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ABSTRACT: Excessive proliferation is one of the biological characteristics of malignant tumor cell. In order to meet the needs of
continuous proliferation and survival, the malignant tumor cells would recode the metabolic pathways. Recent researches have shown that
the abnormal of lipid metabolism was one of the important characteristics of tumor cells which was related to the enzyme and the
pathways involved in lipid metabolism. This article will review the researches that have reported the change of lipid metabolism of tumor

cells, and abnormal regulation of lipid metabolism, and discuss the possible mechanism of the tumor so as to provid a reference for

clinical treatment and prognosis.

Key words: Tumor cells; Lipid metabolism; Metabolic enzymes; Pathways; Abnormal regulation
Chinese Library Classification(CLC): R730.231 Document code: A

Article ID: 1673-6273(2015)09-1798-03

T R T8 3 448 B 2 T A SR 2 i e ) AR W) 2R AR 2
— N TR H SRR TR IR A IR I S A
LA R I ACBHRRAE : (D TCIRTE & Al EUA I T 1 IS
fift R EERE DT QR BRI LA 2 & Fh A i e A
TITE LK B BFRRIALE M2 Y 52 s Q)i AR 1 S i A ok 4
FRAEZS Y KB IEAT o I 40 B LA S RS LA S 3
HFEA, RIf Otto Warburg £ 1 1% 3¢ T I J6 20 i 5 4 Lt 19
“Warburg effect” 2 J5 , ST JLAF B BFSEHR 7 « BRI 53 o A2 0%
PR 14 S — E BRRAE, [RIARAC A, iR 40 A i IR 2 A Qi
W2 — BB B 515 T30 BE IR, 7R T IR 1 L A ot
SRR R AR AR
1 B2 AR I

B F EAARIER 0 G S A%, 2 SRR B K
G A AR ATP- AP ARG (ACL ) | L B4 Tl
A BALEF(ACC) JEIF IR & BE(FASN)% ; 2 51R KA R 1)
it 3= B T B Dok AR Ik 35 7% 8% 1t ( Carnitine Palmitoyltransferase
1A,CPTIA), Sl H il I5HE (MAGL) | IRBE A G A I 0G5,
BT FRIE M DI BEIE 5 5 52 5 20 04 g 256 A e 20 s

SNHYIEH BT RS AL FE b5 2 OCHE Y 1 A IO Y 2
LA 5 8 BRI A B IE F a2 4T, QSR AC I 5 53 al BB
SR B B o AR ZS PSR AP E 2 b R 2, 2 S IR0
AR IR, bR 20 M SR QAR O i 32 2 22 Y
SRR R S AR R R R 42, AT IBE UL -3 33l PISKC IR R
I 26 19 M AMPK Myc, P53 45 XS8R 5 5l 2 5 24
AR RIS, I EL5 bR 64 K A K AT G

2 BER A A 5 MBERIX R

TTE 1951 AF 5 & A B SIS e 8 40 10 v s 197 e i3
T iy LS 240 AL AR A Sk BRI SR A T A A 1494
FAEAF R 2P, FEIE R A P, ACL AL AR b AOAT IR e
PR LA A R A 45 AR (L EOREE AR TEE A, Jif
AR ACL 52 5% R 3k, 7E e 4R M ACL (99 2 LE IE
WA, H5EREEA O, [BE WURH2E , ACL Byl 571
(siRNAs) sl fbz il SB-204990 FR il g 4 i385 58 A A=
PP A LI L2055 e e 0 o 3 3o 3% £k PISK/AKCT 3l % 45
B ACL pak S s e,

ACC JE NN R G G AR ke S A T B o AT e b

*REBIH W RUETT R R R L RHRAE (201 TRFXYS063); [H 5K A AR AT 44 1 H (81401921)
VEE TR  SRBEBE(1986-) , 2, W LWFFEAE , FBWSET5 0] - IR CRAYT B R AIEERN DT ST , E-mail:752010831@qq.com
AHTRVEE BB (1962-), 55, FAE BEIW, Wi 5 A= S0 , EZEBTFE07 10 : BB A R £3 5697

1 : 13603650616 , E-mail:gexiaofeng121@163.com
(Wehi Hi9:2014-10-15 452 H.2014-11-10)



IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol15 NO.9 MAR.2015

£ 1799 -

ACL fifb 56100 2 B4 A J5 , i ACC AL FERETS fL A TR
T IRAHEG A AP REA, IR A ) ACC SRR, IR 5
PR S AH G, Yahagi S5 SHF 5T % BL7E /N9 o, B s
BRI A S H TG AL, T3 K R0, ACC 7 i Jea 4 At 2L Mt 4
R gk ik, R T ACC w3kl it 530w g
KB 5% Harwood PR FE #78 ACC Ml /E T
T3 R de 2 A B 9 A AL VT BELUST g B A A, (59 200 L P
JE & s /b, S U AN MPE T, 150 B IR 40 s 1 R 1 & A
TR A RN 0 A, 2 98 40 B A TG B e Y A B SR
A4, T L2 M R AT 5 i S B PT P Je 4 Ja 3 0 1 Fr BIL
Z—

AMPK 2 —A~ = TRTR (I , 7EAR BRI 40 Ak, 3
BERE T FERT R (e BEBE R P24 . AMPK R AL 3T ACC, 4
TIREIRR A 755 B £4EP, 75 Nl i, LKB1 B3Rk
FREG BRI ACC #56, XFEW ACC Y1 ¥ 2 il i
LKB1-AMPK 3 %875 o,

FASN JZANALAG IR & ptid # v —F 2 22 1) PR L 70
R A e FE i A . L mETE A 23 ACC fEHIE
k352 B AR A 7F FASN fEH & Bulg iR . A RIFsEe
FH FASN J&2— A EZAHHPER I, 7R n A 1
B PP T EAER, B FASN ZEFLIRE B AT e |
T8 N S R v R 25k, O B ST I R I BiS
KAFIE R YIMSE . PR 40 b 957 FASN eIk EZAU 5
PI3K-Akt i [ Fl 22 2 J5 1% b &5 1 U B MAPK 3@ B% , i
PI3K-Akt Al MAPK i % 3 2 38 s [ B o 44 7 97 45 & 8 A
SREBP-1 ¥ 5% [ 77 FASN [ 3352k S2 8 19, SREBP-1 4%
S I T R TR i) = 2 70, B2 Sp/KLF KR
— SRR 7E B SRS B h 2B i 5 FASN R 3+
) Spl Z5-&7 s A HAEFA R IR FASN 3Kk,

JEAh , FASN [ B3R5 MR T AR Al P AR 2, Wi 4
Jidia vh S IRBEZ R - ik 1 -2a(USPa)ii@ i X FASN 207 %
JFEE FASN, 3 FASN £ 171 32 7K 080 /0 A i a2 98 4 1 184
FEIT ISR IA T, BR T AL B 1F S 41 FASN BY3RIBIE 2
SIS MBI o SR8 6RO R SO B, ant L
PR PEEREE L) e 8 57 Bl = AR T L Ak 4T P9 15 51 ok i ok
FASN {353k, {4} SREBP-1 3 % Akt Fil HIF1 575
FASN RyZ2ia, FLIRE RS MIR T35 7T 18 FASN 2K (1%
SR, Furutal 45 U9 B8 5750E 52 HIF1 5 5 L 96 40 i 19
FASN (#3635, HAEME = A IX 5 FASN H)ZR A

3 BRI S MR R R

BRI R A& BT LI ARSI s 2 AR MR A% M55
TIRERE I BMISE, Tile DR W T LAAEZ Rk ol it B- Ak
Oy, ARt KRR R, PR IPRTS e TR 8-
AUALERER A R EEM P, AR ThZRLRRR IR Y B- 4
AL RINR -5 IR R OG, i B- Ak -5 Ik LR 4 i BT
B2 I3 98 A R U T DG o PR BRI 5 2 2% B8 il (Carnitine
Palmitoyltransferase 1A, CPT1A)JE K G518 I B2 i 20 i Joi ok A 2
R PR T A4 A PR, BOR CPT G i — R 17,
CPT1 X i i S Al A v 0 DG ST i A A 08 1)
HIT BFRE WA, Linher-Melville S5 BF5Y & 3
L2 i LKBI-AMPK & 42 {2 #F ZLAR 40 e CPTIA B3R

I 1) 5 A AL R 20 i i A R ) 4 e o il 4 M v R
PR A SRR AT 25 A FUBEAE AR . SN G 27 i)
Jig A e i LA R, MEGR AT Rl i e i CPTIA 33k
KNSR ARG TR B- S i R 4k 1y 3 0 i 51 i 2 e 3 1
SE B SR, DR 200 L 1 4 Ak, TG S5 0T 57 R
PO XFE ¥ AP S B CPT1A S5 25 PAX3-FKHR %%
7Yy, R R CPTIA, m] ] PAX3-FKHR F3% 35, MM
/D IR 2 (438 B L AR L B2 5, R SUULIAVRE (ARMES)
3R Y7 B ALET A L

4 MR RE RE R AR 5 AR R R

AP BRI AR ST FEERY , MR AR B AL LU 2
i R A T RERIE B UEA T IR A0 AR B4, R ZEA
TEN O WA A EEORIE TR S A &R, HARC
T PR A B R 3R DR B A B PR TR Y AR R I G i
BERRIR J2 2 TR5HTG A TERRIE A B o= 2 — R 9 S5 BU 2L
T BE ARG , WA AT B2 1 GLUTL , 2Bl HK N iR
il PK 2502, R REL AN 2 A FERE A 5 e R &
A BORFRE RS | AT IR A R A T R SRR -2 2
TEFR I S, PS3 AT SR AL AR R -2 1 Fas P, e A T 2]
PEAE A A AP , fEHENR A . Myce AT E 2 2
i 3 A0 P Mye B TFRRMESIFIFESHEEA
SLC38A5 #l SLC1AS, P48 HEAN M i) 72 R ER At s 4l
miR-23a Fl miR-23b FY#%5% , 51 A T A4 2K 11 1) K 3R35, A
PRt TR A A S ERRER A

NRWiRR A i v 75 22 Y NADPH,  7EIG (R4 ™=
A= NADPH LI )% b i 42 (PPP) i b % . P53 Je HEL AR
TIGAR 7] 3 i 17 il i 2 13 343 152 (PPP) 11 S S ity 6- Tl i 76 4
T J8 S0 (GOPDH) ) i 14 7= A B 2 1) NADPH™, = JR R i 34
PR SE S RRAE IR T A AL P B4 4 NADPH, SRS R i
ST T NADPH 177 A 2 b5 1), ELFFEUE B SR IR S
BN SRR A B, B T 5 Sk A IR T R A G, IR TE
itz 200 2 e AR R

5 MNEERE

H A — 2558 O &I IR MR A0 b 2 5 g2 R iy —
LUty J S IR YT B B, R AN 2 S5 R 2 A
HOR SRR 28, DA IRy R RS, Hop iR E
ZLZ FASN [ 7 F 4k 7 Ao 5% , S8 40ER, O A5 2 b
FASN [ HIRI IR AR FE, UK R . BRI RMhE, 75
HER2 i % 35 9 7L AR 9 40 i b JE HER2 2k B 3 i % 1k
SREBP-1c Jo{4: % PI3K/AKT L)L IiH FASN ik, HFih
B e n] {f FASN @R Ak H ARS8 1 T 9% HER2 L &
A O3 [ AT ) LIRS 20 M ) 2 2820, $278 FASN AT 1R Hy
FLRIER ) T k2 —. J5— 1, YEFH AR IR i Ak
RSP BCA IR YT R 1S B AR, I CPT-1 A1 FH sk (i A HAm il
I BETT Ay S 1E NIk EL R 20 B X £Ey 7 19 SUEk P9, Furutal 4509
BOAFF 5 8 it FASN 10351500 AR L B A FH 24 0T LA 434 Bt
T e = S T BT 24, B R I8 2 e g Ak Jr T T B
i o TR T IARIE = ERT 51 HIFL X FASN 3k (17
7,1 HIF1 rf i) HIF-1a W] 5] s i) 2 2T 25 , 5 ok 928 20 i
e IRE25 935 T RO TSR, 3 HLOHIF s = 80 S R E YT I



-+ 1800 -

IREYES#E wwwshengwuyixue.com Progressin Modern Biomedicine Vol15 NO.9 MAR.2015

Horh— A 2B — ORI B OIAR G, i 3R A THEN FASN

T AH S 6 2 A5 A R 1) TS R o e 98 240 B rry e 24 AL A A

—EIOCFR  BLIE NSRRI i AARE , A AT T — 2P
AR ZUEYE TR W 5 PR 1 o G 5 3 400 L 4 1l

AT AR T 5 2 g , (oo A 6 vl A4 il

AR AR, T A RERETRYT I EZE AR, A1 Warburg 5§

Wi, BRI A2 B g 40 B 53—~ 3 A7 AE Y 78

AP, EER TR 40 i 28 e W) 14 45 I E R AR A O A 3 L EL

IRAEATS SRR e 2 W M 0 1 A, 75 AT JCHE 19 S 0 S I R AT
£ BRI I I T I R AR SR X TR BT 1Y

ST BT ARG YT 7 A TR, JE O BRI T R At

BT R I, 2 402 PR A DG A i 2 A A RCR A B Tl PR

XoF g (I iR S B

2 % 3 #fk(References)

[1] Menendez JA, Lupu R. Fatty acid synthase and the lipogenic
phenotype in cancer pathogenesis [J]. Nat Rev Cancer, 2007, 7(10):
763-777

[2] Tennant DA, Dura n RV, Gottlieb E. Targeting metabolic transform-
ation for cancer therapy [J]. Nature Reviews Cancer, 2010, 4 (10):
267-277

[3] Claudio R, Santos, Almut Schulze. Lipid metabolism in cancer [J].
FEBS Journal, 2012, 279(15): 2610-2623

[4] Migita T, Narita T, Nomura K, et al. ATP citrate lyase: activation and
therapeutic implications in non-small cell lung cancer[J]. Cancer Res,
2008, 63(20): 8547-8554

[5] Hatzivassiliou G, Zhao F, Bauer DE, et al. ATP citrate lyase inhibition
can suppress tumor cell growth[J]. Cancer Cell, 2005, 8(4): 311-321

[6] Turyn J, Schlichtholz B, Dettlaff-Pokora A, et al. Increased activity of
glycerol 3-phosphate dehydrogenase and other lipogenic en-zymes in
human bladder cancer[J]. Horm Metab Res, 2003, 35(10): 565-569

(7] Z4k, KX, TBEABE A BACER S TobE Ak 40 X e BF L& (1]
b E 52,2011, 34(11): 897-900
Li Shu, Di Wen. The correlation research progress between
Acetyl-coa carboxylase and malignant tumors[J]. Shanghai Medicine,
2011, 34(11): 897-900

[8] Yahagi N, Kashima K, Daa K, et al. Coordinate activation of lipogenic
enzymes in hepatocellular carcinoma [J]. Eur J Carcer, 2005, 41(9):
1316-1322

[91 Harwood HIJ.
carboxylase inhibition [J]. Expert Opin Ther Targets, 2005, 9 (2):
267-281

[10] Conde E, Suarez-Gauthier A, Garci a-Garci a E, et al. Specific
pattern of LKBI
immunostaining in human normal tissues and lung carcinomas [J].
Hum Pathol, 2007, 38(9): 1351-1360

[11] Richard F, Stephane P, Paul LN, et al. Fatty acid synthase as a

Treating the metabolic syndrome:acetyl-CoA

and phospho-acetyl-CoA carboxylase protein

potential therapeutic target in cancer [J]. Future Oncol, 2010, 6(4):
551-562

[12] Krycer JR, Sharpe L, Luu W, et al. The Akt-SREBP nexus:cell
signaling meets lipid metabolism[J]. Trends Endocrinol Metab, 2010,
21(5): 268-276

[13] Graner E, Tang D, Rossi S, et al. The isopeptidase USP2a regulates
the stability of fatty acid synthase in prostate cancer [J]. Cancer Cell,

2004, 5(3): 253-261

[14] Mashima T, Seimiya H, Tsuruo T. De novo fatty-acid synthesis and
related pathways as molecular targets for cancer therapy [J]. Br J
Cancer, 2009, 100(9): 1369-1372

[15] &%, T ueok, 22T 50 o8& R B JE I 5 o £k 6983 ALl [J].
BT AWk E, 2010, 7(5): 453-456
Qin Fei, Wang Xiao-bo, Gong Jian-ping. The regulation mechanism
of the expresse of fatty acid synthase in tumor [J]. J Med Mol Bio,
2010, 7(5): 453-456

[16] Furuta E, Pai SK, Zhan R, et al. Fatty acid synthase gene is
up-regulated by hypoxia via activation of Akt and sterol regulatory
element binding protein-1[J]. Cancer Res, 2008, 68(4): 1003-1011

[17] 2%, RANE, FRORAE. A ABAF AL R 4545 8 1A a9 BT R[]
& aAF 32, 2013, 25(6): 614-620
Wei Ting, Zhang Yong-yu, Zhang Qing-hua. The research progress of
Carnitine Palmitoyltransferase 1A [J]. Chinese Bulletin of Life
Sciences, 2013, 25(6): 614-620

[18] Schreurs M, Kuipers F, Vander L. Regulatory enzymes of
mitochondrial beta-oxidation as targets for treatment of the metabolic
syndrome[J]. Obes Rev, 2010, 11(5): 380-388

[19] Linher-Melville K, Zantinge S, Sanli T, et al. Establishing a
relationship between prolactin and altered fatty acid B-oxidation via
carnitine palmitoyl transferase 1 in breast cancer cells [J]. BMC
Cancer, 2011, 11: 56

[20] Lin H, Lu JP, Laflamme P, et al. Inter-related in vitro effects of
androgens, fatty acids and oxidative stress in prostate cancer: a
mechanistic model supporting prevention strategies [J]. Int J Oncol,
2010, 37(4): 761-766

[21] Liu LL, Wang YD, Wu J, et al. Carnitine palmitoyltransferase 1A
(CPT1A):a transcriptional target of PAX3-FKHR and mediates
PAX3-FKHR-dependent motility in alveolar rhabdomyosarcoma cells
[J]. BMC Cancer, 2012, 12: 154

[22] Pelicano H, Martin DS, Xu RH, et al. Glycolysis inhibition for
anticancer treatment[J]. Oncogene, 2006, 25(34): 4633-4646

[23] Hu W, Zhang C, Wu R, et al. Glutaminase 2,a novel p53 target gene
regulating energy metabolism and antioxidant function [J]. Proc Natl
Acad Sci USA, 2010, 107(16): 7455-7460

[24] Zhang F, Du GW. Dysregulated lipid metabolism in cancer[J]. World
J Biol Chem, 2012, 3(8): 167-174

[25] Bensaad K, Tsuruta, Selak MA, et al. TIGAR, a p53-inducible
regulator of glycolysis and apoptosis[J]. Cell, 2006, 126(1): 107-120

[26] Flavin R, Zadra G, Loda M. Metabolic alterations and targeted
therapies in prostate cancer[J]. Pathol, 2011, 223(2): 283-294

[27] Quanri Jin, Linda X Yuan, Delphine Boulbes, et al. Fatty acid
synthase phosphorylation: a novel therapeutic target in HER2
overexpressing breast cancer cells [J]. Breast Cancer Research, 2010,
12(6):R96

[28] Samudio I, Harmancey R, Fiegl M, et al. Pharmacologic inhibition of
fatty acid oxidation sensitizes human leukemia cells to apoptosis
induction[J]. Clin Invest, 2010, 120(1): 142-156

[29] 24, A2 . HIF-lo 3¢ B 95 69 KRR % 2w 2545 a9 AF R
] 55 R B2 &, 2012, 26(5): 385-389
Wu Zhe-ming, Cheng li. The research progress of HIF - la on the
development of malignant tumor and multi-resistant regulation [J].
Journal of Practical Oncology, 2012, 26(5): 385-389



