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[Abstract] Pancreatic cancer is a highly lethal and aggressive tumor that affects the digestive tract, leading to poor prognosis and low
survival rate. At present, gemcitabine-based chemotherapy is widely used in the clinical treatment of pancreatic cancer. However, the
efficacy of chemotherapy has significantly decreased with the emergence of clinical drug resistance. In order to meet its demand of
energy and biological materials, tumors always change its metabolic pathway, which is called tumor metabolic reprogramming. The
abnormal enhancement of aerobic glycolysis is one of characteristics of glucose metabolic reprogramming in pancreatic cancer cells.
The glucose transporter proteins and key enzymes are participated in the processes and regulated chemotherapy resistance through
different signal pathways. The purpose of this study is to summarize the relationship between drug resistance and glucose metabolic
reprogramming in pancreatic cancer. The mechanisms and regulatory signaling pathways are also analyzed. Furthermore, the pre-clinical
trials and drug development targeting the glycolysis metabolic pathways are summarized and analyzed.
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JHIE R 26 7 A JE LAt SR R 2R 11462, HATT
2 N T R N PR AL T 1) 24540 1 A 7 DR AR
5-Fi R B E (5-fluorouracil , 5-Fu) F By R 4155, 2
9 DNA 5 BAM I 7 85 F il PRI 2544 ) H 30, 1k
797 R0R 2 PR, SR MR RGIRE, %W
(G 40 M N G R 40 i R Is I S RIS L 4H
LB T A 3 5 DNA 530518 2 R 3 i 4657
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7 A BB U AT G g i PR AT 245 110 10 7L o

i g A B g A 4 R A R AR R A R A
o8 s DL A R 4 P X E B W e SR AL IE TR RE
JIAE R R o R A ML 5 I 4 A A B A
=R A AN i A 4 7 T A AN TS, AR
7 2 SRR T DA i i 8 4 L PR A 38 A U
T2, AR R TT B SO, PRk iR A6 7 i 24 th 5
iR A e A R

AL LA SEURE AR O 2, PR 6 AR G
T2 5 IR 8 Ik PR A 97 iR 245 AR SR A S T e ML A, O
VEY 2B 1 fr R 00 A SR I AR T B ) s PR I
IR M ZGWTT A, LI IR AR 1A i PR U6 7 S (1t 2
Ak

1 BEREAHERE

R ] WA R B B R SR AR O B — R B
AR SO, BT O LR S G RE &, 2 20 AR
R B A P AN T T /B35 R ) B A SRR AL
oA TR  BEIR IO HE IR 1T B IR IR 2 B A S
BRI 23 e B S A DA R COREAR U A0 DL 1 7
%) B A SR AL 2 R P9 B B 0 A A R R e
H =2 (adenosine-triphosphate , ATP) [f] £ E & 1%,
KA 78 70 B S8V, i 20 0 RE A AL o i A
B AR AT K, B R TR R B REE, 1 0 T
] % 5 BB 2E A 30~32 93 T /) ATP, A& 4 3B L IR 2K
5B FACH R al SAXA . B 8 Jo A A
FEAETC KA, &R R AR AL AR
13 7 ) B 22 0 I A A, AE 2 0 T ATP,
e ML AE B TG FUIR S BUS OIR S N3R5 e &
B O T 5 [ IS E 7 A e A T B 2 26 v ]
PR, AR A RUIE R B R R R S AE R r
T JEORE I 5 A AR 8 A AH IBE 2R T R LR AR
B

i I8 A S AR N R s A ok R R A ) D R
FR) 5 SRAG I, RIS Dy 17 A 1 B AT A7 3% BT 7 2B ) 4
A REI, b33 240 B PR A QAR A2 R A TR A A 3, R frh
T2 AR L G

1E W 4 B T AL B R A K 7 A BE R, 1T MR
20 i, B S A SR A TS AT g T R R 1 e i A
R AR E AR 16 7 £ ATP DAt A i A K 5
BB, PR L PR 2 i L I R A R N B £ (1)
B, 7= A2 B 2 0 LR S 4 B AR G BT A 1 LR, A
i I B TR SR e L[] P 55, IR PR o A R
PR EEAR , AR Warburg 2805, B8 [ A= )40 % 5K

Otto Warburg T 20 th:22 20 SEAR R I H 4w 44, H Bl
KR A st FU I R o R 4 e g 4R
FUESE. PR A0 SRR AR P, ATP e &
ARG RCRAR, (H 772 A2 ATP 133 28y S50 40 Bl R £ 11
100 1% , 7T 2 i 40 B 6 0 L IE A2 S5 RE B 7R 2 ]
B 7 A KR AR S R TRV, D 20 i Y
[P A e R 2

2 FRERFEIGTT hEOLTr S

2.1 ARG 4k

JIR P s A B M R PR A v P 9 A 3 bR, LA
G, FAMWG 2. HAl, (7 & BRES S
IR EETF R — & ARy — Mo 2L
N LB P e A% 1 2R AU, P I 2% 1E DNA & s
IOEL D 288 3L 397 oA 40 o ek 8 40 B P 189 5, H AT S RSO
JER M AT I — Ze 24 . A PE A LT A
RERART 15%, 5 LATS P9 Vs St AT 05 1 24,
RS AR BIDANEASE . 854 LA 5-Fu. JEHERES |
LB B BLYD R DY 25145 (K] FOLFIRINOX 4657
T3 SN R R R A0 s DA AT T UK,
REBBE AT B G L 251, M H 5
Wi L f B A A7
2.2 FRARFEALTT @ T ) K A AL

Jige i g A T T 245 B L AR AT AR 22, LA
M5 P- i & A (P-glycoprotein, P-gp) #H ¢ ] £ 2
i 2451720 Q5 YFETAH R 2, 2 Dt H K (gluta-
thione, GSH) . 2 Bt H K S % #2 I (glutathione S-trans-
ferase, GST) fll P450 K ki A %562 52 @2 4
O3 F ARSI SRR @RI 4 5 £ DNA
P18 526 0 1 5, 40 P 0 T IR AR A R AR i
25120 (Ol 8 4 it 2 2t 6t b i 240 - W) 75 o
1t Cepithelial-mesenchymal transition, EMT) 52 ¥ i
2, T AR, BRORBR 22 (1 T 24 ik R AL ) A A
T8, AT 5T R T MR8 2 WL 8 A% o 20 R T 40 i
(cancer stem cell, CSC) - i 83 Tt P4 55 A A 1 26 2 72
LS 7RI 2R . XL AT LA ST
B E A, Il &G 5 S
221 M ERMEEF T

JER i 5% 22 T R AL L A 3K ), AL 46 DNA
HJEAL P VA B b R X BB AR
R B, 5 DL DNA FERELFE R (DN A methyl-
transferase, DNMT) « 41 25 F 2% £ ¥ 44 B Chistone
deacetylase, HDAC) F1 4 & H & Bt ¥ #% E§ (his-
toneacetyltransferase, HAT) , ‘&A1 5 Ji i J 19 7% R
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BEREAMAE KA., LinZE""H Martinez-Chantar 252
W 70 R B3 IR G 2l 1 X CpG & 1) 48 FF 24k v] 3 ik
JUER LA R 4 SE IR (TSGL SOC2 256 ) i ik fif iy
1 R J& o Meidhof 2™ BF 7T % B HDAC ) 57 5
DRl 3% 1K 5 6 i o 41 B 1 % B % T 24 R 3 AE O,
HDAC [ 00 1] 751 3£ 756 25 i =] 7] 5 75 74 Ath 32 B 9D 4
FH 5 8 7 7 g e AL Je B2 28 v 0 EMIT AR 2R B
ZEB1 [FRIE, it — BT EMT A1 CSC £ AL K,
A GRS T 24

A7 R B ARG D RNA 5 b8 (4 i 24 %
AR, R 22 Y UEHE R B E gAY RNA 7T DL 2
FiE 542 KR ¥ CSC, 335 CSC I A T Hr 7
W T2 AN EE RS, Hamada Z5BV8F 52 & I miR-365
A 3 A R 1 SHC AR T A5 R T BAX
75 T G A T 25 P . Wang 25 PURF LR BIL
miR-21 38 1 B 4] FasL 1255 , 15 A2 it e 200 i =
A 25 PE . Wang 550 78 K I IncRNA ANRIL 8Y
FEARFT ANRIL F¥] mOA A& AT 5 76 Ji M 1D i 2412
ANRIL-208 (ANRIL BJ#% /& 2 —) v LUl id 5 Ringlb
FEZH2 JE %52 A W) K 2 & DNA [R) I 5 20 12 5 R
775 M $2 w5 Jie 98 240 e PR 245 o« Zhou S5 AL
KL IncRNA PVT1 _E i Pygo2 Fil ATG14 [ K&
W42 Wnt/B -catenin {5 5 18 2% A H Wi @ 2% , Hd g
miR-619-5p Z& fif 75 PRI 2
2.2.2  CSC A=At & th 3R 5%

CSC 2 fit 988 41 i 7 B A7 T 448 Hf e 12 1 48 i
T, 76 R 1) R A K e AR 2B 58 DL R AT T 2455
TR R R . 2 WU T UE S, R CSC X
145 DNA ()5 FAGTT 2501715 BH S 1 i 24 1, o
HR VR AT R BB R K 2 — o R S
158 1 e 90 200 i e G ) L S T 4 4 e 2 A D L %
S 200 JH 00 1 55 A it DA B3R TR A R ) AR )
Iy TR, BA g s SERHIE, 12 5] ke
Fe I 2526 F 22— o Nallasamy 2554 F 5l £F 4 41
JEL K A Ak P R e A PR, K R i 0RE k3K e ) 1
B, ATIE IS SPP1-CD44 Bl {i2 12 CSC 40 i i) 35 48, I
SIS 2 . Ashrafizadeh %5 06 & 45 IR 1% 41 4
S B 11 5% 5 VI N ik o 400 B b, AN AN e B A
T i 20 B ) 1 L T EL 3G SR R B T B R
o W T RRE 0, HL S 35 40 e s 40 i o] Ak o
()R 2 o
223 R E AR ARSI 2 P a9 1E R

E JR Bt g B V6 97, DA 1 Ath s Dy R A ) AL
7, F I S 0T ) Bk 3 R W B B 1 R e TR VR T

P EEAEADY . A Qiu SPOHRIE P4 AR TR
Ji IR VR 9T AT 5 A E 2 A | k2D 2 kLA S A AT L
VAT SERR I i IO a2 b e 4 B A SR ABA T4 B 1)
709, 51k e g AL T 24, 2 JR e U A R Y
JAR 22—« Yun &85 R Zhao 55 =8 5T B K HLHEAR
Wiz, (KA % 5 K7 (hypoxia inducible factor,
HIF) -1aZ 5 i 5 % & % ¥ iz &5 H (glucose trans-
porter, GLUT) - 1 [ 32 15 Je WA U AH 5C i 1) 1 3%
15, O 38N SN T i A B I U 12 45 (reactive oxy-
gen species, ROS) 7K, ROS 7K1 19~ i | v 15 3 3F
YERF CSC A EMT 2 , A1 3 17 Ath Vi PO ABURRAE T B2 A
T 2T 24 o A A0 I AR 2 A 4 R o 5 ) o 2
L RGHER 7Y, Zhao S 5T R LA 1) A 58008 9% ik w410
il CSC ¥ 14 I 3 i 5 VO Ath V5 1) 40 i B 12, SR A A 4
BT At 5 35 PR AR TR T 2 2 ) AT S DD R o H k)
WL, BB AR 2 20 2 A JER o A7 T 24 v 5 4 B
EH

3 BERHERESSHRBREMANS FIHLE
SiEH

A EURE T AR 8 ) B AR s AR B B N HE
I e 4 L5 P 220 2 A R ) AR A S N AR R TR
WA PR » f 24 F AL LR AR RS, AT AR N S N SR 2
5 IR A B o1 B RS R ARG
3.1 BRMERELSSBRER BN EZN)>T

AEMERALEREZ M EANIEEZS
55, GLUT 7 5K A ) B i 1 o JBE s e 2 40 g Y,
NG 5T A R 2 B AR P 22 1 OB 08 Chexoki-
nase, HK) 172 % 2 5 §% B 1§ (phosphofructokinase,
PFK) T4 i 2 3 B M (pyruvate kinase M, PKM) . F,
IR fii Z i (lactate dehydrogenase, LDH) 25 f# 44 2 b
N 6-WER I & HE 1, 6- —BEIR BLHESSE, 1A i IR I
P QPN R 1R 5 28 V9 T R B Cpyruvate kinase, PKO f#
A= A I R BR A ATPY™S . 7 W T A 350N A 1 TR
R AE LDH AL T 3 AL 9 LR, I SR 4 T (nico-
tinamide adenine dinucleotide, NADH) %14 A& B 4 Pk
iz iR 22 S — A% ¥ % (nicotinamide adenine dinucleo-
tide, NAD) . F A1, HK. PFK 1 PK & ¥ % fift i 72 o
(B g, IX Le il SRR R IA, W e S
JER Sl e 245
3.1.1 HK2

HK2 & W B s A2 1) 5 — g, 2 W I At it
T2 P R T P, 0, 365 MR s 7 A 1) 25 A 28 2 £ fb g
M RIL . Fan DR 50 R L, BRI B
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iR 20 A ML Hh HK2 B3R IA B A — R L
A0, HIK2 8 3 L s R 1 9] 8 7 0 3 5 b A 45
B o F ) B P 2 L A 38 525 1 2 45 AL, 400 ) 400 i ¢
B o SRR T DR T IROREC F0 A 240 R T (e a4y i
Zj. Xie 55U FT R I 2 - i R LI - 3 e (2-
phosphatidylinositol-3 kinase, PI3K)/22 2[R - /5 2 FR
¥ (RAC-a serine/threonine-protein kinase, Akt)/
I L3N %) 5 1A 25 25 85 [ (mammalian target of rapa-
mycin, mTOR) 1% 4% 1 58 3 5 HK2 5 2 ki 4 5 1) 45
A NI S 2. BE4h, Cheng 2 52 & BLHK2
0 9 T — 0 B T B I R B, 3R v ATP KSF,
I 5 HIF- 1ok FLAF il A S B A I i 24 2-JI
%-D -7 &I HE (2-deoxy-D-glucose, 2-DG) A& —Ff A r]
AR 101 7 B 2 A4, /2 HK 30 751, Penny £
B 2-DG KA 75 P A5 g B YD B U 7T R e JER Al e
P A AT T R
3.1.2 PFK

PFK BE 44 HE-6-§ R (fructose-6-phosphate, F
-6-P) FE A6 N & B -1, 6- R, PFK A PFK1 Al
PFK2 AR AL . e PRK2 KA 6- B 2 SR A -2-
PG/ R HE-2, 6- IR 1§ (6-phosphofructo-2-kinase/
fructose-2 , 6-bisphosphatase , PFKFB) , 4 4 Ff1 V. /! ,
PFK2 1k 1 [ B2 K F-6-P B IR AL 9 R BE -2, 6-
T B2 (fructose-2 , 6-bisphosphatase , F-2, 6-BP) ,
1M F-2, 6-BP 2 4 [ i (14 9% 58 iy PRKT (19 22 4 B0
7o Ozcan 25" f 5T & BiL, PFKFB2 il PFKFB3 1£
g e v 1) B R A H, BEfEAL F-2, 6-BP 12
J8C 5 Ve B T A v PE AN 4H PSS JE . Minchenko 555
Bk 70 2 W PEKFB3 5E A7 T 40 il #% 7, 72 HIF-1a [
i o
3.1.3 PKM

PKM & % 5 P B R % 46y & T 4t 8 A, AT
FRAETEZ I ATP 3 7, N iR fE R E . Li
A1 Christofk %5 78 A Bl PKM1 # 48 PKM2 72 A
SR T g R e e 2B b i . PKIML2 48 ff o
AV A% 3 A AT DA St R 4 B P A RS
B FUITMT 2. Calabretta 557 i I Ik JiJes o 22 s

WE 45 & 85 [ (polypyrimidine tract-binding protein 1,

PTBPD ) EIAMZE T PKM2 (17 A=, AT 5 505 7
MVET 250 Feng 2557 B 70 & B PKM2 34 38 i #11 il
p38-22 S 5 AL 85 F B (mitogen-activated protein
kinase, MAPK) 5 2 P53 2k 7% , 5 k2 75 VU fth i i 247,
1713 3 P2 Sk 22 38 58 5 78 295 175 <5 1) it s 4 i
AT .

3.1.4 GLUT

GLUT Jy i 1 fifg o 72 v e a4, 51 50 7 )
i 308 Ik 20 A I A B A 5T T . Kooshki S5 XA 5%
KL% GLUTT 2 F #9 GLUT1 B SLC2A1 4 7£ ik
Ji e A B rh s R IE, I SRR TS A RAK . IR
K B PR YR O 259 L K] [5) VB ) (Kirsten rat sarcoma
viral oncogene homolog, KRAS) \MYC J5i ¥ 2 K (MY C
proto-oncogene bHLH transcription factor, c-MYC) Fll
HIF- Lo 30E 77 13 GLUTL fJ3R1L, GLUT1 f)id %
JE AT G NF-kB Hl mTOR 2 516571t 24 .
3.1.5 HIF-la

HIF- 1o 75 SRR N 20 18 2 1 — M % 2R
FL IEH AT 5 Mk . TS GLUT RS B2 fif
O Wi Rk TR () ek, 155 3 I RE AN SR A Tl TR AL 3
A EURE T R ) AR R AL . e R RS T R A
PI3K/Akt fll MAPK/ERK 72 HIF- 1o ff) L3 5 5 ™7
HIF-1odE N A% I, 18 e s DR 7 45 5 21 A0 B Y
FEFF 31 b, B — 2 e (i S A T i O B Pl M A 1 B
T FA) 2 S SR 8 i R P2 A, AR T 9/ ROS AR K
T SRR PR, PR AT B . X ORI AT R I
NP1 1% 7% 32 85 [ 1 (human equilibrative nucleo-
side transporter 1, hRENT1) J2& 7 P Ath ¥ 12E N\ 41 g fr 75
% FF #2328 08, hENTT W] LU I 40 ] HIF-1a /) &
(T % A28 Sk Pk S Ik e 9 A4 i 57 7S Atk V5 1 1 7
JEYE . Lin S5UVHT IR DU R R 4- AT ol
(prolyl 4-hydroxylase subunit alpha-1, P4AHA 1) 5 HIF-
ToAFAE 1E St % 51 RN 24, YUER PAHAT & A AT A2
DO TR R AN T 25 . Shukla 5552 F 78 K B
MUCT 2 —FBUm R, ANl Akt B H 1T 2 2
Mk 24 5 R 0 5 33E— 25 B8 n HIF- 1o FO AR E 1 BRI
JIE I g 24 L T 5 7 At YEE RN 5-Fu IR BBUBEME o Xu 55
BIF TR B HIF- 1o B K BE AR S S RNA B 778 i Ak
YBI/HIF- 1o 4 fie 3E i fit o 40 MO Xt 5 18 35 1 i
2. Gao Z5VEEA HIF- 1o 1570 w5 5 B T i
Ji g ¥B T 5 A 20 AN B P AT A b 25 SRR H e 0
P 25 . LB AT TR B HIF-1a02 2 540
H IR T BUB B AT T 25 E 2R, R
TEAERIETTHE M
3.2 BRI RS S BAE 6943 5 E 5%
321 W EMERMAKEHS

TE JBR i g 20 P A ARSI W T m S AR
GLUT1 W ZR 1k 3G 0, 7 %) B ok HOO 52 48 T, b 9% At
B 3k /s J55 [H] 4 HK 172 PFK- 1. PKM %5 55K F i, 1
ST REREMARY . Li UM R e R AR BT, K
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I, v AU A ST PR s B v e A 36 7K ST JBR R 8 o
WIT N2y, HiZR MU EERRE % . P 5a
53 BT K I GLUT1/[% [ B B B (fructose-bisphosphate
aldolase B, ALDOB )/ %] §% -6- 1§ B2 i 2L (glucose-
6-phosphate dehydrogenase, GOPD) il i izt %] 7] §E 4,
R g PR 5 IR 1) AT R, E S R GLUTL
FAX B N ALDOB 3K 7] AL TT i 24

55 T AR AR S, O TR A A TR R I R A
(phosphorylated pyruvate dehydrogenase kinase 1,
PDHK 1) AJ {8 78 41 s o () 2 bt B AL B IR Ak - L
S5 UTRIE SR IR AR 2 AR A R T 2 4K (epidermal
growth factor receptor, EGFR) 7% 5575 5 1 W 1
THER U 1 (phosphoglycerate kinase 1, PGK1) [ 26k
W 5y A, J0E PDHK B8 8 A6 5 400 1] P I 152 i =50 il
(pyruvate dehydrogenase, PDH) & & 4 (1) 2E 1%, ek 2>
T BRI S T A R A, A0 T ROS F AR, 1
T LR B A R EE TR B R A AL,
TR RAT SR I A T R o A AR LR R T 4
T b e 3R 08 B8R TR % 32 25 1 1 (monocarboxyl-
ate transporter 1, MCT1) \MCT4 1 CD147, LA i i H
AR,

LA, Y5 1 R T AR A AR A T R TR IO i AR
(pentose phosphate pathway, PPP) tH 1] & Bt 5] £
PR, AUHE DNA & 55 . 7EIX PG 5 1A % 12
o R i g 20 S s A B B - 5 - Tk R S A4 i Cribu-
lose-5-phosphate, RPTA) FIRZ F B 5-T12-3- 72 ] 5744
BRIk oy, ARSI 240G . CRERAEY
& 3% 1% (hexosamine biosynthetic pathway, HBP) /&
A& PEAUI 0 53— >0 32, v 8 B B AT o B R 4L
St 7R, 5 MR B R AR R R VIAR R Liu
ST ST R B, HBP AT 01| B 7% S I 1 - SRR - - Bk
TR 5% Jiéz &% 7 Ii§-1 (glutamine-fructose-6-phosphoamido-
transferase - 1, GFPT1) 7E i Bif & 40 i v (1) R 35 .
Ricciardiello %5 {1 7038 B , g e 40 e it -9
TR TR £ 1 A2 ] %67 W fi % A2 I8 3 (phosphoacetyl glucos-
amine mutase 3, PGM3), 383 BB I A= W) & iR 4%,
51D e flges A AR 9 PO AR R 2, PGM3 ) s RS 5
FBER AL S AL A7 22 5%, T T PGM3 4011 711
FRO54 Bk 5 P4 AtV VA 7 R o 20 IR i e 4 i 1) A2
KT R ZR, JFH 9 P A R SR . R T IX
L 30 AR PR T AT 1, Ju S5 IR 5 L JR e 4 i
1 BE AT T 1R I AL SR B 2 ) O I 1% T A% B
H # % [ (nico tinamide phosphoribosyltransferase
NAMPT) , FJ [ NAD", DAZE S5 6 240 L P9 ) s 7K

SPRERE AR R, 1T 5] R T 2
3.2.2 ROS{E 5%

Sharma 25" 7L R L, 5 BURN LA LL , JE %
B Je i 245 (%) i Jd s 4 0 T A v 1k S 35 R O, W
FEAR VK PEAR . T 2540 R I H 2 5 ROS
AL L BR A= W & B PPP i 1) v R0k . R 1)
PPP 2424 5 T 40t NADPH/NADP Eb 3, FE 4547 4
552 ROS 5 S 395 {3 I 6- 2 32 00 19k % (6 -
amino - nicotinamide, 6AN) 1 ] PPP #] J} &= ROS 7K
V-, 15 3 2 e S BELARY S T 24 4 Bt e v B e
WU, SRR I, PPP BI& 1% ) G6PD T &
JEi& % JE N 24 14 i B LR 2, (R, G6PD /] AE N
i, M F e S 24 1 AR 55 . Deeng 2510 78 R B, £
T VG 245 1 s A b, R e R R O
(matrix metalloproteinase, MMP)-3 & ik F+ 5, H 5
Je8 =2 22 AT 245 14 52 TEAH OC, BHL T MMP-3 2234 0] 4171
T PO AR VR I 24 RN 3, S AL AT B AT, K
L MMP-3 5 5 P4 AR A S AH OC 2E F RRM1 ) 3R 1A
B, 75 EFER R, ROS ZKF- 34, i@ it ROS/
MMP-3/RRM1 15 5 8 i 175 5 75 74 At V52 i 24 0 g
f22%. DAk, MMP-3 o] 4 Jg 400 Fo B i 25 75 At Vi€ i
LI AR A R
323 4ATAXESL

Kim 55 "0 58 K B, — P4 2 W ik 3% 1 1k
SLC38AS, 1E 5 PhAth s i 24 6 35 v i Rk sy T35 7
U R o AR e A P, TR SLC38AS A
P FERLAA T REFRAT , PR 2 Mt M $8 U GSH 7K
¥, JF F U GSH AH G JE K] NRF2 £ GPX4 H5RIA, 5l
ECERIET , G TT T 24 s 6 B A7 /N BB AL o, i
SLC38AS I e o 41 ] Jifr 98 A A& AN 7% S i 2 %) 3
G A5 A UM . TR, SLC38AS tH R RE /2 i iR e
BT e R T 24 1 T R
3.2.4 PI3K/Akt/mTOR 4% 5 i #%

PI3K/Akt/mTOR 15 5 18 % A2 40 i 15 W 114 32 220
B, BRI LR, PI3K/At/mTOR 3 #% ) S5 5
5 R 2576 9 . mTOR 7] LUl i B2 ML 5%
SR 7 MYC RI/BE HIF- 1o 1] 325 412 330 4 % A
Mossmann 25 5T & B mTOR 12 538 3 388 i 4 %
Bt 32 R T2 A A 1 0K L g P T T WA, 3
ST HIF- 1o MYC 7] BL_E I mTOR (S5,
M 0E GLUT 1 3 58 5] 267 WL s Lin 567 @it
Xof JR i 58 2 A AR 23 A I, Akt FlmTOR 3
SN ) R, R AR AT RN T AR AT
o Xie 250 PR AT 78I S 44 F PI3K 4101411751
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BKM120.4 A £ #4077 B0 o Allen 55T
FL AN H] mTORCT 23 Bl U i 8 4 ffw ot 2L IR 1 4
B AR, 5 8508 AT 20 X 8 0 0 1) B Y
FRIHE TP g 184 I, 1 E SR &R R, 40 BTG E R A
HREMGIEIET. . K, PI3K/Akt/mTOR il % 2 5
I i e i 247, [ 1% 368 B A OC B A B T MG g i
S JR A B TS A G AT B

32.5 KRAS#AB%1Z 5@ %%
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Figure 1 The mechanisms of chemoresistance mediated by glucose metabolism reprogramming in pancreatic cancer treat-

ment
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Table 1 Clinical trials targeted glucose metabolic pathway in the treatment of pancreatic cancer
[tem ) o Pancreatic ) Route of drug Ph.as.e of
number Period Institution cancer category Intervention administration clln.lcal
trial
1 2004.02-2008.07 University of Miami Syl- Later period or 2-DG:2 mg/kg, every week; Oral and I
vester ~Comprehensive metastasis of pan- Docetaxel: 30 mg/m’ (3 times/ intravenous
Cancer Center, USA creatic cancer 4 weeks) injection
2 2007.01-2009.05 Dana-Farber Cancer In- Metastasis of pan- RAD0O1: 10 mg/d Oral I}
stitute, USA creatic cancer
3 2008.04-2011.01 Universiteit van Amster- Pancreatic  can- Ivolimus: 10 mg/d; Capecitabine: Oral I
dam, the Netherlands cer ECOG status 500 mg/m’ (administered for &I
0-2 14 days, stopped for 7 days,
dose increased)
4 2009.09-2015.06 Novartis Pharmaceuti- Pancreatic neuro- Paretide LAR: 60 mg/m*(28 d)  Intravenous |
cals, USA endocrine tumors injection
5 2009.11-2011.03 ERYtech Pharma, Later period of ERY-ASP:25,50,100,150 U’/kg  Intravenous I
France pancreaticcancer, (dose escalation) injection
unresectable, in-
vasion of superior
mesenteric artery
(stage IID or meta-
static(stage IV)
6 2013.04-2016.01 Yale University, USA Metastatic  pan- CPI-613:500 mg/m*(<4 weeks), Intravenous I
creatic cancer 2 times dose increased injection
( > 4 weeks) ; Oxaliplatin:
65 mg/m’ (2 weeks) ; Calcium
folinat: 400 mg/m’® (2 weeks) ;
Irinotecan: 140 mg/m*(2 weeks);
5-Fu: 400 mg/m*(2 weeks)
7 2013.05-2017.09 UT Southwestern Pancreatic cancer Pioglitazone: 45 mg/d(8 weeks) Oral I
Medical Center, USA ECOG status 0-2
8 2014.07-2017.11 ERYtech Pharma, USA  Advanced or me- ERY-ASP: 100 U/kg(D3, D17, Intravenous I
tastatic pancreatic D28); Gemcitabine: 1 000 mg/m’ injection
exocrine  adeno- (1 weeks) ; mFOLFOX6[ Oxali-
carcinoma platin: 85 mg/m* (2 weeks) ;
Calcium folinat: 400 mg/m’
(2 weeks) ; 5-Fu: 400 mg/m’
(2 weeks) ; 5-Fu: 2 400 mg/m’
(continuous intravenous infu-
sion for 46 hours) ]
9 2016.03-2022.05 University of Texas Metastatic, unre- ARQ761: 195 mg or 290 mg or  Intravenous I
Southwestern Medical sectable or recur- 390 mg(D1, D15); Gemcitabine: injection

Center, USA

rent pancreatic

cancer

1 000 mg/m* (D1, D8, D15) ;
Albumin bound paclitaxel:

125 mg/m*(D1,D8,D15)
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[tem ) o Pancreatic ) Route of drug Ph.as.e of
Period Institution Intervention clinical
number cancer category administration wial
10 2018.11-2021.10 Wayne State Metastatic pancreatic CPI-613: 500 mg/m’ (D1, D3); Intravenous I
University, USA cancer(IV) Oxaliplatin: 65 mg/m* (2 weeks),  injection
Irinotecan: 120 mg/m* (2 weeks) ;
5-Fu: 400 mg/m’ (2 weeks) ; Cal-
cium folinat: 400 mg/m* (2 weeks)
11 2019.01-2021.01 British Columbia Pancreatic cancer Metformin: 500 mg/m* Oral I
Cancer Agency, UK ECOG 0-2 (2 times/d)
12 2021.02-2022.01 Washington University PDAC, PSCC,later ~ Dapagliflozin: 5 mg/d(<2 weeks), Oral I
School of Medicine,  period or metastasis of 10 mg/d( >2 & < 8 weeks)
USA pancreatic cancer
13 2021.06-2023.03 Oxford University, Unresectable or meta- ThermoDox: 50 mg/m’ Intravenous I
UK static pancreatic can- injection
cer(IV)
14 2023.03-2030.03 Northwestern Pancreatic cancer CPI-613: 500 mg/m’ Intravenous I
University, USA ECOG =1 (<4 weeks), 2 times dose injection
increased ( > 4" weeks) ; 5-Fu:
400 mg/m* (2 weeks) or Gem-
citabine: 1 000 mg/m*(8 d)
15 2023.10-2027.03 Hangzhou First Unresectable or Gemecitabine: 1 000 mg/m’ Intravenous I
People’s Hospital , metastatic (8 d); Kagliflozin: injection and
China pancreatic cancer 400 mg/(m*+d) oral
[&2Et] creatic cancer[J]. Cell Death Dis, 2024, 15(2): 131
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