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Abstract:Pyruvate dehydrogenase is a key enzyme which transforms pyruvate into acetyl-coenzyme A
(acetyl-CoA) by pyruvate decarboxylation. Acetyl coenzyme A is the primary raw material for aerobic
oxidation of glucose into the Krebs cycle. The activity of pyruvate dehydrogenase can be negatively regulated
by pyruvate dehydrogenase kinase. The overall expression of pyruvate dehydrogenase kinase is increased in
tumor cells, which results in the decreasing activity of pyruvate dehydrogenase with an increased glycolysis
for energy even in the presence of oxygen. The increased glycolytic activity of malignant tumor cells can
promote cell proliferation and inhibit apoptosis. The glycolytic microenvironment protects tumor cells
from host immune system and chemotherapy resistance, and promotes tumor cells invasion and metastasis.
Embryonic and adult stem cells rely on glycolysis for energy. Thus, the activity of pyruvate dehydrogenase
plays an important role in regulation of cancer cell stemness.

Key words:Pyruvate dehydrogenase; Glycolysis; Tumor; Pyruvate; Krebs cycle

W OE. RERBRI AN R AR CBLHBEAR) K GEEE, T CEEAMERAR ) BB Z A BRIARA
FURACHY B TR BRI BRBE BB T VA R R BR R G EUBR 04 TE ME  I E dn L Y R A 7 B BR D 2B
BB E A I, R R BB B E AR, S B R e £ FaR AR BE AR ) 7 KRIAE ., T
T8 N R SR AR AL 4 R3S Fh e ) LA LR T, T T AR I 4m FELHE B AR 0 SR ERBE ST AR AP T g 4m ek 8
T8 E Sk AR R ARATT AR, TR A TP E e AR R e ke Bk, BB SUBR AL I R 0
AL AR FRAER . F R LIRS T 0 R A TR ATt e £ B AR B ARy 7 XGRIAE B, Wb
BT, FERBR L S 0 TV T A S5 A R i g kAR X

KU AEABALEARE; MBEAR; ME; AEB; ZAEBIER

RESHES: R7302 XERIRED: A

0 515

IE ARy g AU AR S B A
Wi AE R AR 9 AT E AL B R fk (oxidative
phosphorylation,OXPHOS), X &t i BE &
T, RORAUE o R 20 M R A A R A R
TEIG BRI IR A 0%, EA T A SEBEEA% (aerobic
glycolysis), XFH FEIRALFREEMLS T
OO M 20 A2 T 1, e B A R A0 A S
Wik K Pt ae i, WO BT AL T AW G R 5
Hko I g ik A RE G U E20 fiE2D 20 4
A5 9l 75 [ ) 272 K Otto Warburg WL H)], it SRR

YisEHE: 2013-07-11; 1EEIHHR: 2013-11-15

EEWE: BRaRHFELE ERA (81272824)

VEZEAGL. 450052 3, #M K% —WE B B4

WBIEIEE: &4k, E-mail: zhenhesuo@aliyun.com

EEE N F2HA987-) , &, HEEik, EF,
EZNFE RGBT A

WarburgfUw ™ A5 AU IR i 2 S P A4 it
1) B A I A A 0 2 1) 50 SBORTDW P A Ak 48 v
ARSI M A0 M A AR W A R IR 2 — o BebdRd T 4 i
(cancer stem cells, CSCsz{tumor stem cells, TSCs)
ML rh D R EURERE 5k . A A IR B
SHACTERERY AR AR, 2 AR IR 2 e Y R 2
—o BFREERB, AR TIREE S e 40 B iy T 1
YRR YIRSt T LA 3 5 20 i 301 T
PR, P ORI, AR TR A T B R A D 4 5
TR B TR AR T PN R O S A Sy 4
HEA =R TRAE PR Y O B PR AU, 7 I 0 7 A A
WAL IR Ak v RS A T, DALt oA T R 5 S
(A3 PR T B 5 IR A0 ) TP E4ERR AR G

1 AEBRFESBERZEN. LEEAEMMEEHE
PN IR i 20 ( pyruvate dehydrogenase, PDH) ,



BB Sa I3 2014 5541555987 Cancer Res Prev Treat,2014,Vol.41,No.9

- 1041 -

J& B I R I U8 E1aiV. 57 (PDHAL) FIE1P
WE (PDHB ) K& D 4 fith 14 o F1 IV Ak 2H Al 14 25
EOE R EBREE (TPP) 195 UERAES, Koike
SO e T AN Y T 4% A 25PDHE 1o fIE1BIE
PRI HIcDNAJY S . PDHALY IR 4ADNA 4 K
15.92kB, &HIIANINE T, 7 T XY R 5
b (Xp22.1~22.2) o HHA S A ORSF 0 TR A
BEEREL 45 61X, L TAMNE T 61 4ihs 19528 FL R 5%
FERNGNE T T Gihh 255 & FEIRFR FE 2 0] . LA,
TE4 S QK B — B SPDHALR IR T A& 1
MIFA, FEAESAHALIFKIE, PDHBERE AT
3p13~q23, &K 1.5kB, SHI0MMNE T

TN TR 1 B U 5 A1 ( pyruvate dehydrogenase
complex, PDHc ) & i fE R IR B Z R &
Yy, PDHcAL T3 MEALREF2 IR AT, DL&3A
BRI FIAEEGE N o MEAREE HI 2 R ER i
ity (E1) . ZAM-F I O BERFE2 N — S ii-F
TR A BEE3 . E3ANJEPDHCRRE ), (H &gl HAd
AR AR S Ay =, INTE3 I A
LT R A G 1) TR T O S A S A
ZIfES . TR SR AR BT R 2
(7% LT

1o 55 AR DT R OGS A S A PR ek
W FE L HPDHEES ( pyruvate dehydrogenase
kinase, PDK ) FI#§/2/# ( pyruvate dehydrogenase
phosphatase, PDP ) /FE 1ol 0 335 PE i iR AL SZ 0
1, PR R 5 U E 1 ol FE A7 AE = AR AL 5,
T 441 BT B PD H e 376 4 = S5 2 i o0 70 4y 2580 17 SFe 18 15
PDHclpG S ehs, 21802451,

2 AR SEERIEE

PDHc /& — 20 PR ff, 1k P I R AN A 3 41
PRI R e AL L L T4 T A (Aacetyl CoA), [A]IpHKE
NAD'I 5 ANADH,  fObE A E 8 LS =R IR E
IREALBEIR b 7 40k, TE AN M SR AR IT I 5 R
R R E T EN . PR SRR SR
AT MAY . WAL s SR, %
82 A RAEAT SRR () AT o] A= 0 240 JE P A i o ™ 1
Dy EHRAE R BB, PDHCBRFER 38— R4 2
J B AR BRAR A,

PDHecil [ 2 5 B 2 b (4 B 54 G B a5 3
PRI 22—, Al )L 3 PR R Hh o AR
IR AR M 1 B DL TR o BT L T AT A
JUFARR IR FINERER , BT LAPDHcl St = % S8 2
Fith 2 RGP E, WRMAEFAS . Leigh'sfiii

FE) LT I ™ Brown S i Je e~ o
KBEIBIEAANLERZ o 1%KL N BB A4 i PR BUAR XS
B, ERRIOIFLRMR R ALK T .

HEIRPDHCBZ lm R R IIEAR )™, FEAm
KRB IE M2 R G XA IR TR, fi
LR RN G , A TT Y S 2
S FLIR MR 2 AN MLFLIR N IR LU < 2.0,

3 BhEA LR A ERER B S ER A 1E

FUAFIHS 3550 07 2 ik 988 200 e B 2 A0 38 1 — A e
TIE, TR T i Je 200 B0 5 200 6 o A e ot 2 i AT P
R TR AR SALBERR AL VE . SR I A 2
— Bl RE R B AL FE , (EXF T i 40 e 56
HRE—AA SRR, AT RE S MR 40 X Ak 7 A
AT HEHT A FE AL 5 5] e ol e 4 i 5% A e v
T, BT f e 200 P 42 28 AR B B 7 s

IS8 200 e i 1) - W TR A AR B RE &, B
T 9eg 4 i v PDKTS PE _F R M 30 7 PDHAY G
o MR BRI —H M (DCA ) ) 9 il
PDKAE U T i Je 40 i g A3 T =X el W e i 5 Ay
AALBERR AL I FLAME TR AR K. X —&BE
7~PDK/PDHH AT G X e 20 Jf i) A Qi A 4l —
FITERM. 55—t BoR S s 414U L, PDK3
TELS MR 4 B ekl R B3, HLPDK3 Ry
B BTSSP T- La(HIF-1o) B 5 2 IEAHE,
FEFEIR KT 1) R A5 g i 7 e R I
A AF HA O . [RIBHARSMITSE R B, 25 W J 20
Jfd 2 PDK3 [ 2 1K f2 F HIF- Lo ] X il 4035 S 4
e 25 e B —EAE R, X g T 4 PDK3
IR B E A S HBRYT R, T N JHPDK3Y
FEIRWAR T 20 M AE B A A5 1F T B AR A 280 FLD 55
TEVEE S R LR P A M2 251 X i
T A I TR A28 20 M v T 10 A e 0 1
o B AR 5 g 1 0 1 R A EL A — S AR Sk
5 — T 5Tt R iR R Y A PDK 3 i1 ikl K
PO A0 0 ) 98 T B 0T R SR A T 1 i
2, T RPDK3 M T B T B A L3
T A . S EE . BRI RIEN G U2y
Wy U, st gk L i 7R PDK 38 PDH 5 4%
V- 10 24 W T 245 A0 2G5 L AT BB & — B A B
PE R AT RO v i 2 0 it 24 1

AU I 5 b JRe 17 P e R R AR 22 I IR
T (AR S A SCRRE B AN A REE, B
i1 ] A BIL B 2R 20 A7 el o B A5 5
( hypoxia-inducible factors, HIFs ) #{I\ A TEN



- 1042

ADBBLG 38372014 F 55414555988 Cancer Res Prev Treat,2014,Vol.41,No.9

7 IR 20 A A AR A e e b — MR
McFateZ5!" % 7R Sk S B v, (8 FshRNATF
JHPDK-1, P&&PDHcliG 1, AEME ISR () 24
KAMZZ8R /1, [RITHIF-1aff 385 WF{% . PDK-1
Al B HIF-1af I 5 2 1, HIF-1a5 iR 4 f
TR HAT — R AHSEET R TR A T 9 BT P
1 1ot P ol = T R AT T R 5 e g S e R T
KT VERREM K . Zhao% "R FEAF 5T T HIF-1at5
PDK ¢ PDHZ [BI (A . R o M 0 /R B 4
i FHHIF-10i% S TPDK3 1k, Mimfest 718
TN LA S AT R [ A A 114 7 X578 . T PDK
YE A PDHef VERY 2T %, [A14£ W] TPDHY
HIF- 1o ieg 40 T B HL A VR B AH DG

Ji9E 22 FR PDK- 13 2k 5 R 1 ARG B A 4
A T WH I f () B 4, TR T 1 8 R R IAPDK Y
AL, HIER PR R,

25 LRI 3R I 1 7K B AR AT (4 TR R 5
S T B 2 20 R o o A R R T A Ry
PR R AR . HAHLH AT BE7E T H IR A R A
A I R (BRI P R TR Th R

4 AERERRSES LM ERm

R T P i ke = i 2 ) L 2 L R e v i
Rtk BT ARG R R LE Y, B
M F4E R PDHCHEL . E2FIE3 [ 5L K 2875 T 1 1,
AOBEACTIBELAS, BRI R R K R R, Bl
i IO U A AL A o R B FLIR, AT S [ 2L AR
B, FERINARRPREMNETAS, TH
AfEE 2 B A LAE T

AT Tl P . 2 Il 52 5 A 2 — 1 A A S 1)
TR YT AT o X S A Y A O 114 9 A 5 UL 1A ik 2>
AE . R EIEASTRAE . 2B A7 P s aE "
3 3R PDK G PDHC 2 28 i T — AN 450 1) s
B O WUBEIR PG AL, JEHEAE O IE T AR R
BRERILET o 3 50, BEIRE B E S I PDHCTE 4
RAIG, A A S et T R o PR T T I T e
ZHLE T O, B VR A ZH 2 43 Ak
REFREAT . PDHc™ H it = B 7 I AG HASE i T ki 1) 2
BT RGP R E S R AE ; AR
Bz B R T INRIRER | LU SR AR B A
RAEN S 5 30 e 04 38 2o A a3 4G 0 D 2 R
THiRAH5Y, i T PDHAE S K BRAF V600E
B A 2 R OCHEYE T . BRAF V60OE
F14) 55 2 ] s i 2 PO 300 61 R0 P T 782 A T e
212 (PDP2) BY5F30E, 1M #% PDK 1 5%

JiEPDP2HI T PDHIFIEBR T OIS, HNILIiER T
BRAF V600ESR I F A R A S o X Se45 4t
/N T OIS 55— AR5 =& 72 PDK 1-PDP2—
PDHHLHIER R, AT LAMERIRT7 05 R3]
fBI5E PR TR 0 S T P e, R A A =R
FROGI AT A A AL AR 3R o, A AS LA &
(R 534k 5 T DA R 7 0 S ) 3 2 RIS, 4B
PEAEFRRRC R, A Lo AE, T8 BUAH DG 4 2L/
B I RERRS .

5 HPHI R EREL B S ERRYIETE
5.1 Azl

A AT T 2 10t T U T %) S A AR AR 24 P TR i
MR ALl ST A R 6l T PDHe ) iG MRS . P B
HAE R b - LR AR A T T s .k
Tt T A VAT Rl P 8 Sl %) L A9 3 3 10 | PDK A
PEAIGIMPDHC R A AR TG MR IR | O IEBE
BIF 2 s, Bl R T R R |
TIPS R 2 O S A 1 . 2 3 4 Ry R B I
FRIETT TS A

R i O S il 2 A P T R O Sl 5 A
HOAETE, ) L ) 2 DA A T R AR
WIXER, HAjrpER 3225 h 7EPDHC Y B #:
T PDK b B ) DY N R U R A AR B
TRt 2R B . TR A I A T e T A Y
BERRNIIR , TE4S W A A b T IR AT LA [ PDC Y
WP T ERIGYT o e 40 B ) R 2 LR )™ A= ik
DI FLIR A M g s A0 0>, BT R BRI T R
( phenylbutyrate ) , L JH IR Z 16 PR ke e
BETRMZY), FECT A YR B R
AR HE Vall BAAS Fl sl IR 1 0 3
52 /NN S RN S IR R T R

A N, Bonnet S5 i Rl — 5 2
R (DCA)RE PRI 2 AEL, T LA S 28 0 i) A7 3
FEAETE A . DCAJE—F/ING—F P TR R 5t it
PABREINEIR,  H TR R T e Rk FLR Hh wEE
MIIGYT o DCAREIE LI 31 PDK 25 W 2 A6 30 P i
12 i Z B ( pyruvate dehydrogenase, PDH ) , fi¢if
AT A AL BEIR A, X — 3 R RO S S
P48 (reactive oxygen species, ROS ) FI4ififi {4, %
C, DFRKEEHRNL, FEK SN Mcaspaseli T3l
i i L (1 B s 7 1 o I W 4 2 e
Ko FETX R, DCAYE MHUEEZ5 Y 09Ik R N
S LW A —ERi . CaoE il TDCAKY
Jin 7 B AR RUFNB e1-23:0 2 35 1Y 1T 41) i 200 6 sy



BB Sa I3 2014 55414555987 Cancer Res Prev Treat,2014,Vol.41,No.9

+ 1043 -

FIRBURRE , X FE A& 5 Bel-2 40 BLAE 4 5
TT-HLE . Fiebiger%: " it il T DCATEMSMiE
B A2 R0 . SRR SO IM 118
XA i 24 0 i i 20 B R P BOER . R, dE A
DCA¥ [5] PDK BB fin b e 40 e XAk y7 . 07 ik
JEJE I He e IR 25 2 . (B Z2DCAHA IR
G E AR
5.3 siRNA¥iT

] P — SR 9 R FH e Rz R AL 25 17 s 44t
LS174THPDK-153k, A T 76 A [A] ¥k BE 5-FufE
FH R 2 20 4t M 0T BE A R P i i o B, 25 2R
FEHHPDK-1 T4 (LS 174 T4 A9 ICs B B EAIL T
X HRZH 20 . U NI PDK- 1545 1 LS 174 T X}
5-Fuifyr S AU, (45 i des A B e S AR 0 25 vk
JE R IR F e PR TR,

6 AENERRSEGS MM T4

FRRG T 400 . 35 0 T 40 . BsAA T 40 i LA Je
A5 T 1Y 2 6E T 40 M ) e i A RR IR 2 —
S i 1) A e A 1) 7 AR BCRE i, X S 0 il vp b
e e T Pt 35 020 X R A R L 1 A
B9 55905 200 i 28 AR AN [vi] S0V B2 T 1 A A e 1 A0
GERBL, I 40 M AEAR SRS 000 RT AAH N 9
=7 Y S R S N 3 i g 1 2 5 P o i
X T A MAR DGR 0 B3R, N A s BT A
REJT . BROBEAEKRES) . Z25mt 258 7 =W IR 1
E G L in K 5t ABCG2 ( ATP-binding cassette
superfamily G member2 ) DL K 2t it 11 40 B AH G
43 F CD133FICDA4™ " 5 [y Fe ik A Ak KR4 5
it £ P PR R )RR TR 1
YUY T PELE R R UIAROG, MR B S5 At 3 1l
IR TIRRR 3 1 I W o == O | 1 RUUB R [
P9 240 B A AR T A% T R 2 10 e 40 B g T
IRV 38 Ak B ) =R FRAE P 5 A T e A e o 1Y
O B il DA W 7 S, G RNA T 4 B P B
S5 R AT T ok A T 1 008 St 0 2 W A AR
M TR Z — . AR IR A
A0S 30 7 20 L FR v R 53 D4 T R O AU R T, WL
G I P A 2 R e T AR B R R AR A R, O
A0 R R B AT Bl R o i R R e ok %) A B R
PEAT S S, AR RE T, dE— BTN
T i 58 S B 2 5 g T ) 56 3R, AN T A b
Jed T A ML) P IR TR EAA R S

HE L6 A1 i G Beta i il A R 249 5.0% F1 g 2 ok
5B P TR 2 s 30 e TN T R OO Sl A G W B A

T 7 il AT JHE N = BR PR A IR R A5 A AR
HA B 50% W a] i i N B R 1L g (pyruvate
carboxylase ) FTfiEfL I AMERAR FBE L IR IEA =R
PRAGIR o 254 14 DA I PR o O A b ik A e A =R
RAGIRI, 5 S50 My i 6 35 B JFF A4 A e Al
ZAMEIRARIE A ZIRIRAGER RT L 28 PN R R i
BEARAR A T4, 1L I A i P PR PR R A = BR R 35
f R 3A A2 AT LA AR 0 A0 MR S TR T
DA VBT AT i P O 2 5 A o o i 25 6 240 i T L2 5
T AR P 98 S0 A T T P2 A R 2 420 A 58 1Nl R
PEAZRBRIERS, H UM A 28— AR A
SR TEUESE o

7 iR

PRI o S A R A S R A Y T B
Mgz — A iR 200 A B A Qe 3 T S B A A
Fo T e 2R BL AP 2S00 (s Ao 40 o i T M e
fipfr ARG RE R, ELh R At OB Hh A
PR A2 A Jha it e e D7 3 B 491 22 A -5 P e 240 i 114
AMERR ARG . S R o A R i S ik = 5 L 1Y
FURR R F: A AR AN A 75 A 2= 55405 A i i 231k
BEATAR G, $ 705 P TR R A <0 1 11 L 30 1P 2 i
IER I PRIIE . N—E 5 EF, M4 o
ARERFEE , TR T A 2 i AT DA HAR
TR, R AT B e BE AT AR IR A BE
TIAHSC o I s A ARt e e o g e 2 v ] 7=
/N vt i SR U O S S S (1
ek 3% AT R PR o 2 3k — A e A o R 114 S B il
o 240 = S e AR A 14 5 SR CRE 2 mT RS AR
bR A imiez —.

SE

[1] Warburg O.On the origin of cancer cells[J].Science,1956,
123(3191): 309-14.

[2] MaY, Liang D, Liu J, et al. Prostate cancer cell lines under hypoxia
exhibit greater stem-like properties[J]. PLoS One,2011,6(12):
€29170.

[3] Liang D, MaYY, Liu J et al. The hypoxic microenvironment upgrades
stem-like properties of ovarian cancer cells[J]. BMC Cancer,2012,
12:201.

[4] LiulJ, Fan H, Ma Y, et al. Notchl is a 5-fluorouracil resistant
and poor survival marker in human esophagus squamous cell
carcinomas[J]. PLoS One,2013, 8(2): e56141.

[5] Ciszak E, Korotchkina LG, Hong YS, et al. Crystallization
and initial X-ray diffraction analysis of human pyruvate
dehydrogenase[J]. Acta Crystallogr D Biol Crystallogr,2001,
57(Pt 3): 465-8.



- 1044

ABBLH 38372014 F 55414555988 Cancer Res Prev Treat,2014,Vol.41,No.9

[6] Koike K, Ohta S, Urata Y, et al. Cloning and sequencing of
cDNAs encoding alpha and beta subunits of human pyruvate
dehydrogenase[J]. Proc Natl Acad Sci U S A,1988,85(1):41-5.

[7] Jeong JY, Jeoung NH, Park KG, et al. Transcriptional regulation
of pyruvate dehydrogenase kinase[J]. Diabetes Metab
1,2012,36(5):328-35.

[8] Patel KP, O'Brien TW, Subramony SH, et al. The spectrum
of pyruvate dehydrogenase complex deficiency: clinical,
biochemical and genetic features in 371 patients[J]. Mol Genet
Metab,2012,105(1):34-43.

[91 Brown RM, Head RA, Boubriak II, et al. Mutations in the gene
for the Elbeta subunit: a novel cause of pyruvate dehydrogenase
deficiency[J]. Hum Genet, 2004, 115(2):123-7.

[10] Wu W, Zhao S. Metabolic changes in cancer: beyond the Warburg
effect[J]. Acta Biochim Biophys Sin(Shanghai),2013, 45(1):18-26.

[11] Lu CW, Lin SC, Chen KF, ef al. Induction of pyruvate dehydrogenase
kinase-3 by hypoxia-inducible factor-1 promotes metabolic switch
and drug resistance[J]. J Biol Chem,2008, 283(42):28106-14.

[12] Lu CW, Lin SC, Chien CW, et al. Overexpression of pyruvate
dehydrogenase kinase-3 increases drug resistance and early
recurrence in colon cancer[J]. Am J Pathol,2011,179(3):1405-14.

[13] Hur H, Xuan Y, Kim YB, et al. Expression of pyruvate
dehydrogenase kinase-1 in gastric cancer as a potential therapeutic
target[J]. Int J Oncol,2013,42(1):44-54.

[14] McFate T, Mohyeldin A, Lu H, et al. Pyruvate dehydrogenase
complex activity controls metabolic and malignant phenotype in
cancer cells[J]. J Biol Chem,2008,283(33):22700-8.

[15] Schwab LP, Peacock DL, Majumdar D, et al. Hypoxia-inducible
factor la promotes primary tumor growth and tumor-initiating
cell activity in breast cancer[J]. Breast Cancer Res,2012,14(1):R6.

[16] Lee JH, Shim JW, Choi YJ, et al. The combination of sorafenib
and radiation preferentially inhibits breast cancer stem cells by
suppressing HIF-1a expression[J]. Oncol Rep,2013,29(3):917-24.

[17] Zhao Y, Butler EB, Tan M. Targeting cellular metabolism to
improve cancer therapeutics[J]. Cell Death Dis, 2013, 4:¢532.

[18] Stacpoole PW. The pyruvate dehydrogenase complex as
a therapeutic target for age-related diseases[J]. Aging
Cell,2012,11(3):371-7.

[19] Prasad C, Rupar T, Prasad AN, et al. Pyruvate dehydrogenase
deficiency and epilepsy[J]. Brain Dev, 2011,33(10):856-65.

[20] Barnerias C, Saudubray JM, Touati G, et al. Pyruvate
dehydrogenase complex deficiency: four neurological phenotypes

with differing pathogenesis[J]. Dev Med Child Neurol,

2010,52(2):e1-9.

[21] Roche TE, Hiromasa Y. Pyruvate dehydrogenase kinase regulatory
mechanisms and inhibition in treating diabetes, heart ischemia and
cancer[J]. Cell Mol Life Sci, 2007, 64(7-8):830-49.

[22] Kaplon J, Zheng L, Meissl K, et al. A key role for mitochondrial
gatekeeper pyruvate dehydrogenase in oncogene-induced
senescence[J]. Nature, 2013, 498(7452):109-12.

[23] Blouin JM, Penot G, Collinet M, et al. Butyrate elicits a metabolic
switch in human colon cancer cells by targeting the pyruvate
dehydrogenase complex[J]. Int J Cancer, 2011, 128(11):2591-601.

[24] Ferriero R, Brunetti-Pierri N. Anti-cancer drug phenylbutyrate
increases activity of pyruvate dehydrogenase complex[J].
Oncotarget, 2013, 6(4):804-5.

[25] Bonnet S, Archer SL, Allalunis-Turner J, et al. A mitochondria-K"
channel axis is suppressed in cancer and its normalization
promotes apoptosis and inhibits cancer growth[J]. Cancer
Cell,2007,11(1):37-51.

[26] Cao W, Yacoub S, Shiverick KT, et al. Dichloroacetate (DCA)
sensitizes both wild-type and over expressing Bcl-2 prostate
cancer cells in vitro to radiation[J]. Prostate,2008,68(11):1223-31.

[27] Fiebiger W, Olszewski U, Ulsperger E, et al. In vitro cytotoxicity
of novel platinum-based drugs and dichloroac-etate against lung
carcinoid cell lines[J]. Clin Transl Oncol, 2011, 13(1): 43-9.

[28] Xie GF, Liang HJ, Tong JT, ef al. Promoting effect of RNA-
interfered pyruvate dehydrogenase kinase isozyme-1 on
S-fluorouracial-induced apoptosis of colon cancer cells[J]. J Third
Mil Med Univ, 2012,34(1):9-12.

[29] Chung S, Arrell DK, Faustino RS, et al. Glycolytic network
restructuring integral to the energetics of embryonic stem cell
cardiac differentiation[J]. J Mol Cell Cardiol,2010,48(4):725-34.

[30] Varum S, Rodrigues AS, Moura MB, et al. Energy metabolism
in human pluripotent stem cells and their differentiated
counterparts[J]. PLoS One,2011,6(6):¢20914.

[31] Srinivasan M, Choi CS, Ghoshal P, et al. B-Cell-specific pyruvate
dehydrogenase deficiency impairs glucose-stimulated insulin
secretion[J]. Am J Physiol Endocrinol Metab,2010,299(6):¢910-7.

[32] Sidhu S, Gangasani A, Korotchkina LG, et al. Tissue-specific
pyruvate dehydrogenase complex deficiency causes cardiac
hypertrophy and sudden death of weaned male mice[J]. Am J
Physiol Heart Circ Physiol,2008,295(3): H946-52.

[4miE: MaR; B3 2R



