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Abgl b2 Tl A R E hexokinase 11 9 & 7] 8 & 2480 A 9]

oA 2 A FEALE I A3E PISK/Akt AEo v X= &3

o}
Hhexd aholt Alxe FXE dIEES WSt F-18 FDG
A T7he ARG =S B o Fok BEe] ddon,
oM ETt e JdFE F-18 FDGEHA 7 Euh A Ee F$ HK
= AAAERG 10000 o4 57150 ok HK 1= poringto] =
<tx] e [HK- voltage dependent anion channel (VDAC)-adenin
nucleotide translocator (ANT) comple®] P|EZ =g o}ol] ZA3tslo] 7
EZogol W Aspd Iabstet 2 RY g g e d2s] dZAA]T
o, o] wl BAE ATPS} x93 FEajibEo] SAlE Fdo
U= ¢} ZAS AFgtt. VDAC-ANT A2FA 7} n|EZ=glo}
J ¥ o] (mitochondrial permeability transitiof) A 3EAE QA =}o] ®/E
Z4stal, HK I7F Al ZEALE 25 2dste 9d=

2 d#HA Ak g HK 117} phosphatidylinositol 3-kinase (PI13K)/Akt
A5G BEE 2dste FAZAPE A8 UHEdE ZAoE B

HR o}, A MEZAA HK 119 Akt B&E A TAE 8o B

3
Beoha 712 AEee] A &

= AFolMe= HK o) el A Alx W
MEFZegfotete] Agtat =9 dA4ksk S wE]7] fstkel HK
Il wredo] A2 7hbA| £ SNU-449 M ZF9F AN Al EZ ez
Chang Al Fell HK I F82E o] §)(transfectiony] A al & 2}-§ 3}
olel #HE FHA Tde EHsL Al i FAEARE
a3s BESIgTh =g BddE HK 1o FAEANE #Ea}



#AAE A Wl ASHDEAE FEE7] 918kl PISK/AKt 7B 2ol
Z&3st= PIBK AAIE A ste] FAEANE A8 VHE
urel Ak ekl

HK I 7} A2d® SNU-449 AlEF9t A2 ZHAIEZ<2l Chang
AT AxF HK Il & °o]YAA HK I I3 SNU-449
ZFobA) 3 (SNU-449-HK )2} Chang Al 3 (Chang-HK )2 =835}
HK I o] @33 7]5S RT-PCR, western blot=24], ATP <} lactate
A2d, F-18 FDGA A, WY FEAH O R FALste] o] H HK 1l 7}
ados s 7)eEgS . Ax =T FdAl
et A4 H7be  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazai
bromide (MTT) £4& o] &3 AEAAwMoz =AsAry L3

THe A Ee #AAE NS AGEAZ PI3K/IAKt HAZE

A3k

HK Il & a3l SNU-449-HK 119} Chang-HK [19 4 HK Il 7}
= FAHAAT 22T thatel] #HofstE ©E FHA, F HK |
HK 1ll, glucose transporter-1, -2, glucose-6-phasplse ] =&

Wslalx] kot ME W oluA A2 AMP-activated protein
kinase (AMPKJ= SNU-449-HK Il oA & &dg B33, 24 A7t
AT T ATP o] 20% 57183 lactate A8 /d o] 45% & 7}31¢]
AMPK Aatell ATP T7H7F #efsiglas SHlshglth. HK I 9 238
FHE dolr7] fsto] WAFF AR Akl HLEE HK
o #x A7 AEX l mEIZ=Zolet dAHE AS
sty 2y HK I 7F 298k mlEE =20k VDAC & 1

e =y WakA] btk SNU-449-HK 11 ©lA] F-18 FDG A 37}
el Hlsted 54% SUbskalal, Wi 3 4§ AMEFA ]
1.5~2.08) &7 5 21 tH(p<0.005). SNU-449-HK I[Pl 10 pg 2] cisplatinS



At A kg g Aol AstE At PISK/Akt 9
ANz HGEA] g4 Akt (p-Akt)7} SNU-449-HK 11 oA tZo

Hlalo] Aes] S718F9 3L, PIBK AAICl 50 uM ¢ NY294002 =
Aele F p-Akt 7F A 24U PISK AAlA Fo] T X
Xdiﬂ HK I 9] <& WsglshA ggtoy nEF=gol 38 HK Il 7}

dA43] Fasta AZE FE HK I & 78t nEZ=g ol
A% HK I 7F A2 d 2 d9shs Felsaith

PgEst BAT Aol YT ¥ £ QAT HK I =

sEasol] ARl PBKAK ABALAAG  AAE

HGAE] G 34, FAAN B BEH A 5 e
o

o] FAH JBL

A4 == 2 hexokinase ILZFAIEY, T4, A EALE,

PI3K/Akt
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wrl. 29 F18 FDG PET & ol&dlo] F%o oML E Hrlan
dF5 5T 5 9lrh F-18 FDG PETY/JollA FDG HFAEE AFHo=
EA e B4 3 349 (standardized  uptake  value, SWU¥) 7+ete]
ZFu) 714l ZHtumor doubling timeyt Ao], AEE, 28 ALEI AA 7}

2 Aom wusgdn MY F R FA @ YR Fe

F-18 FDG & ©]&3% PET &ollA 3¢k o] #& 71d2 t=3

¥ #9321 glucose transporter (Glut)-1, 2 EA|ste] L= A4S
zA%r sgaEsd HK & XETE  glucose-6-phosphate  (G-63R)
AiSAA AE FFol e ATP & Alse, G-6-P & Z 27,
2% M A7 "o PET o
0] & ¥¥E F-18 FDG & EEY FEAZA HK o 93te] tirtd 5 o
o] A} | FzHgo] 2aH A ¢k, deoxyglucose-6-phosphatd Bl = A o
&% 9437t 7 skt

HHRAAHOZ UAXEE Glut 9 HK 7} F715o] oy, 7HAEo =
Glut Bth= s8] 2&st= 3 HA a4 HK o Ido] F A3
7t ] Ak gREAd T Falaigl HKol& 4719 isoenzyme (HK

~IV)ol EAsH I F HK Il 7} TEAEAA @AZ  FrrE.
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= AEAZEY 100 #f ©]/d F7FekaL A qka
o} > B M OHK -l & ¢F 100 kDa ¢ Exgo g
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W oS Edo] =
TEgo] fale =& AFAHLS 71X P (Km=0.02~0.03mM) 1 FHEE G-
6-P ¢ Fxo] oslo] oAETE. HK IV = glucokinase® ¢l A o,
FA 50 kDa ol EEGo] tg F3tgo] WFir(Km=5~8mM) G-6-P <]
Fro] JEFS WA et

AR =T dAtdl= RIEZ=ole] AgddE HK (mtHK)9
Aol T3 Aom LA Utk HK | I HK I = AEE Y
TR SAAY rEZ=gol odte] AR HEHE SAsiH,

AA HK I o] 50~75%} M| EZ=2lofe] ofdho] Ajte Aefolr} ™Y o=
Absd Q1ARse] o)Ete] wmlEZ=goloA] BAHE ATP & Hth §0]dHA
ol g F e FXoltk B Y miHK I & vEZ=doloA AR
ATP ¥7F ol AlZAA FYE ATP & o] &3lo] X=9 T3l 282
3t} 2 HK Il 7} nlEZ=g o} 9o A= H9= voltage dependent
anion channel (VDACE <#HA 2 2 nEZ=gol U
=7)3}= adenine nucleotide translocator (ANT) AMXZ<° ADP <}
nEZ=golo] ATP & st 9Ze v 2 2 HK Il 9 porin
5312 (HK-VDAC-ANT complex)ge 3A3ste] ATP & o]§3 33dd8S
s, & porin-HK 1l 2FAl= vlEZ=gol W ks Q4ks)
I3 g REs dgs] AN, ol ABHdE ATP ¢ Xk
walabEo] GAEREA Basdt oA EFE ATt ¥ FHIoE
HK II-VDAC-ANT AgAI7F rnlEEZ=gjol  F 314 W o] (mitochondrial
permeability transitior§} A|ZAFE 120 WEES dste AoE EEA
A3, HK Il 7} AZEAPE FE2E SAstE 9%E H@9sle Ao=
B 1w,

AZFNA HK I o] FAEAL

FH7tA s delA AA Wk A2 o
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phosphatidylinositol 3-kinase (PI3K)/AktIZ Y H2E ZH3dlo], 1 A3}
AEZAFE Ex1Ql Bax 9 Bak 7} RlEZ=golz AEsE AL wh

cytochrome ¢ &S AASA "k * 27 ma AiiaTodAE A
AgAgolyg wAbd 259 WS ZFAaA7]EH, ©l& hypoxia inducible
factor-1 (HIF-1p] 733z 4 (upregulation® 53l HK Il ¢ ®&Ho] F7}sta
Akt ¢} nuclear factokB (NF«B) 2 AlX AEEAE A A7 A
AR Aol e Aoz wEA Yy

HK I ¢ Ex7% 5 N-Ze2 hydrophobic a helix &

o,
ol
-
2

MERsejold] AP WA F9oth HK | & NHy Bel e zEg
Sulg4do] oJUA R, HK Il & NH- 9 COOH- wetolA] 72t $5

S8 @@ttt * a28a HK Il promoter ©] 9o EATE
ZAHF-9e] HIF-1 2 c-Myc 3 wold FFAARNAR] ps3 o &2 o7
A Akl A (transcription factog)l ZH-&3te] HK 1| & A A 71T} 3438 o] 27

SRR HK I AAAGET] FEH o] FAL FA AL

= AFelME HK I o] o] dAHR] Alx W mEZEE oot
A% 2ET dvbe AAE wel7l fsted HK o1 EEe] A2
FQEAIEQ] SNU-449 Al 9 A THAERE 4|l Chang Al HK I
THAAE ol d(transfectionp] 7] sF2H-E- ol dHE #FAA THE
wAsta FekAlel g FAEAE anEs #Fsdth wg
FAZAPE T A ATdL AR &Rl PI3K/AKkt 2okl Aad e
271 fsted PI3K AAlAl R Aste] FAZAFE AEe dERE 71d

gataa sk
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O. Ag 2 49y

1. A=

DEAE-Sepharose Fast FI&v CM-Sepharose Fast Flow, Sephacryl S-200 High
Resolution & Amersham Biosciences (Uppsala, Swedkn) T <1383, Ni-
NTA resin ¥} isopropyl-3 -D-thiogalactopyranoside (IPTG), 4-(2-hydroxyethi#)
piperazineethane sulfonic acid (HEPES}%-8<, dithioerythritol (DTE),
cisplatin> Sigma Chemical Company (St. Louis, MO, USIN}] T3St}
Leupeptin, pepstati phenyl-methyl sulfonyl fluoride (PMSF), imidazete
Boehringer Manheim (Manheim, Germasy}] FL3tAtt.  Glucoset
Leuconostoc mesentroides glucose-6-phosphate  dehydrogenase (G-6-PDase),
adenosine triphosphate (ATP, disodium salt)Roche Chemical Company
(Mannheiny| 4] 7% &}31t}. Nicotinamide adenine dinucleotide (NADdisodium
salty= Fluka Chemical Company (Buchs, Switzerlafiddl <% 5131 t}.

SNU-449 AHEZF9  SNU-475 AHEZFE A TF23(Seoul,
Koreapll A T3t Chang Al X2} HepG2, Hep3BA| X+ American
Type Culture Collection (Manassas, VA, USAK <) 3} t}.

HK 19} Akt, p-Akt, PI3K, p-AMPK & thE 2 A= Cell Signaling
Technology (Beverly, MA, USAIIA 4331, HK <+ Glut-1, -2, G-6-
Pasel w3t 3A&= Santa Cruz Biotechnology (San Diego, CA, USI)
T3t ZE horseradish peroxidase (HRP) conjugatetdt 2}7]+= Zymed
Laboratory (Carlsbad, CA, USA)A T 5} t}.

2.HK 11 &3 959 A%

HK Il @A o] codingi-9& AtaaFHAHEE J BH)E ¥33t 5-
oligonucleotide primer CGAGCTCATATGATTGCCTCGCATCTGCT®} 3-
oligonucleotide primer CGAATTCTTAATGATGATGATGATGTCGCTGTCCA
GCCTE o|§3l9 PCRYUH R FZAZTH SZH DNAE gelZ2 AAl3}



3, 443 AFdarz A7 F, AFdar=E 3 pRSET A bacterial
expression vector (Invitrogen, Carlsbad, CA, USIARI 2 A] ZA tHpRSET A-HK I).
Mammalian expression plasmid DNA € 7] 93}], HK II| DNAE Nde | /
Klenow enzymé} EcoR 2 ] 2]3lo] pRSET AR 5-H 3t t}S EcoR &}
EcoR [& 123 pcDNA 3.1/Myc-His (Invitrogerdll <32 A1 7 th(pcDNA-HK 11).

E A3ELS DNAsequencing- & 2213513t}

3. AZF AFFE HK 11 (recombinant human HK 11: rhHK 11)€] d}g] g o}
T3 GA
rhHK I1E A Z38}7] 918t pRSET A-HK IS Escherichiacoli  (BL21)°]
FAHAZAIA BL21oA] LHA 7] AlZ=AKSigmap] ddHHo = AT
@A S Ni-NTA resing ©o]8&3to] AASAT. <k=std, Fdxg
Z]o}= 100ug/ml ampicilline] 3 718 Luria-Bertani (LB) broth mediuri 4]
ZA0 72 wiFete] Agp 0.6°1 2 @ 0.5 mM IPTGE Axd 994

C &
L FEA T FIER 4AZE ol Witk AlxES 108 F¢

rlﬁ EO('

10,000 rpnP. 2 FAEAIA F 58301, A4S 2 A (PBS, pH 7.491 4]
AFFe &, 259422 G950t AEZAAES AAT F F5AS

0.3 M NaCF} 10 mM imidazolés: 23t 50 mM PBS (pH 8.0 2|3}l Ni-
NTA columrell 3 @A Zth 0.3 M NaCk} 50~100 mM imidazol& >33l 50
mM PBS (pH 8.08 columng AojWl %, TS loading ¢35 -8 Mol A]
250 mM imidazolé2 FZ38}9th 25 A %3 dwWAES pH 7.414 PBSZ
A1 H3 ¥ Fast Performance Liquid Chromatography (FPLC) fifehtion

}14

column (GE healthcare, Stockholm, Swedgn)% 3}l A A|8kal Centricon
apparatus (Amicon, Beverly, MA, USE) sZA1 7T 559 A2 dld S
BCA 2] (Pierce, Rockford, IL, USAY & A& 3}slal -70TCo| H &3}



4. rhHK I 8= &H

rhHK 11 0.5~1.5ugS o83t HK Il FHEE SAHSATE HK 1o 2]
G-6-P A& 33| G-6-PDase (EC 1.1.1.49) =4 3lol NADPH 34 3}
AAE YeERdTh HK I 2= 42 4" protocob| e}
TP 5R o™, VersaMax microplate?= 7] (Molecular Devices, Sunnyvale, CA,
USA)E AFE-3le] 30T, 340 nnell A 200 plo] WHS Z3HE(50mM Tris-HCI,
pH 7.6, 150 mM KCI, 10 mM MgG] 2.5 mM DTT, 0.3 mM NAD, 5 mM ATP, 1
U/ul G-6-PDase fromLeuconostoc mesenteroides, 4 mM glucosedll <] NAD'9]

FAe S4sEA FPRU 1 unie] Gx BHEDS 2Y 1M G6-
_"

PE AANYE 84 FEE dZ4oW G4 ¥EE mUmg protei =

5. A W AA HK 8HE9 5F
AEZ O AA HK P E= Wakizol FAs2* Vinuela 5-°] Aletst
W®o. o] @3l =AE T 50 mM triethanolamingd 5 mM MgChLZ
e pH 7.6 k58 Aol A AEE B 7]aL, 4TolA 5&3F 1,000 g=
A8 Axde] F7 FEER EAstE HKEY mtHKE X §s
ATEE Aotk AEX U HA HK SHEE A8y H8l 723
4=-89(0.5 mM glucose, 5 mM ATP, 0.25 mM reduced nicatimide adenine
dinucleotide phosphate, 6 U G-6-PDa%eR0C oA 15%37F AFd wlloF A7l F
10,000 g2 9A st HolA & FTH 0.5~1.5ug% H7IeTE HK
FAHEE 340 nmellH Y FFEE SATAUTY. HK A= =
TS AFEEG =Y, 1 unitt] HK A= 20ColA &3 1 uM9

I AAHAE Bh ¥EES 97

o
A
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b
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H
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HK ol i3 9E2JA7F GFsEA fkenz dgddor A4
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S9SEIAE Az A" rhHK I B9 EAS BALB/c  miced]
HAAA  hybridomag 71l AAE HHoR A ZSHATES. k&Y,
nhb-2~E 3F HACR 20 pgl rhHK I ©EA S 3W B FAlEk
HAAZ AL, o]ojA] mp et o] & 1094 £ UE F7F HFekdch A
HA WA= rhHK I @923 complete Freund adjuvadit &S

)
i
2
N
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>,
QL
32
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. F7F AE& adjuvant §lo] FAFEITE WA H nhe AR HH
S do] SP2/0 mouse myelomal X2} §3HAF tF Hybridoma=
RPMI 1640 8 #] (Invitrogenpl] 4] 8] %5121 2.1, Solid phase ELISAYH O =
HAZZEAS screeningl2lth. ELISA 44 hybridoma= limiting dilution
Wl o 2 4744 subcloningtith 1 vtk THA] ELISAZ AE&it) %A
FE2ES 24-welll} 75-cnf flask (Nunc, Nagel Inc., Roskilde, Denmank}
wjFetAY, whg-2o] 57 FAbste] S A7 Ig isotype isotype kit

(ISO-2, Sigmag A+-g-3te] Akt
Hybridoma 358 2] ELISA +4-& $3Fo] Microtiter polystyrene platg
8- Mo A 5 pug/ml rhHK 12 coating

>
=
ofo
o
o
32
i)

=
ol
)
H

li

pH 9.6 0.05 M carbonate/bicarbonates
, 4ColA ") wisiolh o E tkskAl A" hybridoma
100 pE M7 & A20A 1~-277F WESAIFTE 4 A

A7

Rl

g5
HE=E 9519 peroxidas®& ¥ A ¥ goat I-mouse IgM &3] (1:2000; DAKO,
Glostrup, Denmarkg A8 3,3',5,5-Tetramethylbenzidine  (TMB)
714 (Sigmays AP oz A5t A= microplate 5 7] (BIO-RAD,

Hercules, CA, USAE 450 nmoll A S 3 =S SAsto] 4519 0h

7. HK 11E 93lA 2@3stE= SNU-449 A EoA HK 1| 2@ <A
AEF9 g

Wl HK I %ol wl-$- 3 SNU-449 A EE 10% & =243} fetal
bovine serum (FBS) penicillin (100 U/ml), streptomycin (100 pg/ndl) 3 7}t

11



RPMI 16400 A o A wjFalolct. 47 IFAEQ]l Chang A X529} HepG2,
Hep3B Al 3+ 37C humidified 5% CQincubatorl| <] 10% FBS} penicillin-
streptomycig- 3 7} Dulbecco’s modified Eagle’s medium (DMEM =] o] A]
BESIAT. HK 15 P oz didsts AEXFE Fye7] 98k,
Z+7} 15 x 10719] SNU-449 Al Z 9} Chang AIEE 2047t &< 60-mm
HjFg Aol A vl FeRolTh A o]l #ste] 4 pgl pcDNA-HK I
plasmid DNAeY| 15 pl2] Lipofectamine (Invitrogeny 3 7}sle] MEE 427
FQF 37C oA wjkst & FBS/F ¢l RPMI 16402 3+ =}&] A& 31t} 1
mg/ml  Geneticin (G418, Invitroge&) T3k wiX oA 14~204 7+
- (splitting) M 3t £, Geneticin A4 &S cloning ringe. = 2] 8Fal
4

the ek Al A ZA A AT

8. AA RNA &H] 2 JAANFIELAH TS

747} 2 x 10 /9] AEZHE A RNAE F=317] 935t Qiagen
RNeasy kit (Qiagen, Hilden, Germary) A8 th M EFo|A Eald AA
RNAZH-EH cDNAE &A3H7] 93ke] Superscript Il RT-PCR kit (Invitrogef)
AFgslda, 4 E HF oDNA 4 BEFFEAR S48t PCRE 5yl
10x PCR €58 9[100 mM Tris-HCI pH 8.8, 500 mM KCI, 15 mM Mg&I130 mM
DTT, 1 mg/ml bovine serum albumin (BSA)],;d 10 mM dNTPs, 1ul each primer
(20 mM), 0.5 ml Tag DNA polymerase (5)/ Roche BMB, Indianapolis, IN, USA),
500 ng CcDNA template, deionized-distiled ,® (ddHO)Z TA¥
W32 3tEol A 35 cycleZ T3 o™ (2 cycled 94Tl A 40 s, 55C ol A]
40 s, 7X 1A 60 s), AA F37} 50 plo] A Tt PCRAES 1.5%
agarose gel A7|dEH oz EA3UL WFSAHES BLAST Moz
el 3l

PCR AH8¥ 2t primere] 71423} amplicor?] Z7]= & 1 °

A A8t T

12



¥ 1. AgoA AE2" primere] nucleotide @714 <43} 7]t 5= amplicore]

=7].
Primer Sequence Length (bp)
GAPDH (S) TGA TGA CAT CAA GAA GGT GGT
GAPDH (AS) TCCTTG GAG GCCATG TGG GCC AT 240
Glutl (S) CAT TGG CTC CGG TAT CGT CA
Glutl (AS) TTC AGC CAC GAT GAACCATG 250
Glut2 (S) TGC TCAACT AAT CAC CAT GC
Glut2 (AS) AGT CCT GATATG CTT CTT CC 22t
HK 1 (S) CCT GGG AGATTT CAT GGAGA
HK I (AS) GTG CCCACTGTG TCATTCAC 240
HK 11 (S) CCAGTATCT CTACCACAT GC
HK 11 (AS) TGT CCCATC TGG AGT GGACC o
HK 111 (S) TTC ATC ACAGTAAGG TCT CC
HK 1l (AS) CTG CTG TGATAATCACTAGG 199
G-6-Pase (S) GGG TGT AGA CCT CCT GTG GA 187

G-6-Pase (AS) GAG CCACTTGCT GAGTTT CC

9. Western blot ¥4

AELE 458950 mM Tris pH 8.0, 110 mM NaCl, 5 mM EDTA, 1% Tait
X-100, PMSF (10Qug/ml), 10% glycerol, 1.5 mM MgG| protease inhibitor cocktail
(Roche)e. & &3iAZoH, ©lde BCA w418 Ab&sto] Al
40~80 pg A ] AA AE &HES FFC loading 4FE& (125 mM
Tris-HCI pH 6.8, 4% SDS, 20% glycerol, 10% [(®-mercaptoethanol} 4] L
7tEetdtt. @wlde 75~10% denaturating  polyacrylamide et
A719gF5H oz HeA7]aL, BioRad Mini-Gel syster ©]-8-3}°] Hybond ECL

13



nitrocellulose membrane (Amershath) d o] A ZAth @z Hojg =S 1A 7F
&QF Tris-buffered saline (TBSJ*A 5% non-fat dried milke =}T3}
1:1000. 2 3] ¥ 12+ FA[HK Il (Chemicon, ab3279)} =4 A Zd 9-15

ke

FA)E 1:2000 ~ 1:5000-2 3|4 to] 1A)7F F<F WA AT 0.05% Tween
20 g TBS (TTBS)E 29 A1¥ % 1:20000.% 3|2 € peroxidase
conjugated 2} &3] (Zymed, Carlsbad, CA, USA 1:5000 ~ 1:10,000.%
sjAsto] 1A]3F FF WESAIZTE thA] 1083F TTBS® 2 AlHg &,
commercial enhanced chemiluminescence reagents ,(E@irce. Rockford, IL,
USA)ll A wEg-A1 7] AL, ARRl & #gste] B33t

10. M ¥ Y ATP =3} |actatee] AA A

M3 W ATPTE CellTiter-Glo luminescent cell viability assay ¢Rrega,
Madison, WI. USAE A3}tk Qo8 96-well microtiter platell 4] 200l
RPMI 1640 &4 WX 2 well 3 2 x 10709 A¥ZE Fdujdatdeh. 37T,
humidified 5% CQ incubatopl]l A 24A]7F =<F %A 7] 3L CellTiter-Glo kit
reagent 100plE #H7lstal 10~302 &< wiFsoAth. Luciferase-catalyzed
luciferin®} ATP ¥hgo] <3sle] A E W3F2  MicroLumat LB96P
luminometer (EG&G Berthold, Badwildbad, GermaBy)A}-& 3t A Z=3}t}.

A E W lactaté= lactate assay kit (Biovision, Mountain View, CASKH)2
AFEsle] AT &, Al E 96-well microtiter platell 4] 200 wl2] RPMI
1640 3 WX Z well T 2 x 10709 AEE H3 wjFstlct. 37C 9
humidified CQ incubatopll A 24A17F &<t Bl YAl 71 2L lactate assay kit reagent
50 WE M¥r7bska 10-30+ F<QF etk ¥ s 570 nnellA]

microplate &5 7] 2 =43} T}
11. Phospho-AM P-activated protein kinase (p-AMPK)9] 8= 3

AMPKS] 243 Fe9l p-AMPKe] ©Hd BHL U] 95t

western blot 412 A&k A7GBPOE GMAL Bed ¥

14



AF8No 2 Adslal p-AMPK 3HA|(Cell Signaling Technologyd 4T ol 4|
NZE RESAIZL 5, oz Al (Zymed)E Ad2olA 1AZE RESAIZIHL
ECLE AH8-3to] ©huld whel & Slslqltt. 2 S-actin A9t WA A
G Fo] @l AdS AR =A B3t ATP synthas& Ak

5k ATP W3lo] o8] p-

=
=
(]
o
S
o
3
<
(=}
o
w
o
)
RolA

12 HK 119] B YFEA
Sz (confocal) #HolAFARARAE £4& Hste] AEZEEL 8-well
Laboratory-Tek® German borosilicate coverglass @uNagel Incyl 5 x 1d

AEfenfE 78k, 2403 Feh & Wi elA widEsith. 1tk

AZES AHda 200 W RPMIC.E 37ColA 3083+ Abd Hjoksk %
1573+ 2% glutaraldehyd® 2% formaldehydgl 39 PBSE LA Al 7T 10

mM EDTAZ &3 PBSZ 3W Al#3ka, -20ColA 10%3F methanok
I A7]3 10 mM EDPAE 33 PBSE 3¥ AlF 3ot AlXEL 117t
&t 5% BSAS XTI PBSE ATAIZTE I F 4TolA WA 1A
A (anti-HK 11 Ab, 1:250 dilution)z WHS-A]7]a1, PBSZ 3¥ A2 dla 5%
BSAE X33 PBSE 15wt ThAl AAIZT A20A 243§k 23t
gHA (Alexa 594 goat-antimouse Ab, 1:2000 dilution, Bmilar probes, Eugene, OR,
USA)Z #wj¢fslal PBSE 3 AMH3sFSITE ©o]e] Mito Tracker Green FM
(Molecular Probes)d 12 H7}69th A|EE PBSE 13 A3 3 37C
5% CQ 92olA 0.05%] BSAZS %33 0.1 M Tris/NaCl &5& % (p
8.0)ll4 15%3F 100 nM Mito Tracker Green FM=Z H| Y3}t AXES

Afsta dEo= A7l PBRI & ¥ FxA dolAFAA Y (Carl

I

Zeiss LSM 510 Axiovert S 100 inverted, Carl Zeis¥.BSliedrecht, NetherlandS)

o]-&sl &gkt
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13.F-18FDG H# A

MES] F-18 FDGAH AEE S5A37] st 5 x 10 o Alx
well plate (Greiner, Frickenhausen, Germaflyy==-3}3 37C, humidified 5%
CO;, incubatopll Al W&}t F-18 FDGE 37ColA] 3083+ 185 kBq (5
uCiymle] &Fow Axol wjgA 71 Ao 27 5 mie] PBSE 53]
Al skt 12-well platée PET %3-37](Allegro, Philips-ADAC medical system,
Cleveland, OH, USA) F1 33t W=ddE 41, AL CTE o &%
FHFEds  4x3r Yt 3 Aekoitt.  Allegro A Z=Hle]
reconstruction using a low action maximal likelidoalgorithm (RAMLA)C. =
B ATt oo AIEXE FEel 27 PBSE 53 MAHGT F
1% SDIA 05 ml 01 M NaOH: £3|AZl F Cobra I 7w}
AlZ7](Canberra-Packard, Meriden, CT, USRA) WAlsS =A3At)

N4 BSAS 7lwo& dtel BCA oA R4 kitE AMESH

14. Cisplatin A gle} MX AETE 53
Algd O AE AEFH mAE cisplatine]l @d= AE AT

43 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazatn ~ bromide  (MTT)
4L ol&3te AU AE AFTHS AEE trypsindAlA
Tt AE 7 AR OE AE 5 SA5Elth Cisplatire] thg Alx
AETE B4 g8t MTT 242 A& s, well & 1 x 10 <9

AEE 10 pg/mie] cisplatie] 3 7+ 96-well microtiter platél 200 ul RPMI
1640 ¢k wjx]o] FF3kaL, 37C <] humidified CQ incubatopl] A 24~72x 7t
HjeFete] ME AETHES MTTE SASISTE =, 4 plo] MTT A5
mg/ml in PBSY Z} welle]l #7}sto] 2417 HoF wFLA]7]aL 37T ol A]
5%k 1800 rpn?] HEE A AIZ T MTT 8942 wellol A A7 8faL
Formazan crysté 150 pl2] DMSO°lA &3]A171 & 540 nmll A S3=E

16



15. AXds vEZE=Eol £F duide EEe PIK JAIAL
LY 2940029 A&

AEE 25-cnt flaskl HF =7} 1.5 x 16 Al E/flask’t S A H3
ket 1 %, AIEE trypsingt AA FEetar 4TolA  1083E
600 x go. = FAEIHAAT. AEx FAHES PBSE 13 AHsta 3
volume?] #2] %8 % (20 nM HEPES pH 7.4, 250 mM sucrose, 10 mM KCI, 1.5
mM MgCl,, 1 mM sodium EDTA, 1 mM DTT, 10 mM PMSF, 10 uM peptin, 10
UM aprotininpll A Al 5=kl th 323 4502 A% ¥ AXE 60 stroke]
glass homogenizat I A|IZItE T HA FE AEe W|Z A
Aste]  AE GBS 4TelA 1500x @2 28 AR
nEZcglol 5% 13 (heavy membrane fractiof) 30%7F 1,200 x .=
AAEA A2 HAAANHY. GRS AAL 0.2-une}  0.1-um
Ultrafree MC filter (Millipore Corp., Bedford, MAUSA)Z o] 3}slo] A2
22 At FEZ=Eot w5 w82 st &3 {99
2712 HF 5%7F 0.5 mg/mbt H A skoinh. 248 3F 5, 37°Cl A 0.5
MOl LY294002%2 1A|3F &<k Agdte] HK I el WstE #zsidlt
Samplex 12% SDS-polyacrylamide gdl #7]9% 3 % nitrocellulosez
electroblotting} 1o+ HK Il anti-HK 11(9-15) mouse MoAB} rabbit anti-mouse
horseradish peroxidase conjugatedzAbd =3} tF. Membraneg strippingshal

G-B-actin & A S loading HZT O 2 }o] reprobing 393 T}
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m 2 3

L TFE AR BGAZFAN HK 1] B
HK I %S QA wdo] F7hso] glow] oo

IR — i=

12
o,
il

e
Jale FL AR FFHI Yo M mEb Al R AEFQ SNU-
449, SNU-475, HepG2, Hep3B 4 &7 A XEFolA HK IS &d
PCRZ} western blof. 2 =7 319t}

o,

H

= R

-

HepG2} Hep3BllA] HK Il mRNAC] wtaglo] =7 el SNU-449
AEFO] AS 7FF 92 HK 119 2d g Bt (I3 171). Western blot
A= SNU-449] whuld dhgdo] 7H SEokri (s 1.

( 7]_ ) SNU449 SNU475 HepG2 Hep3B

HK 11 . -_—

GAPDH R —

(14,) SNU449 SNU475 HepG2 Hep3B

HK 11

a-tubulin

a8 1. thFdk 7R EFolA HK 19 2d. A 7FEA EFo) A HK I
mRNA°| E-°] &<l primergs A}-8-3F (7}) RT-PCR % 3} (4}) western blot®);

Hows HKII ‘i;t;ﬂ_ £ % A3t A3} HepG2} Hep3B Al EF0) 4] HK I19]
mRNA@r o] ZetA HeQl Wb, SNU-449 AlEFE 7P o3
HK 11 9] %ﬁdg UrE‘r%‘d GAPDH9Jr o-tubulin® .

::E—‘
_|_4



2. rhHK 119} SNU-449-HK 1| AIZF oA JLdE HK 119 &L
g4=

rhHK 115 22, AAst] 84 GHEE 43303, HK 119 Ed o]
W& SNU-449 Al ZFo HKIIE ]9 & 2 HAEE SA 3T

HK I 82 JAEATxe] ¥yds WAst, oid 22 JAE
goltA 7] Ykl HK Il F7=ke] € ke 5X histidineS: 3% Al 7t
PRSET A-HK IIE o] &3] HK IIE E. colio]l & A7 F(2¥ 271 Ni-
NTA resin columi@} 32214 column chromatographyd ™ o2 A A5} 3L
152 AAE dwEdE Hd7]95(SDS-PAGER.Z 2133t #E
AAD thHK 1= Eold &4 FAHEE 2 Jedoi(ad 2uh.

PcDNA-HK IS HK Il & o] 2-& SNU-449 Al Zol| o] dAIZ &, HK I
Idd SNU-449 FFAEFT oA HKIS S =7 agiE dds e
AE GolHuz AE U &4 FAHEE AT SNU-449-HK 1=
Z2Ty v wdte] =& HKII 84 FAEE Bty 2th.
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h

1 475 917(921)

HKI N I ©

Ndel EcoRV

HK pcDNA3.1

(-) 5.4kb

Amp'

EcoR |

h (vh

©w
a
N
o
*

—
N
=}

0.D. (340nm)
N
o
0.D. (340nm)
-
(42

[N
o

,_.
1)
——

f=}

a
j=3
a

j=}
o
j=}
o

Gst rHKII S\NU40 SNUHHK T

3G 2. rhHK 112} SNU-449-HK Il A|Z oA HK Il a4 A=, (7H AHE
HK Il cDNA (2754 bp, 100 kD& X2 %. 5X histidine moti€& HK Il C-Ztho]]
¥ A& pRSET A bacterial expression vecro]-8-3to] pRSET A-HK IIE A2t
39131, pRSET A-HK IiE EcoR V 9} EcoR 192 #2349 pcDNA3.1/Myc
Hisol Z%A1A pcDNA-HK I1E A& (1) AA1E rhHK 119 a4 G4 5
2} (Y} SNU-449-HK Il A2 HK 19] a4 &A%, SNU-449-HK I
ol Hlgte] & HK Il 54 S4EE B 53] 54 F A7 LEFL
22 FA]L 2Tl H]Se] P < 0.01; **P <0.001.
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3. SNU-449-HK || M EF ¢} Chang-HK || AEFANA HK 119 &d
HK I it o] 7RAE o] Ay F24S A 7] FAFAPE S
golr 7] Yste] HK I1E A A T3 SNU-449 Al E 9}

HK I 32} o]Y & HK Il 328 SNU-449-HK Il 7FSHA) £ 5(SNU-
449-HK ¢} A2 A E<Q1 Chang Al £ (Chang-HK 1Pl 4] HK Il mRNAZ}
A BHEAI, o= HepG2IA Y HK I mRNA 3o LHs=
AE=FTHZ¥E 37D). Western blop. 2% ©@ild Wy o] F7LE gQlsh 4
ARATHZTH 34).

A\N

\
(7hH o bp‘q\(\‘F X 3 \?‘\&\ &
N Y & &
HK 1 S S s e e
A - - - -
N NN
() Q(Y\\(‘ X

HK 11

Actin

% 3. SNU-449-HK Il MIZF9} Chang-HK Il AlZFo 4 HK 112 @&, (7})
RT-PCRS o] &3 SNU-449-HK Il Al =529} Chang Al £F°14 HK Il mRNA
o] @4, HepGZ= HK Ilo] thgh ¢4 thx*. GAPDHE loading tZ=+. (Y1)
F-HK Il (9-15) 3}AS AL&3F western blotE4. HK Il F4% o) ¥
SNU-449-HK [} Chang-HK Il A2 ©ald o] F7hgh. B-actin
loading ™ Z=.
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4. AE W FEEE HK 117} TEF tiALe 28" T8 $3x9] d
e 9%
SNU-449-HK 1i¢} Chang-HK P14 HK Il #pitdo] E=w djrbe}

#AHE e FARES #ddd vAe FFS FolE Utk HKE thE
isoformQl HK I, HK Ill, =3 HEAQ0 Glut-1, Glut-2} =13 7
G agol #HoAsteE ThrRE £ G-6-Pasé] mRNA 2 T
e AT olE Al mRNA 2Hd A= SNU-449 Al E 9}
Chang AlZol HK I FHAE o|detr] A3 Fo WIE HolA
GUI(LE 47}), Western bl 2 S53% ©huld oA on 9l=

MBS Holx] ktHIH 4.

7 N\ a
7h) o g, 0D
& o o (& & o

HK | - e - -

- ———
HK T — — — -- HK 111 _
Ol DD P i e
Gluz e W - — - cuc [ e
G-6-Pase e e i s @ GoPose _
O

a9 4. /H]E W 2 d HK 117} HK isoform?} Glut isoform 2 G-6-Pasel|
nx= 948k HK |, HK I, Glutl, Glut 2, G-6-Pasgl Z& 9 1‘1t JFS
RT-PCR 7})9} western blot Yo 2 =3, L=GAte] ol FAx F
HK 11E A9 & fFAxAeE 2 3d AZo WEE Holx &
GAPDH®} actin loading =
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5 HK I F&do] ATPS} lactate 4 ©L AMPK &40 v &3

HK 1ol #ddx sfidz8o AAdE FHs7] Aste] ATP 43
lactate A4 S ZA B TE. SNU-449-HK 1I0] 7% woF 2427F A3 &
ATP oFo] Ttz Hd] 20% =718t 1, lactate AAFEFo]  45%
Skt ™ 57)). ole FHEHE HK 17} alF&AeS A 7= A
Hkg 3l Ajolt.

p-AMPK= AEe] oux] FE& A= de e AR
AE W oldx e 2de ATP 2ol o 2A3dTHE HK I
ko]l p-AMPK &4 wWAXE dFE Lotr7] st SNU-449-HK
ek thzaQl SNU-44914  p-AMPK 242 SA433]
FREo] ATP AR3Fo] B SNU-449-HK 11°] ¢ thzTol Hldle] p-
AMPK®] &4 =7 Aoz erom(28 5u), ATP synthase? A A<l
0.5uM €] oligomycin F°| % p-AMPK 24 %27} F7}ekoith

o

(<0

¢

O

. agagol
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OSNU449 @ SNU449-HKII

*

(% from control)

o , N
ATP bioluminescence, L actate production =

ATP (24h) Lactate (24h)

(H \Q\ \l~\\
o X ) X
S0 S Y

Actin

— — + + (Oligomycin 0.5uM, 30 min)

Y 5 HK 117} 32 E SNU-449-HK 1l AlEFo 4] ATPS} lactate & p-
AMPK 2] 3} (7F) HK 17} IF-dE SNU-449-HK 11 A 3EFoll A4 1l F 244
F A F AE U ATP 2 20% 571, lactate A 2 45% 571 (WD)
alFztgo] 7 H SNU-449-HK I Al EFo| A p-AMPK o] Aol Al
0.5uM 2] oligomycin 7} ¥ p-AMPK 2] @& o] F7}3t
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6. LHEA HK 119 AE U HX2F

SAEZ delA HK 119 50~75% FE7} PlEZE=gofol] A of
Aed, olwg oF AFolu A7 GAE AEHS HK NIE
MEZ=go oHo R WoA 7| Aow FHATHY

SNU-449-HK Il A HK 17 #dd {Je g9xs
1 & & F4] ¥ (confocal microscopic analysi8) ©]-8-3to #4319},

SNU-449 HK [Pl4 2] HK 119 232 tzxa ¢l SNU-449 A E 50
Hlgte] b e, FdEE HK 1S fA7F RlEE= o B9 B

2ol dAHE AS 32 AATHIH 6).

SNU-449-HK 11

B KNS AT W) BE G RS0} 299 e Fie) 43

A
&
Ao, UlEi’EFAOM HK 119 927} %lﬂ% HL X* &‘Oi ¥
Al
2. A18d Al F-HK I (9-15) v T EEFAolH, =5 A+ 5or 10
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7.HK 1l L@ A XA VDAC 2@ ¥

nEZ =20} permeability transition(MTP) pofé Tdo4=2 <&z
VDACE HK 17} nEZ=g|o} ojuto] Agtals wuldz ez o

HK Il #tZdeo] VDAC Ede] mX= FaFE dolr 7] $Jste] HK I
e A EFolA VDACO ol WIstE ZARSEAITE SNU-449-HK 119}
Chang-HK IPl|A VDAC ©¥d o] Hrs 2o 2ol HolA
Skt dE 7)

VADC (32 kDa)

Actin

Y 7. HK I 7238 A ZFo) A VDAC o] W3, SNU-449-HK 1€}
Chang-HK Il A5 4] VDAC?] &3 tjxTo] H|sle] WA e

8. HKII7} A& E AEFNA PETS o] 83 F-18FDG A3 A
bR Eo TG YAE wrdstE gAAALe] F-18 FDG A Atg=2

=
A&e FAS] HK I Fh2A AEFIN AFHgo] FAHAEAE B

F-18 FDG PET% ol 4] SNU-449-HK 12} Chang-HK I©] 3¢ Z+7}e]
ol Hlsl F-18 FDGAFH7F X EJATH2E 87}). GAAZdF & F-
18 FDG A3 &< BAHFH o= 543 AF, SNU-449-HK 1I°] F-18 FDG
A #E 147,652 + 23,148 cpm/migy SNU-449 Al £ 2] A3 &9 95,779 + 4,087
cpm/mgi.th 54% 57183t Chang-HK €] 413 &S 300,055 + 23,984
cpm/mge thZE9] 214,070 + 19,875 cpm/miyth 40% =716t ®E 8.
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(7H) o

( L}) Cell uptake of F-18 FDG
35et5 *
3.0et5 T

~  25et5
=
‘T
B
8  20et5 T .
B
()]
E  15e+5 T
IS
g
1.0et5
5.0e+4 -

0.0

a9 8 HK Il #d A|EFo)A F-18 FDE] AF. (7} 185 kBa/ml (5
uCiiml)©] F-18 FDGE 37Col A 30527+ wlk 3 &dak PET Q4o A HK
N Iy EF F-18 FDGAFA7F =718 (WD) HK 1S g A7 5
cobra Il gamma count& =733 WAls F3|. G A EZAFEF F F-18 FDG A
Fgo] xTo] Hste] SNU-449-HK IF= 54%, Chang-HK K 40% 5713t
33 & A4 Fo Aztolr @9 = mean + SD of cpm/mg proteinth=x

ol H]3}e] *p< 0.05; **p< 0.01.
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9.HK Il }Edo] AE F4 R JAAd A e v+ &3
HK 119 o] Mz FAo mxle= a3E AExTAMY
AARAE a8 ARHOE ZASITE SNU-449-HK P4tz el
SNU-4491 #Bl3] 3d # 15~2.00 B= Ax T4 g AFL
AATH=ZH 971). o]9F HFH o2 Chang-HK IPIA 9 Zde dxz3

HOE Zfol& HolA| 24T

HK I+ nEZ=golel Eojxdo=r  Agsle]  cytochorome &}
apoptosis inducing factor (AIB X3k = Alo](intermembrane space)
gl g o] Z91E A AZAIES JATE ez dEA AT
HK I19] A ZALE 2H-8-2 7 5k7] 918ke], SNU-449-HK 1P 3FAIS] 10
pgel cisplating A #lste] MEAPES FEsta, MTT #4& o] &3}
AFRESS S35 Cisplatin 10ugl- & A 23k 39 ¥ SNU-449-HK I
METF2] 5207 A3 L, SNU-449 M= 8%7F A<=3F] SNU-449-HK

o] ekl it Fdol AastAri(ZdE 94).
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(7H)

104/ml
501

*%k
01

—@— SNU449
30 —O— SNU449-HK 11

201
10
oA

0 1 2 3 4 5 6 7

Day
Cisplatin (10 pg)

AU

0.07

-0.57

-1.0

-1.5

—@— SNU449
—O— SNU449-HK 11
-2.01

-25

IR 9 HKIL P Aol A Alx gt cisplatie] ek e 24,
h AZFAIR R A3 AZA F%Hoﬂﬁ 3% 3 SNU-449-HK 1]
;ﬂ]_LZN o] & Xt} 15~2.01 F7E. (L ?{}‘”ﬂlol cisplatin (10ug) #]
2 = MTT £4& ol&ste] 533 /HIF_* =34, cisplatine 2 A2 3%
T SNU-449-HK 11°2] 52%7} A<£38}%9 a1, SNU-449%= 8%/ A<=, ZAil+=
negative slopg X d. BE AL 33 J—, A3k *P < 0.05, **P < 0.01.
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10. LA E HK 119 AZFEAME =3

HK el o1&k FAzEAPEe] EABESA 714 Jes] walx A
gom, mEZ=Zol A% HK I ZAL PIBK/AKt FZ9 AAIE
AZAE B2 Baxel Bak’t W EZE=glolo] HIdtE AL EA8HY
cytochrome €] W=< JAstE Aoz &aA Ak * HK I e
AAHE NZAPE ARE FHs7] Yte], SNU-449-HK P14 PI3KS}
Akto] W3lE #E3sta PI3KS] AAIAIR] 50uMe] LY2940025 2] ste] 1
A7E v s TE SNU-449-HK I oA Akte] 24435 FEIQd p-Akte]
A7 Tl st FEsl Fhekglth ol IHIdE HK 119
ZE8-0] 95l Akt7} B3 = AL WA ST EgE LY294002 A B $-of
p-Akt7t A 2dEE #ET F AATHZH 10).

\X(‘\\ A\
p XN

SR SO I S S
& & o

PI3K

p-Akt

Actin

>
faY

L Y294002 (50uM)

Y 10. HK Il ¥ao] PIBK Ao v X= 9 3F. SNU-449} SNU-449-HK
oA 2] Akte] &S western blof.Z #23F SNU-449-HK P4 p-Akt2]
A7 dxTol Hste] 4ds] F7Feklal, LY294002= A2 g ¥ p-
Akt7} Aol 2.

PI3KS] JAIAIQl LY294002 (50 uM)E A 2]3}7] A3} Feo] HK I
wsls #AFes ZAn, AEX JU ™A HK I %o WIE #BEEHA
ATHZHE 1171). SNU-449-HK P14 A 5= HK 119} PI3K/AKt 74 22



2|

A#dE w37l 93t HK 1E AEd 7837 vEZ=gol Fgoz
Uro] o1 2 EE SAGIT LY2940022 A & nEZ = o} T3 9]
Fa, Alxd 78 HK IS F7Hes S0 5+ AddTh
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AT HK 11 o]9]e] HKE isoform=<l HK 17 HK 1] d&o)u)
FT=GgEHAI]l Glut-19F Glut-29] 2@ B x=FAIEAC dAIEE G-6-
Pase] TdEL tiwol wlgte] /bR Wokrh mEb A E

FEe] BAHE A EamA HK 19 2L FAHoR ATE &

HK 119 Aad s sr)sidatde] ddds B7] fsto] AlE f ATP
47} lactate B FS SATIATE SNU-449-HK 1] 739 vl eF 2473+ 7 3}
Zoll Bls 20% 718 L, lactate A4 BFo] 45%

7vekgith. ol FEdE HK I17F 27)dddES FHATE A
wrdsle Aalolth. HK 117 mEZ=gol 9wkl VDACO] ZAgalo]
v EF=go} Wuke] ATP synthasond A A4 5] = ATPE adenine nucleotide

FWLORAY, AT Py

translocator (ANTE S35} F&3|
S AE W ATPY ol FUsle Aoz AZHT. E7]sd A E-ol
PAAAE o ZAyr A APH L lactatet AAAETH AR
A ZAA = vEZE=gole] 2 Alo] g Fo EA|st= Na'-driven CI/HCO;
exchanger-1 (NHEZ} Na'-independent QHCO; exchangefl Z}-s3dle] A3
Yl pH (intracellular pH, pHt A=A T, AEo A= NHEL1S] 280
Gt pHIE T7HAA AE 9] TS A EAIY pHIZE S H
gl Fzgo] =1 lactate} H'/lactate co-transportdt ¢]&to]  SHAE
wto 2 ol5H i 7|do® ATPY lactate] A S7HE A9 § Ao

ot @asolH

A gkth. AMPKE
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AMPKE Alxol AQUAE A&Ese= 9
AEol Ede AT Aste] @2 ATP =+
ATP7} Zr438al AMP7} 5715 = Aol A 843
el A 243k Jejd p-AMPKe] ®s s ##s
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FTHstHd et = Akte] downstrearil mTOR (mammalian target of rapamycin)
248 JAlsted] AZAIES FESOE AXAME =& ATP TEE
#A skl AMPK  g&/do]  ZHAskal mTORe| ZAo] Fx¥H  AkE
FASAA HK 17F nEZ=golz A9 drch. E3 Akt Bad, FoxG%
AAE  EZAFA7|aL NF«BE ZAFAA FAZAIESE FE3

ALE FHANG

Kl
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AE HellA HK e ZARFAE &7 st HIFFEAES
Al SR AL, HK I1I7F SA8ks 91A7F A E f R EZE=olsls &
AANTH AlAH W ATFolA HK 119 N-Zeel Q= 1579 ofrji=ito]
nEZ=go} ojute] VDACS AFsie F-AZ &#A At miHK 11
fEFZ=gol o] PFAE FAAA RIEZE=gol 9 Ato] g
EA8te AEANE 229 HES AdAste 9FE 2FEEH, HK 17}
VDAC¥ Zgdo=zA G-6-Pl F45He 7]de F&Fes oA FiL
AIFHALS FAACHS, VDAC] pored] FA7]E 25~3 nniE2 %ol
2o]2, Cd&', adenine nucleotidd TFE Al 229 ol F =7} Htl
VDACS W EZE=go} u Alo] o] ZEA|3}= pro-apoptotic Bax/Bak
gy A=, AAJAAE AASE mEZE=ol o] FEE
gAasted AxAPE SudE wEeTP® % HK 117} VDACY] A st
T2 WIE doyoZH MPT pores H | A# pro-apoptotic ¢12}F2]
2 En 8 o] o dFRuelA HK Il VDAC E&A|7} Bax
and/or Bak}l FV|EFZEZglole] ZAjslE A wWalstal cytochrome €]
=2 ATt FAZAPE FEE HuFAo HK 117} @502 Bax9]
nEZE=Dolze] AYE Walstz tBID H= Bax A A8t
AEZATEE AA87 = o
Hoz oA FUdolAe MAE Ul HAA HK 19 50~75%}
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W3LE Holx o} d VDACO adE Al 5 AU
TF] =g dAFE W
519 0 H SNU-449-HK 1Ie} Chang-HK 1] F-18 FDG 47} d
Hsle] Fo)8k Al Eokth olE F-18 FDE A3 S7H7F HK 11 3akd o
ojste]  F7kek e uvERdTh F18 FDG AlF AEE AF¥HOR
=4sdle W AzgdddF I SAT WS FATF SNU-449-HK
ol A= izl vl8le] 54% 718191 3L, Chang-HK k= 40% % 7138191 th,
HK 11 b o] AxS2ol vx= 3 A 23}, SNU-449-HK
7F thzoll Histe] wiek 3& § AEFAo] 1.5~2.00 FIHAT. EF
HK 11e] dAxAbE 285 2AMeE7] 9sko] cisplatin 10 pgo= A 2
RS W WY 32 F S 5207} AJE8 I SNU-449=
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(tBID)¥}, Bcl-2 tH}AI(BAD)Ol A@d2-85 sto] FAFAIE S TRt
HIx Qo

HZ PIBKOl gk o] AFeA PIBKE AEolE, FHAA
AEZZa F2, MAEAPE, ZEYEOAbe ZFE oy AERE
#Hojsittar H a5kt PI3K]  downstream FAACl AktE AALSF
fFrAagZ s S(translations: ZEgth. Akt A= AlEE
SASAT  PIRBKZE ZAstEo] &AWl phosphoinositide
Ptdins(3,4,5)R(PIP)] 7} dAHW Axstoz  HAYHo AitsEH1
2439}, AktE=  phosphoinositide-dependent kinase 1 (PDBK1)2| 3}
A8ty Akt=  seringd  threoningl & 7HX oy wWiAE
AAEA T WEZE=ZL  FFol  TEEH™ NADHZF  S7hEt
Abstsk(redox) 282 WAAA  AE A3 APoEN
AAFAARJ]  PTENE EZ4FA 0. mTORE  PIBK/Akt 7 &9

downstream FHAZ  FFa9 AAAJAE FAsto Axe S

(
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ail AMPK®} tuberous
sclerosis 1 & 2 (TSC1-TSC2¥% %A, ras homolog enriched in brain (RHEB)
e o] Aol 9ty ZHHAT X mTOR: AlXE U A=<l
AMPKOl o8] JAFTFE. HK ol 93l g Ego] g ATP
Adol BolA ¥ p-AMPKe] &/do] ZFAstil mTORS /o] &xlHof
AktE ZAAA 4 JAFZ F7HAIH. mTORE  HIF-1a®]  upstream
A ZAME FEstrh T3 Akt7F TSC-2Z2 Q14FSIAIA mTORe] &4
AFethE Bk Jupt % B Ao AktE: EA45 AlZ thE 2%
TSk @skgel:  AktZE Z2A4sEHo] HK 1S PEIZE=oLR
AYA AL o= HK 117} VDACY Adsle] 37|aldd8S g7 1

AEES S AA T MTORE AlE oY= 74X

AEZ W ATPY lactate A FHS F7HAA AMPKE ZHAA]7]1W, mTORe}
AktE ZAIAA HK I1E tA fEFZ=Folz AYA7IE o dho]
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Akt7} HK 112 7]5ol v A& 9oyt mtHK 117} MPT pores
Aolst= 71 o Fes] WEAA FUrh. Akt &3 HK 11949
Al g AZAE AT, HK  II7F Akt QIAbE X
AZIALThrE 7FA a0 JoiA 488 AktZF HK 1S Q1A A I thE
Bazh Jop® EE Akt7F mtHK 1l 248 FHUAIA mtHK 1€ Baxt}t Bak
Ze Bel2 g RYE Wolsts d¥g v AoRE g AP ®
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Bozgol A g4 EAR iz Jope
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synthase kinasep3(GSKP)$} VDACE] ¢14k3t 7FE & gt} nEZ =g o}
7ol et AEEZOR Qlete] GSKPrE EAstdATta a4, A<
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nEZ=gote] AggozMN o] Fofrh L md GSKP7F VDACY
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TEEH AT, o] 9} o] GSK-Pol| oJate] AEAMHC] FEHH, GSK-PO
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AGA ol o&] ZZE% il HIF-19] o]t ZZE At} HK I12] upstreamz 2

Q42 carbohydrate response element (ChoREprotein kinase A, protein
kinase C, HIF-1, mutated p53-°©] T * HIF-10] HK 19 o] F2

AAAR 2getn, EEFAARE lactate] 22 T4 De}
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HK N19] shadst A Eehe] b mstel $AE T98 3402, HK
el wedo] AL SNU-449 HIAMEF9F HAAEQ Chang AlEF
2

HK 1S oAl

o] wrao] A SNU-449 Al ZF9F A2 HAHIEQ] Chang Al 3EFol HK I
FAAE o]Ysted Ed AlFTE. HK o] FEdA"  SNU-449-HK I

2. HK Il HrdEe Hgaer ERgddde Bdst o

G AFCl HK I, HK Ill, Glut-1, Glut-2, G-6-Pase] W&o 3Fs F2 &tr},
3

e gtk

3. ATP 23 A AlxE BEdhs 442 Ad p-AMPKE SAH3E
T SNU 449- HK IPIA iy ez vhe 243 B3l £33 2443 F 3}
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5. F-18 FDG PETZE% el HK N7 #add AxEe] 18-FDG
AA7F S7HEE B AExad®d 3 F-18 FDG A H(cpm/mgyt
FostA F7tE o, ETol] H|SFe] SNU-449-HK IRl ZH$-E 54%,
Chang-HK II©¥] 7%+ 40% 4 F &0 5718t}

6. SNU-449-HK I= tizxe ulste wjeF 39 F Ax
1.5~2.0 FRHArHp<0.005). SNU-449-HK Hl FIAe 10 pgo
cisplating A2 gt A3}, A g FHAdo] A3 tH(p<0.005).

7. SNU-449-HK |4l p-Akte] L7 dizxdtol] H|ste] A A 3]
Z7FeF AL, PIBK 2 AIAICl 50 pMe] NY29400% A €l3lS w p-Akt7}
7l 24HAT. PIBK AAA Fof F AXE W HA HK 119 ¥
W ash] AR nEZE ol F9o] HK 17} HAsta Alxd 759
HK Il S 7F8FoATh

o|X

Aol

ogt ol A EFNM HTHEA HK NI FAAE AE

PISK/Akt 21 ZAGA| A} AAE ] FFAEe] A F4, A
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Abstract

The role of overexpressed hexokinase Il in elevaerdbic glycolysis and
its effect on the PI3K/Akt pathway related to aepieptosis in human

hepatocellular carcinoma cell lines

Hee Sung Hwang

Department. of Medicine
The Graduate School, Yonsel University

(Directed by Professor Jong Doo Lee)

Hexokinase 1l (HK II) plays a critical role and eatimiting enzyme in
aerobic glycolysis. Most malignant cells obtainith&TP by metabolizing
glucose directly to lactic acid, even in the preserof oxygen. Many
malignant cells display increased F-18 FDG uptak#ecting enhanced
glycolytic activity. Hepatocellular carcinoma (HC€2lls have been shown to
exhibit very high concentrations of HK Il more thaf0-fold normal. F-18
FDG uptake is increased in high grade and pooffgréntiated hepatocellular
carcinoma, and known to be a prognostic marker. Hkbinds to the
mitochondrial outer membrane as a form of HK Iltagke dependent anion
channel (VDAC)-adenine nucleotide translocator (ANTomplex, and
mitochondrial oxidative phosphorylation is closelyupled to the glycolytic
pathway via direct channeling. Energy productionthe form of ATP and
glycolytic metabolites supports cancer cell gron®ecently, HK 1I-VDAC-
ANT complex has been reported to regulate mitochiahdpermeability

transition and pro-apoptotic protein release. Mitnadrially bound HK Il
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plays a role in anti-apoptotic effect, and growtcttérs and Akt require
glucose to prevent apoptosis and promote cell gakviHowever the
molecular mechanism is not clarified as to Akt tated pathway and
mitochondrial HK Il association.

In order to evaluate the role of mitochondriallyund HK II and the
molecular pathway related to anti-apoptosis in HCyo HK I
overexpressing stable cell lines were establishettdmsfection of full length
DNA of HK Il to a HCC cell line that expresses ldevel of HK 1l (SNU-449
cells) and a normal hepatic cell line (Chang cell$)e roles of overexpressed
HK 1l in elevated aerobic glycolysis, cellular pferation, anti-apoptotic
effect were examined. The effect of phosphatidgditad 3-kinase (PI3K)
inhibitor was also examined to evaluate PI3K/Akthpaay related to anti-
apoptosis induced by overexpressed HK .

The HK Il genes were stably transfected to SNU-dds and Chang cells
with expression vector. The HK Il expression argdfitnctions in these cells
were determined by RT-PCR, western blot analysi$P Aand lactate
production, F-18 FDG uptake measurement and cohfmeeroscopy. The
cellular proliferation activity and response to amticancer drug, cisplatin,
were evaluated by cell counting using 3-(4,5-dingktiiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. For thelaation of molecular
pathway involved in cell proliferation, PI3K/Akt ffavay was investigated.

The stable cell lines of SNU-449 HK Il and Chang-Hkexpressed HK I
effectively, but other enzymes or transportersglgcolysis, glucose transport
and gluconeogenesis such as HK I, HK Ill, glucosmgporter-1, -2, and
glucose-6-phosphatase did not show any changecdlhdar energy sensor,
phospho-AMP-activated protein kinase (p-AMPK) exgsien was decreased
in SNU-449-HK II. The production of ATP and lactates also increased by

20% and 45%, respectively, following incubation 4 hours, reflecting
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elevated glycolytic activity. The site of overexgsed HK Il was associated
with mitochondria on confocal microscopy. The FRABG uptake value was
increased to 54% in SNU-449-HK Il cells, comparathveontrol cells. Cell
growth and proliferation analysis showed that getwth rate was markedly
increased compared to control, by 1.5~2.0 fold9(@85). After treatment of
an anticancer drug, cisplatin, HK 1l overexpressetls showed decreased
susceptibility compared to control group (p<0.00B).molecular study to
confirm HK Il regulation mechanism, the activatednh of Akt (p-Akt) was
increased after transfection, but the p-Akt acgfiwvas much decreased
following PI3K inhibitor (NY294002) treatment. PI3ikhibitor had no effect
on cellular total HK 11, but HK Il was translocatém the mitochondria to
the cytoplasm, and so it was demonstrated thategpeessed HK Il induced
PI3K/Akt pathway.

This study represents that HK Il has an importaid in malignancy as a
result of analysis of molecules and products rdlaeaerobic glycolysis and
anti-apoptosis. Also, HK Il is bound to mitochoradrand closely related to
PI3K/Akt signal pathway in hepatocellular carcingmwehich suggests that
these molecular mechanisms could play a key rolensuppressed growth of
tumor cells, inhibition of cell death and decreasmdceptibility to the

anticancer drug.

Key words: hexokinase Il, hepatocellular carcinoaerobic glycolysis, anti-

apoptosis, PI3K/Akt
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