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ABSTRACT

The effect of catalase on p53-induced apoptosis

Pham Thi Dau
Advisor: Prof. In Youlh&hg, Ph.D., M.D.
Department of Bio-MaaéEngineering

Graduate School of &liroUniversity

The activation of p53, a major tumor suppressorgimothat implicated in cell
cycle control, DNA repair, and apoptosis, has beearteg@ to be involved in the process
of apoptosis induced by DNA-damaging agents. P58 tactregulate the intracellular
redox state and induces apoptosis by a pathwayighaépendent on reactive oxygen
species (ROS) production. Normal aerobic metaboisassociated with the production
of ROS including superoxides, hydrogen peroxide tgrradicals, and nitric oxide. A
substantial amount of oxygen is converted to su@eoand then to hydrogen peroxide
(H20,) by the mitochondrial superoxide dismutasgOHis readily diffusible across cell

membranes and functions as a signaling molecule in dicelisdar events.



Catalase mediates the predominant enzymatic messhaniregulating
intracellular HO, levels. The tetrameric catalase converi®OHto H,O and Q in
peroxisomes.

To detect the effect of catalase on p53-inducegi@sts, catalase was stably
over-expressed in three kinds of cell lines, U20S,OR&nd NCI H1299. We used
western blot and flow cytometry to check apoptasigsted proteins, ROS levels and
apoptosis of these cell lines. ROS levels were asmd after UV irradiation and,8,
treatment in p53 wild-type cell lines, U20S and RRAe detected low level of ROS in
these cell lines that were over-expressed with lasta Apoptotic cells were also
decreased. In catalase over-expressed NCI H129% ezl after Adp53 infection, ROS
levels and percentage of apoptotic cells were decreased.

These results suggest that catalase may have amtamprole in the regulation

of p53-induced apoptosis by scavenging ROS.



|. INTRODUCTION

1. P53 protein

The p53 gene comprises 20 kb of DNA and is locatedhe short arm of
chromosome 17p13.1. The gene spans 11 exons tltgera 1.1 kb mRNA transcript
that translate into a protein of 393 amino acidse Piotein normally resides in the
cytoplasm as an inactive monomer, but upon stinaridby a variety of cellular stresses,
the protein forms a tetramer from double dimmers [1 and 2].

P53, also known as tumor protein 53 (TP53), is astmdption factor that
regulates the cell cycle and hence functions as a turppressor [2, 3, 4, 5, 6, 7, 8, 9 and
10]. It is important in multicellular organisms, ielps to suppress cancer. P53 has been
described as "Guardian of the Genome", referringstoole in conserving stability by
preventing genome mutation [11]. It can be activdtganany types of “danger signals”,
such as cell stress and DNA damage, and can triggaral crucial cellular responses
that suppress tumor formation. Upstream stressaotiwv include radiation-, drug-, or
carcinogen- induced DNA damage, oncogenic activatigpoxia and low ribonucleotide
pools. These conditions may nurture tumor initiatitmresponse to these stress signals
p53 can elicit downstream cellular effects includicell cycle arrest (p21, GADD45),

apoptosis (e.g. Bax, Noxa and Puma,...), DNA repair and tignibdf angiogenesis [2].



In normal cells under physiological conditions, thenor suppressive p53
protein is expressed at low levels and has a $tadidife due to rapid turnover mediated
by ubiquitination and proteolysis. The p53 protegtdmes stabilized and activated in
response to number of stressful stimuli includingasure of cells to DNA damaging
agents. The activation of p53 allows it to carry d@stfunction as a tumor suppressor
through a number of growth controlling endpoints [2, 3, 4, &n8,7].

The functional signal transduction circuit of p58nsists of the upstream
mediators (which sense and relay stress signab®), phe core regulation components
(which form the core circuitry maintaining and regulatp® levels) and the downstream
effectors (which initiate cellular response progsanthe core regulator circuitry consists
of p53, Mdm2, p14%F (p19** in the mouse) and E2F-1. There are organized \mbo t
interactive feedback loops. P53 and Mdm2 form oredifack loop, in which p53
positively regulates Mdm2 by activating Mdm2 transiion, and Mdm2 negative
regulates p53 promoting p53 ubiquitination and ddgtion. E2F-1 and p2¥" form a
similar feedback loop, in which E2F-1 activates AREscription, and p14" facilitates
proteolytic degradation of E2F-1. These two feeddack are connected in two ways.
First, p14"%F interacts with Mdmz2, inhibiting Mdm2-mediated p5Biguitination and
degradation, thereby stabilizing p53. Second, p5&sspranscription of ARF gene. This
complex circuit is essential for maintaining anduiating p53 intracellular levels and

activities. Moreover, mutations of p53, amplificatiohMdm2, silencing or deletion of



ARF and/or the loss of E2F-1 regulation through RBtation are the most common

mechanism by which tumor cells alter the circuitry [11difie 1).
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2. Apoptosis

Apoptosis, a physiological process for killing cglis critical for the normal
development and function of multicellular organistAbnormalities in the control cell
death can contribute variety of disease, includiagcer. Apoptosis is programmed cell
death (PCD), is an important counterpart to mitdsisthe regulation of cell numbers
during development, in homeostatic cell turnovethim adult, and in many other settings.
It can be induced by a variety of different stimslich as growth factor deprivation,
ionizing radiation and activation of cell deatheptor. Apoptosis is characterized by a
series of distinct morphological and biochemicdémtions to the cell such as DNA
fragmentation, chromatin condensation, cell shrinkagel plasma-membrane blebbing
[2, 12, 13, and 14].

Numerous publications have recently described theortantance of p53
transcriptional regulation to apoptosis. Theretex@ major apoptotic pathways by which
caspase activation is triggered. The extrinsic payhiw triggered by the trimerization of
cell membrane death receptors followed by the ftionaof the death-inducing signaling
complex (DISC) leads to a cascade of activatiortadpases, including caspase-8 and
caspase-3, which in turn induced apoptosis. Anotherintrinsic pathway is triggered in
response to DNA damage and is associated with hotwdrial depolarization and release
of cytochrome c from the mitochondrial intermemlgraspace into the cytoplasma.

Cytochrome c, apoptotic protease-activating factGARAF-1) and procaspase-9 form a



complex termed the apoptosome, in which caspasa&iisted and promotes activation
of caspase-3, caspase-6 and caspase-7 [10]. Thesintgathwayis dominated by the
Bcl-2 family proteins, which governs the releasecgfochrom c. The Bcl-2 family
proteins consist of both anti-apoptosis and prgp&gmis members such as Bax, Noxa or
Puma, are transcriptional targets of p53 [2, 12, 13, 14, 15,dLl&6Arffigure 2).

Previous studies suggested that apoptosis is iddae@53 through three-steps:
(1) the transcriptional induction of redox-relatgdnes; (2) the formation of reactive
oxygen species (ROS); and (3) the oxidative degi@daf mitochondrial components,

culminating in the cell death [18].
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3. Catalase

Catalase is a common anti-oxidative enzyme foundnéarly all living
organisms. It is usually located in a cellular oegjlncalled the peroxisome. Catalase is a
tetramer of four polypeptide chains, each over 50fnha acids long. It contains four
porphyrin heme (iron) groups that allow the enzymeeact with the hydrogen peroxide.
The optimum pH for catalase is approximately (pH &@d the optimum temperature is
37°C. Its function is catalyzing the decomposition gfltogen peroxide to water and
oxygen [19 and 20].

Previously study results of Rezvaatial. showed that catalase overexpression
inhibited has a protective role against UVB irrdidia by preventing DNA damage
mediated by the late ROS increase. UVB-induced agipts a highly complex process
involving the extrinsic and intrinsic pathways. UN®known to be an inducer of ROS
formation leading to apoptosis. It has been showh B can induce the production of
superoxide anion radical and hydrogen peroxid©gH[15].

Furthermore, hydrogen peroxide a harmful by-prodo€t many normal
metabolic processes playing a role in the toxicity of aeidlA-damaging agents, which
is an important ROS related to p53 activatiogOHis rapidly degradation by catalase,

which protects cells against oxidant injury [21 and 22].



4. Purpose of study

In this study, we examined role of p53 in apopttisig were induced by DNA
damaging agents (as UV and®) and Adp53 infection. Then we evaluated the efééct
catalase on p53-induced apoptosis by overexpresdiamatalase to p53 wild-type cell
lines, U20S and RKO, and p53 null cell line, NCI 1288sc These cells were stimulated
by UV or infected by Adp53. Apoptosis related progeivere examined using western

blot. ROS levels and apoptotic cells were checked dkimgcytometry.
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[I. MATERIALS AND METHODS

1. Cell culture

The human colon carcinoma cell line RKO (ATTC, CRR577) and
osteosacoma cell line U20S (ATTC, HTB-96) contagnivild-type p53 were maintained
in Eagle's minimum essential medium (EMEM, Invigogcorporation) and McCoy's 5A
(Mediatech, Inc), respectively, supplemented with 108@al bovine serum (FBS,
Cambrex), 100 units/ml of penicillin, and 100 mg/mfl streptomycin (Penicillin—
Streptomycin, Invitrogen corporation). The human lwagcinoma cell line NCI H1299
(ATTC, CRL-5803) having a homozygous partial deletiorhef@53 protein was cultured
in RPMI1640 (Invitrogen corporation) supplementeithwi0% FBS, 100 units/ml of
penicillin, and 100 mg/ml of streptomycin. These tiaks were seeded in 60 Etissue
culture plates (IWAKI), grown at 3Z, 5% CQ incubator and checked by microscope

for everyday.

2. The cell treatment
The cells were stimulated by UV irradiation andOkl reagent to undergo
apoptosis in U20S and RKO cell lines. After UV irigttbn, cells were examined at 4, 8,

12 and 24 hours time point. The various concentratiof HO,, 0, 0.05, 0.1, 1 and 2

11



(mM) were added to induce apoptosis. After AdpS@&dtion, NCI H1299 cell line was

examined at 24, 48 and 72 hours time point.

3. Construction of adenoviral vector

The p53 cDNA was cloned into an Ad/CMV/V5-DEST wac{Invitrogen,
Carlsbad, CA) after confirming the DNA sequence. DiMA was linearized with Pacl
and purified before Lipofectamine 2000 (Invitrogergnsfection to HEK293 cells. For
virus collection, the cells were lysed with threensecutive freeze-thaw cycles, and the
virus was collected from the supernatant. The \iites was ~1 x 10 p.f.u. /ml, which
was determined using an end-point dilution assayeeétor carrying the 3-galactosidase
gene LacZ (Ad-LacZ) was used to monitor the efficie of transduction by the viral

vectors and a nonspecific transgenic expression controls

4. Transefection

Human CAT cDNA was amplified by RT-PCR using theTC@ligo primer.
After confirming the DNA sequences, the CAT cDNAsagoned into a pcDNA3.1/V5-
His-TOPO (Invitrogen, Carlsbad, CA, USA) vector. Thansfection was performed

using the Lipofectamine 2000 (Invitrogen), accordinthtomanufacturer's instructions.

12



5. Western Blot

Cells were washed with phosphate-buffered saline (PB&)yaed on ice for 10
minutes by NP-40 lysis buffer added protease IntniliLocktail tablet free EDTA (Roch).
NP-40 buffer (pH=8.0) consists of 50mM Tris (Amresc150mM NaCl (Duchefa
Biochemie) and 1% NP-40 (USB corporation Clevela@# USA). After incubation,
extracts were mixed for 5 minutes using micro tubé&er (Tomy MT360) and
centrifuged at 13,000 rpm for 15-30 minutes. The swgant was diluted with 5X SDS-
sample buffer that contain 125mM Tris (Amresco), 860 Glycine (Amresco), 0.5%
SDS (sodium dodecyl sulfate, Amresco) and boilederAgellular protein concentrations
were determined using the dye-binding microassdio-Rad, Hercules, CA), samples
were loaded 10 pg, 20 pg or 50 pg per lane andregpdoresed on 10% or 15% SDS
polyacrylamide gels. The proteins were blotted oRtdyvinylidene Fluoride transfer
membranes (BiotraceTM PVDF, Pall corporation). Aidgctroblotting, the membranes
were blocked by 5% skim milk in Tris buffer salioentaining 0.05% Tween-20 (TBST,
10 mM Tris-HCI, pH 7.4, 150 mM NaCl, 0.1 % Tween-20y@m temperature for 2
hours. The membranes were rinsed with TBST and thenbated with appropriate
primary antibodies in TBST af@ overnight.

Immunoblotting was carried out with Tubulin-Ab-2 (Clone DMI1A,
NeoMarkers), p53 (DO-1) and p53R2 (N-16) from Sa@taiz Biotechnology, anti-

Catalase Rabbit pAb and anti-Noxa mouse mAb (114L806m Calbiochem (Darmstadt,

13



Germany), cleaved caspase-3, cleaved caspase-7 ama Rom Cell Signaling
Technology (Danvers, MA) and Bax from BD Phaming8ar( Jose, CA). We followed
manufacturer’s protocol for dilution of all primary antibes.

Then, the membranes were washed and incubated tvéh horseradish
peroxidase (HRP)-conjugated secondary antibody,q@®} in a blocking buffer for 2
hours at room temperature, and washed again. Thiedloptoteins were developed using

an enhanced chemiluminescence detection system (iNtR@MCcB| Seoul, Korea).

6. Apoptosis by PI staining

The floating and trypsin-detached over-expressdis agere collected and
washed once with ice-cold PBS, followed by fiximg100% cold ethanol for 30minutes
at £C or overnight at -2€C. Then, these cells were washed in PBS and stained PI
(Propidium iodide 5qug/ml), RNase A (5Qug/ml), and 0.05 % Triton X-100. The DNA
content of these cells was analyzed by CELLQue$twace (FACSCalibur, BD
Biosciences). At least 10,000 events were analyamedi the percentage of cells in sub-G1
population was calculated. Aggregates of cell dehtighe origin of histogram were

excluded from the sub-G1 cells.

14



7. Measurement of intracellular ROS

The intracellular production of ROS was assayedngusihe 5-(and-6)-
chloromethyl-2’,7’-diclorodihydrofluoescein diactta acetyl ester (CM-}DCFDA)
probe (Invitrogen, Molecular Probes). Briefly, afemtdition of CM-HDCFDA (5uM)
cells were incubated for 30 minutes in the darB&€. CM-H,DCFDA is oxidized by
ROS to the highly fluorescent CM-DCF compound. Afteo washes with PBS, trypsin
detached cells were centrifuged and resuspend@&BBycontaining 0,2% formaline and
immediately analyzed by flow cytometry (FACSCalipbBD Biosciences). Ten-thousand

individual data points were collected for each sample.

15



[ll. RESULTS

1. Role of p53 in DNA damage-induced apoptosis

We detected expression of apoptosis-related potaimd ROS levels in p53
wild-type cell lines, U20S and RKO after UV irradaat and HO, treatment. After UV-
irradiation, cells were examinated at 4, 8, 12 andhdrs time point. The various
concentrations of §D,, 0, 0.05, 0.1, 1 and 2mM were added to induce apopifbes.

Adp53 infection, NCI H1299 cell line was examined at 12 48and 72 hours time point.

16
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Fig.3. The expression of apoptosis-related proteinsin U20S cell line




In U20S cell line (figure 3), p53 levels were in@ged until 12 hours after UV
irradiation and decreased at 24 hours incubatime fpoint. The expressions of Bax and
Noxa also changed according to p53 levels. Howevieraved caspase-3, cleaved
caspase-7 and Puma were increased until 24 how®s.iktreased p53 levels and other
proteins also. Tubulin-was used to confirm the equal amount of proteasléd in each
lane. Catalase and p53R2 expression levels werehaotged after UV irradiation and

H>O, treatment.
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In RKO cell line (figure 4), p53 levels were incredsafter both of UV and
H,0, stimuli. The expression levels of apoptosis relaiedeins in RKO cell line showed
same patterns with U20S cell line.

Next, we checked ROS levels in U20S and RKO cedidliafter UV irradiation
and HO, treatment (figure 5). In U20S cell line after UVaidiation, ROS levels were
increased two times. About 80% of ROS levels wer@ngkd in RKO cell line. After
H,O,treatment, ROS levels were increased about 70% @¥#diB U20S and RKO cell

lines, respectively.
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2. Role of catalase in p53-induced apoptosis

To evaluate whether catalase protects cells frooptagis induced by DNA
damaging agents, we stably over-expressed catalabece cell lines, U20S, RKO and
NCI H1299. The lac Z control vector also was trenotfd into these cell lines to
determinate ability of overexpression. Then, thedés agere stimulated by UV or
infected by Adp53. Expression of apoptosis related poigere checked by western blot.

ROS levels and apoptotic cells were checked using flaanastry.

22
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Catalase was over-expressed successfull2idS and RKO cell lines (figure
6). The expression of p53 targert genes as Bax, [dogaPuma showed similar patterns
with expression of p53 in both of mock and catalaser-expressed cells. The
expressions of cleaved caspase-3 and cleaved easphsit represent apoptosis were
increased as doses of stimuli. However, these esipresin catalase over-expressed cells
were lower than those in mock cells. This resultwstt that overexpress of catalase
effected to expression of apoptosis related prstesspecially, cleaved caspase-3 and
cleaved caspase-7

We also checked ROS and apoptosis levels in catalaer-expressed cell lines.
Both of U20S (CAT) and RKO (CAT) cell lines showttht about 70% of ROS levels
were decreased after UV irradiation compared witltkrecells (figure 7). Apoptotic cells
in both of U20S (CAT) and RKO (CAT) cell lines wettecreased significantly after UV
irradiation (figure 8). Catalase protected cellsrfroV induced apoptosis about 20% in

U20S (CAT) and 15% in RKO (CAT).
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We could detect p53 levels were increased as timeral vector infection
(figure 9). Apoptosis related proteins were increaaecording to p53 levels after Adp53
infection in NCI H1299 (CAT) cell line. The expressilevels of cleaved caspase-3 and
cleaved caspase-7 that represent apoptosis wereaded significantly in NCI H1299
(CAT) compared with mock cell. ROS and apoptosiglewere decreased in NCI 1299

(CAT) cell cell line after Adp53 infection (figure 10).
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IV. DISCUSSION

As we know, the p53 is able to promote apoptosis through sixtdand intrinsic
pathways that lead to the activation of the asp@gpecific cysteine proteases (caspase)
that mediated apoptosis. The Bcl-2 family proteiogthated in the intrinsic apoptosis
pathway, which governs the release of cytochromem fthe mitochondria. The Bcl-2
family contains anti-apoptosis and pro-apoptosi$i3Bnly’members. Intriguingly, a
key subset of the Bcl-2 family genes are p53 targetluding Bax, Noxa, and Puma. On
the other hand, UV irradiation has been known asd@ucer of ROS formation leading to
apoptosis, but the source of this ROS productiomigrecisely known. It has been show
that UV can induce the production of anion radiaatl hydrogen peroxide [15]. In
addition, HO, is an oxidant that plays a role in the toxicity adrtain DNA-damage
agents and it is an important ROS related to p®aion and induced to apoptosis.
H,0, is rapidly degradated by catalse, which proteclis egainst oxidant injury [21].
That is why we focus on the roles of catalase #3;ldcavenger because®} is one of
the representative ROS molecules to induce apoptosis.

To investigate the effect of catalase on p53-indumgoptosis, we used western
blot to check the expression of apoptosis-relatedeps and flow cytometry to detect

ROS and apoptosis levels. The results in figure 8nd 5 showed that role of p53 in
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DNA damage-induced apoptosis. As p53 levels inckaggoptosis related proteins, as
Bax, cleaved caspase-3, cleaved caspase-7, Noxa amd Rwere also increased
correspondently. According on the cell types andneadf the DNA damaging agent, p53
induces cells to undergo arrest, allow repair, tarahtively induce apoptosis [2 and 8].
At 24 hours after UV irradiation and 2mM of,®h treatment, levels of p53 decreased
could be related to cells undergoing arrest.

In our study, we stably over-expressed catalaseatuate the role of catalase
against p53-induced apoptosis. Our results (figuré &nd 8) showed that catalase play
an important role in protection of cells from apmg$ induced by UV irradiation. We
also checked the role of catalase in NCI H1299 lg& (figure 9 and 10) after Adp53
infection. Previous studies also suggested that RS cially HO,, might be involved
in the process of apoptosis induced by these DNaAadgng agents [21]. Therefore,
overexpression of catalase may protect cells bywimg ROS such asJ@,. Hussainet
al. also demonstrated that the overexpression of assasignificantly reduced p53-
mediated apoptosis.

In summary, our results demonstrated that catalageqts cells from apoptosis
induced by DNA-damaging agents in p53 wild-typel deles, U20S and RKO.
According to p53 levels, expression of apoptosiateel proteins, ROS and apoptosis
levels were increased. We detected that those lavelte decreased after catalase

overexpression. We can conclude the level of caatagy play an important role in

31



resistance will be necessary induced by p53.
Further studies about the mechanism that can effeepoptosis process will be

necessary.
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