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Abstract

We tested the activity of a p53 carboxy-terminal peptide containing the PARC-interacting region in
cancer cells with wild type cytoplasmic p53. Peptide delivery was achieved by fusing it to the TAT
transduction domain (TAT-p53-C-ter peptide). In a two-hybrid assay, the tetramerization domain
(TD) of p53 was necessary and sufficient to bind PARC. The TAT-p53-C-ter peptide disrupted the
PARC-p53 complex. Peptide treatment caused p53 nuclear relocation, p53-dependent changes in
gene expression and enhancement of etoposide-induced apoptosis. These studies suggest that
PARC-interacting peptides are promising candidates for the enhancement of p53-dependent
apoptosis in tumours with wt cytoplasmic p53.
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Introduction

In approximately 50 % of all malignancies, the normal activity of p53 is compromised by
inactivating mutations [1]. In specific tumours, p53 is present in the wild type form but its
activity is prevented by inappropriate cellular localization [2].

Recently, PARC has been described as a p53-interacting protein involved in the p53
cytoplasmic sequestration that occurs in certain tumours [3]. PARC functions as ubiquitin
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ligase and forms a multiprotein complex of approximately 1 million kDa in the cytoplasm
[3]. p53 is not a substrate for ubiquitination by PARC, although the C-terminus of p53 binds
to a well defined N-terminal portion of PARC termed CPH [4]. Expression of PARC is
ubiquitous, but high expression has been described in some tumour types [3].

Several approaches based on the use of small molecules [5] and peptides [6] have been used
to reactivate p53 function in tumours. A peptide derived from the C-terminus of p53 (C1
peptide) previously shown to activate specifically p53 DNA binding /n vitro by an unknown
mechanism was used in pre-clinical models of peritoneal carcinomatosis [7]. Striking
reduction of metastatic burden or complete eradication of tumours was achieved by this
strategy, demonstrating the feasibility of p53 reactivation even in cases of advanced cancer.

The TAT protein transduction domain is a short stretch of 11 aminoacids that renders cell-
permeable virtually any peptide [8]. The TAT sequence was identified in the HIV protein Tat
and other short sequences with analogous capability were recognized in other organisms [8].
Rapid and efficient TAT-mediated intracellular delivery was demonstrated utilizing /n vitro
[9]and /n vivo systems [8].

In this paper, we attempted p53 reactivation in tumour cells harbouring cytoplasmic wild
type p53 and expressing PARC by using a peptide containing the C-terminus of p53 fused
with the TAT transduction domain. We show that this peptide promotes the relocation of
endogenous p53 into the nucleus by disrupting its binding to PARC. p53 relocation results,
in turn, in the activation of p53 transcription targets and in the enhancement of apoptosis
caused by genotoxic stress.

Materials and Methods

Cell culture:

Human neuroblastoma (NB) cell lines HTLA-230, KCNR, SK-N-BE2c, SK-N-BE, LAN-5,
GI-CA-N, SH-EP, SK-N-AS, RN-GA and SY-5Y(N) were cultured as described [10]; 32D-
BCR/ABL PG13 and 32D-BCR/ABL MG15 [11; 12] were grown in Iscove’s Modified D-
MEM medium supplemented with 10% Fetal Calf Serum (FCS). Phoenix cells [13] were
grown in D-MEM with 10% FCS.

Protein analysis.

Cellular proteins were extracted, and analyzed by western blotting as described [10].
Antibodies used were: anti-Bax (N-20) (Santa Cruz Biotechnology, CA, U.S.A.); anti-B
actin (AC-15) (Sigma-Aldrich, St. Louis, MO, USA); anti-p21 SC-756 (Santa Cruz); anti-
MDM2 SC-965 (Santa Cruz); anti-HSP-70 (SPA-820) (Stressgen Bioreagents Corp.,
Victoria, BC , Canada); anti-HA (Covance, Denver, PA, USA)

Peptide preparation and treatments:

The p53-C-ter sequence was cloned into the prokaryotic expression vector pTAT-HA [14] by
RT-PCR using the primers:

p53-C-ter forward: (5’-CTCGAGCTCGAGCGCAAGAAAGGGGAGCCTCA-3’) and
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p53-C-ter reverse (5’-GAATTCGAATTCTCAGTCTGAGTCAGGCCCTTC-3’) to amplify a
cDNA sequence encoding amino acids 290-393 of the human p53 protein.

The amplification product was cloned in the TAT-HA plasmid. After purification,
recombinant TAT-p53-C-ter was administered directly into culture media.

siRNA treatment:

U20S cells were transfected with validated p53 siRNA or control siRNA (QIAGEN,
Valencia, CA, U.S.A.) at 5 nM concentration utilizing HiPerFect Reagent (QIAGEN). After
48 hours, medium was changed and cells were left untreated or treated with the TAT-p53-C-
ter peptide at the indicated concentrations for 2 hours.

Luciferase Assays:

Assays were carried out with Dual-Glo kit (Promega, Madison, W1, USA) using Wallac
Victor 1420 plate reader (Perkin Elmer, Waltham, MA, USA)

Caspase activity assays:

U20S cells were analyzed using CaspaseGlo 3/7 kit (Promega) according to the instructions.
Readings were carried out using Wallac Victor 1420 plate reader (Perkin Elmer)

Flow cytometry:

Cells were harvested, fixed and stained with Propidium lodide according to standard
procedures. Samples were analyzed using a FACScalibur flow cytometer (BD Biosciences,
San Jose, CA, USA). Cell cycle distribution was calculated by Cell Quest software (BD
Biosciences).

Immunocytochemistry:

Immunocytochemistry was performed according to standard procedures. Primary antibodies
were : anti-HA (y-11) (Santa Cruz) and anti-p53 (DO-1) (Santa Cruz). Secondary antibodies
were: anti-mouse (Alexa Fluor 488) and anti-rabbit (Alexa Fluor 568) (Molecular Probes,
Eugene, Oregon, USA). Analysis was performed utilizing a confocal Nikon EZ-C1
microscope supported by EZ-C1 software (Nikon, Chiyoda-ku, Tokyo, Japan).

PARC-p53 binding assay.

PARC-p53 binding was assessed by the Checkmate system (Promega). The human PARC
CPH domain was cloned into pFN10A vector (pFN10A-CPH-PARC). p53-C-ter and its
truncated forms AC1, ATD and ANLS were cloned into pFN11A vector after PCR
amplification with the Pfu enzyme (Promega), using these primers:

CPH-PARC forward: (5’-ATTGGCGATCGCCCCCAGAAGACAAGGGTGGGT-3’)
CPH-PARC reverse: (5’-TGGTGTTTAAACATCCTCAGTGGCTTCCTCAG-3’)
Common p53-C-ter forward:

(5’-TCTCGCGATCGCCCGCAAGAAAGGGGAGCCTCACCA-3")
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p53-C-ter reverse: (5’-GTCGGTTTAAACGTCTGAGTCAGGCCCTTCTGTCTT-3%)
Reverse AC1: (5"-GACGGTTTAAACCCCCCCTGGCTCCTTCCCAGC-3’)
Reverse ATD: (5’-GGCGGTTTAAACTCCATCCAGTGGTTTCTTCTTTGGCT-3)
Reverse ANLS: (5°-GGCGGTTTAAACGTTGTTGGGCAGTGCTCGCT-3’)

Clonings were carried out according to the manufacturer instructions. Each plasmid was
checked by dideoxy-sequencing. Luminometric assays were carried out using Wallac Victor
1420 plate reader (Perkin Elmer).

Real-time PCR.

Total RNA was prepared by RNAwiz (Ambion, Austin, TX, USA). Retro-transcribed cDNA
was used for real-time quantitative PCR to detect MDM-2 using the human MDM2 forward
(5’-CTATTGGAAATGCACTTCATGCA-3’) and human MDM2 reverse (5°-
CGAAGGGCCCAACATCTGT-3’) primers and Sybr-Green master mix (Applied
Biosystems, Foster City, CA, USA)

Results and Discussion

Approximately 50% of all human tumours bear a mutation of p53 that prevents its normal
function [1]. In most NB tumours and cell lines, p53 is not mutated but frequently misplaced
in the cytoplasm especially in the undifferentiated forms [2]. In the U20S osteosarcoma
cells, p53 is also wrand resides in the cytoplasm [3]. Recently, PARC has been described as
a cytoplasm-localized protein that binds p53 and, in some cellular contexts, prevents p53
from entering the nucleus [3]. We assessed PARC expression in 10 human NB cell lines, in
Phoenix and in U20S cells by western blotting (Fig. 1A). PARC protein was detectable in 7
of 10 NB cell lines, in U20S and only barely in Phoenix cells. p53 is wtin all
neuroblastoma lines except in SK-N-BE2c¢ and SK-N-AS [15; 16]. We also tested the ability
of PARC protein to bind p53 in LAN-5 cells by immunoprecipitation. As expected, p53
coimmunoprecipitated with PARC (Fig. 1B). We reasoned that in NB cells with w#p53 and
PARC expression it may be possible to reactivate p53 by disrupting the p53-PARC
interaction. Such interaction requires the NH, portion of PARC and the C-terminus of p53
[17]. The C-terminus of human p53 encoding amino acids 292—-393 was cloned in-frame
with the 6-histidine tag, an HA tag and a TAT sequence corresponding to 11 amino acids of
the TAT protein [8] in a prokaryotic expression vector. The TAT sequence confers cell
permeability to proteins to which is fused. The TAT-containing p53 (TAT-p53-C-ter) peptide
was tested for its ability to enter into NB cells. The TAT-p53-C-ter peptide was detected
intracellularly in a dose-dependent manner when added to cells in a concentration range of
0.5 to 10 pg/ml (Fig. 2A). Peptide stability was evaluated by adding the TAT-p53-C-ter
peptide to the cells (5 pg/ml) for 1 hour and removing it thereafter. Cells were harvested at
different times and the TAT-p53-C-ter peptide detected by western blotting. Levels of TAT-
p53-C-ter peptide were markedly decreased at 1 and 2 hours and undetectable at 4 hours
(Fig. 2A), consistent with a short half life.
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TAT-p53-C-ter peptide can displace the binding between the CPH domain of PARC and the
tetramerization domain of p53.

To determine whether the TAT-p53-C-ter peptide disrupts the physical interaction of p53 and
PARC, we used a mammalian two-hybrid system. The CPH domain of human PARC that is
necessary for binding p53 [17] was cloned in -frame with the VP16 transactivation domain
in the expression vector vector pFN10A. The p53-C-ter peptide and portions of the same
lacking the C1 peptide region (AC1), the tetramerization domain (ATD) and the nuclear
localization signal (ANLS) were cloned in- frame with the GAL4 DNA binding domain in
the vector pFN11A (see Fig. 2B). We co-transfected Phoenix cells with the PARC-CPH-
containing vector and each of the p53 plasmids together with a luciferase reporter vector
(pGL4.31) in which the promoter region has multiple GALA4 binding sites. Only the p53
peptides containing the tetramerization domain were able to interact with the CPH domain
of PARC and promote transcription from the reporter (Fig. 2C). Of interest, AC1 peptide in
which the C-terminal region downstream of the TD domain was deleted interacted more
efficiently with CPH. The deletion could affect binding efficiency by destabilizing the
peptide and/or by causing a steric hindrance which renders more difficult the physical
contact between the TD and CPH domains. Furthermore, we tested the ability of the TAT-
p53-C-ter peptide to inhibit the physical interaction between PARC-CPH and the
tetramerization domain of p53. To this end, we performed luciferase assays in cells
transfected with AC1, PARC-CPH and the reporter vector pGL4.31, and exposed to pulsed
administrations (1 every 2 hours) of TAT-p53-C-ter peptide at increasing concentrations (2.5,
5.0 and 10.0 pg/ml). Luciferase activity was reduced by the TAT-p53-C-ter peptide in a dose-
dependent manner, indicating that it was able to interfere with the binding between PARC-
CPH and p53 (Fig. 2D). This interference was specific for PARC/p53 interaction since
binding between MyoD and Id was not decreased by treatment with the TAT-p53-C-ter
peptide (Fig. 2D). To our knowledge, this is the first demonstration that a p53-C-ter peptide
can displace the binding of p53 to PARC. Of interest, our assay could be extremely useful to
screen other peptides or small molecules for their ability to interfere with PARC/p53
interaction.

Treatment with the TAT-p53-C-ter peptide stimulates transcription from p53-dependent

promoters.

Myeloid precursor 32D-BCR/ABL cells [11] stably transfected with a plasmid in which the
luciferase gene is under the control of wzor mutated p53 binding sites (32D-BCR/ABL
PG13 and 32D-BCR/ABL MG15, respectively) were treated with 5 pg/ml of the TAT-p53-C-
ter peptide every 2 hours for 6 hours. Transcription was increased by approximately 3-fold

in 32D- BCR/ABL PG13 (w¢p53 binding sites) but not in 32D-BCR/ABL MG15 (mutated
p53 binding sites) cells (Fig. 3A). As positive control, cells were treated with 0.2 pg/ml
doxorubicin (Fig. 3A). Similarly, co-transfection of NB LAN-5 cells with a mammalian
expression vector encoding the p53-C-ter peptide and with the reporter vector PG13
containing a promoter with multiple p53-binding sites revealed that the p53-C-ter peptide
was able to stimulate p53-dependent transcription (Fig. 3B).

To visualize the subcellular localization of p53 after treatment of U20S cells with the TAT-
p53-C-ter peptide, immunofluorescence experiments were performed using an anti-p53
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antibody that recognizes the p53 NH, terminus and an anti-HA antibody that detects the
TAT-p53-C-ter peptide. p53 was partially localized in the cytoplasm of untreated U20S cells
(Fig. 3C, band a), but it was largely relocated into the nucleus upon treatment with the TAT-
p53-C-ter peptide (Fig. 3C, fand /). The TAT-p53-C-ter peptide was detected in the
cytoplasm and the nucleus of treated cells (Fig. 3C, gand /). Cells were also treated with
TAT-p53-C-ter peptide for 1 hour, washed to remove the peptide and, 1 hour later, subjected
to immunofluorescence. p53 was still localized in the nucleus (Fig. 3C, jand /) but the TAT-
p53-C-ter peptide was no longer detectable (Fig. 3C, K). It has been reported that p53-TD-
containing peptides mask the Nuclear Export Signal embedded in the TD region, thus
preventing nuclear export which is active in NB cells [18]. In our experiments, the peptide
was given in pulsed administrations; since the TAT-p53-C-ter peptide is labile, it is
conceivable that the formation of inactive heterodimers is only transient, allowing functional
p53 tetramerization after degradation of the peptide. In agreement with this hypothesis,
immunofluorescence experiments detected the TAT-p53-C-ter peptide in the nucleus 1 hour
after administration, but not after two hours (Fig. 3C, compare g with 4), a time point at
which the endogenous p53 was still predominantly nuclear (Fig 3C, /). Therefore, it is
unlikely that pulsed TAT-p53-C-ter peptide delivery could promote the stable sequestration
of p53 molecules in a non-functional complex that has been described by stable expression
of p53-C-ter peptides [19]

p53 transcription targets are up-regulated after treatment with the TAT-p53-C-ter peptide.

We tested whether expression of some p53 transcriptional targets was modified after
treatment with the TAT-p53-C-ter peptide. NB cells were treated with pulsed administrations
(1 administration/hour) of peptide (10 pg/ml) for 2 hours. Expression of the cell cycle
inhibitor p21 and of the pro-apoptotic protein Bax were increased after TAT-p53-C-ter
peptide treatment of LAN-5 and HTLA-230 cells that carry a w# p53 but not of the p53-
mutated SK-N-AS cell line (Fig. 4A). We assessed the expression of MDM2, another target
of p53 [20], by quantitative PCR. After peptide treatment, an increase of MDM2 mRNA
levels was detected only in LAN-5 and HTLA-230 cells (Fig. 4B). Together, these data show
that the TAT-p53-C-ter peptide activates the expression of p53 targets in tumour cells with
wit cytoplasmic p53. To demonstrate that TAT-p53-C-ter peptide elicits its activity in a p53-
dependent manner, we down-regulated endogenous p53 in U20S cells by RNA interference.
After siRNA treatment, cells were exposed to TAT-p53-C-ter peptide (10 pug/ml) for 2 hours
or left untreated. Immunoblotting analysis shows that after p53 inhibition and TAT-p53-C-ter
peptide treatment, the levels of p53 targets were unchanged (Bax and MDMZ2) or were
strongly reduced (p21) (Fig. 4C). On the contrary, in cells treated with control siRNA, the
TAT-p53-C-ter peptide induced the up-regulation of p21, Bax and MDM2 levels (Fig. 4C).
Together, these results indicate that the peptide elicits its activity through w¢ p53.

TAT-p53-C-ter peptide treatment enhances genotoxic stress-induced apoptosis.

U20S cells were treated with increasing amounts of TAT-p53-C-ter peptide (2.5, 5 and 10
ug/ml) for 24 hours and caspase 3/7 activation was measured by a chemo-luminescent assay.
Exposure of U20S cells to TAT-p53-C-ter peptide (2.5, 5,0 and 10.0 ug/ml/6 hours) caused a
modest increase of caspase 3/7 activity (29 £ 6, 29 + 2 and 42% = 2 respectively compared
to untreated cells), consistent with the up-regulation of pro-apoptotic Bax protein in NB
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cells (Fig. 4A). The enhanced expression of p21 and Bax, together with the Caspase 3/7
activation observed after treatment of wz p53 tumour cells with the TAT-p53-C-ter peptide
could be indicative of variations in apoptotic rate. To test these possibilities over a long time
span that is difficult to achieve with the labile TAT-p53-C-ter peptide, the HA-tagged p53-C-
ter peptide was cloned in a mammalian expression vector and transfected in the
osteosarcoma U20S cell line that has wr cytoplasmic p53 and detectable expression of
PARC (Fig. 1 and [3]) at a 4:1 ratio with the EGFP-Spectrin vector ((\CMVEGFP) [21]. The
ability of the mammalian vector to express HA-tagged p53-C-ter peptide was tested by
immunoblotting of the transfected cells (data not shown). 24 hours after transfection, cells
were treated with 1uM etoposide or left untreated. After additional 36 hours, cells were
processed for flow cytometric analysis. Cells transfected with the empty vector or the vector
encoding the p53-C-ter peptide did not show differences in the apoptotic rate (sub G1 peak)
(Fig. 4D). However, etoposide treatment induced apoptosis with greater efficiency in cells
transfected with the vector encoding the p53-C-ter peptide than in controls (sub G1 peaks
11.41 and 5.12% respectively, Fig. 4D). Together, these experiments indicate that treatment
with the p53-C-ter peptide renders tumour cells more susceptible to apoptosis induced by
genotoxic stress.

In conclusion, p53 reactivation can be obtained in tumour cells that have wt cytoplasmic p53
by using a PARC-interacting peptide. The use of the TAT transduction sequence renders this
strategy particularly flexible and potentially applicable in many cellular contexts. The
screening of other PARC/p53-interacting molecules with appropriate stability and
pharmacokinetic features, by using the mammalian two-hybrid assay presented here, would
allow the exploitation of these compounds as potentially useful therapeutic tools.
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Fig. 1.

A: endogenous PARC expression in U20S, Phoenix and 10 human NB cell lines. HSP-70
was used for normalization. B: p53 coimmunoprecipitates with PARC. PARC was
immunoprecipitated from LAN-5 cell lysate using an anti-PARC antibody. Control
immunoprecipitation was performed using an anti-Akt antibody. Western blots were
performed on immunoprecipitates to detect PARC, p53 and Akt.

Biochem Biophys Res Commun. Author manuscript; available in PMC 2020 August 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vitali et al. Page 10
uptake peptide stability B
NLS TD Cc1
———. = <« TAT-p53-C-ter p53-C-ter 290——{ ¥ }393
—{ 13
— — —oibed e < HSP-70 AC1 290 361
Un 051 5 10 oh 1h 2h 4h ATD 290——(—1324
TAT-p53-C-ter Time ANLS 290 311
(ng/ml)
C D
» 2000 -
E ¥ 120 - 120 -
21500 £ 100 A 100 -
o0 |
1000 - = ]
E " 3 60 - 60
(2] -
° 500 - £ 4 40
g £ 20 - 20 -
&, 0~ C10 I ar o ar o e
& (," «0 S o A - - =
6'59& L A 000\‘ negative control - - - - -
Q 0@‘"’ positive control [=li=l==T== B
o"'g TAT-p53-C-ter peptide (ug/ml) o0 25 5 10 0 10 0
Fig. 2.

A: dose-dependent uptake of the TAT-p53-C-ter peptide. Cells were treated for 1 hour with
the indicated peptide amounts; intracellular TAT-p53-C-ter peptide stability in cells treated
with medium containing 10 pg/ml peptide for 1 hour (Oh) and in cells cultured for the
indicated times in peptide-free medium. In A, peptides were detected with an anti-HA
antibody. HSP-70 content was used for normalization. Blots are representative of two
different experiments with similar results. B: representation of p53 peptides cloned in the
pFN11A vector. NLS= Nuclear Localization Signal; TD= Tetramerization Domain; C1= C1
peptide. Numbers refer to the aminoacids of human p53 protein cloned in each plasmid. C:
PARC/p53 binding assay. Phoenix cells were transfected with the reporter vector pGL4.31,
pFN10A-CPH-PARC and the pFN11A plasmids containing the p53 peptides described in B.
Thirty-six hours after transfection, luciferase activity was determined. Negative control was
carried out by transfecting Phoenix cells with pGL4.31 and pACT and pBIND non-
interacting vectors. D: Phoenix cells were transfected with pGL4.31, pFN10A-CPH-PARC
and pFN11A-AC1 plasmids and treated for 6 hours with the indicated amounts of TAT-p53-
C-ter peptide (administration every 2 hours) before luminometric detection. Binding activity
of untreated cells was taken as 100. Negative control experiments were designed by
transfecting Phoenix cells with pGL4.31 and pACT and pBIND non-interacting vectors. As
positive control (right histogram), Phoenix cells were transfected with pGL4.31 and pACT-
MyoD and pBIND-Id interacting vectors. Binding activity of positive control left untreated
was taken as 100. Samples in C and D were run in triplicate. Values + SD are reported.
Asterisks indicate statistically significant differences (p<0.05) compared to negative control.
Experiments were repeated twice with similar results.
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Fig. 3.

A: 32D-BCR/ABL myeloid precursor cells stably transfected with reporter vector PG13 or
MG15 (luciferase gene driven by a promoter with wzor mutated p53 binding sites
respectively) were treated every 2 hours for 6 hours with 5 pg/ml of TAT-p53-C-ter peptide.
As positive control, cells were treated for 16 hours with 0.2 pg/ml doxorubicin. B: human
NB LAN-5 cells were co-transfected with reporter vectors PG13 or MG15 and expression
vector pcDNA3-p53-C-ter-HA. Luciferase activity was determined 36 hours after
transfection. As positive control, cells transfected with PG13 and empty vector pcDNA3
were treated for 16 hours with 2 pug/ml doxorubicin. To evaluate additive effects of the p53-
C-ter peptide and doxorubicin, cells transfected with PG13 and pcDNA3-p53-C-ter-HA
were treated for 16 hours with doxorubicin at the same concentration indicated above.
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Samples were run in triplicate. Values + SD are reported. C: Cellular localization of
endogenous p53 and TAT-p53-C-ter peptide. U20S cells, untreated (g, 6, ¢, d), or treated for
1 hour with 10 pg/ml TAT-p53-C-ter peptide (e, £ gand 4), or for 1 hour with the peptide
followed by 1 hour in peptide-free medium (/, j, &, /), were fixed and processed for
immunodetection of endogenous p53 (6, fand j) or the TAT-p53-C-ter peptide (¢, gand ).
Nuclei were stained with DAPI (&, eand /). Merged fluorescences are shown in @, ~and /.
Inset in d'represents a negative control carried out by treating the cells only with secondary
antibodies.

Biochem Biophys Res Commun. Author manuscript; available in PMC 2020 August 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vitali et al.

A

Page 13

B C

300

N == Jew
S AR

LAN-5  HTLA-230 SK-N-AS 200
[ W[ = ][ # ]« TAT-HA-p53-C-ter 150 = ]« vbm2
EEEET < - = e
[P [ -] (o] < Bax % [ T S o | ¢~ Biax
[e— | ] | = B-Actin g [ s ] 4 HsP-70

+ + iRNA trol
\)‘\"z&'ﬁ\ \\‘\'\a‘l‘\ \)(\\e,‘li(\ o5 & & o,,ea‘ 5)\)“ & + + ::RNA ggg o
6'5'0 6'5'0 o NS o P & K és,'c' S TAT-HA-p53-C-ter
< <9 < V& I LK
<¥ <P PSR S & 2 &
& P £
F F é_,\‘
untreated HA-p53-C-ter etoposide HA-p53-C-ter+etoposide

A

@

-1

£

2 |subG1

T [3:62%) 2.76%, 5.12% 11.41%

o — — — —

FL3
Fig. 4.

p53 transcription targets are up-regulated by the TAT-p53-C-ter peptide. A: indicated cell
lines were treated for 2 hours with 10 pug/ml TAT-p53-C-ter peptide added every hour to the
medium. Immunodetection was carried out with the anti-HA (to detect TAT-p53-C-ter
peptide), anti-p21, anti-Bax and anti-p-actin antibodies. B: total RNA was extracted from
cells treated for 2 hours with 10 ug/ml TAT-p53-C-ter peptide. Quantitative real-time PCR
was performed to detect MDM2 expression. Values are normalized for B-actin transcripts of
each sample. Reactions were run in triplicate, values + SD are reported. C: Imunodetection
of p53 targets in U20S cells transfected with p53-siRNA or control-siRNA, untreated or
treated with TAT-p53-C-ter peptide (see text for details). D: Flow cytometric analysis of
U20S cells transfected with pcDNA3-p53-C-ter-HA, or control pcDNA3 and pPCMVEGFP
(4:1) vectors. 24 hours after transfection, cells were treated for 36 hours with 1 uM
etoposide or left untreated before fixation and processing for cytometric evaluation. DNA
content analyses were performed by gating 20 x 10* green fluorescent cells. Experiments
were repeated twice with similar results.
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