uniuyf331mM3 o Review Article

msyuihialnalalagmneItedenazinulsauzse

Suauy duloe'?°

'NIAITIBANTANAAT, “NIIINEALTDUUNY NANITENTIULLBIATIN, AL

wes A uuazN s fva1f

ACUSUWANEAIARNT NUITINLIALTRULAY SINTATAUUNY 40002

WUNIINLIAEVDUUNY, NGNTFENSITIULILBNATIN

Tumor Glycolysis as a Target for Cancer Diagnosis and Therapy

Wunchana Seubwai'?®

'Department of Forensic Medicine, °Khon Kaen University, Comprehensive Cancer Research Group (KKU CCRG)
*Liver Fluke and Cholangiocarcinoma Research Centre, Faculty of Medicine, Khon Kaen University, Khon Kean,

40002.

ﬂ’J’]&IN(ﬂ‘ﬂﬂﬂl%ﬂiwﬂ’luﬂﬂiﬁiﬁd‘waN’]WUE]\‘iL‘]Iﬂﬂ
Ve LimﬂﬂuwumaLLimuaﬂiwmm 80 ﬂwmum law
Otto Warburg WNINLMIATTIINLDTNY 5Ij\‘1 Warburg
ﬂuwu’nL‘ﬁaaan\‘lum}wai’mwmd’]ﬂugﬂ adenosine
triphosphate (ATP) I@UI“ﬁvﬁﬁvlﬂaIﬂvlagﬁa (glycolysis
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Altered energy metabolism in cancer cells were
discovered in over 80 years ago, Otto Warburg
discovered that cancer cells predominantly produce
energy (adenosine triphosphate, ATP) through the
glycolytic pathway rather than through the tricarboxylic
acid (TCA) cycle, even in the presence of adequate oxy-
gen. This altered energy dependency is known as the
The
understanding of the Warburg effect will help to design

“Aerobic glycolysis” or “Warburg effect”.

of more effective targeting molecules, which will greatly
impact the capacity to effectively treat and diagnose can-
cer patients. Here we provide an overview of the current
understanding of the aerobic glycolysis upon cancer
progression and discussion on the potential metabolic
targets for cancer diagnosis and therapy.
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am%aﬂ“’agﬂmuquimmsﬁnmmaa oncogene, tumor
suppressor genes Lz microRNAs (miRNAs)
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(PKM2), lactate dehydrogenase A (LDHA) LLae pyruvate
lugIu289 tumor
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WAIIWHI oxidative phosphorylation (OXPHOS) L&z

dehydrogenase kinase 1(PDK1)
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Glucose transporters (GLUTS)

GLUTs Lﬂuiﬂmuwawumwmmaamwmwlums
mmum?ﬂumﬂaiﬂmmmsnaa 53 human GLUT family
uam‘*ﬁnammm@ 14 59ia (BLUT1-14) 1o GLUT1 u
Tsdufinumiurassanfiuduluassuziimanasia
W NziSaua® uz5eTele’ uzSen ldase® uaznzis
via1i1d? 1Hudu Tasnmsuaasaanues GLUTT S
suiuERLanTeaTHIadie uazNIUNINIEINDI8Y
ITasULISS waNINilseUMIuAaeenYeY GLUTI 69
mmsnmvlﬂﬂizqﬂ@‘lmwammmmaaﬂaummIM
INAA (18)F-fluorodeoxyglucose positron emission
tomography (FDG-PET)"*"

Tudumsinmngihoue Lia ﬁfﬂwumwm GLUT1
Tlegnwamn LAENARELONBAUNZITI U AULTaS
INZLRD9 Lasda I naaasluuSswano T 1Hw WZB117

ﬁ?m?u‘n{n%mﬁ 2558;30(2) ¢ Srinagarind Med J 2015; 30 (2)

smmmsﬂﬂummmimﬂummaau u59le I@Uﬂ@m’]iﬁi’]d
waam‘ﬂmﬂ ATP wanannit WzB117 ﬂammsm‘wu
endoplasmic reticulum (ER) stress SINAEL m'sgﬁmimaa
(cell cycle arrest) WazRINITOLEINNDUNZITIVE
guaditha cisplatin Laz paclitaxel ldanaas™
phioretin 1iluilsznouilues nvlaluionans
afia 15w wathia law phloretin fANIASUSININN
289 GLUT1 sdnalwaamsadgoasioasuzise™ uas
La%quﬁmaoﬂﬂLﬂﬁﬂﬂﬁﬂ daunorubicin'®

Hexokinases (HKs)

HKs Lﬂmauvl,snmmuma@mm“naaﬂgﬂsmlmn
1nalalada (rate-limiting enzyme) lag HKs ¥innsinfida
winasWalinglas luaysdwudnd HK d1uau 4
Talawady (HK 1-4) Tagf HK-1 WU U NLTARE L
Hk-2 ulalawasufinuannlwsasuzise (mnmwﬂaa
dn@dszanns 100 i) wananununvas HK-2 1w
Tnaleladaudn HK-2 Ssaansavinwinfignilifeadas
fuaalnalaladaladndas &9 HK-2 swnsaduds
MUY apoptosis Tuimasuzss Taafl HK-2 2zl
AUNU voltage dependent anion channel (VDAC) ‘T%\‘i S
Iﬂmumﬂuuwamvmimammﬂ MIFUNUIERIN HK-
2 Wnt VDAG aaNa’mm@msﬂumm‘sm‘vwmimmmu
apoptosis mumﬂﬂmunau Bcl2-family™®

ST HK-2 T nsasnnassme uas s
MIMEaITasNzSs fanalimItusInmsinnuses
HK-2 Wunitsluihnanslunssnenlsausiss Geemdu s
HK-2 ﬁ'f%wﬁzy @A 2-deoxyglucose (2-DG), lonidamine
LLas 3-bromopyruvate (3-BrPA)

2-DG \Juauwusvasnglag \fia 2-DG QniAuY
Wamnalay HK-2 92v1W 2-DG Vl,m'm'ﬁnmaﬂgﬂm
@lavlﬂlmnvlﬂaiﬂvlafna \Ransazay 2-DG aulmradias
FUfImsTenues HK-2 sanalwannsaiandsm
mﬂumaawmammwma HAZNIZAWNIIABULY
apoptosis Iﬂmqwﬁmimuu 59789 2-DG nmwmum
TusseuszaumagnzADs ™ mea@nmaaa 9 wonannil
2-DG fagnldnuszauadiin WM InTIanaaL 159
1ae/3% positron emission tomography (PET)*? uag \ie
Snmdasuziirfiacngg Togldlumaasugnienu
N L‘%Waami%'nme%mmmﬁﬂﬂﬁ'@“ ‘vﬁa%’aﬁﬂwﬁﬁz“
lonidamine Hudaiuds HK-2 aﬂ%m"ﬁu@mﬂmaau
E]‘Ylﬁm‘smuu Lidluiw@‘u clinical trial phase 1 3 ‘mLL‘.LI‘U
sUfEy wanESNgnIAugnediitaTiadeg Sawuin
n1514 lonidamine $auRLgNaTTA SaNTORRsaT

185



msxjathainalalaaiediaduuasinmlsanzide o Tumor Glycolysis as a Target for Cancer Diagnosis and Therapy

ABURWE LLﬂZiZU:iﬂﬂ%W“ﬂﬂdlﬂ/ﬁﬁ EJ&JZL%G&J']ﬂﬂ’jWﬂWﬂ{T/

TRl R o R R R IKo T fa

Pyruvate kinases (PKs)

Pks Dwenladfvihmiilumadaon phospho-
enolpyruvate (PEP) 1iw pyruvate Fadwanwloisnnis
ﬁu@wmm&mamwmeaaﬂgmmimn%a‘[ﬂma
luﬂauamLamaﬂmymuumminwu PKs leanua 4
Vl,aismauvlw o M1, M2, L uaz R G9nsugasaant]
wandanuiuiuTiiauesimad laof L uaz R lolowesu
wu'ldluauuazidaiiaauadaudrau M1 lalawasunwy
unlw normal adult tissues Touandsriu M2 lalowasa
wwumwwvlwmwmﬂluma embryonic development
wanniiudlmsadue Sedmlngiinwunisuaasaan
fannindn@aas PKM2 mnmagaummmmmmmy
989 PKM2 lunseuiumsiuan luaduaasiaasusiss

mIaaMIuaaiaanvad PKM2 lag3s small interfering
RNA (SIRNA) 81313080 sa i anasnuuasnsiasaile
WIDNNINIZGUNITINBULY apoplosis 1uvﬁammsmmy
FUa*** ANINNUNUINVDI PKM2 mwum']mumwaa
wzisolagrinidalnalalads uds PKM2 Sssaunsaiiia
mwmmmmaumaau 139UUY non- glycolytlc functions VL@]
dndap lag PKM2 swnsaidnginiedoaud ¥l
mwmumsmmumaﬂﬂmuma gfilfpataaiumaay
LRZLNINIZANLVAINZLTY LT signal transducer and
activator of transcription 3 (STAT3), nuclear factor kappa
B (NF-AB) Uz B-catenin SUTt ﬁnnmaua"mmmmm
IiFwimstudimsuaataanuiamsvinuwas PKM2
mminlmﬂwmLil’mmmwaiﬂmwﬂmwm laglu
ﬂwuuwummwmwuﬂmmmaﬂmswmLLa WS
N3zl was NS lauHwINITUSY PKM2 L%
cyclosporin A* 1azShikonin®**

wananmadszynald PKM2 lunsinmngtheuse
Ui HINNIATIIRELINITZAL VRS PKM2 1uLaa@maawﬂay
u2159 e I Tud U TT A WA R T U AT IR WL S IuAS
famuminnunacsinaiitnge wie JmhUa 1w
ludilaouziiala PKM2 60 specificity uaz positive
predictive value (PPV) ’gdﬁd Joauaz 87.5 waz 88 au
f190% TunziS9Rmisziia melanoma WUAMNLANGN
adiinufayneaiavedszay PKM2 luidea e
Wignszninegioaz5aiomisTiia melanoma uaznga
Nmammwcﬂ wannilszaunes PkM2 lwdaadsdanu
RUWWSAL tumor load disease stage LR progression-
free survival anee®

186

Pyruvate dehydrogenase kinase (PDK)

pyruvate dehydrogenase complex (PDC) L‘]_Juﬂau
Lauvlﬁnwm%u’mlumnﬂaw pyruvate Lilw acetyl CoA
ﬂa‘tm acetyl CoA ¢ tmaanna tricarboxylic acid cycle
uaz OXPHOS Lwawa@wmmﬂmﬂ ATP daly & B3
YiN9upay PDC 22 nnmmaﬂ@ﬂ PDK n1sugadaant
ANNINUN&@Va9 PDK-1 nﬂ§1ﬂawu1uu°“l,s\11ﬁa’1ﬂ°ﬁu@ LT
NZLIINTNE mms uazwzi3elat Wudu Ssnsuaas
00NU8d PDK-1 Hazduwusaunswennsallseliduas
Nﬂmaf“m

dlcholoroacetate (DCA) ‘ﬂ\‘i Lﬂuauwuwad pyruvate
FUNTDS LIS INUVEI PDK mwa% PDC 13170
mmu"l,ﬂmnmu Lﬂﬂﬂ%ﬂﬂﬂ"ﬁ%ﬁ@ﬁﬂl%@ﬁﬁ _OXPHOS
Wnnds wenanniimsld DCA mmmsnﬂummimim
LLN”ﬂi”@]uﬂ’]i@’]ﬂ“ﬂ aaTaaNziSI L 2 * uazdIwuin DCA
mmsmmuqmmuu s5edsaiithdaladneqe®

Lactate dehydrogenases (LDHs)
mmmsﬁaawaﬂmm's” Warburg effect Lwasﬂm
39189 NADH uaz NAD' mﬂumala waevin A3 d bna
lalagadiulyle iwadsndudaadfsw pyruvate 1u
lactate fausgsaanuanisad lasiawlmid Ay Avinniind
dansnfie LDHs las LDHs fifianuddnluaaduzns
léuri LDHA $1891%n5398wansasiu 98 aeseau
musadaeniuINnINUndves LDHA luduitauszidon
Qaugﬂjwu%a Iﬂﬂj:ﬁummamaanﬂuad LDHA 1w
FuhoUANUTUWUDINUTWIATBINZLIS clinical stage
histological grade sztiz7aaTWu0IRThowzI3 MInaUEUDY
damIInEdsealtanaz a7 Ue e ludiuved
J2AUTTY LDHA 2:AaNuauNUFNUIZoLTa0TN Uas
MIUNINIZANLVDINELS Iﬂﬂg}”ﬂmﬁﬁisﬁuﬁ%’u LDHA g
AN T28z30aTNAN LaLlaaTINIAANTUNINIZANY
YILTAANL Lsamﬂmwﬁwm‘mu LDHA ¢n®®"
namananasluszeRdinIAY uazdamasng
203359 TAAGN 9 SIHUEUTILNLINVEI LDHA daimas
Y2159 1uMIAATEAUMILEAI8aNTI LDHA 638 siRNA
gunInaan1saIunle waznsuwInIzaNY NS
NITdHNITANY LLay:nﬁmyuauawiammﬁﬂﬁﬁ'ﬂvlé’
a8 wananAnIEULINNIYINIUVad LDHA e
fhiuisriiadng 9 % FX11%, quinoline 3-sulfonamides®,
galloflavin® L&z oxamate™ mmwaaﬂmimm LLa‘“ﬂi”@m
ANTANDVDILTRANZLTS uanmﬂummmsmamqm
ABULLTIVBINIINFA8TIRLNTA maiuﬂaﬁ;uuuﬂ']i

AIUATUNT BT 2558:30(2) ¢ Srinagarind Med J 2015; 30 (2)



. ~
Fuzuz dule o

Wunchana Seubwai

£ < v o T,
NAFBUNTAUNZTIVIA8UEIRa LDH (gossypol)
U326y clinical trial phase 1-2 8naqg® ®

Monocarboxylate transporters (MCTs)

wawam@mwaa aerobic glycolysis fa lactate
Fmasuzisisniudastisaaananimadtinn MCTs
Tagfmanansowy MCT1 lelumasmansnialudsunme
Tuames MCT4 Dwlelanesufinulumasnduile
Tmu‘mmeuluﬂimm@lﬂmumaauﬂ §4 MCT2 uaz
3 ey ldveslwitoilarnly szeumsuaaseanfiunin
989 MCT1/MCT4 SnWUaNA TALTagueLss Lo 32 Lidm’m&l
VUSINTUNZART wwmﬂ’mmanmnwumsmmu
289 MCT1°"® lugiu MCT4 unwmwumnmu‘tuw 2159
daugnunun uazan S nuagniueiu®™* Femsusagoon
paalils@wirasrfiafingnanaziiausuiusiuns
wensailsadlaid

Zhao uazAmelenazauUNUINaed MCT1 lu
nz139n3zgN Taswuidlosiuds MCT1 de siRNA wia
U9 ANZAENATNAAMIETUMIUNINTZAY Uaz
ﬂ'\i@lauauamay'u,ﬂwu’nm adrlamycm (ADM) mlu
FULTASIANZIAIUaE 0 INanes® TIHAAINEITINII
wo'ldluuziSerfiadug Afinnsuanseanves MCT1%
RUNTONUNAAINEI LY MCT4 tgunu®’

HONINNMUEAIANTEY MCT1/4 azlianudmany
GoLTaaNzISILED MCT1/4 838aufA e aLaas i
RNNUIARDNVDILTARNLLTI (tumor mlcroenwronment)
AN@8 LI tumor associated fibroblasts AIRUAIHLES
AMILEAIBNUATANTHNUYEY MCT1/4 3zinadaads
UsznaulasTINvadTasuztTIdae’

a1l
st Asnudasnszuannsaangswanmsle
OXPHOS ma aerobic glycolysis flah L‘i_lu‘v\mlu ﬂmaﬂ‘izr%
wmﬂmﬂswmmﬁw BILTRANZLTS ﬂ']iLLﬂaGLﬂﬂ N
MIuEaIaean Lazmsrinuaadldsdwluii inalelads

Gluccse

TR P T P TR P T T e IR T PP R TR T T

A0EBOD0E0000000A0C00

3000 CETETT LY.

GLUT

0C0O00EGB0000B500000

Glucose

H

G-6-P

<5

I
(-3
o

&

Targeted F-1,8-BP

molecules

ﬁ.l,'lﬁ(

PYIuvate s A:;?I —_

TCA )

Mitochondria

Lactate

311 Iumqalu‘iﬁvl,ﬂaIﬂVLaG’Baﬁmminslfﬁtﬂmi’hﬁmsJ

lumi%'ﬂm@j’ﬁaU&J:L?&mejmﬁﬂ

a13191 1 vRevessnNithnansdugsdinwizaalysduly aerobic glycolysis LazRANBAINANTIVY

Targets Inhibitors

GLUT WwzB117
Phloretin

Hexokinase Lonidamine

2-deoxyglucose

Shikonin
Cyclosporin A

Pyruvate kinase

Pyruvate dehydrogenase kinase
Lactate dehydrogenase Oxamate
Galloflavin
Gossypol
Monocarboxylate transporters

AZD3965

Dichloroacetate

OL-cyano-4-hydroxycinnamate

Stage of therapy development

Pre-clinical

Pre-clinical

Clinical trial phase l/lI/l
Clinical trial phase /1l
Pre-clinical

Pre-clinical

Clinical trial phase /1l
Pre-clinical

Pre-clinical

Clinical trial phase /Il
Pre-clinical

Pre-clinical

ﬁ%uﬂ?u‘ﬂ{m"]ﬁﬁﬁ 2558;30(2) ¢ Srinagarind Med J 2015; 30 (2)

187



P B G
masjuihdtinalaladaiedfiadouazinmlsanzide o

Tumor Glycolysis as a Target for Cancer Diagnosis and Therapy

W GLUT1, HK2, PKM2, PDK, LDHA L8z MCT1/4 (S‘]J‘ﬂ 1)
nﬂ‘mmmluu LRI TR eﬂamiﬁnmnavlﬂmaami
Lﬂaﬂuuﬂmmﬂm'smﬁmwLﬂum']mwummwaiﬂmaya@
luns3faay g PET masﬂmwmw Lsﬂ@ﬂlﬂnm
wm‘ﬂm VRSN Udiﬂi@‘lﬂu aerobic egcon5|s (mi’ld“n 1)
welfidugndsmsonnuiugeiithia wiessimhida
il szansnwlumssnen wazaanainafeswasms
nwdegihlddalyluewaa

19NE13919049

1. Warburg O. On the origin of cancer cells. Science 1956;
123: 309-14.

2. Warburg O. On respiratory impairment in cancer cells.
Science 1956; 124: 269-70.

3. Soga T. Cancer metabolism: key players in metabolic
reprogramming. Cancer Sci 2013; 104: 275-81.

4. Chen B, Li H, Zeng X, Yang P, Liu X, Zhao X, et al. Roles of
microRNA on cancer cell metabolism. J Transl Med 2012;
10: 228.

5. YamasakiT, Seki N, Yoshino H, ltesako T, Yamada Y, Tatarano
S, etal. Tumor-suppressive microRNA-1291 directly regulates
glucose transporter 1 in renal cell carcinoma. Cancer Sci
2013; 104: 1411-9.

6. Krzeslak A, Wojcik-Krowiranda K, Forma E, Jozwiak P,
Romanowicz H, Bienkiewicz A, et al. Expression of GLUT1
and GLUT3 glucose transporters in endometrial and breast
cancers. Pathol Oncol Res 2012; 18: 721-8.

7. CaiY, Zhai JJ, Feng BB, Duan XZ, He XJ. Expression of
glucose transporter protein 1 and p63 in serous ovarian
tumor. J Obstet Gynaecol Res 2014; 40: 1925-30.

8.  Shim BY, Jung JH, Lee KM, Kim HJ, Hong SH, Kim SH, et al.
Glucose transporter 1 (GLUT1) of anaerobic glycolysis as
predictive and prognostic values in neoadjuvant
chemoradiotherapy and laparoscopic surgery for locally
advanced rectal cancer. Int J Colorectal Dis 2013; 28: 375-
83.

9. Paudyal B, Oriuchi N, Paudyal P, Higuchi T, Nakajima T,
Endo K. Expression of glucose transporters and hexokinase
Il in cholangiocellular carcinoma compared using [18F]-2-
fluro-2-deoxy-D-glucose positron emission tomography.
Cancer Sci 2008; 99: 260-6.

10. Brown RS, Leung JY, Kison PV, Zasadny KR, Flint A, Wahl
RL. Glucose transporters and FDG uptake in untreated
primary human non-small cell lung cancer. J Nucl Med 1999;
40: 556-65.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ong LC, JinY, Song IC, Yu S, Zhang K, Chow PK. 2-[18F]-2-
deoxy-D-glucose (FDG) uptake in human tumor cells is
related to the expression of GLUT-1 and hexokinase Il. Acta
Radiol 2008; 49: 1145-53.

Kobayashi M, Kaida H, Kawahara A, Hattori S, Kurata S,
Hayakawa M, et al. The relationship between GLUT-1 and
vascular endothelial growth factor expression and 18F-FDG
uptake in esophageal squamous cell cancer patients. Clin
Nucl Med 2012; 37: 447-52.

LiuY, CaoY, Zhang W, Bergmeier S, Qian Y, Akbar H, et al.
A small-molecule inhibitor of glucose transporter 1
downregulates glycolysis, induces cell-cycle arrest, and
inhibits cancer cell growth in vitro and in vivo. Mol Cancer
Ther 2012; 11: 1672-82.

Kim MS, Kwon JY, Kang NJ, Lee KW, Lee HJ. Phloretin
induces apoptosis in H-Ras MCF10A human breast tumor
cells through the activation of p53 via JNK and p38 mitogen-
activated protein kinase signaling. Ann N Y Acad Sci 2009;
1171: 479-83.

Cao X, Fang L, Gibbs S, Huang Y, Dai Z, Wen P, et al.
Glucose uptake inhibitor sensitizes cancer cells to
daunorubicin and overcomes drug resistance in hypoxia.
Cancer Chemother Pharmacol 2007; 59: 495-505.

Mathupala SP, Ko YH, Pedersen PL. Hexokinase Il: cancer’s
double-edged sword acting as both facilitator and gatekeeper
of malignancy when bound to mitochondria. Oncogene 2006;
25: 4777-86.

Maher JC, Krishan A, Lampidis TJ. Greater cell cycle inhibition
and cytotoxicity induced by 2-deoxy-D-glucose in tumor cells
treated under hypoxic vs aerobic conditions. Cancer
Chemother Pharmacol 2004; 53: 116-22.

Shutt DC, O’Dorisio MS, Aykin-Burns N, Spitz DR. 2-deoxy-
D-glucose induces oxidative stress and cell killing in human
neuroblastoma cells. Cancer Biol Ther 2010; 9: 853-61.

Sottnik JL, Lori JC, Rose BJ, Thamm DH. Glycolysis inhibition
by 2-deoxy-D-glucose reverts the metastatic phenotype in
vitro and in vivo. Clin Exp Metastasis 2011; 28: 865-75.

Gagel B, Reinartz P, Demirel C, Kaiser HJ, Zimny M, Piroth
M, et al. [18F] fluoromisonidazole and [18F]
fluorodeoxyglucose positron emission tomography in
response evaluation after chemo-/radiotherapy of non-small-
cell lung cancer: a feasibility study. BMC Cancer 2006; 6:
51.

Aide N, Cappele O, Bottet P, Bensadoun H, Regeasse A,
Comoz F, et al. Efficiency of [(18)F]FDG PET in characterising
renal cancer and detecting distant metastases: a comparison
with CT. Eur J Nucl Med Mol Imaging 2003; 30: 1236-45.

188 AT UASUNS1I%ENT 2558;30 (2) ® Srinagarind Med J 2015;30 (2)



Fuzuz @ulaa © Wunchana Seubwai

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Minamimoto R, Uemura H, Sano F, Terao H, Nagashima Y,
Yamanaka S, et al. The potential of FDG-PET/CT for detecting
prostate cancer in patients with an elevated serum PSA level.
Ann Nucl Med 2011; 25: 21-7.

Raez LE, Papadopoulos K, Ricart AD, Chiorean EG, Dipaola
RS, Stein MN, et al. A phase | dose-escalation trial of 2-
deoxy-D-glucose alone or combined with docetaxel in patients
with advanced solid tumors. Cancer Chemother Pharmacol
2013; 71: 523-30.

Dwarakanath BS, Singh D, Banerji AK, Sarin R,
Venkataramana NK, Jalali R, et al. Clinical studies for improving
radiotherapy with 2-deoxy-D-glucose: present status and
future prospects. J Cancer Res Ther 2009; 5 (Suppl 1): S21-6.

Gatzemeier U, Cavalli F, Haussinger K, Kaukel E, Koschel G,
Martinelli G, et al. Phase Ill trial with and without lonidamine in
non-small cell lung cancer. Semin Oncol 1991; 18: 42-8.

Colella E, Merlano M, Blengio F, Angelini F, Ausili Cefaro GP,
Scasso F, et al. Randomised phase Il study of methotrexate
(MTX) versus methotrexate plus lonidamine (MTX + LND) in
recurrent and/or metastatic carcinoma of the head and neck.
Eur J Cancer 1994; 30A: 928-30.

Dogliotti L, Berruti A, Buniva T, Zola P, Bau MG, Farris A, et
al. Lonidamine significantly increases the activity of epirubicin
in patients with advanced breast cancer: results from a
multicenter prospective randomized trial. J Clin Oncol 1996;
14: 1165-72.

De Lena M, Lorusso V, Latorre A, Fanizza G, Gargano G,
Caporusso L, et al. Paclitaxel, cisplatin and lonidamine in
advanced ovarian cancer. A phase Il study. Eur J Cancer
2001; 37: 364-8.

Goldberg MS, Sharp PA. Pyruvate kinase M2-specific sSiRNA
induces apoptosis and tumor regression. J Exp Med 2012;
209: 217-24.

Kefas B, Comeau L, Erdle N, Montgomery E, Amos S, Purow
B. Pyruvate kinase M2 is a target of the tumor-suppressive
microRNA-326 and regulates the survival of glioma cells.
Neuro Oncol 2010; 12: 1102-12.

Yang W, Xia Y, Ji H, Zheng Y, Liang J, Huang W, et al.
Nuclear PKM2 regulates beta-catenin transactivation upon
EGFR activation. Nature 2011; 480: 118-22.

Yang P, Li Z, Fu R, Wu H. Pyruvate kinase M2 facilitates
colon cancer cell migration via the modulation of STAT3
signalling. Cell Signal 2014; 26: 1853-62.

Kwon OH, Kang TW, Kim JH, Kim M, Noh SM, Song KS, et al.
Pyruvate kinase M2 promotes the growth of gastric cancer
cells via regulation of Bcl-xL expression at transcriptional
level. Biochem Biophys Res Commun 2012; 423: 38-44.

ﬁ?uﬂ?uwiwmﬁ 2558;30(2) ¢ Srinagarind Med J 2015; 30 (2)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Jiang K, He B, LaiL, Chen Q, LiuY, Guo Q, etal. Cyclosporine
A inhibits breast cancer cell growth by downregulating the
expression of pyruvate kinase subtype M2. Int J Mol Med
2012; 30: 302-8.

LiW, LiuJ, Zhao Y. PKMZ2 inhibitor shikonin suppresses TPA-
induced mitochondrial malfunction and proliferation of skin
epidermal JB6 cells. Mol Carcinog 2014; 53: 403-12.

Chen J, Xie J, Jiang Z, Wang B, Wang Y, Hu X. Shikonin and
its analogs inhibit cancer cell glycolysis by targeting tumor
pyruvate kinase-M2. Oncogene 2011; 30: 4297-306.

Li W, Liu J, Jackson K, Shi R, Zhao Y. Sensitizing the
therapeutic efficacy of taxol with shikonin in human breast
cancer cells. PLoS One 2014; 9: €94079.

Weinberger R, Appel B, Stein A, Metz Y, Neheman A, Barak
M. The pyruvate kinase isoenzyme M2 (Tu M2-PK) as a
tumour marker for renal cell carcinoma. Eur J Cancer Care
(Engl) 2007; 16: 333-7.

Ugurel S, Bell N, Sucker A, Zimpfer A, Rittgen W, Schadendorf
D. Tumor type M2 pyruvate kinase (TuM2-PK) as a novel
plasma tumor marker in melanoma. Int J Cancer 2005; 117:
825-30.

HurH, Xuan'Y, Kim YB, Lee G, Shim W, Yun J, etal. Expression
of pyruvate dehydrogenase kinase-1 in gastric cancer as a
potential therapeutic target. Int J Oncol 2013; 42: 44-54.

Baumunk D, Reichelt U, Hildebrandt J, Krause H, Ebbing J,
Cash H, et al. Expression parameters of the metabolic
pathway genes pyruvate dehydrogenase kinase-1 (PDK-1)
and DJ-1/PARKY in renal cell carcinoma (RCC). World J Urol
2013; 31: 1191-6.

Lin G, Hill DK, Andrejeva G, Boult JK, Troy H, Fong AC, et al.
Dichloroacetate induces autophagy in colorectal cancer cells
and tumours. Br J Cancer 2014; 111: 375-85.

Xuan Y, Hur H, Ham IH, Yun J, Lee JY, Shim W, et al.
Dichloroacetate attenuates hypoxia-induced resistance to
5-fluorouracil in gastric cancer through the regulation of
glucose metabolism. Exp Cell Res 2014; 321: 219-30.

Zheng MF, Shen SY, Huang WD. DCA increases the antitumor
effects of capecitabine in a mouse B16 melanoma allograft
and a human non-small cell lung cancer A549 xenograft.
Cancer Chemother Pharmacol 2013; 72: 1031-41.

Girgis H, Masui O, White NM, Scorilas A, Rotondo F, Seivwright
A, et al. Lactate dehydrogenase A is a potential prognostic
marker in clear cell renal cell carcinoma. Mol Cancer 2014;
13: 101.

Koukourakis MI, Giatromanolaki A, Panteliadou M, Pouliliou
SE, Chondrou PS, Mavropoulou S, et al. Lactate
dehydrogenase 5 isoenzyme overexpression defines
resistance of prostate cancer to radiotherapy. Br J Cancer
2014; 110: 2217-23.

189



masjathAtlnaleladaiedfiadauazinulsnuziie @ Tumor Glycolysis as a Target for Cancer Diagnosis and Therapy

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

190

Sun X, Sun Z, Zhu Z, Guan H, Zhang J, Zhang Y, et al.
Clinicopathological significance and prognostic value of
lactate dehydrogenase A expression in gastric cancer
patients. PLoS One 2014; 9: €91068.

Kolev Y, Uetake H, Takagi Y, Sugihara K. Lactate
dehydrogenase-5 (LDH-5) expression in human gastric
cancer: association with hypoxia-inducible factor (HIF-
1alpha) pathway, angiogenic factors production and poor
prognosis. Ann Surg Oncol 2008; 15: 2336-44.

Bar J, Spencer S, Morgan S, Brooks L, Cunningham D,
Robertson J, et al. Correlation of lactate dehydrogenase
isoenzyme profile with outcome in patients with advanced
colorectal cancer treated with chemotherapy and
bevacizumab or cediranib: Retrospective analysis of the
HORIZON | study. Clin Colorectal Cancer 2014; 13: 46-53.

Brown JE, Cook RJ, Lipton A, Coleman RE. Serum lactate
dehydrogenase is prognostic for survival in patients with
bone metastases from breast cancer: a retrospective analysis
in bisphosphonate-treated patients. Clin Cancer Res 2012;
18: 6348-55.

Armstrong AJ, George DJ, Halabi S. Serum lactate
dehydrogenase predicts for overall survival benefit in patients
with metastatic renal cell carcinoma treated with inhibition of
mammalian target of rapamycin. J Clin Oncol 2012; 30: 3402-7.

Rong Y, Wu W, Ni X, Kuang T, Jin D, Wang D, et al. Lactate
dehydrogenase A is overexpressed in pancreatic cancer
and promotes the growth of pancreatic cancer cells. Tumour
Biol 2013; 34: 1523-30.

YuY, Liao M, LiuR, Chen J, Feng H, Fu Z. Overexpression of

lactate dehydrogenase-A in human intrahepatic
cholangiocarcinoma: its implication for treatment. World J

Surg Oncol 2014; 12: 78.

Yao F, Zhao T, Zhong C, Zhu J, Zhao H. LDHA is necessary
for the tumorigenicity of esophageal squamous cell
carcinoma. Tumour Biol 2013; 34: 25-31.

Le A, Cooper CR, Gouw AM, Dinavahi R, Maitra A, Deck
LM, et al. Inhibition of lactate dehydrogenase A induces
oxidative stress and inhibits tumor progression. Proc Natl
Acad Sci USA 2010; 107: 2037-42.

Billiard J, Dennison JB, Briand J, Annan RS, Chai D, Colon
M, et al. Quinoline 3-sulfonamides inhibit lactate
dehydrogenase A and reverse aerobic glycolysis in cancer
cells. Cancer Metab 2013; 1: 19.

Manerba M, Vettraino M, Fiume L, Di Stefano G, Sartini A,
Giacomini E, et al. Galloflavin (CAS 568-80-9): a novel
inhibitor of lactate dehydrogenase. Chem Med Chem 2012;
7: 311-7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Zhai X, Yang Y, Wan J, Zhu R, Wu' Y. Inhibition of LDH-A by
oxamate induces G2/M arrest, apoptosis and increases
radiosensitivity in nasopharyngeal carcinoma cells. Oncol
Rep 2013; 30: 2983-91.

Sonpavde G, Matveev V, Burke JM, Caton JR, Fleming MT,
Hutson TE, et al. Randomized phase Il trial of docetaxel plus
prednisone in combination with placebo or AT-101, an oral
small molecule Bcl-2 family antagonist, as first-line therapy
for metastatic castration-resistant prostate cancer. Ann Oncol
2012; 23: 1803-8.

Baggstrom MQ, Qi Y, Koczywas M, Argiris A, Johnson EA,
Millward MJ, et al. A phase Il study of AT-101 (Gossypol) in
chemotherapy-sensitive recurrent extensive-stage small cell
lung cancer. J Thorac Oncol 2011; 6: 1757-60.

Pinheiro C, Albergaria A, Paredes J, Sousa B, Dufloth R,
Vieira D, et al. Monocarboxylate transporter 1 is up-regulated
in basal-like breast carcinoma. Histopathology 2010; 56: 860-7.

Pinheiro C, Longatto-Filho A, Simoes K, Jacob CE, Bresciani
CJ, Zilberstein B, et al. The prognostic value of CD147/
EMMPRIN is associated with monocarboxylate transporter 1
co-expression in gastric cancer. Eur J Cancer 2009; 45:
2418-24.

Pinheiro C, Longatto-Filho A, Pereira SM, Etlinger D, Moreira
MA, Jube LF, et al. Monocarboxylate transporters 1 and 4
are associated with CD147 in cervical carcinoma. Dis
Markers 2009; 26: 97-103.

Pertega-Gomes N, Vizcaino JR, Miranda-Goncalves V,
Pinheiro C, Silva J, Pereira H, et al. Monocarboxylate
transporter 4 (MCT4) and CD147 overexpression is
associated with poor prognosis in prostate cancer. BMC
Cancer 2011; 11: 312.

Zhao Z, Wu MS, Zou C, Tang Q, Lu J, Liu D, et al.
Downregulation of MCT1 inhibits tumor growth, metastasis
and enhances chemotherapeutic efficacy in osteosarcoma
through regulation of the NF-kappaB pathway. Cancer Lett
2014; 342: 150-8.

Polanski R, Hodgkinson CL, Fusi A, Nonaka D, Priest L, Kelly
P, etal. Activity of the monocarboxylate transporter 1 inhibitor
AZD3965 in small cell lung cancer. Clin Cancer Res 2014;
20: 926-37.

Izumi H, Takahashi M, Uramoto H, Nakayama Y, Oyama T,
Wang KY, et al. Monocarboxylate transporters 1 and 4 are
involved in the invasion activity of human lung cancer cells.
Cancer Sci 2011; 102: 1007-13.

Hirschhaeuser F, Sattler UG, Mueller-Klieser W. Lactate: a
metabolic key player in cancer. Cancer Res 2011; 71: 6921-5.

<D

AIUATUNT BT 2558:30(2) ¢ Srinagarind Med J 2015; 30 (2)



