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ABSTRACT

Poly(ADP-ribose)polymerase 1 (PARP-1) inhibitors are thought as breakthrough for cancer
treatment in solid tumors such as breast cancer through their effects on PARP’s enzymatic activity.
Our previous findings showed that the hydrophilic PARP inhibitor PJ34 enhances the sensitivity of
p53 proficient MCF7 breast carcinoma cells to topotecan, a DNA Topoisomerase I (TOP 1)
inhibitor.

In the present study, we combine the classical TOP 1 poison camptothecin or its water-soluble
derivative topotecan with PJ34 to investigate the potentiation of chemotherapeutic efficiency in
MCF7 (p53%7), MDA-MB231 (p53™") breast carcinoma cells and SCC022 (p53™") squamous
carcinoma cells.

We show that, following TPT/PJ34 combined treatment, MCF7 cells exhibit apoptotic death
while MDA-MB231 and SCC022 cells are more resistant to these agents. Specifically, in MCF7,
(1) PJ34 in combination with TPT causes a G2/M cell cycle arrest followed by massive apoptosis;
(i) PJ34 addition reverts TPT-dependent PARP-1 automodification and triggers caspase-
dependent PARP-1 proteolysis; (iii) TPT, used as a single agent, stimulates p53 expression while
in combination with PJ34 increases p53, TAp63a and TAp63y protein levels with a concomitant
reduction of MDM?2 protein.

The identification of p63 proteins as new players involved in the cancer cell response to
TPT/PJ34 is relevant for a better understanding of the PARPI-dependent signaling of DNA
damage. Furthermore, our data indicate that, in response to PJ34-TPT combined chemotherapy, a
functional cooperation between p53 and TAp63 proteins may occur and be essential to trigger

apoptotic cell death.
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1.INTRODUCTION

Poly(ADP-ribose)polymerase (PARP) inhibitors are touted as a breakthrough for cancer
treatment in solid tumors such as triple negative breast cancer and ovarian cancer through their
effects on PARP-1’s enzymatic ADP ribosylation activity [1]; however, less characterized PARP-1
additional functions have also been reported and they can be critical for successful anticancer
therapies.

PARPs are involved in the regulation of many cellular processes such as DNA repair, cell cycle
progression and cell death [2]. PARP-1 and PARP-2 are constitutive factors of the DNA damage
surveillance network, acting as DNA break sensor [3] and several observations indicate that
poly(ADP-ribosyl)ation plays an early role in DSB signaling and repair pathways [4,5]. PARP-1
and 2 are highly activated upon binding to DNA strand interruptions and synthesize, within few
seconds, large amounts of ADP-ribose polymer (PAR) on several nuclear proteins including
themselves, histones, DNA-Topoisomerase 1 (TOP 1) and DNA-dependent protein kinase (DNA-
PK) [6,7]. Furthermore, in response to DNA damage, PARP-1 interacts with both ATR and ATM
kinases suggesting another susceptible pathway for PARP inhibitors induced apoptosis. [8].

Cell cycle checkpoint activation and growth arrest in response to DNA damage rely on the
ATM/ATR kinases and their downstream targets like p53 [9-11]. p53 activates p21WAF which
binds PARP-1 during base excision repair [12].

Certain PARP inhibitors including PJ34 induce a G2/M arrest when used in conjunction with
methylating agents [13] cisplatin [14] and TOP I poisons such as camptothecin (CPT) or its water-
soluble derivative Topotecan (TPT) [15], highlighting the existence of potentially different
outcomes from PARP inhibition whose molecular mechanisms have not yet been conclusively
determined.

In brief, TOP I inhibitors reversibly abolish the DNA religation activity of TOP I generating

single strand breaks (SSBs) to which the protein is covalently linked. Double strand breaks (DSBs)
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arise when replication forks collide with the SSBs and run off. Thus, CPT/TPT-induced DSBs are
replication dependent or S phase specific and are usually repaired by the HR pathway [16,17].
According with previous findings poly(ADP-ribos)ylated PARP-1 and PARP-2 counteract CPT
through non covalent but specific interaction of PAR with some TOP I sites which results in
inhibition of DNA cleavage and stimulation of the religation reaction [6].

We have previously shown that PJ34 can positively or negatively modulate p53 and its target
p21WAF depending of the cell genetic background or DNA damage stimulus (i.e cisplatin or TPT)
[18-20]. Indeed, regulating p21 WAF expression is one model whereby PARP inhibitors, following
the activation of different checkpoint pathways, can cause cell cycle arrest. It has recently been
reported that in breast carcinoma MCF7 cells, PJ34 causes a p21 WAF-dependent mitotic arrest
and that neither PARP-1 nor p53 is required for this mechanism [21]. Furthermore, in triple
negative breast cancer cell lines, PJ34 synergizes with cisplatin by reducing the levels of ANp63a
with a concurrent increase of p21 WAF [22]

ANp63a is a member of the p53 protein family highly expressed in squamous cell carcinoma and
invasive ductal breast carcinoma [23, 24]. ANp63a and p53 have been shown to inversely regulate
target genes such as p21 WAF in the context of DNA damage [22, 25]. Owing to the presence of
two promoters, the p63 gene encodes two major classes of proteins: those containing a
transactivating (TA) domain homologous to the one present in p53 (i.e. TAp63) and those lacking
it (i.e. ANp63) [24]. In addition, alternate splicing at the carboxy-terminal (C-terminal) generates at
least three p63 variants (a, B and y) in each class. The TAp63y isoform resembles most p53,
whereas the o isoforms include a conserved protein-protein interaction domain named Sterile
Alpha Motif (SAM). TAp63 proteins mimic p53 function including transactivating many p53
target genes and inducing apoptosis, whereas the ANp63a protein, has been shown to repress p53-

target genes acting as an oncogene [24, 26].
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On the light of all these evidences, the use of chemical inhibitors of PARP in combination with
TOP I inhibitors CPT or TPT appears to be a promising approach to enhance the antitumour
activity of these compounds.

Here, we have investigated the effect of PJ34 used as a single agent or in association with CPT
or TPT in the DNA damage response of mammary breast cancer cells (MCE7">*™ and MDA-
MB231P%™ and squamous carcinoma cells (SCC022°>*™") showing an active involvement of
p63 in the cellular response to these agents. We postulate that the sensitivity to combined
treatments is mediated by sustained DNA damage/inefficient DNA repair triggering p53 and p63-

mediated apoptosis.
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2.MATERIALS & METHODS

Drugs, media, antibodies and chemicals

CPT and TPT was from Glaxo Smith-Kline (Verona, Italy) and PJ34 [N- (6-0x0-5,6,-
dihydrophenanthridin-2-yl)-(N,N-dimethylamino) Acetamide] from Alexis Biochemicals (Vinci-
Biochem, Firenze, Italy). The cocktail of protease inhibitors was from ROCHE-Diagnostic
(Milano, Italy).

MCF7, MDA-MB231 and SSCO022 cells were from CLS Cell Lines Service (Eppelheim,
Germany) Dulbecco’s modified Eagle’s medium (DMEM), heat-inactivated foetal bovine serum
(FBS) and Roswell Park Memorial Institute (RPMI) medium were from Invitrogen (GIBCO,
Milano, Italy); penicillin, streptomycin and L-glutamine were from LONZA (Milano, Italy).

Nicotinamide adenine [adenylate-32P] dinucleotide-[**P]-NAD" (1000 Ci/mmole, 10 mCi/ml)
was supplied by GE Healthcare (Milano, Italy).

PVDF (poly-vinylidene-fluoride) membrane was from MILLIPORE S.p.A. (Milano, Italy). Not-
fat-milk power was from EUROCLONE (Milano, Italy). Anti-DNA TOP I (Scl-70) human
antibody from Topogen (ABCAM, Cambridge, UK). Anti-PARP1 mouse monoclonal antibody
(C2-10), anti-p63 (4A4), anti-p53 (DO-1), anti-p21 WAF (F-5), anti-cyclin B1 (V152), anti AIF (E-
1) and anti-GAPDH (6C5) mouse monoclonal antibodies and anti-actin (H-196) rabbit polyclonal
antibody were from Santa-Cruz Biotechnology (DBA, Milano, Italy). Anti-yH2AX (ser139, 2577)
and anti-Bax (D2E11) rabbit polyclonal antibodies were from Cell Signaling (Invitrogen, Milano,
Italy). Anti-MDM2 (Ab-2) mouse monoclonal antibody was from Oncogene Research Products
(Boston, USA). Anti-PAR (10H) mouse monoclonal antibody was from Alexis Biochemicals
(Vinci-Biochem, Firenze, Italy). Goat anti-mouse and goat anti-rabbit IgG HRP-conjugated
antibodies were from Sigma-Aldrich (Milano, Italy).

All other chemicals analytical grade were of the highest quality commercially available.
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2.1 Cell cultures

Breast cancer-derived MCE7">*™ and MDA-MB231°%™" cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% (v/v) heat-inactivated foetal bovine serum
(FBS), while squamous SCC0227>* ™! carcinoma cells were maintained in Roswell Park Memorial
Institute (RPMI) medium containing 10% (v/v) FBS, 100 U/ml penicillin, 100 g/ml streptomycin,

5 mM L-glutamine and incubated at 37°C in a humidified atmosphere, plus 5% CO,.

2.2 Cell Treatments

Cells were seeded at 1x10° cells in 10 ml and 24 h after seeding, treated with 1uM CPT (stock
solution 1 mM DMSO) or 5 uM TPT ,10 x concentration inhibiting cellular growth by 50% (ICs )
[27]. 10 uM or 20 uM PJ34 alone and in combination, for 48 hrs in fresh medium. Culture medium
was removed and, after PBS wash, cells were recovered 6x10° cells/ml in 50 mM Tris—HCl pH
7.5, 150 mM NaCl, 5 mM EDTA, 1% NP40 (Lysis Buffer) plus 2 mM PMSF and 1:25 dilution of
protease inhibitors cocktail solution. After 40 min of incubation on ice, cellular suspensions were
scraped and centrifuged at 16000 x g for 20 min at 4°C.

Cell growth inhibition was assessed by cell counting at different time points (0-24 48 hrs) or by
the 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide (MTT) assay using 1x10* 48hrs

treated cells. The experiments were performed in triplicate.

2.3 Isolation of nuclear and post-nuclear fractions
To isolate sub-cellular fractions, 3x10° cells were suspended in 200 pl of 30 mM Tris—HCI pH
7.5 buffer, containing, 1.5 mM MgCl,, 10 mM KCI, 1% (v/v) Triton X-100, 20% glycerol, 2 mM

PMSF and 1:25 dilution of protease inhibitors cocktail solution. After 30 min of incubation on ice,
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cellular suspensions were centrifuged at 960 x g for 90 sec at 4°C and the nuclear fractions
recovered in the pellet. The supernatant represents the cytoplasmic fraction.

Nuclear fractions were resuspended in 50 pl of 20 mM HEPES pH 7.9 buffer, containing 20 mM
KCl, 0.2 mM EDTA, 1.5 mM MgCl,, 25% glycerol and the protease inhibitors cocktail solution.
Protein concentration was determined using the Bradford protein assay reagent (BIO-RAD Milano,

Italy) with bovine serum albumin as a standard.

2.4 Cytofluorimetric analysis

Control and treated cells were fixed in 70% ethanol and stored at -20°C until analysis. After a
washing in PBS w/o Ca" /Mg, cells were stained in 2 ml of propidium iodide (PI) staining
solution [50 pg/ml of PI, 1 mg/ml of RNAse A in PBS w/o Ca’/Mg"", pH 7.4] overnight at 4°C
and DNA flow cytometry was performed in duplicate by a FACScan flow cytometer (Becton
Dickinson Franklin Lakes, NJ USA) coupled with a CICERO work station (Cytomation). Cell
cycle analysis was performed by the ModFit LT software (Verity Software House Inc. Topsham,
ME USA). FL2 area versus FL2 width gating was done to exclude doublets from the G2/M region.

For each sample 15,000 events were stored in list mode file.

2.5 Analysis of [*P]-PAR synthesis

Following treatment with CPT/TPT +/- PJ34 of intact cell (5x104cells/p1ate), [**P]-PAR
synthesis was determined by substituting the culture medium with 1 ml of 50 mM HEPES pH 7.5
buffer, containing 28 mM KCl, 28 mM NaCl, 2 mM MgCl,, 0.01% digitonin, 0.1 mM PMSF, 1:25
dilution of a cocktail of protease inhibitors, 0.125 uM NAD" and 5 uCi [32P]-NADJr (1000
Ci/mmole). After incubation at 37°C for 15 mins, cells were scraped, transferred to eppendorf

tubes and mixed with TCA at 20% (w:v) final concentration. After 90 min standing on ice,
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samples were collected by centrifugation at 12000 rpm for 15 min, washed twice with 5% TCA
and three times with ethanol. [**P]-PAR incorporated in the TCA-insoluble fraction was measured
by Cerenkov counting using a LS8100 liquid scintillation spectrometer (Beckman Coulter S.p.A.
Milano, Italy). Finally, TCA protein pellets were resuspended in Laemmli buffer; proteins were
separated by 10% SDS-PAGE and after electroblotting on PVDF membrane, [**P]-PAR acceptors
were visualized by autoradiographic analysis by the Phosphorlmager (BIO-RAD).

Immunodetection of specific proteins was accomplished on the same blots after autoradiography.

2.6 Immunological analyses

Aliquots of 10 pl of cellular proteins (approx 50-100 pg ) were separated by 10% SDS-PAGE
and transferred onto a PVDF membrane using an electroblotting apparatus (BIO-RAD). The
membrane was subjected to immunodetection after blocking with 5% non-fat milk in TBST 1 h,
with anti-PARP1 (C2-10; diluted 1:2500), anti-TOP I (Scl-70; diluted 1:1000), anti-PAR (10H;
diluted 1:500) anti-p63 (4A4; diluted 1:2000) anti-p53 (DO-1; diluted 1:5000), anti-p21 WAF (F-5;
diluted 1:1000), anti-MDM2 (Ab-2; diluted 1:1000), anti-cyclin B1 (V152; diluted 1:1000), anti-
YH2AX (2577; diluted 1:1000), anti-Bax (D2E11; diluted 1:1000), anti AIF (E1; diluted 1:2000),
anti-GAPDH (6C5; diluted 1:5000), anti-actin (H-196; diluted 1:2000) overnight at room
temperature.

As secondary antibodies goat-anti-mouse or goat-anti-rabbit IgG HRP-conjugate (diluted
1:5000-1:10000) in 3% (w/v) non-fat milk in TBST were used. Peroxidase activity was detected
using the ECL Advance Western Blot Kit of GE Healthcare (Milano, Italy) and quantified using
the Immuno-Star Chemiluminescent detection system GS710 (BIO-RAD) and the Arbitrary

Densitometric Units normalised on those of the GAPDH loading control.
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3. RESULTS

3.1 Effect of PJ34 on TPT/CPT-induced growth inhibition in human carcinoma cells.
The concentrations of the agents and the time points used in this study were chosen on the basis of
previously published data [20, 27]. Preliminary experiments, in breast carcinoma MCF TP cells,

showed that 1 uM CPT inhibits cell growth similarly to 5 uM TPT (Figure 1A). To potentiate the

CPT/TPT cytostatic effect, PJ34 concentrations were used in a sub-lethal range (10-20 uM). A 48-

hr of exposure, corresponding approximately to two rounds of MCF77>*™

cell replication, was used
according to the administration procedure during anticancer therapy. As shown in Figure 1A, at 24
hrs CPT/TPT treatment has a cytostatic effect, while PJ34 induces growth retardation in a dose-
dependent way, whereupon cells start to recover but the rate of recovery was significantly affected
by CPT/PJ34 combined treatment (Figure 1A).

We next investigated the impact of CPT on MDA-MB231 and SCC022 cell survival. MDA-
MB231 express a mutant p53 (p53R280K) while SCC022 cells are p53 null. Cells were plated,
treated with CPT for 48 hours and subjected to the MTT assay to compare viability of treated and
untreated cells. As shown in Figure 1B, CPT significantly reduces cell viability of all cell lines
tested (around 50% of control). Moreover, treatment with PJ34 alone affects MCF7 and MDA -
MB231 cell viability, in a dose-dependent way, whereas SCC022 cells remain almost unaffected.
Interestingly, compared with single drug treatments, combination of PJ34 with CPT results in a
significant enhancement of cytotoxicity in MCF7 cells (37-33% of cell survival) while in MDA-
MB231 and SCC022 cells addition of PJ34 to CPT has a lower impact on cell survival (Figure
1B). Similar results are observed when PJ34 is added to TPT (data not shown).

We have previously reported that TPT at concentrations higher than 1 uM promptly arrested the

cells in S phase while concentrations equal or lower than 1 uM cause a G2/M arrest [20]. To gain
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insight into the molecular mechanism of TPT/PJ34 interactive cytotoxicity we analysed the cell
cycle distribution of MCF7 cells treated with 10 or 20 uM PJ34 alone or in combination with 1
uM TPT. As shown in Figure 2, after 48 hrs treatment, 1 uM TPT as well as 10 or 20 uM PJ34
induce accumulation of cells in G2/M phase and the cell cycle distribution is less affected by
treatment with PJ34 (10 or 20 uM) than TPT used as single agents. Furthermore, addition of 10 or
20 uM PJ34 to 1 uM TPT causes a significant increase of G2/M cells, while S-phase cells are
drastically reduced. Figure 2 (Table) also shows that single treatments cause an increase of cells
with a sub-G1 DNA content (from 6 to 19%), probably due to induction of apoptotic cell death.
Remarkably, an increase up to 55% of sub-G1 cells is observed with TPT 1 uM + PJ34 20 uM

combined treatment, showing a 2x potentiation factor of PJ34 on TPT cytotoxicity.

3.2 Analysis of CPT- or TPT-dependent TOP I inactivation.
It is already known that CPT and TPT abolish the religation activity of TOP I generating an
abortive complex to which the enzyme is covalently linked [16]. Therefore, we determined the
efficacy of TOP I inhibitors by looking at their capacity of trapping the enzyme in the abortive
complex. This was detected, by looking at the disappearance of the immunoreactive band of the
TOP I soluble fraction by western blot analysis. After 48 hours of treatment, both 1 uM CPT and 5
uM TPT are able to block, almost completely, the TOP I enzyme in the abortive complex , in all
cell lines tested (Figure 3). According to previous findings [20], PJ34 does not affect TOP I

enzyme trapping when used in combination with CPT or TPT.

3.3 Analysis of PAR synthesis in carcinoma cells after treatment with TPT +/- PJ34
PJ34 efficacy as PARP inhibitor was assessed by looking at its effect on PARP-I

automodification. Proliferating MCF7 cells were exposed to the drugs and PAR synthesis was
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measured in situ by incubation in the presence of 0.01% digitonin with 0.125 pM [**P]-NAD".
Samples were then analysed by SDS-PAGE followed by autoradiography. As shown in Figure 4A,
a smear of the signal above the PARP-1 molecular weight (113 kDa) is strongly increased in TPT
treated cells compared to the untreated sample (Figure 4A, lane 4). As previously reported [2]
such a behaviour indicates automodification of PARP-1 by long and branched ADP-ribose
polymers (up to 200 residues in chain) on several sites (up to 25) of the automodification domain.
This process gives raise to higher molecular weight PARP-1 forms that do not enter the
polyacrylamide gel matrix. The identity of the PAR modified protein was confirmed by western
blotting using a PARP-1 antibody showing a mobility shift of the immunoreactive band at the top
of the gel (Figure 4B, lane 4). According to our observation, the autoradiographic signals are
absent in cells treated with the PARP-1 inhibitor alone (Figure 4A, lanes 2 and 3) or in
combination with TPT (Figure 4A, lanes 5 and 6). Interestingly, TPT-PJ34 co-treatment in MCF7
cells induced apoptosis as demonstrated by the appearance of the 85 kDa fragment generated by
the caspase-dependent cleavage of PARP-1 (Figure 4B lanes 5 and 6).

Immunoblot analysis with PARP-1 antibody was also performed in MDA-MB231 cells subjected
to the same treatments. As shown in Figure 4C, in TPT-treated cells PARP-1 is automodified to a
lower extent (lane 4) and there are no signs of apoptosis induction after PJ34-TPT combined
treatment (Figure 4C, lanes 5 and 6).

Furthermore, we analysed the response of SCC022 squamous carcinoma cells to PJ34 and TPT
treatment. Immunoblot with the PARP-1 specific antibody reveals that PARP-1 is modified since
the unmodified 113 kDa band is strongly reduced (Figure 4D, lanes 4 and 5). Accordingly,
immunoblot using a PAR antibody shows a smeared signal of long and branched polymers above
the PARP-1 molecular weight (Figure 4E, lanes 4 and 5). PJ34 co-treatment drastically reduces
TPT/CPT-induced PARP 1 automodification thus leading to the accumulation of the 113 kDa band

of PARP-1. However, we did not observe PARP-1 specific cleavage, thereby suggesting that cells
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were not undergoing apoptosis albeit up to 50 uM PJ34 was used (Figure 4D, lanes 6 and 7). All
together, our results suggest that, compared to MCF7, MDA-MB231 and SCCO022 cells are less
sensitive to the drugs combination and do not respond immediately with apoptosis to TOP I and

PARP-1 inhibitors co-treatment.

3.4 Involvement of p63 in the cell response to TPT +/- PJ34 treatment

To get insight into the molecular mechanism underlying the response of MCF7 cells to TPT +/-
PJ34 treatment, we analysed the expression of p53, p63 and other cell cycle markers such as
p21WAF, MDM2 and cyclin B1. In MCF7 cells we found that PJ34 addition to TPT strongly
enhances the TPT-dependent stimulation of p53 expression. Remarkably, the p53 negative
regulator MDM2 was down-regulated only upon combined treatment (Figure 5A). Furthermore,
using the 4A4 monoclonal antibody which recognizes all p63 isoforms, we only detected bands
corresponding to the pro-apoptotic TAp63 a and y isoforms; both isoforms are up-regulated by
TPT-PJ34 co-treatments (Figure 5A). Quantitation of proteins by densitometric scanning, reveals
a 19-20 fold increase of the expression level for both p53 and p63 proteins after TPT-PJ34 20 uM
treatment (Figure 5B). The increase of p21 WAF expression level was concomitant to a decrease
of cyclin B1 thereby supporting the G2/M cell cycle arrest observed by cytofluorimetric analyses.

We also performed immunoblot analysis of MCF7 nuclear and cytoplasmic fractions. Figure 6A
shows that following TPT +/- PJ34 treatment both p53 and TAp63y accumulate in the nuclear
compartment. Nuclear YH2AX expression and PARP-1 specific cleavage were monitored as
markers of dsDNA damage and caspase-dependent apoptosis, respectively (Figure 6A, upper
panel). Furthermore, the expression level of the pro-apoptotic BAX protein, whose gene is

transcriptionally activated by p53 and TAp63, increases in the cytoplasmic fraction by either TPT
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alone or TPT-PJ34 combined treatment, while the level of the mitochondrial apoptosis inducing
factor AIF is unaffected (Figure 6A, lower panel).

Finally, as shown in Figure 6B, in p53 null SCC022 cells, the ANp63a anti-apoptotic isoform is
dramatically down-regulated by CPT/TPT treatment with or without PJ34. Cyclin B1 appears to be
concomitantly reduced suggesting a G2/M cell cycle arrest. Importantly, using the 4A4 antibody,
we were unable to detect p63 isoforms other than ANp63a both in untreated and TPT+/-PJ34
treated SCCO022 cells (data not shown). It has previously been demonstrated that ANp63a is
required for the survival of SCC cells [27]. Interestingly, as shown in Figure 4D, CPT/TPT +/-
PJ34 treatments was not sufficient to induce apoptosis in these cells thereby suggesting the
existence of an alternative anti-apoptotic pathway able to overcome ANp63a depletion. In MDA-
MB231 cells, no p63 immunoreactive bands were seen in all experimental conditions (data not
shown) thereby excluding a possible role for p63 in TPT+/-PJ34-induced cytotoxycity in this

cellular context.
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4. DISCUSSION

The efficacy of PARP inhibitors as chemosensitizers has led to the development of a multitude
of such molecules with different bioavailability and pharmacokinetic properties that are currently
under investigation in clinical trials [1]. However, a clear understanding of how PARP inhibitors
potentiate the activity of antineoplastic agents is still lacking.

The hydrophilic PARP inhibitor PJ34 has already been reported to synergize with cisplatin- and
TPT-dependent apoptotic induction in triple-negative breast cancer and human carcinoma cells
expressing wild type p53 [19 - 22]. We have already shown that PJ34, at a concentration of 5 uM,
inhibits PARP-1 activity without cytotoxic effects. Furthermore, in HeLa and MCF7 cells we found
that TPT toxicity was higher when PAR synthesis was reduced by either PARP-1 silencing or PJ34
administration [20].

In the present study, we compared the response of MCF7°>™ MDA-MB231P>™" and
SCC0227*™! cells to treatment with higher concentration of PJ34 (up to 20 pM) in combination
with 1 uM CPT or 5 pM TPT. According to the previously reported specificity of PARP inhibitors
for breast cancer [1, 29], we observed a higher sensitivity to PJ34 in MCF77>*™ cells. In such cells
we confirmed that TPT, which is known to be S-phase specific [30], causes a G2/M cell cycle
arrest when used at a lower concentration (1 uM). In addition, the TPT-dependent G2/M cell cycle
arrest was enhanced by TPT+PJ34 combined treatment and resulted in a remarkable increase of
cells with sub-diploid DNA, confirming a synergic citotoxic effect of TOP I and PARP-1
inhibitors.

Consistent with the idea that poly(ADP-ribosyl)ation plays a role in the response to CPT/TPT-
induced DNA damage we observed the disappearance of a TOP I soluble/active fraction and the

PARP-1 automodification in MCF7, MB-MDA231 and SCC022 cells thereby indicating that the
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response to DNA damage, induced by TOP I inhibitors, in skin squamous carcinoma cells is
similar to that observed in breast carcinoma cells [31].
On the other hand, we found that prevention of PARP-1 automodification by PJ34 induces PARP-

1 proteolysis only in MCF7°>*"!

implying that apoptosis induced by inhibition of PAR synthesis
requires the p53 wild type activity. Given the similarity between p53 and p63 it was of interest to
look at the effect of TOP I + PARP-1 inhibitors on p63 protein isoforms. Interestingly, TPT+PJ34
treatment in MCF7 cells causes a remarkable increase of TAp63 o and y protein levels.
TAp63y, in particular, was reported to be a potent apoptosis inducer [32]. Both p53 and TAp63y
accumulated in the nuclear fraction where the proteins can functionally interact in the control of
transcription. Consistently, TPT+PJ34 combined treatment caused a dramatic reduction of MDM2,
a negative regulator of p53 transcriptional activity and protein level.

Remarkably, this is the first evidence of a PJ34-inducible pro-apoptotic response involving both

2P33null bolls we

p53 and p63 family members in breast carcinoma cells. Furthermore, in SCC02
show that CPT/TPT single or combined treatments suppressed the endogenously expressed
ANp63a anti-apoptotic isoform together with Cyclin B1. It has previously been demonstrated that
ANp63a. is required for the survival of SCC cells by virtue of its ability to suppress p73-dependent
apoptosis [28]. However, CPT/TPT +/- PJ34 treatments is not sufficient to induce apoptosis in
these cells thereby suggesting either the presence of a non-functional p73 or the existence of an
alternative anti-apoptotic pathway able to overcome ANp63a depletion. Similarly, it has been
reported that in MDA-MB468 cells expressing high level of ANp63a, PJ34 reduced ANp63a level,
with a concomitant increase of p73. However, in that manuscript, apoptosis induction was not
evaluated. [22].

Therefore, it can be postulated that carcinoma cells, depending on their genetic background

(p53/p63 null versus p53/p63 proficient), can trigger a pS3-dependent pathway to induce cell cycle

16
Page 16 of 31



arrest and apoptosis, as a results of concomitant inhibition of PARP-1 and TOP I. To this respect,
the particular p63 isoform expressed may sustain (TAp63c andy) or inhibit (ANp63a) the
execution of the apoptotic program.

Recently, it has been shown that PARP activity is required for TOP I poisoning-mediated
replication fork slowing [33] and reversal [34]. In fact, PARP-1 is able to slow replication fork
progression in response to CPT-dependent HR DNA repair. Furthermore, these data identify fork
reversal as a means to prevent chromosome breakage upon exogenous replication stress and
implicate still undefined proteins involved in fork reversal or restart as factors modulating the
cytotoxicity of replication stress—inducing chemotherapeutics.

We have identified p63 as a new player of the PARPI1-dependent signalling of DNA damage.
Interestingly, in the p63 DNA binding domain, both the PAR binding motif and the glutamic acid
residues showed to act as covalent PAR acceptor sites are conserved [35, 36]. Our findings
contribute to the understanding of the molecular events triggered by TOP I and PARP-1 inhibitor-
dependent genomic damage and provide a rationale for the development of new approaches to

sensitize cancer cells to chemotherapy.
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LEGENDS TO FIGURE

Figure 1 - Cell growth inhibition in MCF7, MDA-MB231 and SSC022 cells treated with
CPT/TPT and PJ34 as single agents or in combination.

Cells (10* cells/plate) were treated 48 hrs with CPT 1 uM or TPT 5 uM and 10 or 20 uM PJ34
alone or in combination: A: MCF7 cell growth was measured by cell counting at different time
points. Data refer to at least three experiments giving similar results. B: 48 hrs treated MCF7,
MDA-MB231 and SSC022 cells were used for determination of cell growth inhibition by MTT

assay Each plot represents the media of triplicates from three independent experiments.

Figure 2 - Cell cycle analysis of MCF7 cells subjected to TPT and PJ34 single and combined
treatments.

MCF7 cells were treated 48 hrs with TPT 1 uM and 10 or 20 uM PJ34 alone or in combination.
Control and treated cells (1x10°) were fixed in 70% ethanol and used for flow cytometric analysis
(see Materials and Methods). Determination of DNA content after PI staining is shown and cells in
G1, S and G2 phase are indicated as percentage (excluded sub-G1 cells). The table reports sub-G1
cells as the percentage of the entire population of cells. Data refer to one of three experiments

giving similar results.

Figure 3. Western blot analysis of TOP I soluble fraction in carcinoma cells untreated or 48 hrs
treated with the indicated drugs.
Untreated and treated whole cell extracts (50-100 pg of proteins) were subjected to 10% SDS-

PAGE, electroblotted on PVDF and incubated with the anti-TOP I antibody.
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Immunodetection in MCF7 (A) MDA-MB231 (B) and SSC022 (C) cells is shown. 0.1% DMSO

treated cells were analysed as CPT internal control. GAPDH was used as loading control.

Figure 4 — Analysis of TPT-dependent PARP-1 activation or PJ34-dependent PARP-1 inhibition
in carcinoma cells untreated or 48 hrs treated with the indicated drugs.

Whole cell extract (50-100 pg of proteins) after 10% SDS-PAGE and electroblotting on PVDF
were either analysed by autoradiography or incubated with the different antibodies..

A: Autoradiographic analysis, of whole cell protein extract from untreated and treated MCF7 cells
incubated with 0.125 uM [*’P]-NAD" (see Materials and Methods); B: Immunodetection of
PARP-1 on the blot shown in A; C: Immunodetection of PARP-1 in whole cell protein extract
from untreated and treated MDA-MB231cells; D: Immunodetection of PARP-1 in whole cell
protein extract from untreated and treated SCCO022 cells; E: Immunodetection of PAR on the blot

shown in D

Figure 5 — Western blot analysis of p53, p63, p2l WAF, MDM2 and cyclin Bl expression in
MCEFT7 cells untreated or 48 hrs treated with the indicated drugs.

Whole cell extract (50-100 pg of proteins) after 10% SDS-PAGE and electroblotting on PVDF
were incubated with the different antibodies.

A: Immunodetection of p53, p63, p21WAF, MDM2, cyclin BI.GAPDH was used as loading
control; B: p53 and TAp63 a and y band intensities were quantified by densitometric scanning.
Data expressed as Arbitrary Densitometric Units (ADU) were normalized to the internal control

GAPDH. Shown are the mean of three different experiments +/-S.E.
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Figure 6 — Western blot analysis of protein extract from nuclear and cytoplasmic fraction of
MCEF7 cells and from SCCO02 cells untreated or 48 hrs treated with the indicated drugs.

Whole extract (50-100 pg of proteins) after SDS-PAGE and electroblotting on PVDF were
incubated with the different antibodies.

A: Immunodetection of p53, p63, PARP-1, yYH2AX, BAX, AIF in nuclear (upper panel) and
cytoplasmic (lower panel) fractions from MCF7 cells. Actin and GAPDH were used as loading
controls, respectively; B: Immunodetection of p63 and cyclin B1 in SSC022 cell extract. GAPDH

was used as loading control.
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Figure 5
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Figure 6
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*Graphical Abstract (for review)
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In response to combined treatment with TOP | and PARP-1 inhibitors, a functional
cooperation between p53 and TAp63 proteins can take place to trigger apoptosis in
carcinoma cells.





