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Progress in regulation of activity and stability of ubiquitin protein
ligase MDM2
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Abstract: The ubiquitin protein ligase (E3) MDM2 (Murine double minute 2) possesses oncogenic activities. Overexpres-
sion of this protein enhances degradation and inactivation of the tumor suppressor p53. At least 7% of all human tumors
exhibit inappropriate amplification of mdm2, whereas p53 gene remains in its wild-type configuration. This indicates that
MDM2 may function in the p53-independent manner to promote tumorigenesis. Considering the critical role of MDM2, this
review summarizes the current mechanisms and progress on MDM2 regulation in levels of gene control, mRNA transcrip-

tion, post-translational modification, and interaction proteins.

Keywords: MDM2; p53; oncogene; post-translational modification; protein interaction; Ub-mediated degradation

1 MDM2 p53 p53 ,
p53 mdm?2
1.1 MDM2 p53 ’ 053" mdm2-'-
MDM2(Murine double minute 2, () MDM2  p53
HDM2) RING(Really interesting new 10% mdm?2
gene) , p53
p53, MDM2 (21
r#5 B #8: 2009-04-02; &[5 B #3: 2009-06-03
EE&TR: ( 30830029, 30800177) “* i ( :2007CB914601)
TEHE N (1982-), , Tel: 010-66931228; E-mail: nnjj2002@163.com

BiEE: 1976-), R R Tel: 010-66931216; E-mail: zhanglq@nic.bmi.ac.cn



994 4 f{ HEREDITAS (Beijing) 2009 31
1.2 p53 MDM?2 PML  GAL4-CBP (i
- 2 , PML MDM2 MDM2
, MDM2
o, ’ 7:% 053 MDM?2 021 521 ps3
mdm2 4 ’ p33
40 mdm2 , MDM2
53 ’ MDM2 p21 p21 C8
P53 (5] p21 , p21
MDM?2 ’ p33 ’ :
253 MDM2 [1553
1.2.1 AR A E IR
1.23 @lsntuifiz
DNA M/R/N(Mrel1/Rad50/Nbsl)
DNA Numb  Notch s
’ ’ MDM2 Numb Numb
[6] DNA , M/R/N ’ "
ATM  DNA , ATM MDM2 - Numb
, Nbsl H2AX p53 MDM2 MDM2 Numb
, DNA N ’ ’
Bouska MDM2  Nbsl , p33
MDM2 ATM 1.2.4 DNA 4515 2 iE ¥
; DNA Tip60 ., DNA
; MDM2 pS3 DNA 051 Tip60 ~ MDM2
, MDM?2 ’ ’ Tip60
DNA M/R/N [16] . MDM2
p33 ps3 , Tip60 ,
MDM2 ; p33 , MDM?2
MDM2  Nbsl ps3
1.2.2  mhe)E #iEds , MDM2
pS3 , pRb(Retinoblastoma 1) ’
DNA
MDM2 pRb , pRb . MDM2 ’
) E2F1/DP1,  pRb G//S MDM2
MDM2
E2F1/DP1 E2F , DNA
, E2F1/DP1 ,  MDM2 MDM2
E2F1/DP1 ’
i G-S [10]
PML MDM2 , mdm2
ps3 , MDM2 PML . mdm2



10 : MDM2 995

(SNP) (SNP309), , MDM2  p53 ,
T G , Spl  mdm2 MDM2 261 300
, MDM?2 RNA MDM?2, MDM?2
, p53 ; , BT 3)
(n G Li-Franmeni : PCAF(p300-CBP-associated factor)
, , PCAF E3 ,
, SNP309 MDM?2
[18~20] (28] Hausp(Herpes vi-
3 rus-associated ubiquitin-specific protease) MDM2
mdm2 12 , p53 1 (4
MDM?2 p53 , MDM2 SUMO ,
p53 , E3 [30] , MDM2
, MDM2 ,
p53 R p53 )
p53-MDM2 MDM?2 5 MDM?2
P1 p53, , MDM2
P2 p53 , , MDM2
p53 mdm2 (21 E3
, PTEN(Phosphatase and : ()MDM2 :
tensin homolog deleted from chromosome 10) , pl4*RF MDM2
P1 MDM2 mRNA (22] , MDM2  p53
B3 ARF  MDM2
4 MDM2  p53
MDM?2 > ; >
/ (1) , L11 L5 MDM2-p53
DNA , pS3 , MDM2  p53 s p53
MDM?2 , MDM?2 )
p53 DNA ps3 L5 LIl MDM?2 [32.33]
/  MDM?2 , ATM MDM?2 (2)MDM2 /E2 : Gankyrin
Ser395 , II ( 237-260) Daxx PACT/RBBP6 MDM2-p53
, p53/MDM2 , , MDM2 p53
MDM2  p53 (23] WIP1 34361 TSG101 p53  MDM2,
MDM2  Ser395 , MDM2 MDM2 ,
, p53 [24] , AKT / TSG101  Ubc E2 ,
MDM?2 Serl166/186 , MDM2 , MDM2
MDM2 , MDM?2 p53 BT (3)MDM2
p53 251 () . CBP MDM2 MDMX(  MDM4)

(CREB-binding protein) MDM2 RING  MDM2-p53 , MDMX p53



996 i f# HEREDITAS (Beijing) 2009 31
p53, MDMX MDM2 , P53
, MDM2 RING 2, ,
MDM2/MDMX MDM?2 pS3
MDM2 , (1) MDM2  ;(2)
MDM?2 , MDM2 p53 MDM2 ;(3) p53-MDM2
[38, 39] MDM?2 [43]
RING C E3
[40, 411 MDM2-p53
MDM2 , ,Nutlin3  MI219 p53  MDM2
, MDM?2 , MDM2
DNA . MDM2  p353
,ATM ARF MDM?2 p53,
, MDM2  p53 Nutlin3  MI219 p53
, Gankyrin Daxx (43, 44]
MDM2-p53 MDM2-Hausp 7
, MDM2
MDM2 DNA
MDM2 p33 ,
1 b
6 MDM2 ’ ’
p53
Genotoxic | HDMX ‘ ‘ Hausp l | TSG101 ‘
stimuli (ATM)
AKT

oo |

p300

r =~
: -

A

:
./

Ubiquitination

/

L5,L11

PTEN

Daxx

Y

Gankyrin

PACT pS3

1 MDM2 iF#EMEREE

\® \_,
4

Transactivation

OXO;
/@




10 : MDM2

997

MDM2

, MDM2

£ % 3L ik (References):

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Kubbutat MH, Jones SN, Vousden KH. Regulation of p53
stability by Mdm?2. Nature, 1997, 387(6630): 299-303.
Ganguli G, Wasylyk B. p53-independent functions of
MDM2. Mol Cancer Res, 2003, 1(14): 1027-1035.

Vargas DA, Takahashi S, Ronai Z. Mdm2: A regulator of
cell growth and death. Adv Cancer Res, 2003, 89: 1-34.
Momand J, Jung D, Wilczynski S, Niland J. The MDM2
gene amplification database. Nucleic Acids Res, 1998,
26(15): 3453-3459.

Fakharzadeh S, Trusko SP, George DL. Tumorigenic po-
tential associated with enhanced expression of a gene that
is amplified in a mouse tumor cell line. EMBO J, 1999,
10(6): 1565-1569.

Stracker TH, Theunissen JW, Morales M, Petrini JH. The
Mrell complex and the metabolism of chromosome
breaks: the importance of communicating and holding
things together. DNA Repair (Amst), 2004, 3(8-9): 845-854.
Alt JR, Bouska A, Fernandez MR, Cerny RL, Xiao H,
Eischen CM. Mdm2 binds to Nbsl at sites of DNA dam-
age and regulates double strand break repair. J Biol Chem,
2005, 280(19): 18771-18781.

Bouska A, Lushnikova T, Plaza S, Eischen CM. Mdm2
promotes genetic instability and transformation inde-
pendent of p53. Mol Cell Biol, 2008, 28(15): 4862-4874.
Xiao ZX, Chen J, Levine AJ, Modjtahedi N, Xing J, Sell-
ers WR, Livingston DM. Interaction between the retino-
blastoma protein and the oncoprotein MDM2. Nature,
1995, 375(6533): 694-698.

Loughran O, La Thangue NB. Apoptotic and growth- ro-
moting activity of E2F modulated by MDM2. Mol Cell
Biol, 2000, 20(6): 2186-2197.

Wei X, Yu ZK, Ramalingam A, Grossman SR, Yu JH,
Bloch DB, Maki CG. Physical and functional interactions
between PML and MDM2. J Biol Chem, 2003, 278(31):
29288-29297.

Bernardi R, Scaglioni PP, Bergmann S, Horn HF, Vousden
KH, Pandolfi PP. PML regulates p53 stability by seques-
tering Mdm?2 to the nucleolus. Nat Cell Biol, 2004, 6(7):
665-672.

Zhang Z, Wang H, Li M, Agrawal S, Chen X, Zhang R.
MDM?2 is a negative regulator of p21WAFI1/CIPI, inde-
pendent of p53. J Biol Chem, 2004, 279(16): 16000-16006.

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

(23]

(24]

[25]

[26]

Yogosawa S, Miyauchi Y, Honda R, Tanaka H, Yasuda H.
Mammalian Numb is a target protein of Mdm?2, ubiquitin li-
gase. Biochem Biophys Res Commun, 2003, 302(4): 869-872.
Ikura T, Ogryzko VV, Grigoriev M, Groisman R, Wang J,
Horikoshi M, Scully R, Qin J, Nakatani Y. Involvement of
the TIP60 histone acetylase complex in DNA repair and
apoptosis. Cell, 2000, 102(4): 463-473.

Legube G, Linares LK, Lemercier C, Scheffner M,
Khochbin S, Trouche D. Tip60 is targeted to proteasome-
mediated degradation by Mdm2 and accumulates after UV
irradiation. EMBO J, 2002, 21(7): 1704-1712

Bond GL, Hu W, Bond EE, Robins H, Lutzker SG, Arva
NC, Bargonetti J, Bartel F, Taubert H, Wuerl P, Onel K,
Yip L, Hwang SJ, Strong LC, Lozano G, Levine AJ. A sin-
gle nucleotide polymorphism in the MDM2 promoter at-
tenuates the p53 tumor suppressor pathway and acceler-
ates tumor formation in humans. Cell, 2004, 119(5):
591-602.

Bond GL, Levine AJ. A single nucleotide polymorphism in
the p53 pathway interacts with gender, environmental
stresses and tumor genetics to influence cancer in humans.
Oncogene, 2007, 26(9): 1317-1323.

Sun YF, Leu JD, Chen SM, Lin IF, Lee YJ. Results based
on 124 cases of breast cancer and 97 controls from Taiwan
suggest that the single nucleotide polymorphism (SNP309)
in the MDM2 gene promoter is associated with earlier
onset and increased risk of breast cancer. BMC Cancer,
2009, 9: 13.

Han JY, Lee GK, Jang DH, Lee SY, Lee JS. Association of
p53 codon 72 polymorphism and MDM2 SNP309 with
clinical outcome of advanced nonsmall cell lung cancer.
Cancer, 2008, 113(4): 799-807.

Wu X, Bayle JH, Olson D. The p53-mdm-2 autoregulatory
feedback loop. Genes Dev, 1993, 7(7A): 1126 J.1132.
Chang C, Freeman DJ, Wu H. PTEN regulates mdm2 ex-
pression through the P1 promoter. J Biol Chem, 2004,
279(28): 29841-29848.

Blattner C, Hay T, Meek DW, Lane DP. Hypophosphory-
lation of Mdm2 augments p53 stability. Mol Cell Biol,
2002, 22(17): 6170-6182.

Lu X, Ma O, Nguyen TA, Jones SN, Oren M, Donehower
LA. The Wipl Phosphatase acts as a gatekeeper in the
p53-Mdm?2 autoregulatory loop. Cancer Cell, 2007, 12(4):
342-354.

Mayo LD, Donner DB. A phosphatidylinositol 3-kinaseyAkt
pathway promotes translocation of Mdm2 from the cyto-
plasm to the nucleus. Proc Natl Acad Sci USA, 2001,
98(20): 11598-11603.

Wang X, Taplick J, Geva N, Oren M. Inhibition of p53
degradation by Mdm2 acetylation. FEBS Lett, 2004,



998

i f# HEREDITAS (Beijing) 2009

31

(27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

(36]

561(1-3): 195-201

Zeng SX, Jin Y, David T, Lu H. The acetylase activity of
p300 is dispensable for MDM?2 stabilization. J Biol Chem,
2003, 278(9): 7453-7458.

Linares LK, Kiernan R, Benkirane M. Intrinsic ubiquitina-
tion activity of PCAF controls the stability of the onco-
protein Hdm2. Nat Cell Biol, 2007, 9(3): 331-338.

Li M, Brooks CL, Kon N, Gu W. A dynamic role of
HAUSP in the p53-Mdm2 pathway. Mol Cell, 2004, 13(6):
879-886.

Buschmann T, Lerner D, Lee CG, Ronai Z. The Mdm-2
amino terminus is required for Mdm2 binding and
SUMO-1 conjugation by the E2 SUMO-1 conjugating en-
zyme Ubc9. J Biol Chem, 2001, 276(44): 40389-40395.
Zhang Y, Xiong Y. Control of p53 ubiquitination and nu-
clear export by MDM2 and ARF. Cell Growth Differ, 2001,
12(4): 175-186.

Lohrum MA, Ludwig RL, Kubbutat MH, Hanlon M,
Vousden KH. Regulation of HDM2 activity by the ribo-
somal protein L11. Cancer Cell, 2003, 3(6): 577-587.
Horn HF, Vousden KH. Cooperation between the ribo-
somal proteins L5 and L11 in the p53 pathway. Oncogene,
2008, 27(44): 5774-5784.

Masuda T, Dawson S, Fujita J. The oncoprotein gankyrin
binds to MDM2/HDM2, enhancing ubiquitylation and
degradation of p53. Cancer Cell, 2005, 8(1): 75-87.

Tang J, Qu L, Zhang J, Wang W, Michaelson JS, Yang X.
Critical role for Daxx in regulating Mdm2. Nat Cell Biol,
2006, 8(8): 855-862.

Li L, Deng B, Zhang L, Yang X, He F. ACT is a negative

regulator of p53 and essential for cell growth and embry-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

onic development. Proc Natl Acad Sci USA, 2007, 104(19):
7951-7956.

Li L, Liao J, Ruland J, Mak TW, Cohen SN. A TSG101/ DM2
regulatory loop modulates MDM2 degradation and MDM?2/
53 feedback control. Proc Natl Acad Sci USA, 2001, 98(4):
1619-1624.

Singh RK, Iyappan S, Scheffner M. Hetero-oligomerization
with MdmX rescues the Ubiquitin/Nedd8 ligase activity of
RING finger mutants of Mdm2. J Biol Chem, 2007, 282(15):
10901-10907.

Linke K, Mace PD, Silke J, Day CL. Structure of the
MDM2/MDMX RING domain
dimerization is required for their ubiquitylation in trans.
Cell Death Differ, 2008, 15(5): 841-848.

Poyurovsky MV, Priest C, Kentsis A. The Mdm2 RING do-
main C-terminus is required for supramolecular assembly and
ubiquitin ligase activity. EMBO J, 2007, 26(1): 90-101.
Uldrijan S, Pannekoek WIJ, Vousden KH. An essential
function of the extreme C-terminus of MDM2 can be pro-
vided by MDMX. EMBO J, 2007, 26(1): 102-112.

Ventura A, Kirsch DG, McLaughlin ME, Tuveson DA,
Grimm J, Lintault L, Newman J, Reczek EE, Weissleder R,
Jacks T. Restoration of p53 function leads to tumour regres-
sion in vivo. Nature, 2007, 445(7128): 661— 665.

Chéne P. Inhibition of the p5S3-MDM2 interaction: target-
ing a protein-protein interface. Mol Cancer Res, 2004,
2(1): 20-28.

Shangary S, Wang S. Small-molecule inhibitors of the

heterodimer reveals

MDM2-p53 protein-protein interaction to reactivate p53
function: a novel approach for cancer therapy. Annu Rev
Pharmacol Toxicol, 2009, 49: 223-241.

it 44 &40
PRI S ERYIRE AR

Bl RGNS E H ARG, @) BB S ARG ARAE R, N8 U SR G R, 2 R A8
ANBTFAINET RO WG S5, RELZI—T, ZRZEFAGTEFTX? 25T AMEAR LN ?

(Acanthocytosis)

> >

, MTP APOB  VPS13A

4q22-q24 2p24

>

921 :

T )



