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Reprogramming of cellular metabolism is an important, emerging, and universal hallmark of
cancer which has received considerable attention during the recent era of cancer research.
Cancer cells show characteristic alterations in glucose metabolism in order to fulfill the needs
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of biosynthesis for tumor proliferation and growth. However, under certain circumstances
such as invasion and metastasis, cancer cells are prone to metabolic stress and will require
different strategies to meet the high energetic demand from cancer progression. From various
metabolic rewiring mechanisms, cancer cells adopt other metabolic pathways with alternative
nutrient sources. Therefore, targeting cancer metabolism holds promising but great challenge
caused by the metabolic plasticity of cancer cells. This review will discuss characteristic can-
cer metabolism in detail with special focus on lipid metabolism which is gathering increasing-
ly keen interest, in order to find novel therapeutic approaches to head and neck cancer. By un-
derstanding and exploiting the synthesis, oxidation, and storage of fatty acids, we could
investigate potential strategies to block cancer proliferation and progression.
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O|AL YAET} AT FHE] EAstE 2 B
slal o 2] AR O &2 Jgo] -2 AkstA 14k oxida-
tive phosphorylation, OXPHOS) ARt} sl 714 (glycol-
ysis) & Alsal= @S 8= Ao RN 714 Al 2HE-
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metabolism in cancer cells)

A2 = A S a4 FdlAH(glucose metabo-
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T ALY 3tE Sl dojuA etk ol d A4S A
o7 A3t o7} SN E7F 2Ege] SARIl 187 -fluoro-
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(positron emission tomography, PET)o|t}. o]5}E A Z 9]

382

ojg] 4 84 (building block)Q] gHdo] Hast s,
Az Y& FoE 2xgo] 23] nEZE]ol o] OX-
PHOS ¥4& 3l &all=lo] B ol ATPS A4bste= A
HEO 2= o] BX] ofal, o] 1EA A-EA =9
Hﬂol AR, 71 A4t edE 918 acetyl-CoA, H]

= ofm|ie4l RS 917t a4 A|(glycolytic interme—
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bose)—J 2§A3o] Aot} (Fig. 1).

T 474 A+ 9 PI3K/Akt 59 F4 o]: 2T Ao ofsf
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BAof ol gHrhe AFE By vl ok’ M ZojMe
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Fig. 1. Overview of cancer cell metabolism. Regulation of metabolism by oncogenic signaling pathways are also shown. See text for
detailed description of depicted pathways. GLUT: glucose transporter, MCT1: monocarboxylate transporter1, MCT4: monocarboxylate
transporter4, FATP: fatty acid transport protein, FABP: fatty acid binding protein, LDLR: low-density lipoprotein receptor, CPT-1: carnitine
palmitoyl transferase-1, G6P: glucose-6-phosphate, F6P: fructose-6-phosphate, F1,6BP: fructose-1,6-biphosphate, G3P: glyceralde-
hyde-3-phosphate, 1,3BPG: 1,3-biphosphoglycerate, 3PG: 3-phosphoglycerate, 2PG: 2-phosphoglycerate, PEP: phosphoenolpyruvate,
6PGL: 6-phosphogluconolactone, 6PG: 6-phosphogluconate, Rib-5P: ribose-5-phosphate, a-KG: a-ketoglutarate, HK: hexokinase, PFK:
phosphofructokinase, PGAM1: phosphoglycerate mutase-1, LDH: lactate dehydrogenase, G6PD: glucose-6-phosphate dehydrogenase,
6PGD: 6-phosphogluconate dehydrogenase, IDH: isocitrate dehydrogenase, GDH: glutamate dehydrogenase, GLS: glutaminase, ACLY:
ATP-citrate lyase, ACC: acetyl-CoA carboxylase, FASN: fatty acid synthase, ACS: acyl-CoA synthetase, PPP: pentose phosphate shunt,
FAS: fatty acid synthesis, FAOQ: fatty acid oxidation, ETC: electron transport chain, TCA: tricarboxylic acid, TG: triacylglycerol, FA: fatty acid,
NADP: nicotinamide adenine dinucleotide phosphate (oxidized form), NADPH: nicotinamide adenine dinucleotide phosphate (reduced
form), ATP: adenosine triphosphate, FA-CoA: fatty acid-CoA.

nolysis) & EA3HAA SFERU4Hglutamate)o] THANA  EoA= T2 We 2 APt AR Fig. 2). o5 5
(malate)2} T FE A (pyruvate) & AXWA NADPHS A QI Ho|gA| 2o A= Zre] g7 7HaE 1, o]2 <13
4 FARIHFig. 1. PPP2E|9] NADPH AJ4to] Zhaw|o] Ml o Ak} 3+¢)

Fgo] "olA ROS HAYo] Z7FsH| Ert Atk ATP A4t
thA}e] AHA(Reprogramming of metabolism) E3E FHaslA| Ho] o]yt 7o) o], AkElH AEH A

AA5H= QAo A Sl IS S414 AR prolifera—  (energetic and oxidative stress)E <13} SHA| = AJZALS]
tive metabolism)= ZH-8-5= Aof §Hafl, dolAd H54d oAl 710l EolAl "ok 28y o) o YA ol A= ATP
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Fig. 2. Reprogramming of metabolism in metastatic, invasive cancer cells. Cancer cells during migration and invasion undergo alterations
in metabolism in order to survive the energetic and oxidative stress. Lipid metabolism has a central role during invasive metabolism of
cancer. G6P: glucose-6-phosphate, a-KG: a-ketoglutarate, PPP: pentose phosphate shunt, FAO: fatty acid oxidation, AMPK: AMP-acti-
vated protein kinase, AMP: adenosine monophosphate, ACC: acetyl-CoA carboxylase, FAS: fatty acid synthesis, ROS: reactive oxygen
species, TCA: tricarboxylic acid, IDH: isocitrate dehydrogenase, NADP: nicotinamide adenine dinucleotide phosphate (oxidized form),
NADPH: nicotinamide adenine dinucleotide phosphate (reduced form).
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A 32| A 9] AWeiAH(Lipid metabolism in cancer
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= &3 NADHE A5, §A A4k Eqt A
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o]/d YA|zzoll Al ROS A S71= QIgh AlStd AEHAS
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CoAE At o 7o) Wigh IS AA A2 W acetyl-
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o] Ko} FAOQ} FASE ZQof wel 4% Hekael TA =
Azl f-8-51A 2838 4= Qlck

A4} JAF] )& F&(Therapeutic targets in lipid
metabolism)

A F7HA Aol HAIE WolA= Eol&l AR thAt
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Table 1. Drugs targeting cancer cell specific lipid metabolism

Target Drug Comments References
FASN Orlistat FDA approved 31,35)
Cerulenin 32,35)
C75 32,35)
IPI-9119 33)
EGCG Green tealeaf  34,35)
extract
TVB-3166 39)
TVB-2640 40)
Triclosan 64)
ACLY LY294002 PI3K inhibitor 41)
SB-204990 42)
ACC Soraphen A 43)
TOFA Also inhibits SCD ~ 44,45,54)
activity
Glutaminase  BPTES 46)
SREBP-1 fatostatin 47,48)
betulin 49)
SCD Betulinic acid 55)
SSI-4 56)
MF-438 57)
Bz36 65)
CPT-1 Etomonxir 28,59)
Perhexiline 60)
Oxfenicine 66)
3-KAT frimetazidine 61)
ranolazine FDA approved 62)
ETC Metformin Also activates 63)
AMPK
Phenformin 67)

FASN: fatty acid synthase, ACLY: ATP-citrate lyase, ATP: ade-
nosine triphosphate, ACC: acetyl-CoA carboxylase, SREBP-1:
sterol regulatory element binding protein-1, SCD: stearoyl-CoA
desaturase, CPT-1: carnitine palmitoyl tfransferase-1, 3-KAT:
3-ketoacylthiolase, ETC: electron transport chain, FDA: Food
and Drug Administration, PI3K: phosphoinositide 3-kinase,
AMPK: AMP-activated protein kinase, AMP: adenosine mono-
phosphate
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