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The Role of Pyruvate Dehydrogenase Kinases in Hepatocellular Carcinoma

JIANG Ruyan, HU Xuefeng, LU Yi*
(Fujian Key Laboratory of Developmental and Neurobiology, College of Life Sciences, Fujian Normal University, Fuzhou 350117, China)

Abstract PDKs (pyruvate dehydrogenase kinases) are the regulatory enzymes of PDC (pyruvate dehy-
drogenase complex), including PDK1, PDK2, PDK3 and PDK4 subtypes. PDC serves as a crucial enzyme in the
body that catalyzes the oxidative decarboxylation of pyruvate to form acetyl-CoA. By phosphorylating PDC, PDKs
negatively regulate its activity, thereby tightly linking the glycolytic pathway with the tricarboxylic acid cycle to
ensure coordination and efficiency in metabolic processes. Tumor growth is closely related to glucose metabolism,
and as key enzymes, PDKs exhibit abnormal expression in various types of tumor cells, affecting their proliferation
and invasion. However, the role and underlying mechanisms of PDKs in hepatocellular carcinoma remain unclear.
This article aims to briefly review the role of PDKSs in hepatocellular carcinoma, providing a reference for a deeper
understanding of their functions and mechanisms.
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I JRE 1D R AN F 55 AR M Z TRl A7 A2 1)
V2R, H AR 51 A e R 58 5 AR A e 1) A A
MR W AR v R P B AR ™. P Rl S iRk
I (pyruvate dehydrogenase kinases, PDKs){E (L
W SCBERE, 51T 2 ALK iR 2 DDA K, AT 9T R0
PDKSPEZ Pt (& . L. B B,
JHF 200 Jf g 4 ) Hh 3Rk S 01, LIUSE "R 3 PDK4 1]
e 1Y 15 Je 40 0 o OB K, JLRik S B A
MIESE . ITRE AR A K, ILAFPDKA B R 2R
I J% (8] 78 i #% {t.(epithelial to mesenchymal transition,
EMT)JF{2 1t OF Sy A0 M i # AR 28 5 1245 s i
HIEF A A T, PDKAMRIE KN, 3 HK
YL 1B % 45 7 h PDK4AR 5'IX 48 4E 1) CpG 1%
TR 1) H B AR B FEAIC, ZE 4B B /KPR AL 2o B
i PDK4REFEAC A S 7w AR T . 1R
TZRE 7T, GRS B 7L H PDK2 1A 5tk 2
SEEEFE A OC, T PDKA I 255 U 5 it RN e 53
JIAHOC; ROHAER LT HPDK 2 Af LATS A% Sk 25 Jes
S L 068 I R i 24 12, 1k 4, HUSEM B PDK2 &
ISR TR 24 i Fi e o L 30 e . 2% 1 PDKGEG, JF H 5
BEMARBUS AR, 25 ERTIR, PDKs#INAT]

Acetyl-CoA, NADH, ATP

N
PDKs) /
m

REA2 VAl £ TG A9 — D B EHR AR, RIAT T A
feth 1R PDKs R i VR 97 #8 s OB . A SCEL
HUL oK PDKs/E HCCH K 7R ILEAT (] 224554
LAION PDKs 5 HCCZ [A) 5% & 1 — 2B Bk FORITR N
PROTR A B B R AN 2%

1 R SR A A 5

PR TR R S8 52 54 (pyruvate dehydrogenase
complex, PDC)J& A 4 {4k 4 B R S AL R TE 1R &
kA G AR S F il R 45 . PDCTERERE AR 5 = SRR TG
P (tricarboxylic acid cycle, TCA cycle)Z [A L # 52 5%
HEMWMEH U, PDCEA PN T8, PDKsHI PN EH
TR Jid & i 10 FR 8% (pyruvate dehydrogenase phospha-
tases, PDPs), PDKs 4 PUF i B PDK 1~4, PDPs A ¥ Fii
WAIPDP1. PDP2. PDKsiE i R 1t A i Bk it Sty
Elo P H Sk #0H] PDCYE M, 1 PDPs @ it 2 i R 1k
B PDCTEME (B DM, Elodly 3 e ib &k A =
AL IRIRFE (67551, Ser293; 7 552, Ser300; £i7 14
3, Ser232), =AM sUHARAT — AN R fL R 22 ff PDC
RAE U, NS PDKs I PYF R TB (PDK 1~4) 32 %
AFAE T ERRLARIE T, F 5 2 [RIR 1 AT Ik 70%, 751

CoA, NAD", ADP, pyruvate

Acetyl-CoA

Ox;l’acetate i

ate

P\ I|) /P PDC Malate \l
Elo 1\ TCA Isocitrate
Ela cycle
PDC / \ Fumarate
HO OH ,\ a-ketoglutarate
W Succinate i
= Succinyl-CoA

PDPs

Mg2+, Ca2t

Pyruvate

Ji: PDCHITVE 1 A2 E1 ol 38 | = AN 22 G R 5 (1 AT I R 1L 15 . Acetyl-CoA. NADH. ATPJFPDKs, MiCoA. NAD'. ADP. pyruvate
HMHIPDKsI 3% 14; PDPsHIGE MMM . Ca® & . A1 NERER 3 PDC I AL R A il LA BB ATE N = FRTRIG3 . Pyruvate: NERMR; acetyl-
CoA: ZEE4fiBEA,; citrate: FFERTR; isocitrate: FFTARTR; a-ketoglutarate: o-fi [ —&; succinyl-CoA: BEHIMLIHNEA; succinate: BEFIFR; fumarate: %E

HHZR IR, malate: - R1%; oxalacetate: HI 4,08

Left: the activity of PDC is mainly regulated by reversible phosphorylation of the three serine sites on the Ela subunit. Acetyl-CoA, NADH and ATP
activated PDKs, while CoA, NAD", ADP and pyruvate inhibited the activity of PDKs. PDPs activity is activated by Mg?" and Ca”". Right: pyruvate
enters the tricarboxylic acid cycle through catalytic decarboxylation of PDC to acetyl-CoA. Pyruvate: pyruvic acid; acetyl-CoA: acetyl coenzyme A; ci-

trate: citric acid; isocitrate: isocitric acid; a-ketoglutarate: a-ketoglutaric acid; succinyl-CoA: succinyl coenzyme A; succinate: succinic acid; fumarate:

fumaric acid; malate: malic acid; oxalacetate: oxaloacetic acid.
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Fig.1 The regulatory mechanism of PDC (pyruvate dehydrogenase complex)
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Table 1 Characterisation of mammalian PDKs and PDPs isoenzymes
47 LB 437 i i/ADa YA
Name Location (human) Molecular eight /kDa Tissue distribution
PDK1 Chromosome 2 48.4 Heart, pancreatic islets, skeletal muscles
PDK2 Chromosome 17 45.1 Heart, skeletal muscles, liver, kidney, brain
PDK3 Chromosome X 459 Testes, kidney, brain
PDK4 Chromosome 7 46.2 Heart, skeletal muscles, liver, kidney, pancreatic islets
PDPlc Chromosome 8 52.6 Heart, brain, testes
PDPI1r Chromosome 8 95.6 Heart, brain, testes
PDP2 Chromosome 16 52.4 Liver, kidney, heart, brain

75 R ERIAE N-3 U K5 AN 2L PDKSTED)
T R 30t v FE AR ST 1, 8l /& PDK1 A PDK27E IX
PR AE VA AFE A E R E 5

PDK s W8 [ 43 ¥ Jii f 7F 45~48 kDa, AT 1)
PDKsVL = RAMTERAFLE, S5 14 CumiZ i RE: &
BEAN 1A N-3ii i #2358 (2 1)1 PDK s ) N-3ii 45 £ 35
S H 8™ B i 4 R I DU MR T SRR &5 44, X 2 AN
PDK I B 1 22 57 (1135043 5 C-ity 1) &5 40 A
R5F, AR TR “o/p =B " 450, A
PDK s 45 1) 5 A 38 i C-i 22 0 A1 55 — AN BRLAA 1) NOR
Uiy AR IR 5 45 5 A s i H T A IR 2 — SR 7). PDKs
A TG R I8 B A H R 544, PDKIFEZ 3 A fE O
L SRR L PDK2) V2 3 IE T 4 AN fiti 41
V2 4k ; KIEPDK3MHSUSIR T2 0. BT
UK ; PDKATECHE BH#EUL. BT, B RERIE S
Hh e R IA

2 AR IR SRR T e fFRIA BT

PDKs = 212 8 Jof 2 2 A4 79 i 9 1 06 E1oE
BT S B PDCKIEN .. FEIEHE N T, PDCH
PDPsIE , 125 1 {40 DA I R 32 AT S8 P JBE 32 e 7 2 ok
LR A, HEN =R BRIEIA ™= K& 1) ATP, LA
EHUERAEE TR (K 1), PDKsHITEMEZFI £ )7
TR TS, s 0 BE AR = b S B4 S A . NADH
I ATPREHE S PDKs VG P, M 4HEE AL NAD',
ADPFI P R 2= 451 PDK s[RIV 1t ; B 35 2 At Al 2=
[F) A 1 8 52 PDK s 3Rk, il & K Ae 8 41 PDKs
R, THE R R . AR R . MR
B PDKsIERIE , MY PDCHITE M, 2 b g
R Ak, 24601 ERRs. PPARs A 41 PDK s
Fikte,

PDKIFEH AU B R & o i T R 3555 )
YEF . PDKIFER AL 52m/NRIMK S , Rl S
o 2R 5 R B R R DA K 2 AR E AR . T8
T BA PDK I S50 LR ) /N B, LAWLORSE
Wik 7 PDKILE R Ol AFAEZSE 4 4L rp 351 1)
T, 5 Ui PDKITEH SR B R & 0 EAE
. EVYFh PDKsH, PDK24II] PDPX P Bl it S
RIS Rk SR B A, TR A PDK 2R 5 B8 2 PR 5 o7 A5 1)
R LA L A PDK S & TG 14, S5 PR B R & 1)
0] B oA PDK s AU 142, 324 M1k, PDK3
fiu ¥y PDK s [F] 52 3 (1) 32D, PDK3TEVE 2 I
7o 29 N 22 SR AU R I, PDK3II R IA (R
BT R A 1 5 22, PDK3 AT DR ik g 5 R 4
e LR IR AR 28 P9, PDK4Z 4N At =11
SR, REENL O AN L 4 2
e TR LU ) R TR, TR PR
T, PDKsIE R (St 3L & PDKA)TERT I 3R IE 7K
PRI T ey 5 FE SR IR 2R 32 A4 1 (insulin receptor
substrate 1, IRS-1)F1[# & 252448 )i 2(insulin receptor
substrate 2, IRS-2)HJF# JRI /N FRAR T A | Hi1] PDK43%
(R IA RS LA B PRI /) BRI BB # A oo , FE42
T EIRE 2 B 50 I, PDKA M)W AL
2R LA AH 5 P T X T B R T R R A, 1%
I 3% 4 R A T R I I ) G5 R ALY, T PN JoR T 2
B BRI T REFRAS IS FR S TR 78 OB NS 5 R
HX 2V, A7 AT B B8 (1) 3 - 40 B ARG SR ) BA 8E
R R LIRS, 0 40 A PR AR IR S A At
T PDK2MIPDK4 %1%, PDK2FIPDK4 )Lk 25 5
s A gk i OIRES, Mx, e RIA PDK2
8 PDK4A] Yk & S5 75 F K7~ - 1a(hypoxia inducible
factor-1o, HIF-1o)®i 2 240 M (1 48 B e 1%, (A1t



T AnHe S8 P IRt S S T A g o O Tt e

153

PDK X T T4 LA K A7 AR T,

3 TR B SRS ZE AT AR R RO E

PDKs5 HCCZ [MAFEH B VIR R, W9 RIR
PDKs [ %3 AU 7E HCCH R I H 578 R R IE K, JL
o PDK 1R PDK27E HCCH (1314 Ll , 1 PDK4[H)
FIE MR B3, X $E/R PDKs AT BEVE A HCC AR
YiksEY, FH T HCCH IR I, 3 i A6 ifn 5 5%
Y 29 PDK SR IEIKE, AT BT 100 v KU A
BT BT, 2R, LRI %5
X(hepatitis B virus X, HBx)J%: K 45 T HBx & H B8
R HCCAN 3G sE . iERE IR 28, Wi iniE HCC
(3 F B8, of HCC R 3 o 4H A I & B, HBx
R R R AR TR BB 28 BEAH O HCCH
e T W, HoA, —Fh R IR AR R HBx-128wF
FHBX R IR IL I 129~ 1 54 SRRV B 25, A EL T8
A HBx, HBx-128wH fEfiE it HCCAH MU 358 . T
R R 2208, BE LRI, 7E5 YeHBx-128w[f Huh?
4, PDK2MYERE B, iXH78 HBx & [ 7] LLiE
T 2 R i P 5 2R AR R AR R Th e, AT
EPDK2H - RIE, (E3FHCCHI R EPY, QINZEDS
FEHCCH bR A & BIPDK 4K # ik 52 N, itk
HEMPDK A A G R W] e SHCCHE R % IAH 0%, AibAl]
S A T 1 RNA TG PDRABHTRK, K
X AT 2 25 2 1 HCCAH MY 5 (BEL-7402F1 BEL-7404
SRR ETE . TR 2%, thAh, PDK4ARITTER
BT AR R AN R AR K . PDKARE [ 2 3
TENL T 2R R A S AL VBG4, {H7E BEL-740441
WO B PDKAEE [ A A b, R4
it /D B AELE ;) T 7E BEL-740240 0, PDK43E [
S8 T2 i AN G B A%, X Fl PDK4ER B 7E AR
YRR A 2 R T Re 5 H R e B, 4R
1M, BT PDKATEAH MR 1 B AR Th e i A B, 47
8t — B 50 K ] BH PDK A ) BAR I g fe LA ML
fillo microRNAZ —RHEAL b BEARSF /N7 T 3E
Ml RNA, £ K222 nt, microRNAH i 5 1 3 [A]
mRNAAHEZE A T 51 K — RV ED) S 52, and
] mRNA [ B2 5L HE mRNA B, M%) 3 4]
RIE AT AR I 4% . RS, miR-2141E iR
] R 7 B L K 2 5 2 PO iR B4, miR-
2147EHCCAH R R, it A M5 2 2= T A0 5%
AR A SRS, % IR PDRK 2 AR R PR 4 2

6(plant homeodomain finger protein 6, PHF6)& &
YA miR-214 1) ELHHE i, i — P T R AEHCC
FFmiR-2145 PDK2FIPHF6 1) %3k 5 A % it ik
fRPDK2 1] DL 3 FIHIHCCAI I R (1 i AL R, H
N PDK2BEWS 25 R dE A B T 5 BRrik 2 Ak, A
miR-214 1] DL 73100 3 I PDK 2 X 24 P 184 5 AL 7%
(M B VFZ A FE R B, EMTLE i 8 41 i 384 5 A0
TR REEEEMER, L BRRE 2 bR gl i bs
e N E-45 %5 5 1 (E-cadherin, E-Cad)#iA& N, 1
() 78 51 48 A e ) 0 o=~ IUVLEN 88 (a-smooth
muscle actin, 0-SMA)FKIA ™, M ik PDK2HT,
0-SMA KA K FEAK . E-Cad % iA/KF T, X%
JIF 24 L P 4 B AR 28 R D00 . X T T AR A,
miR-2 144 5 {0 HCCYH B 38 4 AT A% 1) 0 | &2 /D>
3 FEE _HARH T PDK 2 R i, (K, ¥E[APDK2
Wit & PDK 24l 71 0] B & — Bl 76 7 S
/NG ERARAEAR (small heterodimer partner, SHP) & —
Rl 3 S A IR 7, R S 5 A K i £
WA, AR, T IR ZE, AN
JFF 40 B 2t 1 DG B A ) P 7 1) SHPBE PR i
/N BRI ZH 4R R ILPDK4) 5 51 2 5 L B
(1) AR A, I HRIE N, 534k, PDK4LE A
Fe A2 R IA B3 T, X 3R IR KF I PDK4
EHCCHy# A o B, i A 2 W AL 7 Bl 4l 5
25 LR AL BE A 77 7T LA S HCCHH i & b PDK4
mRNAMRIL, thAk, 25 FEALFIE K T HepG2
Y i b PDK4EE A J5 2)) 1 1) F 4GRS, 1X 5 PDK4
mRNAZK- A — 2, i — P KB HCCH PDK4
()N 5 RE AL DUER B VI AR G BY, {E PDK 4R R
ZINERCFR,PFR U R 2 R R Y R G A R A
H DI, El. A2, DL A— S840 ¢ i 40 i Je 3 25 4K
S S AN A SR DR T E2F 1A 7KSF- 15 1, PDKARRAR
(1) HCCAH H 75 41 o Jo] 07 v ) gk e il P s R, 3 HL
FIE = KT B 40 R A B B R E2F L i — R A
JR I PDK 4 20 i J& 2 2 E 1T A2 B 00 A T
E2F1, 7£ E2F 1/ BRI R, 4 ) 9 25 1 B
ATA2 [ IE K 2 2 FRAIC; itk 4k, CHOINIEREAS B
X PDK4Y E2F 1 2 [8) ¥ 8 5T — 4 A s AH AR
HBEAT 7RI, (H R REIGUE T AT A A FLAE Y, X R LR
WA H PDKALT 3 AE Jy 1S 5 E2F 13 P I e 5%
¥, Al REH LA HAR R 2 538 B, xsegh i
7 B PDK 42 40 i J5 B — A B2 R, Btk
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AJ DL FE AT A 4 1) PDK AR 254, DL i g 4 3
SR HE 2 )R8 (33 JE . miR-1952 — AN 2 BF 9T )
microRNA, ‘&5 2 P s 2 V) 00, W 53R 1,
miR-1957E fFf 4 g 3R 08 F R BY. R LRI,
miR-195%% 44 FI| N\ JH- 41 Jf 58 45 #71i] PDK4 mRNA
FVEE AR 13RI, J0 e 0 P s s AT A%, e itk gn
MO T ; JE i TargetScan®lt ) 32 [K Tt & 8 PDK4 5%
miR-195 (1) B 12 A #E A5, X098 6 Z R 75 5256 12
7~ miR-195fE1% 5 PDK4 3'UTRIX 4R A 45 &, 164
miR-1951F A —Fh 415 microRNA, HEH#E [ 7 12 AT
AT PDKAFERBY, X SEHfF 5T $2 /R PDK 4 A i &
— P LE I IR I K 7. PDKsiE 5z HoAh bR
FER T R TE , 40 HCCHH L 2 38 5 28 AE 41 i PR 741
J& 2 M(oncostatin-M, OSM)3 5% HIF-1 5% 5% fll 2
ik, M-S HIF-118 75 PDK 1 /£ HCCAH il &+ (1) 3%
1%, R WIPDKI{EHCC I #2 Hh & 4 5 B4 A2,

R T2 e A — P oR) FH 0 2 B 4 D e = ) R AL 4
WA . AEESAEERIIE LT, TR R i 7
TR B A B 5 AL RSB A, HEN SRR 1) = SR IR G
Wl I AR RR 1L 7 2 ATP, B @ T FL R it &
B EEA N LR , T A R B A0 RS S A 1 R B8
% DA K LI 7= A= TR 388 ko Jiev g (90 2B K FNA73E 2K
B VI 20 i A DRURN g 400 ot DR 45 2 2 o O p
fif AFAE FH ) 254 550 Y 0 0 1 48 A e 267 0 11 1
WAIMAR L, BT AR R B R R, RIS
AR, oo 4 Bt 2 I T A N 2 0 O
FCLIR, IX A2 T8 BIIRAE # (Warburg) 8, 1X 72
R T g R 240 A Hp e R B B iR R 2 — B0,
i FL R I, HCCH ZIME A b PDK 1A PDK 2 [ i Wi
= P o w1 1 I e R e i
T BEAS 7 IR R 7] O Wi I AR A FR, 3T
JIe 928 240 e B s R FH B PR A A SR I R &, T ik
N RGBT EACE IR b o X PRI AR b AMY
VAR EPRAE T A R R, IR A i A KRN S B
BET TR AR AT M. SRS T A PR A DG R
filf PDK 118 /K- Ty, ik A il PDK XS i
BEACH AT B YA, 1o i 40 B 1 AR I ASE 2 1
i, /- SEMTREFE R AR, Shom i a2 28 515
e, BET L BE e e ¥ ; Gl I H1HIPDK 1, W] LAY
PR A, P EMTIE AR R A, BT 968 400 it 1)
fRFL5TREE), M %R, UL ERE PDK1#E
A S SRR 2S5 IEB B, XU%EK

P 2 4 PDK 1A 3 1 R B AR T4 T 1R i
UG IR AL K, TR R R 5t S T 1 11 1 SR AR
HCCHH i (1) AQ U m] A B R A ek, 2 BRI T
PRSI I AN SR AR S FRL AL FRAIS, AT T T Z kAR AL
T8, 35 MR 4 B R c b A R I 2 A A o
HE— DI PG caspase i T BYDFEA (LIT Z0)
F5 LR T BT 1 D bR 20 P AT AR I e R
oSSBT T 4> 7, PDKLRE B R 1b TR I R i L
ElailV g ) Ser232 5, FELPDCKIT, KiF A
W 1% it Sl TG V2 A A TR B R B Ak R e i Bl A, A
T BELLE P AR E N =R IRIGFA ). 11T 5 2, PDK1
A B A ) AT T R ) A AU 1 4 ) e AR
W, Pt PDK 1A B2 £ HCCAR M E AT I8 97
() — PR FE SRS o A U M s e 4 L A A R A 1)
WFRE TRV, AR I R = 1) JH e 4 i e 4
FRAH ) L 52 {4 a(retinoid-related orphan receptor-a,
RORo) [k 7K 7 i 25 38, R s 5 A 3 10
RORaT #IA B RORoIIE 77 SR1078 1] @ it F il p21
a1 e 20 Pt 2R R PDK 2 B 22, 40 A R S g
BRI A, AT 8 i 400 e AR I 428 A S0 B I
AN TCAS F AL B R AL, 5 80E % (reac-
tive oxygen species, ROS) 4 B [NADP]/[NADPH]
AELIG N, T U0 ) P 4 L ) 36 5 b A/ R IRLALE S
PR A AT b F PDK 2 ] A s A= B8, F
PR A Sy 2 1070 2 WA QU =40 L % TR i R A i
fige P O B ) LE PDK 2 B J A6 pl B k2>, 38 i
PDK2 A LLFB 43 401 HCCAH A f AR B, 1% BB R 5%
KW, K PDKsHE Ny —FloH iR 7 8 RO g ALk
1T E YL T e — P AU SR s . — LB TR
B, TR 24 4 3 5 28 AL HE LR K P T s, R B AR X 28
JEE R, Warburg R8N AT 55 4097 1 24 M Ao
AR, w5t R B PDK4AR -5 407 i 25 P A7 A
SRHK, {5 FHPDK 44 1| 71 ] 1 4% P AR HCCAH L 2 % &
FrAEJE BREH 0 A0 i 225 1 10 AR 3 5 i )
96 20 B A ST 2 K AR A BE UK, b Ah, U A
1 HCCHH A (R AU G FEHE B B, Rk, fby7 45 &%t
Xof JiJe 4 A (97 VA T REAEVR YT HCC T T RH B
Kk 7.

AR J5 181 V5 & I PDK 1 iy 2% 2 1 i Jeg 52 ik
BT, AR R SR P # B8 ¥ PDK 1Rk
LU TG 7% B, IR AU (R A0 B8 3% 1) PDK 1R
B ARRIE B &Y, PDKIFE RIE 5MILE R
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O A7 AR S Bk, Ui B A2 JE 2 VPl HCC &
HH ST ARUIBR SR IG M6 97 5 TS 1 ol — A
KegFatr e, PDKIME HCCH & # ik nl R 2 i
A N R AE KR 7 1Rk, AT i3E HCC R If 7 A=
Ji, HCCI LA AR R e 4 A% FH B R ) B B TR
HE5HCCHITIEFHK. /& GEPIAKHE ', Kaplan-
Meier4)#7 {2 7~ PDK 4R = 3215 5 HCC & 3% 1) S AR A=
EREIEAIE, R W PDK4 AT RELE 705 3F JE Hh &k 4%
R e B AE A I VE B, Rk, s 418 PDK AN
PDKA4 1) FRIE A, ] DMEAPFHAEHCC & 2 15 2k
FVEIT OB B AR bR

4 INESRE

PDK STEZI i 1) fE S AR K A= )& BOL F b %
YESHEAE T, 3 i U 45 T R PR 6 Ak R 2 Tk i g
ARIBAR, 52 =R ERE M A1 A AL B R 10 1) P 1 .
HoAARR L, PDK s i B4 R A4 P T 19 Jid S0 E 1ol 2,
I P R R e N = SR ERAE IR, AT (I i35 W TR AR A2
IXAEEA S T IC NI R, HCCYN AR 75 1 50 03 e
PLIRELAE R . PDKIFIPDK27/E HCCLH 4URE A i
I, TTPDKAN T, o H AN R 1) 2 DR s AR
TXPRAN P47 1T e 5 S50 R AU R G B 1) S, Ak
HCCHIKRJ&. b4, PDKIK Fi 540 i EMTid f2
FYIMOE, H EMT I F238 % 1B 4 s 40 fiL A2 #n
2RI R . EEVAIAE N, HCC4H MY A PDK 1
(180 b R A A T B B A AR, X — i RS HCC At L
e 16 AN W 3R 15 e & 28 B W0 & BB 7 T BT AR )
Jii . PDK4[M) N5 RMEALHLE] 2 DIFHOC, TLHE
Y EE B A DNA R AR ZS B8 ] BEXF PDK 4
FIA A E B X AR 7 3T B S R A
928 240 LR AR AR PR AS 2 3 B R 7). PDKASE4H
JeL R A R i A, A ORI —, R
VA AT RE - S0t M S A i e 4%, R EHCCI K R
PDKs ) #1514 52 FmiR-2 14 A1 miR-195% microRNA
FROR T, B I S B ) PDK 240 41 41 B 488 A AT A%
J5 & WM PDK4 . X — R HLE R E HCCHI K
REILFEH , microRNARBEWEAE N T2 7, @it #E
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