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Abstract

Abstract

Most types of tumor cells mainly depend on glycolysis for energy production
even in the case of sufficient oxygen, a phenomenon known as Warburg effect which
has been considered as one of hallmarks of tumor metabolism. Hexokinase (HK), the
first rate-limiting enzyme in glycolysis, consists of four isoforms HK1, HK2, HK3
and HK4 in mammals. It has been shown that overexpression of HK2 is closely
correlated with tumorigenesis. Recently, increasing evidences suggest that excessive
activation of oncogenes (such as Ras, c-myc and HIF-1«) and/or inactivation of tumor
suppressor genes (such as p53) give rise to Warburg effect. c-Src is the firstly
identified oncogene in mamalian cell. c-Src protein which functions as a non-receptor
tyrosine kinase participates in the regulation of a variety of signaling transduction
pathways involved in cell adhesion and movement, proliferation and survival,
angiogenesis and intracellular transportation. It has been also considered that
overexpression or constitutively activation of c-Src shows strong correlation with the
incidence of various cancers. However, whether c-Src is involved in the promotion of
Warburg effect is still unknown.

To address this question, we firstly created a series of plasmids that express
enzymes involved in glucose metabolism. We then examined the interaction of these
enzymes with c¢-Src by performing co-immunoprecipitation assays and found that
HK2 could strongly interact with c-Src. This interaction was also confirmed by in
vitro GST-pulldown assays. Further more, we found that c-Src could phosphorylate
HK2 at tyrosine 686 and consequently stimulate its enzyme activity, which in turn
enhanced the ability of tumor cell for glucose uptake and eventually promoted the
proliferation of cancer cell and the growth of xenograft tumors. Our results suggest
that it may be a choice for tumor therapy to attenuate Warburg effect by inhibiting

kinase activity of c-Src toward HK2 or interfere its interaction with HK2.

Key words: HK2; c-Src; glycolysis; Warburg effect
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1.1 HK2 B st iR

1.1.1 CHEHESER

iy 4 i 1) e AU AN [R) T IR 2H 2, oI AfE W A B T, K
SEREI AR AFRE &, IXHUZ Warburg &N . Warburg R A BE 5 2844 () Ty e
5 vl i R 5 DL s A M Bl i e AR AR Ak, U W I A O B Il v M 185 o
) T B ) A 90 e HK AR W TR I A% R I 28 — AN PR, e (AT S A2 A
R IR AL A RN RR A & B (Glucose 6-phosphate, G6P), G6P /NAE % Hi 4
JH B [ 0] L, ) A L) FH e e R R AR SRR R, HIK R 4 4 o)
T HEAC I AR I 2 — N S B

FEMTFLR BN AR N, — A DR IE Y () R O (HK-4), A% B —E 1
WAV . HKL B BAAAE TR AL HK2 2R S Ui, 3 B e T
AW AL AL LA oy HKS 72T, B AR p R R RAE, HK4, Sii=
F AR, VRN R, AT R AR rpAr e B = R R S
IEEA IR m SRR g ELnT DL LR GeP e imidliil . HKL, HK2 SR Ak
Km (£]0.02 mmol/L) “[FT.hg, SHi& & Km B HK4 (5 mmol/L) %4
250 1%, BIAA ) 2R AN ) BT i 1 A RO ( A 1.1). HK1, HK2, HK3
IR 3 T BARAL, %025 100 KD, 1 HK4 212 50 KD H4E 5 41 40 47,
Bl =& A & HKA il i 2 PR A3 o i S 5 AR I ORI o

HKT HEKIT HKIIT HEIV (GK)
Human gene locus 10922 2p13 5q35.2 Tpls.1-3
MW (kDa) ~100 ~100 ~ 100 ~50
Ky Lor Gle (mwm) 0.030 0.300 0.003a 6
Ky for ATP (mm) 0.5 0.7 1.0 0.6
Gle-6-P inhibition (K; — mM) F(0.02) +(0.02) +(0.10) —
P; Attenuation of Gle-6-P inhibition 1 1 1 -
Insulin regulation - } i
Mitochondrial binding ; t - -
Major tissue expression Brain, kidney Muscle, adipose Lung, spleen Liver, pancreas

B 1.1 WY CRE B R R (5] B SCRRI6]D

Fig.1.1 Mammalian hexokinase isoforms®
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H AT 7T ELBL 2 1) 8 HKL P HK2, shE5 1R, M #RRE 7 J9 N Il C
s, H N 3l C /504 T IZ AR . HKL Piam#in] 5 GeP 45 & H H i1y
PrArE Nl B C A e S B S B AT A 45 & O AL (AR A BT N 3
BT HK2 1 N 561 C St B A I 1 LA AT o GeP prrams| o M, (e
N 3 b C 35 OBl 1 v ELT GBP (¥ Kii i Lk C 3 ik 20-30 5112 31, H4b, 5
HABP AP RAGEAF R HKL T HK2 RO ZE R 256 0 OB, H N
uiy 15 NGRS 5 4 AR B R AR [ B Tl TE  (Voltage-dependent anion
channel, VDAC) %54 Fris i i,

1.1.2 HK2 FaphiE

e KT I A2 22 KR 200 M P — A B BERRAE . IR 241 90% ATP 3K IR
eIl I 2R AR A I ARSI, TAEM R 23, £ 50% (1) ATP E1Y5 H
FERE MR, AR AL SR EE AR L B, U BE CRIE R B I B fhos
Z LA BRI IR AR, — 7 THURE IR (R0 22 R =0 vy LI A P8 41 e B R A
FH R B 0T A% R S G 9845, AT JofJed 400 B A B 1) A A AR B i it 75 1Y
oAl 55— 7T, R AN ORE R A A K R LR G AT pH BRI, X
bR A 1) 24 P A7 00T 20 i B 5 e R IR AR S A 0T e e 4 ) ] BB 4HL 2R 91
28 s FL U e T8 200t P DR 18 5 2 3 BN S AL AR, X PIRR IR R A 35 )
TR B LA TR A, R A R AT R T = AR B

1B R HECONE A A S BT 58— AN PR, HIKL R HK2 7EVF 2 e 4 R A
KT S A 0, AHPL HK2 598 (A DS 5k . Amparo Wolf 45 kL5
EFHLSA L A AR TV HK2 2SR, HKL EARAT, HHFREY
I3 N A7 B 1) 52 A 5 Tohma Z57EAG I 72 Bl &8 @ br A b R ELA 71 4
HK2 & 2k L8R, Rho 25K 16.7%(43/257) B bR A HK2 S aRBH 1
Fik, HHS5HUEZEMERE U, @R R R R, Sl
FHEE N IE 5 3238 2 20 B (NHBECS)HK2 B 583 M A 0.9%, 1 JE /N2 ff fii e
NCI-H661 1 NCI-H460 ZHfurt HK2 ¥ g Esr iy 61%M 40%, I HAEN
TR HK2 5 23h 73 M 52 e o 25 031 8 Kras A1 ErBb 5 3 11705
FRBEZR Chr,  HIK2 A2 445 g A K T s 20 1
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IEHAL, JE R HK2 & X050, EAESMEMREAmE s HK2 B T
RERIKH, HERARGE G AR RN &, GhiiRgs 570 HK2 18 JOE TR
o5 EAG i 5 4 P ST e R T 3 v

IR 20 BT LA £ HK2 VR BB AR IR 55— AN R, — 7 T e A P M
TEVEAL A AT U PR B i 3, (R IR A3 Sy —J7 i, R 4r i HK2
FELRRALE & WA, AT DML FI bk = A 1) ATPPA. 7zt 7
i, HK2 1R R B AT SR A th 3™, BfkdniE 1.2 Bk, A T4 R
I (1)7%81 % B 532 T (Glucose transportor, GLUT) #4781 &) ¥ i3z 21 hpi 4n i
TR A e R A 255 Y 1) HK2 TR A 171 [ 78 s Zekifd A I ATP & B CATP synthase)
FEAE I ATP ST RS 1 F R #5328 (Adenine nucleotide translocator, ANT) K
HAHE 5] HK2-VDAC B4k b, i HK2 DUk B & (15 RS R ATP. X
St B AR @ AR T GOP B A, B S GOP 44T B A [F 1A i d
B, o AR NBERR IR, AR A G AR BEETR S T 0
WA RS A AEIRR . 2 J5, FB5> PIERIRR B A AL R iE i AR 2 1

(lactate transporter) zik 2| fisl, FEMIMER R, AR T IEEARPAK;
4y PR #4428 7 (pyruvate transporter) #F N =FRER G4 (tricarboxylic
acid cycle, TCA) {ENEYIE HAZit 2 =2 BT i R v] UB AT B iR #e e 1

(citrate transporter) izt 2ok, FH TG BB sl o0 i A ME S, AT A2 PR ik
ST 1) IR 40 B e A K B T K
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B 1.2 HK2 2 Mva o i o8R8 (51 B 3CR[23])
Fig.1.2 HK2 as a key player in cancer®

1.1.3 HK2 Tk Ry EiEHL &
JIR IR £ R HIK2 R0 R 3 PR B I L1 2 22 0 T AR, G HIK2 2L (R 9% D14

RN G 9 FE DR 0 LA A HIK2 B (1 B IR A A 1 RN 2 A AR FH s

£
HK2 SRIE I3 2 it 2 AT 1 5 B Je it 2R R 8 2 o A3 SCRRIGE 7
R P 1) BT 20 0 3R AS-30D Hh HK2 J5 [A] 4% DL EE T 0 B4 i 5 o 5~

10 £ R A TR B 22 AR R 20 AT 26 B HIK2 LR 93804 S, T A 7 S I S 1
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M2 AE— R B AR T R AL R RS e i1

HK2 5 P AL AN 25 HUEEAR R 2 R i R ik . Goel A S8 Nl BUHRIEH
405 AS-30D JHm A & I, HK2 B[R ) AL RE BEAN R o 1% JH 40 B A7 AE
18 NI CpG 7, T LI AL AT DNA FFJEFERS B4 1) 77 Ak 2 AT A
IEH M HK2 mRNA I8 B iRk mr: ) DNA 2 F R AL B G 1B JH 41
M A HK2 mRNA JK-FATE B 5K P3G i, 0 B A AR R bk sl AN ) T
HK2 [y 2215,

VR 22 MR R PR I B R R R 0E  (Ras, c-Myc, HIF-1a4% ) Rl
(p53. AKT %5) HIKiE . A SCHRIESEAESRE LM T oA E ST HIF-1a AT
I HK2P, HIF-1a FIThAER A c-Myc BhRIFE I thil fieit HK2 ik E i,
AR, HK2 ZE 37 AAE N ThRErE ps3 Jebiyoff, £ AS-30D
FFF 98 200 i Hh L [R) 3R0E HK2 92811 p53, KB RIAN p53 rliE HK2 )5 3)
T

HK2 W& VER G 3R 5 HK2 FIZRR I 45 &K A k. anRipng, M K2
B HK2 2 5 RASME VDAC 45 &1, Akt rIEER 4541030, B 30k
s, Akt AT LERERERR (b HK2 75208 473 Ar ki, BERRILE) HK2 5 4hiikry
GEGHEER, (R0 e A, (R R A A7 S B T o 2 TN
PTEN( (Phosphatase and tensin homolog deleted on chromosome ten) k%4 534
PIBK/AKt 15 5 il i 3E 1 (2 3k HK2 52K 25 & . BRibz 4h, HK2 5400
TR 45030 52 A K TR 422, Amparo Wolf 25 A\ 7E 1045 i TR 40 i 2 U343
Hk I, EGF(Epidermal growth factor) ¥ T~ HK2 A2k A i) 3L e A 3G 5, 171X
— R AT At I TR 1L, SRR 4 B S RS T kIR DL

1.1.4 HK2 fn4apaAt

VR TR AR — RSV IR, 5 2 AU AW 25 B A 7 B B
I i R A . SRR SEA TR, AR A2 — sl i, T
e AR, B A RIIERREGE . RIECUGEIESEEN, BRI
PET BRI B — AL G, T Dy B 4 b 2 A A7 PR T 3 B0 4 U — R Ae T
R o FEMTFLAIIANM AT R & R R 57 1k I~ I U BR B 1 7K e g (caspases)



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



