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[ Abstract] p53 is not only a tumor suppressor but also a transcription factor which involved in regu-
lating different kinds of reaction. The expression of p53 is a kind of nucleoprotein which can activate or in-
hibit a variety of down-stream gene's transcription. Because of different kinds, states, environment of cells,

and the state of p53 expression in cells, p53 participates in a variety of cellular pathways to regulate glucose
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metabolism, lipid metabolism, energy metabolism, even metabolic disease.

[ Key words] p53; Glucose metabolism; Lipid metabolism; Energy metabolism; Metabolic diseases
Fund program ; National Technology R&D Program for the 12th five year plan(2012BAK25B00)

pS3 &Y B SR SR A 1, 38 1o T B
I HERE DN B9 R, 989 4% Bl R RSO . DNA 54473 |
AR T D S DR AR SR AR L IR AR I
55 TH R S A A D R IR A5 2 R pS3 , pS3
BT T e A o1k 2 (DNA 252 BHL 1E 05
PR LA TR 5 A0 M P S A B R T R
M I o & B, p33 i 2ok 5 2 Rl AR iR A2, 42
AR IR e R R P R A 1 A L BRI T SR 1Y
F LR A S A I A QI R 1 1, A BT
ANMLAAT TG o pS3 %4 HE R S e I 1 1 I E 408 6 i HL
5 LR R i A A LA T S SE R RAL | Tk
PRI N, [T pS3 i PR 5 . pS3 BHIRJS B B M A
AR AL M 2 AL, b f Rz Rk Rz R

DOI.10.3760/cma. j. issn. 1673-4157.2017.04.012

PE BT :116001 K34 K2 B JE v L B 5 P9 43 s BE (332595
SRR T, BE) 5116622 R R4 BE 2 (TR 24 )

WAEVEE  Bii% , Email ; duanwei34@ hotmail. com

HIEAL Bl AL R AL  ADP RO 5610 0 IR RS fi
ML AN I, I SE B B i S5 pS3 A At 2 Fif
S G AT A0 7 4E RS pS3 AR E M K
FeA o pS3AMLAE AR ML TS 25 Fh PSPl B 4
P2 YA A il e e S AT 5
N, Z 5 IR RERCH, SRR
o B R HE AR R

1 p33 5HEHH

1.1 p53 SR MoA R AL pS3A LA i)
S M el e RS ) A A P i LA 3R A
PRI Qi A rh ke B AR o pS3ad 1 4L
e DR S D I A, 2 ot SR AR IR A, O 1T L 1
e 200U B 5 pS3 i DA 5 A2 Bl it 2 i fE 2 2 i 15
fift X 55325 ZFh AN [ i) 40 e AT G, pS3i
LI — R F R A R A 0 P R ik
KM EAE . pS3RERSIE IMAN (3R C S AL
2(SCO2) AT ML 2 (GLS2) \pS3 i ML I 7315



[ P Yo R i 227 2017 4E 7 A5 37 %55 4 ] Int J Endocrinol Metab, July 2017, Vol. 37 ,No. 4 - 263 -

BRI E M (GLUT) 1 GLUT4 iR 8 14 53
75 SRR AN 40 0 T 2% (TIGAR) 93 3%, I
DT R A A 5 Y 08, TR

TER ARG = B I, 20 JAZ B 1) S SR R I
Bl LA pS3 AR 45 4, U0 pS3 A 45 HAR 4 o
g 200 7 S I 4 I, 40 A A 1 £
i 412 HE GLUTL 1 0 4 38 Al 1) 26 32K, 0 4k pS3 1) 3%
P pS3 3 TR A T 2 S
HEN RGN CBERG A TIAZILER™ . S 4h,
pS3 ] i GLS2 , I AiE 1 75 G e e 2 1k 45 R
380 =R BRAE IR AR ) BRI R R A
AR
1.2 pS3 SWERICHIRE  BEFRR AR AR i
i FE R ENADPHY — > 56442, TINADPH S 4
AR, XA DR G R A B A T R
JRAR KR EE, — 5, pS3 K il i3 15 F TIGAR LA
SR U/ ML TN 2, 6- IR SR M A VIR R, AR ARG
T SR 1 0 P, TR (0 3 A T 1S M
AR, EL BB A A0 A 3T M SR 14 A K B
HEAL R OAE S AR T L B I, DR R
W T2 200 6 PR, pS3 T 388 2o 410 ) 4 240 -6 - 2
SUBE(GOPD) F 3% P T 2 5 9 1 Wl i IR 42, U
F B O R AR Y B
1.3 pS3 SEEEIRE B SR IEE-3 (GSK3) 5
BRI OC, 2 5R5 mh B A 2R AT N
PR 0 452 2 ol 1) g B/ B A ps3
BEAE AT GSK-3 By ACE . BFgE B, /s BUFE W 9k
Bl B LB I, S vk B ARG, pS3 W 1R 1k 14
T, 2 W pS3 S p IR 2 6] Al REAEAE (S SR . BF
GRS LRI I, pS3 L SRR R AL IS |
22 ZL AR [ A ( B) p38 22 4 J5IE  A 11 i
BETR L , 3 TR AN A QO - A I 2n A LR
I 3.Ca®* AMP/ATP Hf5) JHPEEHE s DB
1.4 pS3 S5WESE HIATHIRAZS 2t B A
IR M WS A LR A 4 U A A A
SeR 4R, pS3TEHFL AN S SRR
U A AR RIS R 05 8T T S5 2, R o 2 0
AL, AEFE AR N B A . pS3— T 1T L 175 b
S AR IE N GOPC | PCK2 [ 43K , LI BOWH 5726 A %
1 GK AQP3 AQP9 . GOT1 [y 4 i, 2 5 i T i 5

N S5 T, pS3 BE SIS MR NAD T I 2, T
M SIRTOFE K ) %38, J5 3 5 R HER 1 1 AHEAE
AR SCRHERR 1 B S BEAL R 5 72 KT BRI
Tl i i e 2 PR 2 2 SRt 1 R0 o 2 9 -0 - 8 Il 1
Rk MR . BATRERGE, pS3TH LI g
B ok ThBEZTL, TR A
2 p53 SRR

P33 AU Z: 5 i 45 4 4 B A, 40 B i 5 S
AH G HE PR 1 e A A2 2E A DT R 1 o Al . pS3 BTG
P9 ARG A TR I, RN e A 134k,
P& 1 TR TR B 5 % 1l ( CPT) A9 Pk 5 I RE 1 hn £k
LA i 177 T 110 8 BB, 1 0 U0 5 s 7 7 A 5 AR Ak
Bt B AT B AR R S Ak N L R T A
PR LR AR EITF N, AR XURORLAR-p53 15 5 38
B[R] S 5 0 5 B B ka2 e B 4 b AL R
A, —J7 T pS 338 1 5 IS 2, 18 R 55 A2 it 1Y
Kk, B 5P SRR ELEERE . B —Jr T,
pS3FEIE A SRR R ILIN Feak , 5 it S A 5
PITEALSZ AR v PR IRIIE R -1 (PGC-100) FiliTt A AL
YIRS IS AL 2 1A o AHEAEF, 52 5 iR i iR
AL (e KT RIIE DT R A& T o pS3
REVE T R LA H SE % B2 1 . CPTIA FICPT1C 1Y R
Ik, RIBRAEU T BE R AL Tl 412 2 Bl 1D 12 DA 2ot S 1k 40 il
it ia AR IRE T4 AL, CPTLAE HERR T R 5 A
BEILE B s BRI TR L. LAk, pS3i55R:
2 (0 PASO AF2FI4F3 [ 3k , 412 HE R BE NG I R 14
o AR B ALY,

NEVIRR (14 & L5 2ENADPH, pS3 411 i NADPH 55
JI KRGO PD (1 I 1 , T 410 ) NADPH [ 7 A4z
HRZAMBINR TR AR o pS3 S8 st 1 o) 2]t 3
WIOCHESS A R E e B KK, W0 g b 2 1Y
A
3 pS3 SgeERig

pS3 A fERAR 7 IR T AR A, Bl o
HOFE[RSCO2 3445 41 My AT A5 48 DR, 3 HL B i 3
LUt R C EABEE Gk, FEARA EIF S
MIFE A i, P2 AR Z 1 ATP, pS3 AU S 501y
TIGAR P EE A , i H AL 25 877 SCO234 Jin A 41
P, 40 SR 240 ol = D i pS3 , IR 4 4 i 23 A R
I I 2 75 Ay M it o 240 AL i e AR R 42 1 L 4R



- 264 - [ PR Yo R i 227 2017 4E 7 A5 37 %55 4 ] Int J Endocrinol Metab, July 2017, Vol. 37 ,No. 4

RiR T35 5 BB . = RIRTESR AR L
SERTRAC T R , P M S LR SRR S . pS3 B
R S AR AT B AR, 55 A S 4 40
JF AR LRk A B , 7 RE RS2k R 2 B |
TR K A A N I PR SR 10 7 A, B 5 A A A
Wk BHoE il ps3 BE 5 1 T PGC-1a, Tfi
PGC-1aZ 5 #5 5 e A X A5 3T, AT
P LRk A M The ™ . A R URGE (2 pS3
TELRRL AR o — PR AB R A, T 5 55 R USE B2
F\F,-ATPS G 52 4 A ) — AN BB 23, X A A
A2 5 7 DA BT e 330 L7 A BT
J i ADP B4k >k ATP | pS3REASIEINGLS2 ) 3%
T, MR 25 2 R T e — T 19 7K, 388 50 2%
HBRIEIAE AT ATP 7=

2R 2 B S I B, 2Rk A rP IR U R 4
AL AR ATP 6 o B4R, T e i pS3 23 412 3 g 1 i
Bk, B HE XL AR 3P o RS- SOL Tl -
PS3TEE S5l 2 Ft) A X 24 il S A A S AR
HLIARE 32 5k =TT 375 G 07 200 6 2 A 7™ A 30 5 M s
2, E AR 42 A R A T R A e 75, £ IE 3
JINBRURFRE F B e = 2 S BOROM M R 38 A RN A
(9TE F, ST pS3 V5 TN LAl A JBOREEAY K15,
TE W A8 9732 BRI, pS3 REAS O k4 i 1R B, (R 46
21 11 F2 AL 17 L 4 I s
4 ps3 5 R

2 TR PR — Bl A G, R B A Q3
LSRN S SR, AT A St T ek 2k R
JEI T BRI 2, B 0 R0 5 B B AR )
Fe R ERAUA I 8 ZHEHE, TS B 40 i i A
IR 114 200 e 14 6 T o I 5 32 20 I I AR 32, o4 A
HEDRRAZS R LAB R 2 BOBE IR 0 & 0 L
VR T 2 B 7K ST 14 Ak 07 3805 | 440 T 48 Ak 45
R B B AR B P B 4 e L
i$p19/p53 . pl6/pRbF I P fz 40 5 3 , p53 . p16 1]
HE— A BF 2 1, B H 8 0190 5 R 2 B 98 4 14 Rb,
BELLE J5 37389 5, 56 ARG S5 [H 1 E2F $IEE N 5 5
AR A A5 AR I 2R ILAE R A L
DRSS B 20 T AE 750 5 DNA XUSE Wy 24 0
P53 5  AEL ELOR KL 4 AN AT o 200 S 0 3 3
Ak 5 VR TR 5 5 38 DNA BT 22\ pS3 45 5 [t

5 B AN AR S ROV A O L R B L
% 4 95 240 PN e e pS3siRINA -l A JpE 2 1
iAW IR e rp 3R, e DA A Qe 2 R AT A W B 1
I P4 8 BR A pS 3R AL , 000 Al v I X 4 L
TAE  HEA AR M A A7 SR s AR M A 1, A pS3 1
e R i AR

1 J LA o L5 G LA ) B A
Wr PRI 3R o pS37E BN ikoR B BE AL BE BT i 2 115 & 29
DT L LS I REE BEL L 0L - T JUL 0 1 S 3
BHRITE 240 JL P e 5 SR 4R, T pS3 1 R 2 I —
AR AT BE T 5 | N B 20 D RE 2L 5 AR AR
K- pS3 REMS AL DT A AL E N R 3k, BHLIE i i I
2R e OB TP o | ) A4 S S A L A ]
WK OF- TR LA P9 R AR R A A

g5 BRI, pS3 AU — Il i 18 4R S A 4
e AL T LA K2 DNA S B4 iR 4 i X, i 2
ST A AR  DNA B AN R T i
AAF Al I T A DR A TR A A 4 i
28l , I HiB 25 15 25 R R e ), 2 5 I T B
PR AR BE AU A S AP E SR . pS3
SR A PR [R5 (X B 5 | Ak F) S 0 ] g2 I
AR ML RN N OIR B0 e 240 B I A PR3 AS [R] 1T A
PIEANTR] AR AW IR pS 3 7 Al A Bk A FH 4
WAR, AT RE2: I R A 7 A S g TR 2 TR M
PR R i ILAE LA B DR 5 2 14 8t ok s Ao s A 412 £
BRI R

Z % X #t

[1] Ryan KM, Phillips AC, Vousden KH. Regulation and function of
the p53 tumor suppressor protein[ J . Curr Opin Cell Biol, 2001,
13(3) :332-337. DOI:10. 1016/S0955-0674 (00 ) 00216-7.

[2] DaiQ, YinY, Liu W,et al. Two p53-related metabolic regula-
tors, TIGAR and SCO2, contribute to oroxylin A-mediated glu-
cose metabolism in human hepatoma HepG2 cells [ J]. Int ]
Biochem Cell Biol,2013,45(7) :1468-1478. DOI. 10.1016/].
biocel. 2013. 04. 015.

[3] Vousden KH, Ryan KM. p53 and metabolism[J]. Nat Rev Cancer,
2009,9(10) :691-700. DOI: 10.1038/nrc2715.

[4] Contractor T, Harris CR. p33 negatively regulates transcription of
the pyruvate dehydrogenase kinase Pdk2[ J]. Cancer Res,2012,
72(2) :560-567. DOI: 10.1158/0008-5472. CAN-11-1215.

[5] HuW, Zhang C, Wu R, et al. Glutaminase 2, a novel p53 target

gene regulating energy metabolism and antioxidantfunction [ J ].



[ Ry o I AR5 2017 4 7 H 45 37 45 4 1)

Int J Endocrinol Metab, July 2017, Vol. 37, No. 4 « 265 -

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Proc Natl Acad Sci U S A,2010,107 (16 ) :7455-7460. DOI.
10. 1073/ pnas. 1001006107 .

Iwao C, Shidoji Y. Upregulation of energy metabolism-related,
p53-target TIGAR and SCO2 in HuH-7 cellswith p53 mutation by
geranylgeranoic acid treatment[ J]. Biomed Res,2015,36(6) :
371-381. DOI: 10.2220/biomedres. 36.371.

Xiao WJ, Ma T, Ge C,et al. Modulation of the pentose phos-
phate pathway alters phase | metabolism of testosterone and dex-
tromethorphan in HepG2 cells[ J]. Acta Pharmacol Sin,2015,36
(2):259-267. DOI: 10.1038/aps.2014. 137.

Jope RS, Yuskaitis CJ, Beurel E. Glycogen synthase kinase-3
(GSK3 ).
Neurochem Res, 2007, 32 (4-5): 577-595. DOI: 10. 1007/
s11064-006-9128-5.

Kim NH, Cha YH, Kang SE, et al. p53 regulates nuclear GSK-3

inflammation, diseases, and therapeutics [ J ].

levels through miR-34-mediated Axin2 suppression in colorectal
cancer cells[ J]. Cell Cycle,2013,12(10):1578-1587. DOI:
10.4161/cc. 24739.

Camera DM, Hawley JA, Coffey VG. Resistance exercise with
low glycogen increases p53 phosphorylation and PGC-la mRNA
in skeletal muscle[ J]. Eur J Appl Physiol ,2015,115(6) :1185-
1194. DOI:; 10.1007/500421-015-3116-x.

Tam BT, Siu PM. Autophagic cellular responses to physical exer-
cise in skeletal muscle[ J]. Sports Med,2014,44 (5) :625-640.
DOI:; 10.1007/s40279-013-0140-z.

Goldstein I, Yizhak K, Madar S, et al. p53 promotes the expres-
sion of gluconeogenesis-related genes and enhances hepatic glu-
cose production [ J]. Cancer Metab,2013,1(1):9. DOIL: 10.
1186/2049-3002-1-9.

Zhang P, Tu B, Wang H, et al. Tumor suppressor p53 cooperates
with SIRT6 to regulate gluconeogenesis by promoting FoxOl nu-
clear exclusion[ J]. Proc Natl Acad Sci U S A,2014,111(29) :
10684-10689. DOI: 10. 1073/ pnas. 1411026111.

Sahin E, Colla S, Liesa M, et al. Telomere dysfunction induces
metabolic and mitochondrial compromise [ J]. Nature,2011,470
(7334) :359-365. DOI: 10. 1038/ nature09787.

Liu Y, He Y, Jin A,et al. Ribosomal protein-Mdm2-p53 path-
way coordinates nutrient stress with lipid metabolism by regulating
MCD and promoting fatty acid oxidation[ J]. Proc Natl Acad Sci
US A,2014,111(23) : E2414-E2422. DOI: 10. 1073/pnas.
1315605111.

Assaily W, Rubinger DA, Wheaton K, et al. ROS-mediated p53
induction of Lpinl regulates fatty acid oxidation in response to
nutritional stress [ J ]. Mol Cell,2011,44 (3).491-501. DOI.
10.1016/j. molcel. 2011. 08. 038.

Goldstein I, Rotter V. Regulation of lipid metabolism by p53-
fighting two villains with one sword [ J ]. Trends Endocrinol
Metab,2012,23(11) :567-575. DOI; 10.1016/j. tem. 2012. 06.
007.

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Goldstein I, Ezra O, Rivlin N, et al. p53, a novel regulator of
lipid metabolism pathways [ J]. J Hepatol, 2012,56 (3 ) ; 656-
662. DOI: 10.1016/]. jhep.2011.08. 022.
Jiang P, Du W, Wang X, et al. p53 regulates biosynthesis through
direct inactivation of glucose-6-phosphate dehydrogenase[ J]. Nat
Cell Biol,2011,13(3) :310-316. DOI: 10.1038/nch2172.
Wang L, Jiang Z, Lei XG. Knockout of SODI alters murine he-
patic glycolysis, gluconeogenesis, and lipogenesis [ J ]. Free
Radic Biol Med,2012,53(9) :1689-1696. DOI. 10.1016/]. fre-
eradbiomed. 2012. 08. 570.
Li H, Jogl G. Structural and biochemical studies of TIGAR (TP53-
induced glycolysis and apoptosis regulator) [ J ]. J Biol Chem,2009,
284(3) :1748-1754. DOI: 10. 1074/ jbe. M807821200.
Wang DB, Kinoshita C, Kinoshita Y, et al. p53 and mitochon-
drial function in neurons[ J]. Biochim Biophys Acta,2014,1842
(8):1186-1197. DOIL: 10.1016/]. bbadis. 2013. 12.015.
Aquilano K, Baldelli S, Pagliei B, et al. p53 orchestrates the
PGC-1a-mediated antioxidant response upon mild redox and met-
abolic imbalance[ J]. Antioxid Redox Signal,2013,18 (4) :386-
399. DOI: 10. 1089/ ars. 2012.4615.
Bergeaud M, Mathieu L, Guillaume A, et al. Mitochondrial p53
mediates a transcription-independent regulation of cell respiration
and interacts with the mitochondrial F; FO-ATP synthase[ J]. Cell
Cycle,2013,12(17) :2781-2793. DOI: 10.4161/cc.25870.
Maddocks OD, Vousden KH. Metabolic regulation by p53[J].J
Mol Med ( Berl), 2011, 89 (3).237-245. DOI. 10. 1007/
s00109-011-0735-5.
Song Y, Wan X, Gao L,et al. Activated PKR inhibits pancreatic
B-cell proliferation through sumoylation-dependent stabilization of
P53[J]. Mol Immunol ,2015,68 (2 Pt A) :341-349. DOI. 10.
1016/j. molimm. 2015. 09. 007.
Yin Z, Fan L, Huang G,et al. The possible role of ribosomal
protein S6 kinase 4 in the senescence of endothelial progenitor
cells in diabetes mellitus[ J]. Cardiovasc Diabetol,2012,11:12.
DOI:; 10. 1186/1475-2840-11-12.
Tornovsky-Babeay S, Dadon D, Ziv O, et al. Type 2 diabetes
and congenital hyperinsulinism cause DNA double-strand breaks
and p53 activity in B cells[ J]. Cell Metab,2014,19 (1) :109-
121. DOI: 10.1016/j. cmet.2013. 11.007.
Wang K, Fu XY, Fu XT,et al. DSePA antagonizes high glucose-
induced neurotoxicity: evidences for DNA damage-mediated p53
phosphorylation and MAPKs and AKT pathways [ J ]. Mol
Neurobiol ,2016,53 (7) :43634374. DOI: 10. 1007/s12035-015-
9373-1.
Leblond F, Poirier S, Yu C,et al. The anti-hypercholesterolemic
effect of low p53 expression protects vascular endothelial function
in mice[ J]. PLoS One,2014,9 (3):¢92394. DOI. 10. 1371/
journal. pone. 0092394.

(WicHi H 191:2016-06-02)



