE . EM 24 h 55 48 h, B ALIMA
15 pL MTT, 4K 2205 H 4 b, Fo4si L P 3G 37 00 B3 AL
A 150 pL DMSO i Joi i, JF & T 37 ClRAf
30 min, BEAR{IR B 490 nm, K I I KR &4

LW I E G DL S 3 U, AR 1 AR it 4k
S 2-DG AR T 40 1 0 >F S i B2 (1G5, ) 5 PR3
M FEAR T 1Cs, 1y 2-DG 5 A [ ¥ i (0.5.10,20,
40 pmol/L) HCPT 41 ¥k 45 i Hl MDA-MB-231 Al
MCF-7 #tiffd 48 h, W% ] HCPT Lk J¢ HCPT &
2-DG Bt % MDA-MB-231 F1 MCF-7 4 fitd 33 58 1)
AL

1.2.3 A 44383 (CD A % & 8, ¥ #5 % (DRD
FRAE MTTA I 54 5 £ i CompuSyn #4115 CI
F DRI, CI J& >k 48 7 w5 Fh sk w5 Fh DL 1 25 9 1 A
HAE & UM E W i I SR RSP — A~ S8 Ko
SRR R CI<<1, CI=1 Ml CI>>1 43 5 7% P )  AH
S HAE N . DRI &3 B AE W 240 A th B —Fh 25 )
TE 25 78 B BN K 0] DL b 2 0 4%, 5 5 —Fh 24
Py B 8 P 1) 3R R AH A

1.2.4 BEIHMENEmBEEL FETH ¥
FLR I MDA-MB-231 4 ffi 45 %0 T 6 LAk .30 X 10"/
fL, B FHEIR 37 'C ARBUM 5 % CO, Bigifah . 41
MidsE3E 24 h 5. 5 RIL P B IR W A0 Al 4 4.
DMEM K #% W X 8 241, 5 mmol/L 2-DG 41,
10 pmol/L HCPT 41 .2-DG 5 HCPT B¢ J 41 , 4k 4¢
B AR A8 h JE fot R WA BE A R

1.2.5 PlEéethn @A = K MDA-MB-231
Y4 FP T+ 12 FLAR. 15 X 10" /4L, K5 9% 24 h J5,
¥l &7 DMEM B 8 %) B4 .5 mmol/L 2-DG,
10 pmol/L HCPT LA Jz P 35 Bk & ) DMEM K 3%
W, PRI SR A8 h JE WS AL AN T 0 A L
1 000 r/min®.L> 8 min, 5 & 15 52 WL, fin A #l ¥ (1)
750 L WE 1 mL [ 4 C AR K H 7 H
Z5mLEP®Ed,1 000 r/min B> 8 min, # L&
WL PT Y ge o, 4 °C B & 2 h, I 2 40 {0
WA G, VR T %, LR EE 3 K,

1.2.6 ATP R-F#m  BOW K 0 40 i £ 70 T
6 fLAR H 30X 10" /fL, 55 3% 24 h J5 b B, 2-DG
BUeE /5 0.2.5.5.10.20 mmol/L. 6 h J5W
FERG IR He A AL N A 200 pL B B0 A 2
W 2R A S e A B EP bl 4 C B0 L
12 000X g B0 5 min, W FiEH Tageile . &
S B ATP K O 0] & #5720 3R iE AT 52 30 Gl O
B L f 5 i 2 T 6e B A AEE AT R 0 CFE 5
BCA EHEREEER). LREAEX 3 K.

1.2.7 Western blot #& @ Akt,P-Akt.Bcl-2/Bax.
PARP,.Caspase-8 #= Caspase-3 & & %k i&  MDA-
MB-231 4440 T 60 mm 1L 24 h 5, B &
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i DMEM ¥; 7% ¥ %F B8 41, 5 mmol/L 2-DG.
10 pmol/L HCPT LI K W # B & ) DMEM % 3%
TR A FH R OE S 8] 5 A0 40 R i A 224 R 1 S T
Tk 2% 30 min, 4 °C KB L HL 12 000 1/
mim .0 30 min, $2HCE A B BT BCA L i#1T
EAER MAAEAREWE., AR50 pg &
F1,SDS-PAGE Hi ik ; % I & PVDF it ; 5% i g 4
WhdtiA 4 h; TPBS PERE 3 ¥k .5 min/iK; —#H1 4 °C it
&, TPBS Yl 3 ¥R —Hi =il 2 h, TPBS YEfIE 3 K5
ECL 35 £ & % W 52 . B IR R SR LR . R
JH Tmage J W5 4 b 68 2545 B K BEAEL, DL B 9 2541
5 Bractin JKEE{EL A FOAE O H 8 H B9 AR Rk &
1.2.8 #itFHE LRBRYU £ #ox, &
2 [) 22 S5 L AR fif P B R 5 25 40 i DA B2 LSD K 55
P<C0.05 B ESAGI¥E L.

2 #HXR

2.1 2-DG.HCPT B H X Bt & FH 2 ¥ MDA-MB-
231 5 MCF-7 4 B 1% 58 i 82 1

L0598 40 e MDA-MB-231 5 MCF-7 £ 3 2-
DG (0,1.25.,2.5.5.,10,20 mmol/L) 4> BI/EH] 24 h
5 48 h, W 2-DG X 40 Mg B A7 8 55 4 6 75 H
MDA-MB-231 4fi i 48 h IC,, = 8.80 mmol/L,
MCF-7 4i}fg 48 h 1C;, = 7. 57 mmol/ L, &t 5 2L 52 1
F13% F 5 mmol/L 2-DG 5 HCPT (0.5.10, 20,
40 pmol/LYBCA1E 41 48 h, 4558 (K 1) R Bk
£ 21 H B VR 3 T A 41 (P<<0. 05) .
5 mmol/L 2-DG 43 5| 5 K [a] ¥ B (5~ 40 pmol/L)
HCPT Bt & {E | F MDA-MB-231 5 MCF-7 41 jig

48 h, Z53 (F& D /R CI<<1,DRI Z5 R WR B &
254 vl R 4 R0 AR T B T AR AR Y B2 )
Hidr MDA-MB-231 4if it 20 &5 S 4 Sy B &, i i 2-
DG 5 HCPT Bt HA U R /EH .

120} 120
_100 1004 ~HCPT
B = ~=2-DG+HCPT
2z 80t 280t
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> >
S 40r S 40
¥ o 2en Tl
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Y S —— 0 R
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e ¢ (2-DG)/(mmol/L) ¢ (HCPT)/( 1 mol/L)
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Q ¢ (2-DG)/(mmol/L) ¢ (HCPT)/( v mol/L)

E 1 2-DG #1 HCPT £ A 5 Bk A X MDA-MB-231(A) #1 MCF-7(B)
4 B 4 3 1Y % T
Fig 1 Combinatorial effects of 2-DG and HCPT on MDA-MB-231
(A) and MCF-7 (B) cells
» P<C0.05, % » P<C0.01, vs. 0 mmol/L 2-DG or 0 pmol/L
HCPT
2.2 2-DG.HCPT B R B & A Z5 %} FLAR & MDA-
MB-231 28 Bl 2 75 3 B9 & 1
550 (& 2) R, 5 mmol/L 2-DG 2 ¥ 4b 3 21
g1 O N S - S IO 26 W E o o I T =3

# 1 2-DG 71 HCPT Bt & {E F§ MDA-MB-231 71 MCF-7 £ i 89 45 & 45 #1 (CD #0571 28 2 #5 # (DRD
Table 1 Combination index (CI) and dose reduction index (DRI) analysis for 2-DG and HCPT combination therapy in MDA-MB-231 and MCF-7

cells

Combination therapy MDA-MB-231 MCF-7
) r‘im[?)(lj//l) ) Err%fl}l/) c1 DRI (2-DG) DRI (HCPT) cl1 DRI (2-DG) DRI (HCPT)
5 5 0. 22 1,47 1 351. 30 0.93 111 3.16
5 10 0. 22 4.55 744.82 0. 86 1.22 22.18
5 20 0.17 5.75 1 443. 19 0. 66 1.61 25. 82
5 10 0.15 6.91 2 085. 99 0.55 1. 95 23.77

10 pmol/L HCPT 28 40 g % &y /)N » 45 4L 40 i 114
T35 5 %% B2 0 A S B I ) s
2.3 2-DG.HCPT % A= B & B % ¥ MDA-MB-
231 ATHRm

PT e (5 255 (8] 3) 78 .5 mmol/L 2-DG fEH]
M. H TR X AR ZF LRSI EE X

(P>>0.05) , ¢ 418 7= 2% 5 XF B 20 DL K B T 40 2
BIYA S E L (P<<0.05),45 8 %8 5 mmol/L
2-DG Joifs T4 M 8 T-/E . 22 M 10 pmol/L
HCPT B HJE 5 5 HCPT A Lb 240 i 3 T3 n .
2.4 2-DG %t MDA-MB-231 ZH A ATP 7k T 1) 8 i

A EE 2-DG A4 6 h J5 . BEAE 25 YUk
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B, ATP K- 5 3% T B i 4, 50 IR

HHBERA ST #E X (P<<0.05), WWHE 4,

2.5 2-DG 5 HCPT B4 i B Xt 3L B8 58 MDA-MB-
231 iR Akt E S BEREBRIZH I

B 2 MDA-MB-231 AR AEFETN
Fig 2 Morphological changes of the MDA-MB-231 cells
A Control group; B: 2DG group; C: HCPT group; D: 2-DG+HCPT group
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Fig 3  Effect of 2-DG and HCPT combination treatment on the
induction of apoptosis in MDA-MB-231 cells
A: Flow cytometry analyses of MDA-MB-231 cells ; B: Bar
graphs representing the proportion of apoptosis cells (n=3)* P<C

0.05, " * P<<C0.01
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¢ (2-DG)/(mmol/L)
B 4 RERE 2-DG X MDA-MB-231 4} ATP 7k F § &1
Fig 4 Effect of different concentration groups of 2-DG on ATP level
in MDA-MB-231 cells
* P<C0.05, * % P<C0.01, vs. control group (0 mmol/L 2-
DG)

2-DG+HCPT

Western blot 455 (& 5) /8, 5 mmol/L 2-
DG 5 10 pmol/L HCPT B4 Akt & H BB R 1k
B AT X R A B 4, B 2-DG 5 HCPT Bk

A I T A Akt BERR AL VR T TS 25 4

2-DG  — + - +
HCPT  — - + +
PG o s
B -actin _7. :’
o lal
.2 #
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Group

B 5 2-DG/HCPT 3t 2L 7 # MDA-MB-231 4 g Akt {5
RIEH I
Fig 5 Effect of 2-DG/HCPT treatment on the Akt signaling pathways
in MDA-MB-231 cells
# P<C0.05;

SHEBER

* % P<C0.01, vs. control group

2.6 2-DG 5 HCPT Bt & 5 8 ¢ 3L B$ 8 MDA-MB-
231 EMATHXEARIENEM

Western blot 255 (& 6) g5, BG4 Bax £
KB H A A W] B TE . Bel-2 kT BB S
Caspase-3 2 1 1% 1k JE U . Caspase-3 & ¥
PARP #8159 4, Al 352 2-DG 5 HCPT Bk
G A LAXG I T AT 8 Caspase-3 BB .
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HCPT  — _ + -t 4 DNA # b 2498, 5 CPT #A L, HCPT E.
Bax
- = S o £ T 75 5 R A o

Pro-caspase-8 - - - —

Cleaved — - -

caspase-8

Pactn GEEEE D S —
2-DG  — + - *
HCPT - - + +

Pro-caspase-3 _—_ - -  —
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Fig 6 Effect of 2-DG/HCPT treatment on the apoptosis-associated
proteins in MDA-MB-231 cells
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2-DG A g — POl I fife 400 10 500 T i/ ik 9o 240 i
N ATP #7471 B 2-DG AR 5 — 259 1
BF T B A BT TR 5 M . PR 32 A 7 gy X
e WH A B JF I 5 0K 2 i 96 a0t ik 7 4wt S 1k R 1k
X AR Y 7 RE 2 B DL 7R AR R I O
T TR 20 i A SR 2 D R A 1 SR B R ARAE S
B AR 7 20, H AN (R 0 i Je A e AR I A S Ak
BERR AL 5 B ATP F A [R) 1 2 5 5 2 M8 20 i
RSB MR TR f 1 R R e W g OE R AR . AE
WS ZF R T ATP, A0 35 40 i 08 T ) I8 3%
i g6 A M TS 245 2 1 R B AR R AR T, IR TN
Shy 308 3ok 00 T T A ] 422 s/ A0 X T 4
R R A6 ATP [ A= W A7 ] BE % 55 P Hb 2R 38
iR A A 2-DG 5 H B AT 25 W 5k G 6l b 2
— P S A IR T J7 20 AR ST 25 W - b gRE 4 i X
B A [ B 756 S 410+ 5500 D) 2> e 6 40 i e 7 A
W7 440 JH P9 R R L S B () A P S T A —
PRI A7 (38 R 9T TBe

KR e W) 3 B B8, (camptothecin, CPT) J& —Ff
T AY . CPT KK MAE R — KA TR

PETE /N o R T HRR IR 0 B b 988 A FH AL A W] 1 Al
0 BE 1 259 DR A S A 2 W B I L AR e | RS
254 1) B AR B AR

IR R, 2-DG 5 & Fhe i 5 24 Py 166 F 35 B A7
BLAF A5 He i 2-DG 5 TGF TR 410011 700 156 J 44 5
TORFEE /N A0 i 9 IR T DA e 2-DG AT DL g
LR 5 A0 B X B e 9R 24 4 BT A R A DT AR
FHR M 2-DG 5 HCPT B4, 45 R R WA [l vk
1 2-DG 5 HCPT ol 4k 3 3L AR i MDA-MB-231
5 MCF-7 40 ffd J& » Y5 2 30t 40 4R . 24 w6 & A
B A FH 245 0 4 % 4 i g 344 4 400 o 4 = S
220, H 3 G 1 2 A U [ AR S AR J8 L Ak 97 24
YU 2 A B R i w0 i AT ) L aet ek
A ARST 25 AT SR 6 R B AICRE R AR S [ 1) e ek
5 MNLE A 2B A TR EE Iy s B iy . 3K
fIT& M 2-DG 7] LI HCPT 5 5 i L i 987 20 i U
T, AL AT A8 2 A8 & 410 1 77 2-DG 3/ T i i
il ATP /K, LK 2-DG 5 HCPT BRI il LU £
FIBR I Akt {5 538 i, Akt & —Fh 22 &R/ 75 &R
VAU BIITE 1Y Aket 38 5 BE ER AL R UE— R 5 40 L
A1 DT 5 e 4 B Y A AE 5 R R A A A AR LA
K KB A0 I RS LI A AR R Ak B R R 9 I P
Z ik 100 ZFh XA & T Z s mEe e, kAT
&I 2-DG 5 HCPT B H AT LA Akt 85 %) #%
Rk, T4 Akt B0E T d] Akt 28 £738 B 3
1 Caspase-8/-3 i, H49 JH =17 43 F Caspase-3
M R R Y PARP 9551, S 2040 i
T,

i LTk AR UEM 2-DG 5 HCPT Bt H
A R E AR AT LU G 1 400 o) e 33 4 B AR G L 5 2 3L
U3 A0 B A T 22 B R T R ML R R O 3 ok I
JiEg 4B P ATP AKCF A Ak A= 773 B% LA S 3
fin Caspase-3 A9 36 4 . {0 & H 0 B 43 F L DL &
A T 1) LA VR B A B AR Bt TR A7 75 20— 25 1Y
PRI I HLT SR N S50 i B9 3CHE

2 % X #

[1] FAN L, STRASSER-WEIPPL K, LIJJ, etal. Breast cancer
in China. Lancet Oncol,2014,15(7) :e279-¢289.

[2] MIN X, HENG H, YU HL, eral. Anticancer effects of 10-
hydroxycamptothecin induce apoptosis of human

osteosarcoma through activating caspase-3, p53 and



532 V1| A 2 4k CBE 27 WO 5 50 45
cytochrome ¢ pathways. Oncol Lett,2018,15(2) :2459-2464. Cancer Res,2015,5(9) :2673-2685.

[3] WUH, YUT. TIAN Y. etal. Enhanced liver-targeting via [13] OSHIKATA A, MATSUSHITA T, UEOKA R.
coadministration of 10-Hydroxycamptothecin  polymeric Enhancement of drug efflux activity via MDRI1 protein by
micelles with vinegar baked Radix Bupleuri. Phytomedicine, spheroid culture of human hepatic cancer cells. ] Biosci
2018,44.1-8. Bioeng,2011,111(5) :590-593.

[4] WETI'Y, LI C, ZHANG Y, et al. Hydroxycamptothecin [14] HSIANG YH, HERTZBERG R, HECHT S, et al.
mediates antiproliferative effects through apoptosis and Camptothecin induces protein-linked DNA breaks via
autophagy in A549 cells. Oncol Lett, 2018, 15 (5): 6322- mammalian DNA topoisomerase I. J Biol Chem, 1985, 260
6328. (27):14873-14878.

[5] CHENF, ZHAOY, PANY, etal. Synergistically enhanced [15] MENG G, WANG W, CHAI K, et al. Combination
therapeutic effect of a carrier-free hcpt/dox nanodrug on treatment  with  triptolide and  hydroxycamptothecin
breast cancer cells through improved cellular drug synergistically ~ enhances  apoptosis in  A549  lung
accumulation. Mol Pharm,2015,12(7) :2237-2244. adenocarcinoma cells through PP2A-regulated ERK, p38

[6] SINGH S, PANDEY S, BHATT AN, etal. Chronic dietary MAPKs and Akt signaling pathways. Int J Oncol, 2015, 46
administration of the glycolytic inhibitor 2-deoxy-d-glucose (3):1007-1017.

(2-dg) inhibits the growth of implanted ehrlich’ s ascites [16] LIUF, LIUY, LIU X, et al. Inhibition of IGFI1R enhances
tumor in mice. PLoS One, 2015, 10 (7);: e132089[ 2019-04- 2-deoxyglucose in the treatment of non-small cell lung cancer.
19]. https://doi. org/10. 1371/journal. pone. 0132089. Lung Cancer,2018,123:36-43.

[7] ZHANG Y, HUANG F, WANG J, et al. 2-DG-Regulated [17] AHMAD IM, MUSTAFA EH, MUSTAFA NH, et al.
RIP and cFLIP Effect on Liver Cancer Cell Apoptosis 2DG enhances the susceptibility of breast cancer cells to
Induced by TRAIL. Med Sci Monit,2015,21:3442-3448. doxorubicin. Open Life Sciences,2010,5(6) :739-748.

[8] PICCOLO MT, MENALE C, CRISPI S. Combined [18] CIRUELOS GE. Targeting the PI3K/AKT/mTOR pathway
anticancer therapies: an overview of the latest applications. in estrogen receptor-positive breast cancer. Cancer Treat
Anticancer Agents Med Chem,2015,15(4) :408-422. Rev,2014,40(7) .862-871.

[9] DWARKANATH BS, ZOLZER F, CHANDANA S, et al. [19] POLIVKA JJ, JANKU F. Molecular targets for cancer
Heterogeneity in 2-deoxy-D-glucose-induced modifications in therapy in the PI3K/AKT/mTOR pathway. Pharmacol
energetics and radiation responses of human tumor cell lines. Ther,2014,142(2) :164-175.

Int J Radiat Oncol Biol Phys,2001,50(4):1051-1061. [20] JANKU F, KASEB AO, TSIMBERIDOU AM, et al.

[10] JHA B, POHLIT W. Effect of 2-deoxy-D-glucose on DNA Identification of novel therapeutic targets in the PI3K/AKT/
double strand break repair, cell survival and energy mTOR pathway in hepatocellular carcinoma using targeted
metabolism in euoxic Ehrlich ascites tumour cells. Int J next generation sequencing. Oncotarget, 2014,5(10):3012-
Radiat Biol, 1992,62(4) :409-415. 3022.

[11] A=3Cma, gk S, X0 9. iR 40 0 A i R A s B i o [21] SATHE A, NAWROTH R. Targeting the PI3K/AKT/
. 2 B 4R . 2017,33(11) :1499-1502. mTOR Pathway in Bladder Cancer. Methods Mol Biol, 2018,

[12] LIUZ, SUN Y, HONG H., et al. 3-bromopyruvate 1655:335-350.
enhanced daunorubicin-induced cytotoxicity involved in (2018 — 11 — 12 Y fg . 2019 — 04 — 26 &)

monocarboxylate transporter 1 in breast cancer cells. Am ]

£ L /A



