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ABSTRACT

The effect of PIG3 on the p53 stability

Lee Su Mi
Advisor : Prof. Ho Jin You, M.D., Ph.D.
Department of Bio material Engineering

Graduate SchooCbbsun University

The tumor suppressor p53 induces apoptosis ocgelk arrest in response to genotoxic
and other stresses. One of the most important aagsl of p53 is mouse double minute 2
(Mdm2), a RING domain E3 ligase that ubiquitinafgs3, leading to both proteasomal
degradation and relocation of p53 from the nuclteuthe cytoplasmiThe p53-inducible
gene 3 (PIG3) is a transcriptional target of p58 mnthought to play a role in apoptosis,
but its other functions are not clear now. In thisdy, we showed that knocking down
P1G3by siRNA decrease p53 levels and increase Mdmadeaad decreased the half-life
of wild-type p53 in several of the human cell ling@ghereas, overexperssion of PIG3
increase p53 levels and decrease Mdm2 levels. ®werssion of PIG3 inhibited
ubiquitination of exogenous p53 and enhance uli@atibn of exogenous Mdm2 in a
dose-dependent manner, whereas knocking down PYGEIRINA enhanced ubiquitination
of endogenous p53. Using a co-immunoprecipitatiesag, the interaction between

endogenous PIG3 and Mdmz2 is detected, it indideteRIG3 binds with Mdm2 in normal



condition. These results suggest that as the trigtisoal target of p53, PIG3 regulate p53

stability via it increasing ubiquitination of Mdm@hich decrease the ubiquitination of p53.

Keywords: PIG3; p53; stability; ubiquitination



[ .INTRODUCTION

The tumor suppressor protein p53 is a transcripthotor activated in response stress to

induce expression of its target genes. The protem®ded by these genes then mediate
multiple cellular responses, such as cell cycleestyrapoptosis, differentiation, cell
senescence, or DNA repair. In normal, unstressdfj ttee p53 protein is short-
lived(t¥2~20min), reflecting a rapid turnover thrdug ubiquitin-mediated
proteolysis(Mousden, 2002).The p53 protein is fitwa, and its levels increase in
response to various stresses, including DNA dam&ypoxia, and inappropriate
oncogene signaling(Giaccia & Kastan, 1998). Theudtion of p53 involves several
mechanisms including post-translational modificasio such as ubiquitination,
phosphorylation and acetylation (Giaccia & Kaste898).

Two proteolytic pathways have been implicated 3 pdegradation: the calpain
proteolytic pathway(Kubbutat & Vousden, 1997; Pamd al, 1997) and the ubiquitin
proteolytic pathway (Chowdary et al, 1994; Maki &t 1996). Ubiquitin is first
sequentially transferred through a series of uliigglystem enzymes, designated E1, E2,
and E3. The E3 enzyme then transfers the ubiquitihecule to one or more lysine
residues in the substrate(Scheffner et al, 199%)ltiMe ubiquitins are attached to one
another to form ubiquitin chains, and the multigusiinated substrate is degraded by the
26S proteasome. Proof that p53 is a ubiquitin-syderget came with the demonstration
of Wild type p53:ubiquitin conjugates in vivo(Magd al, 1996).

The mdm2 gene is a direct target of p53 transonali activity, and the MDM2 protein

then binds to p53 and blocks its activities as o suppressor and promotes its



degradation.(Freedman et al, 1999). The main plogital antagonist of p53 is the
MDM2 protein(Jones et al, 1995; Montes de Oca Lehal, 1995) which binds to the
amino-terminus of the tumor suppressor and catalifze addition of ubiquitin moieties to
lysine residues at positions 370, 372, 373, 3812, 3d386 at the p53 carboxy-
terminus(Nakamura et al, 2002; Rodriguez et al,020@953 ubiquitination exposes a
nuclear export signal promoting cytoplasmic relmoatand degradation by proteasomes
(Lohrum et al, 2001).By binding to the N-terminartscription domain of p53, mdm2
block p53’s ability to activate transcription(Kusgt al, 1996; Momand et al, 1992). This
interaction prevent p53 from activating its targgtnes and allows Mdm2-mediated
polyubiquitylation and degradation of p53(lwakumal&zano, 2003). The MDM2-p53
loop presents as a central regulatory point for ¢dalular response to a multitude of
environmental as internal stressors(Dai et al, ROMDM2 binds p53 under normal
condition and promotes its ubiquitination and sgobsait degradation by the proteasome.
In response to DNA damage, p53 is phosphorylate8eatl5 and Ser-37, preventing
MDM2 binding and thus stabilizing p53. The stalatizp53 can then promote transcription

of its downstream target genes, resulting in ggdlecarrest or apoptosis (Maki, 1999).



- DA damage
Phosphorylation + acetylation
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Fig.l Mdm2-depedent mechanism of p53 stabilization. Several mechanisms for
regulating p53 protein levels are depicted her@. igbubiquitinated within the nucleus by Mdm2
and possibly other factors, which leads to its ddgtion by the 26S proteosome either in or out of
the nucleus. DNA damage-induced upstream factansbé@ck this cascade of events by targeting
Mdm2 and p53. ARF and HAUSP represent antagonfskddm?2 in this process. The mechanism
of oncogenic activation of HAUSP and the role dfiestfactors including E4 ligases in Mdm2-
mediated ubiquitination of p53 are yet to be elatgd. 26S, 26S proteosome; ATM, ataxia

telangiectasia mutated; Chk, checkpoint kinasesfEa4igases; Ub, ubiquitination.



It has been shown that p53-dependent apoptosidvas/ahe induction of a series of
genes called PIGs (p53-inducible gene(s))(Polyakalet1997). Pig3 was originally
discovered in a serial analysis of gene expresstiotly designed to identify gene induced
by p53 before the onset of apoptosis and PIG3 iprageinvolved in the generation of
reactive oxygen species(ROS) (Polyak et al, 198figh are important downstream mediators
of the p53-dependent apoptotic response(Johnsaln E996; Li et al, 1999)-irst, PIG3xpression
precedes the appearance of ROS in p53-induceda@gepbecond, PIG3 shares sequence similarity
with numerou$NAD(P)H quinone oxidoreductases shown to be pdtehicerof ROS(Polyak et al,
1997). Third, certain p53 mutants capable of indgcell cycle arrest but not apoptosis retain the
ability to activatetarget genes such as the cyclin-dependent kinakiitor p21, but not
PIG3(Campomenosi et al, 2001; Venot et al, 1998).

In this study, We have now investigated the retesiop between PIG3 and p53. Our
results suggest that as the transcriptional tashpb3, PIG3 regulated p53 stability via it

increasing ubiquitination of Mdm2, which decredse tibiquitination of p53.



0. MATERIALSAND METHODS

1. Maintenance of Cell Lines

HEK 293T (Coriell Institute for Medical Researchar@den, NJ) were maintained in
Dulbeccds modified Eagles medium supplemented with 10% fetal bovine serliog),
units/ml of penicillin, and 100 mg/ml of streptomydInvitrogen, Carlsbad, CAHuman
breast cancer epithelial cell lines MCF-7 af@oriell Institute for Medical Research,
Camden, NJ) were maintained in RPMI-1640 mediumpkurpented with 10% fetal
bovine serum, 100 units/ml of penicillin, and 10@/ml of streptomycin (Invitrogen,
Carlsbad, CA). U20s was cultured in McCoy’s 5A nuealil0% FBS. HCT116(p53+/+)
HCT116(p53-/-) were maintained in IMDM medium sugpkented with 10% fetal bovine
serum, 100 units/ml of penicillin, and 100 mg/mlsifeptomycin (Invitrogen, Carlsbad,
CA). The cells were maintained in a humidified ibator in an atmosphere containing 5 %

CO; at 37°C.

2. Plasmid Constructs of PIG3

The human PIG3 cDNA was amplified by RT-PCR ushmgPI1G3 oligo primer: sense
5-ATGTTAGCCGTGCACTTTGACAA-3' and antisense 5€RA CTG GGG CAG
TTC CAG GAC-3' from human fibroblast GM00637 cellBhe amplified PIG3 cDNA
construct was inserted into a pcDNA3.1/ mammaliapression vector driven by the
CMV promoter (Invitrogen Life Technologies), andniomed the DNA sequence and

orientation.



3. PIG3-siRNA design, synthesis and transfection

Three target sites within human OGG1 genes wersethiyom the human PIG3 mRNA
sequence (Gene Bank accession number NC 000002} whs extracted from the NCBI
Entrez nucleotide database. After selection, eacbet site was searched with NCBI
BLAST to confirm the specificity only to the humd@iG3. The sequences of the 21-
nucleotide sense- and antisense-RNA are as foll®MS3-siRNA,5-AAA UGU UCA
GGC UGG AGA CUA-3' (sense) and 5-UAG UCU CCA GCCGB ACA UUU-
3'(antisense) for the PIG3tacZ siRNA, 5-CGUACG-CGGAAUACUUCGAUU-3
(sense), 5-AAUC GAAGUAUUCCGCGUACGUU-3' (antisens&r the LacZ gene.
These siRNAs were prepared using a transcripticedbanethod with a Silencer siRNA
construction kit (Ambion, Austin, TX) according ke manufacturer’s instructions. LacZ
SiRNA was used as the negative control. Cells viremasiently transfected with siRNA
duplexes using Oligofectamine (Invitrogen). The MR expression vector(pSilencer
hygro) for hOGG1 and a control vector were employ€de construction of siRNA-
expression plasmid was base on the pSilencer hygetor(Ambion,Texas,USA). The
vector included a human U6 promoter, a hygromyasistance gene. We purchased
synthetic oligo-nucleotides(Xenotech, Korea). Aftenneling, DNA fragments were
ligated into the pSilencer hygro. Cells were trantfd with the siRNA vector by using
Lipofectamine( Invitrogen. Carlsbad.CA). After tsfiaction with the hygromycin-
resistance vector, resistant colonies were growrthin presence of Hygromycin

( 200ug/ml) (Invitrogen. Carlsbad.CA).



4. Other Plasmids
myc3-p53, HDM2 and His6-ubiquitin fromere gifts from Chin Ha Chung, NRL of
Protein Biochemistry, School of Biological Scienc8soul National University, Seoul

151-742, Korea.

5. Western blot analysis

The cell were washed with phosphate-buffered s@iB8) and lysed on ice for 10
minutes in the M-PER mammalian protein Extracticagent (PIERCE) added protease
Inhibitor Cocktail tablet (Roch). After incubatiomxtracts were vortex for 5min and
centrifuged at 13000rpm for 15min. The supernateas$ diluted with 5X SDS-sample
buffer and boiled. After cellular protein concetitvtas were determined using the dye-
binding microassay (Bio-Rad, Hercules, CA), andg26tiprotein per lane were separated
by 10% SDS-polyacrylamide gel electrophoresis ($BSE). After SDS-PAGE, the
proteins were transferred onto Hybon ECL membraf@mersham Biosciences,
Piscataway, NJ). After electroblotting, the memiesawere blocked by 5% skim-milk in
Tris buffer saline containing 0.05% Tween-20(TB%U, MM Tris-HCI, pH 7.4, 150 mM
NacCl, 0.1 % Tween-20) at room temperature for Z2$i0lhe membranes were rinsed with
TBST and then incubated with appropriate primargybadies in TBST at £ overnight.
All antibodies used in this study are anti-humati-pB3 pAb, anti-p53-P(Serl5) pAb,
anti-p53-P(Ser20) pAb , anti-cleaved caspas-3 péiiii- cleaved caspas-7 pAb, anti-
cleaved caspas-9 pAb, (Cell Signaling Technologgni2rs, MA); anti-p21 monoclonal

antibody (mAb) (BD Phamingen, San Jose, CA); amk&mAb (Calbiochem, Darmstadt,



Germany); anti-a-tubulin mAb (BD Phamingen, SareJ&A); anti-PIG3(N-20), anti-Bax,
anti-Bcl2 (Santa Cruz Biotechnology, Santa Cruz,).CWe followed manufacturer's
protocol for dilution of all primary antibodies. #hmembranes were then washed,
incubated with the biotinylated secondary antibedil:4,000) in a blocking buffer for 2
hours at room temperature , and washed again.bldteed proteins were developed

using an enhanced chemiluminescence detectiomsys8tRON, Biotech, Seoul, Korea).

6. Immunopr ecipitation (1P)

Whole cell lysates were made in lysis buffer (50 ral@PES at pH 8.0, 150 mM NacCl,
0.5% Triton X-100, 0.5% NP-40, 100 mM NaF, 1 mM PM3 mM DTT, Ix complete
protease cocktail and 10% glycerol) and pre-cleaiglal protein A-G-coupled Sepharose
beads for 2 h. The lysates were then immunopratgatwith the indicated antibodies and
isotype-matched control antibodies plus proteinGASepharose for at least 4 h or
overnight. Beads were washed four times with lymiffer, once with ice-cold PBS and
boiled in 2x< loading buffer. Protein samples were resolved WYSFAGE and
transferred onto nitrocellulose membrane, which Wasked in 5% skim milk in PBST
and probed with the indicated antibodies. The fuilhyg antibodies were used for
immunoprecipitation and western blotting: Human Ndimmunoprecipitation, Ab-1 and
Ab-4 (Oncogene, San Diego, CA); human Mdm2 weshdotting, SMP-14 (Santa Cruz
Biotechnology, Santa Cruz, CA); p53 western blgtimd immunoprecipitation, DO-1 or
FL-393 (Santa Cruz); PIG3 immunoprecipitation andstgrn blotting, H-300 and N-

20(Santa Cruz Biotechnology, Santa Cruz, CA).

_10_



7. In Vivo Ubiquitination Assay

In vivo ubiquitination assays were conducted awiptesly described (33). Briefly, HEK
293 was transfected with combinations of the follayylasmids as indicated in the figure
legends: His6-ubiquitin (0.8 ug), myc3-p53 (0.4H#);MDM2(0.4ug), P1G3(0.4,0.8,
1.2ug) using Metafectene. For inhibition of prot@as-mediated protein degradation, the
cells were treated with 20 mM MG132 for 4 h beftravest. Forty-eight hours after
transfection cells from each plate were harvestad split into three aliquots, one for
immunoblot and the other two for ubiquitinationass For full down assay, Cell pellets
were lysed in buffer | (6 M guanidinium-HCI, 0.1 thditer Na2HPO4/NaH2PO4, 10
mmol/liter Tris-HCI (pH 8.0), 10 mmol/liteB-mercaptoethanol) and incubated with Ni-
NTA beads at room temperature for 4 h. Beads waashed once each with buffer I,
buffer 1l (8 mol/liter urea, 0.1 mol/liter Na2HPMEH2PO4, 10 mmol/liter Tris-HCI (pH
8.0), 10 mmol/literB-mercaptoethanol), and buffer 1l (8 mol/liter uregd1 mol/liter
Na2HPO4 /NaH2PO4, 10 mmol/liter Tris- HCI (pH 6.3L0 mmol/ liter (-
mercaptoethanol). Proteins were eluted from theddea buffer IV (200 mmol/liter
imidazole, 0.15 mol/liter Tris-HCI (pH 6.7), 30% /¢y glycerol, 0.72 mol/liter -
mercaptoethanol, and 5% (w/v) SDS). Eluted proteiase analyzed by immunoblot with
monoclonal anti-p53 (DO-1), anti-HA, or anti-MDM2SKIP14) antibodies. For
Immunoprecipitation, cell lysates were IP with gri3(DO-1), and detected with anti-

ubiquitin.

_11_



IIl. RESULTS

1. PIG3 controlsthe stability of p53 and Mdm2.

To determine whether the p53 and Mdm2 level is ggdl by PIG3 in wild-type p53 cell
lines, including a pair of human colorectal caron@HCT116 cells that are wild type
(p53+/+) and U20Scells were treated with the PIG3 small interferin/R (SIRNA).
Treatment for 24 hours resulted in a significantrdase in p53 level and increase in
Mdm?2 level (Fig. 2).Conversely, overexpression 83 ¥, level to an increase in p53 and a
decrease in Mdm2 level , in MHCT116(p53-/-)and HEX3Tcells (Fig. 3).

The effect of PIG3 on p53 steady-state levels tsdue to changes in their transcription
because PIG3 does not alter the abundance ohp88A in human HCT116 cells (data
not shown), but regulates the stability of p53 @irmtKnocking down PIG3by siRNA

decreased the half-life of wild-type p53HICT116(p53+/+), or U20S cell§ig. 4).

2. PIG3regulates p53 stability via ubiquitination pathway

To determine if the effect of PIG3 on p53 steadyestlevels is due to changes p53
ubiquitination, HEK 293T cells were transfectedhwitxpression DNAs encoding myc3-
tagged wild-type p53, MDM2, His6-Ubiquitin or catrsfected with PIG3 DNA. Lysates
from the transfected cells were immunoprecipitatéti an anti-p53(DO-1) antibody, and
the immunoprecipitates were examined with an adiibagainst ubiquitin, or immuno-

precipitated with NTA-Ni bead, and the immunopréeigs were examined with an
antibody against p53(DO-1). As shown in Fig5, ahhigolecular weight ladder of p53

species that are ubiquitin-p53 conjugates was dserin PIG3 transfected cell types when

_12_



myc3-tagged wild-type p53 was expressed with MDM8jcating that overexpression of
PIG3 decrease ubiquitination of p53 in a dose-dépethmanner. To conform the effect of
P1G3 on endogenous p53 ubiquitination, MCF7 and HIBT(p53+/+) silencing stable cell
line were treated with 20 uM MG-132 for 4h and waraalysed for p53 ubiquitination.

Similarly, knocking down PIG3 inhibited ubiquitinam of endogenous p53 (Fig. 6).

_13_



HCT116(p53+/+) u20s

si-Pig3 - + - +
P53 | - -
Pig3 | s -_—
Mdm2 | s e — —

a-tubulin | - -

Fig.2 PIG3 controlsthe stability of p53 and Mdm2 in PIG3 knocking down cells.
Effect of sSiRNA-mediated down regulationPfG3 on the steady-state levels of Mdm2 and

p53 in human cells. Lysates from indicated cells were agdlyg western blot.
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HCT116(p53-1-) HEK 293T

myc3-p53 + + + +
mock  Pig3 Pig3 .05 1 3
P53 PIg3 | o — — —
Pig3 —
MAM2 | e —
a-tubulin
A-tUDUIIN [— —

Fig.3 PIG3 controlsthe stability of p53 and Mdm2 in PIG3 overexpression cells.
Effect of overexpression mediated up regulatioRI&3 on p53 and Mdm2 level in human

cells. Lysates from indicated cells were analysedéstern blot.
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HCT116 p53+/+(sihygro)  HCT116 p53+/+ (sipig3)
CHX 0 15 30 60 0O 15 30

60’
mmwes - |

actin
U20s (sihygro) U20s (sipig3)
CHX 0 15 30 60" 0 1% 30
60’ . -
pS3

Fig.4 PIG3 controlsthe stability of p53. PIG3 modulates the half-life of p53.
HCT116(p53+/+), U20S cellwere treated with PIG3 siRNA and control siRNA. [€el

were cultured in the presencegfug/ ml CHX, and were subsequently analyzed by

Western blot.
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HEK 293T

p53 - + + + + +
Mdm2 - - + + + +
Ub - - + + + +

PIG3 - - - —]

NTA pull dawn
WB: p53(DO-1)

IP: p53(DO-1)
WB: Ub

A S s | Mdm2

input
T T W W W ——
—a— | Fic3

Fig.5 PIG3 regulates p53 stability via ubiquitination pathway in HEK 293T cell.
Overexpression of PIG3 affects ubiquitination ofgemous p53. HEK 293T cells were

transfected with increasing amount of PIG3. Twenty-fourdater, cells were treated with 20

uM MG-132 for 4 h and were analysed for p53 ubiquitination.
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HCT116 p53+/+ MCF7

+ +
-+
IP: p53(D0O-1)
WB: Ub

Fig.6. PIG3 regulates p53 stability via ubiquitination pathway in PIG3 knocking
down stable cell line. Down regulation of PIG3 affects ubiquitination afdagenous p53.
MCF7 and HCT116(p53+/+) silencing stable cell lwere treated with 20 uM MG-132 for

4h and were analysed for p53 ubiquitination.
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3. PIG3 regulates Mdm2 stability via ubiquitination pathway.

To determine if the effect of PIG3 on p53 steadyestievels is due to changes Mdm?2
ubiquitination, HEK 293T cells were transfectedhnétxpression DNAs encoding MDM2,
His6-Ubiquitin or co-transfected with PIG3 DNA. lates from the transfected cells were
immunoprecipitated with an anti-Mdm2(SMP14) antipodnd the immunoprecipitates
were examined with an antibody against ubiquitingd dahe immunoprecipitates were
examined with an antibody against Mdm2(SMP14). Aswa in Fig7, a high molecular
weight ladder of Mdm2 species that are ubiquitinAd@d conjugates was decreased in
PIG3 transfected cell types. Indicating that kndokvn of PIG3 decreses ubiquitination of
Mdmz2 in a dose-dependent manner. To conform trecedif PIG3 on endogenous Mdm2
ubiquitination, HCT116 (p53-/-) silencing stabldldme were treated with 20 uM MG-
132 for 4h and were analysed for Mdm2 ubiquitimatiamnocking down PIG3 enhanced

ubiquitination of endogenous Mdm2 (Fig. 8).

4. PIG3 physically interactswith Mdm2.

MDM2 can bind p53 and promote its ubiquitinatiordaubsequent degradation by the
proteasome (Haupt et al, 1997; Kubbutat et al, 1998ing a co-immunoprecipitation
assay, the interaction between endogenous PIG3Vaim2 was detected in U20s cell
lines, indicating that PIG3 interacted with Mdm2riarmal condition (Fig. 9A). And the
PIG3-Mdm2 interaction is likely to be direct, as showndnin vitro binding assay with

PIG3 and Mdm2 protein synthesized using TNT kig(PB).

_19_



HEK 293T

Mdm2 + + + + +
Ub - + + + +
ez - - ]
IP:MDM2(H221)
MDM2-Ub IB: Ub
— — - PIG3
HAMdm2) MPut

| —— o — | tulin

Fig.7. PIG3regulates Mdm?2 stability via ubiquitination pathway in HEK 293T cells.
Overexpression of PIG3 affects ubiquitination ®bgenous of Mdm2. HEK 293T cells
were transfected with increasing amount of PIG3emty-four hours later, cells were

treated with 20 uM MG-132 for 4h and were analysedMdm?2 ubiquitination.
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HCT-/-

mock PIG3

IP: mdm2
IB: Ub

Fig.8. PIG3 regulates Mdm2 stability via ubiquitination pathway in PIG3
overexpression stable cell line. Upregulation of PIG3 affects ubiquitination of
endogenous Mdm2. HCT116(p53-/-)silencing stablEliced were with 20 uM MG132 for

4h and were analysed for Mdm2 ubiquitination.
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A. U20s

IP

input PIG3 normal R IgG

T
L]

Mdm?2

IP: PIG3  IP: normal goat IgG
PIG3(TNT) 10ul 10ul 10ul
Mdm2(TNT)  10ul 20ul 10ul

mdm2 | = ..

Fig.9. PIG3 physically interacts with mdm2. (A). Association of PIG3 and Mdmi2 vivo.

Cell lysates from U20s cells were co-immunopreatedl with anti-PIG3 and detected with
anti-Mdm2. (B) Direct binding of PIG3 and Mdma# vitro. PIG3 and Mdm2 protein were
synthesized using TNT kit and mixed. The mixtureseweco-immunoprecipitated with anti-

PIG3 and detected with anti-Mdm?2.
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IV. DISCUSSION

p53 is often referred to as the ‘cellular gatek€epethe ‘guardian of the genome’ and
its importance is emphasized by the discovery ofatimns of p53 in over 50% of all
human tumors (Momand et al, 1992). Ubiquitinatiopresents an essential activity of
Mdm2 for regulating the amount of p53 protein aafalié at any given time within a cell.
Mdm2 acts specifically as an E3 ligase for p53 mkihg E2-conjugated ubiquitin
molecules to it via an isopeptide bond(de Stancbkira, 1998). Details of the events that
occur after this reaction, including the recogmitiaf a growing polyubiquitin chain and
subsequent degradation by the 26S proteasome rtianagned somewhat elusive (Bulavin
et al, 1999). The p53-inducible gene 3 (Pig3) igamscriptional target of p53 and is
thought to play a role in apoptosis(gian yan By, its other functions are not clear now.

In this study, We have now investigate the relaiop between PIG3 and p53. It shows
that PIG3 controls the stability of p53: knockingwth PIG3decreases p53 protein level
and increases Mdm2 protein level, whereas overegfme of PIG3 increases p53 protein
level and decreases Mdm2 protein level; knockingrd®IG3 decreases the half-life of
wild-type p53 in several of the human cell lines1dAPIG3 regulates p53 stability via
ubiquitination pathway. On the other hand, our ¢diewed that PIG3 directly binds with
Mdm2 and accelerates Mdm2 degradation via it iringaubiquitination of Mdm2.

Recent advances in understanding the initial actation and activation of p53 have
added a layer of complexity to this pathway. Thenbhar of mechanisms used to quell p53

ubiquitination implicates this process as a kegdtiin the initial response to genotoxic

_23_



stress. Of particular interest are the specifiedabf mono-ubiquitinated and poly-
ubiquitinated forms of p53. Is Mdm2 sufficient fpb3 degradation or are other factors
required? There may be differential consequencesp&3 depending on how many
ubiquitin molecules are added and what type of wibiyjlinkage has occurred. A related
perplexity is exactly how p53 is shuttled in and ofithe nucleus, and whether associated
factors or the ubiquitination status of p53 plapke.

Insight into the transcriptional activation and ukgion of p53 continues to raise
interesting questions. Do posttranslational modifans in response to stress pathways
create p53 molecules that can preferentially iicteveith specific promoters and cause
different cellular responses? How does a cell chaather a growth arrest or apoptotic
pathway? How does the cell sense that DNA repaiofisplete, and by what mechanism is
this linked to shutting-off p53? Considering theduith of complexity in the regulation of
p53 function, advances continue to show the mudkitof mechanisms the cell uses to

stabilize and activate this essential protein.

_24_



V. REFERENCES

Bulavin DV, Saito S, Hollander MC, Sakaguchi K, Anderson CW, Appella E, Fornace
AJ, Jr. (1999) Phosphorylation of human p53 by p38 kinase coordinates N-
terminal phosphorylation and apoptosis in response to UV radiation. EAMBO J
18(23): 6845-6854

Campomenosi P, Monti P, Aprile A, Abbondandolo A, Frebourg T, Gold B, Crook T,
Inga A, Resnick MA, Iggo R, Fronza G (2001) p53 mutants can often
transactivate promoters containing a p21 but not Bax or PIG3 responsive
elements. Oncogene 20(27): 3573-3579

Chowdary DR, Dermody JJ, Jha KK, Ozer HL (1994) Accumulation of p53 in a mutant
cell line defective in the ubiquitin pathway. Mo/ Ce// Bio/ 14(3): 1997-2003

Dai MS, Shi D, Jin Y, Sun XX, Zhang Y, Grossman SR, Lu H (2006) Regulation of
the MDM2-p53 pathway by ribosomal protein L11 involves a post-ubiquitination
mechanism. J Bio/ Chem 281(34): 24304-24313

de Stanchina E, McCurrach ME, Zindy F, Shieh SY, Ferbeyre G, Samuelson AV,
Prives C, Roussel MF, Sherr CJ, Lowe SW (1998) E1A signaling to p53 involves
the p19(ARF) tumor suppressor. Genes Dev 12(15): 2434-2442

Freedman DA, Wu L, Levine AJ (1999) Functions of the MDM2 oncoprotein. Ce// Mo/
Life Sci 55(1): 96-107

Giaccia AJ, Kastan MB (1998) The complexity of p53 modulation: emerging patterns

from divergent signals. Genes Dev 12(19): 2973-2983

_25_



Haupt Y, Maya R, Kazaz A, Oren M (1997) Mdm2 promotes the rapid degradation of
p53. Nature 387(6630): 296-299

Iwakuma T, Lozano G (2003) MOM2, an introduction. Mo/ Cancer Res 1(14): 993-1000

Johnson TM, Yu ZX, Ferrans VJ, Lowenstein RA, Finkel T (1996) Reactive oxygen
species are downstream mediators of pb3-dependent apoptosis. Proc Nat! Acad
Sci U S A93(21): 11848-11852

Jones SN, Roe AE, Donehower LA, Bradley A (1995) Rescue of embryonic lethality
in Mdm2-deficient mice by absence of p53. Nature 378(6553): 206-208

Kubbutat MH, Jones SN, Vousden KH (1997) Regulation of p53 stability by Mdm2.
Nature 387(6630): 299-303

Kubbutat MH, Vousden KH (1997) Proteolytic cleavage of human p53 by calpain: a
potential regulator of protein stability. Mo/ Cel// Bio/ 17(1): 460-468

Kussie PH, Gorina S, Marechal V, Elenbaas B, Moreau J, Levine AJ, Pavletich NP
(1996) Structure of the MOM2 oncoprotein bound to the p53 tumor suppressor
transactivation domain. Science 274(5289): 948-953

Li PF, Dietz R, von Harsdorf R (1999) p53 regulates mitochondrial membrane
potential through reactive oxygen species and induces cytochrome c—independent
apoptosis blocked by Bcl-2. EMBO J 18(21): 6027-6036

Lohrum MA, Woods DB, Ludwig RL, Balint E, Vousden KH (2001) C-terminal
ubiquitination of p53 contributes to nuclear export. Mo/ Cel/l Biol 21(24):
8521-8532

Maki CG (1999) Oligomerization is required for p53 to be efficiently

ubiquitinated by MOM2. J Bio/ Chem 274(23): 16531-16535

_26_



Maki CG, Huibregtse JM, Howley PM (1996) In vivo ubiquitination and proteasome-
mediated degradation of p53(1). Cancer Res 56(11): 2649-2654

Momand J, Zambetti GP, Olson DC, George D, Levine AJ (1992) The mdm-2 oncogene
product forms a complex with the p53 protein and inhibits p53-mediated
transactivation. Ce// 69(7): 1237-1245

Montes de Oca Luna R, Wagner DS, Lozano G (1995) Rescue of early embryonic
lethality in mdm2-deficient mice by deletion of p53. MNature 378(6553): 203-206

Nakamura S, Roth JA, Mukhopadhyay T (2002) Multiple lysine mutations in the C-
terminus of pb3 make it resistant to degradation mediated by MOM2 but not by
human papillomavirus E6 and induce growth inhibition in MDM2—overexpressing
cells. Oncogene 21(16): 2605-2610

Pariat M, Carillo S, Molinari M, Salvat C, Debussche L, Bracco L, Milner J,
Piechaczyk M (1997) Proteolysis by calpains: a possible contribution to
degradation of p53. Mo/ Cell Bio/ 17(5): 2806-2815

Polyak K, Xia Y, Zweier JL, Kinzler KW, Vogelstein B (1997) A model for p53-
induced apoptosis. Nature 389(6648): 300-305

Rodriguez MS, Desterro JM, Lain S, Lane DP, Hay RT (2000) Multiple C-terminal
lysine residues target pb3 for ubiquitin-proteasome-mediated degradation. Mo/
Cell Biol 20(22): 8458-8467

Scheffner M, Nuber U, Huibregtse JM (1995) Protein ubiquitination involving an

E1-E2-E3 enzyme ubiquitin thioester cascade. Nature 373(6509): 81-83

_27_



Venot C, Maratrat M, Dureuil C, Conseiller E, Bracco L, Debussche L (1998) The
requirement for the p53 proline-rich functional domain for mediation of
apoptosis is correlated with specific PIG3 gene transactivation and with
transcriptional repression. EMBO J 17(16): 4668-4679

Vousden KH (2002) Activation of the p53 tumor suppressor protein. Biochim

Biophys Acta 1602(1): 47-59

_28_



ACKNOWLEDGEMENTS

S OtRcl otEA MOoIAH &

RO

AP 24 1

I
ol
KA

H
~

Hr
iy
0%

3+

-

__o__._
il
0

Rr

&r
0K
ol

i

ol
ol
oH

20

|

ol
U

T

o

2 =

+

| Jeln ©

3

wENA =4 0|

ZAFRLICH.

% KA

©

2

a0
3+
E

ilof
RO

a0
3+
E

&0

110
Al
20
ol
KD
il

aT
Il
0
3
E

Ul
9]
oI
[N
ok

0l
of
~
o

oK
®0
|

al
Ki

—_

)

)
ol

SH EMNX

bSES

el

LICE.

4
=32

Ot

<N

]

ol

{ID
]

o

9]
oI

=]
=9

i

A 23012t AAMUES OFX

2

AL Z HIE 0

S0 Ad,

LS ZAEHER . A

FAHE

=]
=

i

)
ol
0
3
E

ol
RO

otE M 1O o

DX &

ol ®Mot X2

=
[

I ottletld of

2l ROoX=

==

olet A

ok
)
ok
i)
Ul
0
20
d

of
Al

ol

Fo3
U

0

=
[

X OF
o=

H & A Moo=

oF
=

==
=2=

Hag

Sotd

i

ZHAFEHLICEH.

So=MAAM

et g0l

A
=

= Mottt

Sl
=]

H=Al10

oli o

0l

W 20N &0l &

StAF
S

,eld

g A

[u]
uild

i

==
[[<]

i

Ju

ol

.
1o

U
E=)
ok

Uiy
a0

T
U

M

Ot 22 22l KORRCZE= o

-

n0

uln
il

Ul

a2

NEE oA == =

b=
1o

0K

g Xl

U

OLXI 222 At

AMEELICH

20| ot CHAl AIEOI2t=E OIS22 O E4a6l #0IAsU

-20084 8 Ol=0| E&-

_29_



K

Il d
H

ol = 0Ol

=)
of
Ok
3+
E

-
-

o
ol

—_

)

E
ol

z
K]

)
ol

4
wd

]

20

oL

<

00

i
H

<1

NI

]

11
ot

tO4 Al

110

F

oJ

p53 2 Al

ol

UL,

~

¢

00

-

oo

ol
ioll

=0l

P

o

MIH

UL,

AL
e

| ubiquitination U2 =

S E

HEXA JIMSZ MOM2 2

i
[a—

L &at

ot

ph3 Wb 2 &SI p5b3 2 ubiquitination

=
—

MOM2

11
ot

Al

2eddl PIG 2

RPN

Ol

=
=

HAU A= siRNA

==
[—

HCH [MetA

UK

2N

, p53 2

B
53

3+
B
o

Gy

Ju
110

t

tD MOM2 Ot S0t

!

i p53 Ol

2|5

PIG3 L&

0

cC
a-

ALY,

half-life JI 246t A& 2 = U

ioll

Kl
£l

ol

Gy

J
110
<

n0

t

MOM2 Dt

b

110

St

LHOIIA PIG3, MOM2, p53 Ol

11
o et

oAl

0

=2 =
= S

Al

immunoprecipitation

i
[

SHEZM PIG3

ot

p53 9

0,

or

ubiquitination

S

P53

o3
<k
ioll
_Jl_
0

Rl
Ki

oI

|
(=)

RO

CHOME O

p53 2|

ANBLZM

_30_



M&E= 01 oIeA

s 1t M= A ATHE st ¢ 20067548 a4 & AA
&4 % | &2 Ol==0l 82 : FFx& A2 ' Lee SuMi
= & | EFE9A s A&S 3758
SEPS E-MAIL @ yImOO@hanmail.net
et = 1p53otH A0l CHEHPIG3E It
Coys AZ:The effect of PIG3 on the p53 stability

=010l M&Es A2 NS0l Goted s &2 X240t Z&Ust Wit NA
o

0IBE 4+ UT= 516D SABLICL

1.

ENE
ME=2 DB7= & QHUY S X8 dE2SHYUS SHE flet HHE=2
SH, o1gExoe N, 8E S= g

.°°

L 919 SHE 950l o W UMY B - @AM HMAS s,

el — N

NSl HEHYe SXE.

HE - HSE MESO 2N SN A =X, NT, 8% SS SAE.

MES0l Het 01212t 5HO2 510, JI2ER 3]Hé Toluiol 2ol

_,_

SALEAIDL HE ZR0E MEE 018J12S HE ATE

.E/\“EHé‘j“ MN&E=2 01805l 0l did MAE=Z Qlote 2ddt= Erel
[e]

-/ =
CAaSUse gE0120 A= HMES & A S FESHUT S 0

HA =2 o T
Y MEZ20 MEAS EIQINH LYSAHL L= TS 22 5SS
Z220= 1HE OILHO CHEHN 012 EEE.
o|gh A2l ZoHol THotod LHIe HX

NEEe 8&5 - 255 o,

2008 6 & 10 &

M=ER: 0l 2= 01 (MY E£= 9)

S0t SF A6t

_31_




	Ⅰ.INTRODUCTION
	1. Maintenance of Cell Lines
	2. Plasmid Constructs of PIG3 and transfection
	3. PIG3-siRNA design, synthesis and transfection to HCT116(P53+/+) and MCF7 cells
	4. other plasmids
	5. Western blot analysis
	6. Immunoprecipitation (IP)
	7 . In Vivo Ubiquitination Assay
	1. PIG3 controls the stability of p53 and Mdm2
	2. PIG3 regulates p53 stability via ubiquitination pathway
	3. PIG3 regulates Mdm2 stability via ubiquitination pathway
	4. PIG3 physically interacts with Mdm2

	Ⅳ. DISCUSSION
	Ⅴ. REFERENCES
	ACKNOWLEDGEMENTS
	KOREAN ABSTRACT

