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ABSTRACT

PIG3regulatesthe stability of p53 viaMDM 2

Ming Jin
Advisor : Prof. Ho Jin You, M.D., Ph.D.
Department of medicine

Graduate SchooCabsun University

The tumour suppressor p53 induces apoptosis orcyelk arrest in response to
genotoxic and other stresses. One of the most saaporegulators of p53 is mouse double
minute 2 (Mdm2), a RING domain E3 ligase that uhligates p53, leading to both
proteasomal degradation and relocation of p53 ftennucleus to the cytoplasmlhe
p53-inducible gene 3 (Pig3) is a transcriptionafjéa of p53 and is thought to play a role
in apoptosis, but its other functions are not cleaw. In this study, we showed that
knocking down Pigdy siRNA accelerated p53 and Mdm2 degradation,deudeased the
half-life of wild-type p53 in several of the humaell lines; overexpression of PIG3
inhibited ubiquitination of exogenous p53 in a ddspendent manner, whereas knocking
down Pig3 by siRNA enhanced ubiquitination of erelogus p53. Using a coimmuno-
precipitation assay, the interaction between endoge PIG3 and Mdm2 and p53 was
detected, it indicated that PIG3 binded with MdmzZhormal condition, and released after
UV treatment, but PIG3 binded with p53 after UVatreent. And furthermore, PIG3 and

Mdm2 competitve binded with p53 in vitro. To coniithe function of PIG3 in the p53
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system, the effect of PIG3 on p53-mediated apoptasis examined. FACS and Western
Blotting results showed that downregulation of PI&Bongly decreased UV-induced
apoptosis in HCT116. These results suggest théteaganscriptional target of p53, PIG3
regulated p53 stability via it and Mdm2 competithiading with p53, which decreaed the

ubiquitinatin of p53; and PIG3 promote apoptosispib3-dependent manner, it is a

feedback loop.

Keywords: PIG3; p53; stability; ubiquitination



I.INTRODUCTION

The tumour-suppressor protein p53 is importanthim ¢ellular response to genotoxic
damage. In non-stressed cells, p53 is kept siledta low levels after association with
Mdm2, which represses transcription when associatéth p53 and promotes its
proteolytic degradation(1-4). Becaus®lm? is a p53 target gene, both proteins are
mutually regulated in a negative feedback loopfverse agents such as irradiation with
UV andy-rays, withdrawal of growth factors, hypoxia anctogenes such as Ras induce
signalling events that result in the transientifitattion of the p53 protein and the onset of
p53 function as a transcriptional activator or esgor within the cell nucleous (6,7). The
induction of p53 involves several mechanisms inclgdost-translational modifications
such as phosphorylation and acetylation(8). DNA aigen induced phosphorylation of
serines and threonines within the p53 amino termioantributes to p53 stability by
preventing Mdm2 from binding and by rendering p5&eresistant to Mdm2 (refs 9-11).
Five serines in the carboxy-terminal portion arneeseserines and one threonine within the
N-terminal 46 amino acids are known to be inducibhosphorylated(12), but the exact
order of phosphorylations and their specific cdmition to p53 effector function remain to
be elucidated. For example, Ser 6, Ser 9, Serd52& and Ser 37 are phosphorylated in
response to DNA damage, probably by protein kinasgsding ATM, Chk2, DNA-PK
and ATR(13-16). Phosphorylation of Ser 15 is obsgrenly in response to DNA
damage(17), but not after p53 activation in respdnsE1A expression(18), showing that
the specific roles of individual phosphorylatiotesi depend on the stimulus and probably

the cell type. In addition, phosphorylation of S is functionally important, because
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mutation of this site within the p53 protein des®ms sensitivity towards UV-induced
apoptosis(19,20). Acetylation of the p53 proteiows in response to many different p53-
activating stimuliin vivo(21,22). Lys 373 and Lys 382 are inducibly acetyldig cAMP-
responement-binding (CREB)- binding protein (CBR)d athe closely related p300
protein(21,23), whereas Lys 320 is acetyldtedtro by the acetylase P/CAF (p300/CBP-
associated factor) (24). Acetylation stimulates DbiAding activity of p53in vitro and
thus enhances p53-dependgahe expression(21,23), p53-mediated apoptosigrveth
arrest(25), whereas overexpression of a dominagathe form of p300 counteracts p53
function.

The activation of p53 not only involves post-sBkational modifications and protein
stabilization, but is also linked to localizatiomta distinct subnuclear structures:
expression of the promyelocytic leukaemia (PML)teito isoform PML3, Rasderived
signals, y-irradiation or treatment of cells with UV radiaticand As203 lead to the
recruitment of p53 into PML nuclear bodies (PML-N@6-29).

The levels and activity of p53 are controlled largely by MDM2, the product of a
p53- inducible gene. MDMZ2 can bind to pb53 and promote its ubiquitination and
subsequent degradation by the proteasome. MDMZ2 was initially identified as an
amplified oncogene in murine cell lines (30) and in sarcomas(31l) and was
subsequently found to act as a ubiquitin ligase promoting proteasome dependent
degradation of p53(32-34) MDM?2 is also a transcriptional target of p53 (35-37)
such that p53 activity controls the expression and protein level of its own negative
regulator, providing for an elegant feedback lobfDM2 inhibits the G1 arrest and

apoptosis functions of the p53 tumor suppressaem(38,39). The MDM2—p53 complex
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also inhibits p53 mediated transactivation (40).

DA damage
Fhosphorylation + acetylation
(BTM, Chk1, Chik2, CBPY\p00 edc )

Cument Opinian i Cell Slology

Fig.1 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 factarsbtizck 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 elatd. 26S, 26S proteosome; ATM, ataxia

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



Apoptosis is a vital process for tissue homeostasisis frequently disturbed in several
pathological conditions, including cancer. It hagt shown that p53-dependent apoptosis
involves the induction of a series of genes cdilf@s (p53-inducible gene(s)) (41). These
genes participate in this process through reactixggen species (ROS) modulation
Interestingly, for one of them, assigned as P(&B), induction has been shown to be
mediated by p53 mainly through a microsatellitespré in its 5’-upstream regulatory
region and not through a classical El-Deiry conssrsequence (42)This microsatellite
acquired its polymorphic structure and p53-depenfisrctional ability to induce this gene,
recently in the evolutionary history of biologicgpecies (43) Specifically, although it is
present in lower primates its full length and fumctappears only itHominoidea (apes
and humans).

In humans this microsatellite represents a pentaatide (TGYCCh polymorphism,
where Y = C or T, and with four alleles of 10, 16,dnd 17 repetitions (42)urthermore,
the extent of transcriptional activation PIG3 by p53 correlates directly with the number
of repeats. Given th&lG3 is associated with reactive oxygen species-depeagpaptosis
(41), the recent evolutionary control of this gdnep53 raises two important points, as
Contente et al. comment (43). First, they sugdedt the evolutionary appearance of this
polymorphism represents a continuous adaptatidnrobr suppressor mechanism(s), and
second, they draw caution on the comparative imgspion of gene expression results
from animal models and human cancers. However, ghaot clear yet, is first if there is
any potential mechanism(s) by which this gene may implicated in human
carcinogenesis, and second what is its exact ralagitumorigenesis.

As previously hypothesized, the nature of this payphism indicates two possible
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ways that may account f&1G3 involvement in tumorigenesis (42). In neoplasiasit as
well known, microsatellites are frequently proneli@rations emerging from instability at
these loci. Microsatellite instability (MI) usuallynvolves a change in the number of
repetitions at a polymorphic locus in the neoptastieas. Therefore, any aberrations
affecting the structural integrity of this polymbipm should affect the ability to induce
PIG3 by p53 and maybe consequently the ROS-dependeptatizoprocess. A second
mechanism that is cancerprone represents the gaststitution of an individual. Taking
into consideration that alleles with low number @petitions (specifically the 10
repetitions one) are less able to induce P&Rfression by p53 (42), it is expected that
combination(s) of such alleles provide an increasatter risk for an individual. Therefore,
cancer patient cohorts may have a different frequelistribution as compared to control
cases, with low repetition alleles expected to lmb@her penetrance

In this study, We have now investigated the retetiop between PIG3 and p53. Our
results suggest that as the transcriptional taosfpb3, PIG3 regulated p53 stability via it
and Mdm2 competitive binding with p53, which de@@ahe ubiquitinatin of p53; and

PIG3 promote apoptosis in p53-dependent mannieraifeedback loop.



I. MATERIALSAND METHODS

1. Maintenance of Cell Lines

HEK 293 (Coriell Institute for Medical Research, @en, 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 mediumpkupented with 10% fetal
bovine serum, 100 units/ml of penicillin, and 10@/ml of streptomycin (Invitrogen,
Carlsbad, CA). U20s was cultured in McCoys 5A medl0% FCS. HCT116(p53+/+)
were maintained in IMDM medium supplemented witlp4l@etal bovine serum, 100
units/ml of penicillin, and 100 mg/ml of streptonmyqInvitrogen, Carlsbad, CA). The
cells were maintained in a humidified incubatoraim atmosphere containing 5 % £&

37°C.

2. Plasmid Constructs of PIG3

uman PIG3 cDNA was amplified by RT-PCR using th@&3Poligo primer: sense
5-ATGTTAGCCGTGCACTTTGACAA-3' and antisense 5€A 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), andnfiomed 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 vieemasiently 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 grown the presence of

Hygromycin( 100ug/ml)(Invitrogen. Carlsbad.CA).



4. Other Plasmids
myc3-p53, HDM2 and His6-ubiquitin fromeregifts 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 incubatioextracts were vortexed 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 ($BSE). After SDS-PAGE, the
proteins were transferred onto Hybon ECL membraf@mersham Biosciences,
Piscataway, NJ). After electroblotting, the memiesawere blocked by 5% skim-milk in
Tris buffer saline containing 0.05% Tween-20(TB%U, MM Tris-HCI, pH 7.4, 150 mM
NacCl, 0.1 % Tween-20) at room temperature for 2$i0lhe membranes were rinsed with
TBST and then incubated with appropriate primarybadies 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 pétii- 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,
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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. Nuclear -cytoplasmic fractionation

Cells were harvested and resuspended in | @808uffer A (25 mM Tris-HCI at pH 8.0, 10
mM KCI, 1 mM DTT and 0.5 mM PMSF) supplemented witimplete protease inhibitor
cocktail (Boehringer Mannheim). After incubation @re for 15 min, 50ul of 10%
Nonidet P40 was added to the cells and vortexedO@aec. After centrifugation at 1,490
for 30 sec, the supernatants were collected andesuiently referred to as cytoplasmic
extracts. The pellet was resuspended in DOf ice-cold buffer C (50 mM TrisHCI at
pH 8.0, 400 mM NaCl, 1 mM DTT and 1 mM PMSF) suppémted with complete
protease inhibitor cocktail (Roche). After centgétion at 15,009 for 30 min, the

supernatants were collectd and subsequently refesras nuclear extracts.

7. 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-cleaigial protein A-G-coupled Sepharose
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beads for 2 h. The lysates were then immunopratgutwith the indicated antibodies and
isotype-matched control antibodies plus proteinGASepharose for at least 4 h or
overnight. Beads were washed four times with ymiffer, once with ice-cold PBS and
boiled in 2x loading buffer. Protein samples were resolved WSFAGE and
transferred onto nitrocellulose membrane, which Wasked in 5% skim milk in PBST
and probed with the indicated antibodies. The fihy 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 andstern blotting, H-300 and N-

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

8. In Vivo Ubiquitination Assay

In vivo ubiquitination assays were conducted awiptesly described (33). Briefly, HEK
293 was transfected with combinations of the follgyyplasmids as indicated in the figure
legends: His6-ubiquitin (0.8 ug), myc3-p53 (0.4bg);MDM2(0.4ug), PI1G3(0.4,0.8,
1.2ug) using Metafectene. For inhibition of protgas-mediated protein degradation, the
cells were treated with 20 mM MG132 for 4 h beftrarvest. Forty-eight hours after
transfection cells from each plate were harvestad split into three aliquots, one for
immunoblot and the other two for ubiquitination ags For pulldown assay, Cell pellets
were lysed in buffer I (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 weaashed once each with buffer I,
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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 urgd1 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 moll/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.

9. Immunofluor escence microscopy

Cells cultured on coverslips were washed twice widld PBS. Cells were fixed with 4%
paraformaldehyde for 10 min, permeabilized withe®.Priton X-100 for 10 min, blocked
with 5% BSA and incubated with anti-PIG3 (H-300htjgp53(DO-1) and anti-Mdm?2
(SMP-14) antibodies as indicated, followed by ad%sed conjugated anti-mouse IgG and
a FITC-conjugated anti-rabbit IgG antibody. Thdselere mounted and the images were

acquired with a confocal microscope.

10.Flow cytometry by PI staining

The floating and trypsin-detached HCT116 cells wenkected and washed once with
ice-cold PBS, followed by fixing in 70% cold ethafior 30minutes at £ . The cells were

then stained in PBS and Pl (5@/ml), RNase A (5Qug/ml), and 0.05 % Triton X-100.
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The DNA content of the GM00673 cells was analyzgdiorescent-activated cell sorting
(FACSort, Becton Dickinson, Franklin Lakes, NJ).laast 10000 events were analyzed,
and the percentage of cells in subgdpulation was calculated. Aggregates of cell debr

at the origin of histogram were excluded from thb-&, cells.

11. Statistical analysis

Results are expressed as mean * standard deviggioh For statistical analysis,
ANOVA with P values were performed for both the @le (P) and the pair-wise

comparison as indicated by asterisks. Values of@ere considered to be significant.
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. RESULTS

1. PIG3 controlsthe stability of p53.

To determine whether the p53 level is regulatedPb®3 in wild-type p53 cell lines,
including a pair of human colorectal carcinoma HCG tells that are wild typg%3+/+)
and WI38,cells were treated with the PIG3 small interferingAR(siRNA). Treatment for
24 hours resulted in a significant decrease inle®al (Fig. 2).

The effect of PIG3 on p53 steady-state levels isdoe to changes in their transcriptio
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+/+), MCF7 or U20S celffig. 3).

2. PIG3regulates p53 stability via ubiquitination pathway

To determine if the effect of PIG3 on p53 steadestievels is due to changes p53
ubiquitination, HEK 293 cells were transfected wikpression 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 Fig. 4,ightmolecular weight ladder of p53
species that are ubiquitin-p53 conjugates was @se@ in PIG3 transfected cell types
when myc3-tagged wild-type p53 was expressed witlDM, indicating that

overexpression of PIG3 increses ubiquitinations8 pn a dose-dependent manner. To
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HCT116(p53-/+) Wwi38

si-PIG3 - + - +
p53 — - -
PIG3 R ——

a-tubulin Rt IEI

Fig.2 PIG3 controlsthe stability of p53(1). .Effect of sSiRNA-mediated downregulation of
PIG3 on the steady-state levels of Mdm2 and p53 in human cellstesygam indicated cells

were analysed by western blot.
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HCT116 p53+/+(sihygro) HCT116 p53+/+ (sipig3)
CHX 0 15 300 60" O 15 30" 60’

MCF7 (sihygro) MCF7 (sipig3)
CHX 0 15 30 60 0 15 30 60’
actin
U20s (sihygro) U20s (sipig3)
CHX 0 15 30" 60 o 15" 30" 60
p53
actin

Fig.3 PIG3 controlsthe stability of p53(2). PIG3 modulates the half-life of p53.
HCT116(p53+/+), MCF7 or U20S cellgere treated with PIG3 siRNA and control siRNA.

Cells were cultured in the presence36iig/ ml CHX, and were subsequently analyzed by

Western blot.
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HEK 293T

p53 - + + + + +
Mdm2 - - + + + o+
Ub - - + + + +
PIG3 - _

NTA pull dawn
WB: p53(DO-1)

IP: p53(DO-1)
WB: Ub
L. B we s Mdm2
input
T — —— — p53
W W — —

Fig.4 PIG3 regulates p53 stability via ubiquitination pathway(1). Overexpression of
PIG3 affects ubiquitination of p53. HEK 293 cellsrev¢ransfected with increasing amount of
P1G3. Twenty-four hours later, cells were treatethwd0 uM MG-132 for 4 h and were

analysed for p53 ubiquitination.
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HCT116 p53+/+ MCF7
MG132 - - o+ o+ ++
Si-PIG3 -+ -+ -+

IP: p53(D0O-1)

WB: Uh

Fig.5. PIG3 regulates p53 stability via ubiquitination pathway(2). Downregulation of
PIG3 affects ubiquitination of endogenous p53. M@Rd HCT116(p53+/+) silencing stable

cell linewere treated with 20 uM MG-132 for 4h and were analysed38mubiquitination.
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conform the effect of PIG3 on endogenous p53 ubitation, MCF7 and HCT116
(p53+/+) silencing stable cell line were treatedhw20 uM MG-132 for 4h and were
analysed for p53 ubiquitination. Similarly, knocgidown PIG3 inhibited ubiquitination of

endogenous p53 (Fig. 5).

3. PIG3 physically interacts with p53 and mdm2.

MDMZ2 can bind p53 and promote its ubiquitinatiordaubsequent degradation by the
proteasome (45,46). The stabilizing effect of PI@Bp53 led us to test whether PIG3
binds to Mdm2 and p53. Using a coimmunoprecipitatissay, the interaction between
endogenous PIG3, p53 and Mdm2 was detected in W20dines, indicating that PIG3
interacted with p53 and Mdmz2 in normal conditiorig(F6A). And the PIG3Mdm2
interaction is likely to be direct, as shown by iarvitro binding assay with PIG3 and
Mdm2 protein synthesized using TNT kit (Fig. 6B} test whether PIG3 and Mdm?2
competitve binded with p53, in vitro competitivenling assayvas used (Fig. 7).Using
TNT kit, synthesized p53 and Mdm2 were mixed andwih anti-Mdm2 antibody,
detected with anti-p53, anti-Mdm2 antibody. Or $g#ized p53 and PIG3 were mixed
and IP with anti-PIG3 antibody, detected with g8B, anti-PIG3 antibody. The results

showed that PIG3 and Mdm2 competitve binded with ip5vitro.
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U20s

IP

input PIG3 normal R IgG

p53 e = b — &

Mdm?2

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

mdm2 =~ = ..

Fig.6. PIG3 physically interacts with p53 and mdm2(1). (A). Association of PIG3 and

Mdm2, p53in vivo. Cell lysates from U20s cells were coimmunopréatpd with anti-PIG3

and detected with anti-Mdm2 and anti-p53. (B) Dirkictding of PIG3 and Mdm2n vitro.

PIG3 and Mdm2 protein were synthesized using TN{Takid mixed. The mixtures were

coimmunoprecipitated with anti-PIG3 and detected aiti-Mdm2.
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Fig.7. PIG3 physically interacts with p53 and mdmz2(2). In vitro Competition assay

between PIG3, p53 and Mdm?2.

4. DNA damage regulates p53 stability through PIG3.
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The effect of PIG3 on p53 stability prompted usxamine whether the DNA-damage
signal regulates the p53 stability through PIG3e Tésults showed that treatment of with
UV, compared with control cells, HCT116(p53+/+) ISB cells p53 protein expression
level, phosphor-p53 and Mdm2 protein expressioelleecreased(Fig. 8). To conform it,
nucleous and cytoplasm fraction were made. Thelaimesults we got in these two
fractions (Fig. 9). To test interaction PIG3, P58daMdm2 in damage condition,
Immunofluorescence microscopy analysis and immuwepition were used.
Immunofluorescence microscopy analysis revealedRNa3, p53 and Mdm2 colocalized
in normal condition, but PIG3 and p53 merge incedaand PIG3 and Mdm2 merge
decreased after UV treatment (Fig. 10). Immunopiton showed that MdmZP1G3 and
PIG3-p53 interactions and subsequently the PE3-Mdm2 complex in normal
condition, but Mdmz2 did not binding with PIG3 aftd¥ treatment (Fig. 11).

The disruption of the binary MdmPIG3-p53 interaction by DNA-damage signals
seemed to be persistent and was not restored terhtreatment with UV , whereas the
binary PIG3p53 interaction was partially recovered by thisdinfhese data show that
DNA damage signals differentially and specificalifect the Mdm2PIG3 and PIG3p53

interactions and disrupt the ternary complex.

5. PIG3 regulates the apoptotic function of p53.

p53 has an important role in apoptosis. And it leac that toxic reactive oxygen
species are generated with kinetics which follow pb3-dependent induction of PIGs in
cells undergoing p53-dependent apoptotic death.(@prompted us to examine whether

PIG3 regulates the p53 apoptosis fuction. Apoptoais be detected by flow cytometry
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demonstrating a sub-G1 population with decreassdisy of DNA by propidium iodide.
In addition, we also carried out apoptosis detestizith western blot analysis. First, we
evaluated the HCT116(p53+/+) siPIG3 stable ce#dito undergo UV-induced apoptosis
It showed that compare with control cells, siPIGBsshowed a low level of apoptosis
after exposure to UV in time-dependent and doeidgnt manner(Fig. 12). Western blot
analysis results showed similar trend of apoptbsisveen mock and PIG3 knockdown
cells. Compare with control cells, the protein egsion level of Bcl-2, Bax, cleaved
caspase-3, cleaved caspase-7, cleaved caspaseS® We€re decreased in siPIG3 cells,
but PUMA was not altered(Fig. 13). These resultggssted that PIG3 knockdown led to
decreased UV-induced apoptosis regardless of pf3sst

In summary, in unstressed cells, PIG3 is stabilized complex with Mdm2 and p53
leading to rapid ubiquitination and degradationp®8, thereby preventing p53 activation
In response to DNA damage, the PIG3—Mdm2—p53 comiglalisrupted. Subsequently,
Mdm2 dissociates frontomplex, which allows accumulation of p53, and increase the

apoptosis fuction of p53.
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Fig.8. DNA damage regulates p53 stability through PIG3 (1). The protein expression
level of p53, p-p53 and Mdm2 in HCT116(p53+/+) cohaind siPIG3 stable cellsysates

were analysed by western blot.
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Fig.9. DNA damage regulates p53 stability through PIG3(2). The protein expression
level of p53, p-p53 and Mdm2 in HCT116(p53+/+) cohtand siPIG3 stable cells

cytoplasm and nucleous fractidrysates were analysed by western blot
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Fig.10. DNA damage regulates p53 stability through PIG3(3). Immunofluorescence

microscopy analysis showed PIG3-p53 and PIG3-Mdah@calization.
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Fig.11. DNA damage regulates p53 stability through PIG3(4). Association of PIG3 and
Mdm2, p53 in vivo under UV damage. Cell lysates from U20s cells were

coimmunoprecipitated with anti-PIG3 and detected witti-Mdm2 and anti-p53.
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Fig.12. PIG3 regulates the apoptotic function of p53(1). Apoptosis levels were

determined by sub-G1 fractions in HCT116(p53+/+) corgrml siPIG3 stable cells
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Fig.13. PIG3 regulates the apoptotic function of p53(2). The expression level of
apoptosis protein in HCT116(p53+/+) control andIG® stable cells.Lysates were

analysed by western blot.
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# —_— ‘ t ——= apoptosis

Fig.14. PIG3 regulates the apoptotic function of p53(3). A schematic representation of

the role of PIG3 in regulating p53 stability. In tressed cells, PIG3 is stabilized in a complex
with Mdm2 and p53 leading to rapid ubiquitinationdadegradation of p53n response to
DNA damage, the PIG3—-Mdm2-p53 complex is disruptedhs&quently, Mdma2lissociates

from complex, which allows accumulation of p53.
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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 ofatmns of p53 in over 50% of all
human tumors (48). Ubiquitination represents aemsa activity of Mdm2 for regulating
the amount of p53 protein available at any giveretivithin a cell. Mdm2 acts specifically
as an E3 ligase for p53 by linking E2-conjugatedquitin molecules to it via an
isopeptide bond(49). Details of the events thatuoa@fter this reaction, including the
recognition of a growing polyubiquitin chain andbsequent degradation by the 26S
proteosome, have remained somewhat elusive(51). tAgispis a vital process for tissue
homeostasis that is frequently disturbed in sevpethological conditions. The p53-
inducible gene 3 (Pig3) is a transcriptional targep53 and is thought to play a role in
apoptosis(50)hut its other functions are not clear now.

In this study, We have now investigated the refetiop between PIG3 and p53.
knocking down Pig&ccelerated p53 and Mdm2 degradation, and decréaesérhlf-life of
wild-type p53 in several of the human cell lineg(Bi 3). It showed that PIG3 controls the
stability of p53. To determine if the effect of B@n p53 steady-state levels is due to
changes p53 ubiquitination, in vivo ubiquitinatieas used(Fig.4).. The result showed that
PIG3 regulates p53 stability via ubiquitinationtpaay.

Several proteins thwart the p53—Mdmz2 interactionbiding directly to p53 (e.g.
ING1b) or Mdm2 (e.g. pRb, p19ARF and MdmX) (52-5Bhe predominant regulator of
Mdm2 is p19ARF, a protein derived from the INK4afARocus (56). The stabilizing

effect of PIG3 on p53 led us to test whether PIG3d® to Mdm2 and p53. The
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immunoprecipitation assay result showed that Pi@8racted with p53 and Mdm2 (Fig.
6A,B); PIG3 and Mdm2 competitve binded with p53vitro (Fig. 7). And we examine
whether the DNA-damage signal regulates the pS&ilisyathrough PIG3. The western
blot analysis results showed that treatment of Wit¥, compared with control cells,
siPIG3 cells p53 protein expression level, phosgs® and Mdm2 protein expression
level decreasedin whole cell lysates, nucleous@maplasm fraction (Fig. 8,9). On this
condition Mdm2-PIG3-p53 complex was disrupted.

In addition to stabilization, fuction of p53 is tical for initiating an early response
to genotoxic stress. p53 has an arsenal of tagyagyat its disposal and may even possess
some selectivity towards a particular fate. Fornapie, with the assistance of ASPP
proteins, p53 exhibits a striking preference fag tiromoters of proapoptotic genes(57).
However, the initial activation of its function agranscription factor is key for its ability
to drive particular downstream pathways. So we éxadhwhether PIG3 regulates the p53
apoptosis fuction. Flow cytometry and western bésults demonstrated that compare with
control cells, siPIG3 cells showed a low level pbptosis after exposure to UV in time-
dependent and does-dependent manner(Fig. 12,13heSe results suggested that PIG3
knockdown led to decreased UV-induced apoptosigdégss of p53 status.

This study reveals that PIG3 is an integral path@f differential regulation through its
ability to prevent p53 degradation. In unstressats d°1G3 interacts simultaneously with
Mdm2 and p53 and mediates the stabilizing effedldm2 on p53, thereby increase p53
activation . In response to DNA damage, Mdm2 disges from PIG3 and p53yhich
allows accumulation of p53.

Our results suggest that as the transcriptiongetasf p53, PIG3 regulated p53 stability
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via it and Mdm2 competitive binding with p53, whidecreaed the ubiquitinatin of p53;
and PIG3 promote apoptosis in p53-dependent maitieg feedback loop.

Recent advances in understanding the initial actation and activation of p53 have
added a layer of complexity to this pathway. Thenhar of mechanisms used to quell p53
ubiquitination implicates this process as a kegdtiin the initial response to genotoxic
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 icteveith specific promoters and cause
different cellular responses? How does a cell chagther 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 mdkitof mechanisms the cell uses to

stabilize and activate this essential protein.
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